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Abstract

Along city streets, specifically Toronto and surrounding cities, the formulation of trash
has become an increasingly major and problematic issue. This is due to the fact that there is
such a high volume of residents that live in and around the area. As more residents move to
dense urban areas, the environment continually becomes negatively impacted by the amount of
litter that is being produced by its inhabitants. The surrounding area around cities, where wildlife
resides, becomes affected by the number of microplastics that leach off of degrading litter and
into their water and food supplies. The accumulation of litter has been seen to also affect the
drainage systems leading to the creation of floods and other environmental impacts. The rate at
which litter is being collected is overshadowed by the catastrophic amount of litter that is being

spread within cities.

It is estimated that Toronto has contributed $27 million dollars each year in order to clean
up and tidy its streets of the litter that has been left behind by its residents (Litter — City of
Toronto,). Unfortunately, the amount of money that is used to clean up the streets is not enough
to contribute to improving this problem. Thus, it is important to create and implement a plan that

is cost-effective, efficient, and sustainable in which we can enhance this problem.

The purpose of this thesis project is to complete an in-depth study on the daily process
of how waste management workers handle litter, and also the process of how the litter is being
addressed by the city. The data will be collected from observation, surveys, and one-to-one
interviews. The data will be targeted both toward the residents who live within a city and the
workers who maintain it. Results from this data analysis will be turned into an in-depth design

solution to better help enhance cities’ protocols in gathering problematic litter.
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CHAPTER 1- Problem Definition

1.1 Problem Definition

Litter within Toronto and surrounding cities have become an emerging issue as cities
continue to grow. This has been affecting residents’ quality of life and the environment of the
surrounding areas in which they live. A large amount of litter that is not managed can lead to
undesirable and unkempt living conditions and can lead to detrimental health concerns in
residents. The degrading litter and trash can emit harmful chemicals and microparticles in the air
that not only affects the environment but the health of its inhabitants as well. If Toronto wants to
continue to protect its citizens and wildlife from the harmful effects of degrading trash, an
effective and sustainable litter collection solution is needed. This solution would need to address
the physical needs of the primary, secondary, or tertiary users in order to preserve the

environment.

1.2 Rationale and Significance

1.2.1 Key Information to be Determined

To better understand the job of a litter collector's experience, as well as gain insight into
the waste management industry, several research methods will be used to analyse the
needs and wants of a litter collector. Research questions have been created using scholarly
papers and research to guide the design process. These research questions will aid in

understanding the process of a litter collector.

In order to design an effective product that will improve this litter issue, there is key

information that will need to be sought after. The key information that will need to be determined
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are: current methods of litter collection, ergonomics of current products, inauguration of new

technology, and current process of litter collection.

1.2.2 Key Questions to be Answered

Currently, waste collection branches have been attempting to solve the city’s litter issue
for many years. Some current ways they have been attempting to solve this issue is by utilising
volunteers, city workers, and encouraging their citizens to help tackle this problem. Many waste
collectors are seen to be eager to solve this issue and are willing to help in many ways.
Questions that will need to be answered in order to tackle this issue are: how might we improve
litter collection? What are the current efforts that are being made to stop littering? What is the

most difficult aspect of collecting litter? What would you do to reduce litter in high-volume areas?

1.3 Background / History / Social Context

1.3.1 Background

As cities, like Toronto, grow in popularity and infrastructure, it attracts large amounts of
individuals who come to visit for tourism purposes and/or live within this city. With the influx of
individuals enjoying the city, it brings along with them a trail of litter which can become a
detriment to the city. Oftentimes, when people litter, they may believe that one piece of litter will
not affect the environment. But, from constant littering, the accumulation can build up and affect
the wildlife and surrounding areas. Current efforts to collect litter are often slow and can become

time-consuming due to the task primarily being an individual job.

1.3.2 Media trends
The awareness of the littering problem has grown exponentially throughout recent years.
The impact that littering has on the environment has been broadcasted through media outlets in

order to inform and make the general public aware of its effects. Activists, such as Greta
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Thunberg, have continuously vocalised our ongoing issue with plastic pollution/litter and how it
has been affecting our world. As litter degrades, it turns itself into microplastics and harmful
particles. These microplastics leach chemicals such as arsenic and formaldehyde into soil and
freshwater which affects both the surrounding wildlife and humans. (Littering Facts: How

Littering Really Affects the Environment | TDS, 2020)

1.3.3 Product Trends

Many products within the waste collection industry are used to pick up small pieces of
litter or larger pieces of garbage. Currently, the main tool litter collectors have been using is a
garbage picker. The garbage picker is a simple and easy-to-use product that can be utilised by
any person from a volunteer to a city worker. A more specific and larger tool that is used on city
streets is a Vacuum Sweeper. Vacuum Sweepers are only used by city workers and need
specific training to use. With current products, the lack of speed and mobility limits the amount

of litter that can be collected in a given workday.

10
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CHAPTER 2 - Research

2.1 User Research

The goal of user research is to better understand who the target audience is for the
proposed design. This research entails identifying the primary, secondary and tertiary users, as
well as creating a user profile and analysing their tasks.

2.1.1 User Profile — Persona
2.1.1.1 Primary, Secondary, Tertiary Users

When looking at litter collection, there are three types of users we should consider. This
would include primary, secondary and tertiary users. Firstly, the primary users would be the
individual who is actively picking up the litter. Specifically, these individuals would include waste
collectors. The primary user would be interacting the most with the product as this level of the
user profile is directly involved with operating the proposed design. The secondary users would
be the individuals who indirectly communicate with the litter, such as city planners/government
waste managers, service tool maintenance workers, and litter organisers. The secondary user
group only interacts with the product by way of organising facilities for the city. Lastly, the tertiary
users would include individuals that would directly contribute to the overall amount of litter in

high populated cities. These users would include residents, tourists, and wildlife.

2.1.1.2 Demographic

When considering what users would primarily work within the litter collection field, the
demographics of the user should be analysed. The demographics were broken down into eight
subsections. These subsections include age, gender, ethnicity, income, education, location,
working section, and working hours. This section will allow for a baseline to understand who a

product is being designed for.

11
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Demographic of an Average Waste Collector

Age 40

Gender Male

Ethnicity Caucasian/ Canadian
Income $40,000/yr

Education High school diploma and

General Workplace training

Location Toronto

Working sector Parks, beaches, and
sidewalks

Working hours 7am - 5pm

Figure 1 ( Persona)

2.1.2 User Behaviour
When further online research was performed, it brought attention to the fact that waste
collectors demonstrate many challenges when working for long hours. The challenges that need

to be solved can be categorised into two groups; issues with mobility and issues with comfort.

Mobility — When a waste collector is working, they either spend long hours on their feet walking
around collecting litter or sitting in large bulky machinery that is less manoeuvrable. As the

waste collector walks around collecting litter, this leads them to becoming tired and less efficient

12
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at work. This may in turn sway users in wanting to pick better solutions such as ride-on
vacuums. Ride-on vacuums come with their own issues. The mobility lacks in these machines

as they are less manoeuvrable and harder to steer.

Comfort — Comfort plays a big role in a user’s experience when collecting litter and in all
physical labour jobs. If the worker becomes uncomfortable during work, it becomes evident
based on the work that is completed. Users may try to perform work faster and with less
efficiency if they feel uncomfortable. This is why it is extremely important to create a solution

that is comfortable for all workers to use for long periods of time.

2.1.3 User Observation — Current User Practice

Stage Description

The workers start their day by scouting out the
surrounding areas.

They next gather all the larger objects into their truck
for transportation. The two workers help each other lift
the heavy objects into the rear part of their vehicle.

13
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After that, they gather all of the small debris left
behind. They gather glass, plastic, and other small
objects. They will pick up the small objects with their
hand, shovels, brooms, and garbage pickers

They continue their journey on their normal route for

garbage collection when they spot roadkill that needs
to be picked up. They may use a broom, shovel, and

garbage bag to pick up the roadkill.

They bring the roadkill to a freezer where it will
remain up to 7 days before they incinerate it.

They then begin their regular rounds cleaning up the
sidewalks using litter pickers and garbage bags.

Figure 2 ( User Observation )

2.1.4 User Observation — Human Factors of Existing Products

The existing products that are currently being utilised have been shown to be
problematic for the user. One of the issues is that litter collectors might suffer from body pains
when operating poorly designed products. Due to constant repetition of collecting litter and poor
body mechanics from the products they currently use, they become more susceptible to body

pains and injuries. There are some current products that solve this problem but these products

14
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also create their own issues by doing so. Products that solve this repetitive movement problem
in their users have been seen as becoming less manoeuvrable and decreasing the speed at
which the user can collect litter. Current products also lack comfortability for the user. This in
turn decreases enjoyment in the user’s work experience as well as reduces their productivity.
According to WebMD, sitting for long periods of time can tighten muscles in the low back and

cause pain, especially if you continue to have bad posture.

2.1.5 User Observation — Safety and Health of Existing Products

The health and safety of current products have been a concern. Due to the limited
available working areas that litter collectors have access to, users become more susceptible to
harsher land environments. Some litter collectors ride on vehicles that are heavy and can
become trapped within muddy climates or snow. When these vehicles become trapped, it
decreases user productivity at the task at hand. This is due to the fact that the litter collector will
need to dismount the vehicle and release it from being stuck. Also when working, litter collectors
may collect a large array of litter which can include dangerous sharp objects like glass or
needles. With current products when workers empty collected litter these sharp objects can
become hazardous and may even injure the user; this is why it is important to incorporate hands

free emptying devices.

2.2 Product Research

Litter collecting products were researched in order to determine trends within the area of
interest. The products that were investigated were from a wide range of areas that pertain to
litter collection. The selection of products that were looked at were chosen in order to better
understand every aspect of litter collection. The products that were researched range from

manual garbage grabbers to city street cleaners. The major features of focus that were looked

15
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Thomas Pantano

at for current product trends were their efficiency and effectiveness when the user is

collecting/cleaning.

2.2.1 Benchmarking Benefits and Features of Existing Products

Below is a chart of products that a waste collector uses and their pros and cons.

Product - Name

Garbo Grabber

Reduces the users'
need to bend over
and pick up trash.
Comes with a
handle on the
garbage bag to hold
easier.

Garbage lid holds it
open.

Trigger to help open
and close the hand
at the end.

Wide garbage hand
to collect more
garbage.

Foldable.

4 finger trigger.

Trigger can wear
the user's hand
out.

When garbage is
full it becomes
heavy and hard to
carry .

Hinges can fail
when picking up
garbage.

Only has one
length to pick up
garbage.

Does not come
with an additional
garbage
compartment.
User’s grip
strength might fail
when used for long
hours.

16
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All-Terrain Ride on Vacuum

The WheelieVac

Electric Backpack

Street Sweeper

SWARM

Do not need to carry
anything/no user
strength needed
Vacuum reduces the
motion of the user.
Does not tire out the
user from walking.
The internal storage
of litter.

More dexterity when
collecting litter.

Very mobile.
Requires one
person to operate.
Internal litter
storage.

Arm brace to reduce
pressure of carrying
vacuum.

Vacuum allows for
pinpoint precision.
Garbage bin does
not need to be
empty by the user.

Does not need to
carry an eternal
garbage bin behind
the user.

Back storage for
garbage.

The vacuum allows
for point accuracy.

Able to clean up city
streets at night.
Very Mobile.

The user does not
need to carry or lift
anything.

Thomas Pantano

User’s need to be
trained.

The driver needs to
drive over the litter.
Larger litter can be
stuck or trapped in
a vacuum.

Needs to empty
the litter storage
once the job is
complete.

Users need to
carry a heavy
garbage can.
Walking can make
the user tired after
working long shifts.
Constant use can
create pain in both
the user's
shoulders/back
(dragging garbage
can and holding
vacuum hose).

Backpacks might
lead to back pain.
Small carrying
capacity.

Shoulder pain from
constant use.
Could become
heavy from litter.

Might spread more
litter into the
sidewalk/ drains.
Needs one or more
users to operate.
Can only clean one
side of the road at
atime.

17
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Figure 3 ( Product Benchmarking )

SWARM

2.2.1.1 Features and Benefits of Existing Products

The features and benefits were identified through analysis.

show what the most common features and benefits are:

Product Garbo
Name grabber
Benefits - Effective

- Compact
Features - Handle

- Garbage

storage

- Longarm

- Picks up

small objects

- Collapsible

Benefits

Hand
Foldable Pick
up grabber

- Easy to use
- Compact

- Durable
material

- Handle

- Picks up small
objects

- Collapsible

- Large grabber

Figure 4 ( Product Benefits and Features )

All-Terrain
Ride on
Vacuum

- Easy to use

- Reaches hard
areas

- Comfortable

- Ride on

- Garbage
storage

- Vacuum
- Mechanical
- Manoeuvrable

- Picks up small
objects

The
WheelieVac

- Effective

- Quiet

- Vacuum
- Mechanical

- Garbage
Storage

- Picks up
small objects

Thomas Pantano

Each product is examined to

Electric Street Sweeper
Backpack
- Light - Quiet

- Environmentally - Environmentally

friendly friendly

- Easy to use - Comfortable
- Easy to use

- Garbage storage - Mechanical

- Mechanical - Ride on

- Manoeuvrable

The majority of products that were researched incorporate strong user-centred design.

The benefits put emphasis on the ease of use, comfort, and how compact the product is. Ease

18
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of use is a very prominent benefit because the user must be able to use the product with
minimal training. Comfort is also a common benefit amongst the majority of current products
because productivity is increased if the user is comfortable. Lastly, compatibility is a shared
benefit that current products share. Users prefer to have products that can be stored easily to

maximise their working space

Features

Some key features amongst the current products that were analysed were having an
internal storage for garbage and mechanical aspects. Having internal garbage storage is key to
maximising efficiency. Products that use this feature have improved efficiency because it
removes a step for the user to interact with the product. The user no longer has to manually put
litter into a garbage storage area because it is internal. Having a mechanical aspect to a product
can also improve efficiency. If the product has a vacuum feature it reduces the steps it takes in
order to pick up litter. Meanwhile, if it is a ride-on device, it improves the speed at which the

product can clean and collect litter.

19
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2.2.2 Benchmarking — Functionality of Existing Products

Although all products serve similar purposes, they go about it in very different ways.
There are different types of products that were analysed which are either manual or mechanical.

This was done in order to get a greater scope of products that a litter collector uses.

Product Functionality Usability
Garbo Grabber - Basic litter picker - Has a trigger for picking
- Manual picker up one piece at a time

- Two components (picker
and garbage bag holder)

Hand Foldable Pick up - Manual picker - Can reach further
- Foldable to become distances

Grabber compact - Can pick up small to
- Has alarge gripping medium-sized litter

mouth for litter

All-Terrain Ride on Vacuum - Cango on all terrain - Vacuum suction allows
- Has a vacuum hose for quicker work time
- Comfortable seating

Electric Backpack - Can become more mobile - The medium-sized
vacuum hose can suck
up medium to
small-sized litter

After examining the functionality and usability, the products that are deemed most
effective are those that have integrated vacuum hoses, comfortable seating arrangements,
far-reaching litter collection hoses, and a device that can pick up all sizes of litter. These
functionality and usability features improve the overall work experience a litter collector has by
improving the enjoyment the worker has completing tasks. The improved hose allows the worker

to become less strained when working, mitigating long-lasting pains from using alternative

20
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methods. Improved comfortable seating arrangements allow the user to also improve efficiency
by allowing the user to focus more on the task at hand and not the discomfort they are
experiencing. The far-reaching litter collection hose allows the user to easily grab litter that is
farther away from them. Lastly, a device that can pick up any size of litter enhances the user’s

abilities and effectiveness at completing their duties.

2.2.3 Benchmarking — Aesthetics and Semantic Profile of Existing Products

2.2.3.1 Aesthetics

Majority of products that were analysed used a similar design language. The design
language that is currently used gives off an industrial feeling with softer edges and chamfers.
The forms that were used for the shape of the products were usually dictated by the garbage
storage unit which took up the maijority of the product. The garbage storage unit must be at the
forefront of the design because it is one of the main features of the product. The garbage
storage is large and bulbous because it needs to house all litter that is collected within a

singular day of work.

The products also use a combination of dark ridged colours with an accent of various
colours. The dark colour ensures that the product does not become affected by outside
elements such as mud and dirt. The dark colour shades the discolouring from the elements by
blending in with its surroundings. The bright accent colour allows the product to be noticeable if
lost and makes the product become less blan. The colour also breaks up the dark dreary colour

and adds life to the product. The overall design appearance is that of industrial work equipment.

2.2.3.2 Semantics

The design semantics on existing solutions are driven by the user’s touchpoints and are

created to be user-centred. The products all have clear touch points which aids in the user’s

21
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operations. The touchpoints often resemble one another and are shaped as various handles.

Also, the design of the products all follows a similar formula which puts the user at the centre of
the design. Because the user is the sole operator of the product, it is key that the design utilises
the user in all forms. By designing around the user’s interactions, it improves the experience the

user can have with the products.
2.2.4 Benchmarking — Materials and Manufacturing of Existing Products

Within this section, products with similar features are analysed and compared in order to

support the design. Below is a chart of the products that were analysed.

X8 Scooter Emmo Ado Electric Litter vacuum Dodge Promaster
LR50

rl'l'-'l-ﬂ‘. i

==

$699 $1799 $30,000 $37,640
Figure 14 ( X8 Scooter ) Figure 15 ( Emmo Ado ) Figure 16 ( Electric Litter Figure 17 ( Dodge
Zrtep:;;{fg;(gzlss.ca/product/electrlc—scooterlxa— https://emmo.ca/emmo-ado Vacuum ) Promaster )

hitps://madvac terrain-litt 50/ https://www.ramtruck.ca/en/promaster

2.2.4.1 Materials

The primary material that is currently used in the automotive industry is aluminium and
steel Aluminium is used to create the outer protective shell of each vehicle. Aluminium is a great
material to use because it is lightweight and adds structure to the overall vehicle. The reason
designers tend to use aluminium on the outer shell of their vehicles is because of their
energy-absorbing properties. Since aluminium is one-third as dense as steel, it means that it

can be three times the thickness before you have the same weight as steel. The 1xxx series of
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aluminium is the most pure aluminium available. At 99% pure, 1100 aluminium sheet is
extremely malleable. It also demonstrates excellent corrosion resistance. (Stanley, 2021)
Aluminium is also a great material to use because it enhances safety without increasing weight
(MetalSupermarket). Due to the lightweight of the aluminium, it allows the vehicle to stop quicker
thus reducing the impact it can cause. Since aluminium is easily dentable, it acts as a cushion
for the user if impacted by a great force. This, in turn, supports the user by creating less impact
and minimal damage to the user. Steel is one of the strongest yet flexible metals and makes up
the majority of the frame of most vehicles. Steel has a unique ability to bend on impact instead
of breaking like other alternative materials. The steel also shares some similar features like the
aluminium in which it acts as a cushion for the user. This increases the safety for the user when

they are utilising the products.

2.2.4.2 Manufacturing

Within the automotive industry stamping is primarily used for the majority of the vehicle
manufacturing process. The steel starts out as cold-rolled steel then pressed into the desired
shape with a 5,000-ton press. Both the frame and outer shell are stamped, assembled and the
spot welded together. Typically the outer shell which is made up of various aluminium panels
are 18-gauge, which is 48 thousandths of an inch thick (actually 0.0478 inch). (Joseph, 2019)
The electronics for each product are also assembled on an assembly line then implemented into
the frame to create the final end product. In recent years most Car manufacturing has become
more streamlined by having robotic arms assemble the vehicles to reduce margin of errors. (The

History of Robotics in the Automotive Industry, 2017)

2.2.5 Benchmarking — Sustainability of Existing Products

During research, it was found that vehicles that use both aluminium and steel are more

inclined to become recycled. Aluminium and steel are extremely recyclable, in which can both
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be recycled indefinitely. At the end of a vehicle’s life cycle, each can be taken apart and resold
back to its manufacturers to create a circular economy. Also, vehicles that use lithium batteries
are seen to have an increase in sustainability. The batteries can be recharged thus mitigating
the use of gas to operate the vehicles. Gas-powered products emit hazardous air pollutants
such as nitrogen oxides (NOx), particulate matter (PM), carbon monoxide (CO), and sulphur
oxides(SOx) that aid the process of climate change. (Air Pollution From Cars, Trucks, Vans and
SUVs, 2017). Products that use rechargeable batteries create zero emissions thus making it an
extremely efficient alternative to methods. As Electric vehicles become more popular, many
charging options have become more prominent in the design world. Most parklots have now
implemented electric car parking zones, which allow the user to charge their car. Within recent
years vehicles have become more sustainable by implementing solar panels into the cars
design. These solar panels allow the car to recharge its internal battery thus making itself

sustainable.

2.3 Summary

The research that was conducted gave further insight into the current products and user
interactions that litter collectors have. The main demographic showed to be middle-aged males
with medium income.

Researching current products leads to investigating problem areas and how they can
become strong points within new designs. Analysing aesthetics and semantics provided an
understanding of how each product can be unique yet still follow a similar design language.
Conducting research into manufacturing and sustainable methods allowed for greater insight
into how products can be produced to mitigate harm to the environment. Going forward, all
research from this section will be used as a benchmark for the following sections in order to

understand the user and what they need for a proposed design solution.
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CHAPTER 3 - Needs

In this section, an in-depth analysis will be looked at. This will include the user's needs,
wants, experiences and journey when working as a litter collector. This analysis will aid in the
designing phase in order to ensure that all aspects of the user's experience are met. The
research that was completed in the last section will be analysed to uncover possible design

opportunities for the completed design solution.

3.1 Analysis — Needs

In order to create a well-established product, the needs of the user will be analysed to
uncover the problematic areas. Once the problem areas are identified, a proposed design will
be developed that will enhance these areas of weaknesses. Current products, latent
requirements, and categorization of needs are examined in order to develop an idea of what a

user would want in a litter collection product.

3.1.1 Needs/Benefits Not Met by Current Products

The products that will be analysed

to create the needs/benefits list are those All Terrain

that serve the potential user. The products

that are analysed were: All-Terrain
AT Foe-Cink ViRoULITT

Ride-on Vacuum, Garbo Grabber, The
B The WrsleVac

WheelieVac, and Electric Backpack
Vacuum. The diagram below is sectioned
Elpctric BackPack Wacimim
off into the 3 main components of the Cleanliness Speed

products that were looked at. These 3

categories are all-terrain, cleanliness, and speed. Figure 6 ( Need/benefits diagram )
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The diagram above shows the four products that are broken into three sections of user
needs/benefits. These sections include All-Terrain, Cleanliness, and Speed. All-Terrain
describes whether a product is able to travel on all types of ground matter. Cleanliness is in
regards to how effective the product is at staying free of dirt, stains, and debris. Lastly, Speed
refers to the rate at which the product is able to operate.

These three sections overlap to demonstrate the different criteria that the current
products meet. As it is seen in the diagram, there is not a single product that hits all three
categories within the middle section. This presents evidence that all the products analysed have
areas of improvement. The All-Terrain Ride-on Vacuum is the product that is closest to having
all three aspects as efficient as possible. This product can be used on all-terrain but is lacking in

the overall speed and cleanliness that could be potentially achieved.

3.1.2 Latent Needs
Current research was conducted on the needs of a litter collector in order to understand
the areas that need improvements. The latent needs were analysed and recorded below:
e Users need to see how much litter was collected to ensure effectiveness levels.
e Users need to be comfortable using equipment because it will improve their work ethic.
e Users need to have knowledge on how to operate a vehicle because not understanding
this may lead to improper work.
e Users need to know how much litter they collected because it is a sign of accomplishing
their job.
e Users need to understand the type of litter that is being collected in order to improve the

job speed.
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3.1.3 Categorization of Needs
Within this section, the needs of the user are plotted based on their wishes, wants, latent

needs, and immediate needs.

Wishes Wants Latent Needs Immediate needs

Fun to use Easy to use Visual representation of = An easier way to collect
litter that has been litter
collected

Comfort Light equipment Vehicle to drive and Durable and
protect the user weather-resistant

Fast Easy to see litter

The majority of the categorization of the needs are user-centred putting most of the
emphasis on the accessibility of how the user interacts with the products. Some outlying areas
include durability and weather resistance. These areas are an immediate need so that the user
does not spend extra time maintaining the product and continues to have unnecessary job

disruptions.

3.2 Analysis — Usability

This section is based on the information gathered within 2.1.4 User Observation in order
to acknowledge the potential improvement areas. The journey of the user was recorded to
understand the goals, actions, and thoughts that a user may have during their job to find

problem areas that can become improved.

27



Bachelor of Industrial Design

3.2.1 Journey Mapping
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The figure below provides information on a litter collector’s daily tasks and the thought

process behind it. This data is used to gather greater information on the user in order to develop

an enhanced product. The takeaways from figure 7 are that the user usually gets body pains

from long hours and the work that is completed is “mind numbing” because of the lack of fun

with their job. These takeaways will be used when gathering ideas to create new and unique

concepts.

Planning

User Goals Wakes up
and drives
to work

User Gets
Actions dressed
and puts
high vis and
gloves on,
then drives
to work

User “I hope
Thoughts today is
warm so |
don't get
cold while
at work”

Preparation

Gathers all
equipment
and puts it
in their truck

Gets
garbage
pickers,
shovels,
brooms,
and
garbage
bags and
puts them in
vehicle

“I hope
these tools
don't break
while I'm
working”

Task 1

Starts the
day off by
collecting
larger
roadside
litter

Finds larger
pieces of
litter

Discusses
how they
will load
their truck

“Will this fit
in the back
of my
truck?”

Task 2

Loads large
objects into
the truck

Both
workers get
on either
side of the
large piece
of litter and
lift it

They make
sure that
the item is
secure

“How am |
going to lift
this and get
itin my
truck?”

Task 3

Starts to
clean litter
on
sidewalks

Drives to
their
designated
cleaning
sector with
their vehicle
and begin
collecting

“I hope
there isn't
hard to pick
up litter on
the
sidewalks”

Figure 7 ( Journey Map )

Task 4

Cleans
parks

They use
garbage
bags and
garbage
pickers to
collect
garbage in
the parks
while talking
to residents.

“I hope
these
people in
the park
notice my
hard work
and stop
littering”

Task 5

Loads all
garbage
bags onto
the vehicle

Gather
numerous
bags and
load it into
the back of
the vehicle

“My back
hurts from
picking up

litter all day”

Completion

Completes
daily tasks
and work
shift

Drives
home

“| feel
exhausted
from all the
work | have
done today
and my
body feels
sore”
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3.2.2 User Experience
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In the study below, the users’ experience completing tasks were gathered in order to

have an in-depth analysis of each task. The user experience chart corresponds with the user's

journey map in order to identify the problem areas and key takeaways. The user describes their

experience collecting litter and provides what areas they see as more challenging and what they

believe needs to be improved.

User Goal

Problems/
Challenges

Ideas /
Takeaways

Planning

Wakes up
and
drives to
work

Tired from
waking up
early

Needs to
be alert

Improve
alertness

Preparation

Gathers all
equipment
and puts it
in their truck

Organising
tools take
too much
time

Designated
spots for
tools

Task 1

Starts the
day off by
collecting
larger
roadside
litter

Hard to
scout out
larger
objects

An easier
way to call
high volume
areas

Rogarn f30 improvemeani

Task 2

Loads large
objects into
the truck

Can be
strenuous
from doing
it every day

Improve
loading
truck with
heavy
objects

Task 3

Starts to
clean litter
on
sidewalks

Pain from
constant
walking

Improve the
mobility of
the worker

Task 4

Cleans
parks

Has to hold
a garbage
bag that
has litter
from a
whole day
of work
The better
way to hold
heavy bags

Task 5 Completion

Loads all Completes
garbage daily tasks
bags onto and work
the vehicle shift

Has to load
having
garbage
into the
truck

Improve
loading
truck for
garbage
bags

The user’s main ideas and takeaways from their experience at a day’s work are that they

want to improve mobility and comfort and decrease strain on the body. These ideas can become
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elaborated on within the design phase to ensure that these problem areas are solved
appropriately.
3.3 Analysis — Human Factors

Human factors investigation seeks to evaluate how the user interacts with the product,
the ergonomics, and the usability of the potential end design. This section will include a
full-bodied human interaction as well as a configuration diagram. These two diagrams will aid
the design process by categorising and dimensioning the primary features.
3.3.1 Product Schematic — Configuration Diagram

The configuration diagram below includes two design concepts. It includes a primary
design as well as a secondary design. Each configuration diagram illustrates both the
components diagram and schematics layout. The component diagram highlights the key
elements and how they would lay within the proposed design. The schematic layout highlights
the interaction, ergonomics, functionality, and aesthetics of the suggested design. The areas in
which are highlighted will provide a greater understanding of the thought process of the design.
The main components of the design are Garbage storage, Vacuum, and Battery. Both of the

primary and secondary proposed designs work cohesively thus they are analysed together.

Schematic Layout

E INbaracIin

. Erganomics

. Functianality
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Component Diagram
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Figure 9 ( Configuration Diagram )
3.3.2 Ergonomic — 1:1 Human Scale Study
3.3.2.1 Introduction

Litter collectors without vehicles are susceptible to back and leg fatigue from constant
bending to pick up litter. Workers also report that repetitive motions can also produce minor
pains in the upper arms and back.

Workers who are fortunate enough to have ride-on vehicles complain about the lack of
stability the vehicle has. When going over rough terrain, the vehicle will occasionally shake the
user thus making them uncomfortable within their seat. To better understand how to mitigate
these problems the user has, an ergonomic study was conducted to determine these areas of

weakness. If the study is completed properly, the issues the workers have should become
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minimised.

3.3.2.2 Literature review

During the ergonomic study, a conducted literature was reviewed to understand the
human body. The literature review provided information on human measurements, ergonomics,
human interaction, and full-body interactions with products. The main source of information on
the human body was “The Measure of Man and Woman” (Dreyfuss,2016) to determine the
90th percentile male and the 5th percentile female. The measurements of the 90th percentile
male and the 5th percentile female were used because of their contrasting dimensions. All
human measurements that fall between the 5th and 90th percentiles will accurately be

accounted for within the ergonomic study.

3.3.2.3 Methodology

Objective

This investigation seeks to evaluate the human interaction, ergonomics, usability, and
functionality of the proposed design. This includes the evaluation of “full-bodied human
interaction design”. The evaluation will result in identifying the areas within the design that need

improvements.

Decisions to be Made

The interactions with the major body parts were investigated to better understand how
the touchpoints can be improved. The touchpoints included:
Primary product
e Foot positioning
e Vacuum length and handle
e Handlebars

e Touch screen

32



Bachelor of Industrial Design SWARM

Secondary product

e Seating positions
e Steering wheel height

e Storage compartment

Description of Users Targeted by Product

Thomas Pantano

The targeted user is male, aged between 25-40 with an average income of $40,000 a

year.

Evaluation Process

The evaluation was completed by first constructing a full-scale model made from

cardboard and wood. Comparing the models to a 5th and 90th percentile human figures, the

following was observed:

Primary product

e How the user interacts with the handle

e How the user interacts with the hose

e How the user can comfortably stand on the vehicle
Secondary product

e How the user interacts with the steering wheel

e How the user interacts with the seat

3.3.2.4 Results

Ergonomic 1:1 Drawings
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Figure 10 ( Ergonomic Drawings )
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Before construction 1:1 scale models for ergonomics, in-depth dimensioning of both the
primary and secondary designs were created. The dimensioning was needed to ensure that all
sizes of operators can use both devices. The drawings were used to create templates for the

1:1 scale models.

1:1 Primary scale model: 5th Percentile Female

Model Images Description

This image provides information on a 5th
percentile female operating the primary
design. The image provides a view of the
adjustable handlebar height to ensure the
user is comfortable while operating.

This image showcases a 5th percentile
female interacting with the handlebars.
Because the user has smaller hands, it gives
them more room along the handle to find
where the most comfortable area is to hold.

This image indicates the standing platform
and how the user interacts with it. The user
has smaller feet so there is ample amount of
room for the user to stand.
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This image demonstrates how a 5th
percentile female would interact with the
vacuum hose. The hose has an extended
reach allowing the user to grab far away
objects.
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1:1 Secondary Scale Model: 5th Percentile Female

Model Images Description

This image demonstrates a 5th percentile
user interacting with the transport vehicle.
Due to the adjustable seat, it allows users
within the lower percentiles to comfortably
reach the steering wheel.

This image showcases a 5th percentile
female sitting in the passenger seat. This
view shows the amount of room they have
while being a passenger.

This image shows a 5th percentile female
interacting with the steering wheel. Because
of the adjustable height of the wheel, the
driver can operate the vehicle comfortably.
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1:1 Primary Scale Model: 90th Percentile Male

Model Images Description

This image demonstrates a 90th percentile
male operating the primary design. The
image provides a view of the adjustable
handlebar height to ensure the user is
comfortable while operating.

This image showcases a 90th percentile male
interacting with the handlebars. Because the
user has larger hands, the surface area of the
handle can be gripped more comfortably.

This image shows the standing platform and
how the user interacts with it. The user’s feet
fit snugly between the wheels. The wheels
also act as protection for the user’s feet
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1:1 Secondary scale model: 90th Percentile Male

Model Images Description

In this image, a 90th percentile user

| interacts with the transport vehicle. Due to
the adjustable seat, it allows users within
the higher percentile to adjust giving them
" more room to reach the steering wheel.

This image showcases a 90th percentile
male setting in the passenger seat. TThis
view shows the amount of room they have
while being a passenger.
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- This image shows a 90th percentile male
interacting with the steering wheel. Because
of the adjustable height of the wheel, the
driver can operate the vehicle comfortably.

3.3.2.5 Analysis
Observation One - Hands

The hand ergonomics can be seen in figures 22 and 29. These figures display the users
(5th percentile female and 90th percentile male) interacting with the handlebars. The handlebars
are 1.5 inches in thinness which will accommodate all percentile users. The width of the
handlebars is 13 inches across thus allowing all users to position their hands along the handles
to best fit their comfort. Figures 27 and 33 demonstrate the user operating the transport vehicle.
The steering wheel can be seen as being 1.5 inches thus will better accommodate all percentile

users.

Observation Two - Feet

Within figures 23 and 30 the feet ergonomics can be seen. These figures display the
standing platform for the users. The width of the standing platform is 14 inches across, allowing
for an ample amount of room for both the 5th percentile female and 90th percentile male. The

height of the wheels also acts as a protective barrier for the user’s feet.
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Observation Three - Arms

Within figures 21 and 28, the arm length ergonomics can be seen. The stem of the
handlebars is adjustable for the user’s comfort. The stem can pivot in the Y-axis of the vehicle to
accommodate all users’ arm lengths. In figures 25 and 31, it demonstrates the user interacting
with the transport vehicle. Due to the adjustable seat, it allows both larger and smaller users to

remain comfortable when operating.

3.3.2.6 Limitations

After analysing the designs, some limitations arose. An area that is problematic is the
handlebar height. If the user is taller than a 95th percentile male, they may run into issues with
the height of the handlebars. The comfortability of using the primary design may be affected and

the user may begin to hunch their back after operating for long hours.

3.3.2.7 Conclusion

This study revealed some ergonomic challenges that needed to be overcome. The 1:1
scale model aided in the overall design solution to ensure that all users from various percentiles
are accommodated for. Within the ergonomic study, many dimensions were changed from the
initial two-dimensioned drawings when making the 1:1 scale model. The final 1:1 scale model

has all resolved dimensions correctly accounted for.

3.4 Aesthetics & Semantic Profile

To better understand the semantic and aesthetic profiles of the proposed design, three
areas of interest are used. These areas include inspiration, influence, and aspirations. When all
three areas of interest are brought together and implemented to the proposed design, it has the
potential of creating a cohesive product. Each area of interest brings unique data along with it,

thus allowing a greater understanding of similar products and how their aesthetics will improve
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their overall design. The aesthetic and semantic profile is important to the proposed design
because it influences how the potential user will feel about the product. It is important to create
a cohesive design because it impacts the user’s first impression of the product, making it a
make or break moment. (Design Principle: Aesthetics. The Power of Beauty in Design | by
Anton Nikolov,.) The semantic profile is also the building block of the design. Without it, there is

no structure to the design of the aesthetics. (Fredrick,)

3.4.1 Inspiration

The proposed design takes
inspiration from products within its area of
work. It also takes inspiration from current
design trends. When looking at a similar
product, they tend to use dark colouring
around the wheel as well as the bottom
portion of the vehicle (Hitti et al.,). The
reason for the dark colouring is because
the various surfaces the vehicle goes
over. Due to the all-terrain feature on
similar products, the vehicle is more likely
attract various forms of mud and dirt. The

dark colouring aids in hiding most outdoor

elements left on the vehicle.
When looking at the configuration of similar products, a slender sleek form will be used.
This form factor is incorporated into the proposed design based on the interaction the potential

user has with this product. When using similar products, users want more ease of use. This
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means that they will need the most important features to be in reachable lengths to enhance

their comfort when operating.

3.4.2 Influence

To gather influence, current design trends were looked at. Smart devices are a big part
of the evolving design landscape and have been incorporated into the proposed design.
(Kimbarovsky, 2021). Within the dash, there is a touchscreen that operates as a smart device.
The smart device will allow for the users to improve the customizability of the vehicle to improve
the overall safety and comfort. The smart screen will also provide the user with essential
information. The information that will be displayed is: speed, storage capacity, battery life, GPS,
and adjustable ergonomics.

When looking at the form factor of the vehicle, influence from existing products was
used. Current products use smooth faces and soft edges to provide a user-centred design. The
soft and smooth faces invoke a sense of safety to the user, which is key to providing a safe
journey for the operator. The softer edges provide a more inviting feel for the user and
pedestrians, making the user’s journey more appealing and comfortable. These examples will
be integrated during the design process of the proposed design.

3.4.3 Aspirations

Within this section, the aspiration of what the proposed design strives to achieve based
on its functionality and usability. The proposed design aims to be aesthetically pleasing while
remaining as functional as possible. The design needs to allow the user to feel comfortable
while operating but still needs the user to remain focused when doing their daily tasks. Also, the
design should be robust enough to be all-terrain as well as still maintain its inviting feel for the
user. It should aim to minimise the amount of environmental elements that the vehicle comes in

contact with so that it will reduce the quantity of required maintenance that it may need. The

43



Bachelor of Industrial Design SWARM Thomas Pantano

product should aspire to achieve a design that mimics current and future trends that are similar
to the proposed outline.

All three of these sections must be incorporated into the final proposed design to ensure
that the concept is cohesive. All sections have unique values due to their differing data points.
This will allow for an effective design that has a well-thought-through aesthetic and semantics

profile.

3.5 Sustainability — Safety, Health, and Environment

3.5.1 Environmental safety

When designing a litter collecting concept, environmental safety must be considered.
Sustainability is a key aspect of the design due to the fact that its main purpose is collecting
litter. During manufacturing processes, there are many byproducts that are produced and
thrown away causing a snowball effect and piling up litter. To ensure sustainability is being
considered, the manufacturing process should become minimal in order to reduce the
byproducts.

With the evolving landscape of sustainable vehicles, current trends must be looked at.
Currently, in Canada, 2.2% of vehicles are electric, thus being an increase of 125% from 2017 to
2018. (Electric Vehicle Sales in Canada in 2018,) Switching over to electric-powered vehicles
decreases the overall planetary pollutants that are caused by gas-powered vehicles that

produce carbon emissions.

3.5.2 Health and Safety

Health and safety is seen to be a high priority within the proposed design. Because the
vehicle will be exposed to all terrains, the vehicle must ensure the user remains safe at all times.
Looking at all of the adjustable ergonomic features of the design, the majority of user body pain
(legs, arms, and back) are mitigated and provide an improved comfort level when working. The

wheels of the primary vehicle serve two main features. The first beneficial feature is to propel
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the vehicle forward when driving. The second is that the rear wheels protect the user’s feet from
external harmful objects. The rear wheels act as a shield and allow the user’s feet to be
safeguarded when operating the vehicle. Also, the design’s handlebars allow the user to remain
balanced while using the vehicle. This will help prevent the user from falling off the vehicle and

potentially hurting themselves.

3.6 Innovation Opportunity

3.6.1 Needs Analysis Diagram

The diagram below provides information on where innovation can arise. The needs
analysis diagram is broken into three sections and four sub-sections. The main sections include
business (viability), technology (feasibility), and people (desirability). The four subsections are
seen to be where the innovation can arise. These sections include process innovation,

emotional innovation, functional innovation, and experience innovation.

Experience Innovation

Prooess
IO AT
Business Technology
Wiability Fisaiilmbty
o
/ People \

Emacional Diesirability Funcriodal
Innairation : Innadratian

Figure 11 ( Innovation Diagram )
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3.6.2 Desirability, Feasibility & Viability
Desirability
Desirability is based on why someone would be attracted to a certain product.
Currently, there are methods to clean dense urban areas but these products lack efficiency.
Developing an efficient vehicle for collecting litter will create a more desirable product that more

cities will want to implement.

Feasibility

Feasibility is based on how easy it is to create or operate a product. In terms of
manufacturing, similar products demonstrate that the cost of manufacturing is low. The
technology that is being used, although new, is completely achievable during manufacturing. In
terms of operating the product, the user can easily learn how to use the vehicle. The vehicle

does not need intense training in order to understand how to operate it.

Viability

Viability is based upon how easily the product can become integrated into current
processes. Creating a clean environment is necessary to maintain the ever-growing landscape
of consumerism, therefore the market for products that aid in this process will never become

obsolete.

3.7 Summary of Chapter 3 — Defining Design Brief

3.7.1 Design Brief
The following provides information on the various criteria that the proposed design must
meet in order for it to be effective:
1. Design for the User - The proposed design should aim to create a versatile litter
collecting vehicle for the user. It should have all-terrain features to minimise the amount
of physical labour the user goes through.

2. Easily Customizable - The design should allow the user to be able to customise their
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10.

vehicle to improve their individual experience. They should be able to mix and match
what features work for them to improve their experience.

Simple to Use - The design should be able to be used with minimal knowledge of how
to operate. This is so that a wide variety of user backgrounds will be able to utilise the
vehicle.

Easily Adjustable - The user should be able to adjust the vehicle with ease to improve
comfort. The handlebars and hose in the primary design and the steering wheel and seat
in the secondary design are easily adjustable.

Improved User Ergonomics - The design should be all-inclusive for all heights of users.
This will decrease the user’s chances of becoming uncomfortable or injured.

Versatile - The design should be effective and mobile to ensure that the job at hand is
completed in a fashionable manner. The vehicle should be able to adapt to any terrain it
may come in contact with.

Sustainable Materials Used - The design should aim to use sustainable materials to
minimise the number of byproducts that will be created during manufacturing. This is
also important when determining how the vehicle will run. In this case, lithium batteries
will be the most sustainable route that should be used.

Easy to Maintain - The conditions with which the design may come in contact with, it
should be able to be easily cleaned and maintained. This is important so that users
spend less time cleaning and maintaining the vehicle instead of collecting litter.

Durable - The design should be able to withstand harsh environmental conditions to
minimise vehicle damage. This is so that continuous maintenance is not needed for the
vehicle.

Integration of New Technology - The proposed design should incorporate new
technology to ensure a long-lasting design. This will allow the product to continue to stay

up to date with current design trends.
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CHAPTER 4 - Design Development

Within this chapter, ideas and concepts were developed in order to optimise litter
collection in dense areas. A range of different design opportunities were used in creating
concepts to gather a wider array of ideas. In this section, brainstorming sketches are shown as

well as developmental sketches to convey the functionality of the proposed design.

4.1 Initial ldea Generation

4.1.1 Aesthetics Approach & Semantic Profile
Before the start of concept
creation, inspiration on current and
future designs were completed.
The inspirations aided in the
designing of the aesthetics and
semantics of each proposed design
to ensure all concepts can become
unique. The concepts were heavily
influenced from designs that rely on

futuristic aesthetics, mainly focused

on the sleek straight edges with a
monochromatic colour scheme. Each image provides differing elements that are unique

and have been incorporated to inspire each proposed design that was created.
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4.1.2 Mind Mapping

Before the designing and ideation phase began, a mind map was created. This map aids
in the thought process to narrow down the problem areas of litter collection that must become
solved. This was done by analysing products that are currently in use and determining their
functionality as well as their areas of improvement. Some elements that were analysed were
safety, task and equipment. These elements were elaborated into sub sections that were used

to help discover areas of interest to create various new concepts.
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4.1.3 Ideation Sketches

During the initial ideation phase, a wide range of products were created from wearable
tech to ride-on vehicles. During this phase, multiple problem areas were designed in order to
ensure a unique design solution was created. The initial ideation sketches focus more on the

functionality of each product rather than the form factors of each design.

Concept 1 A

Concept 1 focuses on optimising litter collection for an individual worker. This concept utilises
wearable technology to aid the worker in efficiently collecting litter. It is made up of four parts,

the backpack, sift, and litter stick.
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Concept 2

Concept 2 is a unique take on a litter collecting vehicle. This concept focuses on
manoeuvrability for the user when operating. The concept utilises a vacuum hose to maintain a

more precise collection.

Concept 3

..-ﬁ!I

Concept 3 was developed to be an automated litter collector. This device would operate

autonomously through all hours of the day collecting litter.
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Concept 4 is a stationary device that turns litter into unique objects/toys. This design

would utilise the public to pick up litter and operate the device.

Concept 5 is similar to concept 1 but utilises more technology. This concept uses a
small camera to pinpoint smaller pieces of litter that can not be seen from far away.
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Concept 6

Concept 6 is a ride-on litter collector with a shovel filter at the front of the vehicle. The
shovel has perforations at the front to allow sand or dirt to fall through the vehicle and

not end up within the vacuum.

4.2 Concepts Exploration

Concept exploration uses the previous sketches/ideas to develop further into realistic
ideas. Three of the initial sketches were brought over into this phase and were developed
further into unique ideas. At this point, the design criteria were created to ensure that all

concepts were solving a similar problem.

53



Bachelor of Industrial Design SWARM Thomas Pantano

4.2.1 Concept 1

The first concept within Concept Exploration is The Ride on Vac. This vehicle
would be used in city areas and is highly manoeuvrable. The scooter is transported
within a bigger vehicle that empties and charges each scooter. Within the transport

vehicle, four scooters are housed.
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4.2.2 Concept 2
The second concept is an auto sorting litter collector. This vehicle separates
organic, recycled and metals within its storage unit. The vehicle's main purpose is to

reduce the amount of post processing of litter.
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4.2.3 Concept 3
The third concept is a litter collector that utilises garbage bags to quickly empty
the litter within it. This negates the need of going to post processing due to being able to

put the garbage bag directly into the trash.
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4.3 Concept Strategy

The concept strategy phase uses the two most promising ideas and further
analyses their features. The concepts were further refined to hone in on each concept.
Both concepts were laid out into product schematics to gather a greater understanding
of how the concepts would operate.

4.3.1 Concept Direction & Product Schematic 1

This concept was chosen to develop further based on its unique effectiveness
when collecting litter. The design is manoeuvrable and easily transported. This concept
is twice as effective as standard litter collectors and could reduce the amount of litter

that remains in city streets.
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4.3.2 Concept Direction & Product Schematic 2
This concept was chosen to be developed further because of its internal sorting
system. This vehicle negates the use of post processing making the start to finish job of

collecting litter shorter.

Figure 52 ( Concept 2.2 refinement )
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Component Diagram
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4.4 Concept Refinement & Validation

One concept was chosen to move forward with and to create further detailing.

This concept underwent form revisions to create a more pleasing aesthetic, but also to

serve functionality. Further refinement on both vehicles from this concept was done

along with creating detailed drawings of the various features the concept has. To better

understand the concepts, a refined schematic drawing was done. This aids in

understanding in-depth features the product will have.
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4.4.1 Design Refinement

Below is the concept refinement of concept 1. The design follows more closely to
the aesthetic inspiration from Chapter 4.1. The design focuses on the sleekness of the
product. The design needs to be highly manoeuvrable that is why most design elements

of the product are close to the user promoting an arrow dynamic form.
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4.4.2 Detail Development

After the overall form of the proposed design was completed, design detailing
was done. The purpose of this phase of concept creation is to narrow down the details
to truly make the design unique. This phase also aids in the CAD development, by
honing in every feature. Each image below provides an in depth analysis of micro

features the proposed design has.
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Figure 59 ( Detail development 5 )
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4.4.3 Refined Product Schematic & Key Ergonomic

To understand the full scope of the product a refined product schematic was
created. This schematic diagram illustrates the internal components of the proposed
design. The diagram provides in depth information on speed, battery capacity, cleaning
power and litter housing size. This additional information is key to understanding the

mechanism that allows the design to operate successfully.

A LED Lights ADDITIONAL INFROMATION
v Lithium battery - 74,600 cells Spped: 25KM/H
A Heated handle bars Vacuum Size: 15in x 10in
100 Litre litter container Cleaning speed: up to 82027 fesl
Pt hogr (4 = 328084 feet per hourd
A Vacuum mechanism 850 CFM
N y ' 5Inch Vacuum hose
/A Vacuum pathway
v OLED screen

Figure 12 ( Product schematic 1)
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Litter Storage

Vacuum hose
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Figure13 ( Product schematic 2 )
4.5 Concept Realisation
4.5.1 Design Finalisation

The images below demonstrate the finalised design. These images are crucial in
aiding in the CAD process. All images provide various views of the vehicles and
are used to gather greater Information on the form of both the Scooter and Truck before
CAD.

The form of both the scooter and truck use a majority of sharp angles and flat
surfaces to indicate the use of the design. The rigidity of the design provides an outside
observer with the perspective that the product is robust and reliable. The design needs
to indicate that it can complete the job at hand without interruptions. The front
compartment is semi transparent to allow the operator to have a visual representation of
the work that has been completed, in addition to the transparent window a LED trim also

indicates the same visual representation. To create a cohesive product, the truck takes
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influence from the design of the scooter. Both the scooter and truck utilise the same
chamfered edges and form factors to ensure a holistic design.

The decals on the side of both of the scooter and truck serve two purposes; the
first purpose is to provide an indication of what the product actually does (ie, collect
litter) and the second purpose is to provide a location of what city owns the vehicle. The
triangular design of the decals are positioned to resembile litter being sucked into the
vehicle. The colouration of the decale indicates the location/city that owns the SWARM
unit. The colour that corresponds to the desired city is also used as an accent colour for
various parts on each vehicle. For the scooter, the colour is used for hubcaps, standing
platform and hose, and for the truck it is used for the hubcaps. The accent colour also

adds to the overall holistic approach to the design.
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4.5.2 Physical Study Models

When conducting the physical model study, a sketch model was created. The
sketch model uses a 1:8th scale dimension. When dimensioning both the scooter and
transport vehicle, the ergonomic study was used to create accurate measurements.
Thoroughly dimensioning each measurement was needed because of the mating of
both vehicles. The models were made from both foam core and illustration board. The
physical model study brought greater insight to the exterior surfaces of both vehicles

which will eventually aid in the creation of CAD.
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Scooter Physical Model Study 1/8th

This image provides 3/4, front, back and top views of the scooter to better understand

its form.

Scooter Physical Model Study 1/8th (folded)

This image demonstrates the folding mechanism of the scooter.
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Transport Vehicle Physical Model Study 1/8th

This image provides a side, % and top view of the transport vehicle.

Transport Vehicle Physical Model
Study 1/8th (Scooter Inside)

The final image provides the mating between both the scooter and transport vehicle.
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4.6 Design Resolution

The final design was created through various sketches, prototypes and computer
aided design. This section indicates the finalised resolved design which includes
ergonomic factors and considerations to focus on the operator's needs. The resolved
design takes inspiration for other competitive products as well as current and future
design trends. The resolved concept was a design created with the intent of
manufacturing. All parts of the design utilise high quality materials and technology to
ensure that the design will last the test of time. The resolved design takes into
consideration that the users operating the scooter will come in various heights and
sizes, so thus the scooter is completely customizable and adjustable for the users

needs.

4.7 CAD Development

Computer aid design was used to develop the design of SWARM. The program
that was used to create the visual design was Solidworks. A combination of surface and
solid modelling were used to create the complex faces of the design. Once the design
was completed, Keyshot was used to create high definition renders. The following CAD

below shows a guide of how both of the vehicles were designed.
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Scooter

To begin, the computer aid design of the scooter model’s basic surfacing was
done. Surfacing was used to create complex faces, and to create the overall form of the
scooter. Next, it was turned into a solid to complete finner detailed components. Finally

the design was mirrored once all features were designed.

1L
LL L
LLé
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Truck

To start creating the shape of the truck, basic surfacing was done. These
surfaces act as the base form of the truck. The model was then turned into a solid so
that more detail can be added. Once the interior was completed, the model was then

shelled and mirrored to complete the model.
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4.8 Physical Model Fabrication

Below are pictures of the process of the fabrication of a 1/8th scale model of the

SWARM concept.
Printing

To begin the model fabrication process, the model was first printed using PLA
plastic extruded from an additive Edner 3 3D printer. The printing process took one

week to complete.

Assembly
After the 3D printers were complete, the parts were glued together using super
glue. To create a seamless transition of parts automotive gap filler was used. All parts

were sanded using 80, 150, 200, and 400 grit sandpaper before painting.
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Painting
To start painting the model, two coats of spray paint primer were used on each
part and sanded between each layer. Next, the final colour was applied over the course

of two coats.

Prepping

Finally, decals were applied to the outside of the model and the final glueing
process was done. During the process of completing the final details, the base for the
model was also being created. The base is made from high density insulation foam and

carved to the desired shape, then painted.
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CHAPTER 5 — Summary

This chapter showcases the finalised design of SWARM. This chapter will also go in
depth of the design criteria that has been met, full bodied interaction, materials and technology,

design, CAD and Physical model.
5.1 Summary

Description:

SWARM is a litter collection solution for the urban environment. SWARM allows the
operator to manoeuvre in small areas to collect litter at an increased rate. Each scooter is
deployed from the transport truck and designated to a zone within a 10 km radius to increase
productivity. The scooter can clean at a rate of 133 feet per minute.

Explanation:

Litter is not only destructive to the environment but also the residents within the area,
that is why it is crucial for the excessive amount of litter to be properly managed. Current
solutions lack accuracy and speed when completing the task of maintaining the litter within
cities. Many solutions are large and not meant for the fast paced lifestyle of urban cities. The
lack of efficiency almost negates the effects of the collection that the vehicle has done. Although
current models are making a push towards EV technology, the majority of current litter collective
vehicles still use gas power to operate.

Benefit Statement:

SWARM is an efficient solution for the fast paced lifestyle of urban cities. SWARM uses
EV technology to create structured vehicles that are highly manoeuvrable and are perfectly
suitable for all operators. The SWARM design is like no other waste collecting vehicle on the
market. The way SWARM is superior to its competitors is by having multiple units that can cover
a larger area in a more efficient manner. The mobile charging station deploys four scooters

which each have their own designated 10km radius to collect litter as quickly as possible.
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5.2 Design Criteria Met

To reduce overall litter production, products must be designed to withstand the test of
time. This means that products and vehicles must be made from material that can both be used
to promote longevity and to be able to be recycled. Products and vehicles that can be recycled
create a circular economy which reduces the overall production of litter by not creating extra
waste.

Another factor that aids in sustainability are electric vehicles. Electric vehicles have
become more popular in recent years due to their ability to reduce overall carbon emissions that
are produced by a vehicle. Electric vehicles do not rely on gas consumption but rather battery
charging.

5.2.1 Full Bodied Interaction Design

The SWARM scooter accommodates all users because of its adjustability. The front
portion, where the handle bars are located, is completely adjustable and can become set to a
desired height. Each operator who uses the scooter has their own user profile within the
scooter. Once a profile is selected the scooter will automatically adjust to the desired height. Full
body interaction was also considered in the overall position for the user. Additionally, the scooter
has a large standing platform that allows the user to stand in various positions to maximise their
efficiency. The standing platform allows the user to turn/spin around while using the hose
attachment when cleaning to increase productivity.

5.2.2. Materials, Processes and Technology
Materials:

Various materials were considered when designing SWARM. The scooter and truck will

both be made from aluminium to ensure that they are lightweight and durable. The front litter

compartment of the scooter is made of translucent acrylic to allow the operator to see how much
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litter they have collected. All wheels are standard issued, meaning they are made from a rubber

material to aid in gripping the outdoor environment.

Process:

To begin the manufacturing of both SWARM'’s scooter and truck, it would start with
aluminium that is pressed into the desired shape with a 5,000-ton press. Both the frame and
outer shell are stamped, assembled and the spot welded together. The outer shell, which is
made up of various aluminium panels, is 18-gauge aluminium, which is 48 thousandths of an
inch thick (0.0478 inch). (Joseph, 2019). The aluminium shells are powder coated with acrylic
polyurethane paint. The front portion of the scooter is made from translucent acrylic sheet which
is vacuum formed to the desired shape. Lastly, the electronics are implemented into the shell of

both the scooter and truck. They are then all fastened together on an assembly line.

Technology:

To create the litter collection system a 850 CFM suction motor is used. This motor is
housed in the top portion of the scooter and is surrounded by a perforated aluminium housing.
The perforations are key to allow maximum air flow into the motor.

To control and navigate the scooter an OLED screen is used. The OLED screen provides
the operator with more vivid colours that aids in navigation.

To ensure that SWARM is environmentally friendly, both the truck and scooter rely on
lithium batteries that can be recharged. Because the truck is stationary the majority of the day, a
solar panel was implemented on the top portion of the vehicle. The solar panel is used to

recharge the internal lithium batteries in addition to the four scooters.
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5.2.3 Design Implementation

SWARM

Thomas Pantano

The bill of materials was created to indicate the total cost of materials and

manufacturing. The price points below are based on competitors within the waste management

industries. Additionally, a cost and rental fee for a city to obtain a SWARM unit is also provided.

Component

Chassis

Body panel

vacuum motors

batteries

Rims

Tires

OLED Display

Litter Compartment

Standing Mat

Hose

Total:

Bill Of Materials

Material

Carbon Steel

Aluminium

Various materials

Lithium battery

Aluminium alloy

rubber

Various Materials

Acrylic

Synthetic rubber
Rubber

Scooter

Description

Structural frame for
the vehicle

Panelling on the
exterior of the vehicle

Attaches to the
internal structure

Powers the vehicle

Attaches to the
vehicles axel

Provides traction

Used to provide the
user with current
location

Provides a viewing
area into the litter
compartment

Adds grip for the user

For the user to get
360 degrees of
cleaning

Cost

$2,000

$800

$975

$1,000
$300 x 4

$80 x4
$600

$10

$5
$10

$6,800
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Bill Of Materials

Truck
Component Material Description Cost
Chassis Carbon Steel Structural frame for $15,000
the vehicle
Body panel Aluminium Panelling on the $8,000
exterior of the vehicle
vacuum motors Various materials Attaches to the $2,000
internal structure
batteries Lithium battery Powers the vehicle $8,000
Rims Aluminium alloy Attaches to the $800 x 4
vehicles axel
Tires rubber Provides traction $100 x4
Solar Panel Various materials Charges internal $2,000
lithium battery
Total: $38,600
Implementation for Cities
Buy Rent
Scooter $15,000 per scooter $200/per day
Truck $55,000 $800/per day

Truck and Scooter $80,000

The business model that is implemented means that a city has two choices when
obtaining SWARM devices. The city can either buy a complete unit (one truck and four scooters)
or rent individually. The city has the opportunity to rent the appropriate amount of scooter for

their desired job.
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5.3 Final CAD Rendering

Below are computer generated renders of SWARM and all of its features. The images

provide an in depth and closer look at SWARM.
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5.4 Physical Model

The physical model was created using PLA 3D printing flament. The model was then
glued together, gap filled and then sanded. Once the surface was smooth, spray paint was
applied to create the final model. The base of the model was created using high density foam to
create depth. The base was then painted and the finer details such as grass and litter was then

applied. Below are photos that were taken of the final complete model.
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5.5 Technical Drawings

Below are the overall dimensions of both the scooter and the mobile charging station.

SWARM

Thomas Pantano

These images provide proper scaling of the vehicle to understand how large each component is.

All dimensions below are in centimetres.

30.25

AVAVAVAVAVAY

36.00

110.00

Figure 17 ( Technical drawing 1)
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SECTION D-D
104.00

Figure 18 ( Technical drawing 2)

5.6 Sustainability

During research, it was found that vehicles that use aluminium are more inclined to
become recycled. Aluminium is extremely recyclable, and can be recycled indefinitely. At the
end of a vehicle’s life cycle, each can be taken apart and resold back to its manufacturers to
create a circular economy. The main body of both vehicles will be aluminium to reduce the
overall weight. Reducing the weight is key because of the heavy lithium batteries within the
vehicles. The aluminium also aids in reducing the force of impact the scooter might have due to

the various terrains it must overcome.
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SWARNM utilises lithium batteries, which are seen to have an increase in sustainability.
The batteries can be recharged thus mitigating the use of gas to operate the vehicles.
Gas-powered products emit hazardous air pollutants such as nitrogen oxides (NOx), particulate
matter (PM), carbon monoxide (CO), and sulphur oxides(SOx) that aid the process of climate
change. (Air Pollution From Cars, Trucks, Vans and SUVs, 2017). Products that use
rechargeable batteries create zero emissions thus making it an extremely efficient alternative

method.

As electric vehicles become more popular, many charging options have become more
prominent in the design world. Most parklots have now implemented electric car parking zones,
which allow the user to charge their car. Within recent years vehicles have become more
sustainable by implementing solar panels into the cars design. SWARM utilises 1.12 meter by
2.60 meter solar panels on the top of the truck. These solar panels allow the car to recharge its

internal battery thus making itself sustainable.

Vehicle emissions have a direct impact on the health and safety of the operator. If the
vehicle emissions become too much it can lead to having aggravated asthma, reduced lung
capacity, and increased susceptibility to respiratory illnesses, including pneumonia and

bronchitis. (Cleaner Air | US Department of Transportation)
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CHAPTER 6 — Conclusion

Within city streets, the abundance of trash has become an emerging issue among its
residents. This is because of the increasing population of residents that live within the
surrounding areas. When individuals enjoy outdoor areas they tend to leave behind trash and
other garbage that they have accumulated, or brought with them. This becomes extremely
problematic and contributes to the city looking unkempt and negatively impacts the
environment. Thus, it is crucial for these urban cities to implement a plan that is cost-effective,

efficient, and sustainable in which we can tackle this problem.

SWARM is an innovative solution for urban litter collection. The mobility design is based
on Electric Vehicle systems platform (EV). This improves mobility efficiency and reduces
environmental harm while providing an ergonomic focused platform. SWARM'’s design intent is
to offer a highly mobile litter collecting vehicle that can manage cluttered high paced urban
environments like downtown cores and city streets. When cities begin to implement SWARM,

there will be clear evidence of cleanliness through a highly efficient and manoeuvrable device.
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APPENDIX

A - Discovery

Report 1

The Purpose of this section is to conduct preliminary research on trash collection/ management
in Toronto. The preliminary research is collected by using both scholarly and consumer/popular
search tools.

Search topic

Scope: Trash/Litter has become more and more of an issue due to the high volume of residents
that live in the surrounding areas. This affects the environment in a negative way, creating a
downward spiral that may not be reversible.

Background: most current trash collection solutions are time-consuming and take multiple
operators to use.

Need statement: Toronto needs a more effective way to clean up trash from its city’s streets.

How is this problem currently being solved?
There are approximately 10,000 street litter/recycling bins across the city and 10,000 garbage
and recycling bins in City parks.

B - Contextual Research

Primary User Interview

n lik Il m little bit u and a greener future.

Yeah, so a greener future is an environmental nonprofit that | started back in 2014. The reason | started it was because | went to my did a litter cleanup
and | realized that one litter cleanup, really wasn't going to solve anything so | wanted to come up with something that was community-based and more
frequent, to get people kind of out. A lot of people want to participate in literacy notes but they don't necessarily want to host one and get it all
organized and find supplies and all of that stuff so | was completely fine with doing that part on my side. And what | found over time was that obviously
litter isn't just a problem in the town where | started out, it's a problem everywhere. So | ended up applying for grants and funding so that we could
expand our program, and we ended up doing 100 litter cleanups along the shores of Lake Ontario each year since 2016 and expanding in other ways
to looking at the data we're collecting through our litter cleanups to figure out what the problem items are where the problem areas are and, and then
kind of moving forward with that data to come up with better solutions and ways that we can tackle certain types of litter or certain issues.

Okay. What areas do you primarily do these like cleanups

Unknown 2:08

yeah so most of our cleanups are shoreline because that's where a lot of waste accumulates, whenever it rains a lot of waste goes downstream and
ends up in the lakes, and a lot of the spaces along the lakes are public spaces which means that there's a lot more people, which means more litter, so
we do try and focus on public areas, but we do have a program called the buck blitz which is focused on cigarette litter because that's the number one
littered item in the world. And for that one. A lot of our volunteers pick up, you know like, around, community centers, you know like, around, baseball
diamonds in parking lots of grocery stores because that's where there is a lot of cigarette litter so I'd say for general litter, it is more focused on public
parks and shorelines. But when it comes to cigarette litter the places to find it is a little bit different.

D I loai ! | like GTA I id

Unknown 3:17
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No, it's so across Canada. Our cigarette campaign is across Canada. Most of our cleanups are along Lake Ontario but we do go outside of that as well
we've, we've gone up towards tilba Mori, we've gone along Lake Erie as well. So I'd say mostly Southern Ontario but when it comes to our buckless
program that is Canada wide.

Could you give me like a breakdown of what you would do on a day of cleaning letter. like from organizing it to. How many people are there
| like | | ‘e doing it f

Unknown 4:00

Yeah. So generally when we host a public cleanup we'll advertise it on our website on our social media, gather volunteers we do have a volunteer
database so a lot of our volunteers come back again and again. We also put it in our monthly newsletter which a lot of our volunteers receive. So, once
we have everyone kind of organized, we'll send out an email that has information on where to me and what where we're close toed shoes, dress for the
weather. Bring a reusable water bottle that kind of thing. Depending on what program it is sometimes we send virtual training beforehand. And it's
usually just a series of videos about 10 minutes long that goes over the process of collecting data. And, you know like how we stay safe and that kind
of thing. If we don't do the virtual training beforehand, we give all of that information on site, but usually we collect the data with our staff and Corps
volunteers that have experience. So for instance we just did a cleanup with Volvo Canada, and they didn't do virtual training but when they came on
site. We told them all the safety rules like don't go in the water. stay with a buddy if you find syringes, let us know we'll pick them up because we're
trying to do that. And just making sure everybody knows to stay within a certain, certain area. And when we're meeting back on location, and when we
do our cleanups we try and reduce waste by as much as possible so we don't give everyone a plastic bag we give out buckets or a canvas bags, and
our volunteers will fill those they've dumped them in a central area, and then we sort it all out so that way we can recycle what needs to be recycled
including cigarette butts and textiles, and then we can put the waste where it needs to go so we usually work with whatever city or municipality to
ensure that the waste that is collected will be removed right after, so that it's not sitting out there and get scattered around again by animals or anything
like that so we do have partnerships with a lot of municipalities and cities and just like local like TRCA and, and those type of groups so that we can
make sure that they know what we're doing and they support us in that. And then after we collect the data. We put that into our database which, right
now we have over 3 million pieces of litter collected in our database, and we create infographics and trying to analyze the litter data to find different
trends or interesting information that our supporters our followers our donors would like to hear about and then we post that on our website and on
social media.

Okay. sounds good. you're talking about. You were sorting the the recycled or the letter on do you do that on site,

Unknown 7:15

Generally we do and unless the weather's bad if it's really windy then sometimes | will bring it home and we'll sort it like in my garage, but for the most
part we generally try and do that on site. If there are no recycling bins on site | will bring the recycling home and just put it in my normal blue bin. So we
do try and make sure that we put everything where it's supposed to go.

And on a day of like doing the volunteer litter collection. What time would you quys start and what time would you finish

Unknown 7:52

our cleanups are usually around two hours long, so we would do 10 to 12, or 123. It just depends on what group we're working with. Some of them go a
little longer and we have kind of like a lunch break in between and talk about different environmental topics. Sometimes our volunteers go out on their
own and do cleanups if they're trained to do that on their own so they might go for, for 15 minutes or they might go for three hours so it is very flexible
but I'd say for a public event, usually training for around two hours,

how many people would you normally have helping.

Unknown 8:51

So we try and aim for around 20, the pandemic has changed a lot of things for us. In the past we had sometimes like 60 or so people come join us. But
we really had to cut back once there were restrictions in place so | find 20 is a good number, it's not overwhelming. People can distance themselves,
and we still have a pretty big impact with 20 people participating. So I'd say that's like our average number right now, and it also comes down to
Equipment because we want to make sure that everybody has a litter picker and gloves and, and that we can make sure that everybody's staying safe
so even going forward | think we'll probably try and stick to Around 20 people but you know it could go, go up a little bit, as the pandemic relaxes.

D | Is oft han just li I ict
Unknown 9:52
not usually it is usually just gloves litter pickers and buckets and bags for the most part, when we're so we've started doing nurdle hunts which are, we

look for like plastic pellets that are along the shore and we do have little glass vials that we put those in. Just so that they don't get lost because they
are so small. But yeah, | mean, it's pretty basic, not, not a whole lot of equipment.

Do you ever do you ever work with the city and use like city. Tools like as in like they have those vacuums that they, that they use.
Unknown 10:32

No, no, we haven't done that. Really the city when we work with them it's more just for promotion to get people to come to the event, and for the waste
to be hauled away after.

Okay. What do you find most difficult about cleaning letter.

Unknown 10:57
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Um, | think the biggest hurdle is that it's, it's a problem that is so complex, and it just, you know, doing one cleanup doesn't do a lot you can go back to
the same location, time and time again and it's, there's more litter there. So | think for a lot of people that can be very discouraging to like work really
hard and then go back and it's a mess again. So | think that's probably the biggest hurdle, but it is one that can kind of be overcome, like it doesn't
bother me anymore because when | see all of these people come out and, you know, they know they're making an impact, and they're learning, and
they're just out there in the environment and building an appreciation for their surroundings and and building like pride for their community. | think that
overcomes all of it because at the end of the day that the biggest takeaway is that everybody's kind of learning and working together to solve this
problem. So, although it is hard to see like how much pollution is actually out there. | think we are on the right track to finding the right solutions and
working together to solve it.

Unknown 12:21
so we do slow down a lot in the winter. We have cleanup scheduled, up until November 25 this year. But, | mean we still go out from time to time in the
winter, just to see what's out there, but we really do focus more on relaunching in the spring and getting people inside as the snow starts to melt,

Unknown 12:44

nd good. And

Unknown 12:57

not often. If we do, it's more of our core volunteers so the ones that are trained by us, they might clean up around their neighborhood and they collect
the data on that. Even for me, | go around my own neighborhood and clean up. But it's not usually an event, it's just kind of Corps volunteers here and
there that do clean up within their communities.

Unknown 13:23
Okay, And how many events would you guys have a year,

Unknown 13:29
I'm probably so at least 100 Because we generally do 100 cleanups on Lake Ontario. And then it's a little bit flexible with the pandemic. It's changed a
lot. But next year we'll probably have about 200 that we

Unknown 13:46
That' i And j in O . I c |

Unknown 13:55

Dots mainly Ontario, we will be running our booklets program and with that one. Volunteers participate for the whole month. So it will be running again
in April and just this past September we ran about blitz event we had 189 volunteers, and they put in over 1000 hours and picked up over 550,000
Cigarette bultts.

Unknown 14:22

Unknown 14:40

Um, so, plastic pieces is our second biggest thing and it can mean a lot of things a lot of it is kind of stuff that's been in the lake that breaks down over
time and you don't really know what it is anymore. A lot of plastic bottles and plastic bottle caps. We used to find a lot of straws, but | am finding less
now that a lot of restaurants are switching either to paper straws or don't have them altogether. So | think that's that's good news. But yeah, a lot of
food and beverage type stuff, granola bar wrappers and that kind of thing. And a lot of construction wastes so like pieces of snow fence or, you know
like nails and wood and shingles and things that get kind of blown around from construction sites. And then we are finding a lot more vape cartridges as
well, because | think there's a lot of people that are switching from smoking to vaping, so we did find a lot of those.

Unknown 15:42
0

Unknown 16:06

Yeah, it's, it's hard because it is a very complex problem. There are some people that throw litter on the ground, and just don't realize what the
consequences are. But a lot of the waste that we find isn't necessarily from people throwing stuff on the ground, there's a lot that that does come from
storms when things get thrown around. There's animals that dig into the garbage cans and drag stuff all over. There's, you know, things like nurdles
that are spilt from industrial type settings, so a lot of shipping going on in the lakes and there's a lot of things that kind of fall off boats all the time. And
there's sewage bypasses and combined sewage sewage overflows which means when we have high water levels. A lot of times raw sewage gets
dumped into the lake. And anything that's flushed down the toilet goes along with it so we find things like condoms and tampon applicators and cue tips
and bags of drugs and stuff that people have flushed down the toilets. So it's not there isn't just one thing that we can say like, if we stop this. Yeah,
then there won't be any more litter. It's a lot of education, and a lot of awareness, a lot of people don't even know what a nurdle is.

Unknown 17:35

Yeah, so that's one of the biggest problems like if, if people don't know about it, then how can they care about it or try and stop it, so | think it comes
down to education and just understanding that Lake Ontario is drinking water for us, and we don't want it polluted and by throwing things on the ground
or you know just in the end like buying things you don't need that are gonna end up in the garbage or in the environment. You know it all plays a role.
So | think for me the biggest message is just be a very conscious consumer, do all those little things like bringing your own bag and saying no to straws
and, you know like, do you really need to buy that new thing, Or is it just gonna end up in the garbage eventually so | think it comes down to consumers
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being cautious about what what they purchase and speaking up for what they want, like, we want to be able to buy food with no package. And, you
know, just using our voices to tell like industry and corporations, what we really want.

Secondary User interview

Are you okay if | record this conversation please note that this is for research purposes and your personal information will not be used
outside of this research, you can end this interview at any time and withdraw your consent?

Okay.
What is your name,

Rachel Pantano

What is your gender identity?
Female.

How old are you
26

Where do you live,
| live in Caledon east.

How often do you traveled to downtown Toronto?
And | travel, maybe once every couple weeks.

Why only a couple of weeks, every couple of weeks,
because that's when | go and hang out with my friends.

Do you visit any fast food or restaurants when going downtown?

not so much fast food but more restaurants.

Why?

Because | am a big foodie and | love food so | always, every time | go downtown, it's probably to go eat at a restaurant..

Okay, so say you will do get fast food, how do you dispose of the bag?

I'm usually, it usually stays in my car until | come home, and then | throw it out when | get home.

Why do you wait too long to throw it out?

I just find that there's not a lot of places to dispose of the garbage. So, | kind of just wait until | get home.

Do you ever use reusable items?

reusable containers mostly in water bottles.

I just find it's easier to have those containers and then | just wash it when | get home.
Why is it easier to use them?

readily available.

Do you ever chew gum?

Well, When walking downtown. Yes, | do.

What do you how do you dispose of the gum?

I usually put it in my pocket. In its wrapper, because there's not a lot of garbage is around. And then, what do you, and then once | find a garbage then |
just throw it out into the garbage,

if I'm walking and | see your garbage then I'll throw it out. If not, it stays in my pocket until | go.

Do you ever bring anything with you, downtown?

no | usually, | usually, | usually bring my purse. My wallet sunglasses, and like a granola bar in case | get hungry.
What do you do with the granola bar wrapper when you're done?

put it in my purse until | find a garbage if | don't find garbage, then it becomes homeless.

Do you ever use the street garbage bins when you're downtown?
It's kind of rare because there's not a lot | feel like there's not a lot unless you like go into like parks. If I'm going into a store there's usually garbage. So

| usually probably throw it out there but like on the streets, there's not that many fine.

So do you feel like the current garbage bins downtown are adequate enough?
No, | don't think so.

How would you improve?
| think, by adding more to like street side instead of just in parks, because | find that the majority of the garbages and recycling is in parks.
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what are your feelings about the amount of litter that is in Toronto?
there's a lot of litter. How do you feel about it, it sucks, because who wants to be walking around downtown and seeing plastic bags and cardboard and
crap everywhere.

How would you reduce the amount of litter?
Probably should be picking it up and throwing it out but | don't really feel comfortable picking up nasty garbage off the ground.

Have you ever witnessed an animal interact with litter?
Yeah, probably like a pigeon nibbling on a bag or something.

how do you ensure that you are reducing clutter?
by throwing stuff in the garbage and we're waiting until it like if a garbage is not readily available then waiting until | get home to throw it out and making
sure like no garbage has fallen out of my pocket or anything like that.

when shopping, how do you dispose of your bags?
usually wait until | get home because | have to carry the, the bags around

Do you ever transfer your items into one bag and then only have one or do you?
know, usually, like if I go shopping, | usually like put more things in, like, | instead of getting more bags, | put them in the same bag, just so | don't have
so many things to carry too.

Do You ever bring a reusable bag with you. To reduce on litter,?
um, | do but it's not like it's it's kind of rare that | do it. But | have.

Okay, do you have anything in your vehicle that helps you reduce litter?
Yeah, | do have reusable bags.

I like canvas bags,

big.

I have like a big one and a small one,

how big and how small?
like a small one like probably like the size of my like laptop. And then like a bigger one, like, like you know those like big shopping bag kind of ones

you find these are easy to bring around with you. Yeah. Why?

just because they're light, and you can just like, you can like, fold them really tiny and put them in your bags and stuff, and also to like if they get dirty,
they're really easy to clean, you just like throw them in the washing machine and they get clean.

Interview analysis
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C - Field Research
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D - Result Analysis
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Root Cause analysis
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E - CAD Development
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F - Physical Model Photographs
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G - Technical Drawings

H - Bill of Materials

SWARM

Thomas Pantano

155.00

SECTION D-D
104.00

Bill Of Materials

Scooter

Component Material Cost
Chassis Carbon Steel $2,000
Body panel Aluminium $800
vacuum motors Various materials $975
batteries Lithium battery $1,000
Rims Aluminium alloy $300 x 4
Tires rubber $80 x4
OLED Display Various Materials $600
Litter Compartment Acrylic $10
Standing Mat Synthetic rubber $5

Hose Rubber $10
Total: $6,800
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Bill Of Materials

Truck

Component Material Cost
Chassis Carbon Steel $15,000
Body panel Aluminium $8,000
vacuum motors Various materials $2,000
batteries Lithium battery $8,000
Rims Aluminium alloy $800 x 4
Tires rubber $100 x4
Solar Panel Various materials $2,000
Total: $38,600

| - Sustainably info

Before the Sustainability study can be conducted, literature was reviewed to understand

how to properly implement features that would promote sustainability. The literature reviews

provided information on materials, manufacturing, health and safety with the vehicle industry.

Many sources were used in creating the sustainability report, the main Literature that was used

was Life cycle targets applied in highly automated car body manufacturing — Method and

algorithm and Sensitivity Analysis in the Life-Cycle Assessment of Electric vs.

Combustion Engine Cars under Approximate Real-World Conditions. These pieces of

literature aided in both the materials/manufacturing and sustainability.

During research, it was found that vehicles that use both aluminium and steel are more

inclined to become recycled. Aluminium and steel are extremely recyclable, in which can both
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be recycled indefinitely. At the end of a vehicle’s life cycle, each can be taken apart and resold

back to its manufacturers to create a circular economy.

Also, vehicles that use lithium batteries are seen to have an increase in sustainability.
The batteries can be recharged thus mitigating the use of gas to operate the vehicles.
Gas-powered products emit hazardous air pollutants such as nitrogen oxides (NOXx), particulate
matter (PM), carbon monoxide (CO), and sulphur oxides(SOx) that aid the process of climate
change. (Air Pollution From Cars, Trucks, Vans and SUVs, 2017). Products that use
rechargeable batteries create zero emissions thus making it an extremely efficient alternative to

methods.

As Electric vehicles become more popular, many charging options have become more
prominent in the design world. Most parklots have now implemented electric car parking zones,
which allow the user to charge their car. Within recent years vehicles have become more
sustainable by implementing solar panels into the cars design. These solar panels allow the car

to recharge its internal battery thus making itself sustainable.

Health and Safety

Vehicle emissions have a direct impact on the health and safety of the operator. If the
Vehicle emissions become too much it can lead to having aggravated asthma, reduced lung
capacity, and increased susceptibility to respiratory illnesses, including pneumonia and

bronchitis. (Cleaner Air | US Department of Transportation)
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The generation and cost of litter resulting from
the curbside collection of recycling

Travis P. Wagner * &, Mathan Broaddus " A B
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Abstract

This study examined the generation of litter, defined as spillage and uncollected
residue, from a curbside collection system for residential recycling, The primary
recycling containers used in the study were 18-gal {GS ]_-j, open-top bins. The study,
conducted over a seven-week period, was comprised of both an urban and suburban
area. Six litter characterizations were conducted in which all new litter larger than
1 in.2 was collected, segregated, counted, and weighed. We found that each week the
open-top recycling bins contributed approximately 20,590 pieces of litter over 1 in.
in size per every 1000 households, which resulted in the generation of 3.74 tons of
litter per 1000 households per year. In addition to the bins having no top, the
primary root causes of the litter were constantly overflowing recycling bins, the
methed of collection, and material scavenging. Based on an estimated cost of litter
cleanup ranging from $0.17 to 80.79 per piece of litter, the direct economic costs
from the collection of litter and loss in recycling revenues were estimated at
US83920 to US819,250 per 1000 households per year. Other notable impacts from
the litter, such as increased risk of flood damage from storm drain impairment and
marine ecosystem damages exist, but were not menetized. The results strongly
suggest that modification of the curbside collection system would decrease the
amount and asseciated cost of litter by replacing exsting curbside collection
containers with larger volume containers with covers and by modifying the task-
based incentive system to emphasize litter prevention rather than the current aim

of completing the task most quickly.
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collection system for residential recycling. The primary recycling contaimers wsed in the stody wene
1B-gal (68 L), open-top bins. The study, conducted over a seven-week persod, was comprised of both
an urban and suburban area. S litber characterizations were conducied in which all new litier larger
than 1 in.” was collectsd, segregated, counted, and weighed W lound that each week the open-lop recy-
climg bins contributed approcimately 20,5590 pieces of litter over 1 in. m size per every 1000 householbds,
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f:r:xfm which resulted in the generation af 3.74 tons of litter per 1000 howseholds per year. [n addition to the
Recycling bins having no top, the primary roof causes of the lifter wene constantly averllowing recycling bins,
Collecton contalmers the method of collection, and material scavenging. Based on an estimated cost of Litter cleanup ranging
Lictar from $0.17 vo $0.79 per piece of litter, the dirsct economic costs from the collection of litter and loss in
Mumnicipal solid waste: recycling revenues wene estimated at USS 3920 o0 US$19,250 per 1000 households per year. Dther nodable
Marine licrer impacts from the litter, such as increased risk of Aood damage from storm drain impairment and marine
eoosystemn damages exist, but were oot monetized. The results strongly suggest that modification of
the curhside collection system would decrease the amount and associated oost of litter by replacing exist-
ing curhside coflection containers with larger volume containers with covers and by modifying the task.
based incentive system o emphasice lifter prevention rather than the carrent aim of completing the task

mast quickly.
& 2016 Elsevier Lid. All rights reserved.
1. Introdwction throughout the US [Lane and Wagner, 2013} The 18-gallon (68

The curbside collection of residenmial recyclables has been
shown to significantly increase a municipality's recycling rate
{zee for example Folz, 1991 Everstt and Peirce, 1993: and
Jenkins at al, 2003). The added convenience with curbside recy-
cling increases reshdent participation and thus the amount col-
lected (Wagner, 2013)% In 2011, the US had more than 9800
residential curbside collection programs serving 73% of the U5
population (Us EPA, 2013). Many types of curbside recycling con-
tainers are available, varied by volume, color, style, cost, messag-
ing, use of Radio Freguency Identification {RFID} technology,
which permits recycling data collection ar the household level,
and durabdlity. Because recycling collection is managed atr the
rmumcipal level and varbous ty pes of collection containers are avail-
able, there s whde wvariety in the recycling containers wsed

* Cormesponding astho,
E-mil oddresses: iravis wagnen@maine sdu [TP. Wagner], narhas broaddus @
maine e (M. Broaddue),

hitpe [ dw dod oopi 10 101 EY wamman 20T E 0000

L} plastic apen-top bin (177 w « 22" | = 16" h) is one of the mone
popular containers, due principally to it being the cheapest avail-
able option at approximarely $10 each, In contrast, at 350 each,
bd-pallon carts can necessitate a relatively major capital invest-
ment for a mid-size city. For example, a mid-sized city with
50,000 households considering the adoption of a cant program
would face a cost of some $2.5 million. Based on a study by Lane
and Wagner (2013) on the use of recycling containers in the US,
of the 782 responses, 178 municipalities (with a combined popula-
tion of 17.184 million) used open top bins with a capacity of 18
gallons or bess. From this data, the prevalence of the use of this type
of collection container is clear.

Althouzh the capital cost of purchasing small open-top bins is
substantially less than that of rolling carts, it is important 1o assess
direct and indirect costs associated with their use (o be sure, there
likely are other capital costs to the collection trucks depending on
whether carts will be collected auromartically, sems-automarically,
or manuallyl. One such cost comes from their contribution wo litver
from the open-top design, which more easily transforms recyclable
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