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Executive Summary

This project is to design a product that can compress plastic bottles easily and

playfully. The name PETurnis a combination of “PET bottle” and “turn”, and as
the name suggests, itis a product that can compress PET bottles while rotating.

The process of recycling plastic bottles can be divided into four stages:
separation & sending out, transportation, sorting out, and processing.
However, the actual recycling rate of plastic bottles was low because each
stage was not systemically connected well. Through interviews with the CPSI
method, 4 major design opportunities stood out.

Based on this desk research and user research, a new type of compressor that
compresses PET bottles through gears was designed. If the user puts the plastic
bottle in a stool-type product and rotates the body once while sitting on the
product, the inner gear rotates, and the compressed plastic bottle falls off. This
action can be repeated several times to throw out the compressed plastic
bottles collected in the drawer at once.

The prototypes were made by laser cutting, welding, and polishing of materials
such as transparent acrylic and stainless-steel pipes. The prototype was tested
for a week from Nov. 7. It was possible to conclude the benefits:

» At home, plastic bottles can be compressed and stored at the same time,
and children can naturally learn recycling habits.

« It can be reduced labor and oil costs by reducing the number of
transportations.

» Plastic bottles that are compressed to a similar size during the Sorting
out process can reduce labor.

« If the previous steps go well, it can be created better R-PET by
processing and circulating resources.

In conclusion, limitations and future research were considered through user
evaluation.
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Problem Definition

More than 200 million tons of plastic waste are discharged every year, and itis
increasing by more than 10% every year'. A more serious problem is that more
than 90% of them are buried, incinerated, or left unattended!. COVID-19
played a role in amplifying the plastic waste problem. Plastic use has exploded
due to increased awareness of hygiene, take-out, and food delivery, and online
shopping. It complains of psychological inconvenience to the extent that it
faces pouring plastic every day and expresses it as "guilty". Recycling
collectors, separators, and producers want to increase the recycling rate from
the recovery stage!. They also want consumers to separate and discharge well
because the subjective and intuitive separation of consumers does not help to
recyclel. What should be done to help consumers separate plastic waste well?
It was necessary to investigate the life cycle of plastic and observe the problem
at each stage.

Nominal recycling rate S22 &

The recycling stages were divided into separate and send out, transport, sort
out, and process stages, and | found that each stage was not systematically
connected?. As a result, the actual recycling percentage was low. Based on
these desk research, | conducted user study. Through the semi-structured in-
depth interview method, a total of 4 people (housewife, student living alone,
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cafe part-timer, and person who working at the sorting center) were
interviewed.
« Date: 11-12. Mar / 7. Apr. 2022
* Processs:
I. List as many as possible questions.
[I. Categorize them into thematic questions (interest, experience,
opinion)
lll. Interview 4 Targets. It lasted 3-40 minutes per person.
IVV. Organize and analyze interviews by using CPSI.

As a result, there were 4 design opportunities that stood out. First of all, in the
home, remove the lid, compress the plastic bottle with user's feet, pick it up
and close the lid again. This process is uncomfortable to user. second, the
number of transports is a waste of money and labor force. In particular, now
that oil prices have risen a lot, there is a growing need to reduce the number of
transports by reducing the volume?*. Third, the more carefully company sort
out, the more labor costs they have. plastic bottles should be easily sort out.
last, after this process, flakes are made, and high-grade flakes are made from
plastic bottles.

R

s
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processing company

After that, further desk research was conducted. PET is the "high-level" plastic
that is the easiest to recycle among the various types of plastic, does not
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deteriorate in quality even after recycling, and can be recycled almost 100% if
it is separated and discharged®. The collected PET bottles are selected by
human hands, compressed, washed, and pulverized, and then made into small
flakes (pieces). The flakes are made from several recycled products and
depending on the purity of the flakes, the "pure" PET flakes are so valuable
that the price difference is around KRW 1,000 per kilogram and the mid-to low-
grade flakes are around KRW 500 to 750 per kilogram?®. Therefore, it is
Important to increase the recycling rate of PET boittles.
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Design Concept

Objective is to design product that helps compress plastic bottles for users
involved in recycling plastic bottles. | sketched a lot about how to reduce the
volume of plastic bottles effectively, easily and in a fun way. In addition, |
created a mood board as follows to give the feeling of turning, twisting, and
folding.

Sitting and rotating on a stool-type product

Like a rotating chair, the plastic bottle is compressed when the user sits on the
product and rotates the body once. It can be used as a chair, as well as a
compressor.

Using gear structure

Using bevel and spur gear's structure, the PET bottle can be compressed when

passing between a pair of spur gear around 2 mm. When the neck of the bottle
enters, only the body part is pressed. The deceleration ratio is 1:1.5 and is
designed according to the length of the 500m| PET bottle.

Benefits of each stage of PET bottles recycling

The main user benefit of the home is that plastic bottles can be easily
compressed, and children can use them, so they can educate them on the
importance of recycling as a play. Second, when moving from a separate
collection site to a sorting out site, more supplies can be moved at once with
the effectively compressed plastic bottle, saving oil and benefiting from
economic benefits. Third, plastic bottles of various sizes are compressed into
similar sizes and shapes, making them easy to grasp at a glance and easy to
choose with one hand. Lastly, plastic bottles can be collected, transported, and
sorted out effectively in the previous process, and can be recycled into high-
grade plastic flakes more economically.
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Outcome

How it works

When rotated while seated, the central axis rotates, with a pair of inner bevel
gears and a pair of spurs. Itis a product that can be compressed and stored at
the same time as the PET bottle passes between a pair of main gears and falls

into the drawer.

SZE# A0 Ball Transfer

H
%% Central Axis

H27]0{1 Bevel Gearl
H# 21012 Bevel Gear2
A147|0{ Spur Gear

H21710{ Main Gear

—

Stainless steel AH|212[A2

Memory foam 0|2 2|Z

Plywood

Steel =

Acryl 0}=12

Plastic Z2fAE

Plywood &Ef

In more detail, when the user sits on the top and rotates the body, the central
axis rotates at the same time. As the bevel gears and the spur gears connected
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to this axis rotate, the neck of the PET bottle is engaged between a pair of
gears with an eccentric installed, and the PET bottle is compressed. After one
rotation, the compressed PET bottle falls onto the drawer and accumulates.

How to use

Turn around once.
B BB

Prototype

2 3

Put the PET bottle in with the Sit on top of the product.
neck down. = HE0| 0f2f= HE HThof eh=Ck
HE™S =0

';:-. \

Ity
W

5.
After repeating 1-4, open the * If you put vinyl in the drawer before using it, you can move the
drawer and take them out. compressed plastic bottle at once. ALE ol MEH]| BIZE 20158,

1-48 BHEEE MEE Z0o| ) YEE HEHS S 2 4+ ULt

The upper part is made of a material that is comfortable to sit on, and the lid
can be closed to prevent entering foreign substances. The main body with a
transparent acrylic material reveals its internal structure. It tried to induce the
act of turning using a stainless-steel pipe that seemed to be wound around the
main body. The drawer part was made to give a clean feeling by using black

plastic.
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Conclusion

After making the prototype, the user evaluation was conducted at the
exhibition to find insights.

The shape made of stainless-steel pipe was evaluated as an element that
usually acts as a backrest, a handle that can apply arm force during
compression, and a rotating feeling when first used. It was confirmed that
form, function, and aesthetic solutions were all well applied.

Previously, it was inconvenient for users to compress plastic bottles and move
them back to the storage area, however, through the form of PETurn's drawer,
it received positive feedbacks from users as it was possible to compress and
store them at the same time. Through the transparent main structure, it can be
seen that the internal gear compresses the PET bottle, attracting users'
interest.

It was confirmed that the volume of the plastic bottle was significantly reduced
when using the PETurn compared to when pressed with feet or hands. This
shows that once turned, the internal gearing works well and the gear ratio
works well.

Limitation and Future Plan

Currently, the design rightis in progress, and the patent will proceed after the
design is modified due to several limitations.

Compression can be difficult depending on the thickness or shape of the neck
and bottom of the PET bottle. Since the total volume of plastic bottles also
affects the height of the product, there is a limitation that the current

prototype is best compressing when using a specific 500ml plastic bottle. This
is a problem to be solved in future plans, and if the gear is deformed according
to the type of plastic bottle, the gap is reduced and widened, and it can be well
compressed regardless of the size, thickness, and shape of the plastic bottle.
Alternatively, the expected effect would be greater if a structured PET bottle
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production collaboration could be carried out in collaboration with research on
shape or material in the PET bottle manufacturing stage.

In addition, | received common feedback that the expected effect would be
greater if used by kids. The current prototype can be used regardless of age. It
will be able to effectively work on children in that the plastic bottle is
compressed through a transparent main structure. In future studies, it will be
possible to expand from the scenarios used at home and conduct them in
kindergartens, and playgrounds that have good access to separation place. In
addition, various designs can be found in consideration of the size, height, and
strength of the sitting part focused on the kids.
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Appendix

1. Milestone

Milestones

Problem Definition

Saptambear October

Novamber | Decembar

2 (2]a al1[2]3 4]

Project Brief

Student-Supervisor Matching

Explore working principles

Functional solution B
Determine the product structure

Determine using sequence

Usability solution
Determine the size and shape

Define User-representing image

Aesthetic solution —
Determine final appearance

Concept Design Pre-verification

Modification ond Refinement

Planning for external presentation

Detail design and embodiment

final Prototy pe

Prototype test

Business planning

Presentation at KSDS

Graduation Exhibition

Organizing & archiving materials

Achievement promotion and sharing

2. Interview

0 D

2 Picase tell me the recent moment when you think "plastic waste". When was & and what

o8 0% w3 s B
HLiR? Do you have any dificulties about di
2, BILER7Mow often do you recye

ere doing?

seciic issues are you interested in?

7 How 60 you think piastc waste i treated after recycing? Do you know arything about the process after
g of plastic waste? How serious s the problem?

plastic waste? How much do you recycle when you recycle once?

6d you practice and when &id you do that?
cups, otc)? What kind of diffculbes did you have in thi

repellers. colection, muti.

mprove?
57 What's the reasor

e probiem is among enwronmental probs

ACH What kind of et

opirion should we make for the plastx waste probiem? Which eflort do you think i the most necessary among the govemment, company, or
opinion ehavior do you think plsti s harged? Do you think such beharior can be reduced?
[ Actual ey
Flashe producers Proh clion 5 Cain 68 0l or Coat rEaUCHon 3nd mass Consumpon rafver Fan erionerenally Coms oS producion
Flashe consumpton (consumer) encunt Using PIasiic in o consurner achales 3uch 35 crdering Gelvery 1008, grocery ShopIng
cost The pracucers and us ees of delivery containers 60 el bear any share of recycing,
Processing [Remove the i, compress the transparent plastic bottie with your feet, and then close the Bd again te separeate and discharge
Processing Tired 10 s6parata labsls ram plastic botles. Nt caming off lean
processing and dossn? sasiy.
Processing The plastic cover an the plastic containet willnol ba ramoved neaty
Procassing il does nat wash well in plastic containers
Amount oo mach plasic waste, Among thern, delivery containers are the most
Procassing ot sur which one is not separable
Procassing Folded farssgn-stainad vy not recyded
Zoro-wast it s dificult to challenge the platic container challenge. The hassle of consumers taking their own containers.
Zoro-wast 4ot plastic reguilabon, he amount ofdishwashing has increased
oro-wast irs hard 10 manage the tumbler
Recreiing (consumen movement equancy [Hard to cary large amounts of recycled waste at once
Procassing parated collection behavior s camied cut under the subjective and intultive Judgment of the indivic
Wanagsmen i the cass of spartments, thare is not a separate managsr. out 3 security Quard omesmEs managss hem
anagamant ang Processing cycling bin i dir i it - ng
Recrties Waste collscingisaring mount (Rea: nter 15 areacy saturated. 5o Just ke 10 e mamerator,
Processing [Prastic contaminated with food is not recydled
Processing Prastic containers wih vt are not recycias
Sortng 1 persan salects e piasticinatis placed on the osit one by one.
Processing Delivery cantainers are fundzmentally impossible to recycle because they can contain hat food by mising chemicals to increase
Cost Tne more mesculous recycing is,the mors 130or costs are incurred, and the bigger te defct s
Recrties Gooos pracuong The more you recycie, M less valuzdle e Proguct s 12prOGUCEd. (GOWN-CCiinG)
(Onir packaging matenais can e mace with Korean fake Gusi.
Prast can oni bs racyeied n fve hpes of fiskes in ransparent, opsgus, preen, brown, and mired colers.
Gommment [Dificut to check ata on new much ang how waste s reqided
One-step toward the ideal situation Idea Generation (Scenario creation)

toward the ideal status)

Solution Direction

Needs (one-step i

| want to produce eco-friendly products considering the material and design of the producs to facilitate 1

Products that can be packed in place of plastic

Want ta reduce the amount of plastic used
Willing to bear this (Green Consumer)

Want to remove Iabels easily.

Want to wash food well

| wantto remave the plastic cover neatly.

| wantto clean the oil well

Want to reduce plastic usage when ordering delivery food

| wantto distinguish recyclables and household waste easily and objectively
| hope plastic vinyl is notfolded and cleaned and collected separately

Need products, services to help you with the container challenge

| wantto do the dishes easily.

| wantto take care of my tumbler easily and cleanly

want to compress the PET bottle with the Iid closed / want to separate it without closing the lid again

Products that can be packed in place of plastic
Affordably priced, eco-friendly products that can be packed in place of plastic +flake products

Products that reduce the volume of PET bottles with the lid closed

Easy to separate and remove labels

Easy to clean recyclables

A product that is easy to remave the plasticlid / Adjust the adnesive force of the vinyl

Recycled goods washing machine

Products that can be packed in place of plastic

System that tells you ifitis recyclable or not -> Automatic separation callection box, application, and behaviar-inducing design collection box
System totell you it its recyclable -» automatic recycling bin, app

Alternative containers, services that offer discounts when using containers/services that collect and clean containers on behalf of restaurants
Cleaning aid products/senices for cleaning

Products and services to help manage tumblers

want to cary recyclables to the recycling bin easily and conveniently
want to distinguish recyclables and household waste easily and objectively.

A manager is required for the recycling bin

[There should be a cleaning and acility or system in the recycling bin.

Transport aid that reduce the volume of plastic waste and easily move large amounts of plastic at once
System that tells users if it is recyclable or not - Automatic separation collection box, application, and behavior-inducing design collection box
Separate collection area management Al, robot, automatic collection box

Recycled product washing machine installed in the reeyeling bin, and a recycling bin that is automatically cleaned

| hope the amount of plastic used will be reducedto cover.

The plastic with food stains should be washed and collected separately.

| hope plastic that has been removed well will be recycled

| hope plastic screening is automated, not done by humans.

Delivery containers should not use plastic as much as possible and need replacement materials.
| want to reduce labor costs because itis easy to sort out plastic waste.

Products that can be packedin place of plastic

Recycled goods washing machine

Products that are easy to remove plastic caps / plastic containers that do not use vinyl
Systems for segregation and collection = Al recycling screening

Products that can be packed instead of plastic -> multiple containers
Systems for segregation and collection = Al recycling screening

Wantto improve the quality ofthe flakes.
I'd like to recsive recydables that can mate this flake

1 wantto improve the quality (purity} of wastes because they are notseparated incarrectly in the initial serf

Products that help you separate and discharge well
Separate collection centers that can be separated by color and plastic type
Separate collection centers that can be separated by color and plastic type

| want to check the data from the production of plastics to recycling and disposal.

Systems that can track and monitor how plastic waste is handled -> Apps
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5. Videos

. https://youtu.be/FqgAuXshxJ30

. https://youtu.be/zVg6CGJO3HE
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