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SUMMARY

This thesis presents a set of fabrication techniques for upcycling HDPE (High Density
PolyEthylene) plastic bags. It enables not only reusing abandoned plastic bags but also cre-
ating 3D objects by folding and joining newly-produced plastic sheets through fusion. Our
fabrication techniques include both additive processes (global heat fusion, local heat fu-
sion) and subtractive processes (cutting, scoring) to design and produce new plastic sheets
and use them for a wide spectrum of personal fabrication. In this thesis, we also discuss
the design factors that can be taken into consideration while using the proposed fabrication
pipeline. We also present applications to demonstrate newly-enabled creative possibilities
by the techniques we presented and how these fabrication techniques can be applied to
personal fabrication. We also discuss the outcomes of a user study workshop conducted to

evaluate these set of tools and techniques in the context of makerspaces.
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CHAPTER 1

INTRODUCTION

Our current use of plastics is not sustainable for the world. Statistics show that twelve
minutes is the average amount of time a plastic bag is used [1]. Despite the increasing
attention and efforts to reduce the use of plastics [2, 3], massive quantities are already
discarded and it won't wane in the near future. Inspired by the urgency of this plastic
pollution, we studied upcycling plastic bag projects that reuse abandoned plastic bags and
investigated relevant fabrication techniques [4, 5]. Plastics are classi ed by their chemical
structures, and the majority of plastic grocery bags are made of High-Density Polyethylene
(HDPE). HDPE is a type of thermoplastic, which means, it can be recycled and reused
using heat-based processes.

It has become important to nd solutions to the problem of plastic bag pollution at an
individual level. Based-on the common material properties of HDPE plastic bags, one of
the widely-used fabrication techniques in the DIY community is heat fusion—a welding
process to attach different pieces of a thermoplastic. People have demonstrated it using a
clothing iron or an oven to make more rigid plastic sheets by attaching multiple sheets of
plastic bags and applied them to make laptop bags, bowls, marble-like coasters, and so on.
However, standardized fabrication techniques have not been established yet and this lack of
systematized processes prohibits adapting this fusion-based technique into a broader scope
of plastic bag upcycling projects.

This project presents a set of generalizable fabrication techniques that can be used to
make a new plastic sheet with intended thickness and exibility and use them to create
3-dimensional objects. We describe the following fabrication processes: (1) Prepping the
plastic bags for the process of fusion (2) fusing HDPE plastic bags with the minimum time

and temperature (3) Subtractive processes to cut the shapes of the assembly parts and score



Figure 1.1: Slipper, Vase and Sling-bag made using our fabrication tool-kit

folding lines, and (4) Assembly tools and techniques to join the selected parts to form a co-
hesive object. We discuss design factors that users can consider and personalize the design
of their own sheets with intended exibility, rigidity and scale. We present applications to
demonstrate our fabrication techniques, speci cally, how those can be applied to a variety
of personal fabrication. We also present the outcomes of a user study conducted to evaluate

the fabrication tool-kit and discuss the opportunities and limitations of the process.

1.1 Research Problem

This thesis asks the following research question and attempts to nd a solution to it:

"What kind of tool-kit (tools and techniques) will enable and systematize the processes
(additive, subtractive) in heat-based upcycling of HDPE plastic bags in the context of per-
sonal fabrication, while not restricting the creative affordances of makerspaces?"

The goals of this thesis are as follows:



Develop a systematic approach to tackling heat-based upcycling of HDPE plastic

bags
Discover tools and techniques to assist the different steps in the systematic approach

Test the tools and techniques in a makerspace setting for evaluation of the creative

affordances of the tools and techniques

Discover opportunities for improvement based on the feedback from the user study



CHAPTER 2

BACKGROUND

2.1 Current Status of recycling Plastic bags

As mentioned earlier, plastic bags have a huge impact on the environment especially when
they end up in oceans and land- lls. A lot of efforts are being taken to reduce the use of
plastic bags worldwide [2, 3]. In the United States itself, New York recently became the
third state after California and Oregon to ban the distribution of single use plastic bags
[6]. Efforts are also being taken to collect plastic bags from users and send them off for
recycling on an industrial level. A large number of grocery stores are offering a store-drop-
off option where people can drop off their plastic bags to be recycled by the participating
stores [7]. With circular economy initiatives being funded [8], there has been some traction
in recycling on a larger scale.

Currently, the plastic bags that get recycled are used for a few purposes such as compos-
ite lumber as well as manufacturing of new bags [9] (a combination of plastic from the old
bags as well as virgin plastic). At the current stage, recycling on a larger scale does require
time and effort from people in terms of collecting their bags and then transporting them
to the drop-off locations. Another issue is the cost of freight for transporting the donated
plastic Ims. Since plastic Ims occupy a lot of space but not a lot of weight, this cost is
seldom justi ed. This makes us ask : What can we do on an individual level for recycling

and upcycling the plastic bags?



2.2 Related Work

2.2.1 DIY Upcyclingefforts

Upcycling refers to using waste material — material that has already served its primary
purpose -— and making something creative and useful out of it. The maker movement has
given rise to a ourishing DIY community where a number of upcycling projects are taken

up [10, 11, 12, 13, 14]. Makers demonstrate diverse ways for upcycling plastics. For
instance, weaving techniques [15] are used to produce soft yet durable products such as
mats or hand bags. People also present techniques of melting plastic to create a dough and
then putting it into a mould to create plastic blocks [4, 16], and often use an oven for the
melting process [16]. Among the list of fabrication techniques for upcycling plastics, we
were intrigued by the heat fusion of plastic bags due to the transformative potential of the
material [17]. Fusing plastic bags by heat and pressure can form a new, seamlessly attached
sheet of plastic bags. While using a clothing iron works for fusing a small number of layers,

it becomes dif cult if the number of fusing layers reaches more than approximately thirty.
Also since it is a hand-held device, it is hard to apply heat to fuse the layers consistently.
Our study explores the heat fusion of HDPE plastic bags and pushes the boundary by

presenting techniques to create thicker and uniformly fused plastic sheets.

2.2.2 Sheet-baseBabrication

In order to understand fabrication of objects from 2D material, we looked at research that
involved applying different processes to material sheets. By stacking homogeneous as well
as heterogeneous material sheets, researchers have demonstrated shape changing compos-
ites [18], foldable and bendable composites [19], sensory composites [20], and paper-based
interactive composites [21].

Researchers have demonstrated novel techniques using digital fabrication machines

such as a laser cutter to create 3D objects by modifying a stack of material sheets. The



sheet based fabrication methods include stacking and cutting, and welding the stacks of
plastic together [22], and bending and folding different sheet materials by modifying laser
cutter settings [19, 23]. While using commonly available sheet-based material for fabri-
cation, researchers have also developed tools [24, 25] for low delity prototyping of 3D
objects using sheet material and laser cutters, while also developing tools for assembly of
the 2D fabricated material into a 3D form [26].

In this thesis, we focus on stacking homogeneous HDPE plastic bags and applying
subtractive fabrication techniques inspired by the prior research to cut and score the fused

sheets of HDPE plastic and assemble them to create 3D objects.



CHAPTER 3

THE FABRICATION PIPELINE

3.1 The Pipeline

Based on our explorations and experiments, the broader fabrication pipeline consists of

four steps (Refer g. 3.1):

3.1.1 Prep

In this step, plastic bags are attened out. The bottom and the handles are cut off. The cut

plastic bags are then stacked on top of each other to be heat fused in the next step.

3.1.2 GlobalFusion

Global Fusion can be de ned as satisfactory fusion of layers of plastic to form a cohesive
sheet of thicker plastic. The stacked set of plastic bags need to be fused together to form
a sheet of plastic of the desired thickness. Heat and pressure are applied to the stack of

plastic bags to fuse them together.

3.1.3 SubtractiveFabrication

In this process, the fused sheet of plastic is cut and scored based on the desired shapes and

the areas of bend/fold on those shapes.

3.1.4 Assembly

This is the process where the cut shapes of fused plastic are joined together to form the

desired object.



(a) Prep

(b) Global Fusion

(c) Subtractive Fabrication

(d) Assembly

Figure 3.1: Fabrication Pipeline
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