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Abstract 

 
 
 

 
 
Plastic pollution is a pressing global issue, and New Zealand stands out as 
one of the highest per capita household waste producers in developed 
countries. This reality underscores the country's vital role in addressing 
plastic pollution locally to avoid exporting plastic waste. 
 
As an ally of recycling issues, technology plays a crucial role, and one of the 
fastest-growing fields is additive manufacturing technology. This popularity 
is derived from its low price and simple application. 
 
This project set out to raise community awareness about plastic recycling 
through workshops and new technologies, allowing for local plastic reuse. To 
achieve these objectives, the project included two surveys. The first aimed 
to gather information about people’s general knowledge and participation in 
plastics recycling. The second survey was conducted after a workshop on 
sorting and reusing plastics to assess the participant’s level of understanding 
of plastic recycling and reuse. Exploring the potential of Additive 
Manufacturing Technologies was a key objective of the workshops and this 
project, specifically in recycling household plastic waste locally. 
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Introduction 
 
 

 
Sustainability has become an increasingly critical issue in recent years, 
particularly in regard to plastic waste. We have reached a point when plastic 
production has far exceeded our current capacity to handle plastic waste 
responsibly. Recognising the need for better strategies to encourage plastic 
recycling, this research set out to raise community awareness about plastic 
recycling and inform people about new technologies allowing local plastic 
reuse. 
 
New Zealand, in particular, faces significant challenges and has been 
identified as a high producer of plastic household waste per capita (Kaza et 
al., 2018). Until 2018, most of New Zealand's plastic waste was exported to 
China, but a significant policy shift in China in 2018 resulted in strict bans on 
several types of plastics. Consequently, New Zealand sought alternative 
destinations, including Malaysia, and Indonesia. These countries reached 
their capacity to handle plastic waste, becoming identified as the countries 
with more plastic in their ocean (Beattie, 2019). 
 
The increasing production of single-use plastic exacerbates this issue and 
highlights the urgent need to prioritise plastic waste recycling locally over-
reliance on exporting waste. Although New Zealand has established a 
nationwide plastic kerbside collection system, introduced in February 2024, 
this system predominantly targets the collection of plastic numbers 1, 2, and 
5, excluding smaller items such as lids and caps (Ministry for the 
Environment, 2024). This Master's research project aims to provide an 
alternative solution for recycling these overlooked types of plastic waste 
within New Zealand communities.  

Revitalising plastic recycling efforts has motivated the development of 
creative solutions at the local level that reduce dependence on exporting 
plastic waste and mitigate plastic waste leakage into the oceans. This project 
set out to raise awareness of plastic recycling in New Zealand by 
collaborating with community groups through workshops that employ 
additive manufacturing to upcycle plastic waste locally. By engaging local 
communities, the project explores a localised model for converting plastic 
waste into new objects while educating participants on the process involved 
in making plastic recyclable. Furthermore, it underscores the importance of 
local recycling programs, an area where current legislation needs to be 
addressed.  
 
The research involved two groups of people in Auckland, New Zealand, who 
participated in workshops conducted in two community centres. The 
workshops aimed to enhance their understanding of recycling and 
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upcycling. To achieve this objective, the project was implemented in two 
phases: practice-based experiments and community-based workshops. The 
first phase adopted a practical experimental approach, where the researcher 
explored the upcycling process through a trial-and-error.  
 
In this upcycling phase, (AM) Additive Manufacturing technology was 
employed. This rapidly growing technology offers significant advantages 
regarding sustainability and productivity and reduces environmental impact 
(Almeida & Vasco, 2020). This technology facilitates use in both home and 
industry settings. This project specifically tested the application of this 
technology through desktops, 3D printing, and 3D pens.   
 
Additive Manufacturing (AM) is a technology that is growing fast. According 
to  Almeida and Vasco (2020), “The decade 2020-20230 is revealing to be 
quite promising AM technological developments.” (p. 16). As they mention, 
this technology’s key points are sustainability and productivity and a 
reduction of footprint due to the incrementation of the volume of individual 
production. The authors also mention the advantage of the decreased size 
of the Additive Manufacturing machines, allowing this technology to be 
utilised in both homes and industries.   
 
This experimental stage tested the capability of using the material sourced 
from household waste plastic, specifically High-Density Polyethylene 
(HDPE), commonly found in items such as shampoo containers or plastic 
bottle lids.  This phase involved creating 3D printing filaments from local 
plastic waste and testing 3D-printed objects with this material. This initial 
phase commences with plastic recycling, followed by an upcycled process. 
These projects aim to show the potential to transform plastic waste into 
valuable materials and usable objects.  
The second phase involved creating workshop material, engaging attendees 
based on the ethics AUTEC committee’s endorsement (23/127), developing 
and assessing two surveys and running workshops. The Ethics Application 
was crucial in identifying participants and selecting community centres, 
ensuring an ethical approach in the project's community interactions. 
 
The workshop’s effectiveness and educational content were evaluated using 
participatory action research, employing a combination of qualitative and 
quantitative methods. By integrating participatory action research, this 
project aimed to record and evaluate the workshop practice and create 
knowledge in social groups (Yates & Leggett, 2016).  
 
This research endeavours to inspire local recycling initiatives and seeks to 
demonstrate that community engagement in upcycling is a vital step toward 
a more sustainable future. 
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Chapter One: Literature Review 
 

 
  
 Overview  
  
 
1.1 Problem of Plastic  

 
 

Our daily lives are filled with plastic, as it is used extensively in manufacturing 
and can be found in our homes, food packaging, and clothing. Polymers, 
which, according to Encyclopedia Britannica (n.d.), are any class of natural 
or synthetic substances composed of macromolecules, consist of multiples 
of simple chemical units called monomers and have been used by humans 
since Mesoamerican times (approximately 16000 BC) when natural rubber 
was processed into balls (Hosler et al., 1999). 
 
Plastic, according to the World Economic Forum et al. (2016), is a polymer 
mixed with additives, such as stabilisers, plasticisers, and pigments, and it 
has been successful in production because of its versatility and distinct 
properties. This material possesses distinct properties, including the ability 
to perform effectively across a wide range of temperatures. It is both 
chemically and light-resistant. Furthermore, despite its strength, plastic can 
be easily manipulated when melted (Andrady & Neal, 2009). The 
combination of these advantageous properties, coupled with lower cost, 
lightweight nature and longevity over other materials, has contributed to a 
significant increase in global plastic production, which grew from 15 million 
tonnes in 1964 to 390.7 million tonnes in 2021(Plastics Europe AISBL, 
2022a; World Economic Forum et al., 2016). 
 
While plastics were initially made from bio-material (Porta, 2021) 
petrochemicals have been the primary source of polymers since the 1940s. 
Plastic has benefited public health by enabling the convenient use of drinking 
water and healthcare devices, as well as benefitting the field of transportation 
with its reduced weight and lowered production costs (Andrady & Neal, 
2009). However, the same characteristics that confer durability to plastic also 
confer a high pollution level, as it is made from synthetic polymers derived 
from petrochemicals from fossil oil and gas.  
  
The oceans are experiencing a huge increase in plastic pollution levels 
compared to prevention efforts because of the high manufacturing level and 
extensive use of single plastic in packaging, along with the lack of end-of-
cycle initiatives and accountability from production companies. 
World Economic Forum et al. (2016) reported that “Each year, at least 8 
million tonnes of plastics leak into the ocean, which is equivalent to dumping 
the contents of one garbage truck into the ocean every minute” (p. 17). 
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Moreover, it is projected that by the year 2050, the equivalent of four garbage 
trucks is anticipated to be dumped into the sea per minute. Considering the 
current situation, it is estimated that by 2050, the weight of plastic is predicted 
to exceed the weight of fish (World Economic Forum et al., 2016). 
   
Plastic does not biodegrade; it persists in the ecosystem, breaking down into 
smaller microplastics (Hopewell et al., 2009; Pietrelli et al., 2018; World 
Economic Forum et al., 2016). Microplastic is the result of smaller fragments 
from larger plastic pieces spreading and building up in the oceans. 
Consequently, marine organisms consume microplastics because of their 
small size, which pervasively contaminates the marine environment 
(Thompson et al., 2004). 
  
Despite increased awareness of plastic pollution and regulations on fossil 
fuel-based polymers, single-use plastic production is still on the rise. Current 
data indicates that there is more single-use plastic waste than ever before in 
history. Between 2019 and 2021, there was a 6 million metric tonne (MMT) 
increase in the production of single-use plastic made from virgin fossil fuel-
based resources, and this is predicted to grow by an extra 60 million metric 
tonnes by 2027 (Charles & Kimman, 2023).  
 
The Charles and Kimman (2023) report highlights that virgin polymers have 
experienced 15 times more growth than recycled materials. The 2023 
Plastics Europe AISBL (2023) report shows that in 2022, the world’s plastic 
production increased to 400.3 million tonnes, driving our countries to reach 
a point where plastic waste becomes ineffectively handled, making its way 
into the natural ecosystem, for example, our oceans.  
  
Recognising the critical importance of recycling and upcycling single-use 
plastics locally, this research considers the importance of consumer 
knowledge and investigates how communities can engage with local 
initiatives with the intention of minimising the number of plastics going to 
landfills after only one life cycle.  
  
  
1.2 Impact of Plastic  
  
 
As noted in the preceding section, plastic is a heavily consumed material that 
has undergone a significant increase in production over the past half-century. 
Consequently, countries are faced with the urgent problem of managing the 
plastic waste that remains after use, given their high levels of plastic 
consumption and production.  
  
A recent report by Perreard et al. (2023) notes the deficiencies of many 
countries in their ability to manage the disproportional amount of plastic 
waste generated after its creation and use, as well as the material that 
persists and turns into waste. This is the cause of plastic pollution (p. 19).   
The mishandling or discarding of material is classified as mismanaged 
(Jambeck et al., 2015). 
 
In 2023, the global average plastic consumption was estimated to be 20.9 
kg, while the mismanagement of plastic waste per person was projected to 
reach 8.8 kg (Perreard et al., 2023).  



! "(!

The alarming findings from Perreard et al. (2023) state that the global 
mismanagement of plastic waste in 2023 amounted to 68,642,999 tons. This 
poses a significant and increasing risk of ocean pollution.  
 
Furthermore, by July 2023, 60% of the world population will be living in 
countries with such high levels of plastic waste mismanagement. With the 
aim of changing this scenario, the implementation of effective waste 
management policies, expansion of producer obligations, improvement of 
local waste management, and discontinuation of plastic waste exports are 
necessary to reduce global plastic pollution (Perreard et al., 2023). 
 
Perreard et al. (2023). These authors also point out a worldwide prediction 
for 2023, stating that if plastic waste is mismanaged by some 43%, there is 
a significant possibility of it polluting the oceans. Nonetheless, the volume of 
plastic production and mismanagement differs across countries and is global 
based on their plastic production, consumption, and waste management.  
  
As Figure 1 shows, Iceland is at the top with a 128.9 kg per capita plastic 
consumption a year. This is the highest volume of plastic consumption per 
person globally, and it is one of the seven countries labelled as Overloaders, 
characterised by high plastic consumption, significant plastic exports, and no 
plastic imports to their land (Perreard et al., 2023). 
 
  
Figure 1  
  
 Plastic Consumption per Person   
 
 

!
Note. Reprinted from Plastic Overshoot Day – Report 2023, by Perreard, S., Li, F., Boucher, J., 
Gaboury, A., Voirin, N., Gallato, M., & Puppi, R.2023, L. EA – Environmental Action, Switzerland. 
Copyright 2023 by Environmental Action, Switzerland.  
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In contrast, India ranks the highest in plastic waste mismanagement among 
countries, as shown in Figure 2, despite having one of the lowest per capita 
plastic consumption rates worldwide at 5.3 kg per person per year. According 
to Perreard et al. (2023), India exemplifies “The Waste Sponges”, known for 
their low level of plastic consumption and high level of plastic importation, 
totalling 98.860 tons per year. Besides the waste they import, these countries 
are making efforts to deal with their own waste.  
  
As these figures show, one current source of plastic pollution in some 
countries is the exportation of plastic waste and the lack of ability to manage 
waste locally. The mismanagement of this waste will eventually end up in the 
ocean through inland water routes, wastewater outflows, wind and 
transportation, to name a few (Jambeck et al., 2015). 
  
  
Figure 2  
 
 Total Mismanage Plastic Waste per Country    
 

!

Note. Reprinted from Plastic Overshoot Day – Report 2023, by Perreard, S., Li, F., Boucher, J., 
Gaboury, A., Voirin, N., Gallato, M., & Puppi, R.2023, L. EA – Environmental Action, Switzerland. 
Copyright 2023 by Environmental Action, Switzerland.  !
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It is crucial to consider the transportation that occurs in and out of the ocean. 
For example, winds, atmospheric currents, marine fauna migration, and 
atmospheric currents are all crucial factors to address (Bucci et al., 2020; 
Rochman, 2020; Rochman et al., 2016). 
 
The impact of current plastic pollution is still under investigation. Therefore, 
the effect of plastic contamination on the oceans is still uncertain, but 
according to Thompson et al. (2004), large plastic items can suffocate, 
entangle, and disrupt the digestion of birds, fish, and mammals. To explore 
this further, Thompson et al. (2004) observed three marine organisms to 
determine their ingestion of microplastics, and findings suggested that within 
a few days, the three marine organisms had all consumed plastic. The 
findings by Thompson et al. (2004) indicate that plastic waste could absorb, 
release, and transport chemicals. However, it is yet to be determined if toxic 
substances can move into the food chain (p. 838). 
 
Current literature shows that plastic pollution in the oceans might decrease 
marine population size and lead to changes in species (Rochman, 2020). 
The current state of plastic pollution in the sea includes 23 million tons of 
additives (World Economic Forum et al., 2016), raising concern and leading 
to calls for urgent initiatives and regulations that can be applied globally and 
locally.  
 
We have reached a time when plastic waste has overloaded current 
capacities to handle it responsibly. By examining and exploring how plastic 
pollution could be addressed at a local level, this thesis project proposes and 
explores ways local communities can increase awareness and help manage 
this problem.  
 
 
1.3 Recycling plastic  
  
 
Until the end of the 20th Century, industries operated under a linear economy, 
which consisted of converting resources into goods that eventually ended up 
in the ecosystem (Sariatli, 2017).  
Sillanpaa and Ncibi (2019) describe the core structure of the linear economy 
system as “take, make, and dispose” (p. 1). This linear approach is depicted 
in Figure 3.  
  
Figure 3   
  
Linear Economy Diagram  
 

!
!
!
!
!
!
!
!
!

Note. Adapted from What is the circular economy? – Blog n.d. By Rochester Institute of Technology. 
(https://www.rit.edu/sustainabilityinstitute/blog/what-circular-economy). 

!
!

Figure removed by the author to comply with copyright regulations. 
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In the linear economy, take is an indispensable component representing 
the resource the producer obtains. Make is the process of creating a 
product for sale and profit, while dispose is the stage where discarded parts 
and products are eliminated at the end of their lifecycle (Sariatli, 2017; 
World Economic Forum et al., 2016).  
 
However, due to the deficiencies of the linear economy in supporting 
environmental sustainability, the circular economy emerged in the new 
millennium as an alternative system. Therefore, transitioning from a linear 
economy to a circular economy is crucial to minimise adverse effects on the 
ecosystem.  
 
The Ellen MacArthur Foundation (n.d.) defines the circular economy as “a 
system where materials never become waste and nature is regenerated.” In 
this system, goods and resources remain active through processes, as 
shown in Figure 4.  
 
The transition to a circular economy has demonstrated lasting benefits in 
innovation and productivity, thanks to three fundamental principles: waste 
and pollution elimination, product and material circulation, and nature 
regeneration (Ellen MacArthur Foundation, n.d.). 
!
  
Figure 4  
  
Circular Economy System Diagram  
!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!!
Note. Reprinted from the butterfly diagram: visualising the circular economy – 2010. By Ellen MacArthur 
Foundation. (https://www.ellenmacarthurfoundation.org/circular-economy-diagram). 
  
As stated by Meskers et al. (2023), recycling prevents waste from going to 
landfills and instead converts it into a valuable resource. They argue that 
“waste is only waste if it cannot be used again” (p. 8)  and highlight the 
importance of recycling in returning recovered assets to the supply chain.  
 
Quantifying the exact amount of recycled plastic poses challenges due to 
various waste retrieval. To explain various recycling methods, Hopewell et 
al. (2009) classify them into four categories: primary (mechanical 

!
!

 
 

Figure removed by the author to comply with copyright regulations. 
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reprocessing into equivalent products), secondary (mechanical reprocessing 
into lower-quality products), tertiary (recovery of chemical constituents), and 
quaternary (recovery of energy) (p. 2118). This master project focuses on 
the primary method within a local circular economy, specifically utilising 
mechanical reprocessing to produce new objects of value.  
 
Determining recycling amounts becomes more challenging because of the 
durable design of plastic items. Hence, plastic pipes, as mentioned by the 
British Plastic Federation (n.d.), have a lifespan of approximately 100 years, 
which is why they still need to be considered waste. When discussing plastic 
recycling rates, it is crucial to consider the different measurement methods 
used by each country and the location impact.  
 
Nonetheless, specific resources have provided data that paints a stark 
picture of the recycling volume in various scenarios—for instance, Geyer et 
al. (2017) revealed that between 1950 and 2015, a mere 9% of the plastic 
ever generated was recycled, with a staggering 60% accumulating or being 
disposed of in waste disposal facilities and the ecosystem. Further 
highlighting from this issue in the United States by The  World Economic 
Forum and Wakefield (2022) in 2021 revealed that only 2 million tons, or 5% 
to 6%, of plastic was recycled that year, compared to the 40 million tons of 
plastic waste generated during the same period.  
 
In 2020, European plastic recycling data revealed that 10 million tons of 
plastic waste was directed toward recycling compared to 57.7 million tons of 
plastic produced (Plastics Europe AISBL, 2022a, 2022b). This previous data 
outlines the overall plastic waste statistics and the proportion of plastic that 
has been recycled. However, it is imperative to establish which type of plastic 
contributes most to waste and the current recycling levels. Moreover, it is 
essential to mention that Hopewell et al. (2009) reported that approximately 
50% of plastic is used for single-use disposable purposes (Hopewell et al., 
2009).  
 
It has been established in various reports that packaging – a fundamental 
category of disposable products is the primary contributor to plastic waste.!In 
2021, packaging represents 44% of plastic production. Followed by building 
and construction, which accounts for 18% (Plastics Europe AISBL, 2022a). 
These statistics are concerning, especially considering that packaging 
represents the most significant portion of leakage, and 72% of plastic 
packaging remains unrecovered, with 40% ending up in landfills and 32% 
escaping from the collection system (World Economic Forum et al., 2016).   
  
The need to revitalise plastic recycling has led to creative solutions at the 
local level, reducing reliance on exporting plastic waste and minimising 
plastic waste leakage into the oceans. The following section will identify 
some of these initiatives and highlight how they align with the aim of this 
project.  
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1.3.1 Recycling Plastic Communities and Local Projects 
References  
  
 
Plastic export and import have led to mismanaged waste, resulting in its 
leakage into the oceans. To achieve effective solutions to combat plastic 
pollution, Perreard et al. (2023) believe that other measures are required to 
enhance local waste management and cease importing plastic waste from 
other countries.  
 
To this end, local actions are leveraging various technologies and 
community-based initiatives to fight plastic pollution.  These organisations 
understand the importance of plastic waste and do not view it as at the end 
of its life cycle. They are enthusiastic about showcasing the value of plastic 
waste through its recyclability. 
 
Given their different approaches to achieving the same goal of reducing 
plastic waste, the recycling entities discussed in this section have been 
selected and are listed below in Table 1.  
 
 
Table 1 
 
Sustainable Practice Entities 
  

!
!
Note. This table presents information compiled by the author from various recycling entities. The data 
collected includes the types of entities, countries to which they belong, plastic types, and types of 
sustainable practices in different countries.  
  
The initiatives derived from the previously analysed entities have been 
categorised into four categories on their sustainable practices, as outlined in 
Table 1: Redesign, Feedstock, Projects, and Upcycling products.  
 
Entities in the Rethink and Redesign category accept their duty to the 
environment by incorporating sustainability into product launches and 
considering the end of their product's lifecycle. For instance, Critical, a 
company based in Auckland, New Zealand, operates in this category and 
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redesign by designing and manufacturing furniture and panels using plastic 
waste (www.criticaldesign.nz; accessed 2023.10.12).  
  
The next category is feedstock, which refers to the raw material used to 
produce something in an industrial process (Cambridge Dictionary, n.d.). 
Tontonton, a Vietnamese entity, aims to reduce plastic pollution in coastal 
areas of Vietnam and Cambodia by empowering local communities to 
participate actively and preventing plastic waste from reaching the 
ocean. Above all, this project emphasises the importance of local 
communities in driving positive environmental change. The program has 
collected 2,721 tonnes of plastic waste and converted it into energy for 
cement kilns, creating a new feedstock (www.tontonton.com:accessed 
2024.01.12).  
  
Regarding community projects focused on education and empowerment 
communities, one project that stands out is Precious Plastic. This initiative 
aims to boost the worldwide volume of recycled plastic in response to 
concerns about its insufficient levels of recyclability of plastic locally. The 
main goals of this project are to share knowledge about recycling, empower 
society, and guide communities in starting local community 
networks. Additionally, it supports small projects and makers promote their 
products on their websites. Initiatives like this project are open to everyone 
and help spread awareness about the current state of plastic waste 
(www.preciousplastic.com; accessed 2023.09.10).  
  
Several initiatives aim to inspire communities and spread knowledge to 
others; some show the whole process in two-hour workshops. One such 
initiative is the Perpetual Plastic project, which uses PET plastic waste to 
create a new useful object. Communities in 20 countries are educated about 
the value of plastic waste through events, workshops, and talks by plastic 
experts in this project (www.perpetualproject.com; accessed 2022.09.06).  
 
The significance of such projects lies in educating people about the value of 
plastic waste and their responsibility in managing household waste for 
recycling purposes. Thus, consumers can play a crucial role in successfully 
recycling household plastic waste.  
  
In New Zealand, Future Post, a New Zealand company, is currently utilising 
plastic waste by incorporating five different types of plastic (types 2, 4, 5, 6, 
7) into fencing posts (www.futurepost.co.nz; accessed 2022.09.04). In 
addition, this company utilises soft plastic waste from The Soft Plastic 
Recycling Programme as a feedstock.  
 
This programme in New Zealand collects soft plastic waste from 
supermarkets and retail stores, with communities recycling household waste 
in containers across the north and south islands. By supplying recycled 
waste to three companies, this project promoted the production of new 
products and educated the community on waste recycling 
(www.recycling.kiwi.nz; accessed 2022.09.04).  
  
As mentioned before, companies and researchers are working to find a 
remedy for or reduce plastic pollution in the ocean.  In relation to this 
approach, Spain's research focuses on plastic pollution in the sea. It shows 
a sample of plastic upcycling, where technology is used to repurpose plastic 
sea waste and old fishing nets into fishing needles (Cañado et al., 2022). 
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In Greece, an initiative aiming to reduce plastic waste generated by fishing 
and shipping activities, BlueCycle is a circular economy initiative. 
Furthermore, they collaborated with a 3D printing company, The New Raw 
Project, to produce a documentary raising awareness about ocean plastic 
pollution. Together, they demonstrate how creativity and technology can 
generate sustainable solutions by using collected waste to create 3D printed 
furniture (https://bluecycle.com:accessed 2023.08.14). 
 
These local initiatives and programmes has demonstrated significant 
effectiveness in reducing plastic waste by preventing its disposal in landfills 
and promoting local recycling efforts. This project will explore how 
communities contribute to the local recycling system.  
 
 
1.4 Recycling Plastic in NZ   
 
  
Alarmingly, New Zealand is highly ranked in per capita plastic household 
waste production (Kaza et al., 2018). Before 2018, New Zealand exported 
1000 tonnes of plastic waste to China annually (Farrelly & Green, 
2020). However, this situation changed in early 2018, when China attempted 
to clean up its environment by taking action to address its pollution. 
 
Farrelly and Green (2020) explain that to achieve its goal, China set a stricter 
standard for contamination in the shipment of scrap plastic and banned 
imports of five types of plastic: polyethene tetraphthale (PET), polystyrene 
(PS), polyethene (PE), and polyvinyl chloride (PVC). As a result, New 
Zealand had to explore alternative options for sending its plastics to 
Southeast Asia.  
 
By 2019, 58% of New Zealand’s plastic waste was sent to Malaysia in 
collaboration with other Southeast Asian countries, including Indonesia, 
Vietnam, the Philippines, and Thailand (Farrelly & Green, 2020). 
Unfortunately, this accumulation of waste overwhelmed these countries' 
waste management capacity,  leading to their designation as having the 
world’s highest ocean plastic pollution volume (Beattie, 2019).  
 
Malaysia, however, struggled to manage the high plastic waste and ended 
ultimately resorted to repatriating the plastic back to its origin (Beattie, 2019). 
The volume of plastic waste imported by these nations surpassed their waste 
management capabilities. 
 
According to Perreard et al. (2023), New Zealand exports 20.960 tonnes of 
plastic waste, which accounts for 13.6% of its total. This rate is considered 
relatively high in terms of global plastic waste exports. Additionally, the report 
highlights that New Zealand has released 7,390 tonnes of microplastics into 
waterways. As stated by the Ministry for the Environment (2021), the nation 
sends 60 kilograms of plastic waste to landfills per capita annually and is 
currently experiencing low rates of recovery and recycling.   
 
In New Zealand, measuring recycling rates is complicated by different 
collection sources. The Office of the Office of the Prime Minister’s Chief 
Science Advisor (2019) points out that these collection resources include 
both council kerbside and private operators, but not all of them provide 
recycling data. According to the same report by The Office of the Prime 
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Minister’s Chief Science Advisor (2019), New Zealand recycled 45,000 
tonnes of plastic by 2019, with household plastic making up 25,000 tonnes, 
or 55% of the total plastic collected. The report emphasises the urgent need 
for a unified national approach to plastic collection, as each council’s 
individual methods and variety of plastic types confuse the public.  
 
Eventually, in September 2021, the Ministry for the Environment unveiled the 
National Plastic Action Plan, demonstrating the Government’s commitment 
to tackling plastic waste in New Zealand. The plan envisions a nation where 
plastic use is sustainable and innovative, benefiting both the environment 
and society (Ministry for the Environment, 2021). 
 
In February 2024, New Zealand introduced a nationwide plastic kerbside 
collection system. The system is designed to streamline the collection of 
plastic numbers 1, 2, and 5 throughout the country (see Figure 4). The 
Ministry for the Environment (2024) estimates that this new system will 
prevent 36,000 tonnes of plastic waste from going to landfills-equating to 
around 30kg of domestic plastic waste. This new legislation aims to clarify 
the public understanding of the different plastic types to alleviate the 
collection confusion. 
 
However, it is important to note that according to Plastic New Zealand (n.d.), 
the new legislation for plastic collection excludes lids, caps, and items 
smaller than 50mm. This Master's research project utilises and offers an 
alternative for recycling these particular types of plastic waste within New 
Zealand communities.  
 
 
Figure 5 
 
Types of Plastics Collected by Council Schemes 
 

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

 
Note. Adapted from Identifying Plastic Types – The Ministry for the Environment. 
(https://environment.govt.nz/what-government-is-doing/areas-of-work/waste/plastic-phase-out/). 
 
!

!
!

 
 
 
 
 
 
 

Figure removed by the author to comply with copyright regulations. 
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1.5 Additive Manufacturing !
 
  
Additive Manufacturing technology debuted in 1976 with the invention of an 
inkjet 3D printer designed to produce 3D objects. In 1984, stereolithography 
was created (Ojogba Spencer, 2018). This surface representation allows the 
object to be sliced into software for 3D printing by converting a computer-
aided design (CAD) into triangles. 
 
According to Rogers and Barnes (2019), this technology is a method of 
creating parts from 3D model data by joining materials layer by layer.  
 
 
 Figure 6  
 
3D Printer Printing with PLA Filament   
!
!

!
!
Note. Reprinted from Unsplash by Osman Talha Dikyar. Copyright 2022 by Unsplash. 
(https://unsplash.com/photos/a-3d-printer-with-a-yellow-cone-on-top-of-it-PomM7aa5m18). 
  
Since its creation, this technology has been steadily growing in the market, 
thanks to a set of advantageous factors recognised by Rogers and Barnes 
(2019). These include:   
  

•! Speed: 3D printing improves the time investment from the 
concept creation to the final product due to its fast 
prototyping of complex objects.  
 

•! Social: This type of manufacturing reduces environmental 
damage while advocating social well-being. Using less 
energy consumption in transportation and logistics costs 
reduces pollution, leads to healthier communities, and 
improves the quality of the people.  

  
•! Cost savings: The additive manufacturing process works 

by adding material layer by layer. Therefore, designers 
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produce their pieces considering lightweight and cost 
efficiency integrated into one process.  

  
•! Complexity: This process enables the creation of intricate 

parts in a single manufacturing process.  
  

•! Design:!Designers have the ability to create parts that are 
linked together in one step.!  

  
•! Durability: This technology enables the addition of repair 

parts and materials to a specific location, enhancing 
durability.  

  
•! Light weighting: Applying material layer-by-layer in 3D 

printing decreases the weight of the final object.  
 

These factors continue to drive the improvement of technology, including 
machine size, material development, and application. Due to the increasing 
number of applications, the market for this technology is projected to triple 
between 2020 and 2026 (Statista, 2021).  
 
Key application areas encompass aerospace, dental, medical, luxury goods, 
transportation, defence, and energy. Statista (2021) states that this 
technology will transition from prototyping to mass production by 2030.  
 
Notably, some companies use robotic arms to 3D print houses, furniture, and 
interior design items on a large scale. The following section will illustrate the 
practical applications of 3d printing through various examples.  
 
  
1.6 Additive Manufacturing and Recycling Plastic References  
 
  
In 2014, the Ellen MacArthur Foundation, The World Economic Forum, and 
McKinsey & Company collaborated to create a project to support the growth 
of the circular economy. In 2014, the World Economic Forum and Ellen 
MacArthur Foundation (2017) came together to advocate for this 
transformative approach. Their 2016 report, The New Plastic Economy, 
argues that “plastic never becomes a waste; rather, it re-enters the economy 
as valuable technical or biological nutrients” (p. 18). This report underlined 
the necessity of immediate circularity in plastic packaging materials. 
 
In light of these principles, various companies and projects have started to 
integrate plastic waste as a material for 3D printing to reintegrate single-use 
plastic into the system. For instance, The New Raw Project in the 
Netherlands utilises HDPE plastic waste as a material for its robots to 3D 
print street furniture. This technology allows printing large-volume 3D pieces 
that otherwise would require using large volumes of raw materials 
(www.thenewraw.org; accessed 2023.09.07). 
 
Furthermore, in Spain, Nagami is a company that develops 3D-printed 
products on a medium to large scale using robots and exclusively recycled 
plastic pellets. They also develop furniture and façades for different projects. 
Since its establishment in 2006, this company has been experiencing 
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production growth and the development of new robot arms 
(www.nagami.design/en/.org). 
 
In addition to these initiatives, Aectual, another Dutch company, creates 
materials derived from recycled plastics. It produces its designs using 
parametric design, enabling it to customise its clients’ needs. It uses 3D 
printing robots to create interior design objects like tables, wall panels, and 
partition screens. One project used marine plastic waste and ocean water to 
produce pellets for façade production. (See Figure 7).  

 
Figure 7  
 
 
3D Printed Façade from Recycled Ocean Waste  
!!

!

!

!

!

!

!

!

!

!

!

Note. 3D printed Façade at Singapore Changi Airport. Reprinted from Aectual website– By MVRD for 
Tiffany & Co. (https://blog.aectual.com/tiffany ) 

 
Similarly, machines created by an Italian company, Felfill, enable users to 
produce their own 3D-printed recycled plastic using waste as feedstock. 
These machines are specifically designed for workshop use, helping to raise 
awareness about plastic recycling and inspiring others to create materials 
from waste instead of using new plastic.  
 
Nowadays, a variety of machines are available in the market that produce 
3D printing filament for small-scale desktop printers users or hobbyists. 
Depending on customer applications, these machines come in different sizes 
and costs.  
 
 
 

 

!
!

 
 
 
 
 
 
 

Figure removed by the author to comply with copyright regulations. 
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Figure 8   
  
3D Printer Robot Arm  

!

!

Note. 3D printed robot arm printing in Berlin, Germany. Reprinted from Unsplash by Maria Teneva. 
Copyright 2021 by Unsplash. (https://unsplash.com/photos/a-robot-that-is-sitting-on-a-table-
xk9htrFBeAw).  

These examples showcase 3D Printing’s potential in minimising plastic 
pollution and reducing dependence on raw plastic. This master's project 
employed the mentioned workshop machines to convert local household 
waste into 3D printing filament, which can be used in 3D printers and pens.  
 
 
1.7 Summary Form Literature Review  
  
 
The production of single-use plastics as disposable waste is increasing, 
leading to a significant amount of this waste ending up in the ocean. This 
growing problem highlights the urgent need to prioritise recycling plastic 
efforts locally over exporting plastic waste to prevent it from ending up in the 
ocean. Failures in transportation or mismanagement, contribute to keep 
plastic waste in the ocean, making it urgent to prioritise and develop local 
recycling instead of exporting it overseas.  
  
According to Kaza et al. (2018), New Zealand produces a high amount of 
plastic household waste per capita. Local recycling is a viable solution to 
decrease the volume of plastic waste exported. Earlier this year, New 
Zealand updated its plastic collection process to include types 1, 2, and 5 
while excluding lids and caps.   
 
Packaging remains the primary source of single-use plastic waste. However, 
existing plastic recycling systems still need to be improved, particularly 
regarding the reuse of potential plastic items. Notably, the current regulations 
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do not collect plastic lids and caps, which limits the effectiveness of recycling 
initiatives. 
 
This project engages local communities in developing and exploring a new 
localised model for converting plastic waste into new objects while teaching 
them how to make plastic recyclable. It also emphasises the importance of 
local recycling programs for plastic waste, an area where current legislation 
still needs to address.  
 
Informed by the samples discussed in this review, this Master's thesis has 
been inspired and guided. This research utilises selected processing and 3D 
printing technologies to upcycle plastic waste into the production of new 
products. Additionally, this research assesses the potential impact of 
community workshops that employ this technology and serves as a method 
for educating and inspiring communities to improve plastic recycling through 
small-scale engagement efforts. 
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Chapter Two: Methodology 
  
 
 
2.1 Overview  
 
  
The research approach was framed by concerns about sustainability, in 
particular, the problem of plastic waste discussed in the previous chapter. 
The project aimed to raise awareness of plastic recycling in New Zealand by 
working with community groups through workshops employing additive 
manufacturing to upcycle plastic waste locally.  
 
To achieve this objective, the project was implemented in two phases: 
practice-based experiments and community-based workshops. 
 
 
Figure 9 
 
Research Diagram 

!
!

Note. Research diagram. 2024. By the researcher. 
!
The first phase involved practical technical and material experimentation 
through the recycling and upcycling process to develop upcycling 3D printed 
objects and materials for the subsequent phase conducted by the 
researcher.  
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The second phase adopted community-based, participatory action research. 
This process involved developing workshop materials, obtaining AUTEC 
ethical approval, conducting and analysing two surveys and leading 
introductory and workshop sessions with two community groups. 
 
Phase One: Practice-Based Experiments - Plastic Recycling System  
 
                                                                   - Plastic Upcycling System  
 

-3D printing filaments  
                                                                                                             
 
Phase Two: Community-Based Research - Development of workshop 

content 
 

          - Application to AUTEC for 
ethics   approval 

 
   - Development of two surveys 
 
   -Practical workshops 

  
This chapter discusses the ontological framework, methodology, methods, 
and research design that guided and were implemented to realise this 
research project.   
 
 
2.1.1 Sustainability  
 
 
Sustainability serves as the ontological framework for this project. As defined 
by the World Commission on Environment and Development (1987), 
sustainability ensures that present needs are met while safeguarding the 
ability of future generations to meet their own needs.   
 
According to Brown et al. (1987), the meaning of sustainability is highly 
influenced by the context in which it is applied, given that different societies 
have varying conceptualisations and requirements for sustainability. Brown 
et al. (1987) pointed out that the application of sustainability is based on the 
“three pillars”—ecological, social, and economic. These three dimensions 
can positively and negatively influence each other (Gomes Silva et al., 
2022).  
 
This project is particularly concerned with the social pillar, engaging with 
communities, having a social foundation, and utilising educational 
workshops. The hypothesis underpinning this research is that educating 
people about sustainable practices, such as recycling, will be more effective 
if communities are involved in practical hands-on workshops. 
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Figure 10 
 
 
The Three Pillars of Sustainability 
!
!

!
Note. Adapted from Three Pillar of Sustainability: in search of conceptual origins by Purvis, B., Mao, Y., 
& Robinson, D. Copyright (2018) by Authors.  
 
 
Further emphasizing the importance of community involvement, Gomes 
Silva et al. (2022) assert that communication and collaboration significantly 
affect decision-making in developing more sustainable systems. This 
collaborative approach serves as the primary process by which people 
influence decisions. Interactive teams with small groups and shorter tasks 
significantly influence decision-making in this system. 
 
Gomes Silva et al. (2022) also pointed out that learning promotes innovative 
solutions and fosters creativity through interactive processes, facilitating self-
reflection and progression.  According to Gomes Silva et al. (2022), “The 
more collaboration and communication, the more people learn from each 
other because people stop working in their own bubble” (p. 1499). 
 
Aligning with this system framework, this project involved two small groups 
of people in Auckland, New Zealand, who learned about recycling and 
upcycling through short workshop activities based in two community 
centres.  
 
 
 
2.2 Phase One: Practice-Based Experiments  
 
  
A practical experimental approach was taken in this phase of the project. The 
researcher used a trial-and-error experimental approach to explore the 
upcycling process. This phase was proactive research conducted by the 
researcher and did not require participant involvement. 
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The upcycling phase was conducted using Additive Manufacturing 
technology (AM). Additive Manufacturing is a technology that is growing fast. 
According to the Almeida and Vasco (2020), “The decade 2020-2030 is 
revealing to be quite promising AM technological developments.” (p. 16). As 
they mention, this technology’s key points are sustainability and productivity 
and a reduction of footprint due to the incrementation of the volume of 
individual production. The authors also mention the advantage of the 
decreased size of the Additive Manufacturing machines, allowing this 
technology to be utilised in both homes and industries.   
 
This project tested the potential of this technology for local applications, 
particularly through desktop 3D printing. By utilizing desktop 3D printers, 
individuals can create and manufacture complex plastic products with the 
convenience of their homes rather than relying on traditional factory settings. 
It is estimated that the value of this sector will experience significant growth 
in the coming years, particularly as users begin to produce goods directly 
from their own repurposed material (Mikula et al., 2021). This shift, 
highlighted by Mikula et al. (2021) remarks a transformation in manufacturing 
practice and promotes sustainability by encouraging users to repurpose 
materials. 
 
This experimental stage tested the capability of using the material made in 
this phase, which is made from household waste plastic number two, known 
as High-Density Polyethylene HDPE, which is commonly found in shampoo 
containers or plastic bottle lids. Additionally, 3D-printed objects were tested 
with this material. This phase commences with plastic recycling and is 
followed by the plastic upcycled process, which will be explained in the 
following sections of this chapter. 
 
 
2.2.1 Plastic recycling system   
  
The literature review highlights the crucial role of recycling in mitigating 
plastic contamination in landfills and oceans. Waste utilisation is deemed 
essential for improving resource efficiency, as noted by (Plastics Europe, 
n.d). Currently, there are four plastic recycling processes: primary, 
secondary, tertiary, and quaternary (Schyns & Shaver, 2021), as shown in 
Table 2.   
 
 Table 2  
 
Common Definitions of Plastic Recycling  
!
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E1FH,20,62!!
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!
Note. Adapted from Mechanical recycling of packaging plastics: A review. Macromolecular rapid 
communications by Schyns, Z O., & Shaver, M. P. Copyright (2021) by Authors.  
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This project specifically employed primary recycling, commonly referred to 
as mechanical recycling. This process involves several key steps: collecting 
plastic, sorting plastic, reducing the size of plastic waste, and, 
finally,  extrusion (Schyns & Shaver, 2021). The success of mechanical 
recycling hinges on accurately identifying the plastic type, as highlighted by 
Vollmer et al. (2020), to prevent polymer contamination. To this end, the 
project focused on HDPE, a thermoplastic plastic number two, which is 
commonly found in various household containers. Unfortunately, after their 
initial use, these containers often end up as household waste.  
 
  
Figure 11  
 
Mechanical Plastic Process  
!

!
Note. Based on the explanation of plastic recycling: challenges and opportunities by Hopewell, J., 
Dvorak, R., & Kosior, E. (2009). The researcher created a diagram of the mechanical plastic process.  
!!
This project followed the recycling process developed by Hopewell et al. 
(2009) to recycle plastic waste. This method encompasses collection, 
sorting, cleaning, size reduction, separation, and compatibility. However, this 
project focuses exclusively on recycling plastic HDPE, which allowed us to 
omit the steps related to separation and compatibility from the plastic 
recycling process. HDPE plastic, typically labelled as number two, is 
commonly used for items such as shampoo containers and milk bottles, 
which, after their initial use, these containers often end up as household 
waste. 
 
This project began recycling by collecting plastic from local cafes and 
offices. The initial phase, the mechanical recycling plastic process, began 
with a collection phase, as illustrated in Figure 10. A network with 
organisations and partnerships interested in recycling plastic is essential to 
access and facilitate plastic waste collection.  
 
Following collection, the sorting phase is crucial to distinguish the various 
plastic types and prevent plastic contamination. During this step, inspecting 
the container's initials of HDPE or the corresponding plastic number on the 
packaging and separating them into groups under the same plastic types is 
vital.  
 
The subsequent cleaning stage demands thorough removal of any food 
residues, impurities, contaminants and labels from the plastic 
containers. After cleaning, the final step involves reducing the plastic into 
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smaller fragments using a shredder machine, adequately preparing it for the 
upcycling phase. 
 
 
Figure 12  
 
Mechanical Plastic Process in Practice 
!

!
Note: Mechanical plastic process in practice based on the Figure 10 diagram. 2024. By the researcher.  
!!
On February 1st,  2024, New Zealand implemented National kerbside 
standardisation. Therefore, across the country, everyone will follow a unified 
guideline for accepted items in kerbside recycling bins (Plastic New Zealand, 
n.d.). While plastic number two HDPE can be collected under the new 
guideline, items smaller than 5 centimetres,  including all lids and caps, are 
excluded from collection. Consequently, this project aimed to utilise plastic 
number two in various sizes, including small plastic items such as lids that 
do not fall within the kerbside collection system. 
 
By incorporating this recycled plastic waste into the upcycling system, we 
can effectively ensure that this type of plastic waste re-enters the life cycle 
loop and is repurposed for further usage. 
 
 
2.2.2 Plastic Upcycling System  
 
 
In the 1990s, upcycling was coined as a sustainable alternative to valuing 
the new instead of the old (Bridgens et al., 2018). Replacing clothing and 
objects once they become trash is prevalent in our society. This is why 
upcycling has emerged, as it combines upgrading and recycling with the core 
concept of revitalising old materials by suggesting new uses and turning 
trash into something valuable (Wegener & Aakjær, 2016). In the emerging 
circular economy, this term is also defined as one of the key concepts and 
practices (Sung et al., 2019). 
 
Upcycling plastic was adopted as a framework approach for this project 
section to complement the existing recycling method. Consequently, this 
project's efforts to convert household plastic into a new material were guided 
by Zhao et al. (2022), who emphasised the importance of maintaining the 
value or performance of the material for its subsequent use.  
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According to Bhagia et al. (2021), upcycling plastics can turn low-value 
plastics into high-value plastics. This project enters the upcycling phase, 
incorporating two upcycled products.   
The first upcycling product involves the creation of a 3D printing filament, 
while the subsequent phase focuses on using this filament to create 3D-
printed objects for workshops. !  
 
The steps for upcycling 3D printing filament in this project are based on the 
process outlined by Bhagia et al. (2021). For detailed visuals, see Figure 13.  
 
Figure 13 
 
Plastic Upcycling process 

!

Note. Based on the explanation of plastic Upcycling Process by Bhagia, S., Bornani, K., Agrawal, R., 
Satlewal, A., !urkovi", J., Laga#a, R., Bhagia, M., Yoo, C. G., Zhao, X., & Kunc, V. (2021). The 
researcher created a diagram of the Upcycling plastic process.  

Collecting, washing and sorting: These processes mirror the recycling 
process outlined in the recycling process section 2.2.1.  
 
Drying: Following sorting, the plastic undergoes a drying process to ensure 
smooth cutting and prevent damage to the machine blades caused by 
shredding.  
 
Shredding: Cutting the pieces into small sizes was necessary for their use 
as 3D printing filaments. Getting the right plastic size might take a couple of 
repetitions.  
Filament extrusion: This process involves using a desk filament extruder to 
obtain 3D printing filament. It can combine colours and make the filament to 
a specific thickness. The 1.75mm thickness used in this project is adequate 
for both 3D pens and 3D printers.  
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3D printing filament: Participants used this material in the workshops for 
3D printing pens and as materials for the 3D printed objects.  
 
3D-printed object: These objects are designed explicitly for participant 
interaction in workshops. The plastic material generated in this upcycling 
process was utilised for them.  
 
The implemented upcycling process in this project has been tailored to 
generate and produce both upcycled materials and 3D-printed objects for the 
workshops. Vollmer et al. (2020) underscore the necessity for increased 
innovation in upcycling to foster more business opportunities.  
 
Ultimately, this project aims to raise awareness of recycling and encourage 
communities to explore new avenues for sustainable practices through the 
application of 3D printing technology.  
!
!
2.2.2.1 Upcycled 3D Printing Filament Process 
  
 
This process produces a 3D printing filament from recycled HDPE plastic 
created following the previous section's process. This filament was created 
to be utilised to make the Upcycled 3D Printing Object for the workshop 
activities and for workshop material to be used in phase two for the workshop 
participants. This project adheres to Primary recycling, as mentioned in 
section 2.2.1, aiming to perpetuate the recycling loop by transforming 
recycled plastic waste into a new object that possesses equal or better value 
post-recycling. 
 
The recycled material utilised in this process was derived from plastic 
recycling, which encompasses the stages of collecting, washing, sorting, and 
drying. This process starts with preparing the recycled plastic HDPE for 
shredding by organising recycled plastic by colour to achieve pure hues, 
thereby facilitating the attainment of clarity prior to subsequent processing. 
 
The next step involved individually shredding. The plastic was sorted into 
distinct piles according to their respective colours. Prior to shredding a new 
colour batch, the shredder machine must be emptied and cleaned to ensure 
no traces of the previous colour remain. This shredding procedure must be 
repeated five times to reduce the plastic's size to approximately 5mm x 5mm, 
facilitating the next step, extrusion. 
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Figure 14 
 
Upcycled 3D Printed Filament 
!
!

!
!
Note. Upcycled 3D printing filament made with a mix of  HDPE colours. (2024) by the researcher. 

To prevent the undesired grey colour that occurs when different plastic 
colours are mixed (refer to Figure 14 for visuals representation of this colour), 
a systematic methodology for upcycling 3D printing filament has been 
developed to achieve pure colours. As illustrated in Figure 15, Various 
colours of 3D printing filament were made during the extrusion process to 
obtain specific monochromatic shades. 
 
 
Figure 15 
 
Systematic Upcycling 3D Printing Filament-Making Process 
 

!
 
Note. Blue and red Upcycled 3D printing filament systematic process. (2024) by the researcher. 
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In the first sample, a mass of 5 grams of blue milk bottle caps was combined 
with 100 grams of white recycled plastic derived from milk bottles to create a 
pastel hue. This mixture resulted in a light blue colour as a consequence of 
blending the two types of plastic. 
 
To fully utilise the collected recycled material, the larger volume of plastic 
gathered from the milk bottle was used in greater quantities. As a result, the 
combination primarily consisted of white plastic, which contributed to the 
lighter colours observed. Ultimately, this blending yielded a filament 
measuring 1400 mm in length and was a light blue colour. The filament 
thickness was precisely measured at 1.75mm following the protocols 
described in section 2.2.2. 
 
 
Figure 16  
 
Upcycled 3D Printing Filament Process in Practice 
!

!
 
Note. Upcycled 3D Printing Filament Process in practice. Extruder machine and HDPE plastics organised 
by colours. 2024. By the researcher.  
 
The production of the red 3D printing filaments was carried out by replicating 
the same process. Once the filaments were created, they were cut 400mm 
for the 3D printing pens for the workshop activity and 1000mm for the 
upcycled 3D-printed object, as explained in the next section.   
 
 
2.2.2.2 Upcycled 3D Printing Object Samples for Workshop 

Purpose  
 
 
This process involves a 3D model created exclusively for this project’s 
workshops, designed based on the feedback and comments received during 
the two pilot seminars in phase two.  
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Figure 17 
 
Upcycling 3D Printing Object 
!

 
 
Note. 3D printing upcycled process steps. (2024) by the researcher. 
 
 
Informal and feedback: The pilot seminar audience attempted to arrange 
and manipulate pieces to observe colours and plastic material usage. They 
inquired about the material's functionality and the use of additive 
manufacturing.  
 
3D models: The objective of this 3D model is to be easily manipulated with 
hands when using the 3D printing pen. These pieces were designed using 
Rhinoceros 7, a 3D model software.  
 
3D Printing: This object was designed to be printed in a desk 3D printer, 
which is available and affordable in New Zealand. This technology aims to 
demonstrate that upcycling can be produced locally without expensive 
machinery. Additionally, the use of a 3D printing pen serves the same 
objective and meets the same requirements as the desk 3D printer in terms 
of affordability and ease of use. 
 
 
2.3 Phase Two: Community Research   
!
!
This research included working with two community centres in New Lynn and 
Western Springs in Auckland, New Zealand. The participants' initial activities 
at the community centres took place in November 2023, while the second 
followed in December. Two short surveys-one pre-workshop and one post-
workshop, were conducted over four weeks, collecting quantitative and 
qualitative data. A workshop was held between these surveys.  
 
This phase encompassed creating the workshop material, engaging the 
attendees, per the ethics AUTEC committee’s endorsement (23/127), and 
creating and evaluating the two surveys and running workshops. The 
workshop’s impact and educational content were evaluated through 
participatory action research, utilising the workshopping approach and a 
combination of qualitative and quantitative methods outlined in this section.  
 
 
2.3.1 Development of Workshop Content 
 
The development of the workshop content approach and artefacts design for 
the workshop were undertaken through: 
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Literature review: Extensive research was conducted to create the workshop 
content. 
 
Experimentation with 3D printing technology: This involved developing 
samples of upcycled objects and workshop ideas. Refer to Section 3.2, 
Upcycling Objects Testing and Creation. 
 
Two Pilot seminars: These serve as a preliminary means to present 
workshop material as a way of rehearsing workshop content and using 
informal feedback from the audience, and my supervisor was used to refine 
the workshop presentation for the formal research workshop programme. 
The first pilot was part of the Future Fibres seminars at the BIOS Creative 
Innovation Lab at the Whangarei Art Museum, organised by AwhiWorld in 
May 2023. Some of the workshop content was presented, and the potential 
upcycled items for this project workshop were demonstrated. 
 
 
Figure 18 
 
Future Fibres Seminar Participation 
!

!
Note. Participation in Future Fibres Seminar in May 2023. By the researcher. 
 
In September 2023, during the Auckland Climate Festival, I presented a 
seminar and a display showcasing the upcycling objects developed, 
explained in section 3.2, Upcycling Objects Testing and Creation. 
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Figure 19 
 
Auckland Climate Festival 
!

!
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These events provided opportunities to pilot aspects of the project and share 
the structure of my workshop’s content material. Following each seminar, I 
facilitated an informal feedback section where the audience could ask 
questions or share comments about the initiative.  
 
By utilising participatory action research, the aim was to improve practice and 
create knowledge in social groups (Yates & Leggett, 2016). Through 
collaboration, this piloting stage helped this project critically reflect on the 
educational material content. This process involved a continuous cycle of 
planning and reflection to achieve continuous improvement and works well 
in an educational setting (Yates & Leggett, 2016). 
 
 
2.3.2 Ethics Approval 
 
 
The Ethics committee granted approval for participants to engage in this 
research in August 2023. This approval covered the identification of 
community centres where the research took place and guided various 
aspects of this research, including participants' approach and 
communication, aspects of the research, methodology, and safety protocols.  
 
An information sheet and consent form were created and approved in this 
application to inform future participants of this project's objectives and detail 
their engagement. Please refer to the ethics approval letter in the appendix 
for further details (See on Appendix B and Appendix C). 
 
 
2.3.3 Development of Surveys 
 
 
Participatory action research, using qualitative and quantitative methods, 
was used to evaluate the impact of the workshop programme and its 
educational content. 
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Starting with recruiting participants following the AUTEC ethics committee's 
approved protocols and initial presentation of the project at the community 
centres, it was followed by a request for people interested to send their 
contact details via email, acknowledging their interest in participating. Upon 
receiving this expression of interest, an information sheet and consent form 
that participants had to review were sent from the researcher and then signed 
and returned within two weeks. 
 
Subsequently, participants received a link to the initial survey at the start of 
the third week. This online questionnaire required approximately  20 minutes 
to complete—the survey questions related to the participants' current 
recycling understanding and practices. The initial survey was identified as 
Survey A, comprising six questions detailed below. 
Survey A 
 

1-! What is your age? 
2-! Do you recycle plastics at home? 
3-! How important is household recycling for you? 
4-! What do you understand about plastic types? 
5-! Would you be interested in learning more about household plastic 

recycling? 
6-! Do you know where plastic goes and what happens to it after you put 

it in the recycling bin? 
 

The primary purpose of these questions was to determine what participants 
currently understand about recycling and managing household plastic waste. 
!  
During the fourth week of the study, a workshop lasting approximately three 
and a half hours was conducted. The workshop began with a presentation 
on plastic pollution in New Zealand and my project’s concept of locally 
recycling plastic using 3D printing. Next was a hands-on workshop where 
participants could observe the recycling and upcycling process using the 
supplied machines and ask questions.  
  
After the workshop, participants were asked to complete a second short 
online survey, which took no more than 20 minutes. The survey was referred 
to as Survey B. Qualtrix, the same online software was used to produce this 
questionnaire. This survey aimed to record changes in participants 
understanding of recycling practice after participating in the workshop 
session. Survey B contained six questions.  
 
Survey B  
 

1-! Do you recycle plastics? 
2-! How important is household recycling for you? 
3-! What do you understand about plastic types? 
4-! Has learning more about plastic recycling changed your household 

plastic recycling activity? 
5-! Do you know where plastic goes and what happens to it after you put 

it in the recycling bin? 
6-! Do you think that being aware of the actual plastic pollution in the 

environment has impacted your decision regarding the consumption 
of plastic products? 
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The data from both surveys was analysed descriptively (Evaluation et al., 
2017) to identify an initial benchmark of recycling practices and then to 
identify changes. The surveys were analysed individually and then 
comparatively to gather information about participants’ recycling habits 
before and after the workshops.  
 
The analysis was structured around five factors: demographic, behavioural, 
attitudinal, knowledge, and interest. These factors determined participants' 
responses to their activities throughout this project. 
Aligned with the AUTEC Ethics Committee approval (23/127), this part of the 
research included participants’ generating data through questionnaires. (See 
Appendix A, Ethics Committee approval letter)  
 
 
2.3.4 Practical Workshops 
 
 
In week four of the study, a workshop lasting about three and a half hours 
was conducted.  
During the workshop, attendees learned about the plastic pollution issue in 
New Zealand, the process of recycling and upcycling plastic, and how to 
implement these practices locally. According to Zero Waste Network 
Aotearoa (n.d.), the introduction of recycling initiatives in communities 
enhances involvement in new endeavours and inspires innovative 
viewpoints.  
 
The workshop protocol is detailed below: 
 
The presentation began with a safety protocols guide that followed the 
requirements and received approval from the Ethics Committee. It then 
covered the current scenario of plastic pollution, the project explanation, and 
the recycling and upcycling process. This presentation aimed to demonstrate 
how collective community actions can bring environmental benefits to 
participants. Moreover, they were educated on how to clean and get 
household waste ready for recycling.  
 
After a 15-minute break, we went over the plastic recycling process. The 
demonstration began with a clean plastic container, then moved on to a dry 
plastic container, and concluded with an explanation of the desk shredder 
machine's usage. The plastic used for this demonstration was high-density 
polyethylene (HDPE), plastic number two. It is commonly used for single-use 
plastic containers like soft drink lids, shampoo bottles, and ice cream 
containers.  
 
The shredder plastic was transformed into a 3D Printing filament using a 
desk extruder machine that I provide, allowing participants to engage with 
technology and upcycle plastic on a small scale.  Due to health and safety 
protocols, participants could only observe these processes. Once the 
demonstration concluded, the machines were disconnected. ! 
Afterwards, participants were introduced to using upcycled plastic to craft a 
new object with a hand-held 3D printing pen. Using the pen, participants 
created a freehand 3D project. A  maximum of five participants were 
instructed to use a 3D pen, while the remaining individuals developed their 
ideas on paper using coloured pens. !  
 



! %(!

This project utilised workshopping as a research approach to promote local 
recycling education. This method facilitates the transition from concept to 
action, allowing social actors to shift their focus towards embodiment and 
emotionality. Rosner et al. (2016) state, “Workshops become a means by 
which researchers mutually engage social actors, breaching routine of 
ordinary life” (p. 1133)—similarly, (Ratto, 2011)  discussed the importance of 
caring for and analysing the concept of giving meaning to an activity, which 
is a crucial step towards reconnecting societies and technologies.  Moreover, 
when communities unite in recycling programs, they take on a sense of 
responsibility and actively contribute to reducing waste (Green.org, n.d.). 
 
 
2.4 Summary of the Methodology 
 
  
This chapter presents the foundation of this research framework, which 
focused on sustainability within the social pillar. It delineated the project’s 
engagement with participants, emphasising the pivotal role of sustainability. 
 
This chapter delineated the recycling and upcycling processes to generate 
the material and concept for participants to utilise during the workshop 
sessions. The development and implementation of the two surveys occur 
concurrently. Additionally, the Ethics Application played a crucial role in 
participants' identification and community centre selection, ensuring an 
ethical approach through the project's interaction with participants. 
Participants were outlined. 
 
In the next chapter, three aspects of the project- the design and analysis of 
practical workshop materials and the analysis of the data collected during the 
workshop sessions are analysed. 
!
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Chapter 3: Research Practice 
 
 
 
3.1 Overview  
 
 
This chapter discusses two parts of the research project: artefacts were 
generated, data was collected and analysed, and reported in two sections.  
 
The initial report concentrated on the recycling and upcycling processes, 
presenting them as practical experiments that led to the creation of upcycled 
objects. These objects were specifically designed to engage workshop 
participants. 
 
The second section addresses community-based research, which included 
administering surveys,  which were implemented and subsequently analysed 
upon the completion of the workshops. This segment also encompasses the 
two workshops, detailing their development and realisation, as well as the 
pivotal roles played by the participants in this research. 
 
 
Figure 20 
 
Research Practice Diagram 
 

 

 
 
Note. Research Practice Diagram. 2024. By the researcher. 
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3.2 Upcycling Objects Testing and Creation 
 
 
During this phase, three objects were developed to encourage interaction 
with workshop participants. The development of these objects adhered to the 
process outlined in Section 2.2.2.2. The associated experiments and 
artefacts were generated between March and October 2023. 
 
The participant's limited time in workshop sessions was a significant 
challenge in designing these artefacts. Despite incorporating 3D pens, which 
are designed to be user-friendly and require minimal training for children and 
adults, it still takes time for participants to develop some basic skills and 
confidence. Consequently, devising a strategy to ensure participant's active 
engagement in making items from recycled plastic was a key driver of this 
approach.  
 
The first experiment involved the design of a cookie cutter to guide 
participants in creating a practical object based on shapes they would sketch 
on paper. Following this stage, participants were to progress to use a 3D 
pen. However, this object was considered unsuitable for the workshop 
because connecting the layers of the HDPE 3d printing filament proved 
challenging, which would require community participants to have greater 
familiarity and expertise with 3D pen. 
 
 
Figure 21 
 
Cookie Cutter 
 
 

 
 
Note. First attempt of workshop material, 2023. By the researcher 



! &"!

The second experiment focused on developing a modular system that 
enabled participants to mix 3D printing filament colours and components, 
thereby simplifying the use of the 3D pen. The modular pieces were 
constructed from PLA, a commonly utilized plastic in 3D printers, which was 
chosen due to its recyclability at the researcher's studio. 
 
However, it became evident that this material was incompatible with the 
HDPE filament used in the 3D pen, as it did not allow attachment. 
Additionally, the pieces were found to be too thin to support effective usage. 
 
Although this format was promising in terms of practising with the 3D pen, it 
posed significant challenges for participants to create a final object, 
potentially leading to a participant's frustration. As a result, this design 
approach was discarded. 
 
 
Figure 22 

Modular System 

 

 

Note. Second attempt of workshop material, 2023. By the researcher. 
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The final experiment incorporated a set of 3D-printed figures designed for 
vertical arrangement within a glass tube, ensuring proper alignment. This 
object served as a propagation station,  providing participants with the 
opportunity to cultivate plants. This approach to upcycling waste plastic and 
using it to develop a functional artefact proved to be the most successful 
strategy because it does not require the advanced use of the 3D pen. 
Instead, the 3D pen may serve as a decorative tool rather than making a 
complete object from scratch.  
 
This propagation station features a base designed to hold a test tube with a 
radius of 33mm. This design enables the vertical placement of the three 
additional decorative figures. It is imperative that the base is used with each 
propagation station to ensure stability. Thereby allowing participants the 
flexibility to employ either the base or a combination of a maximum of three 
figures.  
 
All pieces were generated using a 3D modelling software known as 
Rhinoceros. Detailed dimensions can be found in Figure 23. 
 
Figure 23 
 
3D Models Plans 
 

Note. 3D models of the final objects to be used in the workshop. 2023. By the researcher. 
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Figure 24 
 
 3D Models Plans of Final Objects 
 
 
 

 
 
 
 
Note. 3D models of the final objects and test tubes to be used in the workshop. 2023. By the 
researcher. 
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Figure 25 
 
Upcycled 3D Printed Object Process 
 

!

!
!
Note. 3D models of the final objects to be used in the workshop. 2023. By the researcher. 
!
!
Developing the final design required several tries to get the correct 3D 
printing setting. Due to the relatively new use of HDPE plastic in desktop 3D 
printers, more detailed information regarding its use in 3D printers was 
needed, which was acquired through trial and error. A crucial understanding 
derived from experimentation during this process was the necessity of 
adjusting the printing speed to a slow rate of 15mm/s, while maintaining a 
high nozzle temperature of 250°C to ensure successful print. 
 
Each object utilized 140 cm of the upcycled 3D printing filament, exclusively 
crafted from recycled high-density polyethylene (HDPE) plastic, primarily 
sourced from lids and milk containers, which was meticulously collected 
throughout the course of this research. This material was created adhering 
to the Upcycling System mentioned in Section 2.2.2.  
 
To enhance the participants’ creative experience, these objects incorporate 
a wide spectrum of colours in  3D printing filament. The variety facilitated 
experimentation with different colour combinations and geometric forms, 
resulting in a more dynamic and engaging creative process. Refer to Figure 
25 for visual representation. 
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Figure 26 
 
Testing of 3D Printing Temperature and Speed Parameters  
 
 

 

Note. Testing of 3D printing speed and temperature parameters. 2023. By the researcher. 
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Figure 27 
 
3D Printing Process 
 

 

Note. 3D printer printing the base of the object for workshop participants. 2023. By the researcher. 

Once the optimal speed and temperature were established, printing each 
piece was completed in a mere 10 minutes. These pieces were available in 
a diversity of colours and shapes, as depicted in Figure 28. Considering the 
rapid printing capabilities inherent to this process, it was acknowledged that 
this technique could be utilized effectively to manufacture usable artefacts 
within a workshop environment. 
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Figure 28 
 
Upcycled 3D Printed Objects  
 
!

!

Note. A group of upcycled 3D-printed workshop participants. 2023. By the researcher. 

 
At the conclusion of the workshop, participants who wished to utilize their 
creation as propagation stations received a glass tube, as illustrated in 
Figure 29. This provision allows participants to continue engaging with the 
recycling and upcycling concepts discussed during the workshop. 
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Figure 29 
 
Upcycled Propagation Station 
 
!

!

Note. A propagation station made of HDPE recycled plastic was used in this research. 2023. By the 
researcher 
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3.3 Data Analysis: Exploring the Relationships Between Surveys 
Through a Comparative Analysis. 
 
 
The surveys were designed to investigate whether recycling behaviour was 
influenced after attending workshops and participating in this research. For 
comparative purposes, most of the questions in both surveys are correlated. 
Refer to Tables 3 and 4 for detailed information. 
 
This analysis was structured on five factors: demographic, behavioural, 
attitudinal, knowledge, and interest. Each of them played a crucial role in 
understanding participants' responses within the scope of this research. 
 
Table 3 
 
Survey A,  Questions and Responses  
 

 
 
Note. Survey A, five factors with the correlative answers and response options. 2023. By the 
researcher. 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Survey A
Component Questions Responses

Demographic Factor 1. What is your age? 
18-24, 25-34, 35-44, 45-54, 55-64, 65 or 
older

Behavioral Factor 2. Do you recycle plastics at home? Yes, Sometimes, No

Attitudinal Factor 3. How important is household recycling for you? 
Not at all important, Slightly important, 
Moderately important, Important, Very 
important

Knowledge factor 4. What do you understand about plastic types? Limited understanding, Moderate 
understanding, Advance understanding

Interest factor 5. Would you be interested in learning more about 
household plastic recycling 

Yes, definitely
Yes, somewhat
No, not really
No, not at all

Knowledge variable 6. Do you know where plastic goes and what 
happens to it after you put it in the recycling bin? 

Yes, I am aware of the process
Somewhat, I have a general idea
No, I have no idea what happens to it
I don't put plastic in the recycling bin
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Table 4 
 
Survey B,  Questions and Responses  
!
!

!
 
Note. Survey B, five factors with the correlative answers and response options. 2023. By the 
researcher.!
!
Question one in Survey B was omitted because it was a demographic factor 
not intended to be compared with Survey B. Another question (number six) 
was added to the second survey. 
 
Question 1 in Survey A was a demographic question which yielded no 
participants aged 18-24, 25-34, or older than 65. There was an equal 
percentage of participants in the age range between 35-44 and 45-54, 
representing 75% of the participants, followed by 25% in the age range 
between 55-64. This suggests that middle-aged adults may be more 
interested in gaining more knowledge in activities related to recycling. 
 
The second component asked about behavioural factors, questioning 
participants about recycling at home. Initially, in survey A, all participants 
reported recycling at home, while in survey B, 87.5% said they recycle at 
home, and 12% responded that they do it occasionally. This showed a 
decrease in positive responses between Question 2 in Survey A and 
Question 1 in Survey B, which might be attributed to participants' inclination 
to respond more openly after their participation in the workshop. 
 
The third component under analysis was the attitudinal factors, which asked 
about participants’ perceptions of the importance of household recycling. 
According to the data, there was a 25% increase between Survey A 
responses, where 50% of respondents saw recycling as important, and those 
of Survey B, where 75% saw it as important. The workshop may have 
prompted attendants to see more significance in household recycling. 
 
Based on the knowledge factor questions from surveys A and B (questions 
4 and 3), participants improved their knowledge about plastic recycling after 

Survey B
Component Questions Responses

Behavioral factor 1. Do you recycle plastic? Yes, Sometimes, No

Attitudinal factor 2. How important is household recycling for you? 
Not at all important, Slightly important, 
Moderately important, Important, Very 
important

Knowledge factor 3. What do you understand about plastic types? Limited understanding, Moderate 
understanding, Advance understanding

Causal factor 4. Has learning more about plastic recycling changed your household plastic recycling activity? 

Yes, definitely
Yes, somewhat
No, not really
No, not at all
Comment

Knowledge factor 5. Do you know where plastic goes and what 
happens to it after you put it in the recycling bin? 

Yes, I am aware of the process
Somewhat, I have a general idea
No, I have no idea what happens to it
I don't put plastic in the recycling bin

Attitudinal Factor

6. Do you think that being aware of the actual 
plastic pollution in the environment has impacted 
your decision regarding the consumption of plastic 
products? 

Yes, Isignificantly
Yes, somewaht
No, not really
No, no at all
Comment
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the workshop sessions. Respondees identifying as having a limited 
understanding of plastic types decreased from 25% to 0%. Those initially 
identifying their understanding as moderate increased by 25%, from 62.5% 
in Survey A to 87.5% in Survey B. These findings suggest that participants 
developed a greater understanding of plastic types after participating in these 
workshops. Refer to Figure 30. 
!
!
Figure 30 
!
Data of Question 4 Survey A, and Question 3 Survey B 
 
!

!
!
!
Note. Survey A and B responses using Qualtrix software. 2024. By the researcher. 
!
 
Results from Question 5 in Survey A were not compared to those from 
Survey B because the question asked about the Interest Factor: “Would you 
be interested in learning more about household plastic recycling?” All 
responses were affirmative. Specifically, 87.5% expressed interest in plastic 
recycling, and 12.5% were willing to learn more. 
 
Survey B question 4 represented the causal factor: "Has learning more about 
plastic recycling changed your household plastic recycling activity?” The 
results showed that 87.5% of individuals had improved their recycling 
practices after gaining more knowledge. One participant commented on their 
intention to use less plastic, while another affirmed their ongoing dedication. 
 
Next, Question 6 considered the knowledge factor in Survey A and Question 
5 in Survey B, participants were asked about their awareness of the fate of 
recycled plastic after it was deposited in the recycling bin. In contrast to the 
findings of Survey A, where only 12,5% of respondents said they were aware, 
the rate increased to 37.5% in Survey B, as shown in Figure 31 below. 
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Figure 31 
 
Data of Question 6 Survey A, and Question 5 Survey B 
!

!
Note. Survey A and B responses using Qualtrix software. 2024. By the researcher. 
!
!
In the last question in Survey B, the majority (62.5%) of participants reported 
that their awareness of the prevailing concern about plastic debris influenced 
their decisions about plastic consumption. While all the responses were 
positive, one participant pointed out that much more must be done to tackle 
plastic pollution. 
 
The data analysis, based on a small sample size, suggests that plastic 
pollution and recycling were a notable concern among participants, who also 
expressed an interest in gaining further insights into the plastic recycling 
system and exploring potential ways to contribute to this environmental 
cause. 
 
 
3.4 Workshopping Practice 
 
 
Two workshops were scheduled; the first took place at Wai"rea Community 
Recycling Centre in Western Springs in November, and the second was held 
at EcoMatters in New Lynn in December 2023. Both workshops followed the 
process outlined in the methodology in section 2.3.4 Practical workshops and 
followed identical schedules. 
 
The safety protocols session at the workshop began with my presentation of 
the protocol I developed in accordance with the requirements and 
subsequent approval of the Ethics Committee. 
 
Subsequently, a presentation addressing the issue of global plastic pollution, 
with a particular emphasis on the plastic scenario in New Zealand, was given. 
Following this was a concise introduction to the practical project, followed by 
a demonstration and explanation of plastic types and recyclability. 
 
Participants were provided plastic containers, which facilitated a discussion 
on the location and significance of plastic symbols presented in these 
different containers. This was followed by a discussion about participants’ 
plastic recycling habits. It took notes after this discussion to capture insights 
shared during the discussion. 
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Figure 32 
  
3D Printing Extrusion Process 
!
!

!
!
 
Note. Desktop 3D printer extruder facilitated the researcher to demonstrate the extrusion process at the 
community centres in 2023, by the researcher. 
 
 
In the next subsequent stage of this interactive segment, I demonstrated how 
to recycle plastic using visuals alongside a video tutorial that illustrated the 
process of cleaning containers to facilitate recycling.  
 
Then, I comprehensively explained the upcycling process, presenting 
descriptions and images for every stage involved. Furthermore, I explained 
the upcycling process to manufacture 3D printing filaments through the use 
of a filament extruder and spooler machine.  
 
Both machines complete the upcycling process, which converts shredded 
plastic waste into 3D printing filament. During this step, participants were 
solely observed. For a visual reference of the machines used, see Figure 34. 
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Figure 33 
 
Recycling Process Demonstration at Workshops 
 
!

 
 
Note. The left-side image represents the recycling process at the Wester Springs community centre, 
and the right-side image represents the recycling process demonstration in the New Lynn community 
centre. Software. 2023. By the researcher. 
 
 
Figure 34 
 
Upcycling Process Demonstration at Workshops 
!

!
 
Note. 3D printing filament extruder and spooler machines. Upcycling machines set up. 2023. By the 
researcher. 
 
 
Once the process demonstration ended, all the machines were safely 
disconnected. Prior to proceeding to the second and final segment of the 
workshops, there was a 15-minute break. 
 
After the break, we started the hands-on activities. In this part of the 
workshop, I provided participants with upcycled materials that I previously 
created using the upcycling process previously outlined in section 3.1. The 
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instructions were to use HDPE plastic waste pieces to make a propagation 
station for this activity. 
Each participant received a copy of the safety protocols to refer to whenever 
needed, and they were instructed to ask me any questions before making 
their own decision on how to proceed if they were unsure.  
 
To ensure a safe and manageable working environment, the number of 
participants using 3D pens was limited to 5 or fewer at any given time. The 
participant’s kit included protective gloves, a 3D pen, upcycling pieces, and 
upcycled 3D printing filaments. Additionally, paper and pens were available 
for those participants wishing to sketch their ideas.  
 
 
Figure 35 
 
Workshop Participants Kit 
!

!
Note. This is an image of the content of the participant’s kit for their workshop activity, 2023, by the 
researcher. 
 
 
Participants remained engaged and actively involved throughout the 
workshop, demonstrating their creativity by creating their own figures and 
experimenting with different ways to test the capabilities of 3D printing using 
upcycled filaments, as shown in Figure 36. 
 
During the final segment, attendees expressed curiosity regarding sources 
for acquiring upcycled materials for their projects and locations to recycle 
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plastic lids. They have expressed their intentions to continue using 
upcycled materials going forward.  
 
The workshops lasted three and a half hours. At the end of the session, 
participants were given the opportunity to take their propagation station 
home as a festive Christmas gift. 
 
Figure 36 
 
 
Participants at the New Lynn Workshops 
!

!
 
Note. Participants at the New Lynn workshop, 2023, by the researcher. 
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Figure 37 
 
Participants at the Western Springs Workshops 
 
 

!
 
Note. Participant at Western Springs workshop creating a Christmas tree, 2023, by the researcher. 
 
 
Figure 38 
 
Participants Upcycled Objects 
!

!
 
Note. Participant propagation stations, 2023, by the researcher. 
!
!
!
!
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Chapter 4: Discussion and Conclusion 

 
 

 
4.1 Research Findings 
 
 
The project successfully brought together groups of individuals committed to 
engaging in sustainability-focused research. Participants devoted their 
weekends to attending two workshops, reflecting the community's strong 
interest in the subject matter of the project. This dedication highlights the 
growing awareness and involvement in sustainability issues among the 
members of the community. 
 
In order to facilitate meaningful participation, educational materials were 
developed based on the literature review and established a project 
methodology. These resources aimed to enlighten participants about the 
current issue and state of plastic pollution in New Zealand, encompassing a 
range of topics, including the types of plastics, current recycling practices, 
upcycling processes, and the role of the application of Additive 
Manufacturing in the local recycling efforts. 
 
Two questionnaires were created to ascertain the project's success. These 
instruments aimed to analyse participants' recycling practices before and 
after their involvement in the project, thereby providing valuable insights into 
the initiative's impact on participants' recycling practices. 
 
 
4.2 The Surveys  
 
 
The results of the questionnaires presented in section 3.2. were analysed 
individually and then comparatively, although some questions could not be 
compared due to differing foci. 

The findings showed that participants were prompted to prioritise recycling 
practices after their participation in the research, with a notable  25% 
increase in positive response. Furthermore, participants demonstrated an 
increased understanding of plastic materials and indicated that their 
understanding of plastic recycling had influenced their recycling behaviours. 
Additionally, respondents expressed a commitment to continue expanding 
their knowledge of plastic recycling initiatives. 

The participants also demonstrated an improved understanding of the 
whereabouts of plastic waste generated locally. This increase in knowledge 
was reflected in their responses, indicating greater awareness of the plastic 
recycling scenario and the proactive steps they could undertake to contribute 
to a better plastic recycling practice. 
The surveys reported that, following the workshop, participants showed a 
better understanding of plastic types. This improvement contrasted sharply 



! (+!

with the pre-workshop data, which indicated that 25% of respondents had a 
limited understanding. In contrast, post-workshop findings indicated a 
predominantly positive comprehension of plastic types among participants. 
 
Moreover, at the end of the questionnaire, their responses regarding whether 
being aware of the actual plastic pollution in the environment has impacted 
their decision on plastic consumption, the majority (62%) reported that being 
more aware of the plastic pollution scenario has indeed influenced their 
choices regarding this material consumption. 
 
These favourable responses can be attributed to the strategic design of the 
workshops, for which material was created using the literature review section 
1.3.1. This literature review provided inspiration from other projects aimed at 
enhancing the community to increase awareness of plastic usability and 
recyclability, thus fostering innovative approaches to address local plastic 
waste challenges effectively. 
 
The implementation of the workshopping process, as outlined in section 
2.3.4, was instrumental in facilitating participants' transition from receiving 
passive information to active, informed agents who demonstrated a better 
understanding and developed a genuine concern for the topic. This 
transformation is substantiated by the positive outcomes observed in the 
survey analysis. 
 
While the survey sample was relatively small and cannot be generalized, the 
changes noted post-workshops suggest that employing a community 
workshops approach increases local participation in improving domestic 
plastic recycling initiatives and bolstering the public recycling system. 
 
Throughout the workshops, participants exhibited a marked increase in their 
capability to care for plastic containers, thereby promoting their recyclability. 
Notably, a substantial 87% of participants reported improvements in their 
recycling practices, underscoring their commitment to ongoing learning and 
adaptive behavioural changes in this regard. 
 
 
4.3 Workshopping 
 
 
A key aspect of the research, previously outlined in section 2.2.2, centred 
on primary recycling, commonly referred to as mechanical recycling. This 
process facilitated the production of shredded plastic, which was 
subsequently used in the upcycling 3D printing process, previously 
described in section 2.2.2.1.  
 
The outcome of this process resulted in the creation of 3D-printed filament, 
a versatile material that enabled participants to explore new shapes and 
experiment with a diverse range of colours. Moreover, it demonstrated the 
high quality that can be achieved from recycled materials, as illustrated in 
Figures 39 and Figure 40. 
 
 
 
 
 



! ("!

Figure 39 
 
New Lynn Participants Objects 
 

 
Note. Participant objects with 3D printing pen, 2023, by the researcher. 
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Figure 40  
 
New Lynn Participants Objects 
 

 

 
 
Note. Participant objects with 3D printing pen, 2023, by the researcher. 
 
 
In the workshops held in New Lynn and Western Springs, attendees 
successfully acquired proficiency in using the 3D pen and completed their 
objects (Figures 37 and 38). Indeed, this experience underscores the 
participant's ability to master the technique, enabling them to extend their 
creations and produce multiple intricate designs. 
 
This scenario showcases participants effective assimilation of new 
technologies by emphasizing the significance of interpersonal interaction. 
This strategy contrasts with relying solely on official information or individual 
studies, as articulated by Friedman et al. (1979). Such findings suggest that 
collaborative learning environments may foster deep involvement and 
innovation among participants. 
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4.4 Conclusion 
 
 
The participants demonstrated a significant increase in their engagement 
with recycling practices, as evidenced by the questionnaire responses, their 
active participation in hands-on activities during the workshops, and the 
constructive discussions that followed. Although the project had some 
limitations due to the relatively small sample size, the findings indicate 
positive outcomes from the workshop programme. 
 
In light of the complexity surrounding the current partial plastics recycling 
process in New Zealand, it is crucial that the public receives better 
information in order to navigate the existing system despite its imperfections. 
Educational strategies that engage people in meaningful ways, rather than 
simply dictating actions, are critical to public understanding and participation 
in the recycling process. 
 
Participants responded positively to the provision of recycled objects and 
upcycled 3d printing filaments. This suggests that introducing rewards 
following their engagement in recycling efforts significantly boosts 
participants' willingness to cooperate during the recycling process. 87% of 
participants reported improved recycling practices, highlighting their 
dedication to continuous learning and adaptive behavioural changes. This 
growth in recycling knowledge could lead to better recycling practices, 
thereby easing the local recycling process and contributing to broader 
environmentally sustainable efforts. 
 
Moreover, attendees expressed an interest in the quality of the recycled 
material, particularly noting their vibrant colours and practical applications. 
Although the research focused on small-scale recycling initiatives, the 
positive responses from the communities observed suggest the potential for 
future explorations that involve larger-scale applications. 
 
Successful 3d printed objects were produced following the recycling and 
upcycling processes outlined in this research project. Using desktop 3D 
printers and 3D printing pens proved effective for the low-scale production of 
upcycled materials for workshops. Moving forward, this research may 
expand to include robotic arms and 3D printers capable of fabricating larger 
objects using more significant amounts of plastic waste. Such advancements 
could contribute substantially to the community in infrastructure, as 
exemplified in the literature review section 1.6 
 
In addition, the process of recycling plastic- beyond merely putting plastic 
waste into a recycling bin- remains a mystery for many individuals. Engaging 
the public through accessible technologies has proven to be an effective 
approach to addressing these issues. This study highlights the need for 
further research to expand and implement these methods on a larger scale 
in the future. 
 
!
!
!
!
!
!
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