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Among many exacerbating environmental 
issues, plastic debris, with ubiquity and 
abundance, has significant impacts on local and 
global communities, environments and species. 
Contrary to common assumptions, New Zealand 
is no exception; 77% of litter cleaned up on 
coastal beaches in Wellington are from single-
use plastics and volunteers are struggling to 
manage plastic pellets on central beaches. In 
addition, with Chinas new waste ban in place, the 
country is struggling to recycle plastic, and the 
current schemes in place consume considerable 
amounts of time and energy. There is, therefore, 
a critical need for innovative and localised up-
cycling initiatives towards reducing post user 
plastic waste and extending product lifecycles 
within this region.
 
This research addresses the severe issue by 
investigating how Wellington post user plastic 
can be up-cycled using additive manufacturing 
technologies and utilised for new, longer lasting 
products. It introduces the opportunity for a 
circular system that can repurpose plastic waste 
while benefiting local communities, schools 
and environments. It allows for interaction, 
engagement and education at every stage of the 
creation process and thus empowers longevity 
and emotional durability. More specifically, this 

research has employed a ‘research through 
design (RtD) based on design criteria’ approach, 
beginning with a materials-led investigation. 
Materials inform design decisions made across 
three case studies to demonstrate the wide 
variety of potential applications and material 
possibilities. These include a university, a sports 
centre and a heavily polluted beach that are 
currently dealing with severe amounts of plastic 
waste. A range of waste plastics collected from 
each of the sites were trialled with a localised 3D 
printed up-cycling system in an iterative testing 
process, and the results determined appropriate 
material directions and subsequent contextual 
developments. The empirical investigation 
process provided a sound basis for developing 
designs as a creative response to environmental 
issues that can extend into our society, community 
and government. The applications and outcomes 
from this research have demonstrated how 3D 
printing technologies can facilitate sustainable 
plastic consumption, engage communities in 
the up-cycling process and address a throwaway 
society with longer lasting products. It provides 
the opportunity for waste management systems 
and small economies to entirely transform to 
allow for the diminution of post user plastic 
waste in our cities and more importantly, our 
environments.  

A B S T R A C T
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Figure 1. Evans Bay beach, Wellington
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Plastic has become an abundant part of our 
society primarily due to the broad range of 
beneficial material properties it holds (M. I. 
Mohammed et al., 2017). Its light and resilient 
features make plastic suitable for a great variety 
of applications; however, these are the same 
reasons they are so harmful to the environment 
(Laist, 1987). Due to the vast use of plastic 
causing tremendous disposal issues, it is now 
one of the leading challenges our populations 
face (M. I. Mohammed et al., 2017). Plastic 
waste is responsible for the immense decline 
of marine biodiversity, polluted water systems 
and the devastating effects of micro-plastics 
(Tyree & Morrison, 2017). This issue is so critical 
that 50% of plastic is only used once before 
disposal and plastics carry out short, linear 
product lifecycles before rapidly entering the 
environment (Hopewell, Dvorak, & Kosior, 2009). 
As the amount of disposable products continues 
to increase, there is a desperate need to control 
this litter through public education, more efficient 
recycling systems and product longevity. 

In New Zealand and specifically in Wellington, 
the city faces two critical issues; The heavy 
consumption of single-use plastics, and the 
inaccessibility to efficient waste management 
systems that can deal with this quantity of debris. 
Wellington’s natural and urban environments are 
consequently seeing the adverse implications 

of these issues, and our throwaway consumer 
culture acts as a significant barrier to sustainable 
consumption and sustainable development in 
general. As such, recycling and more specifically 
‘up-cycling’ is becoming of more critical 
importance. Up-cycling, a type of recycling, 
is a process that repurposes waste materials 
into products that have a longer life-cycle than 
their previous, using cradle-to-cradle strategies 
(McDonough & Braungart, 2013). Designers 
need to radically rethink the design, use, 
distribution, and disposal of plastic, and with the 
growth in 3D printing and up-cycling tools, there 
are fresh opportunities to do so.

Additive manufacturing and digital 3D platforms 
present a useful and powerful tool for achieving 
sustainable production and consumption, 
providing the opportunity to  accomplish  
localised up-cycling (Despeisse & Ford, 2015). 
The growth of both plastic consumption and 
prosumer 3D printing are driving interest in 
producing 3D printing filament from waste 
plastic (Val Fiel, 2016); however, little research 
has investigated how a localised 3D printed 
up-cycling system can improve current waste 
management and create product longevity 
within community spaces. By combining 3D 
printing technologies with emerging all-in-
one granulation, extrusion and production 
technologies, these initiatives are becoming 

I N T R O D U C T I O N
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even more possible and are economically viable. 
The 3D printed up-cycling system has budding 
potential for circular product life to occur 
within a single region. This can reduce energy 
consumption, eliminate  distribution channels 
and reduce plastic from the environment. 
It involves participation from communities, 
governments, companies and consumers 
and therefore provides for interaction and 
engagement at every stage of the making 
process. This research will investigate and 
demonstrate how a 3D printed up-cycling 
system can be implemented within Wellington 

to address the two critical issues the city faces 
and exemplify its vast diversity of possible 
material and design applications. It aims to 
identify how the 3D printing process can reduce 
plastic waste, extend product life and promote 
sustainable community engagements through 
circular up-cycling. 

This inspires the research question ‘How can a 
3D printed up-cycling system be employed to 
reduce environmental waste and extend product 
lifecycles within Wellington?’

T h e s i s  l a y o u t

To narrate the iterative intent of this thesis, it is 
structured in chronological order and mirrors my 
process and story as a designer. 

Chapter 1 – Background research
This chapter starts with a contextual overview 
of the issue driving this thesis and sustainable 
design theory, before delving into three research  
themes of additive manufacturing, up-cycling, and 
longevity.  These areas are critical to investigate 
in response to the research question and will 
highlight important literature, precedents and 
background knowledge to refine the research 
aims, and inform subsequent research. 

Chapter 2 – Methodology
Refines aims based on qualitative research and 
explains how the research will be achieved by 
employing research through design and other 
applicable research methods.  

Chapter 3 – Field research
Explores a range of Wellington’s community 
centres, schools, businesses and environments 
to further define where 3D printing up-cycling 
can take place and where this research will focus. 
Within this chapter, three case studies were 
chosen that would benefit from 3D printed up-
cycling and this drives the main research body. 

Chapter 4 – Material experimentation
The first of two main experimentation phases to 
investigate and demonstrate how 3D printing 
technologies can repurpose, up-cycle and reduce 
post-user plastic waste. It systematically explores 
a wide variety of different plastics at the selected 
case studies and analyses through observation 
the nature of the materials and their response to 
the making process.



Chapter 5 – Design experimentation 
The second experimentation phase puts these 
materials into design form to examine their 
3D printability and to determine contextual 
possibilities within the selected case studies. 
This phase brings several design opportunities 
into perspective and evolves scenarios for 
system implementation. This is achieved through 
sketching, CAD, prototyping and reflection. 

Chapter 6 – Design proposals
The design proposal phase considers the results 
from the design experimentation phase, and 
develops these into larger scale, contextualised, 

applied design works that can more clearly show 
the materials potential and the systems viability. 
It provides a critical reflection of the proposed 
scenarios and resolves ideas.

Chapter 7 – Discussion and conclusion
Discusses the potential of additive manufacturing 
as a tool for sustainable design and waste 
reduction in Wellington. Reflects on the entire 
process of the system and analyses its wider 
limitations, impact and future potential. Closes 
the thesis with final thoughts on the outcomes of 
the research as a whole.  

4
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Figure 2. Global plastic pollution (Shevtsova, n.d.)
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C O N T E X T U A L  O V E R V I E W

I s s u e

In recent decades, there have been many 
devastating changes to the surface of the planet, 
but one of the most critical is the ubiquity and 
abundance of plastic debris (Barnes, Galgani, 
Thompson, & Barlaz, 2009). We have developed 
a disposable lifestyle that has resulted in 8 million 
tonnes of plastic being dumped into our oceans 
every year (Barnes et al., 2009). Current product 
consumption is based on short product life-cycles 
that reduce the quality of connection with users, 
resulting in perfectly functioning models being 
rapidly thrown away (Diegel, Singamneni, Reay, & 
Withell, 2010). This throwaway mentality extends 
from disposable and cheaply made goods that 
are planned for obsolescence and have little 
consumer attachment (Diegel et al., 2010). At 
present, only a small fraction of plastic waste 
is recycled, and sadly, a significant amount of 
discarded plastic ends up in our rivers, oceans 
and animals (Tyree & Morrison, 2017). Plastic 
debris is showing to have widespread impacts on 

marine life, which mistake synthetic fragments, 
bags and raw manufacturing pellets (nurdles) 
for their natural food source (Li, Tse, & Fok, 
2016). Resultingly, these clog and poison their 
intestines, causing mass species loss (Rochman, 
Hoh, Kurobe, & Teh, 2013). Over time these 
larger plastics break down into ‘microplastics’ 
(microscopic plastic particles), which are finding 
their way into global water systems, effecting 
community and environmental health (Beatley, 
2014, Tyree & Morrison, 2017; Thompson, Moore, 
Saal, & Swan, 2009). 

“The simple fact is that when you drop a plastic 
cup onto the street, you are causing more 
damage than you would by dropping a stick of 
dynamite into the ocean. You set in motion an 
invasion of thousands of killer microplastics that 
will cause death and destruction for centuries to 
come” (Watson, 2006). 

G l o b a l
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L o c a l

Contradicting New Zealand’s clean, green 
reputation, it produces one of the highest 
amounts of waste per capita, in the developed 
world (Muggeridge, 2015). On New Zealand 
beaches, considerable amounts of plastic debris 
has been revealed, in counts of over 100,000 
raw plastic granules per meter of coast, with 
highest concentrations near industrial centres of 
Auckland, Wellington and Christchurch (Gregory, 
1977). More than 40,000 plastic shopping bags 
are dumped into New Zealand landfills every 
hour, and around 210,000 tonnes of nurdles are 
imported into New Zealand per year (Barclay, 
2013). Plastic pellets have been documented 
in the stomachs of prion birds and flesh-footed 
shearwaters found wrecked around New Zealand 
as early as 1960 (Harper, 1987; Buxton, Currey, 
Lyver, & Jones, 2013). Furthermore, local 
turtles and fur seals also see impacts, through 
entanglement, deep wounds and ingestion 
(Cann, 2017; Barclay, 2013). One in three turtles 
found dead on New Zealand beaches has 
ingested plastic (Boren, Morrissey, Muller, & 
Gemmell, 2006).

Within the Wellington region, Sea Shepherd 
volunteers are struggling to clean up plastic 
waste, especially nurdles, which are cultivating 
on Evans Bay beach (Gary, 2012). These pellets 
are making their way into coastal waters and 
onto central shores via streams and storm-water 
drains, following spills during transport and 
mishandling at inland processing plants (Manch, 
2018; Gregory, 1977). Sustainable Coastlines, a 
New Zealand environmental organisation, have 
documented that 77% of litter they clean up are 
single-use plastics and this is the worst offender 
in the New Zealand marine environment. Their 
data shows that food and beverage plastics 
dominate in their waste findings, which includes 
milk bottles, drink bottles and coffee cups 
(Sustainable Coastlines, n.d.). This evidence not 
only shows the prominent issue of plastic but also 
indicates the urgent requirement for sustainable 
development within New Zealand.  
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R e c y c l i n g

Globally, successful recycling systems revolve 
around utilising modern technology for localised 
convenience (Hall, 2003). In the Netherlands, 
facilities are in place for 64% of waste to be 
recycled, while the majority of the remaining 
residue is incinerated for public electricity. As a 
result, only a small percentage ends up in the 
environment. Estonia, Slovenia and Germany 
also boast high recycling rates around 63% 
(Zero Waste Europe, n.d.), while Germany has 
implemented a plastic bottle-recycling machine 
at central supermarkets. The deposit system 
aims to achieve plastic recycling in a more local, 
efficient and sustainable way to shorten the 

distribution process (GreenMax, n.d.). Relatedly, 
‘Wasted’ is a recent project based in Amsterdam, 
which introduces local solutions to global, 
environmental problems (Wasted lab, n.d.). They 
have developed a simple way to turn glass, 
paper, textiles and plastic waste into discounts 
and rewards at local shops and cafes (Wasted 
lab, n.d.). By introducing a system that values the 
act of recycling, it has broken down perceptions 
of waste, strengthened the community’s social 
relations and consequently accelerated the shift 
toward a more environmentally conscious society 
(Wasted lab, n.d.). 

In Wellington, recycling is collected from the curb 
by Envirowaste and transported to one of Oji Fibre 
Solution’s plants in Seaview to be sorted (Plastics 
New Zealand, n.d.). Approximately 15% of the 
plastics go to Budget Plastics in Palmerston North 
to be reprocessed. 85% of the remaining plastic is 
taken to landfill, and exported to overseas buyers 
and recycling facilities (Wellington City Council, 
n.d.). This process undertakes an extensive 
collection, transportation, cleaning, separation 
and shipping process, which consumes extreme 
amounts of oil and energy (Hopewell, Dvorak, & 
Kosior, 2009). In 2017, Wellington City Council 
dealt with 740 tonnes of plastic, of which 578 
tonnes went to Indonesia, Malaysia, Thailand and 

China (Hunt, 2018). Usually, around $8,200,000 
worth of plastic waste is sent to China annually, 
however, as of January 1st, 2018, a Chinese ban 
on all foreign waste has come into effect, and 
New Zealand now has to find a new home for this 
debris (Hunt, 2018). Moreover, with Wellington’s 
thriving coffee culture, thousands of takeaway 
coffee cups are being sentenced to landfill every 
day, including those that have been placed in 
recycling bins (Williams, 2016). With China’s ban 
in place, there are no local facilities available to 
deal with this waste sustainably (Williams, 2016). 
It is therefore critical for Wellington, and New 
Zealand in general to investigate alternative 
handling systems.

G l o b a l

L o c a l
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S u s t a i n a b l e  d e s i g n

As global environmental issues are escalating, 
so is the requirement for sustainable design. 
As such, it is of importance to examine the 
literature on sustainable design approaches to 
better understand what factors affect product 
sustainability and how these can be applied to 
3D printing technologies (Diegel, Kristav, Motte, 
& Kianian, 2016).

Design for sustainability is design that considers 
the environmental and social impacts of a 
product, service or system at the same level that 
economic concerns are considered (Bhamra & 
Lofthouse, 2007). Due to the growing awareness 
of our impact on the environment, there has 
been an emerging interest in the development of 
green product design (Baird, 2015). Sustainability 
has thus recently become a vastly disputed 
topic by designers and academics (Ehrenfeld, 
2008; Bhamra & Lofthouse, 2007; Chick & 
Micklethwaite, 2011). Ehrenfeld (2008) considers 
design for sustainability as the only deliberate 
way out of the destructive, dominating patterns 
of capitalist behaviour and discusses the idea 
that the solution is to unearth the deepest roots 
of today’s problems and address them directly. 
On the other hand, Bhamra and Lofthouse (2007) 
and Chick and Micklethwate (2011) indicate 
that consumers play the most fundamental role 
in sustainable development and specify that 
consumer-product relationships need to change 

before positive environmental shifts are likely 
to be seen. Martin Charter (1998) took a similar 
stand while discussing the remaining necessity 
for further awareness amongst designers to 
create closed-loop and circular product lifecycles 
(Charter, 1998). 

When implementing these ideas within design 
projects, Bhamra, Hernandez and Mawle (2013) 
advise it must take a holistic perspective, taking 
into account all lifecycle stages of the product, 
service or system (Bhamra et al., 2013, p. 
106).  One of the most significant approaches 
discussed was system innovation, which adopts 
a more strategic view and involves participation 
from communities, governments, companies 
and consumers. It implies new lifestyles and 
new ways of understanding the production and 
consumption of goods and services (Bhamra 
et al., 2013). Sustainability is no longer just a 
matter of modifying production techniques and 
adopting less wasteful practices. With the use 
of technology, it is possible to help consumers 
become more educated of ways to protect 
our natural environments and reduce current 
plastic pollution, future plastic consumption 
and, consequently, our pressures on the ocean 
(Beatley, 2014). Altering a throwaway attitude will 
support an environmental shift in consumption 
habits and start the progression towards 
sustainable development (Page, 2014). 
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A D D I T I V E  M A N U F A C T U R I N G

T e c h n o l o g i e s  &  c a p a b i l i t i e s

The universal presence of technology in modern 
society is a direct cause of unsustainability. 
The cause is not technology, but its hostile 
use and prevalence in our daily lives (Walker 
& Giard, 2013). Additive manufacturing (3D 
printing), in particular, is currently a considerable 

environmental offender, rapidly producing 
plastic prototypes with extremely short lifecycles 
(Despeisse & Ford, 2015). However, the 3D printer 
has an enormous potential to be used sustainably 
and to guide sustainable consumption (Despeisse 
& Ford, 2015). 

Fused deposition modelling (FDM), the most 
common form of additive manufacturing, allows 
for the establishment of almost any complex 
form, freedom in design and increased flexibility 
in the features of the end product (Diegel et al., 
2010). By creating products in this layer-by-layer  
manner, several sustainability benefits are offered. 
It allows for companies to redesign products 
to be more material, energy and cost efficient 
at numerous stages of the product lifecycle. 
Products can be customised to consumer’s 
preferences, and furthermore, product life can 
be extended through circular remanufacturing. 
As illustrated by Despeisse and Ford (2015), 
additive manufacturing has the aptitude to not 
only encourage designers to transition towards 
system and service-based production but 
embraces a circular economy where materials 
can more effortlessly be recycled. As additive 
manufacturing technologies are becoming 
more affordable and accessible, schools and 

companies are increasingly adopting the 
equipment, and new scenarios of re-making are 
emerging. The introduction of the Recyclebot, 
Protocycler and 3D re-printer are examples of 
equipment that can achieve this and offer an 
advance to plastic recycling (Shapeways, 2010). 
The Recyclebot is an open source waste extruder 
with an integrated sorting and separating system 
designed to repurpose waste and reduce energy 
consumption (Okshtein, 2009). The 3D re-
printer and Protocycler also offer similar services, 
granulating, extruding and 3D printing with all in 
one abilities (Krassenstein, 2014). The Protocycler 
comes with a built-in grinder, distributed spooling 
system and smart computer control to allow for 
automatic filament creation and creative freedom 
in a safe and highly affordable way (ReDeTec, 
n.d.). These technologies attest to low cost, easy 
recycling and can be distributed and operated in 
local businesses or homes (Okshtein 2009).
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L o c a l i s e d  m a n u f a c t u r i n g

McDonough and Braungart (2009) introduce the 
idea that all sustainable design systems should 
be local. Local materials and manufacturing open 
new doors for local enterprises to be profitable 
while avoiding damage to broader regions and 
ecosystems (McDonough & Braungart, 2009). 
The environmental and economic benefits of 
3D printing have the potential to transform 
traditional manufacturing through cost reductions 
and reduced CO2 emissions (Ihl & Piller, 2016). 
According to Gebler, Schoot Uiterkamp, and 
Visser (2014), 3D printing can potentially reduce 
global manufacturing costs by $170-$593 billion, 
energy use by 2.54–9.30 exajoules and CO2 

emissions by 130.5 to 525.5 metric tons by 2025 
(Gebler et al., 2014). 3D printing simplifies the 
supply chain and logistics of a product’s lifecycle, 
while on-demand manufacturing eliminates all 
energy expended in transportation. The ‘do-it-
yourself’ maker movement stimulates this idea 
by encouraging mini-factories, which can utilise 
additive manufacturing. They allow for the 
centralised relocation of production activities 
in all areas of the city. Components or products 
can be manufactured directly by 3D data without 
physical tools or moulds. This enables tailored 
production that can be applied to a broad range 
of products for a smaller price (Ihl & Piller, 2016).
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L O N G E V I T Y  &  U P C Y C L I N G

“Sustainability will only be achieved if the prevailing throwaway culture in industrial countries 
is transformed and there is a shift towards longer lasting products. This will require a 
response across many sectors of society. Such a trend will demand changes in design, 
consumers’ values, attitudes and behaviour, and socio-cultural norms (Cooper, 2016).”

With the growth of technology and fast-paced 
manufacturing, products are carrying out shorter 
lifecycles (Cotteleer, 2014). Only 22 per cent of 
products do not function anymore at the time 
of replacement (van Nes & Cramer, 2005). This 
is primarily due to loss of quality, use or desire 
to the consumer. (Mugge, Schoormans, & 
Schifferstein, 2005). Cooper (2016) argues that 
longer lasting products are linked directly to the 
road of sustainable consumption. The model 

he presents discusses the effects of materials 
being used more productively and indicates that 
longevity is achieved with production methods 
that offer remanufacturing opportunities  
(Cooper, 2016). On the other hand, Mugge, 
Schoormans and Schifferstein (2005) propose 
an eco-design strategy to create products with 
strong person-product relationships, or in other 
words emotionally durable designs, to stimulate 
product longevity.

D e s i g n  f o r  l o n g e v i t y

E m o t i o n a l  d u r a b i l i t y

“Perhaps we desire new experiences and not new stuff?” (Chapman, 2015).

Emotionally durable design addresses the bond 
between products and users that transcends 
form and function and leads to prolonged 
product lifespans through increased levels of 
pleasure and user experience (Lobos & Babbitt, 
2013). It explores the idea of creating enduring 
connections between people and their material 

things, with the critical aim to slow consumption 
and reduce waste of resources (Chapman, 2015). 
If a person experiences a strong emotional bond 
with their product, they are emotionally attached 
to such product, and product obsolescence 
is postponed (Mugge et al., 2005). Mugge, 
Schoormans and Schifferstein (2005) investigated 
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Figure 3. Flip Flopsam and Jetsam (Dean & Gant, 2011)

this idea further, discovering that attachment 
becomes stronger with reminders or expressions 
of events, places and self-identity. Personalisation 
is one crucial method of product attachment to 
consider in the design process, as it allows for 
person-product interaction and self-expression. 
Mugge, Schoormans and Schifferstein (2009) 
expose that the more effort a person invests in 
a product during a personalisation process, the 
more self-expressive value this product obtains, 
and the stronger the attachment with this product 
becomes (Mugge et al., 2009). 

Jonathan Chapman (2015) explores how 
emotional attachment to objects is more about the 
ideas and meaning behind the object rather than 
the design itself. Chapman refines his research 
into a framework aiming to provide designers with 
clear theoretical pathways to initiate emotional 
durability and longevity (Chapman, 2015). Three 
of the most significant include creating narratives, 
facilitating product attachment and developing 
emotive surface connections. These ideas explore 

how users can share a unique personal history 
with products, relating to the source of materials, 
how it was made or where it came from. Users can 
become co-producers of narrative experiences 
and in return this enables the nature of user 
interaction to shape product attachment. Strong 
emotional connections grow due to the service 
the object provides, the information it contains 
or its growing importance, and this results in 
product longevity. Flip Flopsum and Jetsum 
for example, a project by Gant & Dean (2011), 
transformed beach waste from volunteer clean-
ups into flip-flops using a heat press. The process 
rewarded volunteers for their work and treated 
them as co-producers. The idea stimulates a 
sense of importance for their work and due to the 
narrative significance behind their shoes, product 
life and conservation is increased.  When it comes 
to recycled materials, longevity and consumer 
attachment can be achieved on an activist level, 
as users feel more emotion towards a product that 
has benefited their local environments (Matheny, 
2016).
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U p - c y c l i n g

Single-use plastics typically follow a cradle-to-
grave lifecycle, where the product is purchased, 
used and then disposed of into the environment. 
McDonough and Braungart (2009) suggest that a 
paradigm shift is necessary to shift from today’s 
economically centred infrastructure which leads 
to waste, pollution and crude products. Instead, 
they propose a ‘cradle-to-cradle’ approach. 
This strategy aims to create products that at the 
end of life, supply high-quality raw materials for 
new products in a circular cycle (McDonough & 
Braungart, 2009). As shown in Figure 4, recycling 
closes this loop, however, most recycling 
methods have underlying adverse environmental 
impacts that are not always fully recognised, and 
consequently, it only stands as a minor solution 
to waste minimisation (Cooper, 2016). Energy 
is consumed as waste products are widely 
transported before typically turning back into a 
single-use product. McDonough and Braungart 
explore the idea that design for degradation and 
traditional recycling methods only amount to 
being ‘less bad’ as they are both necessary for a 
circular economy and reduce impacts, however, 

do not drive us towards the overall goal of 
sustainability (McDonough & Braungart, 2013). 

In contrast, up-cycling, a form of recycling, 
attempts to remove these barriers by giving 
post user waste a longer and more valued life. 
In ‘The Up-cycle’ McDonough and Braungart 
(2013) take the concept of cradle-to-cradle even 
further beyond the simple reuse of materials and 
propose a world that uses up-cycling to change 
the underlying foundation we know as designers 
and indefinitely eliminate the concept of waste 
(McDonough & Braungart, 2013). It does not just 
aim to reuse and recycle resources with greater 
effectiveness; it seeks to improve the natural 
world through design creation.  The up-cycle asks 
us to reconceive broader aspects of the world, 
employing cradle-to-cradle as a framework to 
mitigate harmful materials currently causing 
damage to expansive environments. Materials can 
become materials forever, and waste becomes 
food for a, longer lasting product (McDonough & 
Braungart, 2013).  

                 Recycling                                               Up-cycling

Figure 4. Recycling vs Up-cycling
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Figure 5. Studio Swine Sea chair  (Studio Swine, 2012)

With the increase in marine and city pollution, 
many designers are taking advantage of these 
materials by up-cycling them into new products 
to spread awareness. Studio Swine have up-
cycled ocean waste into products designed to 
have a longer lifecycle, such as their Sea Chair. 
The plastic is harvested by fishing trawlers, 
melted at 130oC in an old furnace on the boat, 
moulded with scrap aluminium and finally, 
cooled with sea water (Howarth, 2013). This 

entire process is localised and consumes little 
energy (Howarth, 2013). Dave Hakkens, designer 
of ‘Precious Plastic’, has built an online platform 
which allows for consumers worldwide to start up 
their own local up-cycling initiatives and spread 
awareness (Tucker, 2016). Likewise, Ecobirdy have 
set up a school program to encourage students 
to repurpose old plastic toys into new children’s 
products (Ecobirdy, 2018).

U p - c y c l i n g  i n i t i a t i v e s
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Figure 6. Precious Plastics initiatives (above) (Precious Plastic, n.d.)

Figure 7. Ecobirdy’s childrens products (Ecobirdy, 2018)
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3 D  p r i n t e d  u p - c y c l i n g

3D printed up-cycling combines the sustainable 
opportunities of additive manufacturing with 
the key strategies of up-cycling and has the 
potential to be a powerful tool for extending 
product life and improving waste management. 
By utilising 3D printing, grinding and extrusion 
technologies, old products can be repurposed 
and execute cradle-to-cradle strategies all in 
one site. Traditional recycling uses less energy 
than virgin plastic manufacturing; however, 3D 
printing offers a system with even less power and 
shorter distribution channels (Arena, Mastellone, 
& Perugini, 2003; Ihl & Piller, 2016). With the 
ongoing advancement of all in one shredding and 
extrusion capabilities, materials can be directly 
diverted from the waste stream. As shown in 
Figure 8, 3D printed up-cycling has the potential 

to smoothly close the loop in product lifecycles. 
End-users can participate in the process of 
designing their product through digital 3D 
platforms and can tailor the design of their 
product according to specific needs and 
preferences (Abdul Kudus, Campbell, & Bibb, 
2016). This delivers a closer interaction with 
the system, and therefore a closer emotional 
bond with the product (Chapman, 2015). Abdul 
Kudus, Campbell, and Bibb, (2016) carried 
out an experiment with digital personalisation 
platforms and 3D printing, demonstrating 
that all participants felt that their personalised 
product made them feel unique, reflected their 
personality and increased the aesthetic quality of 
the product. They also showed that participants 
had a higher perceived value of the personalised 

3D printed up-cycling
Figure 8. 3D printed up-cycling
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Figure 9. The New Raw projects (The New Raw, 2017)

3D prints versus a non-personalised product, and 
their interest in the product and digital system 
was 80% higher (Abdul Kudus et al., 2016). 

Various projects have initiated forms of 3D 
printed up-cycling internationally. The New Raw 
in Rotterdam is encouraging citizens to be more 
sustainable with plastic consumption. Their ‘Print 
Your City’ project uses 3D printed up-cycling to 
create objects for public spaces from city waste 
(The New Raw, 2017). The New Raw, Adidas and 
Project Seafood have also started the movement 

to up-cycle waste from the marine environment, 
using the 3D printer to process fishing nets and 
bottle caps found in the ocean or on beaches. 
These projects demonstrate that 3D printed 
up-cycling can be used to engage the public 
and achieve education while crafting powerful 
statements that can transform the way we 
approach both plastic manufacturing and use. 
As shown by these cases, 3D printed up-cycling 
is exceedingly possible and can be applied to a 
broad scope of areas to mitigate post user plastic 
waste.
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Figure 10. An analysis of previous recycled filament production. 
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The analysis of previous recycled filament 
production shown in Figure 10 has asserted that 
upon further development, a localised 3D printed 
up-cycling system with post user plastics is viable 
with a basic, affordable system. Furthermore, 
100% recycled material can be produced with 
high strength and quality using a broad variety 
of different technologies and materials. These 

projects signify approximate temperatures and 
methods suitable for experiments within this 
research and suggest progressively increasing 
temperatures until ultimate settings are reached. 
Because of the diverse range of methods 
illustrated, it is suggested that future testing 
should be independently considered. 

R e c y c l e d  f i l a m e n t  p r o d u c t i o n
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Figure 11. Conceptual framework for the implementation of 3D printed up-cycling in Wellington

C o n c e p t u a l  f r a m e w o r k
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This preliminary research forms a basis for 
this study, while it is hypothesised that digital 
technologies combined with localised up-cycling 
in Wellington will offer a unique opportunity for 
an economically viable, educational system that 
can repurpose plastic waste for longer product 
lifecycles. 3D printed up-cycling has the potential 
to be applied to a broad range of areas to reinvent 
current waste management and give back to 
surrounding community spaces. Shown in Figure 
11, three dominant strategies stood out from this 
research that can address Wellington’s two critical 
waste issues and assist in the implementation of a 
sustainable 3D printed up-cycling system. These 
three strategies can be applied collectively or 
work as individual outputs of the system and will 
be the focus for the extent of this research. They 
build a conceptual framework and a theoretical 
foundation for the sustainable use of 3D printed 
up-cycling, how it can achieve waste reduction, 
circular product lifecycles and closer relationships 
between users, their products and the natural or 
built environment. 

On the whole, the findings of the literature 
review conducted during this research favour 

the adoption of additive manufacturing for 
repurposing plastic waste and independently 
achieving the proposed strategies. However, 
there is a need to collectively explore these 
ideas as one centralised, interactive system 
and develop a higher level of understanding 
of its abilities to accomplish internal waste 
management and industrial design applications. 
From these findings, it was revealed that little to 
no research has explored realising a circular 3D 
printed up-cycling system, specifically its abilities 
to extend product life in Wellington. Due to the 
expansive nature of this topic, more research is 
necessary to establish these outcomes and refine 
a systematic process of 3D printed up-cycling. It is 
necessary to advance knowledge of recycled 3D 
printing materials that can incorporate multiple 
plastic waste streams and achieve cradle-to-
cradle fabrication. There is a huge importance for 
further studies to focus on system innovation as 
a solution to our environmental issues and to use 
technology to facilitate educational engagement, 
emotional durability and achieve sustainable 
product design.

S U M M A R Y
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Figure 12. Aims and objectives.

A i m s  a n d  o b j e c t i v e s
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M E T H O D O L O G Y

With the first aim to identify and analyse how 
3D printed up-cycling can reduce plastic waste 
and achieve longevity and circular product life 
within Wellington, the first stage of this research 
focused on qualitative research to gain a depth 
of understanding within this field (Figure 12). 
Informed by such methods from Hanington & 
Martin (2012), this process started by evaluating 
existing research bodies and applications of 
sustainable additive manufacturing through 
integrated background research consisting 
of contextual analysis, literature review, and 
precedent analysis. This structure allowed 
for critical issues to arise from the contextual 
overview to enlighten more in-depth, research 
within the literature and precedent analysis, and 
to collect and integrate information cohesively. To 
investigate Wellington’s plastic waste issue first 
hand, field research will be executed at several 
Wellington regions, businesses and environments 

to develop a set of case studies. These will be used 
as a basis for material and design explorations 
and to establish the up-cycling system using 
multiple sources of support. The process will 
start with an open-ended, observational study 
before more specific case studies are chosen 
using a comparative assessment. The severity of 
plastic waste in these areas, their involvement 
with the wider community and their viability for 
implementing a localised, accessible system will 
be analysed. Observation and photography will 
be the primary technique to record information 
on site, while scenario maps will be formed as a 
scattered visual framework to holistically explore 
potential narratives and product use. The most 
promising scenarios will be selected, and mind 
mapping will then be used as a technique to 
organise the chosen scenarios and material 
possibilities. 
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Figure 13. Research through design process
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The second stage of this research follows aim 
two; to investigate, explore and demonstrate the 
intervention of a 3D printed up-cycling system 
in Wellington with material and design outputs. 
This mainly consists of material experimentation, 
prototyping, concept visualisation and reflection. 
Due to the iterative intent of this research, this 
stage will be led by a research through design 
method (RtD), using the open frameworks that 
Koskinen, Zimmerman, Binder, Redstrom, & 
Wensveen, (2011) and Hanington & Martin (2012) 
propose. More specifically, a ‘postgraduate thesis 
model for research through design based on 
design criteria’ proposed by Rodríguez Ramírez 
(2017) will be followed to more appropriately 
guide this topic. Dissimilar to Hanington & 
Martins structure and common ‘Research through 
design’ methods, this model will be based on 
constructing sets of evolving measures at different 
stages of the research. As shown in Figure 13, the 
initial criteria will be formed from initial qualitative 
research to be used as a starting point for 
designing and as a tool to test the outputs in an 
iterative process (Rodríguez Ramírez, 2017). Final 
reflections and discussions will be carried out 
using the resolved set of pre-determined criteria 

and uses these measures to test the final designs 
and material trials (Rodríguez Ramírez, 2017). The 
empirical learning process provides a sound basis 
for developing design as a creative response to 
environmental issues that extend into our society, 
community and government, while allowing for 
the materials to tell their own story. 

Due to unknown technologies and material 
properties, artefact analysis is required to 
examine the materials response to form and 
this knowledge will contribute to contextual 
design decisions (Hanington & Martin, 2012). 
This will be achieved by testing the materials 3D 
composition. The testing form will be designed 
and modelled to cohesively evaluate different 
aesthetic abilities within one form, and this 
evaluation will determine design direction or if 
additional material testing is required for better 
understanding. The process will allow for the 
material outcomes to influence developed testing 
forms and celebrate unique material strengths. 
Experiments aim to demonstrate a focused idea 
within each case study, and exemplify this with a 
variety of material and design outputs. 
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Figure 14. Initial research criteria

 
Research output Research criteria 

 

Materials 

 

o Materials should be selected and collected from the Wellington region 

through comparative assessment of contextual, communal and 

environmental significance 

o Materials should have the ability be recycled cradle-to-cradle 

o Materials should guide form and design decisions and be fit for its design 

purpose 

o Materials should develop a tangible and/or emotive connection with the 

user.  

 

Designs  

 

o Designs should address conceptual framework by creating product 

longevity, circular product life or plastic waste reduction and prevention. 

More specifically this should create emotional durability, cradle-to-cradle up-

cycling and/or educational responses.  

o Product longevity should be achieved by employing the three dominant 

concepts of emotional durability; Narratives, attachment and surface.  

o Designs should be applied to the context of the environment, space or 

community that material is taken from to create a stronger narrative 

experience.   

 

 

System proposal 

 

o Entire system should be localised, educational and convenient for users 

o System should directly target waste problems in Wellington 

o System should demonstrate how additive manufacturing can be used 

sustainably and achieve longevity throughout its process. 

o System should allow for interaction and community engagement at every 

stage of the creation process.  
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From initial research, a set of initial criteria has 
been developed to inform further material testing 
and design applications (Figure 14). The criteria 

ensures that the aims and strategies within this 
research work together to achieve a 3D printed 
up-cycling system in Wellington. 

I n i t i a l  c r i t e r i a
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Figure 15. Field research comparative assessment
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Through a comparative assessment of local 
Wellington businesses, regions and environments 
(Fig 15), three case studies have been chosen 
for further investigation and observational field 
research, including a beach, a university and a 
community centre. These were chosen based on 

their involvement with the wider community, the 
severity of their plastic waste problem and their 
viability for implementing a localised, accessible 
system. From these findings, three speculative 
scenarios will be chosen for further material and 
design explorations. 

W E L L I N G T O N  O V E R V I E W
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Figure 16. Evans Bay beach waste

Figure 16a. Nurdles Figure 16b. Impacted wildlife

Figure 16c. Large beach waste Figure 16d. Large beach waste
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C A S E  S T U D Y  O N E

During an observational investigation, Evans bay 
showed an abundant presence of nurdles and 
small plastic fragments scattered across the entire 
bank of the beach. These pellets are thought to 
have come specifically from manufacturing spills 
and mishandling in the Wellington region (Barclay, 
2013; Manch, 2018). Their impact is more than 
just beach pollution as they have shown to harm 
marine life and poison our water systems. This is 
due to their sponge-like composition absorbing 
contaminants from the waters around them, and 
the nurdles resembling fish eggs, a familiar food 
source for many marine organisms (Le Guern, 
2017). Along with these smaller pellets, comes 
an immense amount of larger plastic products 
and driftwood washed up from winds and tides. 
Currently, Sustainable Coastlines work to clean 

up the large plastic waste, and Wellington City 
Council then transports this to the local landfill.  
The organisation teams with local schools and 
volunteer groups to clean up the mess, including 
Evans Bay Intermediate. However, due to the 
small size of nurdles, they are too time-consuming 
to collect and unfortunately are left behind. The 
bay showed disheartening evidence of the effects 
that plastic has on marine life with plastic filled, 
decomposing birds and jellyfish lying next to 
closely resembling plastic bags; the primary diet 
of New Zealand sea turtles. There is, therefore, 
a necessity and an opportunity to implement a 
more efficient system for the collection and reuse 
of this material to mitigate and prevent negative 
impacts to the harbour, water systems and all 
inhabitants.

E v a n s  B a y
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Figure 17. Evans Bay scenario map
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The many scenario possibilities at Evans Bay 
involve businesses, corporations, centres and 
schools that have a connection and proximity to 
the bay to determine who could host and interact 
with the system, and how it could intervene with 
current waste management. Throughout scattered 
scenario mapping (Figure 17), it became apparent 
that the establishments already interacting with 
the bay have the most opportunity to host a 3D 

printed up-cycling scenario. With the support of 
Wellington City Council, volunteers and school 
groups could collect, sort and clean the material, 
Sustainable Coastlines could process and 3D print 
with it, and finally, this could be given back to the 
volunteers, schools or the public space to assist 
in achieving the propsed conceptual framework. 

S c e n a r i o
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Figure 18a. Upbox 3D printers Figure 18b. 3D printing material waste

Figure 18c. 3D printing prototype and raft waste Figure 18d. 3D printing prototype and raft waste

Figure 18. Victoria University 3D printing waste
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C A S E  S T U D Y  T W O

V i c t o r i a  U n i v e r s i t y  S c h o o l  o f  D e s i g n

Victoria University’s School of Design is one of 
the most developed universities in the realm of 
3D printing, while the school has recently signed 
a partnership with Stratasys, the world’s largest 
3D printing manufacturer. This allows Victoria to 
test new software and experiment with innovative 
ways of additive manufacturing (Winter, 2017). 
The school has invested in an expansive range 
of 3D printers from small FDM machines to large 
state of the art machines such as the BigRep 3D 
printer (BigRep, Berlin, Germany) with a capacity 
of over one cubic meter. The school includes a 
library that displays and encourages students to 
3D print, along with a resource centre that sells 
ABS and PLA 3D printing materials. In 2017, the 
school’s resource centre sold approximately 400 

rolls of 3D printing filament, and this number 
is growing yearly. 3D printing is evidently 
important for the growth of the University, and 
correspondingly, so is sustainability. However, 
there are no initiatives in place to recycle 3D 
printed waste material on campus, or even in 
New Zealand in general. Because ABS and PLA 
are category 7 plastics, which New Zealand does 
not have the facilities to deal with, all 3D printing 
waste from the Victoria University campus and 
mixed into general waste bins and goes to 
landfill. However, as of recent, the campus has 
the equipment available to recycle this material 
onsite in an extrusion laboratory. This includes 
novel granulation, drying, extrusion and spooling 
technologies, all of which are easily accessible.
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Figure 19. Victoria University scenario map
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S c e n a r i o

Along with 3D printing waste, the school 
generates mass amounts of wood waste from the 
workshop and coffee cup waste from surrounding 
cafés. Both of which currently are not recycled 
in New Zealand. Because the Victoria Design 
campus lies in the heart of the city, PLA coffee 
cups are continuously disposed of within the 
university bins. There is therefore an enormous 
opportunity to employ a system to recycle this 
material for student, campus and educational 

benefits. The most prospective and resourceful 
scenario would involve participation from both 
staff and students at the university to run the 
3D printed up-cycling system with available 
equipment to internally recycle filament for the 
resource centre (Figure 19). Materials can have 
many lives and become many objects while using 
additional waste materials for up-cycled artefacts 
that benefit the school’s facilities and educational 
engagements.
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Figure 20a. ASB Sports Centre building Figure 20b. ASB Sports Centre internal architechture

Figure 20c. Waste management Figure 20d. Wishbone milk bottles

Figure 20. ASB Sports Centre
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C A S E  S T U D Y  T H R E E

A S B  S p o r t s  C e n t r e

The ASB Sports Centre is an indoor sport and 
recreation facility for community use and hire, 
sitting on the edge of Evans Bay. The centre 
includes 13 courts, a running track, café, physio, 
sports medicine, equipment hire and a budding 
education space. There are around 40 schools 
close to the site, many of which do not have their 
own sports facilities or connections to a wider 
community base. The sports centre has therefore 
partnered with High-Performance Sport New 
Zealand, Pacific Radiology, Wellington Sports 
medicine and Wishbone to cater for all community 
needs and elevate performance (Wellington City 
Council, n.d.). Within the café, the primary type of 
waste is HDPE milk bottles and PLA coffee cups, 

and within the sports areas, PET is mixed into 
the bins, along with the odd piece of broken or 
old sports equipment. Recycling at the centre is 
run by Wellington Waste Management, however, 
on closer investigation, it was found that it is 
consumers responsibility to place the right plastic 
in the right bins, and if not done efficiently, can 
compromise the recycling process. Furthermore, 
the centre sees around 300,000 people using its 
facilities every year, and a very minimal amount 
of their waste is recycled. There is therefore a 
need for better waste handling at the centre 
and a huge potential for onsite 3D printed up-
cycling that can reduce waste and give back to 
the community’s needs. 
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Figure 21. ASB Sports Centre scenario map
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S c e n a r i o

As the scenario map illustrates (Figure 21), the 
centre and its facilities could use a 3D printed up-
cycling system to engage community members 
in sports activities while having an educational 
and sustainable impact upon their management 
of plastic waste. There is a likely opportunity here 

for the centre to run the system as a service for 
sports goers, within the café, budding education 
space or sports hire facilities. Along-side the 
community, the centre could collect and process 
the materials for sports-players to use. 
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Figure 22. Circular 3D printed up-cycling process
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P R O C E S S  &  T E C H N O L O G I E S

Due to the accessibility of the recycling laboratory 
at Victoria University, it was decided that this 
equipment will be used to carry out material 
research and demonstrate the use of the system 
for all scenarios. These machines are separate 
contraptions, however, still function in the same 
style as ‘all in one’ recycling technologies and 
are equally all in one place. It can therefore be 
assumed that all in one capabilities would result 

in less time and energy consumption, however, 
with separate machines, there is more control 
over results. The equipment was initially trialled 
to understand this process further and establish 
a refined method of making. The full procedure 
involves collection, granulation, drying, extrusion 
and finally 3D printing. Once an artefact comes to 
the end of its life, it can start this process again in 
a circular cycle.



1. Conair 8 series granulator (Cranberry 
Township, PA, USA): 

Waste material is placed into the top hatch, is 
crushed and ground by metal blades and sorted 
into smaller particles for the extrusion process. 
Settings are not adjustable (Figs. 23, 24a, 24b 
and 24c).

2. Contherm thermotech 2000 (Wellington, New 
Zealand):

Temperature pliable drying oven used to extract 
moisture from materials to result in resilient 
filament (Figs. 23 and 24d). If this process is 
skipped, material can become brittle and extrude, 
spool or 3D print inefficiently.  

3. Thermoscientific Process 11 twin-screw 
extruder and spooler (Karlsruhe, Germany): 

Requires only a small amount of material to 
conduct experiments while allowing for a fast, 

efficient and cost-effective way of producing 
material trials (Figs. 23 and 25). Offers a broad 
spectrum of speed, diameter and temperature 
control. The spooler controls size and flow of 
material from the extruder while winding the 
material onto a spool (Fig. 26).  

4. Ultimaker 3 Extended (Geldermalsen 
Netherlands):  

Open source 3D printer that can fine-tune 
temperature, flow rate, speed, nozzle size 
and resolution to meet any material or model 
requirements (Fig. 23). While the machine is 
printing, these features can be altered to find 
ultimate material settings. The printer uses Cura 
software to generate 3D models into G-code files 
and uses this to build material paths. In addition, 
unlike many other 3D printers, the the printer 
allows for a ‘no support’ setting to create models 
that have zero material waste. 

Figure 23. 3D printed up-cycling equipment

1 2 3 4



Figure 24. Granulating material

Figure 24a. Internal blades

Granulating material

Figure 24b. Ground HDPE milk bottles

Figure 24c. Separating colour tones Figure 24d. Ground PLA in drying tray
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Figure 25. Extruding filament

Figure 25a. Extruder head Figure 25b. Extruded HDPE filament

Figure 25c. HDPE filament consistency Figure 25d. Extruded PET filament

Extruding filament 
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Figure 26. Spooling filament

Figure 26a. Extruded ABS filament Figure 26b. Spooling HDPE filament

Figure 26c. HDPE filament consistency Figure 26d. Extruded PLA with colour gradients

Spooling filament 
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Through this initial trial, it was realised that there 
is an opportunity to add a range of secondary 
materials to improve 3D printing quality. It was 
also discovered that by chance, depending on 
the materials gathered, different colours will form 
and gradients can be attained. This attribute can 
be controlled by separating colours, however, 
by mixing different materials, this will occur at 
random and colours will form that are unique and 
unlike the original. Nozzles can be adjusted for 
the Ultimaker to suit different material properties 
and therefore extensive ranges of material blends 
are possible. Having control over the majority of 
settings permits materials to be precisely fine-
tuned and results in enhanced 3D printability. 
The initial trialling revealed several technical 
operating constraints of the spooler, including 
material diameter inconsistency. This therefore 
resulted in the 3D printer having minor difficulties 

with clogging and extruding. Furthermore, due 
to equipment being of international origin, 
any mechanical issues and servicing take 
considerable lengths of time to arrange. To 
attain the most precise material settings and 
results in further testing, temperatures will be 
gradually augmented until the ultimate flow 
and consistency for spooling, and 3D printing 
is achieved.  All materials will be extruded at 
a diameter of 2.85 mm to suit the Ultimaker’s 
motor intake preferences. Nozzles AA0.4 mm 
and BB0.8 mm will be interchanged depending 
on the materials characteristics. AA0.4 mm will be 
used for materials that extrude with ease can be 
refined to thinner layering for better print quality, 
while BB0.8 mm will be used for materials that 
have more difficulty to allow for easier material 
flow. 
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Figure 27c. ABS filament Figure 27d. PLA filament

Figure 27. Nozzles and material inconsistencies

Figure 27a. AA0.4 mm Figure 27b. BB0.8 mm
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M A T E R I A L  T E S T I N G

Further material experiments sought to find and 
explore material and design opportunities by 
responding to form and 3D print quality. One 
primary type of plastic waste was chosen from 
each site for experiments, including mixed beach 
waste from Evans Bay, ABS & PLA 3D printing 
waste from Victoria University and HDPE milk 
bottles from the ASB sports centre. It is essential 
to test the materials’ performance to determine 
how successfully they can be run through the 3D 
printer and results will help to establish possible 
design contexts suited to the materials. To 
identify the best 3D printed forms and to refine 
the relationship between processing settings and 

the final material outcomes, a series of variables 
will be analysed. This will be executed within one 
holistic form and will be modelled to cohesively 
evaluate strength, flexibility, dimension accuracy, 
and 3D print capability of horizontal surface, 
overhang and negative space. This process will 
allow for the tangible outcomes to influence 
developed testing forms and celebrate different 
material strengths. Multiple possible material 
outputs will be examined within each case study 
to explore the diversity of waste streams abundant 
onsite. The following test forms were drafted and 
the final will be used across all material trials.

T e s t  f o r m  d e v e l o p m e n t 

Figure 28. Form sketching
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Final form
Figure 29. Digital sketching
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Figure 30. Evans Bay brain web
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E v a n s  B a y

Both hard plastic waste variants and nurdles 
from Evans bay were collected to verify that the 
majority could be utilised. Prior to mechanical 
processing, large plastics were rinsed in a bucket 
to remove external residue, before commencing 
granulation. The nurdles were poured into a 

bucket of water to separate sand from plastic 
by weight disparity, and conclusively, smaller 
particles were sieved for extrusion. Driftwood-
nurdle composites were ground in a mechanical 
grinder to ensure woodchips turned into a fine 
powder for optimal results.

Figure 31. Beach waste collection and processing

Figure 31a. Collected large beach plastics Figure 31b. Collected nurdles

Figure 31c. Ground large beach waste Figure 31d. Ground and sieved nurdles
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N u r d l e s  &  N u r d l e s  +  D r i f t - w o o d

Nurdles struggled with accuracy and forms were 
slightly deformed to original. Wood composites 
caused incomplete forms due to material 
acquiring tacky properties. At temperatures 
lower than 250oC material stops extruding, and 
at temperatures higher than 260oC material flows 

effectively however is rough and prone to clogging 
and cracking. Because the amount of drift wood 
is difficult to control amongst the nurdles, each 
extrusion has a different percentage of wood and 
it is therefore difficult to control or determine the 
ultimate settings.

Figure 32. Nurdles alone, Nurdles + Drift-wood

Figure 32a. Deformed nurdle + driftwood form Figure 32b. Results of nurdles alone

Figure 32c. Nurdles with cracks Figure 32d. Failed trials for nurdles + drifwood
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N u r d l e s  +  L a r g e  b e a c h  w a s t e

Slight cracking in form, however, effectively 
prints at ultimate settings, with minor faults. Most 
successful ratio of plastic was with approximately 
70% large beach waste and 30% nurdles, showing 

that the larger beach plastics 3D printed with a 
higher success rate than the nurdles, however, 
both can still be incorporated. Shades of grey 
differ depending on the amount of black nurdles.

Figure 33. Nurdles with large beach waste

Figure 33a. Filament Figure 33b. 70% large beach waste, 30% nurdles

Figure 33c. 60% large beach waste, 40% nurdles Figure 33d. Cracking
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Similarly, resulted in a lighter grey colouring and 
a smooth finish. Large beach waste achieves high 

dimension accuracy and precise surfaces. Below 
ultimate settings prints with minor cracking. 

L a r g e  b e a c h  w a s t e

Figure 34. Large beach waste alone

Figure 34a. Large beach waste printed at 255oC Figure 34b. Large beach waste printed at 255oC

Figure 34c. Large beach waste printed at 240oC Figure 34d. Large beach waste printed at 240oC
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E v a n s  B a y  u l t i m a t e  m a t e r i a l  s e t t i n g s

Figure 35. Evans Bay ultimate settings
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Figure 36. Evans Bay 3D printed forms
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Evans Bay trials established that beach waste 
filament has some difficulties 3D printing due 
to brittleness, size inconsistency and the crudity 
of the waste. The materials broadly fluctuate 
in plastic types, and therefore each collection 
acquires unique physical properties. This provides 
some issues during extrusion with materials 
requiring different melting temperatures and flow 
rates, and these therefore need to be adjusted 
accordingly throughout the extrusion process. 
Material qualities change depending on what 
washes up, the area of coast, and how long 
it has been in the environment. It is, therefore, 

necessary to approach each batch independently, 
understanding that ultimate settings may vary. 
Irrespectively, large beach waste composites print 
overhang, curvature and horizontal sides capably 
when filament diameter is consistent, while the 
coarseness of material provides the form with 
organic, imperfect qualities that somewhat 
resemble the rocky, grey coast of Evans Bay. This 
offers the opportunity to make filaments and 
design applications that are an embodiment of 
their surroundings and celebrate their unique 
material qualities.

Figure 37. Evans Bay 3D printed forms
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Figure 38. Victoria University brain web
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V i c t o r i a  U n i v e r s i t y 

As all 3D printing waste is mixed together 
in waste bins at Victoria University, it is of 
importance to trial the combinations collectively 
to reduce separation times and maximise waste 
exploitation. Moreover, it is significant to verify 
waste materials can be recycled within the 
school cradle-to-cradle. Coffee cups and ground 
workshop wood waste were additionally trialled 
to expand the possibilities for internal recycling 

and show that all major waste materials can be 
up-cycled (Figs 39b, 39c). All 3D printing waste 
material could be placed directly through the 
up-cycling system without any pre-processing or 
cleaning (Figs 39a, 39d). Coffee cups required 
rinsing and waste wood chips from the workshop 
were ground down using a mechanical grinder to 
achieve a fine wood powder suitable for extrusion. 

Figure 39a. 3D printing waste Figure 39b. Ground wood waste

Figure 39c. Collected coffee cups Figure 39d. Ground 3D printing waste

Figure 39. Victoria’s waste material processing
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A B S  &  P L A  m i x e s

All trials were accurate, smooth and effortlessly 
3D printable. Minor cracking occurs in ABS 
when temperatures drop below 230oC. This 

can be minimised with hotter bed and nozzle 
temperatures to reduce rapid cooling speed.

Figure 40. ABS and PLA test forms

Figure 40a. ABS alone Figure 40b. PLA alone

Figure 40c. ABS and PLA Figure 40d. ABS and PLA 
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A B S  r e g r o u n d

In order to demonstrate how recycled material 
can execute a circular lifecycle, failed prints from 
preliminary recycled ABS material testing as well 
as failed recycled filament and raft material was 

re-ground and re-processed through the system. 
The results achieved a quality equal to previous 
trials. 

Figure 41. Reground ABS

Figure 41a. Failed recycled materials and models Figure 41b. Reground ABS form

Figure 41c. Granulated material Figure 41d. Reground ABS form 
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Figure 42. Gradient filaments

Figure 42a. Gradient ABS and PLA Figure 42b. Gradient ABS

Figure 42c. Gradient ABS and PLA Figure 42d. Gradient PLA

A B S  +  P L A  c o l o u r  g r a d i e n t s

Different colour ranges were separated and during 
extrusion these were fused together to create 
a filament that transitions between numerous 
colours. The results were unpredictable as 
colour changes cannot be thoroughly controlled 
and therefore prints showed untimely colour 

transitions. In addition, composites showed 
translucent qualities that were exaggerated 
through the use of gradient tones (Fig 43). Darker 
colours are more opaque and lighter colours 
allow for light to transfer through the material. 
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Figure 43. Gradient forms

Figure 43a. ABS gradient form Figure 43b. Transparent ABS gradient form

Figure 43c. PLA gradient form Figure 43d. PLA gradient form

Further tests were executed in both geometric 
and organic shapes to determine what 3D forms 
best exaggerate the gradient colours and allow 
for light and colour to work together. It was found 

that organic, curved forms allow the colour to 
flow more effortlessly, while correspondingly, the 
colours emphasise the organic form (Fig 44).
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Figure 44. ABS and PLA gradient forms



76

A B S , P L A  &  C o f f e e  c u p s

Successful response to form, with no cracking. 
Obtains a slight resemblance of ceramic material. 
Two more trials were executed to test the material 
with thinner edges and different build angles 
and this resulted in thinner walls exaggerating 

the ceramic qualities. With a higher coffee cup 
percentage, materials function well, and show 
shiner qualities. Without the addition of ABS, 
ceramic textures are not apparent.

Figure 45. ABS, PLA and Coffee cups

Figure 45a. PLA and coffee cups Figure 45b. ABS, PLA and coffee cups

Figure 45c. Coffee cup forms Figure 45d. Coffee cup forms
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P L A  &  W o o d  w a s t e

10%, 15% and 20% of wood powder was added 
to PLA 3D printing during extrusion. 10% was the 
most successful, as increasing this percentage 
resulted in the filament being somewhat brittle 
and breaking while spooling. With a 0.8 mm 

nozzle, the wood-plastic composite works 
successfully through the 3D printer with no 
issues. Qualities are comparable to natural wood, 
resembling familiar textures and grains.

Figure 46. PLA and wood waste

Figure 46a. Wood filament Figure 46b. 10% (middle),15% (right) and 20% (left) 

Figure 46c. PLA and wood form Figure 46d. PLA and wood form
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V i c t o r i a  U n i v e r s i t y  u l t i m a t e  m a t e r i a l  s e t t i n g s 

 
Material 
trial 

Drying 
temperature 
(°C)/time in 
oven (hours) 

Extruder 
temperature 
(die, °C) 

Extruder 
speed 
(RPM) 

Ultimaker 
nozzle type 

Ultimaker bed 
temperature 
(°C) 

Ultimaker 
nozzle 
temperature 
(°C) 

3D printing 
flow rate 

3D printing 
speed 

Print 
quality 

ASB alone 85/4 215  60 AA 0.4 mm 80  240 100% 100% Good 
ABS 
reground  
x2 

85/4  215  60 AA 0.4 mm 80  240 100% 100% Good 

ABS + PLA 80/6  215 14 AA 0.4 mm 70 240 100% 100% Good 
ABS+PLA 
colour 
gradients  

80/6  215 14 AA 0.4 mm 70 240 100% 100% Good 

PLA alone 80/6  178  14 AA 0.4 mm 70 220 100% 100% Good 
ABS+PLA+ 
Coffee cup 
waste 

80/6  215 14 AA 0.4 mm 70 240 100% 100% Good 

PLA + 
Coffee cup 
waste 

80/6  178  14 AA 0.4 mm 70 220 100% 100% Good 

PLA+ wood 
waste 

80/6  
 

178  14 BB 0.8 mm 70 220 120% 100% Good 

 

 Figure 47. Victoria University ultimate settings
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Figure 48. Victoria University test forms
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Materials that reveal unique and distinctive 
aesthetic qualities have the potential 
to be used to produce artefacts for the 
school that can showcase the material and 
equipment aptitudes while empowering 
educational outputs. ABS and PLA multi-
coloured gradients produced a broad 
range of colours that were dependent on 
the student’s choice of 3D printing materials 
around the university and are defined 
indirectly by the students’ preference. The 
colours, as a result, cannot be replicated 
within succeeding trials and are unlike 
anything that is currently available for 
students to purchase at the resource centre. 
Additionally, translucent traits of the multi-
coloured materials set a precedent for 

lighting design prospects. PLA + waste 
wood and the PLA + coffee cup composites 
achieved high-quality results that utilise the 
greatest amount of waste streams within 
the university and open up new doors for 
the way the school approaches 3D printing 
and recycling. All materials performed with 
minimal faults and consistent 3D printing 
capabilities. This confirms the filaments 
would be suitable to sell within the school’s 
resource centre and offers the opportunity 
for closed-loop recycling that can occur 
entirely within the school’s walls. The ABS 
reground filament material verified this 
concept, and proved that at the materials 
third life, quality upholds a high standard.
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Figure 49. ABS Sports Centre brain web
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A S B  S p o r t s  C e n t r e

Milk bottles, coffee cups, sports equipment 
and PET drink bottles were collected from the 
café, the bins and the sports hire facilities. Prior 
to granulation, milk bottles and coffee cups 
were rinsed in a bucket and adhesive residue 

was removed from all plastics. Bottle tops were 
separated into colours to control colour blends. 
All other waste sources went directly into the 
granulator and through the up-cycling process 
and needed no pre-processing.

Figure 50. Material processing at the ABS Sports Centre

Figure 50a. Collected milk bottles Figure 50b. Sports equipment

Figure 50c. Granulated HDPE material Figure 50d. Granulated HDPE material
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H D P E  m i l k  b o t t l e s

Extrudes consistently, however, cracking and 
warping occurs upon cooling. The material is 
however flexible and acquires high strength and 
water resistance.  Colour separation resulted 
in light blue, dark blue and green colourations 
that can be controlled to flow to different tones. 
Several more tests were undertaken to further 

define these findings and achieve minimal 
cracking. It was found that thinner forms warp 
more extremely, while hotter temperatures result 
in less cracking. In addition, negative space 
resulted in fewer deformities and for higher 
flexibility.

Figure 51. HDPE gradient materials
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Figure 51.1. HDPE material tests 
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H D P E  &  P E T

Extrusion is more difficult with an HDPE and PET 
blend as melting points were dissimilar, however, 
with 20% PET, and 260oC die temperature, 
the material extrudes reliably and a consistent 
flow rate can be reached. 3D printing results 

in response to the developed form were very 
successful and no cracking occurred, unlike other 
HDPE tests. A frosty white colour forms upon 
cooling and the material takes on smooth, strong 
properties. 

Figure 52. HDPE and PET materials

Figure 52a. Ground PET drink bottles Figure 52b. HDPE and PET filament 

Figure 52c. HDPE and PET 3D print Figure 52d. HDPE and PET 3D print
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H D P E  &  C o f f e e  c u p s

Incorporating ground coffee cups from the 
centres café resulted in less flexible yet more 
durable results. The material responds more 
efficiently through the 3D printer than HDPE 

alone, however,  gains more texture and still 
minor cracking during printing which could be 
attributed to intrinsic incompatibility.

Figure 53. HDPE and coffee cups

Figure 53a. HDPE and Coffee cup 3D print Figure 53b. HDPE and Coffee cup 3D print

Figure 53c. HDPE and coffee cup gradient form Figure 53d. HDPE and coffee cup gradient form
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H D P E  &  S p o r t s  e q u i p m e n t

Material was trialled using approximately 10%, 
30% and 60% of the ground sports equipment. 
The results were that the higher percentages had 

better results through the 3D printer. All forms 
had cracking occur and unanticipated patterning 
due to the print path and flow of the material.

Figure 54. HDPE and sports equipment

Figure 54a. 60%, 30% and 10% composites (from left) Figure 54b. HDPE and sports equipment filament

Figure 54c. 30% HDPE and sports equipment Figure 54d. 10% HDPE and sports equipment
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A S B  S p o r t s  C e n t r e  u l t i m a t e  m a t e r i a l  s e t t i n g s

Material 
 
 
 

Drying 
temperature 
(°C)/time in 
oven (hours) 

Extruder 
temperature 

(die, °C) 

Extruder 
speed 
(RPM) 

  

Ultimaker 
nozzle 
type 

 

Ultimaker 
bed 

temperature 
(°C) 

 

Ultimaker 
nozzle 

temperature 
(°C) 

3D 
printing 

flow 
rate 

3D 
printing 
speed 

Print 
quality 

PET + 
HDPE 

80/12 260 30 AA 0.4 
mm 

70 260 140% 60% Good 

HDPE 
colour 
gradient 

70/6 165  40 
  

AA 0.4 
mm 

70 185  140% 60% Moderate 

HDPE + 
Sports 
equipm
ent 

70/6 185 20 AA 0.4 
mm 

70 200  120% 70% Poor 

HDPE + 
coffee 
cups 

70/6 175 30 AA 0.4 
mm 

70 190 120% 70% Moderate 

HDPE 
alone  

70/6 165 20 AA 0.4 
mm 

70 185 140% 60% Moderate 

 

 Figure 55. ABS Sports Centre ultimate settings
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Figure 56. ABS Sports Centre test forms
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HDPE milk bottles extrude through the twin screw 
extruder successfully in a very consistent, smooth 
diameter, however, has some difficulties 3D 
printing due to the expansion properties of HDPE 
upon melting point. The relatively high inertness 
of HDPE results in the material releasing from the 
build plate without the help of tape, and during 
the printing process, faces begin to warp into 
abstracted surfaces. Because of this distortion, 
cracking occurs while the build is in process. 
It does  however offer material strength and 
flexibility that has an undetermined superiority 

and cannot be controlled. Within the sports 
centre, this opens up prospects for a flexible, 
sturdy material that carries qualities comparable 
to sports equipment and sports guards. 
Additionally, there is the chance for community 
members to recycle sports equipment that is 
broken or no longer usable that they have once 
had attachments to, into a new product that they 
can cherish and use for longer. The HDPE material, 
even with some difficulties, offers opportunities 
for personalised colour printing that can benefit 
the centre and their community members. 
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Figure 57. Experimentation forms
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In response to the initial material criteria, the 
undertaken experiments indicate that within 
Wellington environments, schools and centres, 
the majority of leading waste plastic streams 
can effectively be repurposed using a 3D 
printed up-cycling system. Internal, localised 
recycling can become possible once these 
technologies are applied and more significantly, 
these material experiments show that they can 
be recycled circularly and have many lives. The 
materials that function the most efficiently have 
the most opportunity to develop a tangible 
design experience between the materials and 
the user. This can be achieved by celebrating 
unique material qualities in response to their 
environment. Each material individually responds 
to the 3D printed up-cycling process in a different 
and unique way and can be interacted with 
and personalised at every stage of the creation 
process. This allows for the materials to create 
patterns and features that are distinctive to each 
material and cannot be replicated a second time. 
In response to the relationship between settings 
and final forms, wall thickness and heat are major 

factors that influence overall print quality. It was 
discovered that no raft support was necessary 
for most trials and the Ultimaker tolerates the 
production of zero excess material waste.  

There are various restrictions to the materials as 
there are broad differentiations between each test 
and this is therefore unreliable. Settings needed 
to be adjusted accordingly throughout the 
process. Consequently, many failed prints were 
produced due to material inconsistency, which 
compromises the printing process. Diameters 
greater than 2.85mm resulted in filament getting 
stuck in the printer. The system is also limited in 
its time-consuming nature of the process to make 
new materials. Further design experiments will 
employ these findings and utilise the materials 
that functioned the most effectively. Based on 
this knowledge, within each scenario, several 
ideas branch out from the material explorations 
that respond to the materials and will be explored 
more in-depth within design experimentation.

R e f l e c t i o n
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DESIGN EXPERIMENTATION

05
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Following the material experimentation 
phase, the settings, properties and processing 
requirements for waste plastics were more 
meticulously understood. Within previous trials it 
was realised that most materials require a certain 
degree of build plate adherence; however, further 
design experiments will analyse how significant 
this need is and attempt to have minimal to 
no raft support to minimise waste and improve 
efficiency. To add to this gained knowledge, 
it is of importance to further understand how 
these materials can take tangible physical form 
to inform design contexts and explore the use 
of 3D printing for attaining product longevity, 
waste reduction and circular product life. The 
possibilities of design outputs are endless, 
however, within each case study, one primary 

scenario will be explored and demonstrated 
with a variety of design applications that sought 
to understand how design intervention can 
achieve the proposed research criteria.  This 
experimentation phase will continue to respond 
to design form and demonstrate the broad 
range of opportunities the 3D printed up-
cycling process delivers. This will ensure that 
materials are fit for their design purpose. Each 
scenario may be developed to different depths 
dependent on the amount of further knowledge 
required to situate the research. Sketching and 
3D modelling will be used to generate ideas 
and selected outputs will be physically tested 
in a series of small experiments. These artefacts 
will be individually analysed, to inform what 
following experiments are necessary. 

D E S I G N  E X P E R I M E N T A T I O N
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In response to the material findings, it 
was decided that design experiments and 
developments for Evans Bay should celebrate 
the bay’s environment to allow for the public 
community to appreciate the natural landscape 
and consider their environmental impact. In all 
design speculations, Sustainable Coastlines 
would host the 3D printing system to give back 
to the area and encourage engagement in the 
up-cycling process. These design applications 
explore the idea of creating prosperous, 
enduring connections between people, 3D 
printed artefacts, and the outdoors to slow 
consumption and reduce plastic pollution. By 

investigating and drafting a number of design 
possibilities, several different applications were 
devised that look into prospects for repaying 
volunteer groups, schools and the public space, 
where materials can be harvested to benefit 
both people and the beach space itself. Design 
prospects explore structures and equipment that 
protect the beach and its wildlife through the up-
cycling process, along with installations, benches 
and shelters that engage the public along the 
bank of the bay. The materials devised for these 
experiments are a combination of approximately 
20% nurdles and 80% large beach waste to 
achieve accurate print results.

E v a n s  B a y

Figure 58. Visualised Evans Bay scenario
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Figure 59. Evans Bay idea sketching
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Figure 60. Evans Bay digital sketching and modelling 

Contextual renders: Turtle nest protection and personal seating rewards

Studio renders: Pebble rewards, personal seating rewards and bracelet rewards

Studio renders: Nest protection, turtle prosthesis, public seating

Digital sketching: Turtle prosthesis, nest protection and bracelet rewards
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Figure 61. Evans Bay digital sketching and modelling of public benches

Studio renders

Studio renders

Studio renders

Digital sketching
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Public space explorations investigate potential 
applications at the beach in respect to its 
changing environment. Each tangible test focuses 
on building a narrative story that poetically takes 
harmful products from the environment and 
turns them into something beneficial. Public 
benches that lie along Evans Bay and celebrate 
its features allow for the wider community to 
more closely realise the issue at hand and stand 
as a statement for what is achievable with 3D 
printing technologies. 

This design idea was physically explored and 
iterated to observe the material’s response 
to relative form. To test how the materials 
performed, a variety of bench designs were 

produced based on natural forms and textures 
found within the Evans Bay environment. This 
included the rocky landscape of the bay and the 
abundance of driftwood and seaweed found on 
the beach. The testing process started with solid 
forms, which had smooth results, however, were 
challenging to 3D print and required additional 
support material. This stimulated the decision to 
make thinner, hollow forms, investigating the use 
of negative space to mimic textures within the 
space. Initially, the rocky forms were 3D printed 
without any supplement of surface detailing, and 
later additional digital patterns were added to 
exaggerate the organic qualities. All experiments 
obtained unique attributes, expressive of their 
intent and form. 

Figure 62. Evans Bay space

P u b l i c  s p a c e
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Figure 63. Evans Bay bench experiments
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Figure 64. Evans Bay bench experiments
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Figure 65. Evans Bay bench experiments
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Rewarding volunteers with objects that have 
a connection or reference to Evans Bay 
symbolically acknowledges their conservation 
work and allows or them to carry a personal 
co-creation that they can cherish. Objects were 
explored that could be used at, come from or 
take inspiration from the beach to draw a closer, 
symbolic connection between the volunteer 
groups and the environment. Several design 
notions were explored including jewellery, 
personal beach equipment and natural objects 
found on the beach. The natural matter has a 
close tie and connection to the beach as they 
are specific to this environment and reflective of 
where the volunteer has been.

Using an Eva 3D scanner (Artec, Luxembourg), 
a range of rocks and shell’s found during waste 
collection at the bay were digitally scanned, 
and 3D printed. Additionally, several models 

were sculpted on the computer to visualise 
self-reflective representations of the collection 
experience. Within the shell artefacts, it was 
found that thinner forms create exaggerated 
organic textures and negative space, following 
the curved ridges of the shells organic form. 
Within the thicker rock forms, smoother results 
can be achieved that closely resemble grainy 
pebbles. Within all forms, various imperfections 
show; however, these add to the overall natural 
eminence of the object and draw a closer 
tie between digital and natural formations. 
With only an observatory interaction with the 
technologies, they take their own course and 
create material assets that have poetic links to 
the environment they come from. The organic 
textures formed show nature’s influence in their 
creation and reference their degrading exposure 
to its elements. 

R e w a r d i n g  v o l u n t e e r s



106

Figure 66. 3D scanning beach objects
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Figure 67. Beach waste reward experiments
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The Evans Bay design experiments exposed that 
during the building process, textures appear on 
the models due to the crudeness of the material 
and the digital path. Therefore, every form takes 
on unique patterns and organic, stony arrays that 
cannot be controlled, yet rhythmically reflect the 
Evans Bay environment. Along with digitally 
crafted patterns, the material creates organic 
textures and designs in its own path during 
the printing process. The experiments not only 
reflect the natural beauty within the finite details 

of the Evans bay environment for the public 
and volunteers to value but also reflects the 
journey the material has travelled to reach its 
second life. The materials are however limited in 
their capacity to create consistent models, and 
artefact analysis is reliable on material stability. 
Complex forms may therefore be limited, and 
high-quality results are challenging to reach.
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V i c t o r i a  U n i v e r s i t y 

Due to the success of the materials at Victoria 
University, several scenarios were developed 
to explore the variety of unique material and 
design outputs that are available for the school. 
These ideas showcase the prospective use 
of the system to support student interaction 
and education. The most remarkable materials 
utilise the greatest waste streams and are unlike 
anything currently available at the school. This 
includes the ABS and PLA colour gradients, the 

PLA and wood waste, and the PLA and coffee 
cup waste material. Design explorations seek to 
demonstrate these materials to students to show 
up-cycled material possibilities and to encourage 
the school to initiate a circular recycling system. 
The experiments therefore investigate how the 
materials can build awareness of the waste issue 
faced at the school, set a precedent for future 
prospects, and be applied in relation to existing 
spaces. 

Figure 68. Visualised Victoria University scenario
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Figure 69. Victoria University idea sketching
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Figure 70. Victoria University studio renders of objects in relation to existing spaces
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Studio renders

Studio renders

Digital sketching

Figure 71. Victoria University digital modelling 
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A B S  &  P L A  g r a d i e n t s

Material studies established that organic 
forms enhanced colour flow and exaggerated 
transparency. This advance was applied to 
following design experiments. A range of organic 
bench and lighting experiments were carried 
out, as these are featured items already used 
by the school. Each experiment was individually 
analysed to inform what subsequent design  
developments were required and to push the 
materials to their best capabilities.  Organic 
benches for the school’s atrium explored the 
course of colour, size, negative space and 
structure to identify which form most definitively 
illustrated the flow of colours and unique

material attributes. The benches had little 
cracking, and all models appear successful, 
making it difficult to eliminate variables. 
However, forms that could print on one flat 
edge or face achieved minimal faults and 
were developed to determine how they would 
print in several organic forms, the direction of 
colour and the way they sat on their legs. This 
started with a flowing seating design that had 
defined legs and two backrests. Because of its 
success, further trials explored a similar design 
and printing process, all of which were highly 
successful. Elongated forms showed the most 
colour change and exaggerated the gradients.

B e n c h e s

Figure 72. Victoria University education spaces
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Figure 73. Victoria University bench experiments
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Figure 74. Victoria University bench experiments
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Figure 75. Victoria University bench experiments
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In a similar process, organic lighting experiments 
started with an open base design. Due to the 
lack of light shining through the material and 
enhancing its colour, this informed the decision 
to trial folded lighting where light could be 
enclosed within the form. This worked effectively, 
however, still did not have ultimate desired 
outcomes, and therefore closed base lights 
were drafted. This was successful, and therefore 
several more closed lights were developed with 
diverse organic forms and additionally with 
varying internal patterns to control how light 
performance influenced brightness and colour. 

The closed bottom forms with internal patterns 
allowed light to pass through in support of the 
colour gradients more effortlessly as it bounced 
off the inner walls and released a premeditated 
radiance. Inversely, cracking occurred more 
easily with thinner walls allowing for brighter 
light, however, within some models, this 
endorsed light to travel through the cracks as a 
feature within the form. In materials comprising 
of higher amounts of ABS material, cracking 
occurs more frequently; however, ABS provides 
for augmented light transmission.

L i g h t i n g
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Figure 76. Light experiments
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Figure 77. Light experiments
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Figure 78. Light experiments
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P L A  &  w o o d  w a s t e

Appropriate for the school library, which contains 
numerous stools; a series of up-cycled wooden 
stools were drafted beginning with a geometric 
form. Due to the flat edges, the material filled 
in the sides with a fine resolution and printed 
exceptionally; however, this concealed the 
natural wooden qualities and overstated the 
glossy plastic. It was therefore decided that 
a curvilinear form be drafted with thin walls. 
The wood composite responded well to the 
organic shape, and the thin walls allowed for the 

material to leave a granular texture and breaks 
in the material that closely resembled a natural 
wood material. To explore these successes even 
further, several new rounded forms were trailed, 
along with the addition of negative space to 
determine how this impacted the tactility and 
strength of the wooden material. The forms that 
performed the greatest had thinner walls and 
rounded edges, while disproportionate negative 
space resulted in an unnatural finish and less 
accuracy.

S t o o l s
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Figure 79. Stool experiments
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Figure 80. Stool experiments
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P L A  &  C o f f e e  c u p s

Due to the ceramic, terracotta qualities of the 
coffee cup composite, several pot plant designs 
were 3D printed for the School’s library and 
atrium. The first using a geometric pot shape, 
taking inspiration from tangible pottery craft, the 
second an organic pot form and lastly a digitally 

handcrafted form using Meshmixer software 
(Autodesk, USA) to sculpt shapes, patterns and 
ridges. The materials responded to all design 
forms accurately, however, with a higher coffee 
cup percentage, the materials acquired shinier 
results, dissimilar to ceramic materials.

Figure 81. Coffee cup experiments
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A B S  +  P L A  r e g r o u n d

To add to the knowledge of circular materials, 
failed ABS and PLA prints and filament were 
reground and reprocessed a third time into new 
filament at a diameter of 1.75 mm. Materials 
were then given to a design student to 3D 
print generic student models on the Upbox 3D 
printers; the most common 3D printers used 
within the School by design and architecture 
students. The quality from these prints was vividly 

different from those printed in the Ultimaker, still 
achieving dimension accuracy, however, with a 
higher level of cracking and inconsistency. This 
issue is likely due to the Upbox’s inability to 
adjust temperature settings to specifically meet 
the composites requirements. The Ultimaker 
3D printer is therefore the most appropriate for 
printing with recycled materials. 

Figure 82. Reground student models

S t u d e n t  m o d e l s



126

The design experiments validate that the 
University’s 3D printed waste materials can be 
reground several times in a circular cycle for and 
by students using equipment currently available. 
Materials can be continuously recycled, and 
students can start to have a closer relationship 
and involvement with the entire creation process 
and lifecycle of the product from cradle-to-
cradle. From these experiments, it became 
apparent that designs with the potential to 
facilitate higher levels of student interaction with 
the artefacts or system would more likely achieve 

product longevity and educational responses. 
Lighting and pots, although the materials are fit 
for purpose and its potential is expanded, have 
limited public interaction and hence impact. It 
leaves less room for educational understanding 
and material appreciation. Within the seating 
applications, there is further development 
needed with larger scale tests to determine how 
the materials, colours and qualities perform, 
however, there is more potential for interactive 
engagements.
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A S B  S p o r t s  C e n t r e

Figure 83. Visualised ABS Sports Centre  scenario

Materials that will be further tested are 
HDPE+PET, and HDPE+coffee cup gradients 
due to their operational capabilities and rare 
colourations. At the ASB Sports Centre, there is 
considerable potential for community members 
to use 3D printed up-cycling to engage in sports 
and the up-cycling process. Several objects were 

digitally explored that could be used within 
and take inspiration from the centres distinctive 
design, including sports equipment, guards and 
trophies within the centre, as well as coffee cups, 
drink bottles and additional products within the 
café. 
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Figure 84. ABS Sports Centre idea sketching
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Figure 85. Digital sketching and modelling

Studio renders: Sports trophies, keep cups

Studio renders: Sports guards, sports trophies

Digital sketching: Sports trophies, keep cups

Studio renders: Trophies, sports guards
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Figure 86. Digital sketching and modelling

Digital sketching: Trophy forms in response to architechure

Studio renders: Trophies, sports guards

Studio renders: Trophy, keep cup, hand guard

Studio renders: Trophies
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Figure 87. ASB Sports Centre space

T r o p h i e s

A series of trophies were drafted to demonstrate 
that take inspiration from the sports centre’s 
architectural surroundings. The designs visualise 
the shape and internal structure of the building 
and were built using negative space assemblies, 
resulting in precise models without the need 
of support material. The forms with the most 
negative space 3D printed with the most 
accuracy, the least amount of warping and no 
cracking. The HDPE and PET blend exposed a 
higher resolution, strength and build accuracy, 
however, the HDPE and coffee cup blends were 
flexible and resilient. They would therefore be 
appropriate for different applications within 
the centre. The HDPE has much potential for 
adaptable sports equipment, guards, and 
reusable coffee cups, while with the addition of 
the PET, this could be better applied to trophies 

and drink bottles for durability.  

The results of the sports centre experiments 
showed that with combinations of materials, 
qualities can be achieved that suit different 
design outputs. Within the centre’s facilities, there 
is a prospect to engage community members in 
sports using 3D printed up-cycling. Interactive 
systems or services can create product outputs 
that utilise free waste material and allow for the 
public to have a closer relationship with their 
products, and the centre itself. The HDPE and 
PET composite has the most potential due to 
its 3D printability and obtains the least number 
of faults. Forms that took inspiration from the 
centres structural beams had the most accurate 
output. 
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Figure 88. Trophy experiments
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Figure 89. Lighting experiments
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R e f l e c t i o n

The design experimentation phase has 
provided further insight into design narratives 
and contextual applications within each case 
study scenario. It was established that there are 
opportunities to create a wide range of material 
qualities and contextual possibilities, each with 
unique attributes and individuality. By employing 
the Ultimaker 3D printer, there are vast ranges of 
material and waste reduction opportunities that 
are not possible with the Upbox 3D printer. It was 
discovered that with hotter bed temperatures, 
less build plate support is required, and flat 
base structures lessened this need even further 

while improving material quality. When making 
materials and applying them to design contexts, 
there is capacious freedom to explore how 
colours and textures can be created. Every 
element of the making process can be tailored 
and adapted to preferences or relative design 
demands. This, therefore, provides a unique 
opportunity to achieve stronger product-
person relationships through high levels of 
object interaction and material appreciation. 
Each experiment approaches celebrating the 
environment differently and incorporates its 
unique beauty into design form.
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Figure 90. Resolved research criteria

 
Research output Research criteria 

 

Materials 

 

o Materials should be selected and collected from the Wellington region 

through comparative assessment of contextual, communal and 

environmental significance 

o Materials should have the ability be recycled cradle-to-cradle 

o Materials should guide form and design decisions and be fit for its design 

purpose 

o Materials should develop a tangible and/or emotive connection with the 

user.  

o Materials should be able to 3D print efficiently 

o Materials should maximise the amount of waste utilised  

 

 

Designs  

 

o Designs should address conceptual framework by creating product 

longevity, circular product life or plastic waste reduction and prevention. 

More specifically this should create emotional durability, cradle-to-cradle up-

cycling and/or educational responses.  

o Product longevity should be achieved by employing the three dominant 

concepts of emotional durability; Narratives, attachment and surface.  

o Designs should be applied to the context of the environment, space or 

community that material is taken from to create a stronger narrative 

experience.   

o Designs should engage interaction with the objects and celebrate material 

qualities 
o Designs should reflect on or give back to the natural or built environment 

to symbolise and/or benefit the space. 
o Final design outputs should have the ability to 3D print full scale and have a 

wide audience/user reach 

 

System proposal  

 

o Entire system should be localised, educational and convenient for users 

o System should directly target waste problems in Wellington 

o System should demonstrate how additive manufacturing can be used 

sustainably and achieve longevity throughout its process. 

o System should allow for interaction and community engagement at every 

stage of the creation process.  
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Based on the material and design experiment 
phases, several elements were discovered 
through the research findings that are necessary 
to add to the research criteria. This will then be 
applied to impending design applications to 
ensure research aims are met. From material 
experiments, it was shown it is crucial for the 
materials to be able to 3D print efficiently, while 
also maximising the amount of waste and the 
number of waste streams used. This ensures that 
waste is reduced in significant amounts, and the 

3D printed up-cycling process has a noticeable 
positive impact. For the design outputs, it is 
important for community members, students 
and the wider public to have interaction with the 
designs. This is crucial to allow for the materials, 
and the entire process to be celebrated, 
while additionally ensuring that the object is 
understood for its sustainable value. This will 
in return assist in the criteria to have a wide 
audience reach and impact (Fig 90).

R e s o l v e d  c r i t e r i a
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DESIGN PROPOSAL

06
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Figure 91. Ultimaker 3D printing
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C O N T E X T U A L  D E S I G N  A P P L I C A T I O N S

Contextual applications apply the research 
findings to larger scale designs at the maximum 
capacity of the Ultimaker 3D printer to consider 
how the materials react over an extended period 
and in response to specific design requirements. 
Outputs pursue notions towards resolved 
product design and endorse how 3D printed up-
cycling can be used through an industrial design 
perspective. One final scenario development for 

each case study will be produced that applies 
the material and form findings to a resolved 
context, which most closely meets the resolved 
research criteria. Each design output will address 
the research question and the materials from a 
different angle, resulting in an assortment of 
larger scale educational statements, personal 
items and interactive narratives.
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E v a n s  B a y :  N a r r a t i n g  r e w a r d s

The final design output for the Evans bay 
scenario emphasises the idea of stimulating 
object attachment and educational engagement 
through narrative experiences. In this case by 
rewarding volunteers for their work with the 
waste they collect. It introduces the prospect 
that community members can share a unique 
personal history with objects that come from 
Evans bay and can become co-producers of their 
narrative, enabling user interaction to create a 
unique experience.  Following results from the 
design experimentation phase, this scenario 
explores using 3D scanning technologies to 
create 3D printed models of objects that come 
from the beach to draw a closer connection and 
sense of importance between volunteers and 
the bay’s environment. Natural formations can 
be taken home, collected and cherished as one 
would with real rocks, shells or organic matter. 

Over time this collection can grow and become 
of more value and importance the more beach 
clean-ups are executed. It encourages future 
engagements with environments not only in 
Evans bay but also in broader contexts. Nearby 
schools are a more specific group of volunteers 
who help sustainable coastlines clean up Evans 
Bay. There is an opportunity for them to have 
a more frequent program run by Sustainable 
Coastlines’ that involves the system being used 
for educational purposes within their schools. 
This could also act as a rewards system, which 
gives back to the school’s resources for projects 
and helps to fund and engage students with their 
environmental understanding. Students can not 
only learn more in-depth about nature’s creations 
but also discover the full range of opportunities 
3D printed up-cycling offers. 

S c e n a r i o

D e s i g n

Using the same compelling material in design 
experiments, a collection was grown into larger 
scale items from the beach. This included a bird 
skull, linking back to initial field research where 
it was found that birds have been washing up 
with plastics in their stomachs along the bay. 
This expands the possibilities for 3D scanning 
technologies and collected artefacts and 
resolves the notion that this material can work 
in many of forms and sizes. Within each artefact, 
new details become apparent, and each object 
obtains unique qualities and build patterns. It 
introduces the prospect that at every beach 

volunteer’s work at, materials will be different, 
and therefore organic attributes will offer new 
assets to the collection every instance. Objects 
can start to embellish their surroundings and 
showcase the environment they come from. The 
bird skull acts as a critical reminder not only of 
the amount of waste in our citie’s environments 
but also of the critical effects it is having on our 
wildlife. The digital technologies assist in this 
powerful visualisation and allow for the materials 
to display a unique message. It is educational of 
the tragic truth behind the materials, however, 
finds beauty in its potential.
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Figure 92. Evans Bay natural collection
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Figure 93. Evans Bay natural collection
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Figure 94. Evans Bay natural collection
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Figure 95. Evans Bay bird skull
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Figure 96. Evans Bay bird skull
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V i c t o r i a  U n i v e r s i t y :  E d u c a t i o n a l  s p a c e s

To establish the possibility of educational 3D 
printed up-cycling at Victoria’s design school, 
a series of larger scale furniture pieces were 
designed to be displayed within the school’s 
atrium and library. For the organic, colourful 
benches, up-cycled, educational spaces can 
illustrate the application of the material and 
entice staff and students to interact with and 
discover the materials unique attributes. The 
furniture designs can give back to the space 
the material is collected from and effectively 
repurposes the waste into products that have 
a longer life than their previous. Within the 
design school, there is a substantial possibility 
for in-house recycling and up-cycling to occur 

using these technologies, however introducing 
a space that can show the materials capabilities, 
and design opportunities could kick start this 
process. Additionally, it is imperative to allow 
students to interact with the system and learn 
how to use the equipment. A yearly competition 
or course could be held for students to design 
up-cycled wooden stools for the library. The 
winner or selected models would be 3D printed 
full scale as a growing collection for students 
to use and value. This scenario would not only 
increase awareness and treat students as co-
creators but would also encourage further 
development of sustainable initiatives within the 
University.

Due to the success of previous material and 
design experiments, these contextual design 
outputs incorporate the four primary waste 
streams at the University and continue to develop 
organic form. For the educational space, colour 
gradients were produced incorporating ABS, 
PLA and coffee cup waste to maximise the 
amount of material incorporated. These designs 
refine two build directions and exaggerate the 
use of colour to present to students and the 
wider community the vast material opportunities 
3D printed up-cycling offers. Presenting these 
as functional statement objects within the 
atrium level of the school would attract the 
most users and interactive interests and be of 
enlightening value. To complete this speculative 
space, lighting design was added to show the 

material’s technological opportunities. These 
lights were designed to be at ground level and 
centred within the space to stimulate a higher 
level of interaction and thought among users. 
The colourful outputs display the variety of 
possible colourations, reflecting the amount of 
different student models within its formation. 
To reinforce the proposal for the student-made 
wooden stools, a new wooden waste material 
was produced, using recycled workshop wood 
waste, PLA 3D printing waste and the addition 
of coffee cup waste material. One of the most 
successful experiment designs was printed at a 
larger scale, and the results showed that colour 
transitions at a faster pace within larger prints, 
and this added a comparable wooden grain to 
the artefact.

S c e n a r i o

D e s i g n
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Figure 97. Educational spaces
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Figure 98. Educational spaces using recycled gradient filament
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Figure 99. Educational spaces using recycled gradient filament
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Figure 100. Educational spaces using recycled gradient filament
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Figure 101. Educational lighting within recycled spaces
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Figure 102. Educational benches using recycled gradient filament
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Figure 103. Educational benches within recycled spaces



155

Figure 104. Recycled wooden stools applied to Victoria spaces
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Figure 105. Recycled wooden stools
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Figure 106. Recycled wooden stools
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Figure 107. Recycled wooden stools
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A S B  S p o r t s  C e n t r e :  F a c i l i t a t i n g  a t t a c h m e n t

Sports trophies allow for players to take home 
with them something that is reflective of the 
centre and their time there and can be kept 
as a reminder of their achievements for a 
lifetime. Being able to interact with the process 
enhances typical connections that are formed 
with trophies and players can become designers 
of their own prizes. With parametric software 
such as Grasshopper (Grasshopper 3D, US) 
and customisation platforms, it is possible for 
community members to help in the collection and 
up-cycling process as well as engaging in sports 
activities and as a result have the opportunity 

to customise and personalise awards, sports 
guards and sports equipment. This software 
allows for form, patterns, size, and build path 
to be adjusted, while materials and colours can 
be made and changed based on individual user 
preference. Allowing for them to have more 
control and design intervention in the process 
would result in a heightened level of product 
attachment. With the prospering education 
centre and current sports hire facility, there is a 
prospect for members at the centre, especially 
students to use maker-spaces for educational 
needs after sports activities.

S c e n a r i o

D e s i g n

Full-scale models of a series of customisable 
sports trophies were 3D printed using the most 
efficient material fit for this purpose, HDPE and 
PET. Customisable designs can transition in 
colour and size according to first, second and 
third place and are just one example of how 
these materials can be applied within the centre. 
The trophy system could be set up as a service 

within the sports hire facility and be rewarded to 
members for their sports efforts and wins during 
games. The 3D printed designs at full scale had 
a lower resolution to the smaller prints, however, 
still achieved durable qualities and unique colour 
gradations from the milk bottles. The designs 
continue to reflect the centres architectural 
beams to directly link them to the space. 
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Figure 108. First, second and third place recycled trophies
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Figure 109. Potential interactive digital interface
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Figure 110. Recycled trophy models
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Figure 111. Recycled trophy models
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The design proposals demonstrate how post 
user plastics work within larger-scale forms. 
Resolved materials concluded that it is possible 
to incorporate all primary waste streams into one 
material if processed at the optiumum melting 
temperature. It offers the opportunity to apply 
recycled materials to a diversity of up-cycled 
applications and the capability of achieving 
internal, localised recycling. The contextual 
applications meet the research criteria in every 
respect, exploring the conceptual framework 
to different levels within each case study 

scenario and attain an assortment of sustainable 
outcomes. Students, volunteers and community 
members can become a part of the making 
process at every stage of the product’s lifecycle 
and can continue to cherish and respect objects 
from cradle-to-cradle. This highly interactive 
process, therefore, allows users to design their 
own narrative experience and develop tangible 
and emotive connections to their objects. 
The materials allow for this connection to be 
amplified, and their old products’ to have a 
continuous life. 
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As the material and design experiments were 
tailored for the Ultimaker 3D printer, the next 
challenge for 3D printed up-cycling is scaling 
up to validate that full-size industrial design 
applications can be possible with the investigated 
materials. Using Victoria University’s cubic meter 
BigRep, a segment of an organic bench was 3D 
printed with recycled PLA and coffee cup filament 
from around the university. For a more gradual 
colour flow and higher diameter uniformity, 
colour sequence and processing temperatures 
were precisely controlled.  Through three trials 
it was discovered that the model worked most 
successfully at a temperature of 220oC with 
a 60oC build plate and an increased flow rate. 

The resolution of the model was lower with than 
that of the Ultimaker 3D prints due to the larger 
nozzle size and lower adaptability to filament 
diameter. This, therefore, resulted in irregularity 
between layers throughout the print, showing 
that material consistency is vital for the BigRep 
printer. The large-scale models do however 
reveal unique attributes, with reoccurring colour 
transitions and textures that were not apparent 
in previous forms. The trials validate that large-
scale 3D printing with waste materials from 
Victoria University is highly possible and the 
proposed full-size applications are therefore 
viable for implementation. 

S C A L I N G  U P
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Figure 112. BigRep 3D printer
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Figure 113. Large scale recycled print trials
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Figure 114. Large scale recycled 3D model
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Figure 115. Large scale recycled 3D model
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Figure 116. Large scale recycled 3D model
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DISCUSSION AND CONCLUSION

07
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The entirety of this research has offered a depth 
of understanding of new technologies and 
processes that can assist with locally reducing 
waste and enable new approaches to using 3D 
printing sustainably. To fully transition to a circular 
economy, biodegradable design, recycling and 
up-cycling initiatives are all necessary, however, 
up-cycling is an area that currently needs the 
most attention. Three case studies presented 
speculative yet practical scenarios of an applied 
3D printed up-cycling system and exposed the 
abundant variety available in the Wellington 
region. With these conceptual ideas, materials 
and technological developments reaching a 
greater audience, the prospects could become 
endless.

Through these object pursuits, a comprehensive 
assortment of material and design opportunities 
were  identified, using  a  handful  of  manufacturing 
and design techniques. Observation and

reflection were a heavily used method that 
offered a close association with the system and 
allowed for the materials individual strengths to 
be independently valued. The 3D printed up-
cycling system proposed, developed and trialled 
in this research is a highly interactive process. It 
creates a very close product-person relationship 
that becomes very intimate with the materials 
and 3D printing technologies. The process is 
therefore educational and rewarding, creating 
unique connections between the user and the 
broader community. Users can gain more control 
over the quality and outcomes of the materials 
and design. The proposed design applications 
jointly achieve the aims and objectives set out 
in the research criteria by building on narratives, 
product attachment and tangible connections, 
that theoretically will lead to longer product 
lifecycles. All scenarios enable waste reduction, 
education and efficient waste handling. 

D I S C U S S I O N



174

Implications extend further than this research by 
having the power to impact communities and 
allowing for current waste management systems 
to entirely transform. The disclosed models 
exemplify that this system can create localised 
and internal manufacturing possibilities, 
permitting users to become co-creators and 
circular product life to occur within one making  
space.  It  allows  for entire communities to  become 
involved in sustainable waste management, 
resulting in narrative experiences and education 
responses. As this research demonstrates, it can 
be applied to a diverse scope of environments, 
cities and industries. It  has the potential to change 
how we go about perceiving and using waste 
materials. Recycled material can have added 
significance and be perceived as a valuable, 
interactive resource. The 3D printed up-cycling 
system can create specific qualities that better 
suit personal modelling needs and would not 
be possible with mass-produced, off-the-shelf 
materials. It opens new doors for personalised 

multi-material printing where one material can 
flow to another to suit many manufacturing 
requirements. 3D printed up-cycling can have 
extensive environmental, economic and social 
implications, to help to reduce waste that’s in the 
environment and prevent waste from entering 
it. The system can provide the chance for free 
material and a significant reduction in material 
consumption, reliance on distribution channels 
and generation of manufacturing waste. It 
reduces costs of production and can help to 
fund local, small economies. The process allows 
for community members and the wider public to 
have a closer engagement with the environment 
while building an elevated awareness of their 
plastic consumption. 3D printing presents a 
powerful tool for making statements and solving 
a range of chronic  industrial issues we face as a 
society. It provides the opportunity to connect 
with the public and provokes an additional level 
of interaction in the built environment.

I m p a c t
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This research was primarily limited by the 
equipment and implications of technological 
processing. Because the equipment was used 
at Victoria University and not on site at all 
case studies, this research has an intrinsically 
speculative aspect and relied heavily on 
theoretical input. Additional steps may therefore 
be needed for real-life implementation of the 
scenarios. The equipment used was for scientific 
research, and not all establishments could 
invest in the same or similar facilities. While 
affordable all-in-one technologies are available 
and confirm these scenarios are highly possible, 
results on those machines may be different. 
Along with initial economic constraints, comes 
the challenging time it takes to invest in the 3D 
printed up-cycling process. Because the system 
incorporates all stages of the product lifecycle 
into one site, it seemingly takes more effort and 

time to arrive at a final material or product. 
Aforementioned is especially apparent for 
establishing specific material settings, and these 
trials are intermittently erratic and unreliable. 
The primary cause of this is material consistently, 
which is restricted during the extrusion and 
spooling process. These settings need to be 
highly accurate to allow for mass material 
production and fewer malfunctions. Irrespective, 
the Ultimaker printer still allows for a wide range 
of diameter intake, approximately between 
1.70 to 2.85 mm, and inconsistency is therefore 
partially tolerated. More knowledge is therefore 
needed within this area to expand material 
possibilities. Because this research is distinctly 
qualitative and the testing process was based 
mainly on self-reflection, outcomes were limited 
to subjective responses and design sensibilities.

L i m i t a t i o n s
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F u t u r e  r e s e a r c h 

Locally and globally, this system can be 
applied to many environments, businesses or 
community establishments to reduce plastic 
waste and improve consumption habits. Further 
applications and initiatives are required to situate 
the system and action these endless sustainable 
design possibilities. More research is therefore 
essential into longer-term studies of the impact 
the 3D printed up-cycling system has on the 
Wellington region and the full implementation 
of the system. This is imperative to discover 
how the extended community co-operates the 
system and how product lifecycles are carried 
out. User testing and real engagements would 
further establish this territories feasibility, and 
it is certainly worthy of future attention. This 
research explored my personal experience and 
relationship with the equipment and materials, 
and therefore every interaction will be different 
and unique, however this proof of concept plants 
a tangible seed for future research.

Further research is required with large-scale 3D 
printed up-cycling and ‘all-in-one’ processing 
technologies, which was outside the capacity of 
this study. Scaling up is necessary in every respect 
for 3D printed up-cycling; firstly, with available 
equipment that has the open source capacity 
to use recycled materials, and secondly on an 
infrastructural level. Large-scale 3D printing, and 
ever more so large-scale 3D printing of up-cycled 
material is still in its early development stages 
and requires further expansion, application, 
experimentation and material refinement. There 
is a need for further improvement of recycled 
material consistency and multi-material 3D 
printing to expand industrial design possibilities 
and elaborate on the variety of post user plastic 
filaments. This may require the progression of 
equipment with faster handling speeds, accuracy 
and accessibility. We can reasonably expect 
up-coming and ever-evolving technologies to 
deliver on all of these needs.
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Figure 117. Iterative experiments
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Creating sustainability initiatives are beneficial 
when they start with an understanding of 
the materials and the technologies through 
empirical experimentation. The process has 
revealed new material and design opportunities 
that 3D printed up-cycling offers in Wellington 
and provides evidence towards a novel, 
sustainable course for its applications. For these 
Wellington areas, plastic waste is currently 
unavoidable, and even though plastic needs 
to be removed entirely, for now, it is critical to 
intercept with current waste management. This 
research introduces a system that empowers 
the act of up-cycling and helps to accelerate a 
shift towards product longevity, circular product 
life and an environmentally conscious society. 

Through the use of the system, quality and value 
is gained through interaction and intimacy with 
the materials, the process and the final design 
outcomes. The results from this research have 
demonstrated how 3D printing technologies 
can facilitate sustainable plastic consumption, 
engage communities in the up-cycling process 
and address a throwaway society. It provides 
the opportunity address waste management in 
Wellington and allow for the diminution of single 
use plastic waste in the city and more importantly, 
the environment. The variety of scenarios and 
diversity of design outputs are presented here 
as a provocative concept for the uptake of 3D 
printing in a circular city.

C O N C L U S I O N
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