The next step in material technology.
The CSIRO has made major advancements
in biopolymer composite technology,
specifically in achieving greater adhesion
strength between the biopolymer and the
composite fiber. Essentially this means that it
is possible to manufacture sustainable plastic
timber of a much greater strength than ever
seen before.

Introduction

This development exponentially increases
the range of possible applications as not
only is it possible to embed greater strength
into the material, the mechanical properties
can also be tailored to specifically to suit
the application.
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What is a biopolymer?
A polymer, commonly referred to as a plastic, is a group of
chains of organic elements. A biopolymer is a group of chains
made from organic sources, such as sugarcane of maze. In
this case, the CSIRO has been focusing on development of
Poly-Lactic Acid (PLA) which can be derived from a number of
natural sources. These polymers are often biodegradable, some
can even dissolve in water.

Fibre reinforcement
Polymers can be reinforced by mixing them with a solid fibre
for higher mechanical properties. A naturally reinforced
biopolymer includes fibres from natural sources that will
biodegrade with the plastic. These commonly have poor
mechanical performance.

Introduction

CSIRO have developed a way to enhance the way the polymer
adheres to the fibre, creating very strong compounds.
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The team
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Tim O’Hanlon

John Eggleston

Luke Fazio

Creative Director
Project Manager

Assistant Project Manager

Research Management
Project Tracking/Coordination

Tim is currently completing his
Honours in Communication
Design. Prior to these studies
Tim completed a Diploma of
Photography and worked for
two years as a Photographer.
In 2010 he returned to university
to study Communication
Design. In 2012 Tim worked at
Lonely Planet Publications as
part of the Swinburne University
Industry Placement Program.
There he gained extensive
experience in publication and
advertising design. As well
as experience in working in
multidisciplinary teams and
conducting primary research.
After these experiences the
Swinburne Design Factory was
a natural next step in further
developing these skills.
Tim also has a passion for
design strategy and thinking.
He believes that all designs
should have a solid grounding
in research in order to address
the clients true needs.

John is currently doing his
honours in Industrial Design.
During the first semester he was
the Project Leader, however
after receiving an offer to
join the ME310 program with
Stanford University he moved
into a supportive role within the
team. His major contributions
included liaising with the
CSIRO, leading the research
phase, coordinating the
team, concept generation,
initial CAD prototyping, social
media, and budget tracking.
To date, John’s designs have
explored a broad spectrum of
forms, functions and mediums,
he is a sensitive, resourceful
and adaptable human,
with a passion for creating
memorable objects and
experiences.
After becoming involved
with multi-disciplinary group
projects John has a new found
passion and respect for the
design process for innovation.
His goal is to provide elegant
and responsible design
solutions based on intensive
research and extensive
development.

Luke is a third year
undergraduate student
who is studying Product
Design Engineering. His main
competencies are ideation/
sketching, CAD modelling
and material science.
Throughout this project his main
responsibilities have included;
Research management, project
tracking and coordination.
Luke has an avid passion for the
Themed Entertainment Industry,
and dreams of becoming a
Disney Imagineer.
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Next is a multidisciplinary design team consisting of six
Swinburne University students. Each member possesses a
unique and adaptable skill set that suits the objectives of the
project. Furthermore, Team Next are working in partnership
with the CSIRO’s Future Manufacturing Flagship headed by
Steven Petinakis and are under the research guidance of
Dr Christine Thong. Since semester one there have been
team member changes. The full team for semester two is
profiled below.

Next

Next

Kevin Shen

Rob Thomas

Steve Petinakis

Januar Gotama

Christine Thong

Prototyping Manager
Workshop Liaison
Social Activity Coordinator

Communication Manager
Documentation Coordinator

Presentation lead
3D Modelling

CSIRO

CSIRO

Research Leader

Kevin Shen has previously
completed his bachelor
degree in Architecture and is
currently studying his masters
in Interior Design. For the
Swinburne Design Factory
project, Kevin has displayed
his strong communication skills
by providing weekly minutes
as well as coordinate team
interaction as the Vice Team
Manager.

Rob Thomas is a third year
undergraduate student
studying Product Design
Engineering.

Steve Petinakis is an
Experimental Scientist for the
CSIRO and part of Steves work
focuses on materials for a
sustainable Australia including
the the development of
biopolymer composites from
natural resources materials.
Steve is a member of the
Society of Plastics Engineers
and the Australian Microscopy
and Microanalysis Society.
He has been the major
representative of the CSIRO,
that has communicated and
informed members of team
Next, about the material with
scientific detail to push the
design team towards feasible
directions (Mr. Eutathios
(Steven) Petinakis 2013).

Januar Gotama is a research
engineer who is currently a
production manager in the
CSIRO’s Material and Science
Engineering Department.

Christine Thong is a lecturer
for Product Design Engineering
and Industrial Design. Christine
completed a Bachelor of
Design (Industrial Design)
Honours at Swinburne University
before undertaking her PhD
(in Design), as part of the
Cooperative Research Centre
for Wood Innovation.

Dan Cabral is a third year
undergraduate Product Design
Engineering student.
The major proficiencies that he
has displayed and contributed
to this project have been in
the areas of design generation
and refinement, modelling
and prototyping, as well as
making decisions based on
engineering and industrial
science.
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For the duration of the project
Dan has been the fun and
social activities manager,
while adopting the
responsibilities entailed
as being the Prototyping
manager/director and
liaising with the workshop
technicians. Dan believes that
the Swinburne Design Factory
provides great opportunities
and beneficial experiences by
working on an interdisciplinary
team in collaboration with a
real life industry sponsor.

He has contributed to the
CSIRO project with the
exploration of various concept
proposals, computer model
generation, and prototyping.
His Interior Design background
has also provided rational
design solution for the final
exhibition layout.
The interdisciplinary
collaboration has offered
him an exciting opportunity
and experience to discover
an innovative form of design
process. Kevin believes that a
good marketing strategy has
a strong impact in shaping the
design outcome.

He is the secondary CSIRO
contact for Next (Januar
Gotama - Australia | LinkedIn
2013).

Christine has provided
assistance and guidance
to ensure that the team
progresses and works efficiently
throughout the duration of
this project (Faculty of Design
Academic Staff - Christine
Thong 2011).
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Dan Cabral

Next

External experts

Design Factory
Swinburne Design Factory (SDF) is part of the Global Design
Factory Network; a global network of universities offering
innovative education, research and partnerships.
The SDF aims to differentiate itself from studio-based design
programs by focusing on hands-on, real world design problems
within an interdisciplinary environment.

16

Design Factory

Students from various educational backgrounds are brought
together to collaborate and share their expertise and
knowledge with one another, to strive together as a team
to solve real world problems with real life industry sponsors.
Students are encouraged to “ fail fast to succeed sooner,”
which allows them to get out of their comfort zone and
bounce ideas of one another. The collaborative work of
multidisciplinary teams gives students an insight towards other
disciplines and skillsets, whilst also introducing them to a real life
working environment which is highly beneficial to all students
from any educational background.

17
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‘Fail often to succeed sooner’

Students from a variety of disciplines are brought together along
with industry and researchers to co-create for extraordinary
results with the ambition to turn ideas into reality. SDF offers
students new learning experiences through interdisciplinary
and international activities. For organisations, governments
and researchers SDF offer a platform to develop and deliver
innovative solutions focused on real user needs.

Expectations

The overall aim of the project is
for Next to leverage the CSIRO’s
bio composite FRP technology
to assist in linking the CSIRO to a
manufacturing industry partner in
the near future.

It is expected that through analytical and design
research, innovative applications for the FRP
will be uncovered within the construction and
commercial interiors industries.
Analytical research will examine the needs of
these industries and provide business insight
into the markets the FRP will be injected into.
Design research will explore the material and
push the boundaries of its current uses to find new
applications.
It is important that these applications showcase
the material properties of the FRP while
expressing key values relevant to the markets
needs and drivers. These needs and values will
be generated from the findings of both analytical
and design research.

Outcomes
»» Proof of concept prototype using extruded
materials provided by the CSIRO.
»» Report detailing the journey, process,
outcomes and recommendations.
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CSIRO

Swinburne (corporate)

CSIRO is the key stakeholder in this project.
The CSIRO are providing time, resources and
efforts to help the project move forward which
includes but is not limited to material samples
and machinery. The aim of this project is to
create and find a way to market the versatility
and benefits of the product for CSIRO and
therefore, this stakeholder directly benefits
from the project’s success. As CSIRO is a major
contributor and assistant in the development
of a successful outcome, a lot of risks are
therefore associated amongst our dependency
on this group.

Swinburne as a corporate stakeholder are
indirectly related to the success to the project as
they empower the Swinburne SDF by providing
funding and the resources which we have
access to. Corporately, Swinburne benefits
from the success of this project as it promotes
the professional image of the university which
encourages students to study at Swinburne
bringing in extra government funding and money
from students.

Swinburne SDF
Swinburne SDF refers to the academic group
which helps lead and control the outcome of our
project. They do this by funding all developments
and by providing a professional standpoint for all
ideas and directions to ensure we do not stray
from the main goal at hand. The success of this
project is not only important in promoting the
image of the university but also from a personal
standpoint, they enjoy seeing students succeed.
Like CSIRO they also provide other resources such
as workshop machinery, printers, 3D printers and
materials etc.

Next
As an individual entity Next benefit from the
project’s success as it contributes to each
member’s qualification.Therefore, it is within the
best interests of this team to perform at their best
in order to create a most positive outcome.

Anonymous stakeholder
The ‘Anonymous Stakeholder’ is the group in
which CSIRO are helping to develop the hidden
technology found within the product associated
with the project. This Anonymous Stakeholder is
directly responsible for allowing CSIRO to grant
Next team access to the resources (machines
and materials) required to help develop the
success of this project. It is within their best
interest to see the project succeed as it will help
them in developing ways to promote the hidden
technology in which they own thus increasing
their image and market potential.

Potential clients
The project’s final outcome will assist the CSIRO in
finding potential client’s who would be interested
in purchasing the biopolymer composite
material. Potential clients include manufacturers
who would benefit from diversifying their business
or using the technology to improve their existing
FRP products.

Australian government
The Australian government benefit from the
potential reach of this product and the project’s
final outcome. As the governing body of the
CSIRO the success of this project will feed back
into the Australian government.

Fibre and PLA producers
Both the producers of the fibres used and PLA
will benefit from a growth in the FRP industry in
Australia. The growth of a biopolymer industry
in Australia will drive demand for these core
components of the biopolymer composite their
business will grow in parallel with production.

Goals & Stakeholders

Goals

External stakeholders
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Goals, expectations and outcomes

Internal stakeholders

Processes
‘The design research process encompasses
a broad range of specific tools which
accelerate innovation through the act
of doing.’

Introduction
Methods
Values

22
24–27
28

Analysis

Process
An iterative design process involving analysis,
synthesis and evaluation was used to develop and refine
concepts leading to the final outcome. Due to the iterative
nature of the process these stages of development were
frequently revisited and applied to new findings.
It was critical to conduct in depth analysis at all stages
of the project. Analysis of markets, industry drivers and
product comparisons within the construction industry
allowed for concepts to be refined. Analysis of the viability
of concepts revealed market opportunities which fueled
further ideation.

Synthesis

Evaluation

22

Introduction

Evaluation of the concepts through benchmarking,
prototyping and market analysis assisted in narrowing the
field. With a large scope of possible outcomes, analysing
them was necessary for selection of the most promising.
A set of criteria were created through market research and
all concepts were evaluated based on these key values.
Research through design
Research through design enables innovation through
the process of making and imprecise prototyping.
The design research process encompasses a broad range
of specific tools which foster and encourage development
through doing. (Hanington, B & Martin, B 2012, p. 146).

23

This generative process was used to accelerate the
creation of potential solutions and to refine the concepts.
This system was crucial in understanding how the
biopolymer composite technology can be appropriated
into a competitive market and provide insights into user
responses.

Outcome

The iterative design process

Processes

Extensive ideation resulted in the synthesis of a large
range of ideas. This phase included use of creative design
methods which stimulated creative thinking and further
broadened the solution space. These include concept
generation based on industry research and brainstorming.
Prototyping refined these concepts through revealing flaws
in the design which lead to further refinement (Cross, 2012).

Brainstorming

Design by sketching

Prototyping

Synectics / bodystorming

Brainstorming allowed the team to generate
a large number of ideas at different stages
throughout the project. Brainstorming is
performed in a free and relaxed nature to allow
creative energy to flow freely and thus no idea
is considered a bad idea; all ideas are wanted
immediately, critiquing comes later.

Drawing was used to visualise and reflect on
each design.

Prototyping is the process of turning a concept/
idea into a physical three dimensional model.
Creating a physical object helps evaluate,
test and refine the functionality of a design,
helps describe the product more effectively and
encourages others to take your ideas seriously
(Monosoff 2013).

Bodystorming is used to creatively imagine
what it would be like if the product existed.
Bodystorming was used as a personal analogies
approach to help visually understand how our
different concepts would behave in dynamic
situations.

Design by sketching was used during many
stages of the project. Initial ideation of products/
applications were done via sketching.
These helped us link an aesthetic image to
an idea, e.g. acoustic panelling, utility poles,
scaffolding. Most of this initial sketching was
done in a brainstorming environment, where the
sketched concepts from members of the group
lead to new ideas. This helped form a visual list of
all the possible applications.
The strongest concepts were then addressed
(in accordance to our values) and continued to
refine them with more detailed sketching.
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This refinement allowed the group to fully
understand the complexities for our final
exhibition stand idea. The team refined this
design by sketching multiple iterations of how the
doors opened and closed, e.g. different forms,
different ways to eliminate injuring, etc.

By using hand motions and physically moving
around the room each member took it in turns
to ‘act out’ what they thought their concept
would do. When developing our final prototype,
bodystorming displayed a concern with the
interactive features of the table and fueled
further ideation focused on improving user
experience.

Methods

Brainstorming was conducted throughout
the entire project. It was used in tandem with
initial concept sketching to generate as many
applications for the material as possible.
In multiple quick sessions the team looked
at generating ideas for certain contexts and
situations such as interior, exterior, soundproofing,
underwater, etc. Furthermore, if a concept didn’t
work, we brainstormed other alternatives verbally
to find a better solution.

Rough and dirty prototypes were first constructed
to evaluate construction techniques. Later on,
more refined concepts were prototyped to a one
to one scale to evaluate ergonomics, dimensions,
human interaction and functionality.
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Another benefit of brainstorming is the ability to
quickly combine and improve upon the ideas of
others (Cross 2012).

Sketching is one of the oldest and most
traditional creative design methods (Cross 2012).
It is used to visually communicate detailed
concepts, and allows designers to visually reflect
upon such wow critical aspects of their design.
Due to the non-hierarchical nature of design,
sketching also has the ability to define problems
and find matching solutions more efficiently
(Cross 2012).

PD4 - Product development in 4 hours

Evaluative research

Research through design

“PD4 is an intensive workshop that can generate
a lot of ideas in a short period of time. Structured
activities such as brainstorming allow participants
to quickly generate and work through ideas,
and it is facilitated by people who are familiar with
the design process so participants don’t need to
be designers.” - Christine Thong, SDF Manager.

In depth analysis and evaluation of the concepts
and prototypes allowed for decisions to be made
based on unbiased facts instead of personal
preferences. This approach was essential to
ensure that the concepts were explored in terms
of real world viability.

Research through design enables innovation
through the process of making and imprecise
prototyping. The design research process
encompasses a broad range of specific tools
which foster and encourage development
through doing.

Economic factors were a big part of this method;
criteria such as marketability, current economic
trends and the suitability to manufacture were
essential to investigate. Through this analysis
the strongest concepts were revealed and the
information gathered will provide the CSIRO
with a platform to reach out to potential industry
partners. More information on these methods
can be found on page 30.

This generative process was used to accelerate
the creation of potential solutions and to
refine the concepts. This system was crucial in
understanding how the biopolymer composite
technology can be appropriated into a
competitive market and provide insights into user
responses.

The brief was to explore the lifecycle of
biopolymer composite materials, when used in
applications in the construction industry.
In the short time of four hours, a broad range
of ideas were generated, prototyped, refined
and resolved into a successful presentation.
The solution put forward included a sequence
of products that considered upcycling and
recycling before sending the product to landfill.

(Hanington, B & Martin, B 2012, p. 146).
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The product sequence is based on the
mechanical properties and shapes of each
product, providing a 50 + year life cycle for
the material. This process promoted a rapid
exchange of ideas and knowledge calling on
the backgrounds and resources of all the team
members. This intensive exercise accelerated the
project and made us consider life cycle thinking
(recyclability and reusability) a lot more within
the project.

Methods

For example the biopolymer composite would
start it’s life as a Utility Pole, and then recycled
down and extruded into scaffolding planks,
then made into bike racks, outdoor furniture,
garden edges and finally a filler aggregate.

User
experience

Values
A set of values were identified based on
market research to focus and assist in the
prototyping process. These values were
crucial in the critical assessment of the
concepts and applications.
The five most valuable attributes
belonging to the biopolymer composite
are sustainability, mechanical properties,
user experience, versatility and
innovation. It is believed that these core
values will enable the development of a
highly successful prototype.

Values

Sustainability
Mechanical Properties

29

Versatility

Wow
factor

Processes
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Concepts
Core values

Market values

The core values are embedded within the
material itself however, they are however not the
key drivers for industry uptake of this material.

These values have been derived from
market drivers and influences. By considering
these values in prototyping they enable the
development of concepts which will always be
marketable to the industry.

Sustainability
The biopolymer composite is a hybrid material
consisting of natural fibres, derived from
renewable sources such as hemp, bamboo and
rice straw, while also consisting of Polylactic acid
(PLA), which is a transparent plastic produced
from corn or dextrose.
Once products made from this composite
material have reached their end of life and
are deposited in landfill, it will biodegrade
in approximately six months. It can also be
recycled and remanufactured to serve several
other lives, however the mechanical properties
would likely decrease each time it is processed
and manufactured.

Mechanical properties

30

The range of mechanical properties that can be
achieved is highly advantageous as it ensures
that the material can be applied to various
products. The properties are dependant on the
fibre to PLA ratio, as a higher fibre composition
would correspond to an increase in maximum
stress and toughness, as well as a decrease in
flexibility and modulus of elasticity. Given that
the properties can vary depending on the
composition of the material, ideal properties can
be achieved for specific applications.

‘A broad scope of potential ideas was
generated, spanning from the obvious
to the bizarre’

User experience
The material is easy to work with as it can be
easily machined and post processed. For
manufacturers who work with this material,
they would find it of high quality. Interaction
with this composite is on par with, or better than,
existing competitor materials such as timbers and
thermoplastics. The ease of which it could be
used in existing production models adds to the
material handling experience as little specialised
knowledge is required to work with the material.

Versatility

The material is capable of being used to make
many different products which have various
conflicting restraints and specifications. As the
fibre to PLA composition is a controlled variable,
the material mechanical properties can be
tailored to suit a wide range of applications.
The composition can be mixed with various
additives that expand the composites potential,
as it can possess flame retardants, appear
in various colours, as well as insect repellant
and more. The material is easy to work with as
products and components made from it would
be easy to assemble, disassemble, machine and
post process.

Wow factor
By emphasising the unique properties of this
material in flamboyant and innovative ways
responses by potential clients will be positive.
This could be achieved for instance by creating
a visually light piece of furniture which features
futuristic design elements and very thin surfaces.
This would showcase the material properties
in a way in which would inspire interest and
excitement in viewers.

Introduction
Evaluation

32
33

Semester one
Electronics

»» Household appliances
»» AV equipment housing
»» White goods

Construction

»» Lamps
»» Space heaters

Agriculture

»» Compostable punnets
»» Turf netting
»» Seed storage

Automotive

»» Body kits
»» Car Bumper
»» Air Intake Manifold
»» Air Duct

»» Electronic housing

»» Feed and farming
supplies bags/storage

»» Flooring

»» Farming tools

»» Wash Liquid Tank

»» Insulation

»» Pallet Wrap

»» Doors

»» Hay bale wrapping

»» Roofing

»» Temporary fencing

Phase 1

Phase 2

End of semester

»» Feasibility studies

»» Economies of scale

»» Market analysis

»» Competitor analysis

»» Narrow to construction
industry

»» Industry analysis

»» Industry analysis

»» Client feedback

»» Client feedback

»» Manufacturing
processes

»» Mirror Housing

»» Required mechanical
properties

Semester two
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»» Scaffolding
»» Telegraph Poles

Furniture

»» Wardrobes
»» Bookshelves
»» Chairs

Joinery

»» Cellars
»» Bench Tops
»» Tables

Architecture

»» Pergola/Pagoda
»» Veranda
»» Feature Walls

»» Garden Edging

»» Stools

»» Cabinets

»» Exterior Panelling

»» Aggregate

»» Bedside Tables

»» Pantries

»» Interior Panelling

»» Decking

»» TV stands

»» Wine Racks

»» Weatherboarding

»» Walkways

»» Modular Storage

»» Range Hoods

»» Splashbacks

»» Speed Bumps

»» Coffee Tables

»» Appliance Shelves

»» Fencing

»» Service Pipes

»» Desks

»» Skirting Boards

»» Lamp Posts

»» Temporary Structures

»» Room Dividers

»» Gardening Application

»» Pop up Retail Spaces

»» Display units

»» Retaining Walls

»» Insulation

»» Feature Walls

»» Passive Cooling

»» Jacketing

»» Cabinets

»» Sound Barriers

»» Fire Resistant Insulation

»» Mantles

»» Ceiling Panels
»» Transport Shelter
»» Floorboards
»» Stairs

Evaluation

Phase 1

Phase 2

»» Benchmarking
comparisons

»» Manufacturing
processes

»» Prototyping
»» Client feedback

»» Required mechanical
properties

»» Market analysis

»» Values (expression)
»» Prototyping

Key

Highlighted
Fulfils all evaluation criteria.
»» Un-highlighted
Fails to address at least
one criteria.

Evaluation

Construction

»» Bike Racks
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This iterative approach of exploring a
multitude of applications and solutions
was integral in enabling the identification
of viable applications, without restricting
the outcomes.

»» Non-skid surfaces
»» Decking

Concept evaulation
Evaluation

»» Plumbing fixtures

»» Headphone bodies

»» TV housing

Throughout the project a vast
range of directions were developed
through creative design methods
such as sketching, brainstorming, and
prototyping. These concepts were
frequently evaluated, leading to
new questions and further research;
which in turn, lead to further
development.

»» Storage vessels

Methods of evaluation

Material performance

Lifecycle analysis

Feasibility studies

The required performance of
the material in its application
is of paramount importance.
Testing the mechanical
properties and environmental
suitability through research and
Finite Element Analysis (FEA) will
reveal whether or not the FRP
will be suitable.

There are great benefits to be
gained by understanding the
life cycle of each concept.
Potential opportunities for
reuse and recycling will give
the concepts an edge over
competing materials in the
same applications.

Feasibility studies were
conducted to identify the
real world viability of the
proposed concepts. Through
objective and rational study
of existing businesses involved
in FRP production and industry
research reports the following
areas were be explored:
»» Market analysis,
»» Cost
»» Value
»» Customer segments
»» Revenue
»» Clients.
(How to Write a Feasibility
Study 2013).

Economies of scale
All of the concepts were judged
on their ability to benefit from
economies of scale. Although
the initial costs of setup may be
high this could be offset by a
streamlined mass production
process wherein cost is reduced
by volume produced.
(Idea: Economies of scale
and scope 2008).

Suitability to extrusion process
34

The CSIRO applied the
constraint of extrusion being
the only manufacturing
method available. Accordingly
concepts will be evaluated on
their suitability to be produced
efficiently via an extrusion
process.

Product Benchmarking
Product benchmarking will
assess how the FRP performs
against competing materials
in the proposed concept
markets. Gauging factors such
as functionality, durability
and quality will show a direct
comparison between the
the FRP and its competition
(Borysowich 2006); (Benchmark
and Comparison Testing n.d.).

Competitor analysis
In order to judge the concepts
on their competitiveness
in the industry, an in depth
understanding of the
competition is needed.
By judging how the competition
operate in terms of price,
quality and production, market
gaps for the FRP can be
identified. The concepts will be
evaluated according to market
opportunity (Competitor
Analysis n.d.).

Values (expression)
A set of five values have
been developed which are
key to selling the FRP to the
construction industry. Each
concept will be evaluated by
its potential to express all five
values effectively.

Benchmarking
‘Analysis of the existing product
competition provided valuable insight
into market opportunities.’

Prototyping
Prototyping was conducted
to evaluate construction
techniques and refine refine
concepts. Furthermore
ergonomics, dimensions,
human interaction and
functionality were all evaluated
by using prototyping.

Chosen industry
From the research conducted
up until this point the
construction industry was
chosen as the industry with
the most potential for the FRP
product. At the time of this
decision all concepts were
evaluated as to their suitability
to this industry.

Client feedback
Essential feedback was
received in meetings with
the CSIRO the projected
was shaped according to
their recommendations and
concerns.

Introduction
Analysis
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Benchmarking is a process of comparing
performance and practices against
competitors. In the context of this project
benchmarking was used to analyze and
compare the biopolymer composite with
competing products.
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These Decorative panels are generally created
as rectangular panels but they can take almost
any geometric form an architect or designer
specifies. Applied to the interior and exterior of
buildings these panels are used to create flair
and visually interesting elements. Machining
these panels requires “craftsmanship, the right
tools and equipment” (Trespa® Meteon® exterior
panels 2013), which implies they are more difficult
to work than plastic or steel panels.

Materials

The criteria of: materials, weight,
life cycle, manufacture and market
analysis were used to conduct
benchmarking. This enabled direct
comparisons to be drawn between
the biopolymer composite and existing
products. This in turn assisted in identifying
market opportunities and a clear direction
forward (Borysowich 2006); (Benchmark
and Comparison Testing n.d.).

The panels are made of either Kraft paper
or a blend of up to 70% wood-based fibres
and thermosetting resins such as phenol
formaldehyde and melamine formaldehyde
(Trespa® Meteon® exterior panels 2013).

The products detailed in this chapter
represent the pinnacle of real world
applications which would suit the
biopolymer composite. They were chosen
as they exhibit the values defined in the
evaluation criteria. Benchmarking the
biopolymer composite against these
best practice examples assisted in
identifying ideal market opportunities
for the material. This also revealed the
mechanical properties needed of the
biopolymer composite in order for it to be
competitive in the construction industry.

According to Trespa (Trespa® Meteon®
exterior panels 2013) and The British Board of
Agreement (Trespa Meteon Panels and Fixings
2010) ‘Providing regular maintenance is carried
out… the products should have an ultimate
service life in excess of 50 years.’ In general,
any colour change will be slight and uniform on
any one elevation, and the product will have
a decorative life of at least 15 years in heavily
polluted areas and at least 20 years in other
areas. A lower decorative life for dark colours is
possible in exposed conditions. Powder coating
process will allow a longer life expectancy as well
as a wider colour range.

Weight
A single 1530mm x 3050mm panel of 6mm
thickness would weigh 8.4kg per square meter
or 39.2kg for an entire panel. A 13mm panel of
the same dimensions would weigh 18.2kg per
square meter or 85.0kg in total (Trespa® Meteon®
exterior panels 2013).

Useful life expectancy

Kraft paper materials are sourced from
manufacturers, along with woodchips from
sustainable forests. These materials are
combined with thermosetting resins, such as
phenol formaldehyde resin and melamine
formaldehyde resin. These are combined with
the outside coloured layers and then combined
by a high-pressure compact lamination
process. Manufacturing under high pressures
and temperatures yields a highly stable, dense
panel with good strength-to-weight ratios. The
thermosetting process makes the panels nonrecyclable but they are up-cyclable to other
applications. On account of its’ high calorific
value (18 - 22 MJ/kg), Trespa panels are suitable
for thermal recycling in approved industrial
incinerators (Sustainability Position Paper 2012);
(Trespa Meteon Panels and Fixings 2010).

Market analysis
Firms in the Australian Fabricated Wood
Manufacturing industry purchase raw hardwood
and softwood from sawmills. Timber resawing
and dressing processors are used to create
plywood, veneer, particleboard, chipboard and
other fabricated wood boards. They can also
be used for timber laminates and non-timber
materials like decorative plastic laminates.
These products are sold to residential housing,
construction companies, contractors, wooden
structural component manufacturers, furniture
makers and other export markets (Allday 2013b).
Demand from the sector is expected to increase
in 2013-14 as building levels increase. Decreased
plantation plantings in the five years through
2013-14 could lead to higher raw material prices if
timber supplies decrease.

Opportunity
The dependency on plantations could be a
market gap for the Biopolymer composite
product. If the wood flour is sourced as a
by-product or from recycling old timber then they
could be competitively cheaper as the price of
wood rises (Allday 2013b). The profiles required
would be able to be produced through extrusion
within the next five to ten years. These facts
identify architectural paneling a viable market
opportunity for the biopolymer composite
product.

Introduction

Benchmarking

Existing product description

Manufacture
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Trespa® Meteon® exterior and
interior architectural paneling

The Liina Transitional Shelter is a completely
prefabricated, modular shelter created for
refugees and recovery situations. The shelter
is a temporary building that adapts to colder
climates, and aims to provide a sustainable
solution for displaced individuals. The jointed
panels are fit together to form frames, which are
then tilted up and stacked together which makes
them easier to assemble (Meinhold 2011).

Materials
The shelter consists of modular, insulated panels
made with Finnish wood, and two people can
put the structure together in about 6 hours
without any power tools. The building blocks are
all prefabricated, wooden sandwich built from
plywood and laminated veneer panels with
wood-fiber insulation (Meinhold 2011).

Weight
The panels are light enough for two people to
easily assemble and move into place.

Useful life expectancy
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The Liina is specifically designed for a family
of 4-5 people for a period of up to 5 years,
and intended for use during the post-crisis
reconstruction period. The life expectancy of
wood panels are maintained and protected
with a tent-like canopy to eliminate water and
UV damage. Special coatings can be applied to
panels to increase the life expectancy.

The composite panels are manufactured with the
unique thermoplastic fibre reinforced composite
skin material. The result offers great durability as
well as strength to weight ratio. The manufacturing
process ensures the bonds between plastic and
fibres are nearly impenetrable. More importantly,
the versatility allows the panels to be formed into
various shapes.

Market analysis
The design was originally proposed for the climate
of the Ararat region in Turkey, which is known for
its frequent natural disasters and political turmoil.
However, the shelter’s design can be modified
to fit a wide range of climates, and the modular
design allows it to be adapted to fit a variety of
situations or needs.

Opportunity
As the original product was designed specifically
to be used in natural disaster prone areas there
is a huge potential market within Australia’s
bushfire and flood prone areas. This could be
extended to Asia as a secondary market and
later the world. The strength to weight ratio of the
Biopolymer composite would lend itself well to
this application offering a tough yet lightweight
material.

Duratel utility poles
Existing product description
Duratel’s primary product is an innovative
utility pole that addresses both environmental
concerns and rising distribution costs. It is an
“extremely versatile, lightweight, long lasting
and durable pole that requires no maintenance
and is environmentally-friendly” (Duratel Product
& Technical Information Guide 2013). It is a very
compelling alternative to traditional wood,
steel and concrete poles . These poles will never
rot due to its strong corrosion resistance and
they can withstand extreme wind conditions.
The temperature and UV resistance also aid the
long-lasting life of the product (Duratel Product &
Technical Information Guide 2013).

Material
Duratel poles are made of a fibre reinforced
polymer composite material. The material
consists a mixture of thermoset resins and
glass fibres. The technology is still patent
pending, therefore very specific details such as
composition percentage is yet to be studied.

Weight
Duratel claims that their utility ‘poles are typically
one-third the weight of traditional wooden poles’
and are half the weight of steel poles.
(Duratel, 2013)

Useful life expectancy
Duratel claims a safe lifecycle of 80+ years,
with minimum maintenance. Standard wooden
poles currently last 30 years; provided they are
regularly maintained with toxic preservatives
every 5 years.
(Duratel LCA Executive Summary 2013)

Manufacture
Duratel manufactures their poles using
a pultrusion process, where the heated
components are mechanically pulled through
a die, resulting in a cross-linked, plastic like
material. Duratel can pultrude poles up to
a maximum length of 24 metres. It is a much
more complicated process compared to the
manufacture of wood, steel and concrete utility
poles. Installation is easy and can be done by
two linesmen due to its lightweight design. For
certain environments Duratel manufactures a
steel base to provide more structural support.

Market analysis
Firms in this industry operate high-voltage electric
power transmission systems and control the
transmission of electricity from generating plants
to distribution centres. The transmission system
includes lines and transformer stations.
According to IBISWorld, the industry is expected
to generate revenue of $4.4 billion in 2013-14
(Finch 2013).

Opportunity
The weather resistance of the biopolymer
composite would make it an ideal material to use
in this application. Being UV stable and highly
corrosion resistant the biopolymer would perform
well in outdoor conditions. These properties give
the biopolymer composite the required longevity
for application.
As noted by A. Mohanty, M. Misra and L.
Drzal natural fiber composites are emerging
as a realistic alternative to glass reinforced
composites. They can deliver the same
performance for lower weight, and they can be
25–30% stronger for the same weight (Mohanty,
Misra & Drzal 2002, p. 24). This proves that the
Biopolymer composite is a superior alternative
to Duratel’s product, and reveals a replacement
opportunity.

Analysis

Existing product description

Manufacture
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The Liina Transitional Shelter

ENZO-D Floorboards
Existing product description
The terrace floorboard covers the best
characteristics of wood and PVC.
These floorboards are easy to manufacture,
visually appealing and easy to clean. The terrace
floorboard is considerably more dimensionally
stable and resistant to environmental influences
like humidity, cold, heat or acid rain. The material
is free of cracks and does not splinter and its high
friction surface provides safety when wet.

Materials
These floorboards are Wood Plastic Composite
(WPC), with a composition of 50% wood which
is sourced from local forests and 50% PVC, a
common thermoplastic.

Weight
A single 3 metre long floorboard weighs
3.7 kg and has a very high breaking strength of
6000 Nkg in a single hall with a support distance
of 50 cm.

Useful life expectancy
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The Enzo-D floorboards are expected to serve
a life of 30 years of more. With high mechanical
stability, resistance and colour fastness, similar to
wood, this product can withstand intensive use
for indoor or outdoor environments.

Manufacture
The wood fibre is sourced from local forest
plantations and the plastic is sourced from
raw or recycled PVC. The content is mulched,
heated and fed through an extruder to achieve
segments with a hollow profile. By creating a
hollow product material use is reduced and it’s
superior material properties allows for no major
loss in the performance of the final product.
The extruded lengths are cut to a standard three
metre size.

Market analysis
Floorboards fall under the general industries
of Timber resawing and dressing and Wooden
structural component manufacturing in Australia.
The Timber resawing and dressing industry has
suffered economically due to fluctuation in
commencement of new dwellings since 2008.
Due to these fluctuations there was an annual
downturn of 3.4% for the 08-13, however the 13-14
period is expected to see a rise of 1.7%.
The wooden component manufacturing industry
has seen many businesses close in the last five
years due to economic downturn. There is a
projected growth of 1.2% for the 14-19 period.
Both of these industries are affected by the
logging industry which provides the raw materials
for their businesses. Logging is also suffering from
a downturn due to lower rates of demand and
the politicisation of the industry’s practices.
(Allday 2013c); (Allday 2013d)

Opportunity
As the biopolymer composite is well suited to
extrusion and pultrusion manufacture, producing
these style of floorboards would be economically
sound. The ease of manufacture would allow for
quick and simple production. The high strength to
weight ratio of the biopolymer composite would
allow for less material to be used to achieve
the hollow profile. The CSIRO’s advanced
technological process applied to the Enzo-D
would result in a superior product.
(ENZO-D floorboard - The innovative terrace floor
2012); (WPC Floorboard - ENZO-D 2012).

The B002 public bike rack represents the basic
standard of public bike racks. The function of
securing a bicycle with a personal bike lock
dictates the simple form and manufacturing
processes of this bike rack.
“DOSmith Bike Racks The B002 bicycle rack will
secure bicycles of all sizes. This sturdy bike stand
utilizes semi circular tyre grips and can be placed
in continuous lengths to suit any number of
bicycles” (B002 Bike Rack n.d.).

Materials
The B002 bike rack is manufactured from heavy
duty mild steel and finished with a hot dip
galvanised finish, optional powder coat coloured
finishes are available (B002 Bike Rack n.d.).

Dimensions
Standard Bike Rack Sizes:
»» Four Bike - 450mm W x 1780mm L
»» Six Bike - 450mm W x 2850mm L

Useful life expectancy
The materials used within the B002 Bike rack
indicates a predicted life expectancy of 50+
years in an urban environment and 25+ years
in a coastal environment (10 Real Benefits of
Galvanized Steel 2011).
The Galvanised and powder coated steel will
enable minimum maintenance over the lifespan
of the product.

‘Steel is composed of iron and carbon. The iron
is extracted from iron ores, mined and then
refined to remove the oxygen content.’ Part of
the refining process is to remove oxygen from
these ores by heating them with coke and
limestone to a temperature of about 1600° C in
a blast furnace. After reducing the iron oxide
the resultant material is pig or cast iron, which is
brittle. Some carbon remains in addition to other
unwanted elements and these must be reduced
by further refinement before the material
becomes steel. The carbon content of steel is
crucial to its strength and is usually lower than
2.11%. A controlled system of oxidisation is used to
manipulate the carbon content. Other impurities
must be removed from the melt in order to
achieve the correct composition. Plain carbon
steels are those in which the only other element
remaining is manganese (The manufacture of
steel 2013).

Market analysis
The key economic drivers in this industry are
“demand from commercial and industrial
building construction, and demand from
institutional building construction” (Kelly 2013).
The supply industries such as Iron Smelting
and Steel Manufacturing Paint and Coatings
Manufacturing provide the raw material to the
manufacturers for processing and development,
as steel is the major component in existing
outdoor furniture
Major purchasers of Bike racks and other outdoor
furniture pieces are wholesale trade, education
and training, consumer goods, retail, and business
services (Kelly 2013).

Analysis

Existing product description

Manufacture

Opportunity
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Steel requires an enormous amount of energy
to manufacture. Added to this sourcing the
materials required involves unsustainable mining
practices. Comparatively the biopolymer
composite is made from sustainable sources and
exhibits a cradle to cradle life cycle.

Benchmarking

B002 Bike Rack

PLA is sourced from GM crops grown for the
production of PLA. Fibres can be sourced as by
product from existing farming practices such
as rice. These combined make the biopolymer
composite a far more sustainable material for this
application.

Prototyping
‘The physical ideation stage cultivated
functionality and aesthetics and
revealed issues which could not be
found in sketching.’

Introduction
Exploration
Material Testing
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Prototypes
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Prototyping with the biopolymer samples
through machining, coating and adhesive
tests provided necessary information.
This helped to inform the proof of concept
prototype by providing solid evidence
unavailable through secondary research.

Assumptions

Description:

»» That the bottom blocks can withstand
excessive weight considering that several
additional shelving units would sit on top of it.

The build up book shelf is designed to come in
a standard cuboid which easily stack up on top
of each other. This modular design enables the
user to customise their book shelf. Each section is
made from extruded components, which provide
the unit with essential mechanical properties
whilst also being aesthetically pleasing.
This bookshelf is intended to be used in home
studies, offices, waiting rooms and libraries.
The ease of assembly allows it to be fitted to
suit any space where it can not only be used to
store books but also be treated as a storage unit
depending on its context.
Each cuboid section is fastened using pin and
socket joinery which allows for easy assembly
and disassembly. The prototype was made to a
smaller scale, approximately 2:5, and portrays
three shelving sections. Materials used were foam
core for the overall structure, and a thin timber
veneer was applied to the surface to give the
unit a wood aesthetic and texture. All the parts
were joined with PVA glue and masking tape.

Functional goals
»» To be used as storage for books, or to display
artifacts and objects.
»» To be stackable to allow the user to customize
the product to suit the intended environment,
as it can be built higher and wider by adding
more shelving units.

Experiential goals
»» Exploring ways to join and temporarily fix
shelving units to each other.

»» That the entire unit would be stable.

Outcomes
»» It was found that using pins may be difficult
to join each block to one another, hence
more investigation into the pin design should
take place if this concept is to be further
developed.
»» The walls: base, bottom, top, back and sides
could all be made by extruding the CSIRO’s
biocomposite material.
»» Compared to other storage systems there is a
large quantity of material used in this modular
design.

Introduction

Prototyping began with rough modelling
using paper and cardboard. As the project
progressed, more refined concepts were
prototyped with wood and composite
materials. This was performed at a one
to one scale to evaluate ergonomics,
dimensions, human interaction and
functionality.

Build Up Book Shelf
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To further develop concepts beyond
sketching and truly evaluate their
functionality, prototyping was conducted.
Creating physical objects helped evaluate,
test and refine their functionality and
aesthetics. This also revealed areas of
concerns which required refinement or
redesign. In order to address these concerns,
further sketches and prototypes were
developed.

Description

»» That the simple structure represented would
actually provide sufficient support when used
outdoors against harsh environments.

The Pentagon Shelter is designed to provide
shelter from the weather for commuters.
The shelter has two extruded seats that are
designed to hold up to eight people while
showcasing the mechanical properties of
the CSIRO’s biopolymer composite. The basic
structural components, also made from the
composite material are designed to withstand
harsh winds and rain, whilst the roof would be
made from colorbond or corrugated steel to
provide shade and keep the users dry and at
comfortable temperatures.
This prototype was made at a smaller scale to
explore proportions and the aesthetics.
The back walls and structural supports were
made from foam core, the seats were made from
balsa wood and the roofing was made from a
thin sheet of wood.

Functional goals
»» Provide an undercover area where up to
fifteen people can wait for arriving public
transport.
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»» Fixed benches for up to 8 people to sit on
while waiting.
»» Benches are installed to be slightly angled
to face each other and encourage users to
interact with each other.

Experiential goals
»» Making small scale prototypes with a range of
materials.

»» The roof of the shelter should not be made
from the composite as other materials are
more suitable for that component.

Outcomes
»» The prototype showed the versatility of the
material as it was used for the fixed benches,
support beams and back walls.
»» Components made from the biopolymer
composite can be achieved through extrusion

Square Pair
The Square Pair panels are to be used in bespoke
architecture to decorate exterior walls of
buildings to give them a modern and interesting
aesthetic. The CSIRO’s biopolymer composite
material can be extruded into large panels,
and then powder coated to portray vivid and
stark coloration.
The small scale prototype is of a large building
or skyscraper that would likely appear in cities
and other high density areas. The basic building
structure was created by using foam core sheets
to make a high standing rectangular prism,
which was then decorated with many different
coloured post-it notes to replicate Square Pair
panels of various colours. Sticky tape was used in
areas to keep the post-it notes stuck down to
the walls.

Functional goals
»» To improve the exterior appearance of
buildings.
»» To withstand exposure to the outdoor
environment.

Experiential goals
»» Rapidly prototype and decorate an already
existing different prototype, to create a whole
new prototype with a different purpose.

Assumptions
»» The Panels would serve a life of up to 50
years or more, if not they would not be
worth introducing to markets.
»» The colour sheets would stick easily to the
building, hence through this prototype it was
made clear that research would be needed
to identify how the panels could be fixed to
outer walls.
»» Powder-coating the panels would be the best
way to achieve vibrant colours that will not
fade in sunlight.

Outcomes
»» The Square Pair panels would work well to
make a building more aesthetically pleasing.
»» Manufacturing panels as thin extrudes
with large widths, would allow them to be
cut to length.

Exploration

Assumptions
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Pentagon Shelter

This product is made up of three moveable
sections, two sides which come together to
create a flat table top for hot desking, and one
monolith stand which fits into the middle of the
desk. Stools slide under the desk on each side.
Users are to move sections around and use
the features to create their own ideal working
environment.
The structure, stools and monolith feature could
all be made from the CSIRO’s biopolymer
composite, which would effectively display the
materials versatility and mechanical properties.
The monolith stand is the primary feature of the
workstation, as the working environment can
be built or modified around it. It has a monitor,
whiteboard, storage and power supply.
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The prototype was made out of cardboard at
a 1:1 scale. The table and monolith stand was
reinforced with masking tape and foam core to
ensure that the mock-ups would keep their form.
We used standard stools from the design factory
kitchen area to sit at the desk to get a feel of
workstation as a whole.

Functional goals
»» To be used for group and/or individual work.
»» The monolith must be able to be used as a
collaborative tool by using the screen display
and white boards for sharing information.
»» To seat six or more people.
»» Provide power to charge laptops,
mobile phones and other electronic devices.

Mudcake

Assumptions

»» Determining what overall sizes would be
appropriate for the desired needs and
features.

Description:

»» That working with an ‘off the shelf’ composite
material is similar to the CSIRO’s product

»» Exploring ways to temporarily join or connect
large entities, which could also be moved
easily when desired by the user.
»» 1:1 mock up reinforcements, as the prototyped
bodies were so large, the cardboard needed
supporting members to stand up.

Assumptions
»» That bigger is better, and the larger the
desk space the easier it would be to work
collaboratively.
»» That the main sections would be easy to move.
»» That there is an easy way to connect the
workstation to a power source.
»» That users would be able to use the screen
and whiteboards effectively, with easy viewing
for more than one person.

Outcomes
»» It was found that the whole station was out of
proportion, as the monolith stand was going
to be visually overpowering and take up too
much room.
»» Through physical testing, the working
area was smaller than expected whilst the
overall product was larger than desired,
hence dimensions needed consideration.
»» All the parts of the Monolithium could be
made from CSIRO’s biopolymer composite,
where each component would be easy to
work with and assemble.

The Mudcake Park Bench is designed to seat
three to four people in a public outdoor setting,
while showcasing the mechanical properties of
the CSIRO’s biopolymer composite. The complex
hexagonal structure was utilised to reflect the
team’s identity and encourage use of interesting
joinery solutions.
This was the first prototype conducted with a
composite material. Ekodeck is manufactured
using a mixture of 50% sustainable ground
bamboo, 40% recycled polymers (high density
polyethylene) and 10% colourants, anti-UV
stabilisers, anti-mould additives and bonding
agents (Faqs 2013).

Functional goals
»» Hold the weight of 4 adults
»» Withstand exposure to the outdoor
environment

Experiential goals
»» Introduce team to working with composite
materials

»» Ekodeck would withstand exterior
environmental elements the same as
hardwoods of similar dimensions.
»» Ekodeck would perform similar to soft-woods
regarding cutting, fastening and finishing.

Outcomes
»» The mudcake bench proved that readily
available composite materials do not perform
as timbers do in similar applications.
»» The mitered joints (image ref) showed that the
material melted and swelled during drilling
and fastening making flush joinery more
difficult to achieve.
»» The resulting bench was very unstable and
required multiple reinforcements to achieve
the functional goals.
»» Very quickly the fasteners (M8 screws) worked
loose due to the Mudcake bench being
moved from site to site.

Exploration

The Monolithium workstation is designed to create
a comfortable working environment. Both for
individuals to work or team work, the Monolithium
encourages collaboration and productivity.
It is intended to be used in libraries, education
centres, open floor offices and areas for study and
innovation.

Experiential goals
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Monolithium

Material testing
Material testing was conducted to
explore and understand the capabilities
of the biopolymer composite. In the tests
conducted the Biocomposite was treated
and machined as wood.
The joined composites were tested under a
cantilevered flexural model by: fixing one
end of the sample to a surface and applying
impact load to the free end.

»» Adhesive tests were conducted on samples of
the biopolymer composite.
»» The surfaces glued together were 120 x 15mm
in size. When tested under a cantilevered
flexural model the glue failed before
the material.

Super glue
»» Superior bonding

PVA & wood glue
»» Both of these glues had a similar performance

PVC cement
»» Completely ineffective
»» Bond easily broken by hand

Material Testing

These tests gave invaluable first hand
experience of working with the material and
revealed the ease by which it can be used.
This in turn justified the key values of ‘user
experience’ and ‘versatility’.

Adhesives
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Mortise and tenon joints

Milling and machining

Both biscuit and domino joints were tested on
samples of the biopolymer composite.
Then the composite was tested under a
cantilevered flexural model.

The biopolymer composite was machined using
a Roland CNC Mill (Modela MDX 540 Milling
Machine 2012). This mill can work plastic,
resin, wood and non-ferrous metals and on the
day was equipped for wood working. Geometric
and organic forms were tested as well as text.
The material was also cut and sectioned on a
circular saw.

»» The dominos and biscuits tenons effectively
held two sections of the biopolymer together.
»» When cutting the mortise the swathe became
overheated and began to fuse together.
»» This caused the swathe to clog around the drill
bit and required cleaning after several cuts.
»» When impact tested the material:
• Failed after extended force
• Fractured around the joins
• The fractures were clean and defined
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These showed that:
»» The material performs much like wood, there
were no problems encountered
»» High levels of detail such as small radii were
able to be achieved
»» Drill bits used did not suffer any unexpected
wear and tear
»» The swathe created was largely like that
of wood flour and could be collected and
recycled
»» Due to the density of the material a higher
grade of saw blade was used to cut the
material

Material Testing

»» There were no difficulties in machining the
Biopolymer in this way with tools that are
designed to be used with wood.
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»» The material was easily drilled to create a
mortise using both hand held domino and
biscuit joiners.

Market analysis
‘Understanding business and industry
drivers exposed market opportunities
and helped to ground concepts’

Introduction
Drivers
Business Model
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Market drivers detailing the barriers to the uptake
of new and sustainable materials in Australia
were examined to provide a realistic framework
in which to design. These views provided the
understanding needed to market the Biopolymer
composite to parties within the construction
industry.
The views of builders and developers,
homeowners and consumers and academics
were examined to give a well rounded
understanding of the industry from all viewpoints.
One of the major impediments is a lack of
understanding and education; not a lack of
technology nor innovation. Secondly, groups were
largely unconcerned with sustainable products
and outside influences such as government were
a greater driving force in their uptake.

General and academic views
Institutional views and poor communication are
a major barrier to adoption of new technology.
“Impediments to sustainability [are] social,
economic and political phenomena rather
than shortcomings of technological or practical
knowledge. We see these barriers primarily as
issues of institutional design, communication,
trust and rights” (Crabtree et al. 2009, pp. 211).
As observed by Crabtree et al. (2009) a common
theme amongst academics was; there is
plenty of technological know how, but not the
institutional, financial or societal know how.
This reflects literature that discusses sustainability
as more of an issue of social and economic
institutions rather than a lack of available
technology.
Tam et al. (2012, pp. 121) observed that design,
material, construction and transportation cost
for green buildings are higher than those for the
conventional buildings which creates the major
burden for the implementation.
Tam et al. (2012, pp. 121) go on to note four key
factors affecting the implementation of green
buildings: Lack of experience, knowledge and
standards on the implementation of green
buildings, lack of life cycle costing knowledge,
insufficient time and funding.

Introduction

Detailed research and creation of a
business model surrounding the biopolymer
composite helped to flesh out the
potential applications. This also assisted in
understanding how the biopolymer would
fit into the supply chain and systems of the
construction industry.

Market drivers
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Analysis of current market trends and drivers
was necessary to evaluate the viability of
design direction and industry potential.
Through wide scope research into the drivers
of selected industries potential market gaps
were identified. Furthermore this assisted in
understanding what language would be
needed to communicate with potential
clients in the future.

Builders and developers
Pressure from consumers is influencing builder decisions in the
realm of sustainable building. Builders see that ecologically
sustainable design will become an increasingly important factor
affecting product viability in the near future. This suggests a
currently high level of interest in adopting sustainable design
and technology into the housing products offered (Crabtree et
al. 2009, pp. 211).
One of the biggest influences on builders in their use of
sustainable materials and practices is state government
regulation. Crabtree et al. (2009) asked builders what they
thought was currently driving improvements in the sustainability
of new residential development.
The role of state government regulation was highlighted by 73
per cent of builders. Customers were seen as key drivers by 33
per cent of builders. Developers were seen by only 20 per cent
of builders as key drivers; builders were not enamoured of their
own sector either, with only 17 per cent indicating internal staff
were drivers.

Local government approval
State government regulations
Federal government regulations
Developers
Customers/homebuyers
Internal staff
Builders
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
What is driving environmentally sustainable design

Another interesting barrier was the remarkable degree of
cross-industry antagonism, with 37 per cent of builders
identifying developers as impediments and 38 per cent of
developers seeing builders as impediments.

Homeowner purchases are not driven by sustainability,
they just want something practical and ‘normal’ without all the
fuss associated with sustainability. These findings suggest that
consumers may not want to be sold the sustainability features
of a home, being more interested in choosing from a range
of housing and interior designs, colours and options with the
‘green’ features built in.
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‘It was seen as important that sustainable design become
normal, desirable, comfortable and intuitive, and marketed
as such, rather than as ‘sustainable’. The former were seen as
appealing to basic notions of comfort, lifestyle, homeliness and
belonging in the landscape, while the latter was seen as cold
and didactic.’ (Crabtree et al. 2009, pp. 211)

State government regulations
Federal government regulations
Technology available
Customers

Drivers

Homeowners/consumers

Local government approval

Developers
Builders
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Barriers identified by builders and developers

Developers
Builders

(Hess and Crabtree, 2008. v pp 213)

Market

(Crabtree et al. 2009, pp. 211)

Business model canvas

This thinking was applied to understand the
relationship between the CSIRO and their
potential industry partners. It revealed that
there is a complex web of synergistic systems
involved in taking the material to market.
Navigating this web was crucial in homing
in on the inherent value that the biopolymer
has to offer to industry partners.
(Osterwalder, A, Pigneur, Y 2010)

Customer segments
Multi Sided business platform
1. Raw material suppliers
2. Material manufacturers
3. Commercial joinery and interiors companies
(main buyers/users)
4. Construction industry (Primarily: Architects.
Secondary: builders, developers)
5. Client

Value proposition
Raw material suppliers
1. Fibre suppliers: By buying waste products such
as wood flour or rice husks the farmers will
see improved earnings from the crops they
currently grow.
2. PLA suppliers: Higher levels of PLA purchases
will lead to industry growth.

60

6. Ease of manufacture compared
to similar products for example: Wood
weatherboards compared to extruded WRP
weatherboards.

Commercial joinery and interiors companies and
the construction industry.
1. The material is highly versatile allowing for
many different applications.
2. It is just as easy to work with as existing
materials, such as timber, and can be worked
on with existing machinery (CNC mill).
3. Highly sustainable material:
I. Recyclability prolongs the lifespan of the
virgin materials,
II. Biodegradability means that the product
will decompose within 6 weeks of being put
into landfill, reducing waste,

1. Wood reinforced plastics (WRP) are a massive
growth industry in the USA where similar
technology is already prevalent. 70% of
decking installed in the USA by 2014 will be
made from WRP (Stewart 2011, pp. 54).

4. Superior mechanical properties open
up opportunities for a wide variety of
applications.

2. In Australia WRP technology is an emerging
industry with only a few commercial
manufacturing companies in operation.

5. Varied finishes allow for amazing
aesthetic opportunities valued by this industry.

Business Model

Material manufacturers

5. There is a consumer driven trend towards
sustainability in almost all industries the needs
of which this material addresses.

Client
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3. The Australian manufacturing industry
has suffered through competition with China
however manufacturers are retooling to
deal with high tech solutions. (IBIS World)
This is relevant because the material and
manufacturing processes are of high quality
and technologically advanced.
4. The CSIRO product is far more advanced
than other similar technologies. This
proprietary manufacturing process creates
a material which is is superior in mechanical
performance and sustainability.

III. No petrochemicals used in production.

1. Increased expense is offset as the material
provides a greater return on investment in
the material performance, longevity,
and environmental benefits of it’s use,
2. Fulfills need for green and sustainable
materials in programs such as leeds ratings
and green star,
3. Aesthetically pleasing finish creates
value in applications.

Market

A business model describes the rationale of
how an organisation creates, delivers and
captures value. Business model generation
assists in understanding, designing and
implementing a new business model.

Channels

Customer relationships

Key resources

Key activities

Raise awareness

Co0creation model

Physical

Production

In order to raise awareness the product will be
exhibited at trade shows for both manufacturers
and architects. Connecting directly with industry
leaders at trade shows will provide the best
opportunity to showcase the material and its
potential.

Due to the untested nature of the technology in
a commercial environment and the tailorability
of the material itself a co creation model would
be the most effective customer relationship.
Both the CSIRO and the customer benefit from
a model in which there is a mutual exchange of
information to improve, manage and refine the
technology. This collaborative approach will lead
to a superior product.

»» Fibre

»»

Source raw materials,

»» PLA

»»

Process fibres,

»» Extruder

»»

Compound PLA and Fibres,

»» Facilities

»»

Extrude product,

Intellectual (brand patents, copyrights, data)

»»

Product finishing,

»»

Package final product,

»»

Ship to consumer.

Revenue streams

Human

Licensing

»» Specialists in biocomposite materials (CSIRO)

In order to assist the multiple customer
segments in evaluating our value proposition
we will provide a well articulated analysis of the
material, it’s benefits and comparisons against
it’s competitors. This will be combined with
physical examples of the material and possible
finishes. This integrated delivery of information will
connect the physical and analytical information
in a way in which the customer understands.

Purchase

62

Although we acknowledge the variety of
customer segments the best channel for the
CSIRO to connect with these markets is through
a material manufacturer. In order for a materiel
manufacturer to adopt the technology it must be
sold as a complete package including: licensing
rights to the CSIRO’s proprietary manufacturing
procedure and methods.

After sales
Maintaining a positive working relationship
with the client will enable a two way exchange
of information. As the material is taken into a
commercial production environment unforeseen
issues may arise around mass production. The
CSIRO will be available to assist and they will
benefit by learning more about the technology,
feeding into further research and development.

As the CSIRO’s primary focus is on research and
development, partnering with a manufacturing
investor would yield the most beneficial
relationship. Through implementation of a
licensing revenue stream the technology will be
granted to an external material manufacturing
firm in exchange for a license fee. This synergistic
relationship will maximise the earnings for both
parties with minimal investment outside their field
of expertise.

»» CSIRO studies

»» Individuals skilled in:
• Mechanical engineering
• Marketing and sales
• Business
• Design
• Logistics
»»

Experienced factory staff

Financial
»»

Capital for initial investment,

»»

Licensing agreement,

Key partners
In the context of connecting The CSIRO to an
industry partner the only key partner is that of
the manufacturing partner and Next who are
helping to facilitate this relationship.

Cost structure
Value-driven
Some companies are less concerned with the
cost implications of a particular business model
design, and instead focus on value creation. As
this material is a premium product with superior
material properties a value driven cost structure
is the most appropriate.

Business Model

Evaluation

»» Biocomposite material process and rights

Economies of scale
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Cost advantages that a business enjoys as its
output expands. Larger companies, for instance,
benefit from lower bulk purchase rates. This and
other factors cause average cost per unit to fall
as output rises.

Market

Furthermore this will provide impetus for
serendipitous connections which are so far
unseen.

Recommendations
‘Now this is not the end. It is not even
the beginning of the end. But it is,
perhaps, the end of the beginning’
Winston Churchill

Introduction
Applications
Manufacturers
Conclusion
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Recommendations
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Limiting the project to one direction or a
specific product application could everely
limit the materials application.’

Introduction

Despite detailing two applications; both of
which show great potential in the Australian
market. There are still many avenues for the
material and it should be noted that the
technology itself is the real product.

‘The sheer scope of applications,
from power poles to custom joinery,
found throughout this report show there
is incredible potential for the technology.
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After exploring such a range of applications
those of weatherboarding and custom
joinery have been developed as proof
of concept prototypes. The proof of
concept prototypes show the strength of
the Biopolymer composite as a sustainable
wood alternative.

Weatherboard are used extensively in
Australian residential architecture as cladding.
The current method of production involves the
harvesting, resawing and dressing of timber
into weatherboard profiles. From 08-13 Both
the Timber Resawing and Dressing and Timber
Wholesaling industries have suffered from a drop
in growth of 4.7% and 1.8% respectively
(Allday 2013c).

Looking to the future of manufacturing with the
biocomposite material a projected market for
2020 would be that of custom joinery.

Weatherboard profiles suit the biocomposite
plastic extrusion process allowing for easier
production than traditional methods.
The mechanical properties required of
weatherboards are well matched to those of
the biocomposite material for example:
»» UV resistance
»» Environmentally stable
»» Greater mechanical performance for similar
weight ratio
»» Improved material efficiency due to extrusion
process allowing for hollow profiles
»» Finishing and colours applied during
manufacture.
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Traditional weatherboard homes require repairs
and replacement approximately every twenty
years. As the biocomposite material can be
worked into the existing attachment systems
with little difficulty, replacement would be simple.
The available finishes, such as powder coating
and texture stamping, allows for a unique selling
angle; no post varnishing or painting is needed.

The extrusion technology needed for large
extruded sheeting is slowly emerging and
biopolymer composites have not been tested at
these large sizes.

CSIRO’s advanced biopolymer
adhesion technology
The fact that the CSIRO have developed a far
superior method of manufacturing FRP makes
their method a product itself. This method could
be adapted by any company currently working
with FRP and used to improve their products.

»» Wall paneling

The product produced is an effective and
sustainable wood alternative as the material
performs just like or better than wood. It also has
the advantage of being a plastic composite
which negates many of the bad aspects of wood
such as:

»» Surfaces and furniture

»» Toxic treatment

However the custom joinery industry is a strong
industry in Australia involving applications such as:
»» Commercial Interior fitouts

These applications require strong materials which
can be worked into unique forms. The biopolymer
composites workability and versatility makes it an
ideal alternative to materials such as MDF
and plywood.
MDF in particular has recently emerged as a
hazardous material and can only be worked
with in Australia with the addition of specialised
safety equipment. To add to this MDF cannot
be recycled or reused and the end of life for
all swarth, offcuts and fitouts is landfill. The
biopolymer composite is not only safe to
work with and recyclable: it outperforms MDF
mechanically.

»» Complex manufacturing
»» Unsustainable harvesting practices
Furthermore the material adopts some of the
best aspects of plastic such as:
»» Recyclability
»» Longevity
»» An ease of manufacture
As seen by the sheer scope of applications,
from power poles to custom joinery, found
throughout this report there is incredible potential
for the technology. Limiting the project to one
direction or a specific product application could
severely limit the materials potential.

Applications

Custom joinery
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Weatherboards

Potential industry partners
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A range of potential manufacturing partners
have been identified. Those below represent
good potential partners based on the scope
of their business, their focus on advanced
and sustainable materials and current
market penetration.

Manufacturers

The manufacturing industry is the most
suitable market for the CSIRO to seek an
industry partner. Within the manufacturing
industry there are very large companies
capable of focusing their resources on
new and emerging markets. Some of these
companies already work with FRPs and
some interact with markets within which the
material could easily be used.

What do they do

Replas are an Australian based plastics
manufacturer who work with recycled plastic
and FRP technologies. Now in its twenty-first year,
the company produces a range of over 200
products and has grown to become Australia’s
leading producer of recycled-plastic products
(About Replas 2011).

Gurit Holding AG, Wattwil/Switzerland,
(SIX Swiss Exchange: GUR) has established
itself as a developer and innovator in the
composites industry and positioned itself as the
leading global supplier of composite materials,
engineering services, tooling equipment,
and select parts and systems (Gurit Products and
Materials 2013).

What do they do

ACS are experts in engineering design,
modelling, analysis, manufacturing process and
implementation projects. ACS specialise in helping
organizations to put new composite technologies
into practice (Home ACS Australia 2013).

Replas has since developed world leading
technologies to reprocess Australia’s waste into
robust recycled-plastic products for outdoor use.
These products offer an ethical alternative to the
unnecessary use of virgin materials and provide
long-lasting advantages to customers.

Why do they make a good partner

Why do they make a good partner

As an engineering consultancy, ACS facilitate the
uptake of new composite materials to commercial
manufacturing. ACS have over 20 years
experience in the field of composite materials and
the introduction of the materials to industry.
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Gurit

ACS work with a diverse range of manufacturing
processes including: Adhesive Bonding,
Autoclave Curing, Machining of Composites,
Mechanical Fastening, Pullforming, Pultrusion,
Resin Infusion Technologies, Thermoset
Composite Welding (TCW). Making ACS a perfect
manufacturing for the CSIRO.

As a local plastics manufacturer Replas know
the Australian market well and they have a large
portfolio of work with local government and
community groups. Their products have been
installed in many outdoor public applications
requiring strong durable materials. The CSIRO’s
biopolymer suits this existing model well due to its
good mechanical performance. Furthermore it
uses a similar manufacturing process and would
fit into their current workflow model with minimal
disruption.
Replas have a strong focus on sustainability with
a commitment to reuse and recycling. This will
tie into the CSIRO’s focus in the same area and
the inherent sustainability of the biopolymer.
As replas already run a used plastic collection
scheme they could benefit greatly from the
biopolymer’s recyclability in a similar way eg.
collecting offcuts or used biopolymer materials.
As Replas already work with some FRP materials
they could adopt the CSIRO’s process to
enhance their existing products using fibre and
recycled plastics instead of using PLA.

What do they do
Gurit has had over 30 years experience in the
practical application of composites across
various market sectors and projects, from small
parts to large-scale structures, combined with a
unique technical approach. This enables Gurit to
offer a complete composite solution.
They specialise in the development and
manufacture of advanced composite materials,
related technologies and select finished parts
and components. The comprehensive product
range comprises of fibre reinforced prepregs,
structural core products (man-made materials
and balsa wood), gel coats, adhesives, resins and
consumables (Gurit Products and Materials 2013).

Why do they make a good partner
Gurit are a large company experienced in both
the development and manufacture of advanced
composite materials. As a multinational group
Gurit will be able to adopt the technology at a
global scale giving it greater market exposure.
They have an expansive product line and are
actively pursuing a large range of markets
for example: Wind energy, Aerospace, Rail,
Automotive, Marine, Industrial, Engineered
Structures and Ocean Energy Markets.
With such a diverse range of industries Gurit
could effectively adapt the CSIRO biopolymer
material into their product line and discover new
unforeseen applications in in above markets
(Gurit Composite Systems & Engineering 2013).

Manufacturers

Advanced Composite Structures Australia (ACS
Australia) are a company who bring composites
research and innovation through to industrial
implementation. They are a large Australian
business with extensive expertise in the area
of composite materials (Home | ACS Australia
2013).

Replas
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Advanced Composite Structures
Australia (ACS Australia)

Conclusion
The overall iterative process conducted has identified the
construction industry as having the most potential applications
for this technology. Research through design generated
a vast range of potential applications for the biopolymer
composite. This design based approach allowed exploration
and generation of concepts outside of those exposed with
evaluative and explanatory methods.
The most promising applications have been determined
through rigorous examination and evaluation using:
»»
»»
»»
»»
»»

Values derived from industry and market research
Product benchmarking
Business modeling
Prototyping
Material testing

These methods also provided valuable information on the
capabilities of the biopolymer composite. This was especially
useful in determining its suitability as a sustainable wood
alternative.
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The prototypes display these properties in a tangible way.
This custom joinery piece is designed to represent a breakout
area or kitchen to contextualise the material in a familiar setting.
In this application the versatility of the material is shown through
joining it with other materials. This also highlights the ease of
working with the material as no speciality processes or fasteners
are used. Due to it’s superior mechanical properties it was able
to be processed to extremities: such as the chamfer around the
edge of the table which achieved a stable 5mm lip.
The weatherboarding example showcases the ease of
processing the biopolymer composite. Being able to extrude
the board as a finished piece with one process; time, cost and
material wastage would be saved when compared to working
with timber.
Despite the huge potential of the material as a sustainable
wood alternative there are still many avenues for the
material and it should be noted that the technology itself is
the real product.
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End of life products and offcuts from manufacturing processes
can be easily recycled. Furthermore extrusion allows easier
manufacture and great versatility in shape and form.

Conclusion

The Biopolymer composite is a sustainable, stronger alternative
to wood. This is shown in the ability to manufacture it from
renewable sources such as PLA and natural fibres.

