1ST INTERNATIONAL CONFERENCE ON SUSTAINABLE INTELLIGENT MANUFACTURING
H.Bartolo et al. (Eds.)
Leiria, Portugal, June 28-july 1, 2011

F R O M A C A D E M Y T O I N D UST R Y T O USE R: E N G A G I N G
ST A K E H O L D E RS I N SUST A I N A B L E M A T E R I A L D E V E L O P M E N T
R. Bateman*, P. A tkinson** and J. Roddis***
Sheffield Hallam University
*e-mail: r.bateman@shu.ac.uk  
** e-mail: p.atkinson@shu.ac.uk  
*** e-mail: j.roddis@shu.ac.uk  

K eywords: Glass, Bioplastic, Design, Architecture.
A bstract. The Art & Design Research Centre at Sheffield Halla m University has been working
with the sustainability agenda for a number of years, with much of its focus being on the
development of new, innovative materials that afford designers new creative opportunities and
provide significant benefits for green manufacturing. This paper describes two such projects
highlighting the role played by including key stakeholders in the material development
process.
7KH ILUVW µ7785$¶ LV D FRPSRVLWH JODVV DQG UHVLQ PDWHULDO ZLWK VRPH XQLTXH SK\VLFDO
properties. The research tea m engaged with a variety of stakeholders to ensure the material
would meet a wide range of end user requirements; trials included tests carried out by the
waste glass industries, resin manufacturers, flooring contractors, architects, commissioning
agents and end users. The second case study, at an earlier stage of development than
7785$ WDNHV WKH VDPH XVHU-centred research approach of engagement with stakeholders.
µ%LR&KDLU¶LVDSURMHFWH[SORULQJWKHSRVVLELOLWLHVIRUILEUH -reinforced composite biomaterials,
initially in collaboration with a government research institute. The research focussed on the
development of a new bio-based polymer, with the aim being to understand the interactions of
polymers with wood and pulp fibres and the effects on production processes and material
performance.
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1 INTRO DUC TIO N
The case studies in this paper are part of two research projects undertaken by staff within
the Art & Design Research Centre (ADRC) at Sheffield Hallam University. µ7785$¶
enables the conversion of waste glass into a useful, high value, structural building material with
an appealing aesthetic quality of its own. Extensive development optimised the raw material to
meet the requirements of the construction industry, and engaging a variety of stakeholders
ensured the material would meet a wide range of end user requirements. The material went on
to be granted a number of international awards and be used in high-profile, large scale city
regeneration projects as well as forming the core products of successful new companies in the
interior and furniture design industries.
In a similar development process, the BioChair project used a novel biocomposite in the
creation of an injection-moulded chair for usHLQSXEOLFVSDFHV$VZLWK7785$ a range of
stakeholders was engaged to ensure the best possible outcomes. Laboratory testing confirmed
material properties, and the biocomposite was trialed by polymer manufacturers and injection
moulders at the same time as the potential market was explored with furniture manufacturers.
Further in-depth technical research is currently proposed to explore the use of other natural
fibres such as flax in biocomposite sheet materials, with the long term aim of finding suitable
applications in cleaner, greener products to meet consumer demand.
2 D E F I N I N G I N C L USI V E D ESI G N
The UK Design Council [Ref 1] offers the following definition: Inclusive Design is neither
a new genre of design, nor a separate specialism. It is a general approach to designing in which
designers ensure that their products and services address the needs of the widest possible
audience, irrespective of age or ability. Two major trends have driven the growth of Inclusive
Design (also known as Design for All and as Universal Design in the USA) - population ageing
and the growing movement to integrate disabled people into mainstream society.
The terms Inclusive Design and Universal Design have overlapping definitions. The term
Universal Design was coined by Ron Mace, founder of The Centre for Universal Design, as
³the design of products and environments to be usable by all people, to the greatest extent
possible, without the need for adaptation or specialized GHVLJQ´>5HI@
2.1

Principles of universal design as defined by the C entre for Universal Design

x E quitable the design should be usable by people with diverse abilities and appeal to all.
x F lexible the design should cater for a wide range of individual preferences and abilities.
This may mean some choice in methods of use (such as right or left handed access).

x Simple and intuitive the design should be easy to understand, regardless of the
experience, knowledge, language skills, or current concentration level.
x Perceptible the design communicates necessary information effectively to the user,
regardless of ambient conditions or the user¶s sensory abilities.
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x Tolerance for er ror the design minimizes hazards and the adverse consequences of
accidental or unintended actions.
x Low physical effort the design can be used efficiently and comfortably with a
minimum of fatigue.
x Size and space for approach and use appropriate size and space is provided for
approach, reach, manipulation, and use regardless of body size, posture, or mobility.
2.2

Inclusive design principles as defined by the Sensory T rust [Ref 3]

x Integration, not segregation. Segregation serves to reinforce feelings of difference
from the norm. Inclusive design benefits the widest possible spectrum of society.

x Wor king with, not for, people. Too often designers assume preferences and needs.
Involvement of an inclusive range of users avoids mistakes and maximises success.
x T he right to choose. It is important that people are sufficiently well informed so they
are able to make their own choices. Sufficient information is crucial.
x M otivating by example. Good practice is more successfully encouraged by examples of
positive design and solutions to common challenges.
3 I N C L USI V I T Y W I T H I N T H E D ESI G N PR O C ESS
Designing and developing truly innovative products is a complicated process that draws
upon the collective skills and knowledge of different designers, business people, engineers,
scientists, manufacturers, retailer and end users. Different collaborative design methods are
well documented and proven by, among others, IDEO and D-School at Stanford University.
These methods demand constant re-evaluation, incorporating feedback from potential users. To
validate the case studies described here, the proposed products were tested through working
with academics, industry, manufacturers, contractors, architects and designers, commissioning
agents, and final end users.
The development of new materials is a key output from this research. The products
subsequently designed followed the principals of Universal Design. This paper describes the
inclusiveness of the processes used to develop both materials, and outlines inclusive approaches
that value the agencies of various stakeholders. It aims to show that a dialogic interaction that
facilitates a multiplicity of perspectives is vital to the design process in creating engaging and
meaningful outcomes for all concerned. For the authors of this paper, inclusive design
embraces the notion that designing is an interpersonal, complex and layered process that
includes the multiple roles people have.
4 R ESE A R C H M E T H O D O L O G Y
Both projects used a participatory action research methodology in which the key
characteristics are that: the researcher is a participant and the main research instrument, it is
cyclical in nature, involves action followed by reflection followed by informed action, and is
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concerned with producing change. This change is ongoing and the research is interested in
input from participants/stakeholders. This allows for the continual development and
improvement based on feedback from participants at regular points in the projects. [Ref 4]
5

C AS(678'<7785$

Stockpiles of waste glass are expected to increase in the UK to meet the targets of the
European Union Packaging and Packaging Waste Directive. This research project set out to
explore different possible uses for waste glass in energy-efficient ways. It also explored the
conversion of returned glass cullet into a useful, high value, structural material, and examined
and developed potential creative applications. A key aspect was the involvement of a wide
range of stakeholders, including the waste glass industry, resin manufactures, flooring
contractors, architects, commissioning agents, and final end users.
The overall aim was to take samples of recycled glass through treatment and analysis to the
point where it can be used in the manufacture of a value added new product. The resulting
PDWHULDO7785$FRQVLVWVW\SLFDOO\RIUHWXUQHGJODVVFRPELQHGZLWKVROYHQW-free
resin, making it more sympathetic to the environment.
The project had four main aims and objectives:
x Find acceptable limits of impurities and particle size distribution of recycled glass
x Optimise the technology required for production and in situ applications
x Develop the physical characteristics of the products to required standards
x Develop end products to utilise the physical, optical, and aesthetic possibilities
A review was conducted to establish applications that would:
x Identify a volume market to maximise the use of waste glass in application
x Establish and nominate the range of test standards that the developed outcomes would
be submitted to for validation.
This review revealed that a major use of non-solvenated epoxy resins (the primary
nominated generic binder for glass waste) was within the construction industries - particularly
flooring. As test standard requirements for flooring would validate utilising the composite in
other products, this application was nominated as a control standard for the project.
5.1

F indings

Early trials used ratios of 70% glass to 30% binder. It became clear that changing to epoxy
binders would allow greater glass ratios to be achieved.
A strategic aim was the utilisation of waste glass without expensive secondary processing. It
was accepted that it would be necessary to remove sugar residues and paper from glass returned
from the consumer waste stream, but testing revealed that all other contaminants could be
DFFRPPRGDWHGZLWKRXWDIIHFWLQJWKHPDWHULDO¶VSHUIRUPDQFHRUYLVXDODSSHDUDQFH
In establishing these parameters the volumes and particle sizes of the processed glass were
reviewed in order to minimise secondary processing. Crude trials showed three particular mixes
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performed well in terms of material integrity, glass/resin ratios, surface appearance and
manufacturing methodology. Tests on samples of these mixes by the Built Environment
Research Centre and the Estates Department of the University confirmed the conclusions of the
research team, and two sites for trial floors to be laid were offered. This provided an
opportunity to assess the ease of application, user acceptability and performance.

4XLFN7LPHDQGD
decompresso r
are needed to see this picture.

)LJXUH7785$XVHGLQFLW\FHQWUHUHJHQHUDWLRQSURMHFWVDQGIXUQLWXUHSURGXFWV

The University required the composite met the relevant British Standards for Slip
resistance, Impact resistance and Flexural Strength. The University funded a patent application
to protect the developed knowledge before securing cooperation with a local specialist resin
manipulator for the construction industries, Resin Building Products Ltd [Ref 5]. Two test
installations were identified: a goods entrance at the University and the student refectory, which
have now been in use for a number of years and established the material supply chain and end
user validation, both short term and long term, in real situations.
5.2

Involving Stakeholders and E nd users

To validate the proposition of the research project and to gain knowledge to inform further
work, the outcomes and protocols proposed were trialed and tested by the waste glass
industries, resin manufactures, flooring contractors, architects, commissioning agents, and final
end users. The trials confirmed the material management and supply chain scenarios, and the
application by contractors on site proved more positive than expected, supporting enhancing
the glass saturation in the composite. Surface finishing caused problems: traditional grinding
protocols were not sufficient to deal with the hardness of the composite. Subsequent wear tests
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provided the knowledge for establishing in-situ finishing protocols. The trials also validated the
composite by monitoring tonnage traffic (goods entrance) and footfall (refectory).
5.3

Project O utcomes and Impact

The developed composite was subsequently licensed to Resin Building Products Ltd and
PDQXIDFWXUHG XQGHU WKH WUDGH QDPH 7785$ ,W KDV EHHQ YDOLGDWHG E\ LQWHUQDWLRQDOO\
recognised research and testing centres and by industries associated with the control
application. The outcome met the research aim in relationship to the potential volume usage of
waste glass and supported EU and National government objectives for re-use of waste.
The dissemination of this research project led to high-profile collaborations with designers
Thomas Heatherwick and Martha Schwartz, an International Design Resource Award in 2001
DQGD0DWHULDO&RQQH;LRQDZDUGLQLPSURYLQJWKHPDWHULDO¶VFUHGLELOLW\DQGUHSXWDWLRQ
The work also produced a spin-ofIFRPSDQ\µ(LJKW,QFK/WG¶>5HI].
6

C ASE ST U D Y 2. B I O C H A I R

Worldwide, furniture manufacturers that have investigated eco-sustainable furniture
production have tended to focus on the recyclability of high-energy embodied technological
materials rather than on the utilization of renewably sourced biopolymers that have a wider
UDQJH RI µHQG RI OLIH¶ RSWLRQV HYHQ LQFOXGLQJ FRPSRVWLQJ )XUWKHUPRUH UHVHDUFK LQWR µVLFk
EXLOGLQJ V\QGURPH¶ UDLVHG awareness of the need for new design solutions and material
IRUPXODWLRQV WKDW ZLOO OHDG WR LPSURYHG DQG µKHDOWK\¶ LQGRRU HQYLURQPHQWV 3UHYLRXV GHVLJQ
work undertaken between the researcher and New Zealand Crown Research Institute SCION
had proved that small desktop items could be made using biopolymer materials formulated in
New Zealand. The overall aim of the BioChair project was to investigate the use of
biopolymers in the production of eco-sustainable products in the form of commercially viable
office furniture designs. Working with Scion, polymer developments based on Scion¶s
SURSULHW\µNQRZKRZ¶ZHUHIXUWKHUGHYHORSHGDQGWHVWHGIRUPHFKDQLFDOSURSHUWLHVFRPPHUFLDO
moulding possibilities and end of life options such as recyclability and composting. The
biopolymer materials were also tested for structural durability when used with secondary
materials such as solid timber. Previous work at Scion has demonstrated potential of such
biopolymer materials in a range of applications, including some furniture components.
6.1
Test:

M ethodology

Data capture, Statistical Analysis, Material Development and Characterisation
Formulate a range of biopolymers and make samples for testing physical properties.
Test for: Strength, stiffness, impact, cyclic fatigue and durability.
Compare with properties of a reference polymer (20% glass reinforced nylon).
Define key properties for design considerations.
Design: Design Data, Material Selection, Product Design.
Research and analyse existing commercial furniture market and define target market
Research performance and safety standard applicable to target market seating.
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Create a number of design solutions for seating that suit the defined target market.
Further develop design engineering via use of software and models
Create proof of concept 1:1 model (using appropriate materials and processes)
Market: Exploration of market potential for biopolymer commercial furniture sales via:
Exploration with end-user groups.
Exploration with plastic injection moulders.
Exploration with manufacturers.
Exploration with sales and marketing department.
6.2

Involving Stakeholders and E nd users

The outcomes of the research project were trialed by injection moulders and discussed with
furniture manufactures, architects, interior designers, and retailers. Injection moulding proved
highly positive. A batch of 50kgs of bioplastic was formulated by Scion and 43 5-star office
chair bases were moulded using an existing tool. The trials showed that the biopolymer
behaved differently to the bench mark material and that the existing tool, designed for 20%
glass reinforced nylon, would need increased draft angles and that specific heating cycles
would need to be developed to ensure biopolymer mouldings ZRXOGQRWµVWLFN¶WRWKHPRXOG
$ IXOO VL]H YLVXDOL]DWLRQ PRGHO RI WKH YLVLWRU¶V FKDLU ZDV PDGH XVLQJ UDSLG SURWRW\SLQJ
techniques and utilizing timber for the legs. The model along with the injection-moulded
components was used in discussion with architects, interior designers, and retailers. Discussions
with these end user groups validated the design proposition.

4XLFN7LPHDQGD
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Figure 2: Moulding chair bases in bioplastic polymer, and a rapid prototyped model of the final chair.
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6.3

Project O utcomes and Impact

The outcome of an injection-mouldable bioplastic met the research aims and objectives and
dissemination of this research has resulted in discussions with furniture manufacturers who are
interested in utilizing bioplastics for furniture production. Positive discussions have been held
with plastic batch manufacturer Clarient, and will hopefully lead to a commercial agreement to
formulate the material commercially.
6.4

F uture Projects

µ,PSURYLQJ0DWHULDOV3URSHUWLHVXVLQJ0RGLILHG)OD[and ,QQRYDWLYH'HVLJQ¶is a 12-month
long collaborative project involving three partners: SheIILHOG+DOODP8QLYHUVLW\¶V$UW Design
and Materials Engineering Research Centers and materials research company Netcomposites. It
will build upon the researchers¶ work detailed above. Funding is by the Engineering and
Physical Sciences Research Council under the scheme Engineering for Life. The project will
adopt a new biocomposite material produced by Netcomposites, improve the shortcomings in
the existing product using a new in-situ fibre modification technology, identify and develop
initial design propositions of varying size and complexity and realise design propositions using
the enhanced, modified-fibre material produced. This project will also utilize an action research
methodology and include stakeholders and end-users throughout.
7

C O NC LUDING RE M AR KS

7RXVH-HYQDNHU¶VWHUP>5HI@WKHWZRFDVHVWXGLHVLQWKLVSDSHUFDQEHYLHZHGDVDIRUP
RIµHQWUHSUHQHXULDOPRELOLVDWLRQ¶ZKLFKLVFXUUHQWO\WKHIRFXVRIPDQ\(XURSHDQ*RYHUQPHQWV¶
remit to their particular university sector. From the starting point of a loose concept which
clearly needed to be defined more exactingly, and no indication that there would be any
application or market for a product, the two research teams initiated and led processes that were
as much about mobilising and engaging groups of stakeholders as about research in the
conventional sense.
6KHIILHOG +DOODP 8QLYHUVLW\¶V $'5& DQG PRUH VSHFLILFDOO\ WKH /DE/LYLQJ RIIHU D ULFK
resource in inclusive design methodologies that have much to offer SMEs. Building on the
experiences described in this paper and taking developmental thinking and methods in inclusive
design into account, the centre aims to deliver sector specific outcomes for innovative future
product development.
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