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• Reuse? 
• Reprocess?
• Reclaim?
• Recover?
• Salvage?
• Save?
• Circular economy?

Recycled = ? 

Presenter
Presentation Notes
As an industrial designer the importance of circular economy is embedded in the design thinking and product development, no added material, end of life, cradle to grave, 



Waste Glass, a problem



Recycled Glass, a material scientific 
response  

Some products developed on the 
demand to deal with the waste 
challenge 



Recycled Glass, 

Construction 
field

Art and design

Bottle 
manufacturing 



Recycled Glass, 

Down-cycling

Up-cycling

Circular 
Economy



development that fulfills 
existing needs, without 

bringing future 
generations’ possibilities 

for fulfilling their needs in 
jeopardy”

(United Nations [UN], Report of the World 
Commission on Environment and Development: Our 

Common Future, 1987).

* The four pillars of sustainability



Climate crisis



Tyra 12 år,  -92





PhD 2009
Physical and Aesthetic Properties of Fused Recycled Bottle Glass

Tactile paving
Inclusive design

Aesthetic 
Materiality

Sustainability

The application?PhD proposal 2004 

Recycled glass urban 
paving



The process of working with 
bottle glass; 

Fusing/Sintering 
Vs.

Hot Glass Melt



 To evaluate the sustainability and practicality of using recycled bottle glass for 
designing architectural products 

 Use of fusion as methodology

 Developing new directions in the use of recycled glass as a material

 Design and manufacture of architectural products from recycled glass with an 
evaluation of sustainability and strength for design application

 Outcome
◦ A range of architectural products
◦ An understanding of the behaviour of recycled glass as a design material
◦ Design Material Guidebook

Research Objectives 



The process of working with bottle glass; 
Cleaning, crushing, fusing



 Compatibility

 Devitrification 

 Strength of Fused Bottle Glass

 Texture

 Colour Creation

 Investigation of Fusion Methods

 The Gwalia Project

Research Theme  
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The process of working with bottle glass; 

Compatibility of materials



 Compatibility
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Fragment 
sizes

0-2mm

2-6mm

6-12mm

>12 mm

The process of working with bottle glass; 

Devitrification/ crystallisation 



 Compatibility

 Devitrification 

 Strength of Fused Bottle Glass

 Texture

 Colour Creation

 Investigation of Fusion Methods

 The Gwalia Project

Research Theme  



Glass tile

Neoprene cushioning

• The instrument automatically generates Force versus Displacement data. 
• The energy and maximum force required to break the sample can be 

measured.  
• The maximum break force allows the Modulus of Rupture (R) for the sample 

to be calculated.

• The specimen is clamped between two bearing plates 
(upper and lower).

• An increasing load is applied to the centre of the 
specimen. 

2bd
PLR = Where P = maximum breaking force, L = span length between the outer 

supports of the lower bearing plate, b = sample width and d = sample depth. 

The process of working with bottle glass; 
Strength
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The process of working with bottle glass; 
Strength

Time 
in kiln

6-12mm 0-2mm
compatible mix compatible mix

MPa R stdv MPa R stdv MPa R stdv MPa R stdv
20 min 6.23 23.54 3.11 9.64 20.03 1.96 5.01 26.94 4.80 4.14 22.06 2.58
1hr 7.12 22.46 2.30 9.77 16.64 4.69 3.84 25.56 2.21 3.49 27.73 2.71
2.5 hrs 4.69 23.46 2.51 4.58 21.58 4.83 3.07 27.32 1.10 3.55 33.57 2.68
3.5hrs 1.29 19.43 2.21 1.34 20.21 1.52 1.73 32.16 2.19 1.61 29.58 2.19
5 hrs 0.93 19.14 0.95 0.98 20.66 1.73 1.47 33.13 1.78 1.16 32.84 2.07
10 hrs 1.12 22.56 0.56 1.12 22.83 1.05 1.50 37.03 1.66 1.26 34.39 0.47

Commercial tiles R

Ceramic 1 10.95

Ceramic 2 30.79
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 Devitrification 
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The process of working with bottle glass; 
Fusing and cold working



Texture



The process of working 
with bottle glass; 

Fusing, cold working, 
waterjet





Light shining onto and light passing through the same panel 
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The process of working 
with bottle glass; 

Colour creation



The process of working 
with bottle glass; 

Colour creation
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The process of working with bottle glass; 
Artistic process, Casting



The process of working with 
bottle glass; 

Artistic process



The process of working with bottle glass; 
Texture and Colour



The process of working with bottle glass; 
Texture and Colour



The process of working with bottle glass; 
Texture and Colour
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The Gwalia Project 

Grŵp Gwalia working with 
architects Philip Roberts 
and Elfed Roberts











I believed that fused recycled container glass could be used as an architectural 
material in a circular economy approach. 

Further research:

Collaborating with a range of other disciplines such as;
• Scientists  
• Material  engineers
• Built environment
• Architects
• Local industry
• Designers
• Artists  

To develop a recycled glass material that will fit industry standard and be a true 
sustainable material in the terms of circular economy   



Sustainability -

“Sustainable development is development that fulfills existing needs, without bringing 
future generations’ possibilities for fulfilling their needs in jeopardy” 

(United Nations [UN], Report of the World Commission on Environment and Development: Our Common Future, 1987). 

• Environmental 
• Society
• Economic
• Culturally

The four pillars of sustainability



Wellbeing of Future Generations Act (Wales) 2015

• One Act
• Four Sustainability Development Pillars –

• Social
• Economical
• Environmental
• Cultural

• Five Ways of Working
• Seven Goals and their definitions
• 46 Population Indicators

Public bodies need to make sure that when 
making their decisions they take into account
the impact they could have on people living 
their lives in Wales in the future.



Five ways of working

It will expect to:

•Work together better

•Involve people reflecting the 
diversity of our communities

•Look to the long term as well 
as focusing on now

•Take action to try and stop 
problems getting worse - or 
even stop them happening in 
the first place.



Slide from: 
Dr Andy Rees, OBE
Head of Waste Strategy Waste & 
Resource Efficiency Division, Welsh 
Government
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Glass recovery (British Glass)

• Re-melt saves about 0.3 tons of carbon per tons of glass 
recycled; aggregate saves none.

• About 93% of waste glass produced by businesses, such as 
pubs and clubs, is recycled, 2010

• Four fifths of councils provide curbside glass collections to 
households in 2012.

• 81% of glass recycled in 2005 was re-melted, but in 2010 
that had fallen to 64%.

• Today (2021) only about half of household glass packaging 
get re-melted back to glass.



Student assignment-

• What material is available in Wales? 
• Who produce the material/product? 
• When will the material/product be used? 
• Where will the material/product fit within the existing market? 
• Why using a local material/product? 
• How much will it cost?

*Tip- Millennium Stadium, Cardiff

Find local materials made in Wales
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