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w h e r e  d o e s  t h e  f a ç a d e  s i t  w i t h i n  t h e  f r a m e w o r k ?

“CE - a regenerative system in which resource input and 

waste, emission, and energy leakage are minimised by 

slowing, closing, and narrowing material and energy 

loops…achieved through long-lasting design, maintenance,

repair, reuse, remanufacturing, refurbishing, and recycling.”
The Circular Economy – A new sustainability paradigm?; Martin Geissdoerfer; 2017



under CE lens

• Integral to the success of the crisp…

• Integral to the energy performance of the building

High-
Performing 
Envelopes

Materials Function

Crisp 
Packet

• Biaxially 
oriented 
polypropylene

• Low-density 
polyethylene

• Surlyn
thermoplastic 
resin

Food taste
Quality
Longevity
Strong and flexible
Marketability
Well-sealed - keep 
contaminants and 
moisture out
Etc…

Glass 
Facade

• Glass
• Aluminium
• Adhesive 

sealants
• Polyvinyl butyral
• EPDM gaskets

Weather resistant
UV-resistant
Temperature stability
Moisture control
Contact load
Aesthetic

Glass Facade
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towards “monstrous hybrids”
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McDonough and Braungart – Cradle to Cradle

H o w  d o  w e  a d v a n c e  b u i l d i n g  
p e r f o r m a n c e  w i t h o u t  d e c r e a s i n g  

m a t e r i a l  r e c o v e r y  p o t e n t i a l ?

Cross-section of glazing unit showing complexity 
of design – taken at Glasstec 2018
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f a ç a d e  

s i g n i f i c a n c e  

a n d  

i m p l i c a t i o n s
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§ Whole-life energy 
shift

§ Increasing 
complexity and 
decreasing 
recovery

Shifting balance of operational energy vs. 

embodied energy (Chastas et. Al, 2016)

Embodied energy of different building components

(Cole and Kernan, 1994)
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‘end-

of- l i fe’
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§ “the inability for 
the system to 
perform its design 
function or new 
requirements”
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component “end-of- l i fe”7
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Adapted from building shearing layers from Stuart Brand: ‘How Buildings Learn’
Façade component service life figures taken from specification sheet from Meinhardt Façade Technology
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research problem
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Focus of research

Considered

Original figure from F. Pomponi & A. Moncaster; Circular economy for the built environment: A research framework; 2017



zexist ing “end-of- l i fe” route
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Building to be
demolished

On-site separation of
metals, woods,

concrete with glass

Metals sold to reuse or
recycling facility. They are
melted down for recycling.
Any glass attached separated
out at later processing stage

Glass mixed with other inert waste
and sold as inert material for
aggregate production or to landfill

Demolition excavator with
grab/pincer attachment -
controlled by driver

Pincer used to pry out
metal frames, glass falls
to ground and mixed with
concrete and/or brick

rubble

On-site separation of
metals, woods,

concrete with glass

Metals sold to reuse or
recycling facility. They are
melted down for recycling.
Any glass attached separated
out at later processing stage

Glass mixed with other inert waste
and sold as inert material for
aggregate production or to landfill

Economic Social/Cultural Environmental Technical

Building to be
demolished

On-site separation of
metals, woods,

concrete with glass

Metals sold to reuse or
recycling facility. They are
melted down for recycling.
Any glass attached separated
out at later processing stage

Glass mixed with other inert waste
and sold as inert material for
aggregate production or to landfill

Demolition excavator with
grab/pincer attachment -
controlled by driver

Pincer used to pry out
metal frames, glass falls
to ground and mixed with
concrete and/or brick

rubble

On-site separation of
metals, woods,

concrete with glass

Metals sold to reuse or
recycling facility. They are
melted down for recycling.
Any glass attached separated
out at later processing stage

Glass mixed with other inert waste
and sold as inert material for
aggregate production or to landfill

Glass mixed with other 
inert waste

Metals separated on-site
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“ lost  va lue”
~ 1 . 4 %  o f  i n i t i a l  

c o s t
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n e w  f a ç a d e  s y s t e m

existing disposal scenario…

~£500/m2 

• Weight ~ 60 kg/m2

• Glass : Aluminium -> 60:40 

Glass downcycled with 
other inert waste sold at 
£1/tonne or £0.001/kg

Aluminium recycled sold at 
£200/tonne or £0.2/kg

resale value ~£7.20/m2Resale values taken from 
conversations with demolition 
contractors

Economic Social/Cultural Environmental Technical
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indust ry  
perspect ive:  
r e a s o n s  f o r  e n d - o f -
l i f e  a n d  w i l l i n g n e s s  t o  
r e u s e
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Aesthetic-
related

To reduce
maintenance

costs

Legislation-
driven

Performance-
related ie. due
to component
degradation

To
accommodate

structural
changes

To improve
energy

efficiency in use

Architect Demolition Contractor
Facade Contractor/Consultant Main Contractor
Manufacturer - Extraction Manufacturer - Processing
Average Weighting

Economic Social/Cultural Environmental Technical
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indus t ry  

perspect ive:  
e x i s t i n g  b a r r i e r s  

a n d  m o t i v a t i o n s  

f o r  E O L  r e c o v e r y  

m e t h o d s
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8%

31%

2%

2%

5%

15%

5%

6%

5%

11%

8%

Cost

Negative Perceptions

Performance 
Assurance/Warranty

Materials Availability

Traceability

Regulation

Separability

Compatibility

Aesthetic Retention

Environmental

Waste Consideration

Supply Chain

Material Alternatives
focus of future 

research

Existing barriers

Potential motivation, 

with further research

Existing motivation

Economic Social/Cultural Environmental Technical
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env i ronmenta l  impact  

assessment…
j u s t i f y i n g  r e u s e
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70%

10%

17%

3% <1%

Mass of Constituent Material within 
Functional Unit (%)

Glass

Timber

Aluminium

EPDM

Silicone

Included Excluded (included in future assessment)

Economic Social/Cultural Environmental Technical
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four  cons t ructed end-of - l i fe  scenar ios…
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Economic Social/Cultural Environmental Technical
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scenar io  

compar i son
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Scenario
Net Avoided 

Impact, PENRE 
(MJ)

Net Avoided 
Impact, GWP 

(CO2kg)

1 - Demolition None None

2 - Recycle 30.3% 34.4%

3 - Component 
Reuse 76.1% 83.5%

4 - System Reuse 100% 100%

Comparison of total embodied energy per functional unit

Comparison of total GWP per functional unit

Economic Social/Cultural Environmental Technical
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exist ing technological 

chal lenges

Function: Acoustic, Safety
Methods to separate: Limited

Function: Thermal performance, solar control
Methods to separate: NoneFunction: Thermal performance, solar control

Methods to separate: NoneFunction: Moisture control
Methods to separate: Limited

Economic Social/Cultural Environmental Technical
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Economic Social/Cultural Environmental Technical

Photo taken from Sedak
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20/02/2019 separating laminated glass

Social/Cultural Economic Environmental Technical

• Compressive shear test 

to initiate interfacial 

failure

• Variables

• Temperature

• Strain rate

• Relative Humidity

exploring methods for separating flat glass sheets for reuse

ü Safety
x Reuse as flat glass 

sheet
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20/02/2019 Attempt at removal of adhesive from existing glass panels

Economic Social/Cultural Environmental Technical
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further work
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Considered
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ve ENVIRONMENTALTECHNOLOGICAL

BEHAVIOURALSOCIETAL

ECONOMICGOVERNMENTAL

Focus of research semi-structured interview

separation 
methods

recovery potential 
comparative 

assessment applied 
to different systems

More proactive 
design approach 

that considers 
recovery potential 

and actively tackles 
natural resource 

depletion

Façade Reuse Survey Link
https://cambridge.eu.qualtrics.c
om/jfe/form/SV_8j30zTdD7iuMbg

V

§ Applicable to other building products?

Original CE figure from F. Pomponi & 
A. Moncaster; Circular economy for 

the built environment: A research 
framework; 2017

Waste Framework Directive

https://cambridge.eu.qualtrics.com/jfe/form/SV_8j30zTdD7iuMbgV


‘future’ of glass?

• “Larger, more transparency, 
design and minimalism*, 
complex all-glass facades. The 
next 30 years of constructive 
glass will deal with the 
functionalisation of glass**” –
Glasstec 2018

Rebecca Hartwell

rh668@cam.ac.uk

Glasstec – Biggest global trade fair and exhibition for glass *Minimalist by impact, not just 
aesthetic? 

**Functional, with whole-life in mind?
Image: UN Secretariat Building, New York, renovation complete 2015


