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a regenerative approach to
'fogade design with a focus on end-

of-life challenges

Rebecca Hartwell
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Supervisor: Dr. Mauro Overend

Adyvisor: Dr. Sebastian MacMillan




waste and circular
“CE - a regenerative system in which resource input and e C O n O m y

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 paradigme; Martin Geissdoerfer; 2017
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where does the fagcade sit within the framework?




under CE lens

Glass Facade

High-
Performing Materials Function
Envelopes
Biaxially Food taste
oriented %‘;]Olgn
polypropylene gevity .
Crisp Low-density S’rrorllg GEO|I flexible
Marketability
Packet g&llyi’rhylene Well-sealed - keep
’rhe?lmo lastic contaminants and
resin P moisture out
Etc...
Glass Weather resistant
Aluminium UV-resistant
Glass Adhesive Temperature stability
Facade sealants Moisture control

Polyvinyl butyral

EPDM gaskets

Contact load
Aesthetic

UNMISTAKABLY

Cheese & Onion

WITH CHEDDAR FROM SOMERSET

This pack contains:

Rt TSaturates” Salt

i g

Integral to the success of the crisp...

Integral to the energy performance of the building



FUNCTIONS

fowards, “monsirousdwyorids”

SMOKE CONTROL DOL%?ED—OQFQU Qajnd Braungart — Cradle to Cradle
TFUNCTIONS (AYaOh—?'\\lCd]
Acod S § ';‘_-,ﬂAajr
FIRE PROTECTION AND X C”STQWS&W ) A O
SMOKE cONTROL L-am;hg‘t-ed
Mullion =1 [
glazing

.. .

Mullion

STRUCTERFRUCTUR

PRINCIPLES " e “_ —
PR iNeReEs [ < I
(ETDM]) awnd CTQS =

-~ A(.‘*
sedlants (E?DM éhm’ }
MOISTURE cONTROL “gealants

‘ N
L An@ldgssssBtion of éffazing unit showing complexity
covey ca-Pf design — taken at Glasstec 2018

Increasing technology
— snadeiiadl BRery) sonamapsr advancements and
s AR ORMANTS building / Affeqts design complexity
]
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ENERGY FROVISION Protection of feople and 4 {
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ENER&‘T’ RovISION Noise Protection o Proteftion of people and A ﬁ\

Prope \
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facade

significance

and

iImplications

Whole-life energy
shift

[gleig=TeNgle]
complexity and
decreasing
recovery

Shifting balance of operational energy vs.

embodied energy (Chastas et. Al, 2016)

100
-7
_”
80 g
-
-
”
60 -7
- = 74-100%
40 Pg
_”
90 4 26-57%
0
Conventional Passive Low-energy Net-zero energy
EE OE

Embodied energy of different building components
(Cole and Kernan, 1994)

25000
20000 -
s
e
o
€ 15000 — WInitial (4.54 GJ/m’)
z
w
e 025 Years (2.56 GJ/m?)
8 10000 ;
o 050 Years (6.55 GJ/m’)
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w

W100 Years (14.74 GJ/m’)

5000

Site Work Structure Envelope Finishes Services Construction
COMPONENT
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‘end-

of-life’

“the inability for
the system fo
perform its design
function or new
requirements”
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component “end-of-life”

10 years
Building Envelope
"Shearing Layers™ 15 years Motarised operated blinds in CCF

Mnatore and merhaniermse
IWVIOWONS allQl rieciigaiisinis

20 years External gaskets and weather proofing seals

Thermal insulation and vapour barriers

Coating and fritting on glass

25 years LAMinated glass
Anodised finish to Aluminium (25 micrometres)
Internal gaskets and weather-proofing seals

Heat-treated glass

30 years |nsulated glazing units and spandrel panels

Stainless steel finishes

Corrosion protection paint to steel

Aluminium and Steel
Stuff -cally to menthy Structural glazing sealants
Space Plan -3 yeurs Polyester powder coating to Aluminium
Services -7.15 ysars Cladding system structural framing
60 years Stainless steel including bracketry and fixings

——Skin -2o years

Steel, including bracketry and fixings

Structure = B0y
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BUI'dlng "Shearing Adapted from building shearing layers from Stuart Brand: ‘How Buildings Learn’
Layers" Facade component service life figures taken from specification sheet from Meinhardt Facade Technology
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TOP - DOWN

_ APPROACHES
A GOVERNMENTAL ot A ECONOMIC T
- Oy
| : {
TECHNOLOGICAL i -~ 3 . : ENVIRONMENTAL
A.v '.A
L SOCIETAL | BEHAVIOURAL \
BOTTOM - UP
APPROACHES
Focus of research
Considered

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

research proplem




existing “end-of-life” route

Glass mixed with other
inert waste

Metals separated on-site
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Economic Social/Cultural Environmental Technical




new facade system

~£500/m?

«  Weight ~ 60 kg/m?
o Glass : Aluminium -> 60:40

“lost value”
~1.4% of initial

| Glosé downcycied Wi’rh

R N R e

. cost Alumifium recycled sold af ofher inert waste sold at
S £200/tofne, or £0.2/kg x1/tonne or £0.001/kg
S Resale values taken from

- conversations with demolition resale value ~£7.20/m2

contractors

Economic Social/Cultural Environmental Technical




100

e
iIndustry g
. . S 8o
perspective: £
reasons for end-of- 25 60
life and willingness to S0 50
reuse o3
-:;2 40
Aesthetic- § 30
related g’ 0
S A, 385 =
; mn

il  \\ 36%

[}
|| Facade Contractor/Consultant (9)

‘Clientlc'qua_gg‘w‘ N SNty G serzutor ) Facade Contractor/Consultant Manufacturer - Material Extraction
accommodate Legislation-
structural driven
changes Manuiacturss - N Zizozzzing Systems Fabricator [l Demolition Contractor  [J Recycling Facility
3.38
Performance-

relatedie. due
to component
degradation

5 Architect Demolition Contractor

S Facade Contractor/Consultant Main Contractor

S Manufacturer - Extraction Manufacturer - Processing
~O

Average Weighting

Economic Social/Cultural Environmental Technical
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Existing barriers
Potential motivation,
with further research

Existing motivation

iIndustry

perspective:

existing barriers
and motivations
for EOL recovery

methods

focus of future
research

Economic

Cost

Negative Perceptions

‘ Performance

Materials Availability

Traceability

Regulation

Separability

Compadtibility

Aesthetic Retention

Environmental

Waste Consideration

Supply Chain

Material Alternatives

Social/Cultural

8%

31%

2%

2%

5%

15%

5%

6%

5%

1%

8%

Environmental

Technical
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Mass of Constituent Material within
Functional Unit (%)

environmental impact we <%

“ Glass
= Timber
= Aluminium

70% =EPDM

assessment...

justifying reuse

= Silicone

Taken from Oekobaudat
and relevant literature

Taken from constructio @
drawings and materia
datasets

Consideration for
recycling processes and
l technology required
Assumptions made for

future technology
developments required to

; h | enable scenarios
Net Environmental
Impact

_ o Transportation
Material Quantities

Included Excluded (included in future assessment)

Economic Social/Cultural Environmental Technical



four constructed end-of-life scenarios...

Building
Demolition or
Refurbishment

Selective
[Mismantle

B Scenario 1
B Scenario 2
Scenario 3

B Scenario 4

20/02/2019 14
Economic Social/Cultural Environmental Technical



Comparison of total embodied energy per functional unit
10000.0

239.3
g
W 5000.0
r 637
B 00 N
=2 1 -Demolition 2
2P
3]
c = -5000.0
w s
g
‘g S -10000.0
o O
c C
o 2
X ™ .15000.0
C
o)
z
©  -20000.0
o
|_
-25000.0 - .
. ®m End-of-Life mTransport mReclamation
Comparison of total GWP per functional unit
. 1000.0
compdarison .
o
% 500.0
% 6.4 [0-9 04 98 0p 129
Net Avoided Net Avoided =0 0 . .
Scenario Impact, PENRE Impact, GWP '(*ES 8 00 - —L —4
(MJ) (CO,kg) (7S} 1 -Demolition e 3- ent 4 - euse
e
1 - Demolition None None g’*é‘ -500.0
£5
5
C
2 - Recycle 30.3% 34.4% % 2 -1000.0
ge
o2
3 - Component o
Reuse 76.1% 83.5% % 1500.0
|_
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Economic Social/Cultural Environmental Technical




existing technological

== challenges

& Function: Moisfure confrol <
‘Methods to separate: Limited

6102/20/0C

Technical
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18 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

610%/30/0%

separafing laminated glass
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compatibility with

profile materials and glass Pressure plate

Silicone

Insulated glazing unit
secondary seal

Spacer with
desiccant

Polyisobutylene
primary seal

Argon-gas filling
PVB Interlayer
film

heat transmission -
low U-value

UV resistance
. . Glazing gaskets

stability over time .
resistance to ageing - guarantee Adhesive Sealant
>10 year durability

high strength Tubular mullion

sustain loads through
the service life of
system

moisture resistance
watertight bond

coefficient of thermal
expansion similar to that of glass

stiffness ability to absorb shock and
ability to mitigate any differential thermal
expansion that may occur during the
connection's service life

Economic Social/Cultural Environmental Technical



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

Waste Framework Directive
20 GOVERNMENTAL A ECONOMIC

v" “v

More proactive
design approach

Y

TECHNOLOGICAL that considers | ENVIRONMENTAL
_ : y
separation recovery potential | recovery potential
methods and actively tackles comparative
0 LY = L ant annliec
natural resource 1SS /|/,j”' Nt appliea
. (O Allferent Sysierns
depletion /
oA
v . 4
SOCIETAL BEHAVIOURAL
Focus of research semi-structured interview

Considered ‘. ‘
Facade Reuse Survey Link

.i ’”-l
https://cambridge.eu.qualirics.c

= Applicable to other building productse orn/ife/form/SV_ 8i307TdD7IuUMba

610%/30/0%

further work



https://cambridge.eu.qualtrics.com/jfe/form/SV_8j30zTdD7iuMbgV
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» "Larger, more fransparency, @@ e ——
design and minimalism?*, I il SRSREENNSERS—C
complex all-glass facades. The B et bl
next 30 years of constructive 5 ATt
glass will deal with the | e U A
functionalisation of glass**"” — O il A Al |
Glasstec 2018 B i | 40

Glasstec — Biggest global tfrade fair and exhibition for glass
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Image: UN Secretariat Building, New York, renovation complete 2015 Rebecca Hartwell

rh668@cam.ac.uk



