RE-FACADE GLASS PANELS

made by Construction & Demolition Recycled Glass
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Summit One Vanderbilt, New York. (Daigle 2021)

s TN
- " :
faeg »
R iy
R, ~
it . —L i
|i";:::;::“'“ t [ p & q L 5 i N,
it o ".,4 -, . .
x o N .lr b d g - x o
P5 Presentation | Isidora MatsKidou' | 5166187 o e U g i .




Duurzaam Gebouwd (2016)



LET'S BEGLEAR

NOT ALLGLASS CAN GO IN YOURRECYCLING

NEW | Department of 3
43}1'-(5 Environmental 2@, & #RecycleRightNY
Conservation
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When it comes to glass, only glass bottles and
jars should go in your local recycling program.

Check with your municipality for information
about your local glass recycling programs.

New York State Recycling Glass Flyer



POST-CONSUMER CONTAINERS
UPCYCLING
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FLOAT GLASS
DOWNCYCLING
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Re? Glass

1,2,3,4. Glass samples of RE3 project, made by Faidra Oikonomopoulou et al, 2018.
5. Glass beams made by Faidra Oikonomopoulou and Telesilla Bristogianni.

6. Street tiles made by Diana Simpson Hernandez, 2013.

7.Recycled glass tiles made by Snohetta and Studio Plastique, 2021.

8. Glass ceramic products made by MAGNA Glaskeramik.
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Glass panels made by Telesilla Bristogianni and Faidra Oikonomopoulou.



CASTING FORMATION
TECHNIQUE
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LITERATURE REVIEW

Flexible

Process

Small-scale
Production

Thick-walled
Components
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€¢ 'nwhatways can we develop a glazed facade panel made by recycled glass, 99
coming from Construction & Demolition cullets, through an upcycling approach
and taking into account its life-cycle assessment?
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LITERATURE REVIEW
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LITERATURE REVIEW

Glass is

100% recyclable

It can be remelted endless number of times
without ever reducing its quality.
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4+  job opportunities
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LITERATURE REVIEW

GLASS PRODUCTION
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~62%

P5 Presentation | Isidora Matskidou | 5166187

~9%

~29%

~76%

Glass Container
packaging industry

<55%
> 0,
/ <10% 35%
Float Glass
building & automotive
industry <10%
? o®
o....
Other Glass Waste

borosilicate glass, CRT glass,
aluminosilicate, glass fibers

% unknown

DOWNCYCLED

low-value products
e.g. insulation, aggregate

% unknown

LANDFILLED

Based on Telesilla Bristogianni and Faidra Oikonomopoulou.
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~9%

~29%

RECYCLED

glass containers

<55% DOWNCYCLED

low-value products
e.g. insulation, aggregate

/ <10% >35%

Float Glass
building & automotive

industry <10% LANDFILLED

% unknown

Other Glass Waste
borosilicate glass, CRT glass,
aluminosilicate, glass fibers Based on Telesilla Bristogianni and Faidra Oikonomopoulou.
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RECYCLED

glass containers

<55% DOWNCYCLED

low-value products
e.g. insulation, aggregate

~29% .
/ <10% > 35%
% unknown
Float Glass
building & automotive
industry <10% LANDFILLED

X

and Faidra Oikonomopoulou.
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GLASS PACKAGING FLOAT GLASS
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N

WELL-ORGANISED
COLLECTION SYSTEM

MONO-MATERIAL

LOOSE CULLET
ACCEPTANCE RULES

EFFORTLESS
RECYCLING PROCESSING

COST-EFFICIENT
RECYCLING PROCESS

NO DISASSEMBLY

;[ XX
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78% VS <10%

GLASS PACKAGING FLOAT GLASS



FLOAT GLASS
DOWNCYCLING
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INTERNAL

LITERATURE REVIEW

EXTERNAL
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PRE-CONSUMER FLAT GLASS WASTE POST-CONSUMER FLAT GLASS WASTE

EXTERNAL



POST-CONSUMER FLAT GLASS WASTE

EXTERNAL



PRE-CONSUMER FLAT GLASS WASTE

INTERNAL EXTERNAL



" | CLASS A’

pre-consumer quality
post-consumer

out

\/

FLOAT LINE
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CLASS B’

laminated &
mixed cullet

\/

PACKAGING/
INSULATION

CLASS C’

contaminated
cullet

\/

ROAD AGGREGATE/
LANDFILL

(ARUP)

34



Laminated Glass
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LITERATURE REVIEW

Insulated Glass Unit

Tinted Glass

X
—

Printing

(ARUP)
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" | CLASS A’ CLASS B’ CLASS C’

pre-consumer quality laminated & contaminated
post-consumer mixed cullet cullet

out v v v
FLOAT LINE PACKAGING/ ROAD AGGREGATE/
INSULATION LANDFILL

U |

EXTERNAL

(ARUP)
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- Q

RISKS TO THE INDUSTRIAL RISKS TO THE QUALITY OF RISKS TO UNWANTED
PROCESS AND FACILITIES THE FINAL GLASS PRODUCT ATMOSPHERIC EMISSIONS



~29%

Fmeese—— B

Glass
Production
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LITERATURE CONCLUSION

V4

Float Glass

RECYCLED

glass containers

Ld

<55% ® DOWNCYCLED
low-value products
. e.g. insulation, aggregate

<10% o >35%

<10% LANDFILLED

A

i 4 / / ~100%

UPCYCLED
thick-walled flat glass
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D +

CASTING
TECHNIQUE
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POST-CONSUMER
C&D GLASS WASTE

CLASS B’

defined composition
& contamination

CLASS C’
undefined composition
& contamination

THICK-WALLED
PANEL
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EXPERIMENTAL METHODOLOGY

40
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o CLASS B’ CLASS C’

defined composition undefined composition
mixed cullet mixed cullet

\/ —>

CONTAMINATION
RATE

out
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INSULATION/ ROAD
PACKAGING AGGREGATE
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CULLET TYPE

SHARDS FINE CULLET COARSE POWDER

C>10mm ITmms<C<4mm C<Imm



MELTING - ANNEALING
SCHEDULE
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A 1120°C
1070°C

Temperature

Time
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Product Performance
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EVALUATION CRITERIA

Product Peformance

v

Stress Thermal LCA

Observation Shock Assessment
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EXPERIMENTAL OVERVIEW
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Individual Glass
Materials

fluidity & homogeneity
evaluation
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EXPERIMENTAL OVERVIEW

FIRING ROUND II

FIRING ROUND lii
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KILN CASTING

|
v Y

Melting Annealing
Temperature Temperature

1120°C 560°C




EXPERIMENTAL OVERVIEW

r—-—=—="-=-="="="=="="="=""="="="="="="=-=== 1
LACOBEL WHITE SNX 60/28 HD SILVER GREY
(aGc) (GUARDIAN) (GUARDIAN)
prdl pads
AN =N 14

EXTERNAL CULLET
Pre-consumer Use

Class B’ Cullet

defined composition
+

contamination rate

}
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EXPERIMENTAL OVERVIEW
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EXPERIMENTAL OVERVIEW

COMBI FLAT GLASS ~ COMBI FLAT GLASS COMBI METAL CERAMIC FRITTED CERAMIC FRITTED ~ COMBI CSP GLASS
(MALTHA) (MALTHA) (MALTHA) green green+black (MALTHA)

padl ol e S
N 14 N 14 '

EXTERNAL CULLET
Post-consumer Use

—> Class C' Cullet

undefined composition
+

no contamination rate
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P5 Presentation | Isidora Matskidou | 5166187 . 53



EXPERIMENTAL OVERVIEW
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EXPERIMENTAL OVERVIEW

COMBI FLAT GLASS ~ COMBI FLAT GLASS COMBI METAL CERAMIC FRITTED CERAMIC FRITTED ~ COMBI CSP GLASS
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KILN CASTING

|
v Y

Melting Annealing
Temperature Temperature
1070°C 560°C

or

1000°C
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FINAL PRODUCT

INTERNAL

Defined
Composition

EXTERNAL

Undefined
Composition
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FINAL PRODUCT

Defined
Composition

Class B’ cullet
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FINAL PRODUCT

Undefined
Composition

Class C’ cullet
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Sandwich Panel
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A X
Cullet class B" =."

Cullet class C' ~ ==
1l | B’
Cullet class i ~iNTe

P5 Presentation | Isidora Matskidou | 5166187

EXPERIMENTAL OVERVIEW

Float glass class B’

nrh NN AT (T4 NG )
_,."s AT ® .‘1\\-\. «~/:=  Culletclass C

Float glass class B’
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ClassC’' =
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Float Glass Float Glass

+ +
Combi CSP Float Combi HR Float
(Maltha) (Maltha)

Float Glass
+
Combi Mag Float
(Maltha)

Float Glass
+
Combi CSP Float
(Maltha)
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Float Glass Float Glass Float Glass Float Glass
+ + + +
Combi CSP Float Combi HR Float Combi Mag Float Combi CSP Float
(Maltha) (Maltha) (Maltha) (Maltha)
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ClassC’

Float Glass Float Glass
+ +
Combi CSP Float Combi CSP Float
(Maltha) (Maltha)

1
1070°C

1
:
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EXPERIMENTAL OVERVIEW

FIRING ROUND Il

KILN CASTING

Melting Annealing
Temperature h Temperature

1000°C 560°C
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10 mm (250 gr)

Y
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EXPERIMENTAL OVERVIEW

10 mm (250 gr)

\.

10 mm (250 gr)
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EXPERIMENTAL EVALUATION

68
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WASTE STORAGE
Surface and bulk distributed defects.

v

CRYSTALLINE INCLUSIONS

-
‘ <+ stgnes
- J

v v

GLASSY INHOMOGENEITIES GASEOUS INHOMOGENEITIES

(Telesilla Bristogianni et al. 2020)

source & causes

A. Contamination A. Cullet arrangement in the mold
B. Cullet size & shape B. Firing Schedule
C. Reaction with the mould surface
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WASTE STORAGE
Surface and bulk distributed defects.

I
v v v

CRYSTALLINE INCLUSIONS GLASSY INHOMOGENEITIES GASEOUS INHOMOGENEITIES

TR AR

source & causes

A. Contamination A. Cullet arrangement in the mold
B. Cullet size & shape B. Firing Schedule
C. Reaction with the mould surface

(Telesilla Bristogianni et al. 2020)
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POST-PROCESSING & HANDLING

Surface distributed defects.
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causes

A. Inadequate removal of existing flaws
B. New flaws introduction

A. Introduction of random flaws
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GLASSY CRYSTALLINE

INHOMOGENEITIES

GASEOUS
INHOMOGENEITIES

INCLUSIONS
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no edge & surface treatment

edge & surface treatment
(grinding & polishing)
coating application
(uV liquid coating)
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T

(oikonomopoulou, 2019)
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T2

= === = == -

: At: 60°C

T3
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T

(oikonomopoulou, 2019)
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T2

= === = == -

: At: 60°C

T3
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THERMAL SHOCK

T 1 T2 T3

v

(oikonomopoulou, 2019)

\
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Material weakness

T2
Edge & surface
Imperfections
? — S—
T3
Contamination
Rate
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Single Glass Panel
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Composite Glass Panel

siaheq
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Single Glass Panel
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Composite Glass Panel

sJaAeq
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Crack Plane

siaheq

90° angle between
crack plane & edge surface

90° angle between
crack plane & edge surface

Crack Plane l Crack Plane I

] | =
e — Fracture origin
| r::t:ree:jr;gem at the edge
— ] { <——l Crack Plane '

Single Glass Panel Composite Glass Panel
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LIFE-CYCLE SCENARIOS
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LIFE-CYCLE SCENARIO

> > > » @ @—— >

Raw Material
Extraction
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Flat Glass External Assembly Service Life End-of-life
Manufacturing Processing Construction
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LIFE-CYCLE SCENARIO

LANDFILL
DISPOSAL

RAW
MATERIAL
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GLASS EXTERNAL
MANUFACTURING PROCESSING

ASSEMBLY DISTRIBUTION SERVICE LIFE

MAINTENANCE

END-OF-LIFE
1

AGGREGATE
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RAW
MATERIAL
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LIFE-CYCLE SCENARIO

GLASS EXTERNAL

MANUFACTURING PROCE

PRE-CONSUMER
WASTE

SSING

ASSEMBLY DISTRIBUTION SERVICE LIFE END-OF-LIFE
A 1

B

REFURBISH

LANDFILL
DISPOSAL

AGGREGATE

PACKAGING
INDUSTRY



RAW
MATERIAL
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LIFE-CYCLE SCENARIO

GLASS EXTERNAL

MANUFACTURING PROCE

PRE-CONSUMER
WASTE

SSING

ASSEMBLY DISTRIBUTION SERVICE LIFE END-OF-LIFE
A 1

B

REFURBISH

LANDFILL
DISPOSAL

AGGREGATE

PACKAGING
INDUSTRY
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LIFE-CYCLE SCENARIO

RAW GLASS EXTERNAL
MATERIAL MANUFACTURING PROCEISSING
A

PRE-CONSUMER
WASTE
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ASSEMBLY DISTRIBUTION SERVICE LIFE END-OF-LIFE
A 1

B

REFURBISH

PACKAGING INDUSTRY
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ING & CLEANING
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LIFE-CYCLE SCENARIO

1
1
RECYCLED MANUFACTURING 1
MATERIAL VIA CASTING Ass?asw DISTRI:UTION SERVICAE LIFE END-OF-LIFE !
1 ! 1
A 1 1 | 1 1
1 1 h 1 1
1 I 1 1 I 1
| 1 v e H
! ' ' @  MAINTENANCE |
_______________________ \
1 I

i H - REUSE !

H e .
1
i REFURBISH |
1
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SORTING & CLEANING

RECYCLED MANUFACTURING

MATERIAL VIA CASTING ASSEMBLY DISTRIBUTION SERVICE LIFE END—CI)F—LIFE

e




ING & CLEANING
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LIFE-CYCLE SCENARIO

1
1
RECYCLED MANUFACTURING 1
MATERIAL VIA CASTING Ass?asw DISTRI:UTION SERVICAE LIFE END-OF-LIFE !
1 ! 1
A 1 1 | 1 1
1 1 h 1 1
1 I 1 1 I 1
| 1 v e H
! ' ' @  MAINTENANCE |
_______________________ \
1 I

i H - REUSE !

H e .
1
i REFURBISH |
1
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ING & CLEANING
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RECYCLED
MATERIAL

LIFE-CYCLE SCENARIO

MANUFACTURING
VIA CASTING

ASSEMBLY DISTRIBUTION SERVICE LIFE
A

END-OF-LIFE
1
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ING & CLEANING
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RECYCLED
MATERIAL

LIFE-CYCLE SCENARIO

MANUFACTURING
VIA CASTING

ASSEMBLY DISTRIBUTION SERVICE LIFE
A

END-OF-LIFE
1
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ING & CLEANING
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RECYCLED
MATERIAL

LIFE-CYCLE SCENARIO

MANUFACTURING
VIA CASTING

ASSEMBLY DISTRIBUTION SERVICE LIFE
A

END-OF-LIFE
1
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LIFE-CYCLE SCENARIO

100 km 500 km

ING & CLEANING

RECYCLED MANUFACTURING

MATERIAL VIA CASTING ASSEMBLY DISTRIBUTION SERVICE LIFE END-CI)F-LIFE
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FLOAT GLASS
PRODUCTION

RAW GLASS EXTERNAL
MATERIAL  MANUFACTURING ~ PROCESSING
1

PRE-CONSUMER
WASTE

GLASS WASTE CAST GLASS
RECYCLING PRODUCTION

SORTING RECYCLED GLASS
& CLEANING PROCESSING MATERIAL  MANUFAGTURING  POST PROCESSING
1

1
1
1
! — — -  LANDFILL DISPOSAL

COLLECTION
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Every 1kg of flat glass results
of embodied carbon

Every 1kg of 100% recycled cast glass
0.1968 kgCOz of embodied carbon

98


https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions

RAW GLASS EXTERNAL
MATERIAL  MANUFACTURING PROCEISSING

PRE-CONSUMER
'WASTE
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LIFE-CYCLE SCENARIO

COLLECTION

SORTING
& CLEANING
1
1
1
1
t-- >

——

Efficient

Furnace Operation

RECYCLED

GLASS
processine | MATERIAL  MANUFACTURING

R
1

LANDFILL DISPOSAL I

AGGREGATE

Local
Transportation

POST PROCESSING

Coz

°’7'li38
iop / kg or
Ylasg
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IMPLEMENTATION
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280x125cm
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350x150cm

MATT PATINATED POLISHED

silky smooth textured finish 3D effect
finish low glare reflectivity color reflection
& scratchability

I '

26 mm

* 54,12 kg per sq.m, in standard panel thickness
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Kunsthaus Bregenz, Austria
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CONCLUSIONS
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Glass Panel made of C&D Waste

Closed-loop Approach

Recycled Product Fabrication

Product Performance

Sustainability Performance
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Feasible process through Casting

Obstacles to be overcomed
Recycling System Mapping
Sustainable Solution

Experimentation
e waste combination
e firing schedule
e flaws consideration

Stress Analysis with negligible stresses
Thermal Shock further investigation

Rely heavily in Assumptions — Improvement
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FURTHER RESEARCH
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Further experimentation on the material
Structural Evaluation
Safety Mechanisms
Thermal Performance
Cost Estimation
Reversible Connections

LCA comparison with Casting products
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.. for your attention!



