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Research Project: 
Assessments for the Reuse 
and Remanufacturing of
Reclaimed IGUs („Re-Use“)







Piling Up Glass Waste

• 350 000 tons of post-consumer 
cullet per year due to demolition 
and modernization in Germany 
(ift Rosenheim, 2019)

• material cycle of flat glass is still 
mostly linear, cascading to lower 
quality products 

Why does this happen if glass is in 
theory a 100% circular material?



A Matter of Perspective

• architectural glass is large 
contributor to greenhouse gas 
emissions in building construction 

• Much higher CO2-footprint 
compared to other materials 
(~ 10x compared to concrete)

Modernizing facades is effective 
measure to reduce operational 
emissions!
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Material Hunger

• dependency on fossil fuels

• constant need for virgin material extraction

• loss of value along the supply chain:
cullet is worth much less than glass panes

It’s not just an ecological but also becomes 
an economic issue!





Research Objective

• Analysis of the current building stock
• Analysis of standards for float glass
• Definition of testing requirements
• Experimental Testing of reclaimed IGUs

How can collected data inform an 
effective testing procedure for 
reclaimed IGUs?
Which circular strategies apply for certain 
configurations?

DIN 1249

EN 572

EN 1279



Utilizing Existing Potentials

• key word: urban mining
-> buildings are units for 
material storage

• Effective application of 
circular strategies to the 
value chain of float glass



1930 1952 1973 1980 1988 1994 2004 2012 2016

until 1978:
single glazing & 
double/coupled windows

(U-value: 2.8-5.8 W/m²K)

1979-1989:
double IGU, non-coated

(U-value: 2.8 W/m²K)

1990-today:
double IGU, coated

(U-value: 1.1-1.4 W/m²K)

2005-today:
triple IGU, coated

(U-value: 0.5-0.7 W/m²K)

DIN 1249

“window glass”

4 QL’s
thicknesses & 

tolerances

DIN 1249

“sheet glass”

information on 
density, same 

thickness 
tolerance as 

today

DIN 1249(draft)

“window glass”

additional 
thicknesses, 

tolerances for 
cut sizes & 

shape

DIN 1249-3

“float glass”

start of 
splitting 

standard in 
several parts

DIN 1249-10

“chemical and 
physical 

properties”

EN 572 
Part 1-7

“glass in 
building”

European 
Harmonization

EN 572 
Part 8+9

“supplied and 
final cut sizes”

“product 
standard”

EN 572 

Editorial 
changes

EN 572 

chart on 
chemical 

composition is 
updated to 
elementary 
components 

possible asbestos contamination in firm glazing putty (until 1993)
Use of SF6 fill gas for sound insulation (1975-2002)

1959:
Introduction of FLOAT PROCESS,

Development of MODERN IGU 

1977:
THERMAL PROTECTION ORDINANCE 

(WärmeschutzV)

2002:
ENERGY CONSERVATION 

REGULATION (EnEV)

2020:
BUILDINGS ENERGY ACT (GEG)



Sourcing





Gas Fill & Dew Point

• Measuring Argon content and presence of SF6 






Secondary Sealant

• Separation of IGUs and IR-Sprectroscopy of Sealant Material -> Polysulfide (PS)



Visual Surface Quality
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Surface Strength
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IGU from Frankfurt

manufactured in 1992-1993
“CLIMALIT IGW 2/92”

IGU configuration
4 mm FLOAT-14-4 mm FLOAT

no gas fill detected, 
dew point not measured

U-value ~2.8 W/m²K

qualifies for Remanufacturing or Repurpose

Polysulfide as Secondary Sealant

several visual defects on at least one surface
(not accepted according to standard)



IGU from Berlin

manufactured in 1993
“14 CLIMALIT 10360 4/93”

IGU configuration
4mm FLOAT (coated)-14-6mm FLOAT

96,6% Argon content
dew point of -60°C 

U-value of 1,38 W/m²K

qualifies for 
Reuse/Refurbishment 
or Upgrade to Triple IGU

Polysulfide as Secondary Sealant

minor visual defects
(acceptable according to standard)

Surface strength ~ 55 MPa (5% fractile, 95% confidence) 



Audit 
of

IGUs

in-situ collection of general
data (manufacturer, production
date, installment situation, etc.)

IGU coated?

visual quality of IGU 
acceptable? 
(Hadamar-

Guideline/EN 1279)

gas fill rate 
acceptable? 

(>85%)

visual quality of individual 
pane acceptable? (Hadamar-

Guideline/EN 1279)

edge trimming

dew point acceptable? 
(-60°C)

IGU separation

Reuse/Refurbish
(refill gas, repair

sealant, etc.)

same or different 
location

Remanufacturing
same dimensions, 
same or different 

location

Secondary sealant
compatible with

new components?

Remanufacturing/
Repurpose

different 
dimensions & 
application

Yes

Yes
No

No

No

Yes

closed-loop 
Recycling

No

Edge trims

Yes Yes

No



Next Steps

• Large Strength Series: Double-Ring Bending Tests
(Exchange with other European Research Projects)

• Manufacturing of IGUs for Long-Term Climatic Tests

• Detailed LCA-Studies including Remanufacturing Process
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Research Project 
(Project-Nr. 10.08.18.7-24-22)

Studies on Architectural Glass for Reuse and Remanufacturing (“Re-Use”)

Untersuchungen zur Wieder- und Weiterverwendung von Bestandsglas (“Re-Use”)

https://www.zukunftbau.de/projekte/forschungsfoerderung/1008187-2422

Industrial Partners

https://www.zukunftbau.de/projekte/forschungsfoerderung/1008187-2422
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Contact: 

Sebastian Wernli

sebastian.wernli@hm.edu

Q & A
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