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0

20

40

60

80

100

120

140

160

180

1980 1990 2000 2008 2018 2060

90 Gt

167 Gt

38 GtB
ill

io
n

s 
o

f 
m

e
tr

ic
 t

o
n

n
e

s
(G

t)
 

Construction sector

Others

R
e

f 
–

O
E

C
D

 (
2

0
1

2
),

 O
E

C
D

 (
2

0
1

8
)

2

Global Material Resource Extraction

Research QuestionIntroduction Material Process People Design Assessment Bigger Picture Conclusions



0

5

10

15

20

25

2008 2050

12 Gt

21 Gt

R
e

f 
–

O
E

C
D

 (
2

0
1

2
),

 W
o

rl
d

 B
a

n
k 

(2
0

1
8

)

B
ill

io
n

s 
o

f 
m

e
tr

ic
 t

o
n

n
e

s
(G

t)
 

3

Global Waste Generation

Research QuestionIntroduction Material Process People Design Assessment Bigger Picture Conclusions



TAKE MAKE DISPOSE

4Research QuestionIntroduction Material Process People Design Assessment Bigger Picture Conclusions

Linear Economy
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Circular Economy



2016

50% reduction in raw material 
consumption

100% waste free 
economy
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Construction Sector in the Netherlands
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Building Lifecycle

COMPONENTS

MATERIALS

Building LayersBuilding as a system of lifecycles

Eo(s)L

Use Lifespan Residual value
BUILDING
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Research Question

Design Question

How can secondary materials from construction and demolition processes be reused in the 

facade industry? Can a reuse process contribute to create a circular value and reduce negative 

environmental impacts for facades?

How can a circular hybrid steel curtain wall be designed by facade companies reusing the 

secondary material stream for office buildings in the Netherlands?
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Secondary Materials
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Inventorying

Selective Demolition

Distribution
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According to EU Waste Framework Directive (2008/98/EC), 

"reuse is any operation by which products or components that are 
not waste are used again for the same purpose for which they 
were conceived."

Reuse of Secondary Materials
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EU Waste Hierarchy Model
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Barriers to Direct Reuse of Secondary Materials for Facades

Lack of Information about 
previous condition

Wear and tear affecting 
safety of facade

Inconsistency in quality 
and quantity of supply

Customization in facades Obsolete Performance
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If direct reuse is not possible, how can secondary materials still be reused?
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Form of 
Harvest

Extraction 
Process

Source of 
Harvest

Use Life 
Span

EOU

EO(s)L

EOL

Residual Value of Material
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EOU  = End of Use

EOL = End of Life

EO(s)L = End of Service Life
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How does the Residual Material Value apply to the Design Process?
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Design 
facades

Source 
Materials

Process 
Materials
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Design 
facades

Source 
Materials

Process 
Materials
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Material 
Sourcing

Material 
Processing

Material 
Reuse
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Material Identification
Material Extraction

Preliminary Processing
Material Valuation

Design Methodology
Façade Manufacturing
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Material Sourcing Material Processing Material Reuse
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Digital 
Mapping

Detail 
Drawings

As-built 
Drawings

Monitoring 
Facades
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Material 
Passport

Damage 
Assessment 
Guidelines

Block Chain 
Technology
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CE 
Marking

EPD

BREEAM 
NL

Reversible 
Connection

Intelligent 
Interfaces

Safety 
Margin 

Guidelines
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41



Who all are required to support the reuse process? 
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Stakeholders to support the Reuse Process
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Stakeholders to support the Reuse Process
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Stakeholders to support the Reuse Process
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Stakeholders to support the Reuse Process
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Stakeholders to support the Reuse Process
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Stakeholders to support the Reuse Process

Research QuestionIntroduction Material Process People Design Assessment Bigger Picture Conclusions



49

Current Market Scenario
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Cost of material Cost of material handling Small Scale Labor Intensive Ownership

Regulating Cost Scaling Up Job Opportunities New Business Model

Market Challenges and Opportunities
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What does it mean for Design?

51



Scenario 1: Reuse of Construction Stream

Construction 
Stage

Standard Material

Use Phase never 
started

No extraction 
required

• Profiles are not suitable for the new loading condition
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Plan

• Strengthening the mullion

• Indirect connection through a bolt

Construction 
Stage

Standard Material

Use Phase never 
started

No extraction 
required

Scenario 1: Reuse of Construction Stream



• Strengthening the mullion

• Indirect connection through a bolt
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Section

Construction 
Stage

Standard Material

Use Phase never 
started

No extraction 
required

Scenario 1: Reuse of Construction Stream
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Scenario 1: Reuse of Construction Stream



Scenario 2: Reuse of Demolition Stream

• Smaller profile lengths due to damaged ends of steel mullions

• Material loss during dismantling of aluminum cover caps and pressure plates

• Inadequate performance of glazing unit

Demolition Stage

Assembly

Used for 30 years

Deconstructed to 
uncontaminated 

material
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• Splitting the mullion along the depth to create a substructure

• Primary/Secondary steel or timber base element

• Indirect Connection with independent third component
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Plan

Demolition Stage

Assembly

Used for 30 years

Deconstructed to 
uncontaminated 

material

Scenario 2: Reuse of Demolition Stream
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Section

• Splitting the mullion along the depth to create a substructure

• Primary/Secondary steel or timber base element

• Indirect Connection with independent third component

Demolition Stage

Assembly

Used for 30 years

Deconstructed to 
uncontaminated 

material

Scenario 2: Reuse of Demolition Stream



59Research QuestionIntroduction Material Process People Design Assessment Bigger Picture Conclusions

Scenario 2: Reuse of Demolition Stream



Material Inspectors Sufficient Safety Margins Form of Supply Changing Design Habits Using Materials Differently

How can design solutions be formulated to overcome the barriers? 
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Lack of Information about 
previous condition

Wear and tear affecting 
safety of facade

Inconsistency in quality 
and quantity of supply

Customization in facades Obsolete Performance



Now that we have the process, people and the design in place, how can we assess reuse?
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Parameters for Assessing Reuse

Impact of Reuse Circular Value of Reuse
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Material Flow Product Design
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Net Benefits

MCI Disassembly PotentialLCIA
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Scenario 1 : Reuse of Construction stream Scenario 2 : Reuse of Demolition stream Scenario 3 : Recycling of Demolition 
stream

Reuse
100% Steel Mullion and Transom

Reuse
100% Steel Mullion and Transom

100% Timber
80% Aluminum pressure plate 

60% cover caps

Recycled content in Steel and 
Aluminum supply

Design Scenarios
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Environmental Impact
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Lifecycle Assessment Modules
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A1 – A3
Product

A4 – A5
Construction & Installation

B1 – B7
Use

C1 – C4
EOL Disposal

D
EOL Benefits/Loads



Avoided Impact

Added Impact

Environmental Impact

Scenario 1: Reuse of Construction Stream
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C2
Transport to reuse 

C3
Processing

C3
Recycling

C4
Disposal

A1
Extraction

A2
Transportation

A3
Production

C2
Transport to recycling 



Environmental Impact

Scenario 2: Reuse of Demolition Stream
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C2
Transport to reuse 

C3
Processing &

Deconstruction

C2
Transport to recycling 

C3
Recycling

C4
Disposal

A1
Extraction

A2
Transportation

A3
Production

C1
Dismantling

C1
Demolition

Avoided Impact

Added Impact



Environmental Impact

Scenario 3: Recycling of Demolition Stream
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C2
Transport to recycling

A1
Extraction

A2
Transportation

A3
Production

C1
Demolition

C3
Recycling

C4
Disposal

Avoided Impact

Added Impact
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9%

91% 93%

Scenario Percentage share of secondary 
material by volume

Added/Avoided impact on EE
MJ

Net benefits
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Scenario Percentage share of secondary 
material by volume

Net benefitsAdded/Avoided impact on GWP
kgCO2

Environmental Impact

Added/Avoided impact on EE
MJ
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Scenario Percentage share of secondary 
material by volume

Net benefitsAdded/Avoided impact on GWP
kgCO2

Environmental Impact

Added/Avoided impact on EE
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9%

Scenario Percentage share of secondary 
material by volume

Material Use Scenarios MCI score for 30years of new 
façade life
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Storage

0

Reuse Remanufacture 62%
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Scenario Percentage share of secondary 
material by volume

Material Use Scenarios MCI score for 30years of new 
façade life

Circular Value
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Scenario Percentage share of secondary 
material by volume

Material Use Scenarios MCI score for 30years of new 
façade life

Circular Value
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Reuse scenarios have higher net saving 

for total EE and GWP than recycling  

Reuse scenarios have higher restorative 

material flow than recycling



Value of Reuse
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Material Trends

• Increasing population resulting in a yearly demand of 17million tonnes of 

materials in the construction sector

• Increase in the number of demolition projects to keep up with the building 

standards New Building Stock

Existing Building Stock



How can we align the practice to safeguard the value of material for reuse?
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How can we align the practice to safeguard the value of material for reuse?

Transformability

For Designers, Architects and Engineers

Detachability

Durability

Changing product 
standards

Changing context

External Internal

Durable Materials Maintenance 
and Repair
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For Raw Material Suppliers 

Data

Design

Management

Documenting 
information

Monitoring the 
use phase

Alternate material 
options

Repair service

Sharing 
Information

Reverse Supply 
Chain

Performance 
Assessment

Extending direct 
contact

How can we align the practice to safeguard the value of material for reuse?
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For Raw Material Suppliers and Façade Manufacturers

Facade Reuse from Brussels to Leiden by ODS Philips Circular Lighting Solution

How can we align the practice to safeguard the value of material for reuse?
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Changing the product assessment methods for Reuse

Dividing impacts over 
the multiple use cycles

Benefits and burdens 
added for the 
stakeholders

Extended lifespan and 
added maintenance

Product design for reuse 
and outflow generated

How can we align the practice to safeguard the value of material for reuse?
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Changing the value ‘waste to resource’ Imposing carbon tax on primary material use Shifting tax from infinite resource
to finite resource

Regulatory Body

How can we align the practice to safeguard the value of material for reuse?
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How can secondary materials from construction and demolition processes be reused in the 

facade industry? Can a reuse process contribute to create a circular value and reduce negative 

environmental impacts for facades?
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Further Recommendations

Reuse of glazing units Economic analysis of the Reuse Process Reuse in Product EPD
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Database for Reuse
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Circular Economy is not about 

closing loops of volume, but about 

closing loops of value.
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QUESTIONS
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