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How can a sustainable concrete facade system be designed 
for the Dutch housing market in order to make it reusable?

Research question
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Circular economy

THEORETICAL RESEARCH

Close loop of raw
materials

Use of renewable
energy

Use of diverse 
systems

Modular Versatile Adaptive

According to Ellen MacArthur Foundation (2012)
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Concept of Reuse

THEORETICAL RESEARCH

Reuse of a product 
in its original form

Minimal processing

Close down waste 
streams

Preserving the (high) 
value of the product
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Barrier is High-value Reuse
of Concrete

THEORETICAL RESEARCH
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Market
No confidence

Government
Conflicting regulations

& subsidies

Negative consumer
behaviour

Negative perception of 
reused concrete

Mismatch supply
& demand

Risk
Skewed relationship
between contractor 

and customer

Lack of quality control

?

?
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Lack of 
knowledge and 

collaboration



Level of value of a element

THEORETICAL RESEARCH

HIGH

LOW

Level of priority

Refuse

Rethink

Reduce

Reuse

Repair

Refurbish

Remanufacture

Repurpose

Recycle

Recover

10R’s – Jaqueline Cramer
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Focus of the project

THEORETICAL RESEARCH

HIGH

LOW

Level of priority

Refuse

Rethink

Reduce

Reuse

Repair

Refurbish

Remanufacture

Repurpose

Recycle

Recover

Rethink or redesign the project in view of circularity

Decrease the use of concrete and cement (make it more sustainable)

Ability to reuse the concrete facade system in a new lifecycle

10R’s – Jaqueline Cramer
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Strategies

THEORETICAL RESEARCH

FUNCTIONAL 
FLEXIBILITY

TECHNICAL 
ADAPTABILITY

SUSTAINABLE 
CONCRETE

BUILDING 
LIGHTWEIGHT

RETHINK

Maximize the life cycle of concrete

REDUCE REUSE
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Rethink

THEORETICAL RESEARCH

Design for 
repeated use

Make building 
adaptable to 

change

Design for multi-
functional use

FUNCTIONAL 
FLEXIBILITY

RETHINK

STANDARDISATION
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Adaptable to change

THEORETICAL RESEARCH

Change of facade finish
due to change in preferences

Different lay out
due to newer requirements
building, taste or function

change 

Reuse of panels
due to wanting a complete 

new design
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Rethink

THEORETICAL RESEARCH

Design for 
repeated use

Make building 
adaptable to 

change

Design for multi-
functional use

FUNCTIONAL 
FLEXIBILITY

RETHINK

STANDARDISATION
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Standardisation

THEORETICAL RESEARCH

RETHINK

Why?

Lack of space

Residential buildings
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Standardisation

THEORETICAL RESEARCH

RETHINK

Standardisation makes
reuse easier to use in future

Find best suitable dimensions for
Dutch housing market 

Input

Standardisation
case study

Minimum and maximum 
dimensions 

DESIGN 
CRITERIA
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Standardisation

THEORETICAL RESEARCH

RETHINK

Consequences for
flexibility & diversity

Repetition in production process

As less different kind of panels to 
speed up production process

Simple form

DESIGN 
CRITERIA 32



Reuse

THEORETICAL RESEARCH

Separation of 
lifecycles and 

functions 

REUSE

MODULAR DESIGN

TECHNICAL 
ADAPTABILITY

Making the facade 
system adaptable

to change

Design for
Disassembly

Demountable
connections

STANDARDISATION
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Building modular

THEORETICAL RESEARCH

REUSE

MODULAR DESIGN

Prefabricated in 
factory

Demountable and 
standardized 
components

Quick manufacture, 
assemble & 
disassemble
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Design for disassembly

THEORETICAL RESEARCH

REUSE

Independence
Separation of elements,

its lifecycles and functions to 
increase lifespan

Exchangeability
Designing a simple & easy product, 

to enhance its production, assembling
and disassembling

DESIGN CRITERIA
Separation of functions and 

lifecycles

Easy and fast assembly & 
disassembly

DESIGN CRITERIA
Exchangability of connection

(complexity)

Connections easy to inspect, 
assemble and disassemble
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Demountable connections

THEORETICAL RESEARCH

REUSE

Minimize the number of 
different connections,
(materials and components)

Use of a flexible dry 
connection

1 Overlapping, 2 interlocking
and 3 external connections

The form of the
components edge

has influence on the assembly
sequence

1              2             3

DESIGN CRITERIA
Number of connections

per panel 

DESIGN CRITERIA
Use of dry connections

(demountable)

DESIGN CRITERIA
Complexity
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Sustainability of concrete

THEORETICAL RESEARCH

How can a sustainable concrete façade system be designed for the Dutch housing 
market in order to make it reusable?
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Sustainability of concrete

THEORETICAL RESEARCH

SUSTAINBLE CONCRETE BUILDING 
LIGHTWEIGHT

REDUCE

Use of lightweight
components

Production process Material
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Sustainability of concrete

THEORETICAL RESEARCH

PORTLAND CEMENT

REDUCE

Main problem of 
concrete

High strength

CONCRETE

Advantages of 
concrete

Material Production process

Locally available Versatile

DurableEnergy efficient
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Sustainability of concrete

THEORETICAL RESEARCH

REDUCE

PORTLAND CEMENT

Use less cement or 
other cementing

materials

Use less clinker in 
cement

Clinker= crushed & 
heated limestone & clay

Aggregate= sand, 
gravel or crushed stone

Use of less
aggregate

SUSTAINABLE 
CONCRETE

AGGREGATE

Like fly ash, or blast 
furnace slag
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Use of recycled
aggregate

+ + WATER



Sustainability of concrete

THEORETICAL RESEARCH

REDUCE

CO2 curing
Findings ways to 

reduce, capture and 
store CO2 emissions

SUSTAINABLE 
CONCRETE

Production process

Use of recycled
concrete of other waste 

materials

Injecting CO2 in 
concrete while curing

E.g. Emitted from 
thermal power stations

Important to separate 
materials

DESIGN CRITERIA
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Sustainability of concrete

THEORETICAL RESEARCH

REDUCE

BUILDING 
LIGHTWEIGHT

Use of lightweight
components

(Structural) lightweight
aggregate concrete

Different types of concrete

Concrete poured on-site 

Precast concrete 
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Concept criteria

THEORITICAL RESEARCH

Standardisation Building efficiency Sustainability Adaptability

RETHINK REDUCE REUSE
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Concept criteria

THEORITICAL RESEARCH 44



ANALYSIS 
PHASE
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Case study: standardisation

ANALYSIS PHASE

How can a sustainable concrete facade system be designed for 
the Dutch housing market in order to make it reusable?

Best suitable dimensions
How much can be filled 
with standard panels?

Why?
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Case study: standardisation

ANALYSIS PHASE

RESULT

Why?
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Case study method

ANALYSIS PHASE

5 Case studies Input of literature studyFour standard panel widths

How?
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How?
- Restrictions

- With a margin error of 5%

Case study method

ANALYSIS PHASE 49



Case study result

ANALYSIS PHASE

How much can be 
filled with standard 

panels? Range needed for flexibility

Best suitable dimensions

What?
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Case study: Modular building systems

ANALYSIS PHASE

Why?

Standardisation Building efficiency Sustainability Adaptability
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Case study method

ANALYSIS PHASE

How?

Assessment by concept criteria list 
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Case study criteria

ANALYSIS PHASE

What?

Safety Amount of material 
used

Man power needed Lay-out flexibility

X ? ton
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Final design criteria

ANALYSIS PHASE 54



Assessment method for the 
design phase

ANALYSIS PHASE

Choices made by assessment 
through final criteria list
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DESIGN 
PHASE
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Final design strategy

Design Process 57



Building system strategy

Design Process 58



Housing type/target audience

Design Process 59



Assembling & disassembling aspect

Design Process

Assessment by final 
criteria list 

How?
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Building structures

Design Process

t
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Matching profile

Design Process 62



Connection systems

Design Process 63



Decision chart

Design Process 64



Decision chart
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FINAL DESIGN 
STRATEGY
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Building system strategy

Final design strategy

How can a sustainable 
concrete facade system be 
designed for the Dutch 
housing market in order 
to make it reusable?
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Decision chart

Final design strategy 68

Design tool
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Final design strategy
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CONCLUSION
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Conclusion

CONCLUSION

Design tool
Final design strategy &

decision chart
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How can a sustainable concrete facade system be 
designed for the Dutch housing market in order to 

make it reusable?



Conclusion

CONCLUSION 73

FUNCTIONAL 
FLEXIBILITY

TECHNICAL 
ADAPTABILITY

SUSTAINABLE 
CONCRETE

BUILDING 
LIGHTWEIGHT

RETHINK REDUCE REUSE



Conclusion

CONCLUSION 74

Standardisation Building efficiency Sustainability Adaptability



DISCUSSION
& RECOMMANDATIONS
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Discussion

DISCUSSION

• What are the chances of success?
• Overcoming the barriers of reuse
• Developing a circular business case 

• Limitations
• Standardisation case study
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Recommandations

Recommandations

• Mixture of concrete and wooden panels

• Reuse of concrete facade system in office sector?

• Developing a circular business case for the facade system
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