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50% Reduction

By 2030

100% Reduction

By 2050

Context
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Help

Context
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Total waste in Europe (non-hazardous)

Context
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30% due to Construction and Demolition

Total waste in Europe (non-hazardous)

Context
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Total Construction and Demolition Waste in Europe

Context

CDW Recovery rate
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90%

recycled reused Energy backfilling

Total Construction and Demolition Waste in Europe

Context

CDW Recovery rate
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backfilling

Context
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100%

recycled reused Energy backfilling

Total Construction and Demolition Waste in The Netherlands

Context

CDW Recovery rate
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100%

recycled reused Energy backfilling

Total Construction and Demolition Waste in The Netherlands

Context

CDW Recovery rate
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backfilling

Context
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Total material that goes for recycling in Europe

Context
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Total material that goes for recycling in Europe

30% can be directly reused

Context



Ankur Gupta | 4732960Ankur Gupta | 4732960 16

Total material demand in Europe

Context

Circular Material Use rate
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11% Secondary material in 2016

Total material demand in Europe

(recycled)

Context

Circular Material Use rate
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Total material demand in The Netherlands

29% Secondary material by 2016 3,6% increase from 2010

0,6% increase per year(recycled)

Context

Circular Material Use rate
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Total material demand in The Netherlands

47% Secondary material by 2050 3,6% increase from 2010

0,6% increase per year(recycled)

Context

Circular Material Use rate
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Total material demand in The Netherlands

100% Secondary material by 2050

“Goal”

2,5% increase per year

(recycled)

Context

Circular Material Use rate



Ankur Gupta | 4732960Ankur Gupta | 4732960 21

Total material demand in The Netherlands

100% Secondary material by 2050

“Goal”

2,5% increase per year

(recycled & reused)

Context

Circular Material Use rate
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State-of-the-art practice

Problem
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Objective
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How?

Creative Freedom
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What information is required by a designer to use second-hand material in building design –

ensuring circular flow, low environmental impacts, cost and energy consumption? And 

when and how should it be provided to them?

Main question
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Circularity 

Assessment
Case studies

State-of-the-art

Material databases

Research approach
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Circularity Assessment

Qualitative Quantitative

Transformation Capacity Material Circularity Indicator (MCI)

Building Circularity Indicator

Building Circularity Index

LCA
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Circularity Assessment

Qualitative Quantitative

Transformation Capacity Material Circularity Indicator (MCI)

Building Circularity Indicator

Building Circularity Index

LCA
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Transformation Capacity

1. Functional decomposition (FD)

2. Systemization (SY)

3. Base element (BE)

4. Life cycle coordination (LCC)

5. Relational pattern (RP)

6. Assembly process (A)

7. Geometry (G)

8. Connection (C)

Design for Disassembly aspects

Circularity Assessment
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Transformation Capacity

1. Functional decomposition (FD)

2. Systemization (SY)

3. Base element (BE)

4. Life cycle coordination (LCC)

5. Relational pattern (RP)

6. Assembly process (A)

7. Geometry (G)

8. Connection (C)

Design for Disassembly aspects 0,9 0,8 0,7

0,1 0,2 0,1

Circularity Assessment
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Material Circularity Indicator (MCI)

Production phase

(Ellen MacArthur Foundation & Granta Design, 2015)

Circularity Assessment
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Material Circularity Indicator (MCI)

Production phase End of  Life phase

(Ellen MacArthur Foundation & Granta Design, 2015)

Circularity Assessment
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Material Circularity Indicator (MCI)

Production phase End of  Life phase

Total waste generated 

(Ellen MacArthur Foundation & Granta Design, 2015)

Circularity Assessment
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Material Circularity Indicator (MCI)

Production phase End of  Life phase

Total waste generated 

(Ellen MacArthur Foundation & Granta Design, 2015)

DfD aspects

Circularity Assessment
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Material Circularity Indicator (MCI)

MCI = 0,8

Production phase

MCI = 0,8

In use phase

=

http:// www.designboom.com

http://wallcar.me/set/

Circularity Assessment
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Production phase

45

Material Circularity Indicator (MCI)

MCI = 0,9

≠

https://www.milgard.com

End of  Life phase

MCI = ?

Circularity Assessment
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Material Circularity Indicator (MCI)

Demountable Fixed with nails Fixed with chemical

Circularity Assessment
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Material Circularity Indicator (MCI)

Circularity Assessment
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Material Circularity Indicator (MCI)

Circularity Assessment
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Material Circularity Indicator (MCI)

Circularity Assessment



Ankur Gupta | 4732960Ankur Gupta | 4732960 50

Material Circularity Indicator 

(MCI)

Raw material source Design End of  Life

virgin reused recycled Utility recyclable reusable waste

Circularity Assessment
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Material Circularity Indicator 

(MCI)

Raw material source Design End of  Life

virgin reused recycled Utility recyclable reusable waste

Circularity Assessment
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Material Circularity Indicator 

(MCI)

Raw material source Design End of  Life

virgin reused recycled Utility recyclable reusable waste

Circularity Assessment
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Embodied CO2

Virgin Recycled Production
Transport to 

project site

Installation and 

maintenance

Recycle

Transport to 

recycling plant

Recycling 

process

Unrecoverable 

waste

New material

Circularity Assessment
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Embodied CO2

Transport to 

project site

Installation and 

maintenance

Recycle

Transport to 

recycling plant

Recycling 

process

Unrecoverable 

waste

Secondary material

Total embodied CO2

Life expectancy of  the building
(Kg/yr)

Circularity Assessment
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Case studies

Circl Pavilion (2017)

Use life - 30yrs

• Reusable facade

• Reusable wooden structure

• Virgin sources for structure and skin 

• Reused internal partition walls, flooring,

finishes

ABT office, Delft (2001)

Use life - 20yrs

• Reusable facade

• Reusable steel structure

• Virgin building materials

Brummen Townhall (2013)

Use life - 20yrs

• Reusable facade

• Reusable steel structure

• Virgin building materials

2047 2021 2033
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Total material demand in The Netherlands

100% Secondary material by 2050

“Goal”

2,5% increase per year

(recycled & reused)

Circular Material Use rate
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Expert interviews

No clear methodology to assess

benefits of  using secondary

material

Information about available

material

€ CO2
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Assessment Framework

CO2

• Active Procurement

Circular flow Embodied CO2

Technical performance Life expectancy

How?

When?

• Initial design phase
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Assessment Framework



Ankur Gupta | 4732960Ankur Gupta | 4732960 60

Assessment Framework
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Assessment Framework
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Assessment Framework
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1. Circularity Indicator

2. Embodied CO2

3. Cost

4. Technical Performance

5. Life expectancy

Assessment Framework
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Assessment Framework

1. Circularity Indicator

Production End of  life
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Assessment Framework

2. Embodied CO2 kg/yr

Virgin

recycled

Recyclable

Unrecoverable waste (Landfill)

Transportation to project site

Transportation to recycling plant

100% virgin

Transport to project site

Landfill

Compared Boundary condition

100% Recycling

Transport to recycling plant
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Assessment Framework

3. Cost

Virgin

Unrecoverable waste (Landfill)

Transportation to project site

Transportation to recycling plant

Reused

Compared Boundary condition

100% virgin

Transport to project site

Landfill

Transport to recycling plant
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Assessment Framework

4. Technical Performance
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Assessment Framework

5. Life expectancy

Li
fe

 e
xp

e
ct

an
cy
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Assessment Framework

Proposed aggregated layout

1. Circularity Indicator

2. Embodied CO2

3. Cost

4. Technical performance

5. Life expectancy
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Assessment Framework

3D models of  material Hosted in Rhino with necessary labels
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Assessment Framework

1. To create a quick online library of  materials

• Online Material Explorer
(using ‘çolibri’)

• 3D block library
(.3dm)

• Excel database
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Assessment Framework
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Assessment Framework

2.  To analyze various labels

Circularity Embodied CO2 Thermal Conductivity Secondary/virgin
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Design Case

Typical office building

3,6m gride size 3,6m floor-floor height Typical SE corner
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs



Ankur Gupta | 4732960Ankur Gupta | 4732960 87

Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 20yrs
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Design Case
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Design Case

Location: Hague     Expected Lifetime: 20yrs Preliminary assessment (assumed disassembly)
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Design Case

Location: Hague     Expected Lifetime: 20yrs Advanced assessment (after designing for disassembly)
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Design Case

CO2

• Should help make a sustianable choice

• Enable access to available material

• Easy to use

• Transparent information

Circular flow Low CO2

Tech. performance Life expectancy

UsabilityAssessment criteria
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Design Case

Conclusion

0
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Environmental

impacts

≠

Not everything has to be 

Demountable
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Assessment Framework

1. Material Info

2. Distance calc

3. Lifecycle management

4. Main dataset

5. Design dataset
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Thermal conductivity
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Conclusion

What is required by a designer to use second-hand material in building design –

ensuring of  materials at end of  use, while keeping         environmental               , 

and consumption? And            and should it be provided to them?

Main Question

information

circular flow low impacts

energycost when how

• Geometry

• Availability

• Materiality

• Life expectancy

• Quantity 

• Circularity indicator

• Embodied CO2 kg/yr

• Cost euro/yr

• Techncial indicators

• Initial design phase • Assessment framework
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Design Case

Location: Hague     Expected Lifetime: 50yrs
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Total raw-material demand in Europe

Context

Circular Material Use rate

Secondary material
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Total material demand in The Netherlands

Context

Circular Material Use rate

Secondary material
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Total material demand in The Netherlands

Context

Circular Material Use rate

Secondary material
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Total material demand in Europe

Context

Circular Material Use rate

Secondary material by 2050
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Total material demand in Europe

Context

Circular Material Use rate

Probable secondary material by 2050
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Greenhouse gas emissions per capita

20 tonnes

17,2 tonnes

16 tonnes

13,3 tonnes

12,3 tonnes

12 tonnes

5,5 tonnes

Luxembourg

Iceland

Estonia

Ireland

Czechia

Netherlands

Sweden

3,2 tonnes higher than Europe’s average

Context
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Assessment Framework

• Density

• U-value

• Thermal conductivity

• Carbon emissions
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Assessment Framework

1. Material Info

• Density

• U-value

• Thermal conductivity

• Carbon emissions
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Assessment Framework

2. Distance calc
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Assessment Framework

1

a b

a

a

b

b

a

Life 1

Life 2

Life 3

3. Lifecycle management
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Assessment Framework

a

1

a b

bLife 2

2

a b

3

a b

4

a b

4. Main database
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Assessment Framework

2

a b

4

a b

1

a b

3

a b

5. Design database


