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Resource consumption in Gigatonnes by OECD (2018)

PROBLEM 
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RESEARCH QUESTION

How can the construction industry be ready to implement 
a reverse logistics for façade products and what factors 

need to align for a smooth transition? 
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DESIGN QUESTION

How can the CITG window-wall façade panel proposed 
be improved to accommodate a reverse logistics 

process?
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Circular building design vision

Circular Building Framework

Design domain
Circular building product levels

Materials

• Adjustable 
• Versatile   
• Refitable      
• Convertible  
• Scalable 
• Movable
• Reusable

Design for adaptability
Change of task
Change of space
Change of performance        
Change of function       
Change of size
Change of location

  Change of use

Be self-sustainaing with 
renewable energy

Stimulate diversity

Design with sustainable materials
• Environmental impact
• Life cycle cost
• Resource efficiency
• Waste minimization
• Performance capability
• Social benefit

• Solar energy
• Wind energy
• Geothermal energy
• Bio energy
• Hydro energy

• Biodiversity
• Conceptual diversity

Design for disassembly
Functional decomposition

Technical decomposition

Physical decomposition

• Functional independence
• Clustering/ systematisation

• Base element specification
• Life cycle coordination
• Open versus closed hierarchy

• Assembly sequences
• Interface geometry
• Type of connection

Circular building design principles

A circular building is bult up of the circular building product levels,
Realizes re-life options hierarchically,
• Using a design for adaptability
• That is designed for disassembly
• With the application of sustainable materials
Is self-sustaining with renewable energy, and
stimulates diversity.

Circular building definition
A circular building is a type of building that is self-sustaining with 
renewable energy and stimulates diversity. Whereby the building is
built up of the circular building product levels that are designed for 
disassembly and adaptability, to guarantee the possibility of the
proposed re-life options in a hierarchical way, and accommodates
effectively the evolving demands of its context. The selection of 
sustainable materials should enable re-life options.

1.
2.

3. 3.
 6.
4. 8.

5.

System level (S.)

Component level (C.)

Building level (B.)

Sub-system level (SS.)

Element level (E.)

Material level (M.)

ce planServiceSkinStructure StuffSite

Building systems

Consisting of one building dividable in building systems

Consisting of one system dividable in sub-systems

Consisting of one sub-system dividable in component

Consisting of one component dividable in elements

Consisting of one element dividable in materials

Consisting of one material dividable in raw materials

Sub-systems

Components

Elements

Materials

Raw materialsR t i l

Sources
Perez, R., & Perez, M. (2009). A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, 50, 2-3.
Douglas, M., & Braungart, M. (2010). Cradle to Cradle® Criteria for the built environment. Rotterdam, The Netherlands: Erasmus University, Cradle to Cradle chair at DRIFT.
Durmisevic,  E.  (2006).  Transformable  building structures -  Design for Disassembly as a way to introduce sustainable engineering to a building design and construction. Delft, Netherlands: Cedris M&CC.
Schmidt, R. I. (2014). Designing for Adaptability in Architecture. Loughborough, England: Loughborough University, School of Civil and Building Engineering.
Akadiri, P. O., & Olomolaiye, P. O. (2012). Development of sustainable assessment criteria for building materials selection. Engineering, Construction and Architectural Management, 19(6), 666-687.
Eekhout, M. (1997). POPO - Of Ontwerpmethoden voor Bouwproducten en Bouwcomponenten. Delft, The Netherlands: Delft University Press.
Ellen MacArthur Foundation. (2013b). Towards the circular economy - Opportunities for the consumer goods sector - Vol. 2. Retrieved February 20, 2014, from http://www.ellenmacarthurfounda-
tion.org/business/reports/ce2013
Brand, S. (1994). How Buildings Learn - What happens after they're built. New York, United States of America: Penguin.

Based on or adapted from:
1.
2.
3.
4.
5.
6.
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Circular building design principles

A circular building is bult up of the circular building product levels,
Realizes re-life options hierarchically,
• Using a design for adaptability
• That is designed for disassembly
• With the application of sustainable materials
Is self-sustaining with renewable energy, and
stimulates diversity.

Circular building definition
A circular building is a type of building that is self-sustaining with 
renewable energy and stimulates diversity. Whereby the building is
built up of the circular building product levels that are designed for 
disassembly and adaptability, to guarantee the possibility of the
proposed re-life options in a hierarchical way, and accommodates
effectively the evolving demands of its context. The selection of 
sustainable materials should enable re-life options.

1.
2.

3. 3.
 6.
4. 8.

5.

System level (S.)

Component level (C.)

Building level (B.)

Sub-system level (SS.)

Element level (E.)

Material level (M.)
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Building systems

Consisting of one building dividable in building systems
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Consisting of one sub-system dividable in component

Consisting of one component dividable in elements

Consisting of one element dividable in materials

Consisting of one material dividable in raw materials

Sub-systems

Components

Elements

Materials
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Sources
Perez, R., & Perez, M. (2009). A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, 50, 2-3.
Douglas, M., & Braungart, M. (2010). Cradle to Cradle® Criteria for the built environment. Rotterdam, The Netherlands: Erasmus University, Cradle to Cradle chair at DRIFT.
Durmisevic,  E.  (2006).  Transformable  building structures -  Design for Disassembly as a way to introduce sustainable engineering to a building design and construction. Delft, Netherlands: Cedris M&CC.
Schmidt, R. I. (2014). Designing for Adaptability in Architecture. Loughborough, England: Loughborough University, School of Civil and Building Engineering.
Akadiri, P. O., & Olomolaiye, P. O. (2012). Development of sustainable assessment criteria for building materials selection. Engineering, Construction and Architectural Management, 19(6), 666-687.
Eekhout, M. (1997). POPO - Of Ontwerpmethoden voor Bouwproducten en Bouwcomponenten. Delft, The Netherlands: Delft University Press.
Ellen MacArthur Foundation. (2013b). Towards the circular economy - Opportunities for the consumer goods sector - Vol. 2. Retrieved February 20, 2014, from http://www.ellenmacarthurfounda-
tion.org/business/reports/ce2013
Brand, S. (1994). How Buildings Learn - What happens after they're built. New York, United States of America: Penguin.
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Circular building design principles

A circular building is bult up of the circular building product levels,
Realizes re-life options hierarchically,
• Using a design for adaptability
• That is designed for disassembly
• With the application of sustainable materials
Is self-sustaining with renewable energy, and
stimulates diversity.

Circular building definition
A circular building is a type of building that is self-sustaining with 
renewable energy and stimulates diversity. Whereby the building is
built up of the circular building product levels that are designed for 
disassembly and adaptability, to guarantee the possibility of the
proposed re-life options in a hierarchical way, and accommodates
effectively the evolving demands of its context. The selection of 
sustainable materials should enable re-life options.
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Sources
Perez, R., & Perez, M. (2009). A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, 50, 2-3.
Douglas, M., & Braungart, M. (2010). Cradle to Cradle® Criteria for the built environment. Rotterdam, The Netherlands: Erasmus University, Cradle to Cradle chair at DRIFT.
Durmisevic,  E.  (2006).  Transformable  building structures -  Design for Disassembly as a way to introduce sustainable engineering to a building design and construction. Delft, Netherlands: Cedris M&CC.
Schmidt, R. I. (2014). Designing for Adaptability in Architecture. Loughborough, England: Loughborough University, School of Civil and Building Engineering.
Akadiri, P. O., & Olomolaiye, P. O. (2012). Development of sustainable assessment criteria for building materials selection. Engineering, Construction and Architectural Management, 19(6), 666-687.
Eekhout, M. (1997). POPO - Of Ontwerpmethoden voor Bouwproducten en Bouwcomponenten. Delft, The Netherlands: Delft University Press.
Ellen MacArthur Foundation. (2013b). Towards the circular economy - Opportunities for the consumer goods sector - Vol. 2. Retrieved February 20, 2014, from http://www.ellenmacarthurfounda-
tion.org/business/reports/ce2013
Brand, S. (1994). How Buildings Learn - What happens after they're built. New York, United States of America: Penguin.
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A circular building is bult up of the circular building product levels,
Realizes re-life options hierarchically,
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• That is designed for disassembly
• With the application of sustainable materials
Is self-sustaining with renewable energy, and
stimulates diversity.

Circular building definition
A circular building is a type of building that is self-sustaining with 
renewable energy and stimulates diversity. Whereby the building is
built up of the circular building product levels that are designed for 
disassembly and adaptability, to guarantee the possibility of the
proposed re-life options in a hierarchical way, and accommodates
effectively the evolving demands of its context. The selection of 
sustainable materials should enable re-life options.
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Sources
Perez, R., & Perez, M. (2009). A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, 50, 2-3.
Douglas, M., & Braungart, M. (2010). Cradle to Cradle® Criteria for the built environment. Rotterdam, The Netherlands: Erasmus University, Cradle to Cradle chair at DRIFT.
Durmisevic,  E.  (2006).  Transformable  building structures -  Design for Disassembly as a way to introduce sustainable engineering to a building design and construction. Delft, Netherlands: Cedris M&CC.
Schmidt, R. I. (2014). Designing for Adaptability in Architecture. Loughborough, England: Loughborough University, School of Civil and Building Engineering.
Akadiri, P. O., & Olomolaiye, P. O. (2012). Development of sustainable assessment criteria for building materials selection. Engineering, Construction and Architectural Management, 19(6), 666-687.
Eekhout, M. (1997). POPO - Of Ontwerpmethoden voor Bouwproducten en Bouwcomponenten. Delft, The Netherlands: Delft University Press.
Ellen MacArthur Foundation. (2013b). Towards the circular economy - Opportunities for the consumer goods sector - Vol. 2. Retrieved February 20, 2014, from http://www.ellenmacarthurfounda-
tion.org/business/reports/ce2013
Brand, S. (1994). How Buildings Learn - What happens after they're built. New York, United States of America: Penguin.
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Figure 12:  Circular building framework.
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Circular building design principles

A circular building is bult up of the circular building product levels,
Realizes re-life options hierarchically,
• Using a design for adaptability
• That is designed for disassembly
• With the application of sustainable materials
Is self-sustaining with renewable energy, and
stimulates diversity.

Circular building definition
A circular building is a type of building that is self-sustaining with 
renewable energy and stimulates diversity. Whereby the building is
built up of the circular building product levels that are designed for 
disassembly and adaptability, to guarantee the possibility of the
proposed re-life options in a hierarchical way, and accommodates
effectively the evolving demands of its context. The selection of 
sustainable materials should enable re-life options.
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Sources
Perez, R., & Perez, M. (2009). A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, 50, 2-3.
Douglas, M., & Braungart, M. (2010). Cradle to Cradle® Criteria for the built environment. Rotterdam, The Netherlands: Erasmus University, Cradle to Cradle chair at DRIFT.
Durmisevic,  E.  (2006).  Transformable  building structures -  Design for Disassembly as a way to introduce sustainable engineering to a building design and construction. Delft, Netherlands: Cedris M&CC.
Schmidt, R. I. (2014). Designing for Adaptability in Architecture. Loughborough, England: Loughborough University, School of Civil and Building Engineering.
Akadiri, P. O., & Olomolaiye, P. O. (2012). Development of sustainable assessment criteria for building materials selection. Engineering, Construction and Architectural Management, 19(6), 666-687.
Eekhout, M. (1997). POPO - Of Ontwerpmethoden voor Bouwproducten en Bouwcomponenten. Delft, The Netherlands: Delft University Press.
Ellen MacArthur Foundation. (2013b). Towards the circular economy - Opportunities for the consumer goods sector - Vol. 2. Retrieved February 20, 2014, from http://www.ellenmacarthurfounda-
tion.org/business/reports/ce2013
Brand, S. (1994). How Buildings Learn - What happens after they're built. New York, United States of America: Penguin.
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A circular building is bult up of the circular building product levels,
Realizes re-life options hierarchically,
• Using a design for adaptability
• That is designed for disassembly
• With the application of sustainable materials
Is self-sustaining with renewable energy, and
stimulates diversity.

Circular building definition
A circular building is a type of building that is self-sustaining with 
renewable energy and stimulates diversity. Whereby the building is
built up of the circular building product levels that are designed for 
disassembly and adaptability, to guarantee the possibility of the
proposed re-life options in a hierarchical way, and accommodates
effectively the evolving demands of its context. The selection of 
sustainable materials should enable re-life options.

1.
2.

3. 3.
 6.
4. 8.

5.

System level (S.)

Component level (C.)

Building level (B.)

Sub-system level (SS.)

Element level (E.)

Material level (M.)

ce planServiceSkinStructure StuffSite

Building systems

Consisting of one building dividable in building systems

Consisting of one system dividable in sub-systems

Consisting of one sub-system dividable in component

Consisting of one component dividable in elements

Consisting of one element dividable in materials

Consisting of one material dividable in raw materials

Sub-systems

Components

Elements

Materials

Raw materialsR t i l

Sources
Perez, R., & Perez, M. (2009). A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, 50, 2-3.
Douglas, M., & Braungart, M. (2010). Cradle to Cradle® Criteria for the built environment. Rotterdam, The Netherlands: Erasmus University, Cradle to Cradle chair at DRIFT.
Durmisevic,  E.  (2006).  Transformable  building structures -  Design for Disassembly as a way to introduce sustainable engineering to a building design and construction. Delft, Netherlands: Cedris M&CC.
Schmidt, R. I. (2014). Designing for Adaptability in Architecture. Loughborough, England: Loughborough University, School of Civil and Building Engineering.
Akadiri, P. O., & Olomolaiye, P. O. (2012). Development of sustainable assessment criteria for building materials selection. Engineering, Construction and Architectural Management, 19(6), 666-687.
Eekhout, M. (1997). POPO - Of Ontwerpmethoden voor Bouwproducten en Bouwcomponenten. Delft, The Netherlands: Delft University Press.
Ellen MacArthur Foundation. (2013b). Towards the circular economy - Opportunities for the consumer goods sector - Vol. 2. Retrieved February 20, 2014, from http://www.ellenmacarthurfounda-
tion.org/business/reports/ce2013
Brand, S. (1994). How Buildings Learn - What happens after they're built. New York, United States of America: Penguin.

Based on or adapted from:
1.
2.
3.
4.
5.
6.
7.

8.

7. & 8
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R0- REFUSE

R1- REDUCE

R0- REUSE

R3- REPAIR

R4- REFURBISH

R5- REMAN

R6- REPURPOSE

R7- RECYCLE

R8- RECOVER

R9- REMINE

MORE RETAINED 
VALUE

RE-LIFE OPTIONS ACCORDING TO
 REIKE, VERMEULEN, & WITJES (2018)

CIRCULARITY

RE-LIFE OPTIONS3
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Service

Remanufacture

Redistribution

Reconfiguration

Product manufacturer

Energy recovery

Landfill

Space plan ServiceSkinStructure

(Re) Assembler

Technical 
Materials

Material manufacturer

Circular building construction model

Service provider

StuffSite

Building systems

Reuse of building products
within the building

Reuse of building products
within the building

Reuse of building products
in other buildings

Reuse of building products

Reuse of materials

Disassembly

End-of-life options
Leakage (to be minimized)

Biosphere

Reuse of biological materials

Linear 
construction processes

Recycle
open loop

Recycle 
closed loop

CascadesC
osed loopclo

Biological 
Materials

Farming/
collection

Use of raw biological resources

Cascades
OOpen loop
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Materials

Building

Construction domain

Re-life options

Resource extractione
(to be minimized)i

Circular building design vision

Circular Building Framework

Design domain
Circular building product levels

Materials

• Adjustable 
• Versatile   
• Refitable      
• Convertible  
• Scalable 
• Movable
• Reusable

Design for adaptability
Change of task
Change of space
Change of performance        
Change of function       
Change of size
Change of location

  Change of use

Be self-sustainaing with 
renewable energy

Stimulate diversity

Design with sustainable materials
• Environmental impact
• Life cycle cost
• Resource efficiency
• Waste minimization
• Performance capability
• Social benefit

• Solar energy
• Wind energy
• Geothermal energy
• Bio energy
• Hydro energy

• Biodiversity
• Conceptual diversity

Design for disassembly
Functional decomposition

Technical decomposition

Physical decomposition

• Functional independence
• Clustering/ systematisation

• Base element specification
• Life cycle coordination
• Open versus closed hierarchy

• Assembly sequences
• Interface geometry
• Type of connection

Circular building design principles

A circular building is bult up of the circular building product levels,
Realizes re-life options hierarchically,
• Using a design for adaptability
• That is designed for disassembly
• With the application of sustainable materials
Is self-sustaining with renewable energy, and
stimulates diversity.

Circular building definition
A circular building is a type of building that is self-sustaining with 
renewable energy and stimulates diversity. Whereby the building is
built up of the circular building product levels that are designed for 
disassembly and adaptability, to guarantee the possibility of the
proposed re-life options in a hierarchical way, and accommodates
effectively the evolving demands of its context. The selection of 
sustainable materials should enable re-life options.

1.
2.

3. 3.
 6.
4. 8.

5.

System level (S.)

Component level (C.)

Building level (B.)

Sub-system level (SS.)

Element level (E.)

Material level (M.)

ce planServiceSkinStructure StuffSite

Building systems

Consisting of one building dividable in building systems

Consisting of one system dividable in sub-systems

Consisting of one sub-system dividable in component

Consisting of one component dividable in elements

Consisting of one element dividable in materials

Consisting of one material dividable in raw materials

Sub-systems

Components

Elements

Materials

Raw materialsR t i l

Sources
Perez, R., & Perez, M. (2009). A fundamental look at energy reserves for the planet. The IEA SHC Solar Update, 50, 2-3.
Douglas, M., & Braungart, M. (2010). Cradle to Cradle® Criteria for the built environment. Rotterdam, The Netherlands: Erasmus University, Cradle to Cradle chair at DRIFT.
Durmisevic,  E.  (2006).  Transformable  building structures -  Design for Disassembly as a way to introduce sustainable engineering to a building design and construction. Delft, Netherlands: Cedris M&CC.
Schmidt, R. I. (2014). Designing for Adaptability in Architecture. Loughborough, England: Loughborough University, School of Civil and Building Engineering.
Akadiri, P. O., & Olomolaiye, P. O. (2012). Development of sustainable assessment criteria for building materials selection. Engineering, Construction and Architectural Management, 19(6), 666-687.
Eekhout, M. (1997). POPO - Of Ontwerpmethoden voor Bouwproducten en Bouwcomponenten. Delft, The Netherlands: Delft University Press.
Ellen MacArthur Foundation. (2013b). Towards the circular economy - Opportunities for the consumer goods sector - Vol. 2. Retrieved February 20, 2014, from http://www.ellenmacarthurfounda-
tion.org/business/reports/ce2013
Brand, S. (1994). How Buildings Learn - What happens after they're built. New York, United States of America: Penguin.

Based on or adapted from:
1.
2.
3.
4.
5.
6.
7.

8.

7. & 8
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Cost saving

Revenue

Less impact

Better reputation

Less pollution

Social responsibility

Lack of proper design

Tight scheduling

Lack of standards

Lack of facilities

Lifecycle of buildings

Excessive efforts

OPPORTUNITIES BARRIERS
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Figure 28: Level of maturity of legal framework in MS 

 Enforcement of legislation – A logical impact on CDW recovery 
performance 

 Enforcement of legislation  

Legislation defines the requirements for compliance, whereas enforcement monitors compliance and takes 
steps to educate and/or penalise individuals and organisations which do not comply with the requirements, as 
set out for each MS. Therefore, the enforcement of legislation is very important to achieving the objectives of 
each regulatory instrument. Most MS have clearly defined responsibilities for CDW legislation 
enforcement, often relying on local authorities in charge of inspections related to environmental legislations. 
Sanctions are usually applied to illegal practices, where they are uncovered, and there were a number of 
examples in country reports on steps taken to engage the public in assisting the enforcement authorities in 
highlighting possible incidences of non-compliance, typically illegal dumping hotlines, such as those 
established in Latvia, Portugal and Slovakia. However, a lack of technical and human capacity is often 
pointed out by the interviewed stakeholders. As a matter of fact, even though responsibilities and sanctions 
are well defined, it is hard to assess the effectiveness of these frameworks. Moreover, some MS appear to 
have undertaken important actions to tackle the issue of illegal landfilling but are still underperforming (in 
Croatia, some investigations were in progress in 2015 ; in Slovakia more than 700 inspections were performed 
in 2014 – see details in the focus below). The focus below presents some illustrations of such frameworks 
implemented by MS. These examples show that it is hard to link the existence of these frameworks with 
national performance. It also points out that illegal landfilling of CDW is widely practiced despite legal 
frameworks and enforcement measures, mainly due to the poor value of these waste streams. 

Focus on national enforcement measures, especially on illegal landfilling 

Austria, which is a well performing country, has defined a specific penalty to ensure CDW recovery: the 
law for Remediation of Contaminated Sites (Altlastensanierungsgesetz (ALSAG)) states that every ton 
of CDW that is not recovered in proper and structurally engineered way is charged 9.20 EUR. This law 
is controlled by the fiscal authorities and enforced by customs. However, if CDW is backfilled according 
to the law, the responsible person is exempt from a monetary contribution per ton. 

However, in Belgium, which is also a well performing country, even though regional and local authorities 
are in charge of law enforcement, the lack of capacity is clearly pointed out by stakeholders. 

In Bulgaria, which is a low performing country, responsibilities are clearly defined at each level: the 
mayor organises and controls closure, reclamation, and subsequent monitoring of landfills for household 
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The waste management routes used for CDW across the MS are summarised in Figure 7 below. This is based 
on Eurostat data of waste treated in 201211. However, in view of the above considerations about statistics, 
these figures have to be used with caution. 

 
Figure 7: Waste management summary 

Figure 7 displays the relative importance of recovery compared to landfilling/backfilling for all Member 
States. The percentage of waste landfilled varies from less than 1% (Netherlands) to over 99% (Greece).  

Countries with high recovery rates are likely the countries with best practices in terms of CDW treatment 
(recycling) and correspond to countries that are classified under good or modest data quality: 

 For instance, the Netherlands, Luxembourg and Belgium are densely populated areas, where great 
efforts have been put in reducing the disposal of mineral waste from construction and demolition, 
more specifically by recycling this waste to produce secondary aggregates that can be used, among 
others, for road applications. 

 Many of the MS with higher proportions of recovery have a good spread of CDW management 
facilities available such as Denmark, Italy, Ireland, Germany and Luxembourg. 

 In addition, some MS have landfill bans (or partial bans) in place. For example, the Netherlands has 
a landfill ban on recyclables and Belgium has bans in Wallonia and Flanders (ban on landfilling of 
mixed CDW). Denmark has a ban on landfilling of waste suitable for incineration, which would explain 
the low levels of landfilling and relatively high levels of CDW incineration (5%). Malta has been using 
backfilling as the primary treatment method of CDW since 2003 when a ban of CDW from landfills took 
place. Until recently, the backfilled amounts of CDW were reported as landfilled. However, under the 
light of the possibility of using backfilling as recovery in the calculation of the WFD target, Malta is 
considering reporting the entire volume of CDW backfilled in spent quarries as recovered and would 
thus reach an extremely high recovery rate (see Figure 12). 

Regarding countries with low recovery rates: 

 The low amounts of CDW recovered in Greece could be related to the non-existence of an effective 
policy for the use of recycled materials as well as the lack of obligations regarding recycled materials 
or recycled content in construction materials.  

                                                      
11 Eurostat data 2012  
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Screening factsheet 
1 Summary 

Construction and Demolition Waste (CDW) management national performance 
 

 

 
In both the data of generation and the treatment of CDW, no distinction is made between inert and non-inert 
CDW. The inert waste data is included in non-hazardous waste data, apart from soils and dredging data. 
There is however no available information on the part of inert waste among non-hazardous waste data. 
 
In 2012, 25.71 million tonnes of construction and demolition waste (CDW) were officially reported as 
generated in Netherlands. It represents a 4.8% increase compared to 2010. In comparison with the Eurostat 
data, this figure excludes dredging spoils and the vast majority of soil. The Dutch waste figures exclude soils 
and dredging spoils in the official waste generation data, mainly because the amounts of these waste types 
fluctuate significantly based on annual policy on governmental projects. In comparison with the Eurostat 
data, 6,254 Ktonnes of soil waste is excluded and 241 Ktonnes remains. The remaining part of soils exists 
out of stony waste types that are indicated on the waste types 170503 and 170504. The amount of dredging 
soil that was excluded is 49,150 Ktonnes. Lastly, the amount of non-hazardous CDW was 24.22 Mtonnes 
which is 94.2% of the total CDW generation.  
 

 
 In 2012, according to these statistics, over 93% of the CDW is recovered (recycling, energy recovery 

and other recovery), of which 95% is recycled. These figures include backfilling and exclude soil 
(241Ktonnes in 2012) and also hazardous waste.  

 The amount of landfilled CDW is dropping: it was 1,169 Ktonnes in 2006 and in 2012 only 477 
Ktonnes was left. This corresponds to 2% of all the CDW. 

 Energy recovery increases a bit, this is caused by the stimulation of energy production from 
renewable resources such as biomass. 

 
The source of the data in these tables of both the waste generation and treatment of CDW is the data 
provided by the Rijkswaterstaat, which is part of the Ministry of Infrastructure and Environment. This data 
was directly obtained from the waste helpdesk of Rijkswaterstaat.  
  

Official CDW generation data 2006 2007 2008 2009 2010 2011 2012 

Hazardous CDW (Mt) 3.13 1.44 1.58 1.57 1.47 1.33 1.48 

Non-hazardous CDW (Mt) 21.33 22.71 23.72 23.60 23.06 23.07 24.22 

Total (Mt) 24.46 24.15 25.30 25.18 24.53 24.41 25.71 

CDW treatment 
(2012) Recycling Energy 

recovery 

Other 
recovery 
(includes 

backfilling) 
Incineration Landfill 

Disposal 
and 

unkown 
Other 

removal Total 

Hazardous waste (Kt) 1,187 16.70 0.72 4.72 262 7.61 0.001 1,479 
Non-hazardous waste 
(Kt) 23,062 927 2.54 11.70 215 8.26 0 24,226 

Grand Total (Kt) 24,249 944 3.27 16.42 477 15.87 0.001 25,705 
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CITG Building

 
9 

 

Context and Background 
 

Alkondor Hengelo 
 
Alkondor Hengelo is the main external consultant for this thesis. The façade specialist company have 
been an external consortium partner of the façade leasing research project previously and in the 
present. They are involved with the first pilot project, in which test panels were mounted on TU Delft´s 
EWI building in September of 2016 and are the façade supplier for the new project of retrofitting the 
CiTG building. From their multidisciplinary team, Martijn Veerman joined the dialogue to find new 
strategies of how a supplier can manufacture and operate a leased façade, as he is the specialist for 
circular facades at Alkondor Hengelo. The practical expertise helped to highlight the challenges of the 
new business model, as seen from the supply-side. Both tangible and non-tangible parts of the PSS will 
be subject to redesign and reorganisation. The key question of “how will it work?” was discussed as 
well the integration of promising ideas such as building systems and smart devices, because with more 
responsibility for the performance of the product comes the initiative of experimenting with the 
integration of functions, that were not previously sought after by the architect or client. The 
continuous revenue of a product-service system provides a more stable financial setting, to invest in 
innovative systems that have not yet been tried and tested. On the other hand, new responsibilities 
are added on the supply side, and therefore the demarcation needs to be defined, taking the 
companies experience and knowledge into account. 

 

The CiTG pilot project 
 

 
 

Figure 1: CiTG Delft. Source: Author´s own. 
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APPLICATION

 |  FLDP. Technical Delivery Report8 

Rendering of new CiTG Facade 
Leasing renovation solution, which 
includes high performance framing 
and glazing, centrally operable 
windows including an upper window 
for night-cooling airflow, and external 
solar shading with high-wind velocity 
resistance. The panels have also 
been designed in consultation with 
the original building architect to 
ensure its close resemblance to the 
original architectural appearance of 
the building. 
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Figure 23: Elevation of the CiTG east facade retrofit panel. Source: Author´s own. 

 
 

 
Figure 24: Pre-retrofit facade of the CiTG Delft. Source: Author´s own. 
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Generic panel & components

Schuco Tip Tronic

Products used

Schuco Avantec 
Simple Smart
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637755077563

Merk: A01

RAL 7016 - Antracietgrijs
RAL 7016 - Antracietgrijs

Schuco
AWS WF75 SI

Vl. afm.
x450 1633

Vl. afm.
x954 809

V03

H09

V04

V03

Omschrijving Draaikiep raam:

Bedrading TipTronic23
0

FMJ Paneel 

Magneet contact

Let op:
Indien er verwarmingsbuizen lopen dan 
minimaal 300 mm ervan  af plaasten (door 
FMJ aan te geven waar precies)

513700513
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Omschrijving Val raam:

- Schuco AvanTec SimplySmart
- Drehkipp-Fenster (DK)
- Grundbeschlag DK V130 LS 277003
- Grundrosette C0 247083
- Fenstergriff Standard C0 247001
- Magneetcontact 263285
- Krukhoogte op 1/2 vleugelhoogte

V01

V02

H01

- Schuco TipTronic 
- Kiepraam (K) 170
- Basic 3 AW1
- Magneetcontact 263285
Voor juiste artikelnummers zie mail 
Schuco (Jan Willem Fidder  (2019-05-07) 

H02

Positie motor

Let op:
Vleugel valraam kitten 
volgens voorschriften 
Schuco 

1613x831

789x934

1545x362

703x848

1613x714

datum

project

getekend

order
blad

paraaf akkoord
# niet voor levering en verantwoording van Alkondor Hengelo BV
   Alkondor Hengelo BV verwerkt in het tekenwerk geen correcties/aanpassingen aan de
   bouwkundige constructies en/of onderdelen welke Alkondor Hengelo BV niet levert.

beglazen op de bouw

schaal

# Bouwkundige constructies en/of onderdelen welke Alkondor Hengelo BV niet levert, kunnen afwijken van de uitvoering.
Brandwerendheid bouwkundige constructie exclusief Alkondor Hengelo BV.

Buitenaanzicht

Glasrenvooi

Code Omschrijving

Blank Isolatieglas HR++

Glaswaarden bij opbouw 
LTA =  
ZTA = 
U =

Alle beglazing wordt voorzien van een zwart kleurige verbeterde 
randverbinder

1 : 15

P18029

2019-05-06

CiTG Gebouw Oostgevel
A01

TROE

#3000

4-15-*4
+/- 79 %
+/- 60 %
1.1 W/m2K

A01

G01 5-15T-*4 Blank glas

G02 5-18T-*4 float, Blank glas

P01 2 mm alu.plaat RAL 7016 1 laags 
60 mu - 25 mm pu - 2 mm alu.plaat
RAL 7016 1 laags 60 mu

Aantal stuks:
Fase 1: 19
Fase 2: 9
Fase 3: 9
Fase 4: 9
Fase 5: 12
Fase 6: 9
Fase 7: 9
Fase 8: 9

Fase 9: 12
Fase 10: 9
Fase 11: 9
Fase 12: 9
Fase 13: 12
Fase 14: 9
Fase 15: 9
Fase 16: 12

A 2019-05-16
B 2019-06-18

EQUIPMENT/ MOTORS

PRIMARY FRAMES

SECONDARY FRAMES

DOUBLE GLAZING UNITS

FIXED UNITS

MOVABLE UNITS/
WINDOWS

EXTERNAL SHADING
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FOOT ANCHOR
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Schuco
AWS WF75 SI

Vl. afm.
x450 1633

Vl. afm.
x954 809

V03

H09

V04

V03

Omschrijving Draaikiep raam:

Bedrading TipTronic23
0

FMJ Paneel 

Magneet contact

Let op:
Indien er verwarmingsbuizen lopen dan 
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Omschrijving Val raam:

- Schuco AvanTec SimplySmart
- Drehkipp-Fenster (DK)
- Grundbeschlag DK V130 LS 277003
- Grundrosette C0 247083
- Fenstergriff Standard C0 247001
- Magneetcontact 263285
- Krukhoogte op 1/2 vleugelhoogte

V01

V02

H01

- Schuco TipTronic 
- Kiepraam (K) 170
- Basic 3 AW1
- Magneetcontact 263285
Voor juiste artikelnummers zie mail 
Schuco (Jan Willem Fidder  (2019-05-07) 

H02

Positie motor

Let op:
Vleugel valraam kitten 
volgens voorschriften 
Schuco 

1613x831

789x934

1545x362

703x848

1613x714

datum

project

getekend

order
blad

paraaf akkoord
# niet voor levering en verantwoording van Alkondor Hengelo BV
   Alkondor Hengelo BV verwerkt in het tekenwerk geen correcties/aanpassingen aan de
   bouwkundige constructies en/of onderdelen welke Alkondor Hengelo BV niet levert.

beglazen op de bouw

schaal

# Bouwkundige constructies en/of onderdelen welke Alkondor Hengelo BV niet levert, kunnen afwijken van de uitvoering.
Brandwerendheid bouwkundige constructie exclusief Alkondor Hengelo BV.

Buitenaanzicht

Glasrenvooi

Code Omschrijving

Blank Isolatieglas HR++

Glaswaarden bij opbouw 
LTA =  
ZTA = 
U =

Alle beglazing wordt voorzien van een zwart kleurige verbeterde 
randverbinder

1 : 15

P18029

2019-05-06

CiTG Gebouw Oostgevel
A01

TROE

#3000

4-15-*4
+/- 79 %
+/- 60 %
1.1 W/m2K

A01

G01 5-15T-*4 Blank glas

G02 5-18T-*4 float, Blank glas

P01 2 mm alu.plaat RAL 7016 1 laags 
60 mu - 25 mm pu - 2 mm alu.plaat
RAL 7016 1 laags 60 mu

Aantal stuks:
Fase 1: 19
Fase 2: 9
Fase 3: 9
Fase 4: 9
Fase 5: 12
Fase 6: 9
Fase 7: 9
Fase 8: 9

Fase 9: 12
Fase 10: 9
Fase 11: 9
Fase 12: 9
Fase 13: 12
Fase 14: 9
Fase 15: 9
Fase 16: 12

A 2019-05-16
B 2019-06-18
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project
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   bouwkundige constructies en/of onderdelen welke Alkondor Hengelo BV niet levert.

beglazen op de bouw

schaal

# Bouwkundige constructies en/of onderdelen welke Alkondor Hengelo BV niet levert, kunnen afwijken van de uitvoering.
Brandwerendheid bouwkundige constructie exclusief Alkondor Hengelo BV.

Buitenaanzicht

Glasrenvooi

Code Omschrijving

Blank Isolatieglas HR++

Glaswaarden bij opbouw 
LTA =  
ZTA = 
U =

Alle beglazing wordt voorzien van een zwart kleurige verbeterde 
randverbinder

1 : 15

P18029

2019-05-06

CiTG Gebouw Oostgevel
A01

TROE

#3000

4-15-*4
+/- 79 %
+/- 60 %
1.1 W/m2K

A01

G01 5-15T-*4 Blank glas
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NEW FAÇADE: DETAILS

ELEVATION VERTICAL DETAIL OF CONNECTION
TOP CONNECTION



EXTRACTION PRODUCTION USE

END-OF-LIFE

RECYCLING

Aluminum
(virgin & recycled)

Extruded 
profi les from Al. 

billets

Al. profi les 
(with thermal 

break)
Facade panel

Use & 
maintenance

Metallic 
components

Collection  & 
sorting

Aluminium 
6060

(Inspection & 
sorting)

Float glass IGU

Rubber

Polyamide

T T

T

T

T T T

Rubber 
components

Polyamide 
components

Glass 
components

Wood
(virgin & recycled)

MATERIAL 
MANUFACTURING

SYSTEM 
MANUFACTURING

SchucoAlcoa Alkondor

Client

Demolition company

Recycling company

PRODUCT  
MANUFACTURING

34

MATERIAL FLOW OF PRODUCT
(COMMON PRACTICE)
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REMAN. RECYCLE

35

FRAMEWORK APPLICATION

COMMON PRACTICE: 
RECYCLE

INTENDED PRACTICE: 
REMANUFACTURING
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DECONSTRUCTION

COLLECTION

INSPECTION & SORTING

RE-LIFE OPTION

1

2

3

4
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GRAPHICAL FRAMEWORK APPLICATION

?

?
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GRAPHICAL FRAMEWORK APPLICATION
EXAMPLE: DECONSTRUCTION

2020 2035 20501970’s

BUILDING
FACADE

?
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GRAPHICAL FRAMEWORK APPLICATION
EXAMPLE: DECONSTRUCTION
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GRAPHICAL FRAMEWORK APPLICATION
EXAMPLE: DECONSTRUCTION
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GRAPHICAL FRAMEWORK APPLICATION
EXAMPLE: DECONSTRUCTION
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GRAPHICAL FRAMEWORK APPLICATION
EXAMPLE: DECONSTRUCTION

RIGID INSULATION

WOODEN 

INTERFACE

EPDM

SILICONE
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GRAPHICAL FRAMEWORK APPLICATION
EXAMPLE: DECONSTRUCTION



SEPARATION OF 
ELEMENTS ACCESIBILITY DIMENSIONS CONNECTIONS & 

INTERFACES
INFORMATION 
AVAILABILITY

43

Dismounting 

Destructive ways

Accesible outside

Accesible connections

Panel too big

MAIN 
STRUCTURE

SLAB

WOODEN 
INTERFACE

PANEL

RIGID 
INSULATION

ALUMINIUM 
CAPS

EPDM 
MEMBRANE

SILICONE SEALS

EXTERNAL 
SHADING

Interface

Nails connection

Tag available
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GRAPHICAL FRAMEWORK APPLICATION
EXAMPLE: DECONSTRUCTION
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DECONSTRUCTION

COLLECTION

INSPECTION & SORTING

RE-LIFE OPTION

1

2

3

4
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GRAPHICAL FRAMEWORK APPLICATION

?

? U PARKHOTEL

CITG



CITG FACADE PANEL
FROM (DECONSTRUCTION POINT): 
Stevinweg 1, 2628 CN Delft
TO (NEW USE POINT): 
De Veldmaat 8, 7522 NM Ensched

DISTANCE TRAVELED:
1,048 KM

RECYCLING SCENARIO

Fr
om

 N
or

w
ay

3

4

7

9

10

11

*

1
2

5
6
8
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GRAPHICAL FRAMEWORK APPLICATION
MFA

LEGEND

1 Material extraction
2 Material manufacturing
3 System manufacturing
4 End-product manufacturing
5 Installation
6 Use
7 Maintenance
8 Deconstruction | Collection
9 Sorting/salvage yard
10 Recycling 11 Billets
      Next use

       Forward logistics
       Reverse logistics



CITG FACADE PANEL
FROM (DECONSTRUCTION POINT): 
Stevinweg 1, 2628 CN Delft
TO (NEW USE POINT): 
De Veldmaat 8, 7522 NM Ensched

DISTANCE TRAVELED:
240 KM

REMANUFACTURE SCENARIO

Fr
om

 N
or

w
ay

33609 Bielefeld, 
Germany

3

4

7

9

10

5
6
8

1
2

*
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GRAPHICAL FRAMEWORK APPLICATION
MFA

LEGEND

1 Material extraction
2 Material manufacturing
3 System manufacturing
4 End-product manufacturing
5 Installation
6 Use
7 Maintenance
8 Deconstruction | Collection
9 Inspection & sorting
10 Remanufacturing
      Next use

       Forward logistics
       Reverse logistics
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FACTSHEET

Format 1 Factsheet, summary of the assessments

FORMAT: Factsheet
DESTINED TO: 

Facade  and system providers, designers, engineers

CITG FACADE PANEL
FROM (DECONSTRUCTION POINT): 
Stevinweg 1, 2628 CN Delft
TO (NEW USE POINT): 
De Veldmaat 8, 7522 NM Ensched

DISTANCE TRAVELED:
240 KM

REMANUFACTURE SCENARIO

Fr
om

 N
or

w
ay

33609 Bielefeld, 
Germany

3

4

7

9

10

5
6
8

1
2

*

LEGEND

1 Material extraction
2 Material manufacturing
3 System manufacturing
4 End-product manufacturing
5 Installation
6 Use
7 Maintenance
8 Deconstruction | Collection
9 Inspection & sorting
10 Remanufacturing
      Next use

       Forward logistics
       Reverse logistics

GEOGRAPHICAL ASSESSMENT

DFRL CRITERIA: HIGHLIGHTS

GRAPHICAL ASSESSMENT: HIGHLIGHTS

PRODUCT DESCRIPTION

Facade panel for the CiTG building
Window wall construction
Facade provider: Alkondor Hengelo
System provider: Shuco
Location: Stevinweg 1, 2628 CN Delft

MCI & CIRCULARITY INDEXES

*Consult the Descriptive Assessment 
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COMMENTS

- Panel dimension too big 
for logistics

- Al. covers screwed to 
interfaces

* Transportation/
coordination as main 
barrier

COMMENTS

- Panel dimension too 
specific

- Wet connection in frame 
unions

-Non-adjustable mullions 
& transoms

MCI

1 2

MCI: 0.38
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DESIGN CONCEPTS

ASSESSMENT

LESSONS LEARNEDIDEAS FOR CITG

UNIVERSAL PANEL
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IDEAS FOR CITG
BRAINSTORM
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IDEAS FOR CITG
BRAINSTORM

MOBILE STATIONS



INTERFACE FOR ON-
SITE ADJUSTMENT

INSPECTION & 
SORTING ON SITE

RIGHT PANEL 
DIMENSIONS 

ASSURING MARKET 
DEMAND

NO SPECIFIC 
DIMENSIONS 

TRANSPORTATION IS 
A BARRIER
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LESSONS LEARNED

DESIGN 

LITERATURE

INTERVIEWS



Base Module 
+ external interface

Exploded view
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UNIVERSAL PANEL

Base Module + external interface + info system



Double Module
2.40 x 3.60 m

Façade addition
Curved balcony
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UNIVERSAL PANEL

Base Module + unitized balconies
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UNIVERSAL PANEL
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ANNUAL PERCENTAGE GROWTH/LOSS IN THE CONSTRUCTION INDUSTRY IN 
EUROPE (STADISTA 2020)
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CONSTRUCTION INDUSTRY
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CONCLUSIONS
ACCELERATORS

DfRL & SHIFT 
MINDSET

DECON. OVER DEMO.

MAX. RL ACTIVITIES 
ON SITE

INFORMATION 
AVAILABILITY

PROPER 
INFRASTRUCTURE

LIGHT 
STANDARDIZATION

MIN. 
TRANSPORTATION
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FUTURE RESEARCH

FRAMEWORK 
VALIDATION

FACADE CRITERIA 
VALIDATION PROTOTYPING IMPACT 

CALCULATION
FINANCIAL 
ANALYSIS
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FUTURE VISION

SOCIETY

LEGISLATION
+ DESIGNERS

RL

CIRCULAR 
BUILDINGS
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PLAY THE VIDEO
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THANKS

ANY QUESTIONS?
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31%

69%
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36%

64%

MCI

48%
52%

MCI
MCI
Highlights: 
-The MCI difference is only evident in the reusing scenario.

Limitations: 
MCI just provides basic notions as it does not take into account the 
subtleties of each process.

ENERGY & CO2 FOOTPRINT
Highlights: 
-When comparing the frame, Recycle and Reman have similar quantities. Reuse drastically reduces material and manufacturing processes, as expected.
-When comparing the infill panel, even if the insulation is replaced, the Reuse scenarios shows a drastic reduction to almost 0 in its Total quantity. 
However the EoL is also reduced to almost 0, questionable due to the lower quantities in the previous stages. 
-When comparing the steel column, the same conclusion of the infill panel apply.
-Generally, it is interesting to note how the highest (apart from the exceptional Use phase in the frame) is the material phase. This states 
the importance of better relife options, which would reduce considerably the footprint of the Material step.  
-Also, it is interesting to notice how transportation is one of the lowest in all cases. This contradicts the opinions from experts, who state 
transportation is one of the worst stages. However, the calculation only envisioned the route in the maps (which a very light route, only 
using in-land transportation, trucks)  and the logistics is another factor that cannot be measured (and it might be the aspect the experts 
were also referring to).

Limitations: 
-It is uncertain what does CES take into account to make calculations.

QUANTITATIVE ASSESSMENT: FINAL COMPARISON BETWEEN THE 3 SCENARIOS

-60.000

-40.000

-20.000

0.000

20.000

40.000

60.000

80.000

Material Manufacture Transport Use Disposal End of life
potential

Total (for first
life)

Steel column- CO2 footprint (kg)

CO2 footprint
(kg)

CO2 footprint
(kg)

CO2 footprint
(kg)

-6.000E+008

-4.000E+008

-2.000E+008

0.000E+000

2.000E+008

4.000E+008

6.000E+008

8.000E+008

1.000E+009

Material Manufacture Transport Use Disposal End of life
potential

Total (for first
life)

Steel column- Energy (J)

Energy
(J)

Energy
(J)

Energy
(J)

-2.000E+009

-1.500E+009

-1.000E+009

-5.000E+008

0.000E+000

5.000E+008

1.000E+009

1.500E+009

2.000E+009

Material Manufacture Transport Use Disposal End of life
potential

Total (for first
life)

Comparison- Energy (J)

Energy
(J)

Energy
(J)

Energy
(J)

-150.000

-100.000

-50.000

0.000

50.000

100.000

150.000

Material Manufacture Transport Use Disposal End of life
potential

Total (for first
life)

Comparison- CO2 footprint

CO2 footprint
(kg)

CO2 footprint
(kg)

CO2 footprint
(kg)

-1.000E+010

-5.000E+009

0.000E+000

5.000E+009

1.000E+010

1.500E+010

2.000E+010

2.500E+010

Material Manufacture Transport Use Disposal End of life
potential

Total (for first
life)

Frame- Energy (J)

Energy
(J)

Energy
(J)

Energy
(J)

-600.000

-400.000

-200.000

0.000

200.000

400.000

600.000

800.000

1000.000

1200.000

1400.000

1600.000

Material Manufacture Transport Use Disposal End of life
potential

Total (for first
life)

Frame- CO2 footprint (kg)

CO2 footprint
(kg)

CO2 footprint
(kg)

CO2 footprint
(kg)

31%

69%

MCI

36%

64%

MCI

48%
52%

MCI
MCI
Highlights: 
-The MCI difference is only evident in the reusing scenario.

Limitations: 
MCI just provides basic notions as it does not take into account the 
subtleties of each process.

ENERGY & CO2 FOOTPRINT
Highlights: 
-When comparing the frame, Recycle and Reman have similar quantities. Reuse drastically reduces material and manufacturing processes, as expected.
-When comparing the infill panel, even if the insulation is replaced, the Reuse scenarios shows a drastic reduction to almost 0 in its Total quantity. 
However the EoL is also reduced to almost 0, questionable due to the lower quantities in the previous stages. 
-When comparing the steel column, the same conclusion of the infill panel apply.
-Generally, it is interesting to note how the highest (apart from the exceptional Use phase in the frame) is the material phase. This states 
the importance of better relife options, which would reduce considerably the footprint of the Material step.  
-Also, it is interesting to notice how transportation is one of the lowest in all cases. This contradicts the opinions from experts, who state 
transportation is one of the worst stages. However, the calculation only envisioned the route in the maps (which a very light route, only 
using in-land transportation, trucks)  and the logistics is another factor that cannot be measured (and it might be the aspect the experts 
were also referring to).

Limitations: 
-It is uncertain what does CES take into account to make calculations.

QUANTITATIVE ASSESSMENT: FINAL COMPARISON BETWEEN THE 3 SCENARIOS
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