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Ai-supported  
low CO2 circular design
A material driven approach



Design
From building life cycle to material scenarios

LCA stages. Re-drew based on Silvestre et al. (2016) 

“There is no space created 
without materialisation.”



Impact
Low CO2 approach
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Levels of Intervention. Refurbish Manual. (Georg Giebeler, 2009)

Range of intervention. Adapted from Building Adaptation. 
(John Douglas, 2014)



https://www.materialepyramiden.dk. CINARK (Julie Zepernick Jensen, 2019)

Impact
Embodied energy and carbon emission

Construction 
Material pyramid

An interactive web-
tool to compare 
material usages.


(A1-A3)



Circular Design
Material repair, reuse, and recycle

Top (material network)


Material bank


Down (material literacy)

Reuse in Construction. 2022

Preservation/

the in situ retention of the fabric of 
buildings or parts of buildings in 
order to extend their usage.


Reuse/

the reutilisation of building 
components irrespective of any 
divergence in quality standards 
between their original and new 
usage contents. (Cutting or resizing)


Recycle/

The extensive conversion of 
building material into new materials 
or products via processes in which 
their original form is broken down. 
(Such as shredding or melting.)



AI-Supported Circular Design
An informal/formal material literacy

Research Question:

• What are the available existing materials? 

• How do we make the materials available?

• How do we question the process?

• How does Artificial Intelligence support us in the design process?



Material (Data) Intelligence

• Material What?


• Material How?


• Material Right?

Ruins Inspection and Material information - material bank


Material Type  -  Building Layer  -  Scale

Concrete

Bricks

Metal

Timber

…


Evaluation Tool


ENGINEER - MANAGEMENT - ARCHITECT

Brand, 1994

Repair

Reuse

Recycle



HOW WHAT

AI

AI

AI



Material what, where?
AI-Supported Circular Design

Material Ruins Information


What are the available existing materials? 

Where are the material ruins/demolition sites?(transportation)

What were/are the sites?(building typology)(function)

Why are they (demolished) now?(value)(toxic)

When would they be cleared out?


What are the existing material components?(function)(composition)

What quality did they have?(value)(durability)(texture)

What are the construction?

What are the amount, size, shape?



Available material components and material stocks. OPALIS by ROTORDC.

Case studies
Material what, where?

Leading companies with reuse approaches. 

Reuse in Construction. 2022.

Demolishing sites. Concular.



Case studies
(AI-Supported) Material bank, network, literacy

Queen of the south C,D, De Vries



Case studies
AI-supported material harvesting



1 Building Inspection

2 Material Classification and Localisation

3 Geometry Reconstruction


Institute for advanced architecture of Catalonia, Barcelona, 2020




Case studies
AI-supported material harvesting



Case studies



Material How

How do we make materials available? 

1 How can the they be kept, repaired, transformed (adapted 
reuse) and reutilised to safeguard embodied energy?


2 How can the building parts be disassembled and converted 
into components fit for reuse elsewhere, with minimal change 
of material quality from their previous use?


3 How can the recovered materials be processed into new 
engineered products, with extensive change of material 
characters from their previous form?


* How to remove, relocate, and store reclaimed materials?

AI-Supported Circular Design



An extensive report
Case study of K118: A building made from construction waste



Case Studies
Brick Reuse, Lendager, 



Case Studies



Case Studies
Timber defect recognition and resizing 

Msc2 TUD Design Studio: Interactive architecure. (Max Sterry, Mimi Cepic , Tarique Ali, Tobine Rasmussen.2022)



Material Right?

How do we evaluate the process and decisions?

Is reuse or recycle necessarily better, lower-impacted, or more time 
consuming, inflexible, or costly?


How do we calculate, quantify, visualise the engineering results?


How do we model the material and project construction under the 
scope of time?


How do we deal with architectural cases and materials that vary 
from case to case?


How do AI support this, in comparison with what computer can 
and cannot do?


What are the means, tools? Who needs the information?

AI-Supported Circular Design



Material Right?

How do we evaluate the design process?

Engineer: CO2 emission, energy consumption, durability…


Management: cost, construction time, material supply/
demand, transportation…


Design: architectural language, comfort, material quality, 
construction type, details…


(Clients, stakeholders, users)


AI-Supported Circular Design



Design for future reuse 
BIM-based whole-life performance estimator





Disassembly sequence 
Reuse management 



Web-based decision tool for refurbishment
Insulation material data analysis



Visualisation ools
3D/2D design tools



Conclusion
Direction

• Architectural projects vary from case to case, so as materials.


• AI comes in where human does poorly and machine cannot do.


• Material what. Material bank - network - literacy: gleaning/mining/harvesting from 
building stocks, demolition site. Supply and demand. Count, size, type


• Material how. The realisation of repair, reuse, recycle from one site, to one project. 
The combination of the three in one project. (Concrete, timber, brick, earth, glass….)
(specific moments/compartments)


• Material right. The results examination, visualisation, calculation, and comparison. 
Material mapping from data base. 3d material information modelling. (Extract image)



I need to

• Learning programming……


• Pick one/two material?


• Find on architectural project to study


• One demolition project to study


• Company network to browse through


• Material database to work on



Notes

• A system to select carefully on the criteria: Scale, material, method:reuse/ 
type: such as finish structure…. threads/


• Make a plan


• Find team/ other phd….search managing…know how…


• Terminology cite, literature… be specific


• Research plan





• Architectural project varies 
case by case….


• Material usage also varies 
case by case….


• If you want to reuse based on 
existing materials, it’s a very 
specific approach.

What and Where are the demolition sites?

Why were/are there?

Can they become 

Top (material network)

Domolition site to material stocks (how)


Material bank

What materials were/are there?

Down (material literacy)

Material and material availability



Conclusion

• Other materials: Concrete, Glass, Brick, Steel, Timber……

• Vary from buildings to buildings…how do we approach to this very customised process with AI.


• Direction 1 AI and material recognition in a site. Classification. Information. Modelling

• 2 Material mappings. Material modelling based on existing, realtime, available material properties

• Material mappings — combination of materials by AI? Ai supported render/ar/modelling…?

• 3 Material bank/network, calculate count, style, combination of sources from different dealers/

storage

• 4 Material literacy. Focused on AI application different materials and their reuse/recycle 

possibility and application 

• AI application on Building/Material modelling…BIM

• Focus on material-driven design starting excavation>>design>>change material to reuse>>CO2 

analysis…

• Existing case studies(architectural project) reuse.

• Focus on AI-supported disassemble….



AI-supported Circular Design

• What were the demolition sites?(function)

• Where were they?(transportation)(network)

• Why were they there?(evaluation of left-overs)(hazardous)(value)

• What’s the relations and preferences(same typologies, function)(reasons to reuse)?

• How to reclaim the materials, disassemble, transport?

• How to evaluate/calculation materials from different sources?

• How to store?or real time?(dissemble only while reserved)


• What are the materials there?(classify)

• What quality/construction/value are in those material.(carbon footprint)

• What are the construction?

• What are the counts, sizes, shape…?

• How can they be detached?

• What happened after removed?

• Where does AI come in?  Material bank, construction, design, make available? Making material 







Paper reviews















Definition
• Building adaptation, John Douglas



Definition
Refurbish manual, Georg Giebeler







Definition
Reuse, recycle, reprocess

Reuse
Old door fittings are reused on new doors.
Intact bricks that have been removed from an old wall are reused to build a new wall.
Multi-use systems, such as returnable deposit bottles with flip-top stoppers are generally reused repeatedly.

Repurposing/Adaptive Reuse
Intact old bricks are used as edging for planted areas. 
A disused ship’s hull is turned upside down and used as the roof of a building.
Beverage bottles are turned into plant containers.

Recycling/Reutilisation
Recycled aggregate concrete (RAC) contains aggregates of crushed concrete or mixed demolition rubble. 
Disposable bottles are used as raw materials to manufacture new bottles (recycled glass, PET plastics).

Reprocessing
Bricks chips are turned into plant substrate
waste glass is used to make glass wool(thermal insulation).

Upcycling/Downcycling
Disposable glass bottles are transferred into drinking glasses or lampshades. Residual concrete waste is cast in moulds to create utilitarian objects. Disused freight containers are 
stacked together and fitted out to create a building. Downcycling. Old bricks are broken up and turned into gull material for roadbeds.


