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• degradation of materials and more  

technology dependent components

• Inability to remove and exchange building 

systems and components 

• unfitted for recycling

• difficult to repair

• difficult to access

• difficult to disconnect 

demolition

building waste

• 40% of energy consumption in Europe is building 

related 

• 50% of material resources taken from the nature

are building related 

• over 50% of national waste production comes from

the building sector

Buildings frequently undergo

Demolition due to :
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Technical Reversibility                              

© Durmisevic 2009

Functional dependence Technical dependence Physical dependence



8 ASPECTS OF REVERSIBLE BUILDING STRUTURE

FUNCTIONAL 

decomposition

TECHNICAL 

dependences

PHYSICAL

dependences

© E.Durmisevic 2006

INDICATORS/ Technical Reversibility

Reuse potential 
= 0,68

Reuse options: 
- RP > 0,7 = Direct reuse   

by minor repair or 
reconfiguration, upgrading

- RP >0,4 and RP < 0,6 = 
Reuse by major repair 
Re-manufacture

- RP > 0,3 = Recycle



system as

intermediary
element as

intermediary

accsesory connection

as intermediary

Dr. Elma Durmisevic, Head of the research EU Horizon 
2020/BAMB Revisable Buildings Design, Design leader of GTB 
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ASSEMBLY SEQUENCES
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• GEOMETR OF COMPONENT EDGES
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• TYPE OF CONNECTIONS
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Indicator of exchangeability

• TYPE OF CONNECTIONS
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Tool- towards 
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Reuse potential 
= 0,68

Reuse options: 
RP> 0,3 = Recycle
RP >0,3 and RP < 0,6 = Reuse by major 
repair or Re-manufacture
RP > 0,6 = Direct reuse by minor repair 
or reconfiguration, 
upgrading

Dr. Elma Durmisevc,BAMB program/research leader of Reversible Building Design group, University of Twente/ founder GTB lab & GDC SGDF
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Value

Technical 
reversibility 
presented 
through RP
and 
related 
indicators
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BUILDING
REUSE POTENTIAL
Project name: <Example project>
Location: <city, country>
Function: <office>
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Total score:

The Transformation Capacity score measures spatial building 
performance indicators addressing the capacity to accommodate 
different functions without causing major reconstruction works, 
demolition and material loss. The less effort is needed to transform 
a building, the higher the transformation potential will be. The 
greater the variety and number of modification options (reuse 
options of buildings), the higher the transformation potential. 

1. Input relational diagram

REUSE POTENTIAL/ BUILDING LEVEL  
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Support tools for deconstruction/
Reuse Potential
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Colour coded diagram representing 
relational dependences between elements
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Formatting outputs





Direct 
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Carbon emissions per function (ton CO2)

1. Load bearing 2. Enclosing 3. Partitioning 4. Servicing

5. Vertical 

communication 6. Equipment Total Proportion

High Reuse Potential (0,7-0,9 107,6 50,1 2,0 23,7 0,0 18,4 201,7 8%

Upcycled Medium Reuse Potential (0,4-0,6) 773,1 400,7 49,4 3,6 0,0 0,7 1227,5 47%

Low Reuse Potential (0,2-03) 13,6 276,9 74,1 0,0 0,0 0,0 364,6 14%

Downcycled Reuse Potential (0,1) 653,1 103,9 55,2 0,0 0,2 0,9 813,3 31%

Total 1547,5 831,5 180,6 27,3 0,2 20,1 2607,1 100%

Proportion 59% 32% 7% 1% 0% 1% 100%

Carbon emissions

Carbon absorbed by 

7900 football fields

of trees growing in one year 

Carbon emissions per material (ton CO2)
Aluminium Asbestos Bitumen Ceramics Concrete Glass Insulation Linoleum Plaster Plastics Steel Stone Timber Total Proportion

High Reuse Potential (0,7-0,9 57,2 0,0 0,0 0,0 1,0 5,8 0,2 0,0 2,8 0,5 139,3 0,0 -5,0 201,7 8%

Upcycled Medium Reuse Potential (0,4-0,6) 39,7 0,5 3,7 2,1 14,0 0,0 12,5 3,0 4,1 52,5 1118,7 0,0 -23,3 1227,5 47%

Low Reuse Potential (0,2-03) 21,1 0,1 0,0 0,0 0,4 2,0 0,0 0,0 0,5 0,0 340,6 0,0 0,0 364,6 14%

Downcycled Reuse Potential (0,1) 13,6 11,5 0,0 13,6 744,1 6,9 0,0 5,6 0,9 0,0 3,3 13,9 0,0 813,3 31%

Total 131,6 12,1 3,7 15,7 759,4 14,6 12,7 8,6 8,3 52,9 1601,8 14,0 -28,3 2607,1 100%

Proportion 5% 0% 0% 1% 29% 1% 0% 0% 0% 2% 61% 1% -1% 100%
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Reconfigure structureSeparate materials

Spatial ReversibilityTechnical Reversibility  

REVERSIBLE BUILDING DESIGN protocol

Virtual simulator

Transformation capacity building level

Reuse potential product level

Adapt

Elma Durmisevic, Head of the research EU Horizon 2020/BAMB Revisable Buildings
/4D architects 

Reversible 
B ui ld ing  

C i r c u l a r i t y  
p r o f i l e  1

Reversible 
B ui ld ing  

C i r c u l a r i t y  
p r o f i l e  2

Reversible 
B u i ld ing  

C i r c u l a r i t y  
p r o f i l e  3

Spatial reversibility 
TC 0,2 to 0,3

Technical reversibility
RP 0,2 to 0,3

Spatial reversibility 
TC = 0,3 to 0,6
Technical reversibility
RP 0,3 to 0,6
TC>07 RP 0,3
RP> 0,7 TC <0,3

Spatial reversibility 
TC> 0,7

Technical reversibility
RP > 0,7

Circularity Profile based on Reversibility 
Categories = Reuse Capacity of Buildings and its Materials

RBD Category 1

RBD Category 2

RBD Category 3

Reversible 
B ui ld ing  

C i r c u l a r i t y  
p r o f i l e  0

Spatial reversibility 
TC 0,1

Technical reversibility
RP 0,1

RBD Category 0

Reused 
elements
30-50%

Element level 
reused 20-50%

Reused 
materials

More than
50%

Element level r
eused more 

than 50%

Recycling 
More than 20%

Element level 
reused  0-20%

Circularity of building and building 
products

Circularity 
of materials

Reused 
materials
Less than 

10%

Element level 
reused  0%

Circularity Profile based on Reversibility Indicators 
= Reuse Capacity of Buildings and its Materials
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‘Architecture / Design’ and 
‘Consultancy firm / 
Demolition expert’

1

Construction phase: 
‘Construction contractor’, 
‘Demolition contractor’ 
and ‘Material producer’

2

Clients: ‘Private client’ and 
‘Public client’

3

                      



End user needs:
A. BIM-based assessment tool for reusability of building

elements
B. A tool to make materials inventory
C. A calculation tool assessing different scenarios and options

for waste management
D. Identifying reusable building elements and assessing

reusability of building materials ( demountability, value,
technical quality)

Ruse strategies and reportsData collection RBIM RBIM plugins interactions parametric R twin parametric libraryRP calculation

1 2 3 4 5 6 7

Export of
Reuse Potential
output

optional

Hazardous 
Materials 
from 
database

3D 
scan MD MD MD

BIM based 
Parametric
Reuse 
inventory
3D viewer

Material
Inventory
Pdf report/
digital 

3D 
scan

ARCHITECTURE / DESIGN’ AND 
‘CONSULTANCY FIRM / DEMOLITION 
EXPERT’

1b

BIM Based
Inventory of 
reversibility 
& reusable 
elements
3D viewer/ 
digital

Indoor 
Viewer/ 
foots/digita

Dr. Elma Durmisevic, developer of Reversible Building model 4D architects, GTB Lab

Connection points beween DDC 
modules

Outputs for the end user 
Suporting end user needs

3D scan
to RBIM

MD
to RBIM

RBIM
to MD

RBIM
to MD optional

Export of
dimensions

3D scan
to MDDigital 3D 

library of 
reusable 
elements - BIM 
objects for 
architects



Linear ǀ Take - make – waste approach

Demolition Costs + Waste Disposal Cost  = Costs

Circular ǀ Take - make – remake approach

Costs:
Inventory Costs + DC costs + Storage cost
Benefits internal:
Residual Value  of reused material
Benefits external:
Saved CO2 tax + saved Embodied energy cost + saved Taxation on raw material 

High Reversibility Index = de/construction costs low +environmental costs low 

Low Reversibility Index = de/construction costs high +environmental costs high 

Cost Benefits Analyses

Elma Durmisevic ǀ Reversible Buildings, The Netherlands
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