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GTB LAB demonstrates

o Circular building design
o Construction without value degradation 

of materials
o Circular building methods
o Use of digital tools/ BIM for 

management of circular material 
streams

o Standardisation of Circularity profiles
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Paradigm Shift towards Circular Buildings and Economy

Multiple layers of buildings enable multiple value propositions by reversible design ©E.Durmisevic 2016  

Future Generation of Buildings REVERSIBLE BUILDINGS
Source:
Elma Durmisevic, EU BAMB 2020, circular economy in construction
Design strategies for reversible buildings, 2019

Elma Durmisevic ǀ Reversible Buildings, The Netherlands



• 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 decosntract

demolition

building waste

• 40% CO2 emission in world is building related 

• 50% of material resources taken from the

nature  are building related 

• over 39% of national waste production comes

from the building sector

Buildings frequently undergo

Demolition due to :

Elma Durmisevic
Dr. Elma Durmisevic

Trends in building design and construction - ADDING UP AND DEMOLISHING



Elma Durmisevic ǀ Reversible Buildings, The Netherlands

Ensure multiple value propositions of Building through
three dimensions of building’s  reversibility



Reconfigure/reuse structureSeparate materials

Spatial ReversibilityTechnical Reversibility                              

REVERSIBLE BUILDING DESIGN guidelines and protocol

BIM Based Virtual simulator

Transformation capacity building level

Reuse potential product level

Adapt

Reversible BIM

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

Reversible 
Building
Design and 
Assessment
Toolkit

©Model Durmisevic 2015

Elma Durmisevic ǀ Reversible Buildings, The Netherlands

TOOLS

GUIDLINES



Reconfigure structureSeparate materials

Spatial ReversibilityTechnical Reversibility  

REVERSIBLE BUILDING DESIGN protocol

Virtual simulator

Transformation capacity building level

Reuse potential product level

Adapt

Reversible 
Bui ld ing  

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

Reversible 
Bui ld ing  

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

Reversible 
Bui ld ing  

C i r c u l a r i t y  
p r o f i l e  4

Spatial reversibility 
TC 0,4 & 0,5

Technical reversibility
RP 0,2 & 0,3

Spatial reversibility 
TC = 0,4 to 0,6
Technical reversibility
RP 0,4 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 2

RBD Category 3

RBD Category 4

Reversible 
Bui 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

Reuse 
Building structu

re
40-69%

High value materi
als

reuse 40-69%

Reuse
Building struct
ure more than

70%
Materials reus

ed more 
than 70%

Reuse Building 
structure 15 to 

39%

High value mate
rials
reuse 15-39%

High value reu
se less than 10

%
&

Downcycling mo
re than 50%

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

Dr.Elma Durmisevic, Founder GTB lab

Reversible 
Bui ld ing  

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

Spatial reversibility 
TC 0,2 & 0,3

Technical reversibility
RP 0,2 & 0,3

RBD Category 1
Reuse Building 
structure 15 to 

39%
/

High value mate
rials
reuse  10-15% &
Recycling more t
han 50%



Reconfigure structure Adapt space
Separate materials

Spatial ReversibilityTechnical Reversibility                              

REVERSIBLE BUILDING

© E.Durmisevic 2016
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Green Transformable BuildingLab

Dr. Elma Durmisevc, BAMB research leader of Reversible Building Design, Founder & Creator of GTB 
Lab, 4D architects

© Elma Durmisevic 
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The core

Dr. Elma Durmisevc, BAMB research leader of Reversible Building Design, Founder & Creator of GTB 
Lab, 4D architects
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Dr. Elma Durmisevc, BAMB research leader of Reversible Building Design, Founder & Creator of GTB 
Lab, 4D architects

STRUCTURE



Exchangability of building parts

Demonstration

of a new 

Building Generation

Strat here –GTBL

www.greentransformablebuildings.com 

Elma Durmisevic, 2019
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Demonstration of circular solution 

Locatie | Regio Parkstad HeerlenLaboratory for Green Transferable Buildings
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Circulair 

Building

Design of high reuse potential
Elma Durmisevic 2019



MATERIAL



Dr. Elma Durmisevc, BAMB research leader of Reversible Building Design, Founder & Creator of GTB 
Lab, 4D architects
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Eliminate waste

Elma Durmisevic 2019

MATERIAL



GTB LAB POWERED BY

Partly Reversible

Circularity Profile 2
20 to 40 % Reuse

Reversible Building 

Circularity Profile 3
40 to 70% Reuse

Reversible Building 

Circularity profile 4
More Than 70% 
Reuse

Irreversible Building 

Circularity Profile 0

Partly Reversible

Circularity Profile 1
uo to 20%
Reuse more than 
80% recycling

©E. Durmisevic 2019
4D architects

GTB Lab
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Aim of the LABORATORY FOR GREEN TRANSFORMABLE BUILDINGS 

Developing and showcasing circular building solutions

REUSE POTENTIAL
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Monitoring, scoring system, inventory

Circularity profile
©Model Durmisevic 2019

Quick scan and diagnostics regarding 
reuse capacity of buildings and 
materials in the cities



                      

DDC

Dr. Elma Durmisevic

25/02/2021

DDC – PLATFORM DEVELOPMENT

Reuse 
Potential     



                      



Source: LIST



Materiaal substitution/
reuse
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Reversible BIM digital inventory of 

Reuse Potential
Dr. Elma Durmisevic, 2019

                      

BUILDING
REUSE POTENTIAL
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Module 
output list

27

RP=0,75

RP=0,20

Source: Model Durmisevic 2006, 2018
© E.Durmisevic 2018

Reversible 
BIM

Reuse Potential
Tool

©Model Durmisevic 2018/4D



Technical Reversibility                              

© Durmisevic 2009

Functional dependence Technical dependence Physical dependence



8 ASPECTS OF TECHNICLA REVRSIBILITY

FUNCTIONAL 

decomposition

TECHNICAL 

dependences

PHYSICAL

dependences

© E.Durmisevic 2006

INDICATORS/ Technical Reversibility



Reuse potential 
= 0,68

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

Reversible 
Building

Reuse Potential
Tool- towards 
Reversible BIM

©Model Durmisevic 2015

©Model Durmisevic 2015

Embodied Environmental Impact
Embodied Value (EV)

Dr. Elma Durmisevic

Reuse options: 
RP 0,9 = Direct reuse
RP 0,8 = Direct reuse by minor repair 
RP 0,7 = Reuse by major repair
RP 0,6 = Reuse by major repair
RP 0,5 = Re-manufacture
RP 0,4= Re-manufacture
RP 0,3 = Mono-material recycle
RP 0,2 = Recycle
RP 0,1 = Waste



©Model Durmisevic 2009/2015

Reversible 
Building 

I  M P A C T  S



BUILDING
REUSE POTENTIAL
Project name: <Example project>
Location: <city, country>
Function: <office>
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0,5

Total score RP:

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  



DATA 
GATHERING

Drawings

point cloud

site visit

Reversible 
BIM

Reuse Potential
Tool

©Model Durmisevic 2015/4D



Colour coded diagram representing 
relational dependences between elements

Reversible 
BIM

Reuse Potential
Tool

©Model Durmisevic 2015/4D



7277



7277 elements
36 parallel/standardised assembly procedures



BUILDING
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Avoided CO2

Information for inventory 
expert
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Steel, 84%

Carbon emissions per material

1. Load bearing

21%

2. Enclosing

77%

Carbon emissions per building function
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N
o RP, 11%

Carbon emissions per Reuse Potential category

1. Load bearing58%

2. Enclosing
33%

3. Partitio
ning

7%

Tonnage per building function 

Concrete, 64%

Steel, 30%

Ston
e, 3%

Tonnage per material

Medium RP31%

No RP66%

Tonnage per Reuse Potential category

Avoided CO2 ton
3000 ton

Direct reuse 
2231 ton

Reus by reparation
2150 ton

Recycled
2000 ton 

Information for owner/cost benefits 
analyses & policy makes & inventory expert



Tonnages and reuse options
Reused tonnage per material (ton)

Aluminium Asbestos Bitumen Ceramics Concrete Glass Insulation Linoleum Plaster Plastics Steel Stone Timber Total Proportion

High Reuse Potential (0,7-0,9) 9,1 0,0 0,0 0,0 3,9 7,8 0,1 0,0 15,7 0,4 44,4 0,0 3,9 85,3 5%

Upcycled Medium Reuse Potential (0,4-0,6) 2,8 0,4 8,6 1,6 49,0 0,0 4,6 1,3 9,8 18,9 1027,8 0,5 7,7 1133,0 68%

Low Reuse Potential (0,2-03) 1,1 0,1 0,0 0,2 0,7 0,9 0,0 0,0 0,8 0,0 12,9 0,0 0,0 16,7 1%

Downcycled Reuse Potential (0,1) 0,3 4,1 0,0 1,7 400,3 2,1 0,0 0,5 0,3 0,0 0,0 16,9 0,0 426,2 26%

Total 13,3 4,6 8,6 3,6 453,9 10,8 4,7 1,8 26,6 19,3 1085,2 17,4 11,7 1661,3 100%

Proportion 1% 0% 1% 0% 27% 1% 0% 0% 2% 1% 65% 1% 1% 100%

Reused tonnage per function (ton)

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

5. Vertical 

communication 6. Equipment Total Proportion

High Reuse Potential (0,7-0,9) 30,9 19,4 19,3 0,5 0,0 15,3 85,3 5%

Upcycled Medium Reuse Potential (0,4-0,6) 167,0 898,8 66,8 0,3 0,0 0,0 1133,0 68%

Low Reuse Potential (0,2-03) 0,0 14,9 1,8 0,0 0,0 0,0 16,7 1%

Downcycled Reuse Potential (0,1) 343,2 48,2 31,3 0,0 3,6 0,0 426,2 26%

Total 541,1 981,4 119,1 0,9 3,6 15,3 1661,3 100%

Proportion 33% 59% 7% 0% 0% 1% 100%

Material substitution/
high value reuse
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Recycling tonnage
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Focus points
Per function
Per material 
%

Ci(R) 08 -09: Direct Re-use or minor repair
Ci(R) 0,6-07 Direct reuse major repair
Ci(R) 04-0,5: Reuse by Remanufacture 

between 
Ci(R) 0,3: mono-material Recycle
Ci(R) 0,2:Downcycle 
Ci(R) 0,1: Waste 

Information for owner/cost 
benefits analyses & policy 
makes & inventory expert
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Aluminium Ceramics Concrete Glass Insulation Linoleum Plaster Plastics Rubber Steel Stone Timber

Overview of RP score/tonnage per material (ton CO2)

Avoided tonnages and CO2 per reuse option
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Aluminium Ceramics Concrete Glass Insulation Linoleum Plaster Plastics Rubber Steel Stone Timber
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Reuse options: 
RP 0,9 = Direct reuse
RP 0,8 = Direct reuse by minor repair 
RP 0,7 = Reuse by major repair
RP 0,6 = Reuse by major repair
RP 0,5 = Re-manufacture
RP 0,4= Re-manufacture
RP 0,3 = Mono-material recycle
RP 0,2 = Recycle
RP 0,1 = Waste
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Reversible BIM
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07-09: Re-use by 
minor repair
05-0,6: Reuse 
by major repair
04 Remanufacture
03 Mono-material 
Recycle
02 Downcycle
01 Waste
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Circulair lader

LABORATOY FOR GREEN TRANSFORMABLE BUILDINGS

REVERSIBLE BIM
Digital inventory of reus potential
©E.Durmisevic 2019 *4D architects

Kennis Labaratorie voor CIRCULAIR BOUWN
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Data Sets for the city material flow monitoring
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Module B:

Financial support for the industry and 

market uptakeA.
Base line:
Opoportunities
Digitale platform &
Circulair services

B. 
Aanpak:
Investeren in 
industrie

D. 
Monitoring:
Light huse Demonstreren & 
verbeteren

C. 
Implementatie:
Circulair 
Bouwprojecten

99%
circulair 
bouwen 

2030

Circular Building Region

Module A: 

Base lineǀGap analyse ǀ Protocol&tools

for the implementation

Module C:

Implementation pilots and spin off
building projects

Module D: 

Monitoring and Light house/next 
developments

ABCD strategy
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12 to 26 October 2022
12 to 15 October 2022

Green city Reversible Architecture Urban farming E-Mobility

Site visits Green Fashion Cultural heritage Exhibitions

GREEN DESIGN BIENALE 2022 | MOSTAR
12 - 15 Oktober 2022 

Dr.Elma Durmisevic, Founder of SGDF
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