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Industry 4.0 for Construction & Demolition Waste Management Funded by the

European Union

In a non-integrated scenario:

= Waste management practices remain fragmented.
= Collaboration and information sharing among
stakeholders become difficult, which hinders effective

decision-making and resource optimisation.

~

" Transparency and accountability are compromised, i B BLOCK CHAIN

making it challenging to track waste generation,

disposal, and recycling.
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State of the Art of Industry 4.0 Integration

Extant literature identified a research gap concerning the integration of

Industry 4.0 technologies to support construction waste management:

= Absence of a comprehensive digital information management
system that encompasses the entire project lifecycle

" Lack of clarity regarding the roles and engagement of various

stakeholders within these digital systemes.
" Lack of digital systems that focus on Material Flow Analysis and its

utilisation for decision-making in moving towards a circular

economy.
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Research Aim

... develop a DIMS that integrates Industry 4.0 Technologies such as
BIM, Blockchain, and loT to facilitate C&DWM, to facilitate material
flow analysis, as a decision-making tool for moving towards a

circular economy.

... will address the identified gaps in the extant literature by providing
a comprehensive digital solution that covers the entire lifecycle of the
project, defines the roles of stakeholders, clarifies their engagement
within the digital system, ensuring real-time data collection, and data

security.
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Research Objectives

Funded by the
European Union

1. Establish the problem of CDW, CE principles, barriers, and drivers for implementing waste
management practices

2. Establish the roles and engagements of stakeholders within CDW management.

3. Determine the utilisation of Industry 4.0 technologies in CDWM.

4. ldentify the current state of art of information management systems, decisions support
systems, smart waste management systems for construction and demolition waste CDW
based on integrating Industry 4.0 technologies.

5. Develop and evaluate conceptual framework for a DIMS that integrates Industry 4.0

Technologies to support CDWM throughout the lifecycle of a construction project.
6. Design and develop a DIMS system architecture, according to the established framework, Cy

and to implement the system architecture in the development of a DIMS demonstrator

prototype.

/. To develop recommendations for the implementation of the proposed DIMS framework in
the construction industry, including guidelines for stakeholder engagement, data

management, and sustainability assessment
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Design Science Research Process
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Objective 1 I Awareness of Problem
Establish the problem of COW, CE principles, barriers, Literature Review
and drivers for implementing waste management
practices. |—'
Research Background Industry £.0 CODWM Integration of 2.0 CODWM
o - CcDW - BIM - BIM &ML
j _ - CcCDWmM - loT - BIM & BC
Objective 2 > - Barriers and Drivers - BC . BIM & loT
] — cCDWmM - ML - BC & loT
Establish the roles and engagements of stakeholders - Stakeholders
within CODW management. - Proposal
i . o - Tentative
Determine the utilisation of Industry 2.0 technologies in L
COWM. . Initial proposed conceptual framework based on LR. Design
- _ Preliminary Stud
Objective 4 i Y
Identify the current state of art of information
management systems, dedsions support systems,
smart waste management systems for construction and Development
demolition waste CDW bassd on integrating Industry
4.0 wmchnologles. Develop the tentative design.
—
i i Semi-Structured Interviews & Workshop - Artifact
Objective 5
Develop and evaluate conceptusl framework for a DIMS E I H
that integrates Industry 4.0 Technolosgies to support valuaaon
CDWM throughout the lifecycle of a3 construction
project. Evaluate the developed framework.
- Performance
—
— Focus Group: RECONMATIC Demonstrator - Measures
Objective 6
Design and dewvelop a DIMS system architecturs,
according to the established framework, and to Conclusion
implement the system architecture in the development
of a DIMS demonstrator prototype. — - - Results
Recommendations
Objective 7

To develop recommendations for the implementation
of the proposed DIMS framework in the construction

industry, including guidelines for stakeholder
engasement, data management, and sustainability
assessment
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Work Done To-date
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Preliminary Study Survey .+ | EnreneanUnion
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= |ssues and barriers in C&DWM.

Digital Information Management System for

Facilitating CDWM
L} [ [ ]
] I rt f M I F I A I The aim of this project is to develop a Digital Information Management System to facilitate the implementation of
I I l p O a n Ce O a e rl a OW n a yS I S a n I S Construction and Demolition Waste Management, as part of a PhD study and the Horizon Europe Project
RECONMATIC. The purpose of this questionnaire is to conduct a preliminary study to assess the existence of problems
and the applicability of suggested solutions in this field before proceeding to the development of the system.

application in C&DWM to facilitate moving towards a

Participant Information Sheet

Thank you for considering participating in this study ‘Digital Information Management System for facilitating
Construction and Demolition Waste Management' as a part of a PhD study and Horizon Europe RECONMATIC
Project. This PhD is taking place under the supervision of the university of Salford. Please carefully read the following
information, ask me if there is anything that is not clear or if you would like to get more information, and decide if you

]
CI rC u I a r e CO n O l I Iy. would like to contribute. This survey is expected to take between 10-15 minutes.

The aim of this project is to develop a Digital Information Management System to facilitate the implementation of

Conctruction and Namalitinn Wacta Manacamant ac nart of 2 PhN ctydy and the Horizon Europe Project RECONMATIC.

o assess the existence of problems and the

the development of the system.

= o - = truction industry, and your insights are invaluable for

= Potential utilisation of Industry 4.0 technologies and
- Digital Information Management System for Facilitating CDWM any time without giving a reason. By participating,

nd presentations. There are no expenses associated

n, questions about CDWM problems, and digital

* Required

th ei r i nteg rati O n to S u p po rt m ate ri al fI OW a n a IyS i S . Problems in Construction & Demolition Waste Management (CDWM)

4. Please indicate your level of agreement with the following statements in Construction and
Demolition Waste Management (CDWM) *

Strongly

Disagree Disagree Neutral Agree Strongly Agree

There is poor cooperation,
collaboration, and
communication among O O O O O

stakeholders in (CDWM)

There is lack of data

transparency and information O O O O O

sharing within (CDWM)

There is absence of
participative networking,

along with a lack of trust and O O O O O

support among stakeholders
within (CDWM)

There is insufficient Integrated

(CDWM) processes, tools, and O O O O O

practices

%" Reconmatic | Page 9

There is lack of efficient



+"* | Funded by the

Activity/Process & Information Flow Mapping .. | European Union %

Construction & Operation Demolition/Deconstruction

Specifications
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@@ w (Material
@ Composition) Track the movement. Using the updated BIM,
BIM o : design for
utilisation, location and .
Types & . deconstruction as a
BIM model creation ~ s status of materials and ;
. < Quantities ) plan for material
& checking products using QR/RFID :
salvage and recycling.
" Define MP

requirement

Data Export to BO B T
Detect the type and amount amount of waste
of waste'gene-rated, using generated, using
Material smart skips/bin. smart bin.
Parametrization in
BO
Assess and

Synchronize

Generate Material
Passport

e  Resource efficiency. BIM Updated Material
e  Circularity assessment. Passport
. Environmental impact
assessment. @
e  Reporting
e  Waste reduction Material  Flow
assessment. Analysis Platform
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Research Contribution

Bridge the gap between C&DWM and cutting-edge digital technologies.
Deep dive into the integration of Industry 4.0 principles to facilitate the
tracking of construction materials and construction waste, a topic of
paramount importance in the industry's ongoing digital transformation.
Develop a complete understanding of stakeholders’ roles within this
DIMS, facilitating its implementation by the industry professionals.
Validation through a real-world case study will provide practical insights
into the potential impact and feasibility of DIMS.

Build a foundation for future researchers to start from and add to,

ensuring ongoing progress in the field.
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