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Abstract—Despite the enormous amount of raw or secondary
materials flowing within the construction industry, the actual
available volume of materials and their respective End-of-
Lifecycle (EoL) treatment is not regulated nor uniform. On top of
that, the EoL responsibility of different stakeholders after the
future building deconstruction is confusing and disputable.
Consequently, different sustainability policies and metrics suffer
from inaccurately reported volumes of circulating materials in
the economy. Hence, this article aims to find a new way to
improve and regulate the EoL treatment of recyclable materials
and to create value for them. The ultimate goal of the proposed
framework is to make original manufacturers responsible for the
EoL treatment of their recyclable construction materials and
products under the Extended Producers Responsibility (EPR)
policy that is enacted in the European Union for sustainable
management of waste streams. Adhering to the EPR is difficult
for buildings as they are long-term and complex assets. A high
degree of transparency, accuracy and security is required to
correctly track the lifecycle information of building parts and
their respective manufacturers for the EPR implementation. For
this purpose, a framework is conceptualised based on the
immutability and transparency of blockchain technology to
remove trust and trace barriers in the current supply chain. The
proposed conceptual model results from the synergy of Building
Information Modelling (BIM) technology, material and
component banks, blockchain technology and smart contracts for
the EoL treatment of recyclable materials. As a result, a data-
driven and closed-loop material cycle will be accomplished. This
paper demonstrates that through self-executing smart contracts,
a clear line of responsibility and ownership could be defined
while manufacturers could be made accountable in the post-
consumer phase of their construction products.
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l. INTRODUCTION

In order to decarbonise the urban environment and meet the
goals of the Paris Agreement by 2050, as well as in accordance
with the Circular Economy Action Plan, the European Union
(EU) has set rigorous goals to move towards radical resource
efficiency and circular material flows. The construction
industry is one of the largest industries with vast material
flows, including raw and secondary materials, and
Construction and Demolition Wastes (CDW). About 9% of the
Gross Domestic Product (GDP) in the EU comes from the
construction industry that uses almost 50% of all extracted
materials as input. On the output side, CDW constitutes up to
30% of the EU waste stream, although EU member states have
various CDW recycling and material recovery strategies [1]-
[3]. Proper management of CDW requires sustainable and
circular End-of-Lifecycle (EoL) treatment of construction
materials. To this end, several environmental policies and
metrics have been enacted, which emphasise on the role of the
EoL handling scenarios on the overall environmental impacts
of construction products.

The revised EN 15804 standard encourages the impacts of
the EoL phase of construction materials and products, and the
benefits of end-of-life recycling to be declared in the
Environmental Product Declarations (EPDs). The EPD aims to
communicate the environmental and human impacts of a
product throughout its lifecycle. Moreover, the EPD makes the
comparison of construction products easy as it is based on the
Life Cycle Assessment (LCA) results [4], [5].

Furthermore, after the launch of the "Single Market for
Green Products” initiative as a response to the "Resource
Efficient Europe" strategy, the European Commission
introduced the Product Environmental Footprint (PEF), which
has similar EoL allocation considerations as the EPD. At the
European level, the PEF aims to reduce the negative
environmental impacts of construction products as long as they
are in the supply chain. PEF is a voluntary product declaration,
which means that producers have to come forth honestly with
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their knowledge of their products’ composition and
externalities [3]. There are significant efforts in the industry to
harmonise PEFs and EPDs, as well as to ensure the quality and
transparency of the LCA studies employed for these
sustainability performance schemes [6].

The two previously described schemes demand the EoL
phase's sustainable impacts to be considered along with other
lifecycle phases. However, the Extended Producer
Responsibility (EPR) policy directly targets the EoL
management of the materials. The EPR is one of the pillars of
the circular economy and aims to tackle the ever-increasing
waste generation issue. Moreover, its principle is advocated by
the Organisation for Economic Co-operation and Development
(OECD). This principle makes manufacturers and importers of
products responsible for the environmental impacts of their
products throughout the whole lifecycle. According to the EPR,
producers are also responsible for financial and/or physical
treatment or disposal of post-consumer products in the EoL
phase. This includes the collecting, sorting and recycling of
materials [7]. The EPR was introduced in the 1980s to redefine
waste handling responsibilities and to shift the burden of EoL
treatment from the governmental level to the producer level.
EPR can be achieved through regulatory, economic, or
information instruments as well as take-back systems. The EPR
encourages designers to consider the EoL scenarios in the
inception of a project in order to prevent waste production at
the source as well as to contribute to structured waste
management at the end. EPR also promotes Design for
Environment (DfE), which includes a range of environmental
impact reduction strategies. The EPR policy is also known by
other names, including "polluter pays principle (PPP),"
"product stewardship," "product take-back," or "producers'
pay" [8]. Many producers collaborate through Producer
Responsibility Organisations (PROs), where they all pay the
fees to a waste management company to handle collecting and
recycling of products [7]. Producers seek to recover these costs
by integrating them into the purchase price of the products.
One can say that it is in fact the users of the products who pay
for EoL handling in the end [8]. Currently, the EPR is actively
fulfilled for the product categories of tyres, batteries, end-of-
life vehicles, and waste of electrical and electronic equipment
(WEEE or e-waste). However, buildings are i) extremely long-
term assets and ii) extremely complicated assets with multiple
owners and producers. Thus, it is challenging to execute and
monitor the EPR policy in the building sector. However,
through the use of digital technologies, we would like to offer a
new conceptual model on how it could be possible to apply the
EPR to the EoL of recyclable construction materials despite
previous implementation hardships.

The above policies have been introduced to regulate the
EoL phase and encourage resource efficiency in the current
construction material market. However, a shortcoming is in the
willingness, or even capability, of the current market to
consider the EoL of the materials in an unknown future. Secure
and tamper-proof lifecycle information and forward-looking
EoL guidelines are necessary to fulfil the EPR and to make
sure that the recycling responsibility will be supported by the
policies and incentives, and acted upon by the manufacturer at
the right time. Furthermore, having accurate data about the

ICITST ISBN: 978-1-913572-21-1
WorldCIS ISBN: 978-1-913572-24-2

Copyright © 2020 Published by Infonomics Society

amount of CDW, recyclables, or reusable materials in the
economy will create a regulated and reliable market. Previous
studies delineated that knowing the exact type and amount of
materials and scraps in the supply chain affects the scrap prices
due to full transparency in the supply and demand, which could
indirectly influence the recycling policies [9]. As a result, this
will improve the environmental and economic indicators,
which would then lead to accurate, forward-looking decisions
for our society.

Il.  RELATED WORK

In this section, we introduce some important concepts
necessary for our framework proposal. In the first subsection,
we review Building Information Modelling (BIM), followed by
Materials and Components Bank (M/C Bank), blockchain
technology as well as smart contracts.

A. Building Information Modelling (BIM)

Building Information Modelling (BIM) is a methodology to
create a 3D, digital representation of a building in which all of
the building information is stored, managed and
communicated. This digital model, also known as BIM or
BIModel, is employed throughout the building lifecycle, from
the pre-construction phase to the construction, maintenance,
and deconstruction phases [10]. BIM offers many benefits,
including the automation of repetitive tasks that would lead to
fewer mistakes in the construction processes. The digitalisation
of construction information through BIM creates a gateway for
the construction industry to be linked with other digital
technologies such as Artificial Intelligence (Al), Internet of
Things (loT), and blockchain. A BIModel acts as a data lake
since it can accumulate the building information and deliver a
structured data output to all stakeholders, which makes it a
perfect link between the different technologies available.
Although BIM manages and stores the data, it does not
authenticate the data. However, data authenticity and integrity
is possible through the synergy of BIM and blockchain
technology. This synergy offers a secure way for data
ownership and tracking [11]. A number of existing studies in
the literature have examined the integration of BIM and
blockchain networks, which led to several proposed models.
This includes the studies from [12]-[14]. Their works and this
paper make use of BIM to securely store information in a
blockchain network.

B. Materials and Components Bank (M/C Bank)

The circular economy aims to close the material loop by
keeping the materials in the economic value chain as long as
possible without generating unnecessary waste. The concept of
the M/C Bank was proposed by [15] to realise this zero-waste
objective in the Architecture, Engineering, Construction,
Owner and Operator (AECOOQ) industry. Rather than
demolishing the building at the end of the lifecycle and
landfilling the materials, the building can be deconstructed in
such a way that building parts are further reused if they
successfully pass the M/C Bank's structural, environmental and
chemical performance assessment. In this case, the reusable
materials should be prepared for reuse before their
reintroduction to the supply chain [16]. Otherwise, they will be

WCST ISBN: 978-1-913572-25-9 191
WCICSS ISBN: 978-1-013572-26-6



sent for recycling. M/C Bank is, in fact, a connection between
the EoL phase and the new construction phase, as shown in
Fig. 1. Deconstruction is the activity that is carried out in the
EoL phase, which is followed by either Design for
Deconstruction (DfD) for a new building or by design with
reusable materials. A combination of these two design
approaches is also possible [17]. While a physical M/C Bank
can be anticipated for testing or storage purposes, the emphasis
of this paper is on the digital M/C Bank, which stores all the
lifecycle information of building components. The digital M/C
Bank is connected with BIModels to exchange the lifecycle
information [18]; material passports and EPDs can also be
linked to both BIM and M/C Bank.

C. Blockchain Technology

Blockchain technology uses a decentralised database
contrary to the regular central databases. Blockchain
technology is a particular case of the Distributed Ledger
Technology (DLT), owing to the fact that it was born as a
response to having secure digital financial transactions without
a need for a central, trusted intermediary. Ledgers are trustable
and systematic record-keeping tools in which not only financial
entries but also ownership, status, authority and identity are
registered [19]. The security of blockchain stems from three
underlying cryptographic features: the blockchain protocol,
private key encryption and the peer-to-peer network (i.e. P2P).
These features ensure secure storage and transfer of any type of
transaction on the nodes and within the blockchain network,
respectively. A consensus mechanism is defined for the
blockchain network, based on which a set of recorded
transactions are validated, hashed and added to the chain after
all the nodes (i.e. peers) accept the transactions. Thus, the
transactions are distributed between nodes, and although users
have similar rights within the blockchain, each would only see
a part of the ledger. Fig. 2 illustrates how blocks of transactions
are created, verified and added to a blockchain network. The
consensus mechanism is an essential part of the blockchain
technology as it eliminates the need for trustable intermediaries
to validate the authenticity of the data.

Currently, blockchain technology is in constant
development through fusion with different sectors, e.g., supply
chain, logistics, health care. It is a relatively new technology
and its future growth highly depends on its synergy with other
technologies. Similarly, the potential of blockchain can be
discovered through the integration of blockchain with other
industries to create new conceptual models and use cases.

T~

Design for
Deconstruction @'

[l
Design with
Reusable Materials BIM

BIM M/C Bank

w\/

W Flow of digital information

Fig. 1 The interaction of BIModels and the M/C Bank for circulation of
materials' information during EoL and new design stages
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A transaction is requested. Network nodes validate the

transactions.

The transaction request is
broadcasted to the P2P network
consisting of all the nodes/users.
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Once verified, the transaction is The block is then added to the Transaction is complete.
added to the block of data along ledger.
with other transactions.
‘ 3 ‘

Fig. 2 The mechanism of blockchain

The implementation of blockchain technology in the
construction sector has some limitations. For one, the industry
is not tech-savvy, nor does it have proper digital foundations
for smooth integration with blockchain. The construction
industry is still in the transition to BIM, for which a great deal
of time and money is spent by companies, either directed
towards software purchases or training.

D. Smart Contracts

The focus of blockchain technology shifted from financial
value transactions to other types of value as it progressed over
time. In a business case, there may be other vital conditions
aside from the monetary value when executing a transaction.
For instance, a transaction may involve specific rules, policies,
laws, and regulations. For allowing these other real-world
constraints to be realised on a blockchain, smart contracts add a
layer of computation logic to the network. Therefore, through
the smart contract, a wide variety of decentralised applications
and innovative features can be implemented on the blockchain.

Smart contracts are a set of coded protocols registered in a
blockchain that is automatically executed by the computer once
the contract triggers are set off. An example of a smart contract
is shown in Fig. 3. They self-execute the actions that are
anticipated for conditions, which verified parties have agreed
upon. Similar to other transactions in a blockchain network,
once the smart contract is executed, it is deployed and invoked
on the network before it is validated by users through a
consensus process. The elimination of human bias in contract
employment increases the trust and fairness between
participants.

I1l.  FRAMEWORK IMPLEMENTATION

One of the common aims of the EU-wide directives and
initiatives is to divert CDW and valuable recyclable materials
from landfills, to turn waste into resources and to reduce raw
material extraction [20], [21]. Recycling is one of the crucial
cycles in materials' lifecycle in order to revalorise the materials
and to re-inject them back into the economy. One of the

" Condition(s) > Response(s)
[Trigger > Action]

{ ___ Smart Contracts __ /

Block — Block — Block — Block — Block =&

Fig. 3 The mechanism of Smart Contracts in a blockchain network
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policies that directly addresses this issue is EPR. However, the
EPR policy is not followed up in the post-consumer phase of
buildings, i.e. the deconstruction phase, due to difficulties
regarding the lifecycle and EoL information tracking of the
plethora of materials that exist in every single building. This
has caused many valuable materials to end up in landfills or to
be poorly recycled. Furthermore, the lack of clear information
about the whereabouts of the discarded materials has resulted
in a grey area in terms of the unknown physical volume as well
as the financial value of the existing CDW. Thus, the objective
of the proposed framework here is to revalorise the recyclable
construction materials and to define clear lines of responsibility
regarding the waste management and EoL handling throughout
the lifecycle of a construction product with a particular focus
on EoL information. To this end, a smart EoL handling system
with a take-back mechanism is conceptualised in this paper to
tackle the EoL problems. This conceptual model makes the
EPR implementation and monitoring within the building sector
possible by using blockchain technology and smart contracts in
connection with both M/C Bank and BIM technology.

The expected service life of a building can go up to 50
years. In many cases, buildings are in the operation phase long
after the designated service life. Information loss, decay and
tampering as well as digital obsolescence threaten the integrity
and authenticity of the lifecycle information due to this lengthy
time perspective. It is imperative for any long-term lifecycle
information management strategy to consider a secure database
to protect the data against the above threats. In addition, to
encourage construction material manufacturers to take up the
EoL responsibility of their products, they need a trustable
information loop regarding the EoL data of their products. A
secure way to keep the lifecycle information over the long time
frame described is to utilise the capabilities of blockchain to
track items throughout the supply chain. Hence, the conceptual
model in this paper benefits from smart contracts that run on
the blockchain network to automatically execute a set of
predefined actions when the building is decommissioned.

So far, EPR and material construction take-back systems
have not been implemented in the building sector for several
reasons. Firstly, it is not easy nor is it common practice for
construction material manufacturers to keep consistent and
future-proof records of the whereabouts of their sold inventory
for about a century, if not more. It is not easy for producers to
keep in touch with all their previous clients in order to fulfil
their extended producer responsibilities. Secondly, contrary to
other EPR categories, e.g., vehicles or batteries, a construction
material producer usually sells the materials to a construction
contractor, not the final building owner/user. Ownership issues
add a layer of complexity to a take-back system, especially if
EPR-based financial deposit-refund instruments are also in
place. While the initial contractor might not be in the
deconstruction scene in a future scenario, the third issue is
related to producers who are no longer active. If they are not in
business anymore, how can they fulfil their EoL responsibility,
or who should shoulder this burden instead of them? A
highlighted issue in the EPR policy is the existence of "orphan
products.” These are products that are left orphaned as no party
takes the responsibility for their EoL handling, or other
producers have to take care of them [7]. These complexities
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can be overcome by systematically using smart contracts and
updating ownerships, EoL responsibilities or claims. A smart
contract-based system can organise an accountability system
where producers and contractors can settle on their EoL
responsibility share before exiting the business value chain and
leaving orphan goods behind. This will increase the market's
positive competitiveness as a result of minimising the free-rider
problem, where the burden of recycling is not only on the
ecologically responsible companies. Fig. 4 illustrates the
mechanism of the proposed conceptual framework. It
demonstrates different smart contract triggers and follow-up
actions.

The EoL phase begins when the product is disassembled
from the building until the last step of its proper treatment.
Hence, both the M/C Bank and the producers will handle the
EoL treatment responsibility. Initially, when a building is
deconstructed, materials and components are sent to the M/C
Bank for reusability assessment. Upon arrival of the materials
at the M/C Bank, a smart contract is automatically executed to
notify the original material/product producer that their product
is no longer nested in a building but in the custody of the M/C
Bank for assessment. Based on the assessment report, the
materials are either suitable for further reuse or recycling. If the
product is reusable, a smart contract notifies the producer that
their product is still in the supply chain and will be used further
(path number 1 in Fig. 4). This entails a series of updates in the
smart contracts to prepare them for a future take-back scenario
in the next lifecycle of products. Otherwise, if the material is to
be recycled, another clause of a smart contract will be
triggered, which notifies the producer about this judgement as
well as their duty regarding the EoL treatment of their
products. However, as mentioned earlier, the manufacturer
might not be in the business by the time the building is being

BIM

Building is still in
operation after the
expected lifecycle -4 ASmart Contract is activated
\r to update manufacturer
s ASmart Contract | about the reuse decision
Service life I(E —i%) updates the M/C Bank j

is over [E—JI  and Manufacturer
(e.g. 50 years)

Performance Assessment:
= Structural

* Environmental

* Chemical

[ Updated BIM ]—-’[ Mm/C Bank}

Action:
Deconstruction

Recycle

¢ ] ASmart Contract is
1_1

I[E=®  activated for

[ recycling decision

[ Is the manufacturer still in operation? ]
! l
[Update Manufacturer]<—{ Yes ] [ No ]
!

{Does manufacturer accept the recycling responsibilitv?}

1
Look for prior I
arrangements |

|

Start bidding process for | |
recycling contractor I

I

Fig. 4 Proposed conceptual framework for end-of-life recycling of
construction materials
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deconstructed. Thus, a smart contract clause is activated to
enquire whether the producer is in operation after the service
life is over and if they are able to fulfil their extended
responsibilities (path number 2 in Fig. 4). Nevertheless, even if
producers are still operational, they are free to choose if they
will accept the EoL responsibility (path number 3 in Fig. 4). If
not, they should make arrangements with the M/C Banks, other
producers, or PROs to update the smart contracts before the
time of the deconstruction. Also, the M/C Bank can start a
bidding process to find a suitable recycling contractor. These
provisions ensure that the framework is inclusive and has few
entry barriers. Even if the producers have no means to fulfil
their extended EoL responsibility personally, they can
contribute to the system by making prior arrangements and/or
sharing the important EoL guidelines regarding their products.
In such cases, an integration of this conceptual model with e-
marketplaces is also feasible. Blockchain-based e-marketplaces
are new research hotspots [22]. There could be cases where a
material or component can be upcycled and reused in another
context without significant performance modifications.
Therefore, this is an excellent opportunity for cross-industry
collaboration for creating new inner cycles in the material loop
whilst generating new use cases and business revenues. In fact,
the new European Green Deal encourages cooperation across
value chains for having a strong and integrated single market
for secondary raw materials and by-products [23].

In the ideal case where the producers are active and willing
to fulfil their responsibilities, the next smart contract clause
will be triggered to initiate the take-back mechanism and
deliver the recyclables back to the producers (path number 4 in
Fig. 4). They will recycle the materials and inject them back to
their business processes. In this mechanism, it is the
responsibility of the M/C Bank to administer the EoL
treatment. At the same time, the producers are responsible for
the financial and physical treatment of the materials, as stated
in the EPR policy.

Blockchain network provides an infrastructure for a smart,
non-discriminative, inclusive, trustable and agile EoL treatment
ecosystem, where the biases and errors are minimised since
smart contracts administrate the decisions and notifications.
Producers know that they can trust such a system for on time
and correct information. As everything is recorded in smart
contracts, producers are relieved from the burden of tracking
their products or verifying the lifecycle information and can
come to the EoL scene only when the materials are assessed to
be recycled. On top of that, as ownerships are already handled
through smart contracts, it would be easy for producers to
redeem their products without additional administrative or
legal issues. Saving all stakeholders from unnecessary
paperwork and claims will create efficiency in the whole
recycling and EoL treatment system.

In an ideal situation, as manufacturers know the exact
location and status of the materials, they can collaborate with
the M/C Bank for taking back and recycling the materials,
hence, fulfilling the EPR in the construction sector. However,
to avoid confusions and to regulate the interaction of different
parties, further smart contract clauses can be anticipated to i)
prevent the producers from claiming their product before the
EoL phase, as well as to ii) prevent users/clients from treating
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materials carelessly since they are not responsible for the EoL
treatment. For example, at the end of the expected service life
of a building, a smart contract automatically sends messages to
the M/C Bank to enquire the status of the building; whether it
will be deconstructed or the owners will use it beyond the
expected lifecycle. In the latter case, the M/C Bank will
estimate a new expected service life and the smart contract will
be updated accordingly. Also, in case of an accident, e.g. fire, a
smart contract will automatically report the damages to
insurance companies and will update the manufacturers about
the incident. Following that, if the damages make dwelling
impossible in that particular building, it can be deconstructed
before the end of the expected service life. Thus, manufacturers
will receive automatic notifications to take back the recyclables
earlier than expected.

Finally, Fig. 5 shows a possible way on how BIM fits in
this conceptual framework and how it connects different
stakeholders. BIM is the only way to date to digitise the
building components in an integrated way that can later be
linked with other technologies. All of the lifecycle information
is intermittently updated and stored in a BIModel, which is
then linked to the M/C Bank. Thus, the M/C Bank must be a
partner in the smart contracts, while other partners in these
should be the producers and consumers (building contractors
and users). This is beyond the scope of this paper to go over the
complex issue of who really should be considered as the
consumer, building contractors or end-users. Nevertheless,
there could be other possible ways to integrate BIModels and
smart contracts which will need to be further investigated.

The proposed conceptual model offers quite a few benefits
due to the synergy of the involved digital technologies.
Essential lifecycle information that is required for the M/C
Bank'’s assessment is securely kept, no more information loss or
decay. Due to all the technologies involved, the paperwork
involved is considered as low, especially when it comes to
tracking the EoL responsibility and implementing EPR in the
construction sector. This leads to the next benefit, which is the
automatic on-time messaging. Every party in the supply chain
will be notified about their EoL responsibilities and the status
of their products. As a consequence of this automation, the
need for a central authority to administer the take-back
notification is minimised. Also, there is no bias in informing
the right producer at the right time and deliver them the right
materials. Human errors are, thus, minimised, and the
efficiency of the whole EoL take-back system is increased. The

Producer e ———————— Consumer

4

M/C Bank BIM

—

Smart Contract

|

Block C Block ] Block — Block el Block e

Blockchain Network B s
W smer iagers
Fig. 5 Suggested integration of Smart Contracts with Bl els and M/C

Bank to update producers and consumers about the status of materials
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automatic tracking of lifecycle information and EoL handling
responsibilities eradicates the orphan goods issue that is
common in all industries.

With enough clarity about the material input and output, the
statistics about the CDW, recyclables, as well as reusable
materials will be more accurate. This accuracy would benefit
environmental metrics and indices, such as Net Additions to
Stock (NAS) [24]. NAS suffers from a lack of data about the
gross additions and removals from the physical stock of a
community, which are input and output building materials in
building stock.

The suggested framework is adaptive. It can be applied to
other industries that also suffer from a lack of transparency and
statistics in their supply chain or to those that need to regulate
the EoL of their products.

Realising a digital circular economy needs to start from
conceptual models where a combination of technologies are
directed to solve a circular issue. On that note, this framework
aims to use digital technologies to create a robust and trustable
take-back system for construction materials in order to recover
the value of recyclable materials. A financial blockchain-based
mechanism will be introduced in the next phase of this study to
create a win-win solution for the producers and consumers.
This solution adheres to the EPR financial instruments and
encourages more construction stakeholders to take back their
products at the EoL phase for recycling.

IV. CONCLUSION

The present paper offers a digital circular economy solution
for the supply chain of recyclable materials in the construction
industry. The proposed conceptual model centres on a product
take-back system by defining clear lines of responsibility in the
EoL phase of buildings, which is also in line with the EPR
policies.

In the EoL phase of facilities and after the deconstruction,
materials are sent to the M/C Bank for performance
assessment. Whether suitable for further reuse in a second
lifecycle or suitable for recycling, the producers of the
materials will be automatically notified by smart contracts
about this step and the assessment outcome. For recyclable
materials, further smart contract clauses will be activated that
enable producers to take back their materials or components.
Through this smart-contact-based system, producers will be
accountable for the EoL handling of their products. This
mechanism would enable the implementation of the EPR
policy in the construction sector, which is not the case at the
moment. Hence, "construction" producers would be made
responsible for the treatment of their products and materials at
the end of their lifecycle.

One reason why EPR has not been implemented in the
construction sector is the long service life of buildings, as they
can be used for, e.g., 50 years or more. Moreover, the
complexity and the multitude of materials in a building makes
EPR implementation improbable due to the extreme amount of
paperwork for tracking lifecycle status and ownership
responsibilities. By using a combination of digital technologies,
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including BIM and blockchain, we believe that we can
overcome the above challenges.

Knowing the exact type and amount of materials in the
supply chain, either raw or secondary, will affect scrap prices
because of full transparency in supply and demand. This
transparency will benefit the environmental metrics to draw an
accurate picture of the existing CDW or materials in the
market.

Furthermore, by using blockchain networks, the
information will be immutably and securely stored and
protected against digital attacks or decays. Consequently,
human errors will be reduced, and the efficiency and accuracy
of the system will be increased. The novelty of this framework
is in the deployment of smart contracts and decentralised
blockchain network to ensure the long-term security of data as
well as to make it easy to create financial incentives on top of
take-back mechanism for producers, manufacturers and
consumers. Having a monetary incentive attracts more
AECOO stakeholders to participate in planning for a future
EoL. With blockchain, it is possible to create financial value
for the materials in the EoL phase for the mutual benefit of all
society members, while increasing the sustainability and
circularity of the construction sector.

A future direction for this framework is to investigate what
type of blockchain network would be suitable for such a use
case. Another direction to follow in future is to work on the
practical integration of BIM and Smart Contracts.

Overall, in this paper, we showed how blockchain
technology can be used in synergy with BIM technology to
create secure and automatic lifecycle information exchanges
between AECOO actors who join the M/C Bank schema.
Subsequently, the proposed model paves the way for
monitoring and fulfilling the extended responsibility of
construction material producers as outlined by the EPR policy.
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