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Abstract: Timely approvals and payments to the project participants are crucial for success-
ful completion of construction projects. However, the construction industry faces persistent
delays and non-payments to contractors. Despite the desirable benefits of automated
payments and enhanced access to digitized data progress, most payment applications rely
on centralized control mechanisms; inefficient procedures; and documentation that takes
time to prepare, review, and approve. As such, there is a need for a reliable payment
automation system that guarantees timely execution of payments upon the detection of
completed works. Therefore, this study used a cutting-edge approach to automate con-
struction payments by integrating blockchain-enabled smart contracts and scan-to-Building
Information Modeling (BIM). In this approach, scan-to-BIM provides accurate, real-time
building progress data, which serve as the source of verifiable off-chain data. A chain-link
is then used to securely relay these data to the blockchain system. Blockchain-enabled
smart contracts automate the execution of payments upon meeting contract conditions.
The proposed approach was implemented on a real case study project. The actual site scan
was captured using a photogrammetry 360° camera, which uses a combination of struc-
tured light and infrared depth sensing technology to capture 3D data and create detailed
3D models of spaces. This study leveraged accurate, real-time building progress data to
automate payments using blockchain-enabled smart contracts upon work completion, thus
reducing payment disputes by tying payments to verifiable construction progress, leading
to faster release of payments. The findings show that this approach provides a transparent
basis for payment, enhancing trust and allowing precise project progress tracking.

Keywords: blockchain technology; smart contracts; Ethereum; scan-to-BIM; reality capture;
digital technologies; construction industry

1. Introduction
The architecture, engineering, and construction (AEC) industry faces challenges with

delayed payments [1], information asymmetry, and low productivity as a result of inefficient
contracting procedures. Processing payments and fulfilling contractual commitments
may be difficult for the construction sector, which is known for its intricate projects and
diverse stakeholder connections. Debates, mistakes, and delays can result from traditional
techniques that rely on manual verification of finished work. In construction projects,
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the project owner pays the contractor regularly for the completed work, enabling the
contractor to procure the necessary resources to complete the project. These progress
payments are distributed after the owner verifies and approves the progress value reported
by the contractor. Owner–contractor disputes regarding the value of progress may occur,
especially if the contract’s payment conditions are unclear, with inadequately detailed
terms in the contract that leaves room for interpretation and potential disputes [2], or is
poorly handled, referring to the ineffective administration and enforcement of the payment
terms, leading to delays, errors, and dissatisfaction.

To this end, there is a need for an automated payment system that (1) captures the
actual progress and quantities on site; (2) compares that to the owner-contractor agreements
and settles payments; and (3) validates the transactions and progress via a decentralized
and robust system. This can be achieved through combining the benefits of scan-to-Building
Information Modeling (BIM), smart contracts (SCs), and blockchain technology (BCT). Scan-
to-BIM technology offers a precise, 1:1 digital representation of the scanned environment,
ensuring an accurate model of the existing conditions. Scan-to-BIM generates accurate 3D
models of spaces by capturing millions of data points and converting them into 3D “point
clouds”, representing the physical layout of the space. Then, these scans are processed
and converted into highly detailed BIM outputs. These can be used to check on the actual
progress and compare it to the owner–contractor agreements via smart contracts.

SCs are automated agreements guaranteed to run by code on a decentralized
blockchain, ensuring every transaction is recorded, transparent, and irreversible. Infor-
mation in SCs is defined through coding, based on the principle that the code serves as
the governing law. For instance, SCs can define a contractor as someone who gets paid
a set payment upon completing a particular service. As a result, smart contracts utilize
if–then rules to automatically process payments based on verified and approved contracted
construction items. This can further be cross-validated through blockchain (BC). BCT is
widely used in industries such as construction because of its significant potential [3]. BC
has emerged as a distinctive technology in recent years, allowing a significant change in
conventional business process management, which often relies on centralized systems
that require trusted third parties [4]. BC can address these challenges by establishing
a decentralized and transparent system where all the participants can access a shared
database. This enables the tracking and monitoring of various project phases and can
even automate specific processes, thereby enhancing efficiency and minimizing delays and
rework. Through a decentralized consensus system, BC provides a secure, consistent global
database without a central authority, supporting the execution of financial and database
transactions. BC increases trust, security, transparency, decentralization, immutability, and
traceability of the data shared across a business network and delivers cost savings with
new efficiencies, which has sparked interest across various industries [5]. The advance-
ment of BC has facilitated the creation of a platform that supports the implementation of
smart contracts.

Therefore, decentralized BC-based SCs emerge as robust solutions for automating
progress payments, addressing critical deficiencies in current payment mechanisms [6].
While many previous articles have mainly focused on framework-based solutions, there
is a need for a more comprehensive approach that implements SC and BC to facili-
tate the payment transactions. This can be achieved by combining BC-based SCs with
scan-to-BIM technology.

Research Goal and Objectives

The goal of this research is to facilitate the progress report submission and automate
the payment based on the actual progress on site. This can be achieved through leveraging
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the benefits of scan-to-BIM and SC within a BC environment. To this end, the authors
have the following three objectives: (1) utilize scan-to-BIM to generate accurate 3D models
of construction progress on site, ensuring precise, real-time digital representation of the
scanned site; (2) develop contract payment terms on SCs and apply them on a decentralized
BC; and (3) implement the developed framework on a real case study to ensure accurate
and efficient automation payment, thereby minimizing disputes and errors. Ultimately, the
outcome of the aforementioned steps will result in semantically rich, as-built BIM for every
utilization of a 3D scan camera for the construction site and estimating the actual quantities
performed that have the potential to streamline payments and automate the transition from
progress flow to payment flow.

The subsequent sections of this paper are structured as follows: A literature review
of reality capture technologies, BC, and SC applications in the construction industry is
provided in Section 2. Section 3 shows the research gap. Section 4 shows the proposed
integration of scan-to-BIM and blockchain-enabled SC systems. The application of this
integrated system to a real-world construction project is demonstrated in Section 5. Section 6
explores the benefits and limitations of the proposed system. Finally, concluding remarks
are presented in Section 7.

2. Literature Review
2.1. Reality Capture Technologies

BIM technology is rapidly becoming the norm in many nations and has great potential
to increase the automation of the AEC industry [7]. It also provides a digital option for miti-
gating contract payment ambiguity and poor progress payment administration. Despite the
emergence of various BIM contract protocols and increasing interest in BIM, its utilization
for contract administration remains limited [8]. Limited studies have investigated how BIM
can improve the conventional process of administering progress payments.

As-built capture and modelling involve taking measurements and dimensions from a
construction site and using them to create a model representing the site’s finished state. This
process used to be entirely manual, time-consuming, and prone to errors. However, thanks
to advancements in design tools and technology, it has become more efficient through reality
capture technologies and BIM, often referred to as the scan-to-BIM workflow. The workflow
is divided into three primary stages: data collecting, processing, and BIM modelling [9].
In the last several years, remote sensing technologies have become essential tools for
modelling as-built structures within the scan-to-BIM workflow. These technologies include
laser scanning and photogrammetry, which are used for taking dense 3D measurements of
a facility’s state, and the point cloud that is produced, which can be processed to produce
an as-built BIM. Scan-to-BIM recognizes numerous objects and obtains relevant geometric
data from point clouds [10,11].

Golparvar-Fard et al. [12] aimed to automate the monitoring of building site activities
by utilizing a combination of time-lapse and photogrammetry techniques to overlay the
as-built point cloud model created from site photos over the as-planned 3D model using
augmented reality (AR). This system was able to use color codes to show the progress status.
Still, it was decided that color-blind employees would not benefit from reproducing the
building process using a color-coding scheme. A different technique was presented by Roh
et al. [13] in an attempt to address some of the shortcomings of earlier systems. It compares
the as-planned BIM model with the as-built components, which were abstracted from site
photos. In order to synchronize the items from BIM models with matching things from
taken photographs, a classifier system was developed. The building elements’ progress
was successfully achieved with this approach in percentages. Critical data, including
position and time, had to be manually entered due to extensive manual involvement, which
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made the data erroneous and unreliable. The algorithm’s development requires manual
synchronization of the construction elements; hence, the classifier accuracy heavily depends
on human accuracy.

Behnam et al. [14] developed an automated system to create and display the status
of repeated building tasks for linear infrastructure projects. By combining satellite remote
sensing techniques, they created 3D models using satellite photos and areas identified
by the Geographic Information System (GIS) web-based platform. The site images that
were gathered enhanced the 3D model’s accuracy. The progress status is further compared
between the 4D BIM model and the 3D generated model. The suggested automated
method partially overcame some of the drawbacks of earlier automation attempts to track
the development of construction site operations. This approach, however, is restricted to
linear projects with recurring operations, like pipelines, road construction, and railroads;
therefore, it cannot be used for site activities in general.

Skrzypczak et al. [15] explored the integration of laser scanning and BIM technologies
in construction, assessing the accuracy of 3D building models in inventory measurements.
The study used terrestrial laser scanning and close-range photogrammetry from UAVs to
create detailed 3D models of three buildings in Poland. It focuses on the accuracy of these
models in representing actual building dimensions. The research highlights the benefits
of combining these technologies for efficient and accurate architectural and structural
assessments through enhancing the precision and efficiency of construction documentation
and analyses. Integrating BIM with contemporary technology, such as laser scanning
and photogrammetry, can effectively streamline the procedure and produce accurate data
faster [16]. This BIM serves as a knowledge base to assist in the decision-making and
problem-solving processes related to civil engineering and document as-built conditions
through building information.

All the limitations discussed in the literature were motivated using the scan-to-BIM
method with the 3D scanning camera. This technology addresses earlier limitations by
accurately capturing and measuring the actual quantities performed and providing precise
progress tracking for automating payments.

2.2. Blockchain and Smart Contracts

The construction industry features a highly intricate network of contractual relation-
ships, including owners, consultants, primary contractors, subcontractors, and suppliers,
along with complex documentation types and procedures [17]. Thus, BC is an appropriate
solution for overcoming these issues. BC allows parties to be represented as users, and
transactions can take many forms, including documents, materials, and cash flows. The fi-
nancial transaction is the most crucial of these transactions, making it an attractive research
area for cryptocurrencies [18]. A BC is a decentralized public ledger that keeps track of
all digital events or transactions carried out and shared by network members [19]. A BC
is a secure distributed ledger technology underlying cryptocurrency such as Bitcoin [20]
and Ether [21]. Blockchains (BCs) employ cryptography, and peer-to-peer networks verify
and synchronize records among decentralized peers without a central administrator [22].
In a BC-based network, each member can communicate or transact with one another on a
peer-to-peer basis. Information sharing between members is based on a consensus method
that eliminates the need for middlemen. This guarantees that information is distributed
transparently among all network participants, with no one having complete control over
the data [23].

BCs have progressed through three significant generations [24]. The first version of
BC offers a public ledger to hold cryptographically signed financial transactions, such as
Bitcoin. The second version of BC includes a general-purpose programmable infrastructure,
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SCs, and a public ledger that holds the computational results created by the programmable
infrastructure. A SC is a digital contract that functions automatically when specific criteria
are satisfied. Because the input conditions are retrieved from the BC network as immutable
data and the code is likewise protected on the BC network, such contracts can serve as
digitally binding contracts. The last generation is concerned with BC-based applications in
many sectors and systems, and this indicates that BC 3.0 may be applied in a broader range
of sectors outside of finance and economics.

SCs have been one of the most sought-after technologies since the debut of BCT. They
are entirely digital and essentially encoded containers of code [25]. In a BC ecosystem, a
SC is a novel technology that can autonomously negotiate, fulfill, and enforce the terms
of an agreement [26]. SCs provide the advantages of lowering risk, administration, and
service costs and boosting the efficiency of corporate operations compared to traditional
contracts [27]. They are computer protocols that, once built and deployed on the BC
network, may be self-executed and self-verified without human intervention [28]. In this
regard, SCs are expected to offer a better solution to the current transaction mode in
various industries.

Turk and Klinc [29] state that BC can be integrated with BIM to add new features.
Mason and Escott [30] predict that by 2020, BIM integration with smart contracts will be
possible because of the anticipated increase in the number of sensors in devices. BIM
level 2 promises to reduce the number of paper-based exchanges and communications [31].
Ye et al. [32] developed a framework for automating and visualizing the delivery, ac-
ceptance, and payment (DAP) processes in construction projects using BC-based SCs
integrated with BIM. It highlights the challenge of understanding and visualizing SCs for
stakeholders, proposing a solution that combines BIM with the Business Process Model
and Notation (BPMN) to make transactions and contract statuses more comprehensible.
Ahmadisheykhsarmast et al. [33] propose a SC payment security system (SMTSEC) for
improving payment securities in construction projects using BCT. The system automates
payments through a decentralized protocol, ensuring secure, timely, and transparent trans-
actions without intermediaries. The system aims to address common payment delays and
insolvency issues in the construction industry by providing a structured and predictable
payment process.

Elghaish et al. [34] explore the implementation of BCT in integrated project delivery
(IPD) within the AEC industries where all financial operations, including costs, profits, and
savings, are handled automatically by SCs coded within a BC network, explicitly using a
Hyperledger fabric, as it aims to overcome financial barriers and improve transactional
transparency and efficiency by automating financial interactions between project partici-
pants using BC-based SCs. This approach is intended to foster trust, reduce disputes, and
streamline financial processes in construction projects. Ciotta et al. [35] examined the poten-
tial for integrating BCT and SCs within the common data environments (CDEs) used in the
construction industry. The approach utilizes SCs of varying complexities, integrating them
with Internet of Things (IoT) sensors to improve the tracking and verification of construc-
tion activities. The research aims to reduce human errors and enhance the transparency
and reliability of managing construction documentation related to structural safety.

Sonmez et al. [36] present a novel BIM-integrated SC system for managing progress
payments in construction projects, utilizing BCT, leveraging the detailed data from BIM
and the automation capabilities of SCs to ensure transparent and timely financial trans-
actions between stakeholders. The BIM model was not created by scanning an existing
structure but was developed for the building process, specifically for the case study. Dakhli
et al. [37] explored BC’s potential to reduce non-value-adding transaction costs in building
construction. Their study indicates that BC can significantly lower costs by reducing the
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need for intermediaries; using a case study from a real estate company, they demonstrate
an 8.3% potential cost saving in residential construction by implementing BCT.

Integration of BIM and blockchain technologies into the construction industry has
immense challenges that make its wide adoption difficult. Technically, BIM produces large
datasets that blockchain networks struggle to handle due to scalability limitations and
high transaction costs. Interoperability between BIM and blockchain platforms and the
need for secure off-chain data relays add further complexity [6,34]. Legally, the enforceabil-
ity of blockchain-based smart contracts is unclear under current regulatory frameworks,
especially in international projects where jurisdictional differences further complicate adop-
tion [33]. Organizationally, this integration disrupts traditional workflows; reduces the
roles of consultants and project managers; and necessitates intensive training, which has
often deterred small firms with limited resources [29]. High implementation costs, along
with security risks such as data vulnerabilities and possible cyberattacks, present additional
barriers [37]. Moreover, there is still a lack of awareness and the absence of standardized
protocols for integration continue to impede widespread adoption. Addressing these
challenges requires collaborative efforts to establish scalable, secure, and legally robust
frameworks to support the integration of BIM and blockchain in construction.

The applications of BC SCs are still mostly theoretical, frequently focusing on creating
conceptual models and frameworks, so more practical research is desperately needed in
the near future [38]. Although SCs may be used in developing fields like digital twin
technology, assessing how well they mesh with cutting-edge information and communi-
cation technology (ICT) solutions like BIM, IoT, and AI is also essential. In the upcoming
years, such combinations may open the door to a transparent, safe, and intelligent building
environment. Integrating BIM with BC is the basis of the new communication paradigm in
the construction industry. BC secures this data, and BIM provides a platform for creating
and managing data [39].

A new system that integrates BC, SCs, and robotic reality-capturing technology [6,40]
has recently been introduced to automate the progress payment process. This approach uti-
lizes robotic reality capture to facilitate progress payments to seven subcontractors involved
in two real-world construction projects. These projects included building elements related
to partitioning, plumbing, heating, ventilation, and air conditioning. One of the critical
drawbacks is that the acquired data are processed with machine intelligence techniques to
determine progress percentages for distinct scopes of work. The granularity of progress
results varies depending on the machine intelligence algorithm used, and robotic reality
capture systems are prone to inaccuracy and error and may produce disagreements. Hence,
within this context, this research aims to create a novel, close-range photogrammetry-based
method as scan-to-BIM for overseeing and managing construction site operations by inte-
grating BC-enabled SCs. Scan-to-BIM allows for estimating actual quantities performed
and provides them to the BC-enabled SC. These efforts yield a semantically rich as-built
BIM integrated with a BC SC system.

3. Research Gap and Novelty
The explicit gap to be addressed in this study is the promotion of payment progress

in construction projects. Integrating BIM with BCT in construction projects remains an
underexplored domain. Despite the potential benefits, several critical gaps necessitate
investigation. Existing research predominantly focuses on the individual merits of BIM
or BC, often neglecting the synergy that can be achieved by combining these technologies.
The construction industry continues to struggle with issues related to transparency, trust,
and efficiency in payment processes. Traditional payment mechanisms are often plagued
by delays, disputes, and administrative overheads, which can significantly impede project
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progress and profitability. The traditional construction payment process often involves
significant delays, typically 60 to 70 days [41]. In the manual contracting system, the
processing time for progress payments typically averaged around 20 days before the funds
could be released to all project participants [42]. There are probable clashes between project
participants whose benefits and viewpoints differ. In the construction industry, claims are
inevitable and become disputes unless controlled. Researchers [43,44] identified one of
the root causes of conflicts is poor payment, resulting in (1) not disbursing the payments
received to the parties downstream, (2) rising cash flow problems due to late payments,
(3) increasing insolvency risks, and (4) damaging trust [45].

Furthermore, the application of SCs to automate payments in construction projects
is still in its nascent stages, frequently focusing on creating conceptual models and frame-
works, so more practical research is desperately needed. Also, the granularity of progress
results varies depending on the machine intelligence algorithm used, and robotic reality
capture systems are prone to inaccuracy and error, which may produce disagreements.
This gap underscores the need for a detailed exploration of how scan-to-BIM technol-
ogy, coupled with BC SCs, can revolutionize payment initiation and management in
construction projects.

The novelty of this research lies in its innovative integration of BC-enabled SCs
with scan-to-BIM workflows, creating a seamless system that addresses inefficiencies in
construction payment processes. Unlike prior studies that focus on individual components
or theoretical frameworks, this work advances practical implementation by applying the
integrated system to a real-world case study. The automation of payment mechanisms
through BC SCs ensures transparency and efficiency, as payments are directly tied to
verified progress data and executed autonomously upon meeting pre-defined conditions.
The proposed framework would also be able to reduce administrative overhead and foster
trust among stakeholders by utilizing immutable BC records, setting it apart as a pioneering
effort. Furthermore, this study not only validates the feasibility of the integration in a
practical setting but also lays a strong foundation for future exploration of BC and scan-
to-BIM applications in construction payment automation, marking a significant leap from
conceptual discussions to transformative real-world impact.

4. Methodology
The methodology implemented in this study involves a multi-step process deigned to

integrate scan-to-BIM technology with BC-enabled SC to improve the construction project’s
payments and financial management. The system aims to be easily adopted by a diverse
group of stakeholders, including owners, consultants, contractors, and subcontractors. It is
particularly suited for design-bid-build projects that are contracted on a unit-price basis.
This research adopted a multi-step process methodology, as depicted in Figure 1.

It should be noted that the authors assumed that the contract for the construction
assignment of the works is signed between owner and contractor, and no change orders or
variations are accounted for in the current model. In addition, the individual construction
work elements, accounting units, and payments are included in the contract.

This study adopted a mixed-methods approach, using both qualitative and quantita-
tive approaches to comprehensively evaluate the integration of scan-to-BIM technology
with BC-enabled SCs for automating construction payment processes. The quantitative
aspect involves the development and application of automating payment processes, sup-
ported by blockchain smart contracts and scan-to-BIM data. The qualitative aspect primarily
involves the analysis and synthesis of literature, which informed the identification of ineffi-
ciencies in traditional payment workflows, as well as the design of the proposed framework.
This analysis contextualized the challenges addressed by the integration of scan-to-BIM
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and blockchain-enabled smart contracts; hence, the framework is grounded in the realities
of construction industry practices.
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4.1. Scan-to-BIM

Obtaining as-built data involves taking a point cloud representation of an object’s
shape and structure [46,47]. This study offers a scan-to-BIM workflow that uses 3D scan-
ning, point cloud extraction technologies, and BIM intelligent tools as reality capture and
BIM software (Revit 2020) to automate the modeling process further and deliver realistic
visualization. This workflow can be applied across AEC and product design and manufac-
turing (PDM) industries [48]. Scan to BIM technology represents a powerful approach in
the AEC industries for creating accurate digital representations of physical spaces. This
process involves two essential technologies: laser scanning (LiDAR) and photogrammetry,
which capture detailed information about a site or structure. Photogrammetry considers



Buildings 2025, 15, 213 9 of 28

various factors such as project requirements, cost, and accessibility and tends to be more
cost-effective, making it an attractive option for smaller projects or those with tighter
budgets [49,50].

The technology utilizes digital cameras and drones, generally more affordable and
accessible than the specialized sensors required for LiDAR scanning. This ease of access
allows a broader range of users to undertake photogrammetry projects, making it possible
to update data and scale projects as needed frequently. Beyond cost and accessibility,
photogrammetry offers unique advantages in capturing visual details. It measures the
geometry of a scene and captures its textures and colors, providing rich, detailed images
that are invaluable in fields like the AEC industry. While LiDAR is unparalleled in its
ability to perform in low-light conditions, photogrammetry’s versatility and the richness
of its visual information make it the preferred choice for projects where these attributes
are prioritized.

This study used the photogrammetry technique in scanning and involved taking
image measurements. Photogrammetry takes images as input and produces a map, a
sketch, a measurement, or a 3D model of a real-world object as output. These images are
then analyzed using specialized software that identifies common points in the photographs
and calculates the distance between these points, effectively mapping the object or area
in 3D.

4.2. Blockchain-Enabled Smart Contracts

BCT overlaps existing contracts by incorporating the details of agreements between
two or more parties, but it outperforms them, owing to SCs, which automate the implemen-
tation of agreements in a distributed environment when circumstances are satisfied [51].
SCs are executable scripts that run on top of the BC to enable, implement, and enforce
an agreement between two untrustworthy parties without the participation of a third
party [52].

Choosing an appropriate BC for SC systems is a critical decision influenced by various
application-specific factors. BC platforms are classified into two main categories: public
BC platforms, including Ethereum [21] and Bitcoin [20], and permissioned BC platforms,
such as Hyperledger [53]. Public BCs operate as fully decentralized systems, employ-
ing probabilistic consensus algorithms to add data blocks to a publicly accessible ledger.
In contrast, permissioned BCs are more centralized, utilizing deterministic consensus
algorithms to record information on private ledgers that are only available to specific
authorized participants.

In this research, Ethereum is considered a public BC. Public platforms are particu-
larly well-suited for the construction industry due to their transparency and decentraliza-
tion. These features ensure that all parties involved in construction projects have equal
access to information, which helps reduce fraud and enhance trust. Additionally, the
decentralized nature of public BCs eliminates the need for intermediaries, streamlining
processes and reducing costs. Ethereum’s robust SC capabilities further automate and
secure contract execution, making it an ideal choice for the construction industry’s complex,
multi-stakeholder environment.

The Ethereum BC platform (Figure 2) generates and deploys SC code. Ethereum [52]
was the first BC platform to support the development of SCs. It allows complex and
customizable SCs using the Ethereum virtual machine (EVM). EVM is the SC runtime
environment, and every node in the Ethereum network runs an EVM implementation and
performs the same instructions. SCs are written in Solidity, a high-level programming
language inspired by C++, Python, and JavaScript, and the contract code is compiled down
to EVM bytecode before being placed on the BC for execution. SC code was developed to
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automate payment processes, which are programmed to release payments upon meeting
pre-defined conditions validated through the BIM model. Ethereum is now the most
popular SC development platform, and it can be used to create various decentralized
apps (DApps) in various disciplines. Therefore, Ethereum was chosen as the BC platform.
Nonetheless, the proposed SC procedure can also be executed on other SC platforms.
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4.3. Automated Payment Workflow Using Blockchain and BIM Integration

Figure 3 outlines an automated payment process for construction projects integrating
a BC SC system with a scan-to-BIM technology. The workflow initiates with a new SC in
the BC environment, corresponding to the start of a construction contract. As the project
progresses, contractors submit reports of completed work, which are then validated against
a digital twin of the construction site, a BIM model updated through 3D scanning. The
SC verifies the submitted work against the BIM model data through the BC network,
ensuring that payment requests are consistent with actual progress. Upon confirmation, the
BC mechanism triggers an automated payment transfer to the contractor, encapsulating a
reliable, transparent, and efficient approach to managing construction finances. This process
provides a significant leap toward optimizing project delivery by mitigating discrepancies
and delays in construction payments.

The automated payment workflow in construction projects, powered by the integration
of BC and scan-to-BIM systems, is underpinned by a robust mathematical model that
facilitates SC creation. The model operates on data variables captured over time, as follows:
(1) Scan-to-BIM data at time t, S(t). (2) Contractor reported quantity R(t). (3) Uses a
validation function C(S(t), R(t)) to ensure reported quantities align with actual progress.
If the reported quantities meet the specified criteria of the scanned data, they are deemed
acceptable. (4) Approved quantities V(t) are then calculated, leading to the automatic
triggering of payments P(t) based on the unit price (u). This mathematical model is critical
in automating the entire payment process, from validating work completion to executing
the payment, reflecting the actual progress of the construction project.
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To this end, based on the approval of quantities at time t, the payment (Pt) is calculated
as the sum of all of approved quantities by their unity price, ui, as shown in Equation (2).

Pt = ∑i Ct
i×Rt

i × ui (2)

This model leverages BC technology to automate the payment process in a transparent
and immutable way. The process begins with data capture through 3D scanning, followed
by steps that validate the reported work, approve quantities, and calculate payments, which
are then executed and recorded using BC.

5. Case Study
This section presents a case study based on a real construction project, the Majid Al

Futtaim (MAF) shopping mall, illustrating that the developed novel framework performs
as anticipated. The case study project was selected based on several key criteria to ensure
its relevance and suitability for applying the proposed framework. First, the project used
traditional methods that were slow and error-prone, making it ideal for evaluating the
automation of payment processes using BC-enabled SCs and scan-to-BIM. Secondly, the
project was equipped with the necessary infrastructure, such as 3D-scanning tools, to
implement scan-to-BIM, which was essential for capturing work progress. Additionally,
the project provided complete access to necessary data, including contracts, progress
reports, and payment records, which were crucial for applying the proposed approach.
The traditional payment process in this project typically takes 2 to 3 weeks and involves
several steps, each contributing to delays. It starts with the manual quantification and
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verification of the work performed on site, requiring detailed and precise measurements
to ensure all work meets contractual requirements. Following this, the contractor submits
an invoice, which is then manually reviewed by the owner’s consultant for accuracy and
completeness, confirming that the claimed work aligns with the actual completed work.
The reviewed invoice undergoes multiple layers of approval within the project owner’s
organization, where each layer checks for compliance with financial policies and contractual
terms, further extending the processing time. Finally, once approved, the payment order
is issued and processed through centralized banks, adding additional delays due to the
bank’s transaction time and potential discrepancies or issues that may need resolution.
This traditional process is inherently time-consuming due to the necessity of manual
measurements, multiple approval stages, and the time required for bank transactions.

To address these delays, this study used a cutting-edge approach to automate construc-
tion payments by integrating BC-enabled SCs and scan-to-BIM, where scan-to-BIM behaves
as a chain-link to connect real-world data from off-chain to on-chain sources. Regular
scans of the construction site were conducted using a 3D scanning tool (Matterport Pro
2 camera), which employs structured light and infrared depth-sensing technologies to
record point cloud data and build detailed 3D Revit models of actual site progress. The
actual quantities derived from scan-to-BIM are inputted into SCs on the Ethereum BC.
This SC is pre-programmed with terms that automatically validate the completion of work
and trigger payments. The project owner, consultant, and contractor are the SC parties,
ensuring transparency and trust in the automated payment process. The transactions were
performed on the Ethereum test network, and a BC-enabled SC network was constructed
among the project parties. To validate the effectiveness of this proposed system, the sce-
nario was tested to measure the improvement in payment processing time compared to the
traditional method.

This study used photogrammetry, an advanced 3D scanning technology, to signif-
icantly enhance the scan-to-BIM process in several ways. Photogrammetry is capable
of producing detailed 3D scans of building interiors, ensuring digital models accurately
depict actual spaces, which is critical for BIM. Meanwhile, relying on high-resolution scans,
accurate measurements within 1% accuracy can be achieved. This is all implemented in a
user-friendly approach and can be easily integrated to well-known BIM environments and
software [54].

The scan-to-BIM workflow can be divided into three main steps: (1) Scan, which
involves taking dense point measurements of the state using scanning camera; (2) data
processing to produce a point cloud as an output, which is a discrete representation of
reality; and (3) BIM modeling using the point cloud to create a BIM model that virtually
represents the real-world surveyed object.

A point cloud is a 3D description of spatial data of geometric points in space rep-
resenting the 3D shape of a physical object. Each point position has its set of Cartesian
coordinates (X, Y, Z). Point clouds are most commonly used to capture the as-built condi-
tions of a structure. They are obtained through photogrammetry and are highly accurate in
terms of surveying non-regular geometries and saving time in as-built modeling of complex
buildings and infrastructures. Creating a 3D model using the 3D scanning tool involves a
comprehensive, multi-step process integrating various technologies and software applica-
tions. The initial phase focuses on preparation, ensuring the scanning area is clean, well-lit,
and free from moving objects or individuals. Upon completing the scanning phase, the
collected data undergo processing within the camera capture application. These processed
data are then uploaded to the cloud platform, which is subjected to further processing and
stitching to create a cohesive 3D model. Once the scan data are fully processed, an XYZ
point cloud file is generated for further use.
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The integration with BIM technology begins by importing the cloud file into Autodesk
Recap. This crucial step converts the point cloud data into a compatible format for 3D
modeling, paving the way for the final stage of BIM model creation. The operator cre-
ates a detailed 3D model by tracing over the point cloud data to construct architectural
elements such as walls, columns, and floors using the Autodesk Revit tool. This model
is progressively refined and detailed, adding materials, finishes, and other architectural
details, culminating in a highly accurate and richly detailed digital twin of the scanned
space. This intricate process, from site preparation to the final detailing model, exemplifies
the integration of advanced scanning and modeling technologies to capture and digitize
physical spaces with remarkable precision.

The generated BIM model enables the extraction of accurate quantities and dimensions
of building components. Finally, the actual quantities performed are integrated into a BC-
based Ethereum platform that establishes a peer-to-peer network that securely executes
and verifies application code. This platform uses SCs to automate payments. The SCs are
programmed to execute transactions automatically when certain pre-defined conditions are
met, such as completing a work segment. This ensures transparency, security, and efficiency
in the payment process.

The authors utilized Autodesk ReCap for point cloud processing by importing the XYZ
point cloud data file. This phase was critical for transforming the rich spatial data acquired
by the scanning camera into a complete point cloud dataset, which enabled modeling and
visualization of the scanned area (Figure 4). The scanning procedure resulted in a point
cloud of around 27.16 million points. This large information represents the complete and
comprehensive capture of the scanned 3548 m2 area’s spatial dimensions and textures, offer-
ing a high-resolution 3D representation suited for a precise space measurement, converting
this data into a BIM format, using the generated XYZ point cloud file.
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The processed point cloud in Autodesk ReCap (Figure 5a) was then integrated into a
fully functional 3D model in Autodesk Revit (Figure 5b), marking a significant milestone
in the BIM process. This includes developing a detailed structural model and extracting
the actual quantities the contractor performs and measurements straight from the model.
This functionality significantly streamlines the payment workflow, making it faster and
more accurate.
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5.1. Ensuring Dimensional Accuracy in the Scan-to-BIM Process

A crucial part of the scan-to-BIM process is ensuring the correctness of elements by
comparing their measurements in both the point cloud data and the associated Revit model.
Using a column as an example, Figure 6a describes how to guarantee that the dimensions
received from the detailed scan are appropriately reflected in the Revit model (Figure 6b).
Also, by comparing the architectural CAD drawings (Figure 7a) with the point cloud data
(Figure 7b) of the project, it is evident that the dimensions captured were very close to the
measurements depicted in the CAD drawings. The scan results show that the accuracy
of the 3D camera’s measurements fell within a margin of +/− 1%, confirming that the
scanning technology provides precise and reliable dimensional data. This level of accuracy
is critical for ensuring the validity and trustworthiness of the captured measurements for
progress verification and payment automation.
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5.2. Model Automation

The use of SCs in this BC network automated the payment process using validated
Revit data from consultant scans of actual quantiles performed to trigger payments from
owner to contractor. The BC system architecture developed for the project includes a
simplified and transparent process involving project stakeholders as the owner, contractor,
and consultant. This system manages and validates transactions using the accuracy of
scanned quantities of data and BC security.
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The proposed method for automating construction payments within the blockchain
framework was thoroughly built in Solidity, a programming language created exclusively
for creating SCs on the Ethereum platform. The SCs were written with pragma solidity
> 0.7.0 < 0.9.0 (Appendix A provides further clarification). to ensure compliance with
Ethereum BC capabilities and security requirements. The SC includes various structures
(data structures) (Figure 8) that represent the different entities and states in the construction
payment process.
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The contractor begins the process by submitting a full report on the quantities, done
as part of the construction project to the BC SC system. This report simply requests the
invoice outlining the work elements completed and the price needed. Upon receipt of
the contractor’s report, the consultant plays a crucial role in verifying the claimed work
through SC. The consultant conducts a site scan using the scanning camera that captures
the current state of the construction site in detail. The data from the 3D scan camera are then
used to accurately assess the actual quantities of work completed by the contractor. This
step provides an objective, data-driven basis for verifying the contractor’s invoice request.
Once it is confirmed through a SC that the contractor’s reported quantities align with
the actual work completed on site with a tolerance percentage of 10% less, as evidenced
by the camera’s scanned data, they approve the transaction. The approval triggers a SC
within the BC system. This contract is pre-programmed with terms agreed upon by the
owner, contractor, and consultant. Upon meeting the specified criteria in the SC, the system
automatically initiates payments from the owner to the contractor, reducing the need for
manual intervention and verification. The entire transaction, from the contractor’s initial
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invoice request to the final payment, is recorded on the BC to complete the first invoice
with eight blocks created. This provides a transparent, immutable record of all transactions,
ensuring trust and accountability among all parties.

Remix and Visual Studio Code with Solidity extensions were used to create the SCs
in a Solidity-friendly environment. This setting offered a stable foundation for creating,
testing, and implementing the contracts. The SC designed to encapsulate the essential
functionalities required for automating the payment process in the construction project
includes project participant’s registration, validation of work elements, and payment
processing. Setting up and operating a BC network on a server for development and testing
is more accessible with Ganache. Ganache is part of the Remix Integrated Development
Environment (IDE), a tool for Ethereum development. It is a personal BC for Ethereum
development that mimics a BC environment on the local PC or server, making it simple to
create and test SCs.

Figure 9a shows the compilation and deployment of the Ethereum SC using Remix
IDE. Once the contract is deployed, a distinct and immutable contract address (Figure 9b) is
automatically produced and presented. This contract address is a definitive identification
for the deployed contract within the BC network, and the contract can be interacted upon
by calling its functions directly from Remix.
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The application’s user interface simplifies onboarding in a blockchain environment.
The process begins with the owner registering on the platform (Figure 10), creating their
unique blockchain address to establish their secure identity. Similarly, each participant,
such as the contractor and consultant, registers and receives their own unique address.
This decentralized system ensures that every stakeholder has a distinct and tamper-proof
identity, enabling secure and transparent interactions throughout the project lifecycle.
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The following section shows the project participants joining the network, starting with
the owner who initiates a contract (Figure 11) to choose the remaining parties and their
number depending on whether there is a main contractor or group of sub-contractors. Then,
we determine how many work elements, for example, the following will test finishing
the structural concrete columns and inserting the total price of the contract. After that,
the contractor joins the network, uploads the quantities (Figure 12) of finished concrete
columns, and requests the first invoice. Finally, the consultant joins and verifies the work
(Figure 13) using the scanned data for the actual quantities performed, and the owner
transacts money for the accepted elements through the BC network. The system loops
back to the operation and validation phase to indicate the ongoing nature of the project
until completion.
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6. Discussion and Limitations
This study showcased a combination of scan-to-BIM technology with BC-based SCs

to revolutionize the construction payment process, directly addressing the research ob-
jectives. Specifically, by utilizing scan-to-BIM, the system delivered precise, real-time
digital representations of the scanned site, ensuring that payments were initiated only after
verified work completion, thereby enhancing transparency and minimizing disputes. To
evaluate the effectiveness of the proposed BC-enabled SC system, it was applied it to a
real-world construction project previously managed with traditional payment methods.
This application demonstrates how the developed framework can ensure accurate and
efficient automation of payments, thereby minimizing errors and disputes. The traditional
process for processing and releasing payments for completed milestones typically required
2–3 weeks due to manual handling of contracts and multiple layers of approval. In contrast,
the proposed model drastically reduced the payment processing time to 1 to 2 days. This
significant improvement was due to the automation of contractual obligations and the
immediate release of payments upon completing pre-defined milestones. Several vital
benefits evidence the effectiveness of the proposed system. This practical implementation
validates the framework’s capability to minimize errors, enhance efficiency, and ensure
accurate payment processes in a real-world setting.

Firstly, it promotes enhanced transparency and trust by using the BC component
to ensure all transactions are transparent and immutable, thereby boosting confidence
among all stakeholders. Secondly, it reduces payment disputes as payments are automated
based on objective data from scan-to-BIM, linking them directly to independently verifiable
physical progress. Additionally, the system streamlines the payment process, thereby
decreasing the amount of administrative work required and eliminating delays, improving
cash flow and financial planning for all parties involved. Continuous monitoring through
scan-to-BIM also allows for better project management and informed decision making.

Compared to traditional methods (Table 1), the proposed system in the case study
reduces the workload significantly by data capture through scan-to-BIM, thus reducing
the manual effort required for on-site measurement and documentation. The traditional
method involves the contractor submitting payment requests based on daily progress
monitoring and work reports, as well as the consultant reviewing the contractor’s workload
with occasional on-site checks for disputed areas. Also, the bank centralization delays the
payment process due to manual verification and reconciliation. In the proposed system,
contractors continue to submit payment requests, and consultants use scan-to-BIM to
verify and confirm all completed work using an automated BC-enabled SC platform.
This automated verification reduces the manual effort required for on-site verification of
progress and minimizes the need for manual documentation and reporting.

To introduce this system into a project, staff need to undertake several actions. Initially,
there will be a requirement for training and education to understand the operations of scan-
to-BIM technology and BC-based SCs. This includes learning to use the scanning equipment,
interpret the data, and interact with the BC system. Furthermore, the necessary equipment,
scanning cameras, need to be procured and set up, along with the installation and configu-
ration of relevant software for data processing and BC transactions. Staff must also adjust
their workflows to incorporate the new system, including new procedures for capturing and
verifying progress data and submitting payment requests through the BC platform.

The introduction of this system impacts project costs in various ways. Initially, there
are increased costs due to the upfront investment required for purchasing scanning equip-
ment, BC software (Ethereum IDE (Integrated Development Environment)), and training
staff. There are also ongoing costs for system maintenance, support, and potential upgrades.
However, these costs are offset by significant savings in administrative labor due to the
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reduced need for manual verification and approval of payment requests and the decrease
in payment disputes and delays, which improves cash flow and financial planning. Addi-
tionally, centralizing banks to authorize payments in the traditional payment process adds
more cost and time for the owner. The involvement of banks means that invoices must go
through a series of checks and authorizations, which can incur banking fees and lead to
significant delays. This centralization increases the administrative burden and imposes
financial costs on the owner for processing invoices.

Table 1. Comparative analysis of traditional paper-based contracts vs. blockchain-enabled smart
contract with scan-to-BIM.

Aspect Traditional Paper-Based Contracts Blockchain-Enabled Smart Contract with Scan-to-BIM

Time consumed
High: 2–3 weeks per payment cycle due to manual

measurement, verification, and the presence of a central
administrative body.

Low: 1–2 days per payment cycle as automated measurement,
verification, and smart contracts expedite the process.

Progress verification Manually based on daily progress monitoring and work reports
and is verified through on-site inspections.

Automated, using scan-to-BIM technology to capture real-time, accurate
data on construction progress.

Efficiency Time-consuming and prone to human error, leading to potential
delays and inaccuracies.

Significantly reduces verification time and minimizes human error,
leading to faster and more accurate payments.

Transparency Limited; relies on manual reports and inspections, which might
not always be objective.

Enhanced with immutable BC records and objective, independently
verifiable data from scan-to-BIM technology.

Administrative overhead High due to manual verification, documentation, and
coordination between multiple parties. Lower due to automation of progress verification and payment processes.

Payment authorization Centralized through banks or financial institutions, adding
extra steps, fees, and potential delays.

Decentralized payments are triggered automatically upon verification of
progress data on the BC, reducing reliance on banks.

Payment disputes More frequent due to subjective progress reports and manual
verification processes.

Less common due to objective and verifiable data and transparent,
immutable records.

Legal and regulatory
validity

Well-established legal frameworks ensure the enforceability and
compliance of its provisions across jurisdictions.

Lacks a fully developed legal infrastructure. Current systems do not have
established mechanisms for resolving disputes related to smart contracts

in courts or arbitration. Conflicts are challenging to address due to the
decentralized and automated nature of the technology [33].

The developed integrated BC-enabled SC system, coupled with scan-to-BIM technol-
ogy, holds great promise as a groundbreaking solution for government agencies in the
construction sector. It can revolutionize traditional practices by streamlining processes,
enhancing transparency, and reducing inefficiencies. This innovation represents a signifi-
cant opportunity for government entities to embark on a transformative journey toward
modernization within the construction industry. More research is needed to develop strate-
gies to manage the transition to this new system and address resistance to change among
stakeholders. Companies should establish training and education programs for industry
professionals to familiarize them with the new technologies and processes.

Although there are many benefits to the suggested approach, there are also several
drawbacks that call for more investigation. Adopting advanced technologies like BC and
scan-to-BIM requires specific expertise and could face resistance from small firms due to the
high upfront costs and the complexity of integrating new technologies into existing systems.
The demonstration conducted in this study was based on a controlled test environment
using Ethereum blockchain and predefined conditions, which may not be able to represent
the complexity of real-world projects, including unexpected changes, or diverse stakeholder
dynamics. Moreover, ideal conditions regarding equipment and light were required for the
process of scan-to-BIM, which limits the practicality in a diverse construction environment.
Also, other factors such as dust, vibrations, or frequent site changes, which are common
in the construction industry, were not considered and could impact the reliability of the
scan-to-BIM process. This study did not consider potential resistance from stakeholders
unfamiliar with blockchain or scan-to-BIM technologies, which may resist their adoption in
practice. The interoperability of this system with existing financial and project management
software is critical for its widespread adoption and necessitates additional research into
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seamless integration methods. Moreover, legal and regulatory challenges in applying SCs
to construction payments need to be addressed to provide a solid legal foundation for
the technology. Finally, to accommodate various project sizes and types, the system must
be scalable and customizable, which calls for developing adaptable models suitable for a
broad range of construction projects.

7. Conclusions and Future Work
This paper presented a novel approach for automatic construction payments by merg-

ing BC-enabled SCs and 3D scans with BIM. Thus, the model can measure actual quantities
performed and automate payments through a BC platform. This integration is a huge
step forward in tackling the construction industry’s long-standing inefficiencies and trust
difficulties. This research has demonstrated the feasibility and effectiveness of utiliz-
ing scan-to-BIM to accurately estimate work completed on site, which is then verified
against contractor-submitted quantities through SCs. These SCs serve as an automated
intermediary, ensuring that payment is triggered only upon validating the actual work
performed, thus minimizing disputes and enhancing transactional transparency. This
technique promises to simplify payment processes, improve transparency, and reduce
conflicts by combining the precision of scan-to-BIM with the security of BC technology. The
research findings indicate that this developed system can significantly reduce the time and
resources spent on payment processing while providing a more objective and transparent
basis for payment release. BCT ensures that all stakeholders have access to an immutable
and transparent record of transactions, fostering a higher level of trust among parties.
Additionally, the real-time data provided by scan-to-BIM allows for more accurate project
progress tracking, ensuring that payments are closely aligned with the work completed.

In light of these findings, future research may investigate the scalability and cost-
effectiveness of scan-to-BIM technology and BC adoption in construction projects of varying
sizes and complexities. Additionally, research on SCs’ legal and regulatory implications in
construction payments is essential to address potential legal challenges and ensure compli-
ance with local and international regulations. Moreover, future research should emphasize
the cross-validation for quantities performed derived by contractors, ensuring an integrated
examination from both consultant and contractor standpoints using scan-to-BIM to assure
the process. Also, exploring more advanced BC platforms that offer higher scalability, better
security, and lower operational costs can be a significant area of research. Creating intu-
itive, user-friendly interfaces is crucial for scan-to-BIM and BC platforms, facilitating easier
adoption, especially for stakeholders not well-versed in these technologies.
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Appendix A. Smart Contract Code Components
Two critical components of smart contract code used are the defining of structs

(Figure A1) and the coding of “operation functions” (Figure A2). The “structs” were metic-
ulously constructed to contain the framework for the smart contract’s data management.
Meanwhile, the operation functions were created to express the essential functionality of
our smart contracts. These functions provided the logic for starting transactions, verifying
conditions, and carrying out the contract terms.
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