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Abstract

The real estate sector continues to face challenges such as inefficiencies, fraud risks, and
high transaction costs stemming from opaque processes and heavy reliance on intermedi-
aries. These challenges highlight the need for transparent and efficient solutions to support
secure real estate transactions and management. While a growing body of literature has
examined blockchain applications in real estate, existing studies are often fragmented and
predominantly descriptive, with limited systematic synthesis of evidence and insufficient
attention to governance and institutional contexts. This study aims to systematically ex-
amine and synthesise the benefits and challenges of blockchain technology in real estate,
providing evidence-based insights for practitioners and policymakers. Using a Systematic
Literature Review (SLR) approach, peer-reviewed publications from 2016 to 2025 were
analysed to identify blockchain applications, reported outcomes, and implementation
barriers. The findings reveal that blockchain has been applied in land registration (e.g.,
Sweden, India, Serbia), valuation systems, decentralised housing finance, and tokenised
investment platforms (e.g., Exporo, RealT). The reported benefits include reduced fraud,
enhanced transaction efficiency, transparency, and expanded investment access through
fractional ownership. However, regulatory uncertainty, scalability limitations, data privacy
risks, and low stakeholder awareness remain key barriers. Ethical issues such as digital
exclusion and data exposure also require further consideration. Compared with the more
advanced adoption observed in Europe and North America, supported by established reg-
ulatory frameworks and digital land governance initiatives, this review identifies relatively
slower uptake in parts of the Asia-Pacific region, particularly in Australia and Malaysia.
It highlights a critical need for future research on legal recognition, privacy-enhancing
technologies, and governance frameworks, particularly regarding blockchain applications
in property development and urban planning processes. By integrating technological
and governance perspectives, this study provides a more comprehensive and structured
understanding of blockchain adoption in real estate systems.

Keywords: real estate; blockchain; property development; urban planning; smart contracts;
literature review; governance

1. Introduction

As a key driver of economic growth, investment, and wealth accumulation, the real
estate sector accounts for a substantial share of national GDP and plays a central role in
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financial stability [1]. Despite its significance, the sector continues to experience persis-
tent structural inefficiencies and governance challenges. Chronic housing undersupply,
affordability concerns, and complex administrative processes hinder both productivity
and market transparency [2]. In particular, outdated and fragmented land administration
systems contribute to delays, inaccurate records, and information asymmetry, undermining
trust among market participants [3,4]. These inefficiencies extend beyond land management
to property transactions, leasing, property development, and investment management,
where heavy reliance on intermediaries and paper-based documentation increases delays,
inaccuracies, lack of transparency, operational costs and fraud risks [1,3-5]. The absence of
an integrated digital infrastructure limits data sharing and real-time verification, constrain-
ing accountability across the property lifecycle and hampering market performance and
innovation in the real estate sector. Addressing these systemic issues requires a fundamental
rethink of how property information is recorded, verified, and exchanged.

In response to these concerns, a range of technological and governance measures have
been proposed. In recent years, blockchain has been increasingly recognised as a valuable
tool for enhancing transparency, safeguarding data integrity, and reducing administrative
costs in real estate [1,2]. The applications of blockchain extend from digital land titling and
secure transaction recording to smart contracts for leasing and property management [6,7].
Meanwhile, governance reforms such as streamlining approval processes and implementing
statutory timeframes aim to improve efficiency and accountability within the planning and
development system [8,9]. While these measures offer significant potential benefits, they
also raise challenges related to legal frameworks [10,11], institutional readiness [11,12], and
stakeholder adoption [10,12].

While a growing number of studies have explored blockchain applications in real
estate and related sectors, many of these reviews adopt a descriptive approach, focusing on
technological features, financial innovation, potential applications, isolated case studies
and future trends. Existing studies often lack a systematic methodology and a compre-
hensive approach, paying insufficient attention to the benefits, risks, and implementation
governance challenges amid the rapid evolution of blockchain technology.

To address these gaps, this study employs a Systematic Literature Review (SLR) to
provide a structured, comprehensive synthesis of existing research. Unlike prior reviews, it
not only consolidates evidence on the benefits and challenges of blockchain applications
but also incorporates a governance perspective, examining how blockchain configurations,
institutional arrangements, and stakeholder interactions influence its implementation in
real estate systems. By integrating insights from both academic literature and practical case
studies, this study aims to offer a more coherent and in-depth understanding of blockchain
adoption in real estate and planning contexts.

This study makes four key contributions. First, it provides a comprehensive synthesis
of academic and industry literature, bringing together fragmented insights on blockchain
applications across real estate domains, including property transactions, land registration,
property development, asset management, and investment platforms. Second, it critically
evaluates both the advantages, which range from transparency and efficiency to improved
trust and reduced costs and the challenges of adoption, including technological, legal,
regulatory, and organisational barriers, which have been underexplored in earlier stud-
ies. Third, it situates these applications in an international context, comparing emerging
cases across different countries and highlighting that adoption remains limited in jurisdic-
tions such as Australia. Finally, it identifies research gaps and translates these findings
into practical implications for policymakers, practitioners, and technology developers,
providing recommendations for the effective integration of blockchain within real estate
systems globally.
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The paper is organised as follows. Section 2 provides a concise overview of blockchain
concepts and their relevance to real estate. Section 3 explains the systematic literature review
(SLR) methodology. Section 4 presents the main findings, structured around publication
patterns and key thematic domains of blockchain applications. Section 5 synthesises
benefits, challenges, and future opportunities. Section 6 concludes with implications for
research and practice.

2. Blockchain Technology
2.1. Structure of Blockchain Technology

Blockchain is a distributed ledger system that records transactions across a network of
independent nodes rather than in a single central database. Each transaction is grouped
into a block, secured through cryptographic hashing, and linked to the previous block to
form an immutable chain of records. Because synchronised copies of the ledger are stored
on many nodes, altering historical data would require controlling the majority of nodes and
recalculating subsequent blocks, which is computationally impractical in well-designed
systems [13,14]. This architecture provides strong security, integrity, and resistance to
tampering, while enabling peer-to-peer transactions that reduce reliance on intermediaries
and can lower transaction times and costs [15].

Blockchain maintains integrity through consensus protocols that allow participating
nodes to agree on the validity of transactions before they are added to the ledger. These
mechanisms safeguard data accuracy and foster trust in a decentralised environment [13,14].
While early discussions of blockchain often emphasised a centralised—decentralised distinction
(see Figure 1), this binary classification is increasingly considered insufficient for analysing
contemporary blockchain systems, particularly in institutional contexts.

Centralized Decentralized
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Figure 1. Centralized vs. Decentralized Systems. Nodes represent stakeholders or system entities,

and edges indicate interactions or information flows within the system.

Blockchain systems can be broadly classified, based on access and governance struc-
tures, into permissionless and permissioned architectures [16]. As summarised in Table 1,
these two categories exhibit distinct characteristics in terms of participation, governance,
and control mechanisms. Permissionless blockchains are open networks in which any
participant can join, validate transactions, and access data, reflecting a high degree of
decentralisation and transparency [17,18]. However, such systems often face limitations in
scalability, privacy, and regulatory compliance, which may constrain their application in
institutional contexts.

In contrast, permissioned blockchains restrict participation through access control
mechanisms, allowing only authorised entities to validate transactions and manage
data [17]. This structure enables greater control over governance processes, data pri-
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vacy, and system performance, making permissioned systems more suitable for regulated
environments [17-19]. Permissioned blockchains can be further categorised into private
and consortium (or hybrid) models, where private systems are controlled by a single
organisation, while consortium blockchains distribute governance across multiple stake-
holders [18,20]. However, the permissioned-versus-permissionless distinction provides a
more analytically meaningful framework for examining governance structures and institu-
tional applications.

Table 1. Summarises the key characteristics of blockchain types based on access and governance structures.

Characteristics Permissionless (Public) Permissioned
Access Open to all Restricted
Transparency High Moderate
Validation Anyone can participate Selected nodes
Sub-type N/A Private Consortium
Control Fully decentralised Single Organisation Shared among organisations
Governance Distributed Centralised Collaborative
Examples Bitcoin, Ethereum [21] Hyerledger [21] “Public consortium blockchain” [20]
Music, Digital art, Multimedia platforms [22] y & Corda [21]
Limitations Limited privacy; Coordination;
Scalability [17,21] Governance complexity [18,20,22]

Note: N/A indicates that a sub-type classification is not applicable to permissionless blockchain within
this framework.

2.2. Blockchain’s Relevance to Real Estate

From a real estate perspective, consortium blockchain models are particularly relevant,
as they enable coordination among multiple stakeholders, such as government agencies,
developers, and financial institutions, while maintaining controlled access, regulatory
compliance, and data privacy [23]. As such, consortium-based permissioned blockchains
are increasingly recognised as a practical governance model for complex, multi-actor
systems such as real estate and property development processes.

It has been suggested that blockchain could reshape real estate practices through its
“T5C’ benefits: Transparency, Transferability, Trustworthiness, Tamper-proofing, Traceability,
and Cost effectiveness [24].

The real estate encompasses multiple functions, such as sales (property buy or sale,
land title transactions), land title management, valuation, property development and in-
vestment traditionally reliant on intermediaries such as brokers, banks, and government
agencies, faces numerous inefficiencies, including elevated transaction costs, lengthy pro-
cessing periods, limited transparency, liquidity constraints, heightened risks of fraud, and
reduced affordability [1,2,4,5,25-27].

Blockchain has been positioned as a potential response to long-standing inefficiencies
in real estate processes by promoting greater transparency, efficiency, and accessibility [27].
A prominent application is tokenisation, whereby property assets are represented as digital
tokens on a blockchain. These tokens can correspond to fractional ownership, enabling
investors to trade smaller shares of real estate rather than acquiring entire properties [27].
Such mechanisms can enhance market liquidity, decrease dependence on intermediaries,
and reduce transaction costs. A more detailed discussion of tokenisation and its impli-
cations for real estate is provided in Section 4.2. In addition, smart contracts, which are
automated agreements encoded on the blockchain, can streamline activities such as lease
execution, property sales, and payment processing, thereby further improving operational
efficiency [28].

Beyond tokenisation and smart contracts, blockchain has also been implemented
in land and property title management, with governments in countries such as Sweden
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and Georgia piloting blockchain-based land registries to ensure data integrity and reduce
fraud [8,9,29-31]. In addition, blockchain supports identity verification and due diligence
by enabling the secure, tamper-resistant storage of ownership records and compliance
documents, allowing for faster and more reliable property transactions [3,12,32,33].

3. Research Methodology

After defining the research question, which is the benefits and challenges of blockchain
in real estate, the study adopts a Systematic Literature Review (SLR) following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol [34] to
identify and synthesise research on blockchain applications in real estate. Scopus was
selected as the primary database due to its comprehensive coverage of peer-reviewed
journals across real estate, construction, planning, and information systems, including
sources indexed through IEEE Xplore, ScienceDirect, SpringerLink, Emerald Insight, Taylor
& Francis Online, and Web of Science. To complement this search and to minimise database
bias, a targeted search was also conducted in Google Scholar (GS) to identify additional
relevant academic publications not indexed in Scopus. Grey literature identified through
GS (e.g., industry or policy reports) was used at the scoping stage to inform contextual
understanding but was not included in the core analytical sample [35-37]. The PRISMA
checklist and PRISMA abstract checklist are provided in the Supplementary Materials.

The search strategy and screening procedures are outlined below.

In Scopus, two main keyword combinations were applied: “blockchain” AND “real
estate” and “blockchain” AND “property.” The search query was applied to the title field
using the Scopus TITLE function (e.g., TITLE (“blockchain” AND “real estate”) OR TITLE
(“blockchain” AND “property”)). To ensure a strong conceptual linkage between blockchain
and real estate, the search was deliberately restricted to publications that included these
keyword combinations in article titles, rather than in abstracts or author keywords alone.
This approach prioritised precision over recall by focusing on studies that directly examined
blockchain applications in real estate. This restriction was adopted to reduce false positives,
particularly in studies in which “property” referred to intellectual property rather than
real estate in technology discussions. Records containing “intellectual property” were
therefore excluded. To minimise the potential exclusion of relevant studies, backward
reference checking was conducted on selected key articles. A trial search using “blockchain”
AND “housing” yielded a substantial number of studies that focused primarily on social
housing and affordability, without substantive discussion of blockchain-enabled real estate
processes; these records were excluded due to their limited relevance to the research
objectives [38].

Studies were considered eligible if they were written in English and provided con-
ceptual, technical, empirical, or review-based analysis of blockchain applications within
real estate domains, including property transactions, land registry and ownership, asset or
property management, valuation, development processes, and related regulatory or gov-
ernance issues. The research area includes computer science, engineering, social sciences,
business, management and accounting, economics, econometrics and finance.

Given that blockchain applications in real estate constitute an emerging research
area, a ten-year time frame (2016-2025) was adopted to capture both early exploratory
studies and more recent empirical developments. Peer-reviewed journal articles, conference
papers, and books constituted the core dataset, while theses were used for scoping purposes
only. Duplicate records retrieved from Scopus and Google Scholar were identified and
removed through manual comparison of titles, authors, publication years, and sources.
Records were excluded if they treated blockchain only tangentially, focused solely on
cryptocurrency trading or generic information systems without a real estate component,
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addressed housing exclusively from a social policy perspective, or were duplicate records,
editorials, or inaccessible in full text.

The screening process followed a multi-stage approach consistent with the PRISMA
framework, including title screening, abstract review, and full-text assessment based on
predefined inclusion and exclusion criteria.

The initial search yielded 207 records from Scopus and 453 records from GS, with
all records already restricted to title-level relevance during the search stage. In line with
the PRISMA framework, the two datasets were first merged, and duplicate records across
databases and publication versions were identified and removed. The remaining studies
were then screened based on abstracts and full texts to assess their substantive relevance
to blockchain applications in real estate. Studies focusing primarily on cryptocurrency
trading, intellectual property, generic information systems, or housing issues without
blockchain-enabled real estate processes were excluded at this stage. The high number of
duplicate records reflects the extensive overlap between Scopus and GS and the indexing of
multiple publication versions by GS, rather than deficiencies in the screening process. The
remaining records were assessed for full-text eligibility against the predefined inclusion
and exclusion criteria, resulting in a final sample of 135 high-quality studies included in
the systematic review (Figure 2).

Identification of studies via databases and registers

-~ Records removed before
=) - . ] screening:
= Records identified from: _ Duplicate records removed (n
g Scopus Database (n = 207) > = 383)
b= ?2%’%';9 Scholar Database (n Records marked as ineligible
- - by automation tools (n = 60)
4
Records screened N Records excluded
(n=218) Not relative (n =42)
y
Reports sought for retrieval Reports not retrieved
(n=176) Not English (n=8)
£
@
5
@ Y
Reports assessed for eligibility
(n=168) ’
Reports excluded:
Other exclusions based on
full-text eligibility (n = 32)
\4
° B : ;
2 Studies included in review
3 (n=135)
5}
=

Figure 2. PRISMA Workflow for the Identification and Selection of Studies on Keyword Sets
“Blockchain”, “Property” and “Blockchain”, and “Real Estate”.

All the retained studies were catalogued in an Excel database with unique identi-
fiers (Appendix A), recording bibliographic information, publication type, geographical
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focus, and key contributions. Using inductive coding and keyword mapping, the studies
were organised into six thematic domains, some comprising 3—4 subcategories to ensure
analytical consistency: (1) Blockchain Applications in Real Estate (Applications, Transac-
tions, Tokenisation, and Case Studies); (2) Property and Asset Management (Ownership,
Property, and Leasing management); (3) Regulatory, Legal Challenges and Opportunities;
(4) Property Valuation and Development (Valuation, Property/Land Development Pro-
cesses, and Commercial Real Estate); (5) Public Perception; and (6) Systematic Reviews.
This structured approach provides a transparent and reproducible basis for analysing the
benefits, challenges, and research gaps associated with blockchain adoption in real estate.

4. Findings and Results
4.1. Source and Topic Distribution

Academic research on blockchain applications in the real estate sector has expanded
markedly over the past decade, with particularly rapid growth observed since 2020. Early
scholarly output in this field was relatively limited, reflecting the novelty and experi-
mental nature of blockchain technology within property-related contexts. However, pub-
lication activity increased noticeably from 2020 onwards, with the number of studies
more than tripling compared to the pre-2020 period. This upward trend became more
pronounced from 2023 to 2025, during which annual publication volumes consistently
exceeded 20 studies, peaking in 2025. The accelerated growth of the literature coincides
with increasing awareness of blockchain’s potential to enhance transparency, efficiency,
and trust in real estate transactions, as well as with the gradual maturation of blockchain
infrastructures and regulatory discussions.

The reviewed literature demonstrates a clear evolution of academic engagement,
characterised by temporal growth, thematic concentration, and distinctive publication
patterns. Scholarly output in this area has expanded steadily between 2015 and 2025, with a
clear increase in publication volume in recent years. A notable proportion of studies appear
in property-focused journals such as the Journal of Property, Planning and Environmental
Law, the Journal of Property Investment and Finance, and Property Management, each
of which records multiple contributions in the reviewed dataset. The most frequently
contributing journals, as shown in Table 2, include both property-focused outlets and
technology-oriented journals, reflecting the cross-disciplinary nature of the field. This
distribution highlights the intersection of legal and regulatory concerns, investment and
financial mechanisms, and property and asset management practices. While property
and planning journals contribute a core share of publications, a substantial proportion
of studies are published in computer science and engineering journals (e.g., Computers
in Industry, Electronics), indicating that technological innovation continues to shape the
research agenda, with domain-specific integration still developing. In parallel, a substantial
number of publications appear in conference proceedings, books, and theses, reflecting
the emerging and exploratory stage of the field, where new concepts and applications
are often disseminated through more flexible and early-stage academic channels. These
publication patterns suggest that blockchain research in real estate is transitioning from
conceptual exploration toward more established scholarly inquiry, while continuing to
draw on diverse disciplinary perspectives.

This expansion, however, has not been evenly distributed across research themes.
As shown in Figure 3, more than half of the reviewed studies (55%) focus on blockchain
applications in real estate, particularly in relation to transactions and tokenisation. This
thematic dominance reflects the sector’s longstanding challenges related to transparency,
trust, and efficiency in property transactions, which have driven strong research emphasis
on transaction-focused applications.
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Table 2. The most frequently occurring journals within the reviewed dataset.

Journal Publications (2016-2025)

Journal of Property Investment and Finance
Journal of Property, Planning and Environmental Law
Property Management
Tem Journal
Journal of Supercomputing
Electronics
Computers in Industry
Applied Sciences (Switzerland)

IO Ul WN -
NDNDNNDN WP

PUBLIC PERCEPTIONS | 2

PROPERTY VALUATION AND DEVELOPMENT | 2 2 4

REGULATORY, LEGAL CHALLENGES AND OPPORTUNITIES 10

SYSTEMATIC REVIEW 14

PROPERTY AND ASSET MANAGEMENT 4 _ 1

Applications in Real Estate ¥ Real Estate Transactions Real Estate Transactions Tokenization
Case Study Property Management ® Ownership Management

Real Estate Leasing Systematic Review Legal Challenges and Opportunities
Property Valuation Property Development Management = Commercial Real Estate

Public Perceptions

Figure 3. Distribution of the selected papers under six broader categories.

In contrast, the property and asset management category accounts for 18% of the
literature, indicating growing but still secondary interest in operational and administrative
applications such as ownership tracking and leasing management.

Other themes, including regulatory and legal challenges, property valuation and
development, and systematic reviews, receive comparatively less attention, while public
perception remains marginal. The subtopic analysis presented in Figure 3 further reinforces
this pattern of thematic concentration and reveals notable imbalances in research depth.
Real estate transactions emerge as the most extensively examined subtopic, with 43 studies,
underscoring the centrality of transactional use cases in the current literature. Ownership
management and systematic reviews follow, reflecting attention to both operational im-
provements and knowledge consolidation. By contrast, areas such as leasing, valuation,
development management, and public perception are addressed by only a small number of
studies, despite their significance for land governance, planning, and long-term develop-
ment processes. Despite this rapid growth, the literature remains heavily skewed toward
transaction-centric applications, with comparatively limited engagement with broader
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development, governance, and societal dimensions. This imbalance highlights important
opportunities for future research to extend blockchain inquiry beyond transactions toward
more holistic and equitable real estate and land systems.

4.2. Blockchain Technology in Real Estate

Blockchain technology is increasingly applied across multiple real estate domains,
including property transactions, finance, title search, and property management, with
growing interest in new sub-industries such as fractional ownership and secondary trading
of real estate assets [2,39,40]. These applications are commonly framed as responses to per-
sistent industry challenges, including procedural inefficiency, high transaction costs, fraud,
and limited transparency [41-43]. By leveraging decentralised ledgers, smart contracts,
and tokenisation mechanisms, blockchain-enabled platforms aim to automate transactions,
enhance auditability, and broaden market access for investors [44—46].

In parallel, blockchain is increasingly integrated with real estate finance and risk
management, supporting automated investment processes, asset tokenisation, and secure
handling of financial credentials [47-49]. Emerging studies also explore the combination of
blockchain with advanced analytics, such as artificial intelligence, to improve risk prediction
and governance in real estate supply chains [50]. Despite these technological advances,
the literature consistently highlights a gap between blockchain’s theoretical promise and
its real-world implementation. Early blockchain-driven digital transformation initiatives
demonstrate technical feasibility but face constraints related to scalability, governance,
and institutional integration, underscoring that sustainable transformation in real estate
requires complementary regulatory, organisational, and socio-technical conditions [51].
The following sections examine these applications in greater detail.

4.2.1. Blockchain Applications in Real Estate

The literature consistently identifies inefficiency, high transaction costs, legal com-
plexity, and limited transparency as persistent challenges in contemporary real estate
markets [52]. These structural issues have driven growing interest in blockchain-based
applications, with empirical evidence indicating that transparency, cost reduction, and
enhanced security are the primary motivations for adoption. For example, survey-based
research involving over 1000 participants highlights transparency and security as the
most influential drivers of blockchain uptake in real estate transactions, reinforcing the
perception of blockchain as a trust-enhancing infrastructure [39].

Tokenisation in Real Estate

Tokenisation refers to the process of representing real-world assets as digital tokens
on a blockchain, enabling ownership rights to be recorded, transferred, and managed
in a decentralised digital environment [19]. In the context of real estate, tokenisation
transforms property ownership rights into blockchain-based tokens, often structured as
security tokens representing Real-World Assets (RWAs) [53,54]. This mechanism allows
high-value real estate assets to be divided into smaller, tradable units, thereby enabling
fractional ownership and lowering barriers to investment.

From a market perspective, tokenisation has the potential to enhance liquidity in
traditionally illiquid real estate markets, broaden investor participation, and reduce re-
liance on intermediaries. Empirical and case-based studies, including early initiatives
such as the St. Regis Aspen Resort, demonstrate how tokenisation can facilitate fractional
ownership, improve accessibility, and enable more efficient capital allocation [53,55]. Com-
pared with traditional investment vehicles such as Real Estate Investment Trusts (REITs),
blockchain-based tokenisation is often portrayed as enabling near-real-time settlement,
greater transparency, and global participation [56].
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From a governance and institutional perspective, tokenisation also introduces new
models for structuring property ownership and transactions. More advanced implementa-
tions incorporate Special Purpose Vehicles (SPVs) [11,57] and legally compliant security
token frameworks to enhance investor protection, legal robustness, and the efficiency of
ownership transfer. Some models further draw on financial structures such as Islamic
finance principles and equipment trust certificates to align blockchain-based systems with
existing regulatory and financial practices [57].

Smart Contract in Real Estate

In response, a substantial body of research explores blockchain-enabled transaction
systems designed to automate processes and reduce reliance on intermediaries. Across
transaction-focused studies, smart contracts are consistently adopted as the core execution
mechanism for automating payments, ownership transfers, and escrow functions [58,59].
These contracts are typically deployed on blockchain platforms such as Ethereum or
Hyperledger-based systems, enabling tamper-resistant execution and transparent verifica-
tion without reliance on intermediaries [59]. Studies further examine the deployment of
public and permissioned blockchain platforms, such as Ethereum-based solutions incor-
porating zero-knowledge proofs and Hyperledger Fabric architectures selected through
structured decision-making frameworks to improve scalability, reliability, and auditabil-
ity [60,61]. Implementation-oriented examples illustrate these potentials in practice. A
Hyperledger Fabric prototype deployed in Canada demonstrates how enhanced auditabil-
ity can reduce double spending and fraud risks [41,62], while other studies integrate
blockchain with Internet of Things (IoT) devices to support smart home ownership verifica-
tion or combine blockchain with virtual reality environments to enable remote property
inspection and authentication [60,63]. Further innovation is evident in decentralised appli-
cations that link property transaction data to real-time environmental indicators, enabling
buyers to incorporate sustainability considerations into their decision-making.

Building on these implementation-oriented studies, several papers emphasise the role
of decentralised applications (dApps) and smart contracts as a critical application layer for
blockchain-enabled real estate systems. dApps facilitate interaction between blockchain in-
frastructures, transaction participants, and external data sources, enabling both automated
transaction execution and enhanced information transparency. For instance, a dApp-based
framework proposed for real estate transactions in Egypt integrates buyers, intermedjiaries,
and government authorities within a permissioned blockchain environment [64], while
other studies demonstrate dApps that connect property transaction records with real-time
environmental data to support sustainability-informed decision-making [65]. These exam-
ples illustrate the growing use of dApps to bridge blockchain technology with real-world
institutional and informational contexts.

Despite the demonstrated potential of blockchain applications in real estate trans-
actions, many proposed solutions remain at the conceptual or pilot stage, with limited
empirical evidence of large-scale implementation [59,66]. Key challenges include regulatory
uncertainty, interoperability constraints, and concerns regarding data authenticity, which
directly affect the reliability of blockchain-based transaction systems. While technological
innovations such as smart contracts and tokenisation can reduce reliance on intermediaries,
their effectiveness in practice depends on legal recognition and institutional integration
across jurisdictions [4,67].

4.2.2. Property and Asset Management

Unlike transaction-focused applications, which primarily aim to streamline prop-
erty transfer processes, blockchain applications in property and asset management fo-
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cus on post-transaction operations, including leasing, ownership administration, and
data governance.

Blockchain technology has been widely explored to modernise property and asset man-
agement by improving transparency, security, and operational efficiency [6,7]. Traditional
property management practices are often constrained by high transaction costs, fragmented
record keeping, fraud risks, and heavy reliance on intermediaries [6]. Blockchain-based
real estate management systems (REMS) address these challenges through immutable
records, smart contract automation, and secure digital authentication [68]. By leveraging
smart contract functionality, such systems can automate lease agreements, rent payments,
and property transfers while ensuring time-stamped, tamper-resistant storage of cadastral
and ownership data. A summary comparison between traditional real estate systems
and blockchain-enabled solutions, including key benefits and challenges, is provided in
Appendix B. The integration of Blockchain-as-a-Service (BaaS) further enhances scalability,
making blockchain solutions more viable for large-scale property management and public
administration, including the issuance of secure digital documents [7].

In the leasing sector, blockchain applications focus on reducing administrative com-
plexity and improving trust among landlords, tenants, and investors [25]. Conventional
leasing processes typically involve multiple intermediaries, manual documentation, de-
layed payment reconciliation, and heightened fraud risk [25,69]. Blockchain-based leasing
platforms introduce decentralised identity verification, automated rent collection, and smart
contract-enabled dispute resolution, significantly reducing transaction frictions [25,69]. Plat-
forms such as BlockHouse [70], RealT in the United States [71], a proposed project in Ho
Chi Minh City [70] and other projects [72] demonstrate how user interfaces, combined with
backend verification and smart contract execution, can create transparent, tamper-proof
leasing records. Empirical evidence from Malaysia further indicates that operational disrup-
tions during the COVID-19 pandemic accelerated the adoption of digital tools, including
blockchain [69], to automate leasing processes, improve communication with tenants, and
enhance operational resilience in line with national Industry 4.0 agendas [69,73].

Blockchain also supports housing data governance by ensuring authenticity, privacy,
and reduced intermediary costs within a secure, multi-layered structure [33] and is in-
creasingly applied to ownership management and land administration, where secure and
transparent registries are critical [3,32]. By integrating decentralised storage solutions
such as InterPlanetary File System (IPFS, a decentralised peer-to-peer network for secure
document storage) with cryptographic identifiers (e.g., QR codes, Near Field Communica-
tion tags (NFC, small chips enabling short-range data transfer), and encryption keys) [3],
blockchain systems can link physical property documents with verifiable digital records,
reducing inconsistencies and fraud. International case studies illustrate this potential. In
India, state-level initiatives such as Andhra Pradesh’s blockchain-based land registration
system enable authorised stakeholders to verify transactions through immutable audit
trails, while maintaining government oversight [74]. Similar developments are observed in
Serbia’s Land Information System [75] and Sweden’s blockchain-enabled Land Adminis-
tration System (LAS), where smart contracts automate ownership updates and mortgage
processes [8,9,71,76]. In Malaysia, blockchain-based land registry frameworks have been
proposed to address vulnerabilities associated with centralised SQL databases, enhancing
security, transparency, and sustainability through paperless transactions [73].

Despite these demonstrated applications, the literature highlights significant barriers
to widespread adoption in property and asset management. Many blockchain systems
remain at the pilot or prototype stage and depend heavily on institutional readiness,
regulatory alignment, and stakeholder awareness [77]. In developing contexts, limited
technical expertise, shortages of skilled developers, interoperability constraints, scalability
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challenges, and concerns regarding data privacy and cybersecurity continue to impede
implementation [78]. Moreover, while blockchain can enhance transparency and efficiency,
land and property governance still requires authoritative validation by public institutions,
limiting full decentralisation. These challenges highlight that, unlike transaction-focused
applications, the adoption of blockchain in property and asset management depends more
heavily on institutional coordination, regulatory alignment, long-term governance capacity
and trust among stakeholders.

While transaction-focused applications emphasise efficiency, cost reduction, and pro-
cess automation, management-oriented applications focus more on long-term governance,
data integrity, and operational coordination. This distinction highlights that blockchain
adoption in real estate extends beyond individual transactions and requires integration
across the broader property lifecycle.

4.2.3. Regulatory, Legal Opportunities and Challenges

Blockchain technology introduces both opportunities and challenges for real estate
transactions, particularly in relation to legal frameworks and regulatory compliance [79].
On the opportunity side, blockchain’s immutable records, smart contracts, and secure
identity verification mechanisms offer the potential to enhance transparency, reduce fraud,
and streamline transaction processes [80]. Studies suggest that permissioned blockchain
systems overseen by public authorities may support legal compliance by enabling con-
trolled access, fair pricing, and interoperability with existing digital identity infrastructures,
particularly in European real estate markets [79]. Legal innovation is also evident in
blockchain-enabled Trust applications, where timestamping and smart contract-based
“smart property” frameworks have been proposed to automate Trust administration, im-
prove auditability, and facilitate inclusive real estate services, including those designed for
individuals with disabilities [81].

However, the literature consistently highlights substantial legal and regulatory barri-
ers to implementation [25,80,82]. Empirical market analysis of blockchain-based real estate
investment platforms in the United States indicates that, despite technological feasibility, le-
gal complexity, bureaucratic procedures, and jurisdictional constraints significantly limiting
blockchain’s disruptive impact, most platforms operate within narrowly defined domestic
legal boundaries [82]. Beyond regulatory friction, critical case-based studies further caution
that blockchain-enabled real estate initiatives are deeply embedded in existing property
regimes and historical land governance structures. Evidence from tokenised land and
housing projects in the United States demonstrates that the rhetoric of “frictionless” crypto-
capital often conflicts with the material, legal, and social realities of property ownership,
raising concerns about dispossession, regulatory circumvention, and social inequity rather
than purely technical inefficiency [82,83].

Across jurisdictions, unresolved issues include the legal recognition of digital
blockchain assets, cross-border regulatory inconsistencies, the continued role of traditional
intermediaries, and the challenge of integrating decentralised systems within established
land administration frameworks [25,80]. In addition, a critical tension exists between
blockchain immutability and data protection requirements, particularly the “right to be
forgotten” and the “right to rectification” under the General Data Protection Regulation
GDPR (Articles 16 and 17) [84]. Emerging approaches, including off-chain data storage
combined with on-chain verification, as well as privacy-enhancing techniques such as
zero-knowledge proofs (ZKP) [22], provide potential pathways to address this issue by
enabling selective data disclosure and modification while preserving transaction integrity.
Furthermore, technical mechanisms such as data pruning and the use of permissioned or
semi-private blockchain architectures, which enable controlled access and governance, have
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been proposed to allow controlled deletion or modification of personal data while main-
taining system security and auditability, suggesting that governance-oriented blockchain
design may better align with legal requirements [84].

These issues are particularly evident in contexts such as Australia, where legislative
responses to blockchain-based real estate applications remain fragmented and cautious [85].
Collectively, the literature suggests that realising blockchain’s legal potential in real es-
tate requires a balanced regulatory approach that provides legal certainty and investor
protection, accommodates innovation, and remains sensitive to jurisdiction-specific legal
traditions and societal norms.

4.2.4. Property Valuation and Development

Blockchain technology holds the potential to enhance transparency, accountability, and
efficiency across commercial real estate operations, property development, and valuation
processes, which often involve numerous intermediaries, extensive documentation and
are controlled by brokers and institutional investors [86-88]. In commercial real estate,
blockchain applications, particularly those based on smart contracts and tokenisation, are
proposed to reduce transaction complexity, costs, and information asymmetry by enabling
decentralised data sharing and peer-to-peer trading [89]. Ethereum-based models and
integrated data platforms aim to standardise property information, accelerate transactions,
and improve data reliability, with conceptual studies suggesting the potential emergence of
universal real estate exchange platforms [87]. Empirical evidence from Malaysia further
indicates that blockchain could improve financial reporting, administrative coordination,
and dispute reduction in commercial office building management, although adoption
remains constrained by regulatory uncertainty, limited awareness, and technical capacity
gaps [90].

In property development management, blockchain is used to improve project gover-
nance, procurement transparency, and payment automation throughout the development
lifecycle [25]. Studies demonstrate its potential to enhance financing transparency for small
and medium-sized real estate enterprises through decision-support frameworks [91], while
sector-specific applications in Dubai [92] and Ireland [93] illustrate how blockchain inte-
gration with quality management systems and Building Information Modelling (BIM) can
strengthen accountability, service delivery, and public trust in planning and development
processes. Despite these benefits, interoperability with existing development platforms and
coordinated regulatory support remain critical prerequisites for implementation [93].

Blockchain also shows growing promise in property valuation by addressing
long-standing challenges related to data integrity, transparency, and client influence [94,95].
By providing immutable, verifiable data environments, blockchain complements digital
valuation tools such as Automated Valuation Models (AVMs) and Al-driven analytics, sup-
porting more objective and trustworthy valuation outcomes [94]. Prototype systems, such as
Hyperledger Fabric-based applications, demonstrate reduced valuation bias and enhanced
stakeholder confidence [77,94,95]. However, widespread adoption of blockchain-enabled
valuation systems is limited by high implementation costs, shortages of technical expertise,
and low stakeholder awareness, particularly in developing market contexts [94].

4.2.5. Public Perceptions

Public perception plays a critical role in shaping the adoption of blockchain technology
in the real estate sector. Although blockchain is widely promoted as a solution to persistent
social inequality real estate challenges [71], empirical studies consistently reveal low levels
of awareness and readiness among real estate professionals. Survey evidence from Europe
and the Asia-Pacific region indicates that, while stakeholders familiar with blockchain
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recognise its potential benefits, limited knowledge, technical capacity, and regulatory
uncertainty continue to constrain adoption [71,78].

Behavioural and perceptual factors are shown to outweigh purely technical considera-
tions in influencing blockchain uptake. Empirical adoption studies conducted among real
estate buyers, sellers, and professionals demonstrate that attitudes, perceived usefulness,
trust, and concerns over data privacy and security exert the strongest influence on adop-
tion decisions, whereas technological performance plays a secondary role [96,97]. These
findings suggest that conventional technology acceptance models require adaptation to
capture the trust- and risk-sensitive nature of blockchain applications in real estate. While
traditional models emphasise perceived usefulness and ease of use, the findings highlight
the increasing importance of trust, perceived risk, and social and institutional influences in
shaping adoption behaviour.

Beyond individual perceptions, institutional and policy environments critically condi-
tion public acceptance. Research on blockchain-based land and property systems indicates
that technological potential alone is insufficient without coherent regulatory frameworks,
reliable digital infrastructure, and political commitment [98]. In Malaysia, these findings
align with the government’s Industry 4.0 digitalisation agenda, suggesting that targeted ed-
ucation, stakeholder training, and inter-agency collaboration could accelerate adoption [69].
This indicates that blockchain adoption is shaped not only by individual perceptions but
also by broader organisational and environmental conditions, reflecting the complexity
of multi-stakeholder real estate systems. Overall, the literature suggests that bridging the
gap between blockchain’s technical capabilities and its public perception is essential for
fostering broader acceptance and enabling sustainable digital transformation in the real
estate sector [71,73,77,98].

The reviewed applications across real estate transactions, tokenisation, property and
asset management, valuation, development, and ownership governance demonstrate
blockchain’s capacity to enhance transparency, operational efficiency, and trust. However,
the literature consistently indicates that most initiatives remain at an early or experimental
stage, with their practical effectiveness, scalability, and long-term sustainability yet to be
robustly validated. Successful implementation is shaped less by technological capability
alone than by regulatory clarity, institutional readiness, stakeholder awareness, and gover-
nance alignment. Consequently, while blockchain offers a promising pathway for digital
transformation in real estate, its wider adoption depends on the development of integrated
governance frameworks that balance innovation with accountability and promote equitable
access to digital infrastructure and benefits.

5. Discussion

This section synthesises the findings of the systematic literature review to evaluate
how blockchain technology is reshaping the real estate sector. The discussion extends
beyond a descriptive summary by considering the robustness of existing findings and
their implications for real-world implementation. It is structured into four parts: (1) the
benefits of blockchain in enhancing real estate processes; (2) the challenges that constrain
widespread adoption; (3) the emerging opportunities that extend its application and value
creation potential and (4) the implications for technology acceptance. Together, these
discussions provide a critical assessment of blockchain’s transformative potential and its
implications for future policy, governance, and industry practice. This review is subject to
several limitations, including potential publication bias, database selection constraints, and
the exclusion of non-English literature.
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5.1. Benefits of Blockchain in Real Estate

The benefits of blockchain in real estate can be broadly categorised into enhanced
transparency, efficiency, trust, and cost effectiveness.

5.1.1. Transparency

Blockchain offers a shared, immutable ledger that reduces information asymmetry and
enhances traceability across property lifecycles [1,2]. In land registries and ownership man-
agement, transparent histories of title changes can reduce fraud and disputes [8,9,71,74-76].
In transactions, tokenisation, and property management, standardised, auditable records
improve accountability for agents, developers, and regulators [3,8,9,32,33,71,74-76]. While
technologies such as BIM and IoT have improved data visibility and real-time monitoring
in planning and management systems [93,99], blockchain further enhances transparency
through its decentralised, tamper-proof audit trail, ensuring data integrity, public trust,
and institutional accountability across the real-estate lifecycle [52,68].

5.1.2. Efficiency

Smart contracts automate processes, including payment settlements [25,70,72], lease
administration [70,100], and title transfers [8,9,71,74,75], thereby reducing reliance on inter-
mediaries and shortening transaction timelines that are constrained by manual checks and
fragmented workflows [68,80]. In property development, blockchain supports coordination
among developers, contractors, financiers, and public authorities through trusted digital
platforms, thereby reducing bottlenecks and redundancy [101]. Compared with Al- and
IoT-driven automation [93,99], blockchain’s distinctive contribution lies in ensuring trans-
actional integrity and auditable coordination among multiple stakeholders [52,68,80,101].

5.1.3. Trust

Because records on blockchain are tamper resistant and verifiable, trust shifts from
reliance on third-party institutions such as banks, registries, or notaries to the system
itself [13,14]. This feature is particularly valuable in markets where corruption, inefficiency,
or weak governance undermine confidence in real estate transactions [74]. Trust is also
strengthened among stakeholders, such as buyers, sellers, developers, and regulators,
because all parties can validate information from a single, secure, and transparent source
of truth.

5.1.4. Cost Effectiveness

By reducing the need for intermediaries such as lawyers, brokers, or escrow services,
blockchain can lower transaction costs across the real estate lifecycle [8,9,71,76]. Automation
via smart contracts further reduces administrative overhead in leasing [70], property
management [68,80], and investment platforms [39,71]. While the initial implementation of
blockchain systems may be costly, the long-term savings from minimising inefficiencies,
disputes, and delays are significant, making blockchain a cost-effective solution for both
private actors and public institutions.

Overall, blockchain functions less as a standalone technology than as a governance-enabling
infrastructure that enhances transparency, coordination, trust, and cost efficiency in real
estate, with its transformative impact dependent on institutional and regulatory alignment.
These benefits are typically discussed under conditions in which data reliability, stakeholder
participation, and institutional support are assumed, suggesting that their realisation may
vary across implementation contexts.
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5.2. Challenges of Blockchain in Real Estate

While blockchain offers promising solutions for many aspects of real estate, its adop-
tion is shaped by regulatory, technological, and market-related constraints, which influence
how effectively these solutions can be realised in practice.

5.2.1. Regulatory Uncertainty

Regulatory uncertainty remains a major barrier to blockchain adoption in real estate.
Many countries lack clear frameworks and investor protections for property tokenisation
and DeFi applications [10,11]. Compliance with varying financial, property, and data
protection laws across jurisdictions adds complexity [12], while institutional reluctance
persists due to ongoing legal ambiguities [55].

5.2.2. Technological Risks and Limitations

Scalability continues to pose a significant obstacle for blockchain adoption in real
estate, as rising transaction volumes can lead to slower processing times and higher op-
erational costs [1]. Additionally, the lack of reliable and standardised real estate data,
especially in developing regions with incomplete records and informal ownership, un-
dermines the effectiveness of smart contracts and dApps [102]. Interoperability issues
between various blockchain platforms and legacy systems further complicate integration ef-
forts [43]. Beyond these challenges, energy consumption associated with certain consensus
mechanisms raises environmental and sustainability concerns, particularly in large-scale
implementations [103]. Cybersecurity risks, such as vulnerabilities in smart contract coding
or external data oracles, further complicate adoption by exposing systems to potential
exploitation [104]. However, blockchain’s immutability, while often seen as a strength, can
become a liability in real estate transactions, as errors in title registration or regulatory
updates are difficult to amend once recorded [105]. Collectively, these limitations highlight
the need for ongoing technical innovation, regulatory alignment, and robust governance
frameworks to enable the reliable use of blockchain in real estate. At the same time, while
blockchain is often presented as a scalable and secure infrastructure, practical implemen-
tations continue to face challenges related to transaction volume, data integration, and
system interoperability.

5.2.3. Adoption Barriers

Blockchain adoption in real estate faces several non-technical barriers. A significant
lack of awareness and expertise among professionals, investors, and regulators impedes
uptake, while integration with third-party systems adds complexity and raises privacy con-
cerns [11,12]. The decentralised architecture of blockchain also generates redundant storage
overhead, creating scalability challenges that limit large-scale deployment [44]. In addition
to these technical limitations, resistance to change within the traditionally conservative
real estate sector further impedes adoption. Many stakeholders view decentralisation as a
disruption to established roles, authority structures, and revenue models, heightening their
reluctance to embrace the technology. These concerns are compounded by the lack of robust
governance frameworks, which make dispute resolution, accountability, and regulatory
oversight in blockchain-enabled platforms uncertain and inconsistent [2,12,44], potentially
limiting the extent to which blockchain can be implemented at scale across diverse real
estate systems.

5.2.4. Social and Ethical Considerations

Privacy concerns and digital exclusion pose notable challenges to applying blockchain
to real estate. While blockchain’s transparency helps reduce fraud, it can also expose
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sensitive data, such as ownership details, transaction amounts, and personal identities,
thereby increasing risks of identity theft and targeted scams [10,12]. Even when encrypted,
immutable ledgers may conflict with evolving privacy norms and regulatory requirements.
For example, the General Data Protection Regulation (GDPR) in the European Union
grants individuals the “right to be forgotten,” allowing them to request the deletion of
personal data. This principle directly conflicts with blockchain’s immutability, raising
ethical dilemmas about how to balance data permanence with privacy rights [15,16,106].

In addition, reliance on digital platforms raises inclusivity issues. Individuals with-
out reliable internet access, adequate digital literacy, or financial resources, particularly
lower-income households, rural communities, and older populations, may be excluded
from participating in blockchain-enabled property markets [107,108]. This digital divide
risks exacerbating existing inequalities in housing and property ownership, contradicting
the ethical objective of creating fairer and more accessible real estate systems.

Together, these concerns underscore that blockchain adoption in real estate is not only
a technical or regulatory challenge but also a question of social equity and ethical respon-
sibility, requiring safeguards to protect vulnerable groups while balancing transparency
with privacy.

Despite the growing number of pilot applications, a critical question remains as
to why these initiatives have not yet translated into large-scale implementation. While
many blockchain applications in real estate remain at an early or pilot stage, the literature
suggests that limited scalability is not solely a technical issue. Although challenges such as
transaction throughput, interoperability, and system integration persist, a more significant
constraint lies in institutional and organisational factors. In particular, the continued
reliance on intermediaries, such as legal professionals, brokers, and regulatory authorities,
creates resistance to fully decentralised models, as these actors play essential roles in
ensuring compliance, managing risk, and fostering trust.

As a result, rather than replacing existing systems, blockchain implementations are
more likely to evolve as hybrid or complementary solutions embedded within current
governance structures. This highlights that the transition from pilot to large-scale adoption
depends not only on technological maturity but also on the alignment between blockchain
design, regulatory frameworks, and stakeholder incentives.

These findings further reinforce the need for governance-oriented approaches to
blockchain adoption in real estate, where clearly defined institutional roles, regulatory
frameworks, and stakeholder coordination mechanisms are essential to bridge the gap
between experimental pilots and scalable implementation.

5.3. Opportunities of Blockchain in Real Estate

Based on the systematic literature review, several knowledge gaps have been identified,
highlighting areas where further development is needed to support the practical application
of blockchain in real estate.

5.3.1. Legal and Regulatory Framework

Key legal and regulatory challenges remain in blockchain’s real estate applications.
One area is the legal validity of smart contracts, which requires research into evolving
legal frameworks to align blockchain agreements with existing contract and property
laws [11]. Cross-border transactions introduce additional complexity, as blockchain must
navigate diverse international property laws and regulatory standards to be effective
globally [25,67,80]. Regulatory compliance is also critical, particularly with data protection
laws like the GDPR, which restrict the processing of sensitive data without explicit consent.
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Further research is needed to ensure blockchain platforms can support audits and legal
modifications while upholding privacy and maintaining data integrity [15].

5.3.2. Privacy and Data Security

Safeguarding personal information is a persistent challenge in blockchain-based real
estate applications. While blockchain offers pseudonymity by linking transactions to
unique addresses, it does not ensure full anonymity, as transactions are public and traceable.
Research into advanced cryptographic methods, such as ZKP, is needed to enhance privacy
without compromising transparency [22,72]. Securing sensitive real estate data on-chain
also requires exploring of encryption techniques such as homomorphic encryption and
secure multi-party computation [22], particularly in contexts involving property ownership
records, transaction data, and identity verification in the property development process,
where privacy protection must be balanced against regulatory transparency requirements.
Additionally, the rise in quantum computing threatens current cryptographic standards,
highlighting the need for post-quantum cryptography to protect blockchain systems and
real estate data in the future [22,109].

5.3.3. Blockchain Adoption in Land Record Management and Planning Process

Countries such as Sweden, India, and Serbia have experimented with blockchain-driven
land registration initiatives aimed at enhancing transparency, reducing fraudulent activities,
and streamlining property transactions. However, these projects remain largely in early
stages, with limited evidence on long-term effectiveness, cost efficiency, and social outcomes.
A major challenge lies in managing large volumes of historical and spatial data while
ensuring privacy and integration with existing land administration systems.

In many regions, especially in developing countries, fragmented or paper-based
records and the lack of standardised registration systems hinder blockchain adoption.
Hybrid models that combine blockchain with traditional methods may offer a practical
path forward, allowing gradual modernisation while preserving legacy structures.

Beyond record keeping, blockchain also holds promise in urban and regional planning.
By offering a shared, verifiable platform for tracking land use changes, planning approvals,
developer obligations, and infrastructure contributions, blockchain can reduce disputes
and enhance accountability in the planning process. For instance, smart contracts could
automatically enforce zoning restrictions, trigger compliance audits, or record community
feedback, and create a more responsive and transparent planning system. Integrating
blockchain into planning also facilitates real-time collaboration among councils, developers,
and residents, improving data integrity and public trust.

Successful implementation will require not just technology, but also regulatory support,
institutional capacity, and community trust, particularly given the complexity of planning
systems and the diversity of stakeholders involved. As blockchain adoption may alter the
roles of intermediaries, concerns over job displacement and institutional disruption may
hinder acceptance. In this context, blockchain is more likely to be adopted when integrated
into existing systems to support and enhance intermediary functions, rather than fully
replacing them.

5.3.4. Limited Adoption in Selected Asia-Pacific Region

Studies indicate that blockchain adoption in the selected Asia-Pacific real estate indus-
try remains in its early stages, with limited large-scale implementation in both Australia
and Malaysia. In Australia, adoption has been cautious, with only a few practical exam-
ples such as the HXART fund, while broader applications in real-estate tokenisation and
property development remain slow due to regulatory uncertainty and limited stakeholder
awareness [110]. Similarly, in Malaysia, research shows that while pilot initiatives such as
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the TRL and blockchain-based frameworks for land registration and property management
demonstrate technological readiness, progress is constrained by skill shortages, unclear
regulations, and limited institutional support [73].

Globally, the potential of blockchain to address housing affordability through models
such as shared ownership and rent-to-own schemes remains underexplored [15]. Across
both developed and developing countries, a lack of public awareness, investor understand-
ing, and government-led coordination continues to impede progress, underscoring the
importance of coordinated policy frameworks, institutional readiness, and stakeholder
engagement in shaping the trajectory of blockchain adoption across regions.

However, given the diversity of the Asia-Pacific region, these findings should be
interpreted with caution and are not intended to represent the region as a whole. Beyond
the practical opportunities identified, these findings also contribute to a deeper theoretical
understanding of technology adoption in blockchain-enabled real estate systems.

5.4. Implications for Technology Acceptance

Technology adoption in real estate can be understood across multiple levels, encom-
passing both individual perceptions and broader institutional conditions. At the individual
level, established frameworks such as the Technology Acceptance Model (TAM) [111] and
the Unified Theory of Acceptance and Use of Technology (UTAUT) [112] provide important
foundations for explaining user behaviour, particularly through constructs such as per-
ceived usefulness, ease of use, social influence, and facilitating conditions. These models
have been widely applied in studies of digital technology adoption and offer valuable
insights into how users evaluate and engage with new systems.

However, the findings of this review suggest that blockchain applications in real estate
introduce additional dimensions that these conventional models do not fully capture. In
particular, trust in decentralised systems, perceived risks related to data transparency
and privacy, and uncertainties associated with regulatory and legal recognition emerge as
critical factors influencing adoption. These considerations extend beyond individual-level
perceptions and reflect the complex, multi-stakeholder nature of real estate systems.

In this context, the Technology Organisation Environment framework (TOE) [113] pro-
vides a complementary perspective by incorporating organisational readiness, regulatory
conditions, and external environmental influences. Recent studies have further extended
this framework by incorporating stakeholder-related dimensions, highlighting that tech-
nology adoption in complex governance contexts is shaped not only by organisational
and environmental factors but also by the capabilities, experiences, and engagement of
stakeholders [114].

Together, these perspectives indicate that blockchain adoption in real estate is influ-
enced by both individual acceptance and broader institutional conditions. Rather than
proposing a formal model, this study highlights key dimensions (trust, perceived risk,
institutional readiness, and governance alignment) that may inform future theoretical
development, offering a more context-sensitive understanding of adoption in complex
real estate and planning environments. However, this study is subject to certain limita-
tions, including the absence of a formal risk-of-bias assessment and potential constraints
on the scope of the reviewed literature, which should be considered when interpreting
the findings.

6. Conclusions and Implications

This systematic literature review demonstrates that blockchain applications in real
estate have the potential to enhance transparency, efficiency, and trust, while also introduc-
ing raising significant technical, regulatory, legal, ethical, and social challenges. Based on
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the review of 135 studies published between 2016 and 2025, the literature remains heavily
concentrated on property transactions, tokenisation models, and decentralised real estate
finance, whereas other strategically important domains are comparatively underexplored.

A key finding of this review is the limited empirical attention given to blockchain
applications in property development and urban planning processes, despite their strong
relevance to land governance, regulatory oversight, and public sector decision making.
Most studies in these areas remain conceptual or pilot based, highlighting a gap between
theoretical potential and practical implementation. Addressing this gap requires moving
beyond transaction-focused applications toward integrating blockchain into development
approvals, planning workflows, land administration, and inter-agency coordination within
complex institutional environments.

Several priority directions for future research therefore emerge: (1) developing robust
legal and regulatory frameworks; (2) strengthening privacy protections and data security;
(3) advancing technical scalability and interoperability to enable integration with exist-
ing systems; (4) exploring blockchain’s potential in land record management and urban
planning processes, a promising yet underdeveloped area; (5) assessing socio-economic
impacts, including affordability, accessibility, and inclusivity; and (6) investigating adoption
pathways within the selected Asia-Pacific region real estate market.

By addressing these gaps, this study contributes to a more grounded understanding
of blockchain’s role in real estate digital transformation. Importantly, the findings suggest
that adoption is shaped not only by technological capability but also by governance con-
ditions, institutional readiness, and stakeholder acceptance. Policymakers may leverage
blockchain to modernise land registries, development approvals, and digital title systems,
supported by targeted training and institutional capacity building. Investors and industry
practitioners can better assess risks and opportunities by monitoring regulatory maturity
and technological readiness, while researchers are encouraged to prioritise real-world case
studies and governance-oriented frameworks. Overall, while blockchain holds promise
beyond efficiency gains, particularly in supporting transparent and accountable property
and urban development, realising this potential will require sustained collaboration be-
tween academia, industry, and government, as well as the development of governance
frameworks that balance innovation with accountability.
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Abbreviations

The following abbreviations are used in this manuscript:

Al Artificial Intelligence

AVMs Automated Valuation Models

BaaS Blockchain-as-a-Service

BIM Building Information Modelling
dApp Decentralised Application

DBAs digital blockchain assets

DeFi Decentralised Finance

DT Digital Transformation

GDPR General Data Protection Regulation
GS Google Scholar

IPFS InterPlanetary File System

NFC Near Field Communication
PRISMA  Systematic Reviews and Meta-Analyses
REITs Real Estate Investment Trusts
REMS Real Estate Management System
RWAs Real-World Assets

SMART  Specific + Measurable + Achievable + Relevant + Time-bound
STO Security Token Offering

SPV Special Purpose Vehicle

SQ Service Quality

SHD Strategic Housing Development
TOM Total Quality Management

ZKP Zero-Knowledge Proofs
Appendix A

Table A1. Publicly available articles for systematic review on blockchain in “real estate” and “property”.

No. Authors and Paper Ref. Year Publication Type Use Case
1 AbdulKader & Kumar [13] 2023 Journal Applications in real estate
2 Abo Halawa et al. [64] 2025 Conference Proceeding Case Study
3 Abualhamayl et al. [41] 2024 Journal Real estate transactions
4 Adilieme et al. [94] 2024 Journal Property Valuation
5 Adilieme et al. [95] 2024 Journal Property Valuation
6 Ahire & Jaigude [42] 2024 Journal Real estate transactions
7 Ahmad et al. [7] 2020 Journal Property management
8 Aietal. [115] 2023 Journal Applications in real estate
9 Akhmetbek & épaéek [12] 2021 Journal Case Study
10 Aliti et al. [68] 2023 Journal Property management
11 Allen et al. [116] 2021 Book Section Ownership Management
12 Alnafrah et al. [117] 2019 Journal Ownership Management
13 Alves [118] 2022 Thesis Systematic review
14 Amelin et al. [119] 2020 Journal Ownership Management
15 Amin et al. [45] 2023 Conference Proceeding Applications in real estate
16 Arrufiada [120] 2020 Book Section Legal challenges and opportunities
17 Arnautovic et al. [121] 2025 Conference Proceeding Applications in real estate
18 Avci & Erzurumlu [11] 2023 Journal Legal challenges and opportunities
19 Azari & Malek [122] 2021 Thesis Applications in real estate
20 Badea et al. [123] 2019 Journal Ownership Management
21 Baptista et al. [71] 2023 Journal Public Perceptions
22 Bhatia et al. [124] 2024 Journal Applications in real estate
23 Bonnet & Teuteberg [22] 2023 Journal Case Study
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No. Authors and Paper Ref. Year Publication Type Use Case

24 Boron [125] 2022 Thesis Applications in real estate

25 Chinthamani et al. [46] 2025 Book Section Applications in real estate

26 Creta & Mazaj [126] 2021 Journal Systematic review

27 Dias [127] 2023 Journal Systematic review

28 Djursén & Bjork [29] 2022 Thesis Real estate transactions

29 Duan et al. [128] 2022 Journal Real estate transactions

30 Erzurumlu [57] 2021 Book Section Real estate transactions

31 Ewendt [129] 2018 Journal Real estate transactions

32 Exter & Radosavljevic [87] 2024 Journal Commercial Real Estate

33 Falconnier [130] 2023 Thesis Ownership Management

34 Fu et al. [50] 2024 Journal Applications in real estate

35 Garcia-Teruel [79] 2020 Journal Legal challenges and opportunities
36 Goderdzishvili et al. [31] 2018 Conference Proceedings Ownership Management

37 Gong et al. [131] 2021 Journal Real estate transactions

38 Goragandhi et al. [44] 2021 Conference Proceedings Applications in real estate

39 Graglia & Mellon [132] 2018 Journal Systematic review

40 Gunawan et al. [133] 2025 Journal Applications in real estate

41 Giirkaynak et al. [134] 2018 Journal Legal challenges and opportunities
42 Harris & Nikbakht [2] 2021 Book Section Applications in real estate

43 Hossain et al. [135] Conference Proceedings Real Estate Leasing

44 Hoxha & Sadiku [66] 2019 Journal Real estate transactions

45 Hua et al. [136] 2023 Journal Real estate transactions

46 Huh & Kim [109] 2020 Journal Real estate transactions

47 Ishmaev [137] 2017 Journal Ownership Management

48 Jasimin [25] 2024 Book Section Legal challenges and opportunities
49 Jeong & Ahn [62] 2021 Journal Real estate transactions

50 Joshi & Choudhury [27] 2022 Journal Real estate transactions Tokenization
51 Joshi & Rajeswari [26] 2020 Book Section Ownership Management

52 Joshi et al. [138] 2020 Book Section Ownership Management

53 Jreisat & Mili [1] 2024 Book Section Systematic review

54 Kaur [52] 2024 Journal Real estate transactions

55 Konashevych [139] 2020 Journal Real estate transactions

56 Korusamy [140] 2023 Conference Proceeding Real estate transactions

57 Kshetri [74] 2022 Journal Case Study

58 Labus et al. [65] 2024 Book Section Real estate transactions

59 Langaliya & Gohil [141] 2023 Journal Real estate transactions

60 Langaliya & Gohil [142] 2024 Book Section Real estate transactions

61 Langaliya & Gohil [59] 2025 Journal Real estate transactions

62 Lalitha et al. [143] 2025 Conference Proceeding Property Management

63 Lalitha et al. [144] 2025 Conference Proceeding Real estate transactions

64 Lehavi & EZVSI]H e-Schnur 2020 Book Legal challenges and opportunities
65 Leka [3] 2025 Journal Ownership Management

66 Levine-Schnur [146] 2020 Book Section Legal challenges and opportunities
67 Li[147] 2023 Book Section Real estate transactions

68 Liet al. [148] 2019 Journal Real estate leasing

69 Lin et al. [91] 2024 Journal Property Development management
70 Lin et al. [149] 2025 Conference Proceeding Applications in real estate

71 Liu & Chen [56] 2025 Journal Real estate transactions Tokenization
72 Lu & Wu [150] 2024 Journal Property Development management
73 Maioli & Livingstone [151] 2025 Journal Applications in real estate

74 Malviya [89] 2017 Journal Commercial Real Estate

75 Mareeswari et al. [152] 2025 Conference Proceeding Real estate transactions

76 Margret et al. [153] 2025 Conference Proceeding Real estate transactions
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77 Martino & Ringe 2025 Journal Legal challenges and opportunities
78 Mashatan et al. [99] 2021 Journal Real estate transactions
79 Mashatan & Roberts [60] 2017 Journal Real estate transactions
80 Meghana et al. [154] 2025 Conference Proceeding Real estate transactions
81 Miah [61] 2022 Journal Systematic review
82 Miriam et al. [155] 2025 Conference Proceeding Applications in real estate
83 Mohanty et al. [6] 2024 Journal Property management
84 Morena et al. [81] 2020 Journal Real estate transactions
85 Moringiello & Odinet [156] 2022 Journal Ownership Management
86 Mottaghi et al. [53] 2024 Journal Real Estate Transactions Tokenization
87 Naz et al. [39] 2024 Journal Real Estate Transactions
88 Nikoli¢ et al. [157] 2023 Journal Systematic Review
89 Olaleye et al. [158] 2025 Journal Property Management
90 Oluwumni [93] 2023 Journal Systematic review
91 Pankratov [159] 2020 Journal Real estate transactions
92 Patel et al. [160] 2025 Conference Proceeding Applications in real estate
93 Perera et al. [161] 2021 Journal Real Estate transaction
94 Plevris et al. [162] 2023 Journal Real estate transactions
95 Podshivalov [163] 2022 Journal Ownership Management
96 R & M [98] 2023 Journal Public Perceptions
97 Robb & Bellamy [85] 2024 Journal Legal challenges and opportunities
98 Romani et al. [164] 2025 Conference Proceeding Property Management
99 Rohilla et al. [97] 2025 Journal Real estate transactions
100 Saari et al. [102] 2022 Journal Systematic review
101 Saari et al. [165] 2022 Journal Ownership Management
102 Sawant et al. [33] 2023 Book Section Ownership Management
103 Saull et al. [88] 2020 Journal Real estate transactions
104 Schmidt & Elferich [43] 2021 Journal Applications in real estate
105 Seigneur et al. [166] 2020 Conference Proceeding Systematic review
106 Seuren [167] 2018 Thesis Commercial Real Estate
107 Sinha et al. [168] 2022 Book Section Real Estate transaction
108 Sladi¢ et al. [75] 2021 Journal Case Study
109 Smith [169] 2024 Thesis Legal challenges and opportunities
110 Spielman [170] 2016 Thesis Ownership Management
111 Spiga [171] 2024 Journal Real estate transactions
112 Soni et al. [172] 2025 Conference Proceeding Applications in real estate
113 Sorathi et al. [58] 2025 Conference Proceeding Real estate transactions
114 Tian & Chen [173] 2025 Journal Property Management
115 Tilbury [174] 2020 Thesis Real estate transactions
116 Tran [67] 2018 Journal Real estate transactions
117 Uchani Gutierrez & Xu [63] 2023 Journal Real Estate transaction
118 Ullah & Al-Turjman [175] 2023 Journal Real estate transactions
119 Verheye [80] 2017 Journal Legal challenges and opportunities
120 Veuger [176] 2017 Journal Systematic review
121 Veuger [4] 2018 Journal Real estate transactions
122 Veuger [177] 2020 Journal Ownership Management
123 Veuger [178] 2020 Journal Systematic review
124 Wang [179] 2023 Journal Systematic review
125 Wouda & Opdenakker [86] 2019 Journal Commercial Real Estate
126 Wu et al. [48] 2023 Journal Applications in real estate
127 Xia et al. [180] 2023 Journal Real estate transactions
128 Xue & Wei [181] 2023 Journal Real estate transactions
129 Yang et al. [182] 2025 Journal Real estate transactions
130 Yeoh et al. [183] 2024 Journal Real estate transactions
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131 Zakariyya et al. [5] 2025 Conference Proceeding Real estate transactions

132 Zhang et al. [47] 2024 Journal Applications in real estate

133 Zhang et al. [49] 2024 Journal Applications in real estate

134 Ziakis [184] 2022 Book Section Systematic review

135 Zook & McCanless [82] 2025 Journal Case Study
Appendix B

Table A2.
systems [68,80].

Summary comparison between traditional and blockchain-enabled real estate

Aspect

Traditional System

Blockchain Solution

Benefits of
Blockchain

Challenges of Blockchain

. High (5-10% for Minimal (network . Fees on the
Transaction Fees . Cost reduction .
banks/notaries) fees only) blockchain platform
. Fraud risks (fake Immutable reco.rds * Tamper-proof Cyber§gc{ur1ty
Security . . cryptographic . vulnerabilities, data
titles, tampering) DS transactions .
verification privacy concerns
Slow (weeks/months  Near-instant (smart Network congestion under
Speed P . Faster deals
or approvals) contract execution) heavy usage
. Manual, prone Automated, Auditability & Legal challenges with
Record Keeping . . s
to errors timestamped ledger transparency database interoperability
o Required (banks, Eliminated Decentralized Public perception
Intermediaries . (peer-to-peer
lawyers, notaries) . trust challenges
transactions)
D1spujce Lengthy (f;lmblguous Clear provenance via Rgduged Lack of legal recognition
Resolution ownership history) blockchain history litigation
Accessibility Limited (business 24/ 7. g}obal access Inclusivity U.nequal internet 'acces.s .and
hours, paperwork) (digital keys) infrastructure disparities
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