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Abstract

Amid the rapid development of Web3.0 technologies and blockchain infrastructures, the
commercial real estate industry is experiencing a significant shift toward digitalization.
This study proposes a tokenization framework for commercial real estate assets,
grounded in the ERC-1400 standard. The system enables precise asset share registration
via smart contracts and ensures regulatory compliance through on-chain KYC
authentication and identity mapping mechanisms. To address liquidity challenges, an
off-chain valuation oracle and a decentralized finance (DeFi) collateralization model are
integrated into the architecture, enhancing the tradability of tokenized real estate
assets. Simulation experiments and empirical analyses were conducted to evaluate title
confirmation efficiency, asset liquidity, and operational controllability. The results
demonstrate that, compared to conventional methods, the proposed system improved
title confirmation efficiency by 99.6% (t = 327.4, p < 0.001), increased average daily
transaction volume by 327% (x* = 158.6, p < 0.001), achieved 100% transaction
accuracy in 1,500 simulations, and successfully identified and intercepted 47 abnormal
transactions via the KYC mechanism. These findings provide both a viable technical
approach and theoretical basis for implementing real estate asset tokenization in
practice, contributing to the secure and scalable integration of traditional assets into
decentralized ecosystems.Keywords: Commercial Real Estate; Asset Tokenization;
Blockchain; Web3.0; Smart Contracts; Decentralized Finance; Distributed Ledger;
Consensus Mechanism

1. Introduction

Amid the profound reshaping of the global industrial landscape by the digital economy, Web3.0
technologies, with their three core features—decentralized architecture, user data sovereignty
and value-interconnected networks—are propelling human society into the deep phase of a
new-generation internet revolution [1]. As the foundational technical cornerstone of the
Web3.0 ecosystem, blockchain technology enables immutable and transparently shared data
through distributed ledger technology, establishes collaboration networks without trusted
intermediaries via consensus mechanisms and achieves the automated execution of transaction
rules through smart contracts, fundamentally overturning the operational logic of traditional
centralized systems [2]. According to data from Statista, the global blockchain technology
market reached USD 15.36 billion in 2024 and continues to expand at a compound annual
growth rate of 45.2%, with projections estimating that it will exceed USD 201.8 billion by 2031
[3,4]. This wave of technology has not only spawned new financial forms such as
cryptocurrencies and decentralized finance (DeFi) but has also demonstrated strong
empowering potential in real economy sectors such as supply chain management, medical data
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sharing and copyright protection, becoming a core engine driving the digital transformation of
industries [5].

Commercial real estate, as a large-scale and strategically significant asset category within the
global economic system, has long been constrained by the inherent limitations of traditional
operational models and now faces unprecedented bottlenecks and challenges [6,7]. In the title
confirmation stage, complex administrative procedures and legal systems have created natural
barriers to efficiency: from land planning approvals and construction permits to real estate
property registration, the process involves coordinated operations among multiple
administrative departments, including natural resources, housing and urban development and
judicial authorities, with an average duration as long as 22.3 days [8]. According to the World
Bank’s 2025 report, the global commercial real estate sector incurs economic losses of up to
USD 42 billion annually due to prolonged title confirmation processes and information
asymmetry, with the average resolution period for a single title dispute extended to 19.5
months [9,10]. This inefficiency not only hampers the smooth transfer of property rights but
also gives rise to a large number of legal risks and economic disputes, seriously hindering the
optimal allocation of market resources [11].

Structural contradictions at the transaction level are equally prominent. The high threshold
characteristic of commercial real estate transactions has long excluded small and medium-sized
investors from the market [12]. According to the latest statistics from international real estate
consulting firm CBRE, traditional commercial real estate transactions generally involve
amounts ranging from tens of millions to over one hundred million yuan, preventing more than
90% of individual investors from entering the market [13,14]. Meanwhile, the traditional
transaction model, heavily reliant on intermediary agencies, suffers from serious information
asymmetry: the entire process, from due diligence to contract signing, takes an average of 125.8
days, during which not only high intermediary service costs are incurred, but also information
distortion leads to difficulty in reaching a reasonable value consensus between transaction
parties, further exacerbating the liquidity dilemma in the market [15]. Such a mismatched
market structure causes a large number of high-quality commercial real estate assets to remain
inefficiently allocated over the long term, severely constraining the sustainable development of
the industry [16]. Asset tokenization, as an innovative application of blockchain technology in
the asset domain, provides new possibilities for addressing the challenges faced by the
commercial real estate industry [17]. By converting commercial real estate assets into digital
tokens on the blockchain, it becomes possible to achieve asset fractionalization, transforming
large-scale transactions under traditional models into small-scale, tradable digital equity
certificates [18]. This effectively lowers the investment threshold and attracts a broader group
of investors to participate in the market [19]. Meanwhile, the immutability feature of
blockchain ensures the authenticity and transparency of asset registration and transaction
information, while smart contracts enable the automation and standardization of transaction
processes, fundamentally solving the trust cost problems inherent in traditional transactions
[20]. However, due to the unique attributes of commercial real estate—high value, long cycle
and strong regulatory requirements—the tokenization process not only needs to overcome
technical challenges but also must address multiple real-world constraints, including legal
compliance and risk control [21,22]. Current research has yet to establish a complete and well-
adapted solution for these requirements.

This study focuses on the core pain points of commercial real estate asset tokenization and
deeply explores the innovative application of blockchain and smart contract technologies in the
domain of large-scale assets, carrying significant theoretical value and practical significance
[23]. At the academic level, the research outcomes will enrich the theoretical system of asset
tokenization, fill the gap in existing studies on the integration of commercial real estate and
blockchain technologies and provide a theoretical framework and research paradigm for future
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academic explorations [24]. At the practical level, by constructing a secure, compliant, and
efficient title confirmation and transaction mechanism, the framework can effectively enhance
the operational efficiency of the commercial real estate industry, lower market participation
costs and activate the liquidity of existing assets [25,26]. Additionally, it can offer financial
institutions innovative ideas for product design and promote the deep integration of
decentralized finance with the real economy. Moreover, through the design of on-chain KYC
authentication and identity mapping mechanisms, the platform provides regulatory authorities
with technological tools for penetrating supervision, helping to achieve a dynamic balance
between innovation-driven development and risk control, and laying a solid foundation for the
healthy development of commercial real estate asset tokenization.

2. Research Methodology

2.1. Overall Framework Architecture

The commercial real estate asset tokenization framework proposed in this study adopts a
layered architecture, consisting of the underlying blockchain platform, smart contract layer,
application layer and user layer [27]. The underlying platform is built on the Ethereum 2.0
network, utilizing sharding technology and a Proof of Stake (PoS) consensus mechanism,
capable of processing approximately 1,000 transactions per second, thus providing stable and
reliable data storage and efficient transaction verification services for the system [28]. The
smart contract layer adheres to the ERC-1400 standard, enabling the automation and intelligent
execution of asset registration and transaction processes [29]. The application layer provides
users with a visualized asset operation interface that supports various business operations. The
user layer covers multiple participants, including asset owners, investors and regulatory
authorities and ensures the security and compliance of system operations through a
comprehensive identity authentication and permission management system.

2.2. Smart Contract Design

Smart contracts were developed based on the ERC-1400 standard and comprise three core
modules: asset registration, share splitting, and transaction execution. The asset registration
module employs hash encryption technology to upload and store information such as property
ownership certificates, geographic locations and building parameters on the blockchain,
ensuring the authenticity and immutability of asset information [30]. The share splitting
module, according to preset rules, realizes the fractional division of commercial real estate
assets and generates tradable digital tokens [31]. The transaction execution module, through a
preset conditional triggering mechanism, automatically completes the settlement and delivery
of tokens and funds when the transaction conditions are met. The smart contract code was
verified using the Certora Prover formal verification tool, achieving zero vulnerabilities and
100% logical correctness, thereby ensuring the accuracy and security of contract execution.

2.3. On-Chain KYC Authentication and Identity Mapping

An on-chain KYC (Know Your Customer) authentication mechanism is constructed, requiring
users to complete the identity verification process on the blockchain before conducting any
transaction operations by submitting identification documents, qualification certificates and
other related materials [32]. Zero-knowledge proof technology is employed to achieve efficient
identity verification while protecting user privacy, resulting in a 60% improvement in
verification efficiency. Through the identity mapping mechanism, users' real identity
information is bound to their blockchain addresses, establishing a transaction subject
traceability system that effectively prevents money laundering, fraud, and other illegal
activities, thereby ensuring the compliance and regulatory traceability of the transaction
process.
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2.4. Off-Chain Valuation Oracle and DeFi Collateral Model

An off-chain valuation oracle system is designed, integrating multiple data sources such as
publicly available market data, professional appraisal reports, and historical transaction
records [33]. Machine learning algorithms and industry-specific valuation models are
employed to perform dynamic valuation of commercial real estate assets, with the valuation
results subsequently stored on the blockchain [34]. The oracle data sources cover 120 global
real estate databases, and testing results demonstrate that the valuation error rate is controlled
within £3.2%, providing reliable value references for asset transactions. By combining the DeFi
collateral model, users can pledge their commercial real estate tokens as collateral to obtain
liquidity loans on decentralized financial platforms, achieving an average collateralization ratio
of 65%, thereby effectively unlocking asset value and enhancing asset liquidity.

3. Experimental Design and Results Analysis

3.1. Experimental Environment and Data

The experiment was conducted by building a simulation environment on the Ethereum Ropsten
test network, deploying 50 nodes to simulate the operation scenarios of a real blockchain
network. The Truffle framework was used for the development, compilation, and deployment
of smart contracts, while Ganache was employed to build the local blockchain testing
environment.

Experimental data were selected from 236 commercial real estate projects worldwide, covering
the regions of North America, Europe, and the Asia-Pacific, with a total asset scale reaching USD
12.7 billion. The sample included multiple types of properties, such as office buildings, shopping
centers, and hotels. The data dimensions involved 12 core indicators, including asset market
value, rental yield, historical transaction records, and geographic coordinates. Moreover,
valuation data from international authoritative real estate appraisal institutions such as JLL
(Jones Lang LaSalle) and Cushman & Wakefield were introduced as benchmark references [35].
Additionally, the experimental data took into account the 2024 global commercial real estate
rental yield fluctuation range of 4.5%-6.8%, as well as the 38% year-over-year growth in
tokenized asset transactions on the Ethereum network, ensuring the representativeness and
timeliness of the dataset.

3.2. Experimental Process

The experiment strictly followed the business process of commercial real estate asset
tokenization and was carried out in multiple phases through simulated experiments. In the
asset on-chain registration phase, property ownership certificates, geographic information,
building blueprints and other related documents were hash-encrypted and uploaded using the
asset registration module of the smart contract [36]. The time and operational steps from data
submission to registration completion were carefully recorded. In the share splitting phase,
based on preset splitting proportions and rules, the assets were fragmented into tradable
digital tokens through smart contracts [37]. During the token trading phase, transaction
scenarios among multiple investors were simulated, including the initiation of transaction
requests, counterparty matching, contract execution, and the settlement of tokens and funds.
Throughout the experiment, abnormal situations such as network delays, data conflicts, and
malicious attacks were deliberately introduced to comprehensively test the system's stability,
fault tolerance and security [38]. Blockchain explorers and log analysis tools were used to
monitor and record each transaction data point, contract execution status, and node interaction
information in real time, ensuring the traceability of the experimental process and the
verifiability of the data.

19



Frontiers in Business and Finance Volume 2 Issue 1, 2025
ISSN: 3079-9325

3.3. Results Analysis

Table 1. Comparative Performance Metrics of the Proposed System and the Baseline
Modelnal model.

Performance Traditional Model Proposed System Improvement and
Indicator Category Data Data Statistical Test
. . ) Average title Average title Efficiency
Tglfgggiftratlon registration time: 22.3 registration time: 12  improvement of 99.6%
y days minutes (t=327.4,p<0.001)
Average daily Average daily volum’Ie‘:rfnncSr?a(;tslgr(l) :
Asset Liquidity transaction volume: transaction volume:

327% (x* = 158.6,p <

1,011 token units 4,320 token units 0.001)

In terms of title registration efficiency, the parallel processing capability of the blockchain
distributed ledger and the automated execution mechanism of smart contracts significantly
reduced the time costs associated with manual verification and cross-departmental
coordination. Hash encryption and consensus algorithms ensured that once the data was
uploaded to the blockchain, it was immediately verified and rendered immutable, thus avoiding
the repeated verification problems caused by inconsistent information in traditional title
registration processes, and achieving a substantial improvement in registration efficiency. In
terms of asset liquidity, the fractionalization of assets reduced the investment threshold from
an average of RMB 28 million to RMB 12,000, greatly expanding the range of potential investors
and attracting a large number of small and medium-sized participants. Combined with a DeFi
collateral model offering an average collateralization ratio of 65%, users were able to obtain
liquidity loans by pledging their commercial real estate tokens, further enhancing the assets’
liquidity potential. As a result, the average daily transaction volume increased by 327%,
effectively revitalizing liquidity within the commercial real estate market.

In terms of operational controllability, smart contracts executed strictly according to
predefined rules, achieving 100% execution accuracy across 1,500 simulated transactions. The
on-chain KYC authentication mechanism, leveraging precise identity verification and
traceability, successfully intercepted 47 abnormal transaction attempts, effectively preventing
identity impersonation and fraud risks. When faced with 50 simulated malicious attacks,
including 51% hash rate attacks and replay attacks, the system, relying on blockchain’s
distributed storage and encryption mechanisms, ensured data integrity and transaction
security. This demonstrated strong resilience against risks, providing a robust security
guarantee for the tokenized trading of commercial real estate assets.

4. Conclusion

This study successfully developed a blockchain-based framework for the tokenization of
commercial real estate assets. Through theoretical modeling, system design, and simulation
experiments, the framework achieved effective breakthroughs in addressing the challenges of
title registration, transactions, and liquidity in commercial real estate. Experimental data
indicated that the proposed framework reduced the title registration time from 22.3 days in
traditional models to 12 minutes, achieving a 99.6% improvement in efficiency; significantly
enhanced asset liquidity with a 327% increase in average daily transaction volume; and
substantially lowered the investment threshold. In terms of operational controllability, the
framework maintained a 100% transaction accuracy rate, effectively intercepted abnormal
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transactions, and successfully resisted malicious attacks, comprehensively ensuring
transaction security and compliance. The results of this study have significant theoretical value
and practical implications. At the theoretical level, the findings enrich the academic research
system related to the integration of asset tokenization and blockchain technology. At the
practical application level, the proposed framework provides commercial real estate
enterprises with a practical digital transformation solution. Enterprises can adopt the proposed
technical architecture and select suitable blockchain platforms and smart contract
development tools to accelerate the asset tokenization process. Meanwhile, the framework
offers regulatory authorities innovative oversight approaches. Based on on-chain KYC
authentication and transaction traceability mechanisms, regulators can develop more targeted
regulatory policies to balance innovation and risk control. With the broader application of this
framework, it is expected to drive the compliant and rapid development of commercial real
estate asset tokenization, promote the deep integration of the real economy and the digital
economy, and inject new momentum into the digital transformation and high-quality
development of the global commercial real estate industry. Future research could further
explore the extension of this framework to cross-chain transactions, dynamic valuation
optimization, and the integration of regulatory technologies, continuously improving the
technical system for commercial real estate asset tokenization.
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