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Abstract - Blockchain technology has significantly
impacted various industries, with smart contracts
standing at the forefront of this transformation. These
self-executing contracts, encoded on blockchain
platforms, eliminate intermediaries and automate
transactions, offering enhanced efficiency, security, and
transparency. This paper examines the evolution of
smart contracts, their legal implications, and real-world
applications across sectors such as finance, supply chain,
and real estate. Furthermore, the paper discusses the
challenges in adopting smart contracts, such as legal
uncertainties, scalability issues, and security risks, while
proposing potential solutions for their wider integration.
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1. INTRODUCTION

The rapid development of blockchain technology has not
only disrupted the financial sector but has also
introduced innovations that are reshaping other
industries. One of the key innovations is smart contracts,
which are self-executing contracts where the terms of
the agreement are written directly into lines of code.
Smart contracts aim to automate transactions and
operations without the need for intermediaries, thereby
improving the efficiency and transparency of business
processes.
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Despite the promise they hold, the integration of smart
contracts into existing legal and business frameworks
presents challenges. This paper seeks to explore the
evolution of smart contracts, their current applications,
and the obstacles hindering their mass adoption.
Through an examination of legal, technical, and
regulatory considerations, this study aims to provide a
comprehensive understanding of smart contracts and the
potential they offer for revolutionizing business and
legal transactions.

2. LITERATURE REVIEW

The body of the paper consists of numbered sections that
Smart contracts were first introduced by Nick Szabo in
the 1990s, but it was not until the launch of the
Ethereum platform in 2015 that they gained significant
traction. Ethereum’s introduction of the Solidity
programming language made it possible to create
decentralized applications (DApps) and execute complex
smart contracts. Several industries have since explored
the potential of blockchain-based smart contracts,
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including finance, supply chain, and real estate.
The integration of smart contracts with blockchain
technology offers numerous benefits, including reduced
reliance on third parties, enhanced security due to
blockchain’s immutability, and cost reductions.
However, there are several barriers to their widespread
adoption. These include the need for standardized legal
frameworks, concerns over code errors, the scalability of

blockchain networks, and the lack of regulatory clarity.
3. METHODOLOGY

This study employs a qualitative research methodology,
combining literature review, case study analysis, and
interviews with experts to investigate the role of smart
contracts in business and legal transactions. The
methodology includes the following components:

1. Literature Review: A systematic review of
existing academic papers, industry reports, and
legal documents was conducted to understand
the historical context, benefits, and challenges
of smart contracts. Sources such as Ethereum
whitepapers, blockchain industry reports, and
legal frameworks were analyzed to provide an
academic overview.

2. Case Studies: Real-world applications of smart
contracts in DeFi platforms, supply chain
management, and real estate were examined.
Notable examples include the decentralized
lending platform MakerDAO, Walmart’s
blockchain for supply chain traceability, and
Propy for real estate transactions. These case
studies help illustrate the practical benefits and
challenges associated with smart contract
adoption.

3. Expert Interviews: Interviews with blockchain
developers, legal professionals, and business
leaders were conducted to gather insights into
the practicalities of integrating smart contracts
within legal frameworks and existing business
models. These interviews provided real-time
feedback on the challenges faced by businesses
when adopting smart contracts.

4. Regulatory and Legal Analysis: The study
includes an in-depth review of legal frameworks
in regions such as the United States, EU, and
Estonia to understand how smart contracts are
recognized and enforced. The ESIGN Act,
UETA, and eIDAS Regulation were examined

to assess how existing laws address blockchain
technology and smart contracts.

4. RESULTS AND DISCUSSION

The findings from this study reveal the growing
adoption of smart contracts across various industries, as
well as the challenges and barriers that remain. The data
indicates substantial progress in the implementation of
smart contracts in finance, supply chain management,
and real estate. However, challenges surrounding legal
frameworks, scalability, security, and regulatory issues
continue to impede their widespread adoption.

4.1 Industry Adoption

Smart contracts have demonstrated significant potential
across several key sectors:

e Finance: Decentralized finance (DeFi)
applications, such as MakerDAO and
Compound, rely on smart contracts to automate
lending, borrowing, and asset trading without
the need for traditional intermediaries. These
platforms allow users to engage in financial
transactions autonomously, reducing costs and
increasing efficiency.

e Supply Chain Management: In the supply

chain industry, Walmart has adopted
blockchain  technology to improve the
traceability of food products. By tracking

products from farm to table, Walmart has
enhanced food safety and transparency,
allowing for quicker responses during
contamination incidents. Similarly, De Beers
uses blockchain to ensure the authenticity of
diamonds, providing confidence in their ethical
sourcing.

e Real Estate: Platforms like Propy have
leveraged smart contracts to automate real estate
transactions. This eliminates the need for
intermediaries, such as notaries and agents, thus
reducing transaction costs and time while
enhancing transparency.
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4.2 Legal Challenges and Frameworks

Integrating smart contracts into existing legal
frameworks remains a significant challenge. While some
countries, such as Estonia, have made strides by
incorporating blockchain into their legal infrastructure,
many jurisdictions are still struggling to create
standardized frameworks for governing smart contract
execution and enforcement. The lack of clear legal
recognition for blockchain-based contracts creates
uncertainty, which inhibits businesses from fully
embracing the technology.
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Liability issues are also a key concern. Since smart
contracts are immutable once deployed, it becomes
difficult to rectify errors in the code. This creates risks,
as any flaws in the contract logic or coding can lead to
significant financial loss or disputes. The DAO hack in
2016, which exploited vulnerabilities in smart contract
code, highlighted the potential legal complexities
surrounding responsibility when things go wrong.
Current legal frameworks are ill-equipped to address
these issues, emphasizing the need for legal reforms and
clearer rules regarding smart contract liability.

The DAO Hack

Apr 30, 2016
Launch of The DAO

May 28, 2016
Vulnerability discovered

Jul 20, 2016
Hard fork executed

Jun 17,2016
Attack occurred

4.3 Scalability and Security Issues

Scalability is another significant barrier to the broader
adoption of smart contracts. Popular blockchain
platforms like Ethereum face high gas fees during
periods of heavy network traffic, limiting the scalability
of smart contracts. These high fees make smart contracts
impractical for certain high-volume applications.
However, Layer 2 solutions, such as Optimistic
Rollups and ZK-Rollups, have been developed to
increase transaction throughput and reduce costs,
showing promise in addressing these issues.

Security also remains a concern. While blockchain’s
decentralized nature enhances security, smart contracts
are still vulnerable to flaws in their code. The DAO
hack of 2016 demonstrated that even small
vulnerabilities in the contract logic can be exploited by
malicious actors, resulting in substantial financial losses.
To mitigate such risks, continuous smart contract
auditing and rigorous code reviews are essential.
Platforms like OpenZeppelin are providing tools to
audit smart contracts and reduce vulnerabilities.
However, more innovation and standardized auditing
practices are necessary to ensure the security and
reliability of these contracts.

4.4 Future Outlook

Despite the current challenges, the future of smart
contracts remains optimistic. As legal frameworks
evolve and blockchain technologies improve, smart
contracts are expected to be more widely adopted across
various sectors. The development of interoperability
between different blockchain platforms will be crucial in
ensuring the seamless integration of smart contracts.
Additionally, the establishment of standardized legal
frameworks will help clarify the legal recognition and
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enforcement of blockchain-based contracts, thus
reducing regulatory uncertainty.

Further improvements in security practices, including
the implementation of more robust auditing protocols,
will also mitigate the vulnerabilities that currently hinder
full-scale adoption. As Layer 2 solutions mature and
blockchain platforms continue to scale, the benefits of
smart contracts, such as cost reduction, efficiency, and
transparency, will be more accessible to industries
worldwide.

5. CONCLUSION

Smart contracts have the potential to revolutionize legal
and business transactions by automating processes,
reducing reliance on intermediaries, and enhancing
transparency. However, to fully realize their potential,
key challenges related to legal recognition, security, and
scalability must be addressed. As legal frameworks
evolve and blockchain technology continues to mature,
smart contracts are expected to see broader adoption,
particularly in industries such as finance, supply chain,
and real estate. A collaborative approach involving
technology developers, business leaders, and legal
professionals will be essential to overcoming the hurdles
and ensuring the widespread implementation of smart
contracts in the coming years.
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