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Euxaplotieg

Oa nBeha va suxoplotiow Bepud tov eMBAEMOVTA TNG LETATITUXLOKAG SUTAW LATIKNG
Hou gpyaociag, Ap. Fewpylo ZUAWUEVO, yLa TN SUVATOTNTA TTOU OV TIPOCEPEPE va
aoxoAnBbw pe auto to evladépov BEpa kabBwg kat tov Ap. NikoAao QwTiou yla tn
TIOAUTLUN BonBela mou pou mapeixe kad’ 0An tnv SLAPKELO EKTTOVNONG TNG
SUMAwPATIKAG epyaciag. EmmpooBétws Ba nBela va suxaplotriow Kol tov Ap. Invpo
BoUAyapn yLa T MOAUTIUES CUUPBOUAEG TOU WG 2°5 KPLTAG TNG SUTAWUATLKAG OV
epyaociac.

Eniong Ba nBeAa va euxapLOTHOW TNV OLKOYEVELO LOU YLO TNV O0TAPLEN TTOU HOoU
Tapeixe o U0 XpoOvLa TWV CTIOUSWV HoU OTIoU 0TI SUOKOAEC OTLYUEG ATAV EKEL yLa
va pou Sivel Suvapun kot koupaylo.

T€Aog, Ba BeAa va euxaploTow OAOUC TOUG MapPAyovieg Tou MM Avantuén &
Acdalela MANPoPopLAKWY ZUCTNUATWY TTOU HOU £8woaV TNV gukalpila va
OUUUETAOXW OTO CUYKEKPLULEVO TIPOYPAUHO OTIoUdWY, KaBwc KaB' 6An tnv mopeia
LOU HEOO O€ aUTO £p0oSLACTNKA LE OTOPALTNTEG YVWOELG KOL EUTIELP LN WOTE VOl
KoTopEPpw Vo 0TOXELOW 0 LPNAOTEPOUC EMOYYEALOTIKOUC OTOXOUG Kol val eEeALXOw
ETILOTNMOVIKA.
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Abstract

This thesis provides a brief overview of blockchain technology and its impact on the
insurance landscape. Blockchain, a decentralized and immutable ledger system, has
emerged as a disruptive force in the insurance industry, offering numerous
advantages and some challenges. The thesis delves into the basics of blockchain, its
potential benefits, and its drawbacks within the context of insurance.

The thesis begins by explaining the fundamental principles of blockchain technology.
It clarifies how blockchain functions as a distributed ledger, maintaining a secure and
transparent record of transactions across a network of nodes. This foundational
knowledge is crucial for understanding its relevance to the insurance sector.

Subsequently, the thesis presents the current landscape of the insurance industry
and how is influenced by various factors. Moreover, it explores the transformative
effects of blockchain on the insurance industry. It highlights the advantages that
blockchain brings to the table, such as enhanced transparency, improved security,
streamlined claims processing through smart contracts, and more efficient
underwriting processes and enhanced customer experience. These advantages
empower insurers to offer personalized policies, expedite claim settlements, and
reduce fraudulent activities, ultimately benefiting both insurers and policyholders.

However, it is essential to acknowledge the challenges and disadvantages associated
with blockchain adoption in insurance. The thesis outlines these limitations, including
scalability concerns, regulatory hurdles, integration complexity, and the energy-
intensive nature of some blockchain networks. These challenges underscore the
need for careful consideration and strategic planning when implementing blockchain
solutions in the insurance sector.

In addition, this thesis underscores the significance of blockchain technology in
reshaping the insurance landscape. By providing a good understanding of blockchain,
discussing its advantages, and acknowledging its disadvantages, it equips
stakeholders in the insurance industry with the knowledge required to make
informed decisions about the adoption and integration of blockchain solutions. While
challenges exist, the potential benefits of blockchain are too compelling to ignore,
and as the technology continues to evolve, its role in insurance is likely to expand,
revolutionizing the industry in the process.

Finally, in the last section there is a smart contract implementation, in the Solidity

programming language, simulating the basic insurance operation and the gas needed
for each blockchain transaction.
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NepiAnyn

Y10 mAaiolo autAg TNG SUTAWHATLKAG epyaciag, Ba meplypaloupe kot Oa
avaAUooupe tnv texvoloyia blockchain pall pe to TAEOVEKTH AT TTOU TIPOOPEPEL
oTLG aodaAloTikEC eTatpiec. To blockchain eival éva anokevtpwpévo cuotnua
Kotaypadrg Se5oUEVWY, TO OTIOLO UMOPEL VO ETMINPEACEL BETIKA TIC BACIKEC
AelTtoupyleg Tou

aodpaAlotikol Topéa. H epyacia auth Ba e€etalel TIG BaOKEG APXEG TNG TEXVOAOYLOG
Tou blockchain, ta SuvnTikd op£AN TNC KA TAL LELOVEKTALATA TNG OTO MAAICLO TWV
aopaAioswv.

2TO MPWTO HEPOC AUTAG TNG epyaciac, Oa avadepBoupe otn Bactkr tnv Asttoupyia
€voG blockchain diktuou wc éva katavepnuévo BLPALo eyypadwy To omolo
Kotaypadel kot dtatnpet Sedopgva aopaln kot avaAlolwta og OAOUG Toug KOUBOUG
mou eiva ouvdedepévol oto diktuo. OL kOpPoL autol, pnopel va Bplokovtat
ouvbedepévol eite og SnUoaoLo, UBPLOLKO A akopa Kal o€ Eva LOLWTLKO SikTuo, 61OV
anotteitatl adela mpoofaon. TNV CUVEXELQ, ULa cUVTOUN Kataypodn TwV BETIKWY
KOlL apvNTLKWV Ttou TipoodEpel to blockchain, Ba pag SteukoAUvel va KataAdBoupe
TN onuaocia TG TEXVOAOYLOC AUTHC OTOV TOMEQ TwV aodalioswy.

JTO EMOMUEVO HEPOG, Ba TeEPLYPADOUE TN ONUEPLVA KATAOTAoN TTOU Bplokovtal ot
a0PAALOTIKEG Hall LE TOUC TTAPAYOVTEG TIOU TLC ETNPEAIOUV OTIWCE TO VEX KAVAALL
TLAPOXNG, OL KALLATIKEG AAAQYEC KOl N TTOLPOX N EEATOULKEUUEVWY Q0D AALOTIKWY
npoiovtwy. Enlong, Ba avadepBoupe EKTETAPEVA OTA TTAEOVEKTAMATA TIOU
unooxetal to blockchain otov petaoxnUATIOHOU AUTOU TOU TOUEQ OXETLIKA LIE
Sladavela kot Ta EPMLoTooUVN TwV SeSoPEVWY Kal OAwWV TwV cuvaAAaywv, TNV
avixveuon Kal TNV amoTporr] andtng Kabwg KoL TNV anoteAeouatikn dlaxeiplon
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eyypadng cupBoraiwv kot InULwv mpog 0heA0OC TOGO TWV ATPOAALOTIKWY ETALPLWV
000 KOL TwV 00POALOUEVWV.

Qot0o0o0, gival Baclkd va avayvwpLloToUV oL TIPOKANOELG KOL TA LELOVEKTALOTA TIOU
oxetilovtat pe tnv uloB£tnon tou blockchain otov topéa twv aopalicswv. H
gpyacia autr avalUEL TOUG TEXVLIKOUC TIEPLOPLOUOUC OTIWC KUPLwG elval n
KALLOKOOLUOTNTA TOou SIKTUOoU, N uPnAn Katavalwaon mopwv Kata tn dnulovpyla
€vOG block kat tnv dtadikaocia eykupotnNTAg Tou AN Kol VOLLOBETIKOUG
TIEPLOPLOOUC OTWC lval n Statrpnon Kat n acpaiela Twv evaiodntwv deSopévwy
TWV MEAATWYV, N CUUHOPDWON OTOUG KAVOVIOHOUG KOL TIPOTUTIA TWV OPXWV KL N
aflomiotia KoL n EyKUpOTNTA TWV EEUTIVWY CUUPBACEWY. AUTEC OL TIPOKANOELC
QTALTOUV OTPOTNYIKO OXESLAOUO KoL ouvepyaoia LETaED OAwWV TwV evilapepOVTWY
KoBw¢ Kal LeTaV OAOU TOU SIKTUOU TWV AoPOALOTLKO ETALPLWYV VLA LA OUOAN
uLoB€tnaon ¢ texvoAoyiag autng.

TEAoG, uTtApXEL pLat UAoToinon pLag e€umvng ouUPacn O€ TTPOYPOAUOTLOTIKA
vyAwooa Solidity, n omola meptAapBavel KAmoLleg amo Ti¢ Pactkég Sladlkaoleg pLa

a0paALOTIKAG ETOLPLOG KOBWCE KAl TO gas TIou amalteitol yla tTnv Kabs cuvaAlayn
blockchain.

NE€eLg kKAeWdLa: blockchain; insurance; smart contracts
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1. Introduction

Blockchain technology has emerged as a transformative innovation with the capacity
to revolutionize numerous industries, including the traditionally risk-averse domain
of insurance. This thesis delves into the potential applications of blockchain
technology within the insurance sector, analyzing its capacity to enhance
transparency, security, and efficiency in various facets of the insurance value chain.
By establishing a decentralized and immutable ledger system, blockchain technology
offers unparalleled opportunities for streamlining policy issuance, claims processing,
and risk assessment, thereby reshaping the operational landscape of the insurance
industry.

Furthermore, the integration of self-executing smart contracts into the insurance
workflow has the potential to automate and expedite claims settlement, reducing
administrative costs, minimizing fraud, and enhancing customer satisfaction. This
thesis critically examines the challenges and considerations associated with the
pragmatic implementation of blockchain in the insurance industry. These include but
are not limited to regulatory hurdles, interoperability concerns, and the imperative
need to safeguard sensitive policyholder information in accordance with data privacy
regulations.

Through a comprehensive and systematic review of existing literature, emerging
trends, and real-world use cases, this thesis provides a holistic understanding of the
profound implications of blockchain adoption in the insurance sector. By examining
both the advantages and the challenges, this work equips insurance industry
stakeholders with an informed perspective, enabling them to make judicious
decisions about harnessing the potential of blockchain technology. As blockchain
continues to mature, its role in reshaping the insurance industry becomes
increasingly apparent, urging stakeholders to strategically position themselves to
leverage its benefits while proactively addressing its complexity.
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2. Blockchain Technology

This chapter will provide the basics of blockchain, along with its different versions
and components. In addition, it will discuss the advantages and disadvantages of the
Blockchain.

2.1 Basics of Blockchain

A blockchain serves as a digital ledger that records a series of transactions or data
entries. Unlike traditional centralized systems where a single entity controls the data,
a blockchain is decentralized. It operates on a network of computers (nodes) spread
across different locations, ensuring no single point of control. Transactions are
grouped together into blocks. Each block contains a set of transactions along with a
reference to the previous block. This chaining of blocks creates a continuous,
chronological chain of information. Each block contains a unique cryptographic hash
(a complex string of characters) generated based on the data within the block and
the hash of the previous block. This hash ensures the integrity of the block and the
entire chain. To add a new block to the chain, the network's participants (nodes)
must agree that the transactions are valid. Different consensus mechanisms, like
proof of work (PoW) or proof of stake (PoS), ensure agreement on the validity of
transactions. In PoW-based blockchains (like Bitcoin), miners compete to solve
complex mathematical puzzles. The first miner to solve the puzzle adds the block to
the blockchain, validates the transactions, and is rewarded with cryptocurrency.

Once consensus is reached, the approved block is added to the blockchain. Once a
block is added to the blockchain, it becomes nearly impossible to alter or delete the
information within it. Changing data in one block would require changing the data in
all subsequent blocks, making tampering extremely difficult.

A blockchain network can track orders, payments, accounts, production and much
more. And because members share a single view of the truth, we have the
opportunity Tto see all details of a transaction end to end, offering greater confidence,
as well as new efficiencies and opportunities [1].
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HOW BLOGKGHAIN WORKS

N A Block that represents ’ ‘:
A transaction Is requested the transaction The Block is sent to every i
is created node in the network ,/

___________________________________________________________

D, Nodes receive The Block is added
‘ _ a reward for to the existing The transaction
Nodes validate the transaction the Proof of Work Blockehain is complete

Figure 1.1 How Blockchain works. Adopted from https://www.zignuts.com/blog/how-blockchain-
architecture-works-basic-understanding-of-blockchain-and-its-architecture

2.2 Blockchain Evolution

Blockchain technology has undergone a remarkable evolution since its inception,
with distinct generations or versions emerging to address specific shortcomings,
improve functionality, and expand its range of applications. These blockchain
generations represent significant milestones in the development of decentralized
ledger technology, each introducing unique features and capabilities. Blockchain
technology was initially linked to cryptocurrencies. Bitcoins were the first prototype
of cryptocurrency. At later stages, new applications were introduced to blockchain
and several prototypes were developed [18][19].

2.2.1. BlockChain 1.0 — Cryptocurrency (2009)

The first-generation blockchain, exemplified by Bitcoin, introduced the world to the
concept of decentralized digital currency. Satoshi Nakamoto, the pseudonymous
creator, unveiled Bitcoin in 2009 as a response to the inherent flaws of traditional
financial systems. Bitcoin's primary focus was to enable peer-to-peer transactions
without the need for intermediaries like banks. Key features included a public ledger,
cryptographic security, and the Proof-of-Work (PoW) consensus mechanism, which
required miners to solve complex mathematical puzzles to validate transactions. The
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Bitcoin community rapidly grew, laying the foundation for subsequent blockchain
innovations [1][19].

2.2.2 BlockChain 2.0 — Smart Contracts (2015)

Ethereum, the second-generation blockchain, expanded the horizon of blockchain
technology beyond simple transactions. Launched in 2015 by Vitalik Buterin and
others, Ethereum introduced the groundbreaking concept of "smart contracts."
These self-executing code snippets enabled the automation of complex agreements
and processes, opening the door to a wide array of decentralized applications
(DApps). Ethereum's initial implementation also relied on PoW, but its ongoing
transition to Proof-of-Stake (PoS) with Ethereum 2.0 aims to enhance scalability and
energy efficiency. Ethereum's impact on the blockchain space was profound,
innovation in decentralized applications [1][19].

2.2.3. BlockChain 3.0 — Advanced Smart Contracts (2017)

As the blockchain community recognized the scalability and interoperability
challenges of earlier generations, third-generation blockchains emerged. Projects like
Cardano, Polkadot, and Tezos sought to overcome these limitations. These
blockchains aimed to offer more scalable and adaptable solutions for decentralized
applications and smart contracts. They often introduced innovative consensus
mechanisms, such as Cardano's Ouroboros PoS or Polkadot's Nominated Proof-of-
Stake (NPoS), to improve efficiency and security. While still in development, these
third-generation blockchains hold the promise of addressing the scaling issues that
have hindered the adoption of blockchain technology for mainstream applications.

2.2.4 Blockchains for NFTs and DeFi

Blockchain technology has transformed the NFT (Non-Fungible Token) and DeFi
(Decentralized Finance) landscapes by providing a secure and transparent foundation
for these emerging sectors. In the area of NFTs, blockchains like Ethereum have
enabled the creation, ownership, and transfer of unique digital assets, ranging from
digital art to collectibles and in-game items. These blockchain-based NFTs ensure
provenance and authenticity while allowing for interoperability across various
platforms.

In DeFi, blockchain facilitates a decentralized financial ecosystem that empowers
users to lend, borrow, trade, and yield farm without traditional intermediaries. Smart
contracts on blockchain platforms automate financial transactions, enabling users to
earn interest, provide liquidity to decentralized exchanges, and participate in
innovative financial services, all while maintaining control of their assets. The fusion
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of blockchain technology with NFTs and DeFi has unlocked new possibilities and
disruptive potential in the worlds of digital ownership and decentralized finance.

2.3 Types of Blockchain

Blockchain technology has evolved significantly since the introduction of Bitcoin in
2009. As it has gained extended attention and adoption, various types of blockchains
have emerged to cater to specific use cases and requirements. This section provides a
comprehensive overview of the main types of blockchains, their characteristics, and
examples of each type. There are four main types of blockchain networks: public
blockchains, private blockchains, consortium blockchains and hybrid blockchains.
Each one of these platforms has its benefits, drawbacks and ideal uses.
Understanding these blockchain types is crucial for organizations and developers
when choosing the right blockchain solution for their [3].

Private
Controlled by one authority

Public Hybrid
No central authority Controlled by one
authority with some
permissionless
processes

Consortium
Controlled by a group

Figure 2.3 Types of Blockchains. Adopted from
https://www.foley.com/en/insights/publications/2021/08/types-of-blockchain-public-private-
between

2.3.1 Public Blockchain

The first type of blockchain technology is public blockchain. Public blockchains, often
referred to as open blockchains, represent a foundational and transformative type of
blockchain technology. They are decentralized networks accessible to anyone
without requiring prior authorization or permission. They offer a transparent and
secure platform for various applications, relying on a global network of nodes to
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validate and record transactions. They operate without central authority or control.
Nodes distributed across the network collectively maintain the ledger. Participation
is open to all, allowing anyone to join the network, transact, and validate
transactions without seeking approval. Every transaction and piece of data on a
public blockchain is visible to all participants, enhancing trust and accountability.
Public blockchains employ robust cryptographic measures to secure data and assets.
Consensus mechanisms like Proof of Work (PoW) or Proof of Stake (PoS) enhance
security. All transactions and data on a public blockchain are transparent and
verifiable by anyone. Anyone can view the entire transaction history and blockchain
ledger, promoting trust and accountability. Once data is added to a public
blockchain, it becomes extremely difficult to alter or delete. Immutability is achieved
through cryptographic hashing and consensus mechanisms. Regarding tokenization,
many public blockchains have their native cryptocurrencies or tokens. These tokens
serve various purposes, from facilitating transactions to participating in governance
and securing the network. [3]

The most common use case for public blockchains is mining and exchanging
cryptocurrencies and deploying smart contracts like Bitcoin (BTC), Ethereum (ETH),
Cardano (ADA), Polkadot (DOT).

Public blockchains are like the foundation of blockchain technology. They stand for
things like decentralization, transparency, and accessibility They've changed how we
use digital money and opened the door for decentralized application making
different industries more open to everyone. As the blockchain ecosystem continues
to evolve, public blockchains remain at the forefront, offering a versatile and
inclusive platform for innovation and global collaboration.

2.3.2 Private Blockchain

Private blockchain networks, also known as permissioned blockchains, stand in
contrast to their public blockchain by imposing restrictions on network access. In a
private blockchain, participation is not open to all; rather, it is controlled and
typically requires authorization. The control over the network, its rules, and
governance often rests with a single entity or a consortium of entities. These
characteristics set private blockchains apart and make them highly adaptable to
specific use cases and ecosystems. The speed of private blockchains makes them
ideal for cases where the blockchain needs to be cryptographically secure but the
controlling entity doesn't want the information to be accessed by the public [3].

Participants, in such a network, must be granted explicit permission to join the
network, creating a closed and controlled environment. Unlike public blockchains
where decentralization is a defining principle, private blockchains are often governed
and controlled by a central entity. This centralized control enables greater
customization and enforcement of specific rules and protocols.
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Privacy is a key feature of private blockchains. Transactions and data are typically
visible only to authorized participants, making them an attractive choice for
applications where data confidentiality is of utmost importance.

While public blockchains employ energy-intensive consensus mechanisms like Proof
of Work (PoW), private blockchains tend to prioritize efficiency and scalability.
Common consensus mechanisms include Practical Byzantine Fault Tolerance (PBFT),
Proof of Authority (PoA), and more.

Companies and organizations may choose to take advantage of blockchain
technology while not giving up their competitive advantage to third parties. They can
use private blockchains for trade secret management, auditing, supply chain
management, asset ownership and internal voting.

Private blockchain networks, with their controlled access, heightened privacy, and
tailored governance, represent a pivotal component of the blockchain ecosystem.
While they may not embrace the complete decentralization that characterizes public
blockchains, their adaptability and utility in addressing specific enterprise needs and
use cases are undeniable. Private blockchains have ushered in a new era of
blockchain adoption across industries, paving the way for innovative solutions that
prioritize security, efficiency, and data confidentiality.[3]

2.3.3 Hybrid Blockchain

Sometimes, companies want the best of both worlds when using blockchain
technology. They use a hybrid blockchain, which combines features of private and
public blockchains. This allows them to have a private system for some things and a
public system for others [4].

In a hybrid blockchain, most of the transactions and data are kept private, but they
can be checked when needed, usually through a smart contract. This means
important information is kept safe, and even if a private company owns the
blockchain, they can't change the transactions.

When someone joins a hybrid blockchain, they can access it fully, but their identity is
hidden from others unless they do a transaction, and then the other party can see
who they are.

Hybrid blockchains are useful in real estate, where companies can keep some
information private but share property listings publicly. They also help in retail and
highly regulated industries like finance.

Hybrid blockchain can be used for storing medical records securely. These records
are not visible to random people, but you can access your own information through a
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smart contract. Governments can use hybrid blockchains to store citizen data
privately and share it securely between different departments [4].

2.3.4 Consortium blockchain

The fourth type of blockchain, consortium blockchain, also known as a federated
blockchain, is similar to a hybrid blockchain in that it has private and public
blockchain features. But it's different in that multiple organizational members
collaborate on a decentralized network. Essentially, it is governed and operated by a
consortium or a group of organizations rather than being controlled by a single
entity. These organizations can join together to form a network, and they are often
referred to as "nodes" or "members." This shared control allows for more flexibility
and customization in terms of consensus mechanisms, privacy settings, and other
parameters compared to public blockchains.

Consortium blockchains are commonly used in industries where multiple
organizations need to collaborate and share data securely, such as supply chain
management, healthcare, finance, and more.

In general, the key difference between hybrid and consortium blockchains lies in
their approach to transparency and governance. Hybrid blockchains blend public and
private elements to achieve a balance, while consortium blockchains are governed by
a group of known organizations with an emphasis on collaboration and privacy
among trusted participants. The choice between these two depends on the specific
requirements and use cases of a blockchain application.

4 main types of blockchain technology

Public Private Hybrid Consortium
Independence Access control Access control Access control
Transparency Performance Performance Scalability
Trust Scalability Security
Performance Trust Transparency Transparency
Scalability Auditability Upgrading
Security
Cryptocurrency Supply chain Medical records Banking
Document validation Asset ownership Real estate Research

Supply chain

Figure 2.4 Main types of blockchain technology. Adopted from
https://www.techtarget.com/searchcio/feature/What-are-the-4-different-types-of-blockchain-
technology
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The landscape of blockchain technology is diverse, with various types of blockchains
designed to meet the unique needs of different industries and applications. Selecting
the appropriate blockchain type is critical when developing blockchain-based
solutions or embarking on blockchain projects. Considerations such as security,
decentralization, scalability, privacy, and regulatory compliance play a crucial role in
making the right choice. As the blockchain ecosystem continues to evolve, staying
informed about emerging blockchain types and their capabilities is essential for
making informed decisions.

2.4 Advantages and Disadvantages of Blockchain

There are different speculations on blockchain technology. Many technology players
believe that the technology is promising and trustworthy but still there are issues
that need to be addressed. Below, we briefly state the advantages and disadvantages
of the blockchain technology [21].

2.4.1 Advantages
1. Security and Immutability
- Data stored in blocks is cryptographically secured.

- Once data is added to a block, it becomes extremely difficult to alter, enhancing
trust and security.

2. Decentralization
- No single central authority or entity controls the blockchain.
- Reduces the risk of fraud, or manipulation.
3. Transparency
- All transactions are recorded and visible on the public ledger.
- Enhances accountability and trust among participants.
4. Efficiency and Speed
- Eliminates intermediaries, reducing transaction times and costs.
5. Smart Contracts

- Self-executing contracts automate processes based on predefined conditions.

M.Sc. Thesis - Exploring the potential of Blockchain in Insurance Industry Ilias Batzelios



- Reduces the need for manual intervention and minimizes errors.
6. Data Integrity
- Provides a tamper-proof record of data and transactions.
- Ideal for applications requiring data integrity, such as supply chain tracking.
7. Accessibility
- Global accessibility with an internet connection.
- Inclusive financial services for the unbanked or underbanked.
8. Cost-Efficiency
- Lower transaction fees compared to traditional financial systems.
- Savings in administrative and operational costs.
9. Resilience and Redundancy
- Distributed across nodes, making it resistant to single points of failure.
- Increases system reliability and availability.
10. Tokenization and Asset Management
- Enables the creation of digital tokens representing real-world assets.
11. Privacy Control
- Private blockchains allow for controlled access to data and transactions.
- Balances transparency with data protection.
12. Innovation and Ecosystem Growth
- Fosters a fertile ground for developing new applications and services.
- Encourages innovation in various industries.
13. Cross-Industry Applications

- Applicable in finance, healthcare, supply chain, voting systems, and more.
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- Versatile technology with broad potential.
14. Auditability

- Facilitates auditing and compliance efforts by providing a transparent history of
transactions.

15. Long-Term Trust
- Establishes trust between parties who may not know each other directly.
- Reduces the need for intermediaries in trust-based interactions.
2.4.2 Disadvantages
1. Scalability Challenges
- Transaction processing speed can be slow, especially on public blockchains.
- Scalability issues arise as more users and transactions are added.
2. Energy Consumption

- Proof-of-work blockchains, like Bitcoin, require significant energy for mining
operations.

- This can have environmental implications.
3. Lack of Regulation

- The lack of regulatory oversight can lead to illegal activities on some blockchain
networks.

4. Irreversible Transactions
- Transactions on a blockchain are often irreversible.
- Mistakes or fraud can result in permanent loss.
5. Limited Adoption and Understanding
- Many people are still unfamiliar with blockchain technology.
- Adoption barriers exist in various industries.

6. Complexity and Development Costs
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- Developing and maintaining blockchain applications can be costly and technically
challenging.

7. Privacy Concerns

- Public blockchains offer transparency, but they may not provide sufficient privacy
for certain applications.

8. Legal and Compliance Issues

- Legal frameworks around blockchain and cryptocurrencies are still evolving.

- Compliance with existing regulations can be complex.
9. Loss of Private Keys

- If a user loses their private key, they can lose access to their digital assets forever.
10. Environmental Impact (for some blockchains)

- Proof-of-work blockchains can have a significant carbon footprint due to mining
activities.

11. Limited Interoperability

- Different blockchains often operate in isolation, making interoperability between
them challenging.

2.5 Smart Contracts

A smart contract is a self-executing computer program or code that is stored on a
blockchain. They typically are used to automate the execution of an agreement so
that all participants can be immediately certain of the outcome. It contains a set of
predefined rules and conditions that, when met, automatically trigger and execute a
specific action without the need for intermediaries, such as banks, legal systems, or
third-party authorities. Smart contracts operate based on the "if/when...then..."
principle, where they follow a predetermined set of instructions. They also offer
efficiency, transparency, and security in various applications, making them a valuable
tool in the blockchain ecosystem and beyond [6].

Upon development and deployment of a smart contract, they are available to be
called by a registered user in the blockchain network. When the specified conditions
are met, the smart contract automatically executes the predefined action. This action
could involve transferring digital assets (e.g., cryptocurrencies), recording data, or
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triggering other processes. For example, smart contracts can automatically pay out
claims when predefined conditions like weather events or accidents occur.

Smart Contracts

Parties (Buyer Smart Contracts‘ No Third Party/ Execution Of
and Seller) . Middlemen The Contract

\Cﬁ;&ﬁeﬁjﬁe’/ %‘ WallStreetMojo

Figure 2.5 Smart Contract. Adopted from https://www.wallstreetmojo.com/smart-contracts/
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3. Insurance
This chapter will provide an overview of insurance and its operations. Furthermore,
here will also mention some of the challenges that the insurance industry faces daily.

3.1 Insurance Overview

Insurance companies are financial institutions that provide a range of insurance
products and services to individuals, businesses, and other entities. Their primary
function is to offer insurance coverage in exchange for regular premium payments.
These companies play a crucial role in managing and mitigating financial risks for
their policyholders.

Insurance companies offer a wide range of insurance products, each designed to
cover specific types of risks. Common insurance products include life insurance,
health insurance, property insurance (e.g., home and auto), liability insurance, and
commercial insurance (for businesses).

Policyholders pay premiums to insurance companies in exchange for coverage.
Premiums can be paid on a regular basis, such as monthly or annually. The amount of
the premium is determined by various factors, including the type of insurance,
coverage limits, deductible amount, and the insured party's risk profile.

Insurance companies specialize in risk management. They assess various risks faced
by individuals or businesses and offer insurance policies that provide financial
protection in case of unforeseen events. These events can include accidents,
damage, loss, or other situations that could result in financial hardship.

Before issuing a policy, Insurance companies assess the risk associated with insuring
a particular individual or entity This process, known as underwriting, involves
evaluating factors such as age, health, driving history, and the insured item's value.
Based on the assessment, the company determines the premium rate and coverage
terms.

In times of crisis, insurance companies stand as beacons of support, facilitating the
claims process with efficiency and empathy. When policyholders experience covered
losses, they file claims that undergo meticulous assessment to ascertain their
validity. Claims processing involves investigation, verification, and ultimately, the
disbursement of benefits to policyholders. The role of insurance companies in
assisting policyholders during challenging times enhances their credibility and fosters
trust.

Insurance companies operate within a regulatory framework established by
governmental authorities. Compliance with these regulations ensures fair practices,
transparency, and the financial stability of insurers. The oversight of insurance

M.Sc. Thesis - Exploring the potential of Blockchain in Insurance Industry Ilias Batzelios



companies aims to protect the interests of policyholders and maintain the integrity
of the industry as a whole.

Insurance is essentially risk sharing. The concept behind insurance is not new, it was
initiated a long time ago when sailing ships were damaged and their cargo was lost.
In those days, total financial loss was prevented when merchants started dividing
their cargo among several boats [28]. The concept of insurance has evolved,
comprising home, auto, life and health insurance. Insurance is nearly for everything.
Yet, claiming the right policy is still considered as a frustrating and challenging
experience. Unpleasant customer experience is still prominent due to the fact that
outdated technologies are involved in every aspect from operational to
administrative [28].

Buying an insurance contract or policy makes the user align with others who pay
insurance companies. On the other side, insurance companies collect the money and
pay submitted claims. In that way, losses and expenses are shared. Once a user buys
an insurance, he/she obtains a policy, a legal contract declaring what the policy
holder has purchased and what is covered and what is not. The policy also states the
premium, which is how much money the policyholder should pay and when it must
be compensated.

Insurance companies benefit from the premium in three aspects. First, by pooling the
premiums, insurance companies could pay the claims. Second, insurance businesses
compensate for costs of selling and sourcing insurance protection. Last but not least,
the most important aspect is investments. The revenue of the invested funds allows
insurance establishments to endure periods when compensation losses outstrip the
amount collected from premiums.
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Figure 3.1 Insurance. Adopted from https://www.investindia.gov.in/team-india-blogs/overview-
insurance-industry-india
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3.2 Insurance Industry Landscape

The insurance industry is a dynamic and complex sector that plays a crucial role in
modern economies by providing risk management and financial protection to
individuals, businesses, and other entities. The landscape of the insurance industry is
influenced by various factors, including technological advancements, regulatory
changes, economic conditions, and shifting consumer preferences. Here are some
key aspects of the insurance industry landscape:

Types of Insurance

The insurance industry encompasses a wide range of insurance types, including life
insurance, health insurance, property and casualty insurance, auto insurance, liability
insurance, and more. Each type of insurance addresses specific risks and offers
tailored coverage to policyholders. Below are the most popular insurance types

[71(8].

e Health Insurance: Health insurance covers medical expenses, including doctor
visits, hospital stays, surgeries, and prescription drugs. It can be provided by
employers or purchased individually.

e Life Insurance: Life insurance provides a payout to beneficiaries upon the
death of the insured person. There are different types of life insurance,
including term life, whole life, and universal life.

e Auto Insurance: This type of insurance covers damage to your vehicle and
liability for injuries and property damage you may cause in an automobile
accident. It's typically mandatory in many places.

e Homeowners or Renters Insurance: Homeowners insurance covers damage to
your home and its contents, as well as liability for accidents that occur on your
property. Renters insurance provides similar coverage for renters but doesn't
cover the structure itself.

e Disability Insurance: Disability insurance provides income replacement if you
become disabled and can't work. It can be short-term or long-term, and it's
often offered through employers.

e Travel Insurance: This type of insurance covers unexpected events while
traveling, such as trip cancellations, medical emergencies abroad, lost luggage,
or travel delays.

e Pet Insurance: Pet insurance covers veterinary expenses for your pets,

including accidents, illnesses, and routine care.
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e Business Insurance: Business insurance includes various types like liability
insurance, property insurance, and business interruption insurance, which
protect businesses from financial losses due to lawsuits, property damage, or
disruptions.

¢ Liability Insurance: This insurance protects individuals and businesses from
legal claims and financial losses resulting from injuries or damage to other
people or their property.

¢ Flood Insurance: Flood insurance covers damage caused by flooding, which is
typically not included in standard homeowners or renters insurance policies.

e Earthquake Insurance: This insurance covers damage caused by earthquakes,
which is usually not included in standard homeowners or renters insurance
policies.

e Cyber Insurance: This type of insurance helps businesses and individuals
recover from cyberattacks and data breaches by covering the costs of
investigation, notification, and potential legal liabilities.

e Dental Insurance: Dental insurance covers dental care expenses, including
routine check-ups, cleanings, and dental procedures.

Market Players

The insurance industry consists of a diverse array of participants, including insurance
carriers (companies that provide insurance coverage), intermediaries (such as
brokers and agents who connect customers with insurance products), and reinsurers
(companies that provide insurance to other insurance companies to manage risk).
Some of the major companies include American International Group, AIA Group
Limited, Allianz SE, AXA, Berkshire Hathaway, MetLife, United Health Group, Ping An
Insurance, Cigna, and Zurich Insurance Group Ltd among others [9].

Global Market Size

The global insurance market is substantial, with trillions of dollars in premiums
written annually. Different regions and countries exhibit varying levels of insurance
penetration, influenced by factors like regulatory environment, income levels, and
cultural attitudes toward insurance. The global blockchain in insurance market was
valued at $496.87 million in 2021, and is estimated to reach $32.9 billion by 2031,
growing at a CAGR of 52.4% from 2022 to 2031. [10]

Technological Innovation
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Technology, including artificial intelligence, big data analytics, and blockchain, is
reshaping the insurance landscape. Insurtech (insurance technology) startups are
leveraging these innovations to create new business models, improve underwriting
processes, enhance customer experiences, and develop innovative insurance
products.

Digital Transformation

The industry is undergoing a digital transformation, with insurers adopting online
platforms for policy issuance, claims processing, and customer interactions. Digital
channels provide greater convenience to customers and enable insurers to gather
data for more accurate risk assessments.

Customer Expectations

Consumer expectations are evolving, with customers seeking personalized, seamless
experiences from insurers. This has prompted insurers to focus on customer-centric
approaches, improved digital interfaces, and innovative products that cater to
changing needs. The COVID-19 pandemic accelerated the adoption of remote work
and digital distribution channels. Insurers are reevaluating their business models and
adopting digital sales and service strategies to meet changing customer expectations.

Regulation and Compliance

Insurance is a heavily regulated industry due to its systemic importance and its role
in safeguarding individuals' and businesses' financial security. Regulatory frameworks
vary by jurisdiction and influence how insurers operate, price policies, and manage
capital requirements.

Data and Analytics

The availability of vast amounts of data has enabled insurers to refine underwriting
processes, assess risk more accurately, and offer customized policies. Advanced
analytics also help insurers identify fraud, manage claims efficiently, and enhance
customer engagement.

Risk Management

As a core function of the industry, insurers play a vital role in helping individuals and
businesses manage and mitigate various risks, including financial, health-related, and
liability risks.

Climate Change and Catastrophic Events
Insurers are impacted by the increasing frequency and severity of natural disasters
and climate-related events. These challenges have led to discussions around

sustainable practices and innovative insurance solutions to address emerging risks.

Collaborations and Partnerships
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Insurers are increasingly collaborating with startups, tech companies, and other
industry players to drive innovation and improve processes. Partnerships enable
insurers to tap into new technologies and expertise from outside the traditional
insurance area.

In general, the insurance industry is undergoing significant transformation driven by
technological advancements, changing consumer preferences, regulatory
developments, and the need to manage evolving risks. Adapting to these shifts is
essential for industry players to remain competitive and effectively meet the
changing needs of policyholders and the broader market.

M.Sc. Thesis - Exploring the potential of Blockchain in Insurance Industry Ilias Batzelios



4. Insurance and Blockchain Technology

The insurance industry plays a vital role in safeguarding individuals and businesses
against unexpected losses, offering a safety net in times of need. Yet, this sector has
traditionally been marked by conventional practices and cumbersome processes. In
recent years, however, the advent of blockchain technology has developed a
potential revolution in the insurance landscape. Insurance, a cornerstone of risk
management, provides individuals and organizations with a safety net against
unforeseen events. However, the insurance industry has often been plagued by
inefficiencies, complex administrative processes, and issues related to trust and
transparency. Enter blockchain, a revolutionary decentralized ledger technology that
has the potential to disrupt and transform the insurance sector. This dynamic fusion
of insurance and blockchain holds the promise of streamlining operations, reducing
fraud, enhancing transparency, and ultimately reshaping how insurance policies are
underwritten, claims are processed, and trust is established in this traditionally
conservative industry. In this section, we delve into the exciting prospects and
implications of blockchain's integration into the world of insurance.

4.1. Benefits of Blockchains in Insurance

Blockchain technology offers several benefits to the insurance industry, including
increased transparency and trust, efficient claim processing, reduced fraud and
enhanced customer experience. In this section we will present some of the key
advantages of using blockchains in insurance.

4.1.1 Transparency and trust

Enhanced transparency is one of the main benefits that blockchain technology brings
to the insurance industry. This transparency is derived from the inherent
characteristics of blockchain's decentralized and immutable ledger system, which
revolutionizes how information is recorded, shared, and verified. Here we present
more detailed insights into how blockchain enhances transparency within the
insurance industry.

Decentralized Ledger

In a traditional insurance ecosystem, data is often siloed within different entities,
leading to fragmented information and potential inconsistencies. Blockchain
operates on a decentralized ledger, where all participants have access to the same
synchronized data. This shared ledger eliminates information asymmetry and
ensures that all stakeholders have a consistent view of transactions, policies, and
claims.

Immutable Records
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Once data is recorded on a blockchain, it cannot be altered or deleted without
consensus from the network participants. This immutability ensures that records of
policies, claims, endorsements, and other transactions remain tamper-proof and
accurate over time. This aspect is particularly valuable in reducing disputes and
building trust between insurers and policyholders.

Real-time Data Sharing

Blockchain enables real-time sharing of data across the insurance value chain. This
instantaneous sharing allows for better collaboration between insurers, reinsurers,
brokers, agents, and other parties involved in the insurance process. Real-time
access to data prevents delays, reduces manual interventions, and enhances the
accuracy of information.

Traceable Transactions

Every transaction on a blockchain is traceable and auditable. Each record contains a
timestamp and a cryptographic reference to the previous record. This audit trail
provides a transparent history of how data has been created, modified, or
transferred. Such traceability is invaluable for compliance, regulatory reporting, and
fraud detection.

Consensus Mechanism

Blockchain employs a consensus mechanism (such as Proof of Work or Proof of
Stake) to validate transactions before they are added to the ledger. This consensus
ensures that all insurance stakeholders agree on the accuracy of transactions before
they are recorded. As a result, erroneous or fraudulent transactions are prevented
from entering the system.

Enhanced Customer Trust

Transparency instills greater trust among customers as they can independently verify
the accuracy of their policies, coverage terms, and claims. With access to transparent
and verified data, policyholders can make informed decisions and have confidence in
the insurance processes.

Accessible Historical Records

Blockchain maintains a complete and auditable history of all transactions, providing a
chronological record of every interaction. This feature proves invaluable for audits,
compliance checks, and resolving disputes by referring to a transparent history of
events.

Automated Verification

Smart contracts on a blockchain can automatically verify certain conditions before
executing actions. This automation reduces the need for intermediaries to manually
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verify and approve transactions, enhancing transparency by removing potential
biases or errors introduced by human intervention.

Cross-organizational Consistency

In a complex insurance ecosystem involving multiple parties, maintaining consistency
in data and information can be challenging. Blockchain ensures that all participants
are working with the same set of verified and accurate data, promoting consistent
decision-making and reducing errors.

Regulatory Compliance

Blockchain's transparent and auditable nature simplifies compliance with regulatory
requirements. Regulators can access the blockchain to verify compliance and
monitor activities, reducing the need for manual audits and inspections.

In conclusion, the introduction of blockchain technology in the insurance industry
fortifies transparency and trust through its immutable and decentralized ledger,
streamlined claims processing, auditable underwriting, fraud detection capabilities,
and enhanced data privacy management. These attributes collectively reshape
traditional insurance paradigms, fostering an environment wherein stakeholders can
confidently engage in insurance transactions, assured of the veracity and security of
their interactions.

4.2 Efficient Policy and Claims Processing

One of the key areas where blockchain and smart contracts have a significant impact
is in policy issuance. Traditional insurance policies often involve a lengthy and paper-
intensive process, including the exchange of information between the insured party,
underwriters, and intermediaries. Smart contracts, which are self-executing and
programmable, automate this process. When predefined conditions are met (e.g.,
payment receipt, verification of necessary documents), the smart contract
automatically issues the insurance policy. This reduces the time it takes to get
coverage and eliminates the need for manual processing, thereby improving the
overall customer experience. For policyholders, paying premiums can sometimes be
a cumbersome task. With blockchain, smart contracts can be programmed to
automatically deduct premium payments from a policyholder's account on specified
dates. This not only ensures that payments are made on time but also reduces the
administrative burden on both the insurer and the insured. Late or missed payments,
which can result in policy lapses, become less common [16].

Claims processing is a critical aspect of the insurance industry, and it often involves
complex documentation and verification processes. Smart contracts can streamline
this by automating claims based on predefined conditions. For example, in the case
of flight delay insurance, a smart contract can access real-time flight data and
automatically trigger a payout to policyholders if their flight is delayed beyond a
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certain threshold. This automation reduces the time it takes to settle claims and
minimizes disputes, as the conditions for payout are preprogrammed and
transparent.

Traditional insurance often involves multiple intermediaries, such as brokers and
agents, who add to the cost and complexity of the process. With smart contracts,
many of these intermediary functions can be automated. Policyholders can interact
directly with the blockchain-based platform, purchasing policies and processing
claims without the need for intermediaries. This disintermediation can lead to cost
savings for both insurers and policyholders.

4.3 Fraud Prevention and Detection

Blockchain technology is revolutionizing the insurance industry by serving as a
formidable tool for fraud detection and risk prevention. Its decentralized ledger, with
its immutability and transparency, creates a trustworthy ecosystem where every
transaction and contract detail is securely recorded and cannot be tampered with.
Smart contracts automate claims processing, ensuring that payouts are made only
when predefined conditions are met, reducing fraudulent claims. The ability to
maintain consistent and shared data across all stakeholders enables early detection
of suspicious activities and patterns, ultimately enhancing the industry's overall
security and trustworthiness. By leveraging blockchain, the insurance sector is poised
to significantly reduce fraud and mitigate risks, leading to more efficient operations
and a higher level of trust between insurers and policyholders.

In this section, we will present how blockchain can help in fraud prevention and
detection [17].

Immutable Records

Once information is recorded on a blockchain, it cannot be altered or deleted. This
immutability ensures that policy details, claims, and other critical information remain
tamper-proof, reducing the risk of fraudulent alterations or manipulations.

Smart Contracts

Smart contracts are self-executing agreements with predefined rules and conditions.
They automate claims processing and payouts, ensuring that payments are only
made when the specified conditions are met. This reduces the opportunity for
fraudulent claims.

Identity Verification

Blockchain can provide a secure and immutable means of verifying the identity of
policyholders, reducing the risk of identity theft and fraudulent applications. This can
be especially beneficial in the onboarding process.
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Data Consistency

Data consistency across multiple parties in the insurance ecosystem is essential for
fraud detection. Blockchain ensures that all participants have access to the same set
of data, reducing discrepancies that can be exploited for fraudulent activities.

Claims Transparency

The entire claims process, from submission to approval and payout, can be recorded
on a blockchain. This transparency makes it easier to trace and verify claims,
reducing the likelihood of fraudulent claims.

Fraudulent Activity Detection

Blockchain's transparency allows for the easy detection of unusual or suspicious
patterns in claims or policy data. Advanced analytics and artificial intelligence (Al) can
be applied to the blockchain data to identify potentially fraudulent activities in real-
time.

Shared Data

Collaborative efforts between insurance companies, regulators, and law
enforcement agencies can benefit from shared access to blockchain data. This shared
ledger helps in the early detection and prevention of fraud schemes that span
multiple insurers or jurisdictions.

Reduced Administrative Costs

By automating various processes, including verification, underwriting, and claims
processing, blockchain can reduce administrative costs. This makes it economically
unattractive for fraudsters to engage in fraudulent activities.

Enhanced Trust

The transparent and secure nature of blockchain can help rebuild trust between
insurers and policyholders. When policyholders trust that their claims will be handled
fairly and efficiently, they are less likely to resort to fraudulent activities.

Auditability

Auditors and regulators can easily verify the accuracy and compliance of insurance
operations by examining the blockchain records, reducing the need for extensive
manual audits and investigations.

While blockchain technology offers significant potential in preventing and detecting
insurance fraud, its implementation should be done carefully, considering regulatory
and privacy concerns. Moreover, collaboration between industry stakeholders is
crucial for realizing the full potential of blockchain in insurance fraud prevention and
detection.
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5. Challenges and Considerations

While blockchain technology holds immense promise for the insurance industry, it is
not without its limitations and challenges. In this section, we will explore some of the
key challenges and constraints associated with the implementation of blockchain
solutions in insurance. These limitations range from technical to regulatory hurdles,
concerns shedding light on the complexities that insurers must navigate as they
integrate blockchain into their operations.

5.1 Technical Challenges

Implementing blockchain technology in the insurance industry comes with various
technical challenges that need to be addressed for successful adoption. Some of
these challenges include [1][11][12]:

Scalability

Public blockchains like Bitcoin and Ethereum often struggle with scalability, which is
crucial for handling the high volume of transactions that insurance processes involve.
Slow transaction speeds and network congestion can lead to delays in claims
processing and policy management.

Data Privacy

While transparency is a key feature of blockchain, the insurance industry needs to
balance this with data privacy regulations. Sensitive customer information and
personal data must be protected, and mechanisms to ensure selective data sharing
among authorized parties are needed.

Interoperability

The insurance industry comprises various stakeholders, including insurers, reinsurers,
brokers, and regulators, often using disparate systems and protocols. Achieving
seamless integration and data exchange between these systems using blockchain
technology can be a challenge.

Energy Consumption

Some blockchain networks, especially those using proof of work consensus
mechanisms, are criticized for their high energy consumption. Insurers need to
consider the environmental impact of their chosen blockchain platforms.

Integration with Legacy Systems
Many insurance companies already have complex legacy systems in place.
Integrating blockchain technology with these systems without disrupting existing

processes and data flows can be a significant technical challenge.

Smart Contract Security
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Smart contracts automate processes and execute predefined actions when certain
conditions are met. However, writing secure smart contracts that are free from
vulnerabilities and bugs is a challenge. Mistakes in contract code can lead to financial
losses and breaches.

Consensus Mechanisms

Different blockchain platforms use various consensus mechanisms, such as proof of
work, proof of stake, and delegated proof of stake. Choosing the right consensus
mechanism that aligns with the insurance industry's requirements, while considering
factors like energy efficiency and transaction speed, is a complex decision.

Regulatory Compliance

Blockchain's decentralized nature might conflict with some regulatory requirements
that demand centralized control and oversight. Finding a balance between
compliance and decentralization is essential.

User Experience and Adoption

For blockchain technology to succeed in the insurance industry, it needs to be user-
friendly for both customers and employees. The technical complexities of blockchain,
including managing wallets and understanding transaction processes, could hinder
adoption.

Network Governance

Decentralized networks require effective governance models to ensure decision-
making, upgrades, and security measures are coordinated across participants.
Developing and maintaining such governance structures can be challenging.

Legal and Jurisdictional Issues

Blockchain's global nature can raise legal and jurisdictional concerns. Determining
which laws apply to transactions, disputes, and regulatory compliance can be
complex in a cross-border environment.

Education and Training

Building blockchain expertise within the insurance industry workforce requires
significant investment in education and training. Blockchain's unique technical
aspects and implications need to be thoroughly understood by those implementing
and using it.

Overcoming these technical challenges is essential for the successful integration of
blockchain technology into the insurance industry. Collaborative efforts between
insurance companies, technology providers, regulators, and blockchain experts are
crucial for developing solutions that mitigate these challenges and unlock the
potential benefits of blockchain for the insurance sector.
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5.2 Regulatory and Legal Challenges

The adoption of blockchain technology in the insurance industry is accompanied by
several regulatory and legal challenges that must be addressed to ensure compliance
and a smooth integration of this technology. Here are some of the regulatory and
legal challenges in using blockchain for the insurance industry [12][13][14]:

Data Privacy and Protection

Blockchain's transparency conflicts with regulations like the General Data Protection
Regulation (GDPR), which require the protection of personal data. Striking a balance
between transparency and data privacy while ensuring compliance with such
regulations can be complex.

Right to Be Forgotten

GDPR grants individuals the right to have their personal data erased upon request.
Blockchain's immutability poses challenges in fulfilling this requirement, as data once
recorded on the blockchain cannot be easily deleted.

Cross-Border Compliance

The insurance industry often operates across international borders. Different
countries have varying regulatory frameworks and data protection laws. Ensuring
that blockchain-based insurance operations adhere to all relevant laws can be
challenging.

Smart Contract Legal Validity

Smart contracts are self-executing agreements, but their legal validity and
enforceability can vary depending on the jurisdiction. Some jurisdictions may not
recognize or fully accept the concept of a contract executed by code.

Digital Signatures and Authentication

Blockchain-based transactions rely on digital signatures for authentication. However,
the legal validity of digital signatures may vary from one jurisdiction to another.
Clarifying the legal recognition of blockchain-based digital signatures is important.

Record Retention

Many insurance regulations require insurers to maintain records for a specified
period. Blockchain's permanence and immutability might require adjustments in
record retention policies to align with legal requirements.

Regulatory Reporting

Insurance companies are often required to submit regulatory reports to government
bodies. Integrating blockchain-based systems with existing regulatory reporting
processes can be complex and requires regulatory approval.
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Anti-Money Laundering (AML) and Know Your Customer (KYC) Regulations
Insurers need to comply with AML and KYC regulations, which include verifying the
identities of customers. Implementing blockchain solutions while meeting these
requirements is a challenge due to blockchain's pseudonymous nature.

Interoperability with Regulatory Systems

Insurance regulatory bodies may require access to certain data for oversight and
auditing purposes. Ensuring that blockchain systems can interface with these
regulatory systems without compromising security or privacy is a challenge.

Smart Contract Liability and Disputes

If a smart contract executes incorrectly or results in financial loss, determining
liability and handling disputes can be challenging. Traditional legal systems might not
yet have clear frameworks for addressing such issues.

Consumer Protection

Consumer protection regulations exist to ensure fair treatment of policyholders.
Blockchain's automation could lead to unintended consequences or biases that may
impact policyholders negatively, raising concerns about compliance with these
regulations.

Insurance Product Regulation

Insurance products are often regulated to ensure they meet certain standards. Using
blockchain to develop new insurance products might require regulatory approval and
adaptation of existing frameworks. To address these regulatory and legal challenges,
collaboration among insurance companies, legal experts, regulators, and blockchain
developers is crucial. Developing legal frameworks, adapting regulations, and
creating guidelines for blockchain adoption in the insurance industry can help ensure
compliance while harnessing the benefits of this transformative technology.

5.3 Adoption and Integration

The adoption and integration of blockchain technology in the insurance industry
involve a multi-faceted process that requires careful planning, collaboration, and
overcoming various challenges. Here is an overview of how blockchain can be
adopted and integrated into the insurance industry:

Identify Use Cases and Requirements

Define the specific pain points, processes, and areas within the insurance industry
where blockchain technology can bring value. Consider use cases such as claims
processing, fraud prevention, identity verification, and policy management.
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Industry Collaboration

Collaborate with other insurance companies, technology providers, regulatory
bodies, and industry organizations to foster a shared understanding of blockchain's
potential and its implications for the insurance sector.

Choose the Right Blockchain Platform

Select a suitable blockchain platform based on the identified use cases and
requirements. Consider factors such as scalability, privacy features, consensus
mechanism, and development tools.

Regulatory Compliance and Legal Framework

Work closely with legal experts and regulators to ensure that the blockchain solution
complies with existing regulations, data protection laws, and industry standards.
Establish a legal framework that aligns with blockchain technology.

Technical Development

Develop the blockchain solution, including smart contracts, interfaces, user
experiences, and integration with existing systems. Focus on user-friendliness and
seamless integration to encourage adoption.

Data Migration and Integration

Migrate relevant data to the blockchain and integrate the new blockchain system
with legacy systems. Ensure that data consistency, security, and privacy are
maintained during the migration process.

Pilot Testing

Conduct pilot tests of the blockchain solution with a limited group of users or within
a specific region. Gather feedback, identify any issues, and make necessary
adjustments before broader deployment.

Educate Stakeholders

Educate employees, customers, and partners about the benefits and usage of
blockchain technology. Provide training to ensure smooth adoption and interaction
with the new system.

Scalability and Performance Optimization

As adoption grows, monitor the scalability and performance of the blockchain
solution. Implement optimizations, such as sharding, to improve scalability and
performance or off-chain solutions, to ensure smooth operations even during peak
usage.

Collaboration with Regulators
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Maintain an ongoing dialogue with regulatory bodies to ensure that the blockchain-
based operations remain compliant with evolving regulations. Engage in discussions
about potential legal adjustments for blockchain-based processes.

Industry Standards and Consortiums

Participate in industry consortia and standards-setting initiatives to develop common
frameworks, interoperability protocols, and best practices for blockchain adoption in
insurance.

Full Deployment

Once the blockchain solution has been thoroughly tested, refined, and aligned with
regulatory requirements, roll it out for broader use within the insurance company or
industry segment.

Continuous Improvement

Regularly assess the effectiveness of the blockchain solution, gather feedback from
users, and implement updates and enhancements. Blockchain technology evolves,
and ongoing improvement is essential.

Ecosystem Expansion

Consider expanding the blockchain ecosystem to include third-party service
providers, partners, and customers. This can enhance the value proposition and
create a more comprehensive blockchain network.

Monitor Trends and Innovations

Stay updated on the latest blockchain advancements and industry trends. Explore
new opportunities to leverage blockchain technology for additional use cases or to
enhance existing processes.

In conclusion, the successful adoption and integration of blockchain technology in
the insurance industry require a well-thought-out strategy, collaboration with
various stakeholders, and a commitment to overcoming technical, regulatory, and
operational challenges.
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7. Conclusions & Future Directions

Incorporating blockchain technology into the insurance industry represents a
profound transformation that holds great promise for the future of insurance.
Throughout this thesis, we have explored the fundamental principles of blockchain,
its advantages, and its disadvantages within the context of insurance.

Blockchain's ability to enhance transparency, security, and efficiency in insurance
operations is undeniable. It streamlines claims processing, reduces fraud, simplifies
underwriting, and empowers policyholders with greater control over their data.
These advantages not only lead to cost savings for insurers but also result in a vastly
improved customer experience building a new customer-centric insurance
ecosystem.

However, it is crucial to recognize that blockchain adoption in the insurance sector is
not without its challenges. Scalability concerns, regulatory compliance, integration
complexities, and energy consumption issues must be addressed to fully harness the
potential of blockchain technology.

In conclusion, the journey to incorporate blockchain technology into the insurance
industry is one that requires careful consideration, planning, and collaboration
among industry stakeholders. The advantages of blockchain are compelling, and as
the technology matures and evolves, its integration into insurance processes is likely
to become more seamless and beneficial. While challenges persist, the
transformative power of blockchain promises to create a more secure, efficient, and
customer-centric insurance landscape in the years to come. Embracing this
innovation with a clear understanding of its capabilities and limitations is the key to
unlocking its full potential and ensuring a brighter future for the insurance industry.

As blockchain technology continues to mature, its impact on the insurance industry is
expected to grow. Future research could explore the long-term effects of blockchain
adoption on cost savings, customer satisfaction, and new business models.
Collaborative efforts among stakeholders, including insurers, regulators, and
technology providers, will be crucial for realizing the full potential of blockchain in
insurance. In conclusion, blockchain's transparency, security, efficiency, and
automation capabilities position it as a transformative tool for the insurance
industry, ushering in an era of enhanced trust and operational excellence.
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8. Basics smart contract for an Insurance Company

In this section, we present some basic smart contract implementation, in the Solidity
programming language, which are related with the basic operations of a motor
insurance company. These operations include the registration of the potential client,
the registration of the policy, the registration of a claim as well as the cancelation of
a policy. For this implementation the Remix IDE and the Ganache development tool
are used.

8.1 Solidity — Programming language

Solidity is an object-oriented, high-level programming language used for writing
smart contracts on the Ethereum blockchain. Smart contracts are self-executing
contracts with predefined rules and conditions that automatically execute when
certain conditions are met. Solidity is specifically designed for developing these
smart contracts, which are an integral part of decentralized applications (DApps)
built on the Ethereum platform. It has been designed to work seamlessly with the
Ethereum Virtual Machine (EVM), the runtime environment for executing smart
contracts on the Ethereum blockchain [23].

With Solidity, developers are allowed to define the rules and logic of smart contracts,
including functions, data structures, and state variables. These contracts can
represent various types of agreements, from simple transactions to complex
decentralized applications.

Solidity is a statically typed language, which means that data types are explicitly
defined and checked at compile-time. This helps catch potential errors before
deployment. Solidity also offers optimization options to reduce gas costs, which are
the fees required to execute transactions and smart contracts on the Ethereum
network where gas optimization is crucial for cost-effective contract deployment
[24].

Solidity is actively maintained and updated by the Ethereum community to keep it
compatible with Ethereum upgrades and to improve its functionality and security.
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SOLIDITY

Figure 8.1 Solidity Programming Language. Adopted from https://dev.to/gbengelebs/introduction-
to-solidity-228c

8.2 Remix IDE

Remix is a popular web-based IDE (Integrated Development Environment) specifically
designed for Ethereum smart contract development. It provides a user-friendly
environment for developers to write, test, and deploy smart contracts on the
Ethereum blockchain [25].

Remix offers a code editor where developers can write in Solidity, the programming
language used for Ethereum smart contracts. It also provides syntax highlighting,
autocompletion, and error checking to streamline the coding process. Developers
can deploy their smart contracts directly from Remix to the Ethereum blockchain.
Remix simplifies the deployment process and provides options for selecting the
Ethereum network (e.g., main-net, test-nets) for deployment [26].

Remix includes a built-in debugger that allows developers to step through their smart
contract code, inspect variables, and identify and fix any issues. This is a valuable tool
for ensuring the correctness and security of smart contracts. Remix also provides a
testing environment where developers can write and execute test cases for their
smart contracts. This ensures that contracts behave as expected before deploying
them to the live Ethereum network. Moreover, it supports a plugin system that
allows developers to extend its functionality by adding custom plugins and
integrations. This flexibility makes it adaptable to various development workflows.

Furthermore, Remix can connect to different Ethereum networks, including local
development environments and public test-nets. Developers can choose the network
they want to interact with during development and testing. It allows developers to
manage multiple files and projects, making it easier to organize and work on complex
smart contract projects. The IDE offers security analysis tools that help developers
identify potential vulnerabilities in their smart contracts, such as reentrancy issues or
insecure code patterns. Lastly, Remix is also accessible through a web browser,
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making it easy for developers to get started with Ethereum smart contract
development without the need for extensive setup.

In conclusion, Remix is a valuable tool in the Ethereum ecosystem, enabling
developers to create, test, and deploy smart contracts with greater ease and
confidence. It has become a popular choice for Ethereum developers and is
frequently updated to align with the evolving Ethereum ecosystem and best
practices.

8.3 Ganache

Ganache is a development tool that provides a local blockchain environment for
Ethereum developers. It is part of the Truffle Suite, a collection of development tools
and frameworks for building decentralized applications (DApps) on the Ethereum
blockchain. This development tool is specifically designed to facilitate Ethereum
smart contract development by offering a local, personal blockchain that developers
can use for testing and debugging without interacting with the live Ethereum
network [27].

In addition, Ganache provides a fully functioning, Ethereum-compatible blockchain
that runs locally on a developer's machine. This local blockchain is entirely separate
from the main Ethereum network, allowing developers to experiment and test smart
contracts in a controlled environment.

Ganache comes with a set of pre-funded Ethereum accounts that developers can use
for testing transactions and interactions with smart contracts. These accounts have a
predefined amount of Ether (ETH) for testing purposes. Ganache also includes a
built-in block explorer that provides a visual representation of the blockchain's
activity. Developers can use this explorer to inspect blocks, transactions, and
contract interactions.

In this smart contract implementation, Ganache was very helpful and was used due
to the seamless integration with Remix IDE.

8.4 Smart Contracts - Implementation
Below there is the implementation of a smart contract with function for some basics
operation of an insurance company.

The Contract InsuranceContract includes the function below:

1. registerClient(string memory name)

2. issuePolicy(string memory _vehicleModel, uint256 _premiumAmount, uint256
_coverageAmount)

3. cancelPolicy(uint256 _policyld)
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4. registerClaim(uint256 _policyld, string memory _description)
5. approveClaim(uint256 _claimld)

Solidity code:

// SPDX-License-ldentifier: GPL-3.0
pragma solidity 20.8.0;

contract InsuranceContract {
address public owner;

enum PolicyStatus { Active, Cancelled }

struct Client {
string name;
uint256 policyCount;
mapping(uint256 => Policy) policies;
}

struct Policy {
uint256 policyld;
string vehicleModel;
uint256 premiumAmount;
uint256 coverageAmount;
PolicyStatus status;

}

struct Claim {
uint256 policyld;
string description;
bool isApproved;
}

mapping(address => Client) public clients;
mapping(uint256 => Claim) public claims;

event ClientRegistered(address indexed clientAddress, string name);

event Policylssued(address indexed clientAddress, uint256 policyld);

event PolicyCancelled(address indexed clientAddress, uint256 policyld);

event ClaimRegistered(uint256 indexed claimld, string description, bool isApproved);

modifier onlyOwner() {
require(msg.sender == owner, "Only owner can call this function");

’

constructor() {
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}

owner = msg.sender;

function registerClient(string memory _name) public {

}

require(bytes(clients[msg.sender].name).length == 0, "Client already registered");
clients[msg.sender].name = _name;
emit ClientRegistered(msg.sender, _name);

function issuePolicy(string memory _vehicleModel, uint256 _premiumAmount, uint256
_coverageAmount) public {

}

require(bytes(clients[msg.sender].name).length > 0, "Client not registered");

clients[msg.sender].policyCount++;
uint256 policyld = clients[msg.sender].policyCount;

Policy storage newPolicy = clients[msg.sender].policies[policyld];
newPolicy.policyld = policyld;

newPolicy.vehicleModel = _vehicleModel;
newPolicy.premiumAmount = _premiumAmount;
newPolicy.coverageAmount = _coverageAmount;
newPolicy.status = PolicyStatus.Active;

emit Policylssued(msg.sender, policyld);

function cancelPolicy(uint256 _policyld) public {

}

require(_policyld <= clients[msg.sender].policyCount, "Invalid policy ID");
Policy storage policy = clients[msg.sender].policies[_policyld];
require(policy.status == PolicyStatus.Active, "Policy is already cancelled");

policy.status = PolicyStatus.Cancelled;
emit PolicyCancelled(msg.sender, _policyld);

function registerClaim(uint256 _policyld, string memory _description) public {

}

require(_policyld <= clients[msg.sender].policyCount, "Invalid policy ID");
Policy storage policy = clients[msg.sender].policies[_policyld];
require(policy.status == PolicyStatus.Active, "Policy is not active");

uint256 claimld = _generateClaimld();
claims[claimld] = Claim(_policyld, _description, false);

emit ClaimRegistered(claimld, _description, false);

function approveClaim(uint256 _claimld) public onlyOwner {
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require(claims[_claimld].policyld != 0, "Claim does not exist");
require(!claims[_claimld].isApproved, "Claim is already approved");

claims[_claimld].isApproved = true;

function _generateClaimld() private view returns (uint256) {
return uint256(keccak256(abi.encodePacked(block.timestamp, msg.sender,

clients[msg.sender].policyCount)));

}

According to the Ganache Development tool gas needed for each smart contract listed

below:

Deployment of the Contract InsuranceContract

TX HASH
0x8d9e95dc326203514f8c41db826beea248c10a4d5160del7f6402800e7132fca

FROM ADDRESS CREATED CONTRACT ADDRESS
0x96E7bbE6124D054241f74547b029AC40f0e5a72A 0xF75B9dA89B982707970BD906bEEB4EA3FE1EEICO

registerClient

TX HASH
Ox1cfed7fccf3acf592728b85dce841decdf8982d16ffadc7cb75adf7¢719bb76e
FROM ADDRESS TO CONTRACT ADDRESS
0x96E7bbE6124D054241F74547b029AC4L0f0e5a72A 0xF75B9dA89B982707970BDI06bEEB4EA3FE1IECICE
issuePolicy
TXHASH
Ox4e88acf1603688c3d81936b27e2c4d46c3de31171d582313d1688e3eced2c4fc
FROM ADDRESS TO CONTRACT ADDRESS
0x96E7bbE6124D054241f74547b029AC40f0e5a72A @xF75B9dAB9B982707970BDI06DEEB4EA3FELIERSCO

cancelPolicy

TX HASH
0x156a39eff2dbcb0816201c9c425eb9d7b29bb4ccO9eb4tesbabfdd16942a3e0d2

FROM ADDRESS TO CONTRACT ADDRESS
0x96E7bbE6124D054241f74547b029AC4Of05a72A 0xF75B9dA89B982707970BDI906bEEB4EA3FE1EC9CO

registerClaim

TKHASH
0xff90469224bc08139083eeb6ac358975e52cca8f367fcf3c72fd5582e61713161

FROM ADDRESS TO CONTRACT ADDRESS
8x96E7bbEG124D054241F74547b029ACHOTOR5AT2A 0xF75B9dAB9BIB2707970BDIBEbEEB4LEAIFELERICO

approveClaim
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TX HASH
Oxbaecd0386fa0d2e9b9beecaf735866d1ddaeec6cOe51e2241d770db05d23a%¢cc

FROM ADDRESS TO CONTRACT ADDRESS GAS USED VALUE
0x96E7bbE6124D054241F74547b029AC4OfRe5a72A 0xF75B9dA89B982707970BDIOEbEEB4EAIFELEeIcO 46145 0

[ CONTRACT CALL ]

8.5 Future Development - Improvements

Taking into consideration that the developed smart contract works for a single insurance
company, it would be very interesting to examine a universal network where many
insurance companies will be included, exchanging information about clients, policies and
claims. It will be definitely very challenging how all the insurers will interact and integrate all
together.

M.Sc. Thesis - Exploring the potential of Blockchain in Insurance Industry Ilias Batzelios



References

[1] Ahmad Al Sabbagh. Blockchain Implementations: A New Era in the Insurance
Industry, 2019 July, Lebanese American University

[2] https://www.zignuts.com/blog/how-blockchain-architecture-works-basic-
understanding-of-blockchain-and-its-architecture

[3] Maria Delitzaki. Exploring the potential of Blockchain for business process
management, 2022 November, University of Macedonia.

[4] https://www.techtarget.com/searchcio/feature/What-are-the-4-different-types-
of-blockchain-technology

[5] https://www.geeksforgeeks.org/hybrid-blockchain/

[6] https://www.ibm.com/topics/smart-contracts

[7] https://www.bhartiaxa.com/life-insurance/types-of-insurance

[8] https://www.hsbc.co.uk/insurance/types-of-insurance/#life-insurance

[9] https://www.verifiedmarketresearch.com/product/insurance-market/

[10] https://www.globenewswire.com/news-
release/2023/06/09/2685360/0/en/Global-Blockchain-in-Insurance-Market-Report-
2023-Increasing-Demand-for-Secure-Online-Platforms-Fuels-the-Sector.html

[11] Abdul Mateen, Adia Khalid, , Sihyung Lee and Seung Yeob Nam.
Challenges, Issues, and Recommendations for Blockchain- and Cloud-Based
Automotive Insurance Systems, 2023 March.

[12] https://medium.com/@sherief.mursyidi/limitations-and-challenges-of-
implementing-blockchain-technology-in-the-insurance-industry-b70b1c44305c

[13] https://www.linkedin.com/pulse/10-biggest-legal-issues-blockchain-smart-
contracts-jackson-esq-/

[14] Lukas Friehoff. Blockchain in the Insurance Industry | Implications and Legal
Boundaries, 2020 December.

[15] Jayesh Arun Bordekar, Shubham Kumar Gupta, V. S. N. Tinnaluri, Aditya Kumar
Sinha. Insurance claiming process based on blockchain technology using smart
contract.

M.Sc. Thesis - Exploring the potential of Blockchain in Insurance Industry Ilias Batzelios


https://www.zignuts.com/blog/how-blockchain-architecture-works-basic-understanding-of-blockchain-and-its-architecture
https://www.zignuts.com/blog/how-blockchain-architecture-works-basic-understanding-of-blockchain-and-its-architecture
https://www.techtarget.com/searchcio/feature/What-are-the-4-different-types-of-blockchain-technology
https://www.techtarget.com/searchcio/feature/What-are-the-4-different-types-of-blockchain-technology
https://www.geeksforgeeks.org/hybrid-blockchain/
https://www.ibm.com/topics/smart-contracts
https://www.bhartiaxa.com/life-insurance/types-of-insurance
https://www.hsbc.co.uk/insurance/types-of-insurance/#life-insurance
https://www.verifiedmarketresearch.com/product/insurance-market/
https://www.globenewswire.com/news-release/2023/06/09/2685360/0/en/Global-Blockchain-in-Insurance-Market-Report-2023-Increasing-Demand-for-Secure-Online-Platforms-Fuels-the-Sector.html
https://www.globenewswire.com/news-release/2023/06/09/2685360/0/en/Global-Blockchain-in-Insurance-Market-Report-2023-Increasing-Demand-for-Secure-Online-Platforms-Fuels-the-Sector.html
https://www.globenewswire.com/news-release/2023/06/09/2685360/0/en/Global-Blockchain-in-Insurance-Market-Report-2023-Increasing-Demand-for-Secure-Online-Platforms-Fuels-the-Sector.html
https://medium.com/@sherief.mursyidi/limitations-and-challenges-of-implementing-blockchain-technology-in-the-insurance-industry-b70b1c44305c
https://medium.com/@sherief.mursyidi/limitations-and-challenges-of-implementing-blockchain-technology-in-the-insurance-industry-b70b1c44305c
https://www.linkedin.com/pulse/10-biggest-legal-issues-blockchain-smart-contracts-jackson-esq-/
https://www.linkedin.com/pulse/10-biggest-legal-issues-blockchain-smart-contracts-jackson-esq-/

[16] https://www.lifehash.com/post/the-benefits-of-using-blockchain-in-insurance-
claims-processing

[17] Inayatulloh, Siti Elda Hiererra, Prasetya Cahya S, Rozali Toyib, Nico Djundharto
Djajasinga, Sawqi Saad El Hasan, Rofig Noorman Haryadi, Rivaldhy N. Muhammad.
Blockchain technology for Fraud Detection and Risk Prevention in Insurance Industry,
2022 July.

[18] https://www.geeksforgeeks.org/phases-of-evolution-of-blockchain/

[19] https://en.wikipedia.org/wiki/Blockchain

[20] https://originstamp.com/blog/blockchain-1-vs-2-vs-3-whats-the-
difference/#the-3-levels-of-blockchain

[21] https://cleartax.in/s/disadvantages-of-blockchain

[22] https://imaginovation.net/blog/blockchain-insurance-industry-examples/

[23] https://en.wikipedia.org/wiki/Solidity

[24] https://docs.soliditylang.org/ /downloads/en/latest/pdf/

[25] https://remix.ethereum.org/

[26] https://shardeum.org/blog/remix-ide/

[27] https://trufflesuite.com/ganache/

[28] https://en.wikipedia.org/wiki/History of insurance

M.Sc. Thesis - Exploring the potential of Blockchain in Insurance Industry Ilias Batzelios


https://www.lifehash.com/post/the-benefits-of-using-blockchain-in-insurance-claims-processing
https://www.lifehash.com/post/the-benefits-of-using-blockchain-in-insurance-claims-processing
https://www.geeksforgeeks.org/phases-of-evolution-of-blockchain/
https://en.wikipedia.org/wiki/Blockchain
https://originstamp.com/blog/blockchain-1-vs-2-vs-3-whats-the-difference/#the-3-levels-of-blockchain
https://originstamp.com/blog/blockchain-1-vs-2-vs-3-whats-the-difference/#the-3-levels-of-blockchain
https://cleartax.in/s/disadvantages-of-blockchain
https://imaginovation.net/blog/blockchain-insurance-industry-examples/
https://en.wikipedia.org/wiki/Solidity
https://docs.soliditylang.org/_/downloads/en/latest/pdf/
https://remix.ethereum.org/
https://shardeum.org/blog/remix-ide/
https://trufflesuite.com/ganache/

