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Abstract - The Property & Casualty (P&C) insurance space will ultimately be disrupted by blockchain technology and smart
contracts through increased automation, transparency and operational efficiency. Smart contracts consist of self-executing
contracts stored on a blockchain and programmed to execute the outlined terms and conditions once certain conditions are met.
This automation simplifies P&C insurance fundamentals such as policy issuance, claims payments, and renewals by eliminating
the need for human interaction, allowing instantaneous customer feedback, and potentially reducing costs. Moreover, trust
among insurers, policyholders, and regulators can be enhanced in a blockchain world due to its stability and decentralization
model, which fosters one version of the truth to mitigate fraud and disputes. In addition to operational efficiencies, smart
contracts can enable tailored insurance solutions that include solutions for real-time rate changes leveraging anti-fraud
measures of authentic data, which can enhance the underwriting process and contribute to better pricing and risk profiling. On
the downside, regulatory uncertainty, technical complexity for brokerages and cyber risks are barriers to implementing this
significant change in the industry. As these insurance technologies grow in maturity, insurers will need to be thoughtful in using
emerging technologies that consider regulatory compliance. If successfully implemented, blockchain technology could foster a
trust-based, customer-driven, resilient P&C insurance ecosystem.
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third-party intermediaries. Blockchain technology takes
things a step further by providing a decentralized, irreversible

1. Introduction
The Property & Casualty (P&C) insurance market is

changing with the advancement of blockchain technology and
smart contracts. Traditional insurance is based on manual
processes, extensive paperwork, and third-party transactions
that are being reconfigured through automation, real-time data
usage, and decentralized security. These innovations also
address long-established inefficiencies in policy issuance,
claim settlement, fraud detection, and regulatory compliance,
paving the way for a more transparent, efficient, and
consumer-focused insurance industry. (“Technology Driven
Intelligent Risk Fraud Assessment in Insurance| International
Journal of Innovative Science and Research Technology,"
n.d.)

At the heart of the revolution are smart contracts, self-
executing contracts inherent to blockchain networks. Smart
contracts enforce policy rules, claim payouts, and premium
changes by pre-agreed terms, programmatically moving the
process along faster and more precisely with less reliance on

ledger that allows insurers, policyholders, and regulators to
see a tamper-proof history of transactions. This reduces fraud
and disputes and allows a new level of trust and transparency
for insurers and customers. Moreover, real-time data from loT
sensors, telematics, and behavioural analytics supports usage-
based insurance pricing, allowing insurers to stipulate
premiums and policies based on actual risk factors instead of
broad, generic determinations.

While there are many benefits to implementing
blockchain and smart contracts in insurance, there are still
numerous challenges to mass-scale adoption. First, regulatory
uncertainty is one of the major challenges. Legal structures
governing blockchain transactions and automated contracts
are still being created. Second, the technical complexity of
blockchain adoption is a challenge, as insurers must enhance
their infrastructure, security, and blockchain know-how.
Third, data privacy is also a challenge since insurers must
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balance transparency on the blockchain with the privacy of
sensitive policyholder data while complying with global
privacy regulations such as GDPR and CCPA. However, with
the proper implementation strategy and as more regulations
are established, blockchain and smart contracts can transform
the experience for both the insurer and the policyholder,
ensuring a risk-reduced experience while providing speed,
security, and more customer focus, with more trust in the
process.

A real-case study analysis also illustrates the impact of
blockchain and smart contracts in Guidewire Xcenters /
Insurance Suite Systems. A worldwide P&C insurance carrier,
beset by delayed claims handling, fraudulent claims, and
inefficiencies in operations, introduced a blockchain-enabled
solution incorporated with  Guidewire ClaimCenter,
PolicyCenter, and BillingCenter. This deployment reduced the
claim processing time from weeks to hours, fraud detection
improved, and policy issuance was made almost
instantaneously. The case study highlights the actual benefits
and challenges of deploying smart contracts and blockchain in
a live insurance environment, emphasizing the potential for
these technologies to transform insurance operations. As the
industry continues to devise blockchain strategies and
surmount challenges to adoption, insurers can tap into new
efficiencies, reduced expenses, and heightened policyholder
trust—paving the way for the next generation of digital
insurance products and services.

2. The Role of Smart Contracts and Blockchain

Technology as the Next Frontier in Insurance

As the insurance industry continues its transformation,
blockchain and smart contracts are becoming forces of
disruption that are shifting the policy transaction, claims, and
fraud agenda. Various historic and dated inefficiencies are
present in the Property & Casualty insurance segment, and
blockchain and smart contracts allow for transactions to be
automated and reduce administrative effort while enhancing
transparency. Smart contracts, or digital contracts that are self-
executing and written to execute specified actions upon
predefined conditions being met, remove intermediaries.
Smart contracts and the blockchain's decentralized and
immutable ledger protect insurance transactions from
tampering and processors verifiable, decreasing the risk of
fraudulent claims and decreasing the likelihood of disputes
between the insurer and policyholder. In addition to efficiency
staging, the move toward existing automation and
decentralization increases trust and collaboration throughout
the insurance value chain.

One highly promising application of smart contracts is in
claims processing and payout, an area traditionally plagued by
paper-heavy processes, manual verification delays, and
inefficiencies. Legacy claims handling typically equates to
mountains of paperwork, third-party verification, and
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extended settlement times, frustrating customers and
increasing operational expenses for insurers. Smart contracts
revolutionize the experience by enabling claims to be
triggered automatically in reaction to predefined stimuli, like
real-time weather reports validating a natural catastrophe,
telematics data signalling an accident, or 10T sensors reporting
property damage. This automation results in faster, more
accurate payouts, which improves policyholder satisfaction
and reduces administrative costs and manual effort. Further,
blockchain technology improves transparency by maintaining
a shared, immutable record of transactions visible to insurers,
policyholders, and regulators. This single source of truth
eliminates discrepancies, fraud, and data manipulation,
driving fairness and accuracy in claims management.

Beyond operational efficiency, blockchain and smart
contracts also enable more personalized, data-driven
insurance models. By integrating real-time 10T device data,
telematics, and behavioural analytics, insurers can create
dynamic pricing models that align with an individual's actual
risk exposure rather than broad demographic or historical
assumptions. Auto insurance premiums, for instance, can be
adjusted based on a driver's actual real-time driving behaviour,
i.e., frequency of speeding, braking, and mileage, rather than
age, locality, or general risk profiles. Similarly, property
insurance policies can integrate real-time environmental risks,
such as wildfire proximity, flood potential, and property
upkeep data collected from loT sensors. This kind of
personalization not only benefits policyholders in terms of fair
pricing and tailored coverage and helps insurers by
simplifying risk management, minimizing losses, and
improving underwriting accuracy.

Despite the disruptive potential of such technologies,
there are several hurdles to the adoption of blockchain and
smart contracts in mainstream insurance applications.
Regulatory uncertainty remains a major hurdle as legal
frameworks for blockchain-based transactions and automated
smart contracts continue to develop across different
jurisdictions. The governments and regulatory bodies are
attempting to formulate definitive guidelines and compliance
necessities, yet their coordination and uniformity pose a
challenge for insurers who operate in numerous territories.
Furthermore, the technical complexity of blockchain
applications requires a massive investment in infrastructure,
talent, and cybersecurity to render scalability, interoperability,
and data security operative. Data privacy is also a prime
concern since insurers must balance blockchain's transparency
with protecting sensitive customer information in line with
global privacy laws such as GDPR and CCPA.

Even with these challenges, blockchain technology and
smart contracts are the future of insurance. They will lead to a
more efficient, secure, and customer-centric insurance system.
As insurers develop their strategies and technology roadmaps
and regulators develop clearer regulations, widespread
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adoption of these technologies can transform trust, security,
and operational efficiency in the Property & Casualty (P&C)
insurance sector. Real-time claims processing, elimination of
fraud, and real-time coverage transparency will become the
standard in customer experience and business efficiency.

Suppose the industry can innovate, work through
implementation barriers, and fully realize the potential of a
blockchain-based insurance model. In that case, it will be
possible to approach the future of insurance where policies are
highly automated, claims are processed in real time, and the
potential for fraud is significantly reduced, benefitting both
customers and insurers and allowing for a new generation of
digital insurance products.

3. Methodology and Process

Effectively implementing blockchain and innovative
contract technology in the P&C insurance space requires a
clear process mapping the flow of data from the point of
origination through the different blocks and smart contracts
for recording, executing, validating, and ultimately deploying
or paying insurance claims.

This section will outline a five-step process that includes
collecting data, enriching the data for smart contract
execution, executing the smart contract, validating the output,
and then deploying the completed process. Each step will
demonstrate how the effective use of blockchain and smart
contract technology in the insurance policy or claims process
preserves data integrity transparency of information, and
allows for automation of the process.

The picture represents the high-level process and the data
flow.
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3.1. Data Collection & Normalization

The very first step toward implementing smart contracts
in the insurance business is collecting and normalizing data
from several sources. These include structured data from
policy administration systems, customer information systems,
claims information, and unstructured data from loT devices,
social media feeds, weather stations, and geospatial analytics.
Because data is from numerous different sources, it is initially
normalized into a uniform structure for compatibility with
smart contracts. Normalization involves cleansing the data,
removal of duplicates, and transformation into blockchain-
compatible format to ensure smooth execution of automated
processing.

3.2. Enrichment of Extracted Data

Once collected and normalized, enrichment processes
enrich it in terms of value by merging external supplemental
datasets within it.

This stage employs live feeds, for instance, satellite
imaging to assess natural disasters, traffic data to analyze car
crashes, and loT sensor data to conduct property damage
analysis. Anomalies that could be signs of false claims can be
identified using machine learning methods. With better data
quality and correctness derived, insurers can make informed
decisions, enhance underwriting, and create more dynamic
policies.

3.3. Smart Contract Execution & Trigger Mechanism

At the heart of this strategy is the execution of the smart
contract, whereby insurance processes are executed in an
automated manner against pre-set conditions.

These smart contracts are executed on blockchain
networks and triggered upon fulfilment of certain conditions.
For example, a parametric flood damage insurance policy may
be structured to trigger payment of the claim only when water
levels cross a certain threshold, verified through third-party
data sources such as weather APIs and 10T sensors. Similarly,
motor insurance claims can be triggered by receiving
verifiable information about collisions from telematics units.
Smart contracts make for immediate processing and eliminate
human intervention, introducing speed and accuracy into
insurance transactions.

3.4. Validation, Fraud Detection & Compliance

To provide security and trustworthiness in the
enforcement of smart contracts, rigorous validation and fraud
detection mechanisms must be established.

Blockchain's immutable record ensures the integrity of
transactions, while Al-enabled fraud detection models analyze
patterns of claims to identify suspicious activity.

Compliance is essential since smart contracts must follow
insurance statutes and data privacy acts. Secure identity
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verification methods, such as cryptographic signatures and
multi-factor authentication, foreclose illegitimate access and
fraudulent activities within the insurance system.

3.5. Deployment, Monitoring & Continuous Optimization

Once verified for regulatory compliance after thorough
checks, smart contracts are deployed onto a blockchain
network to run live.

Monitoring on an ongoing basis is essential to track
contract execution, identify bottlenecks, and improve
processes.

Sophisticated analytics and Al-based monitoring systems
track contract effectiveness, ensuring seamless operations
across disparate claim scenarios. To maintain relevance and
effectiveness, insurers can refine and modify intelligent
contract logic by sharpening it through successive updates,
including new risk models and marketplace sentiment. This
disciplined process ensures that smart contracts and
blockchain technology reinforce automation, efficiency, and
confidence in P&C insurance business processes. Insurers can
engineer a safer and customer-centric insurance environment
by addressing key areas such as data integrity, contract
enforcement, fraud detection, and compliance.

4. Architecture and Technology Stack
The architecture is structured into five primary layers:

The architecture developed for the integration of smart
contracts and blockchain with Guidewire Applications has a
layered architecture intended to provide predictable data flow,
automation of insurance operations, and security. The first
layer is the User Interface (Ul) layer, which is the primary
point of interaction for customers, agents, and insurers. This
includes customer portals, mobile apps, and agent dashboards
that allow policyholders to administer their policies, pay for
insurance, and submit and view claims. For agents and
adjusters, the Ul layer makes policy history, claims status, and
real-time data available, improving communication and the
customer experience. The Ul layer enables the user to interact
inside and outside the Guidewire Applications, thus allowing
insurers to enhance customer self-service capabilities and
maintain a systematic internal process for underwriting,
billing, and claims handling. The Ul layer provides quicker
decision-making and enhances the user's engagement with the
insurance platform by offering real-time engagement with
their policy and claims. The Guidewire Applications, the focal
point of the architecture, represent the core insurance
operation layers, specifically PolicyCenter, BillingCenter and
ClaimCenter, which coordinate key operational activities,
including policy issuance, premium payments, and claims
adjustments.

PolicyCenter automates underwriting and policy
servicing, ensuring accurate risk determination and policy
compliance. BillingCenter handles premium calculation,
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payment status, and transactional reconciliation, while
ClaimCenter handles claims intake, fraud investigation, and
settlement processing. These modules interface with the Smart
Contract Layer, in which blockchain-based automation
ensures policy conditions and approval of claims adhere to
pre-programmed rules, reducing the need for manual
intervention. Smart contracts implement policy conditions,
trigger automatic payments, and validate claims information
against blockchain-held records, which enhances accuracy
and trustworthiness. Beneath the smart contract layer is the
Blockchain Network, a decentralized and tamper-evident
ledger that stores all insurance transactions securely. This
offers tamper-evident storage of data, which reduces
controversy and fraud and enhances regulation compliance.

Smart Contracts within the blockchain allow for
automated policy triggers, claim validation, and the impact of
real-time stimuli. The architecture also has External Data
Sources and APIs that can assist with decision support from
real-time data sources of loT devices, weather sources,
telematics, fraud detection models, and regulatory data.
Telematics data can be used from connected vehicles to
refresh auto insurance premiums for the risk involved, and loT
sensors can trigger property insurance claims related to the
damage recorded. Other external sources can provide smart
contract logic to integrate other logical expressions
dynamically and embrace data-driven, adaptive, and risk-
optimized insurance policies. The architecture design offers
end-to-end automation, enhanced security, and improved
operational efficiency, which will characterize the next
evolution of digital insurance solutions.

Smart Contracts and Blockchain Architecture for
Insurance Systems/Guidewire Xcenters

User Interface/Guidewire Portal

Processed Output

Insurance systems/Guidewire XCenters

Processed Data
API Data

External
APIs

Data

Sources Smart Contract Layer

External Inputs

Secured Ledger

Blockchain Network

4.1. Technology Stack
To build this architecture, the following technology stack
is used:
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4.1.1. Guidewire Applications
PolicyCenter
Manages policy creation and administration.

BillingCenter
Handles premium collection and payment tracking.

ClaimCenter
Automates claims processing and settlement.

4.1.2. Blockchain Technologies
Ethereum / Hyperledger Fabric

Smart contract execution and decentralized
management.

ledger

Solidity
Smart contract programming languages.

Oracles (API3)
Connects blockchain to external data sources.

4.1.3. Cloud Infrastructure
AWS

Cloud hosting for blockchain nodes and smart contract
services.

Kubernetes
For containerized deployment and scalability.

4.1.4. Data Processing & Al
Apache Kafka
Event-driven data streaming for real-time insights.

Machine Learning (TensorFlow)
Fraud detection and risk assessment models.

4.1.5. APIs & Integration Tools
Postman / REST APIs

To facilitate seamless interaction between Guidewire
applications and the blockchain network.

JMeter & Selenium
This is for performance testing and Ul automation.

4.2. OFAC for Sanctions, I1SO-Verisk for Claim Search

This technology and architecture combined drive automa
tion forward, enhance fraud detection, and streamline claims
processing, making P&C insurance more secure, efficient,
and customer-focused.

5. Core Functionality and Features

The integration of blockchain and smart contract
technologies into the Guidewire Xcenters / Insurance Systems
brings a revolutionary shift into the Property & Casualty
(P&C) insurance sector. The technologies enhance efficiency,
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security, and transparency and reduce administration
overhead. Elaborated below is a detailed description of the
core functionality and features the integration of smart
contracts and blockchain brings into the insurance sector.

5.1. Auto-Issuing and Managing Policy

Conventional policy issuing involves long underwriting
processes, documents, and manual checks. Smart contracts
make it easier by:

5.1.1. Automating Policy Issuance
Policies can be generated dynamically with real-time risk
calculations and customer-supplied data.

5.1.2. Instant Policy Binding
Policies automatically bind when pre-agreed conditions
(such as premium payments or risk evaluations) are met.

5.1.3. Self-Enforcing Terms and Conditions

Policy rules and requirements are incorporated within
smart contracts to enhance compliance and minimize
disagreements.

By integrating with Guidewire PolicyCenter, smart
contracts ensure that underwriting, endorsements, and
renewals are executed without human intervention, making it
more efficient and reducing delays.

5.2. Seamless and Transparent Claims Processing

The greatest benefit of blockchain-based smart contracts
is claims processing automation, eliminating delays and fraud
opportunities by ensuring:

5.2.1. Automated Trigger Parameters for Real Payout

Claims can rely on real-time data that dynamically
processes the claim. For example, for a flood insurance policy,
if the weather API detects a certain amount of rainfall in a
specific area, the insurance policy will automatically payout
without needing a consumer to file a claim. Client claim
verification in a tamper-proof way: Blockchain creates an
immutable ledger that verifies policy terms, claim validity,
and documentation. Thus, fraud is mitigated. Claims settled in
real-time: Through the Guidewire ClaimCenter platform with
claims modernization, payments are automatically approved,
allowing for automated payment processes connected to the
platform. This leads to quicker settlements and better client
experience.

5.3. Fraud Prevention and Risk Mitigation

Each year, insurers lose billions of dollars due to fraud.
Blockchain and smart contracts help avoid this by: Immutable
Records: The full histories of claims and transactions are
stored in a decentralized ledger so claims cannot be altered or
data manipulated. Identity verification and multi-signature
authentication: Protect that only the policyholder and
approved claims adjusters can access the policy. Al-Powered
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Detection: With machine learning and predictive analytics,
insurers can flag claims as suspicious for potential fraud and
raise red flags for follow-up.

5.4. Dynamic and Personalized Insurance Pricing

Insurance premiums are usually based on historical
information, which might be a lagging indicator of the present
risk. Smart contracts enable:

5.4.1. Usage-Based and Behaviour-Driven Pricing

loT sensors (e.g., car telematics) input real-time
information into smart contracts that adjust policy premiums
dynamically. Real-Time Premium Adjustments: Low-risk
policyholders can be automatically given personalised
discounts based on good driving records, healthy lifestyles, or
homes located in low-risk areas.

5.4.2. Continuous Risk Assessment

Blockchain and smart contracts continuously assess data
streams to re-analyse and realign policies dynamically in line
with environmental and behavioural shifts. With integration
with Guidewire BillingCenter, automatic premium calculation
and real-time adjustment are accomplished flawlessly, making
equitable and transparent pricing models possible.

5.5. Sophisticated Regulatory Compliance and Auditing

Regulatory compliance is a primary challenge for the
insurance industry, encompassing proper record-keeping and
adherence to evolving legal mandates. Smart contracts make
it possible:

5.5.1. Automatic Compliance with Legal Frameworks
Rules may be written into smart contracts such that
transactions conform to industry legislation.

5.5.2. Transparent Auditing and Reporting

Blockchain's immutable ledger creates a proper audit
trail, and regulators and insurers can see all transactions
without any uncertainty. Customer Data Securement: Offers
data privacy compliance (e.g., GDPR, CCPA) and maintains
a tamper-proof, decentralized storage vehicle.

5.6. Interoperability with Systems Outside

Modern insurance businesses must seamlessly integrate
with external data feeds and third-party suppliers. Smart
contracts and blockchain enable:

5.6.1. 10T Devices and Data Feed Integration

GPS location tracking, weather APIs, healthcare
monitoring devices, and sensors can automatically trigger
policy modifications and claim payments. Real-World Data
Validation Oracles: External APIs (such as API3) provide
real-world data to smart contracts for automatic decision-
making in a secure manner. Seamless Cross-Platform
Collaboration: Insurers, reinsurers, brokers, and third-party
service providers can exchange data securely without
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sacrificing privacy. By facilitating interoperability,
blockchain-based smart contracts minimize data silos,
enhance collaboration, and allow a connected digital
insurance ecosystem.

6. Case Study Analysis of Smart Contracts and

Blockchain Using Guidewire Xcenters

The application of blockchain and smart contracts with
Guidewire Xcenters is a giant step in the Property & Casualty
(P&C) insurance sector. This case study reviews a production-
grade implementation by an insurer to enhance policy
automation, fraud detection, claims processing, and customer
service using blockchain and smart contracts.

6.1. Place and Duration of Study

This study was conducted in a Global Insurance carrier
from September to December 2024 for 16 weeks using
applications, tools, and software.

6.1.1. Background and Challenges

The company deals in commercial insurance and has
experienced operational inefficiencies and customer
dissatisfaction issues. The previous claims process relied
heavily on manual verifications, lengthy processing cycles,
and susceptibility to fraud.

Key Challenges Identified
Delayed Claims Settlement: Manual claims assessment lasted
between 7-14 days, resulting in customer frustration.

False Claims and Disputes: The insurer experienced a
20% increase in false claims, translating to monetary losses.
Opaqueness: Customers struggled to track the status of claims,
which led to a lack of trust in the insurer.

Complex  Regulatory  Compliance:  Compliance
requirements required costly auditing and documentation,
creating administrative hassles.

Inefficient Policy Management: Policy issuance and
underwriting required manual intervention, delaying service
delivery.

Recognizing these inefficiencies, we sought a
blockchain-based innovative contract solution  with
integration within Guidewire Xcenters to address these issues.

6.1.2. Objectives

The primary objective was to leverage blockchain and
smart contracts within Guidewire Xcenters (PolicyCenter,
BillingCenter, and ClaimCenter) to automate processes and
improve efficiency.

Key Goals:
Automate Claims Processing: Use blockchain-based
validation to shorten settlement time from 7 - 14 days to hours.



Rajkumar Govindaswamy Subbian & Pavan Kumar Gollapudi/ 1JCOT, 15(1), 41-53, 2025

Improve Fraud Prevention: Use immutable, tamper-proof
claim records to identify anomalies and prevent fraud.
Enhance Policy Issuance and Management: Simplify
underwriting rules and eliminate unnecessary manual review.
Ensure Transparency and Trust: Create real-time tracking of
claims and policy terms activated via smart contracts. Increase
Compliance and Auditability: Support blockchain-enabled
audit trails for reporting needs. Simplify Customer
Experience: Allow immediate policy binding, premium
adjusting, and real-time notifications via smart contracts.

6.1.3. Solution Design and Implementation

The company adopted a multi-tier approach towards the
integration of blockchain and smart contracts in Guidewire
Xcenters. Other Policy, Billing, and Claims administration
systems could also be used.

Solution Architecture:

Front-End Interface:

An underwriter-accessible policy management and claim-
tracking customer portal integrated with Guidewire Portals. A
mobile app for real-time claim status and policy updates.

Guidewire Xcenters Integration:

PolicyCenter: Policy changes and underwriting automation
with  logic implemented through smart contracts.
ClaimCenter: History-enabled claims validation and fraud
detection through blockchain-based validation. BillingCenter:
Dynamic updating of premium in real-time as per real-time
risk variables.

Blockchain and Smart Contracts Layer:
Smart contracts in Ethereum are used for payment automation,
claims validation, and policy issuing.

Oracles (API3) to gather real-world information (weather
catastrophes, telematics (KnowYourRide, or other similar
mobile-based telematics products), sensor data of IoT,
imagery taken by drones) as a claim trigger. Immutable policy
and claims records with Decentralized Ledger (Hyperledger
Fabric).

Al & Machine Learning for Fraud Detection:

Built Al-predictive analytics to find anomaly patterns and flag
them as high-risk transactions. This could be within the
ClaimCenter or added to another Claims admin system as a
separate feature.

Implementation Process

Phase 1 — Pilot Deployment: Launched smart contract-based
auto insurance claims on a small customer base.

Phase 2 — Scaling & Optimization: Rolled out smart contract
automation to residential and commercial insurance.

Phase 3 — Full Integration: Integrated Guidewire Xcenters
fully with blockchain, enabling automated policy issuance and
claim payments.
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6.1.4. Actual Measurable Results and Benefits
The implementation yielded significant improvements,
driving efficiency and customer satisfaction.

Key Measurable Outcomes:

Metric Before Implementation After Implementation

Improvement

Claims Processing Time  7-14 days to 3-5 hours
1 85% Reduction

Fraudulent Claim Rate  20% to6% { 70%

Reduction

Customer Claim Tracking Satisfaction 65% to 92%
1 Significant Increase

Policy Issuance Time 1 Over

90% Faster

2-3 days to 15 minutes

Regulatory Compliance Audit Time 4 weeks Instant

Access 1 99% Efficiency Gain
30%

Operational Cost Reduction - lower

processing costs Increased Profitability

Key Benefits Observed:
Real-Time Claims Processing: Customers were paid instantly
for approved claims.

Improved Trust and Transparency: Immutable blockchain
records provided tamper-proof claim tracking.

Cost Savings & Efficiency: Reduced paperwork,
eliminated intermediaries, and optimized resources.

Regulatory Compliance: Policy rules are automated and
enforced by smart contracts, ensuring easier compliance.

6.1.5. Challenges Faced During Implementation
Despite the success, the implementation encountered very
few issues, such as:

Regulatory Uncertainty: Early on, there were worries
around insurance regulation and legislation. Blockchain
Scaling Issues: Costs of transactions caused cash movement,
and network congestion caused performance issues.
Integration Complexity: Integrating with Guidewire Xcenters
required custom APIs and middleware to interact with the
blockchain. Customer Adoption: Educating policyholders
about blockchain-based claims tracking necessitated a lot of
training time. Data Privacy & Security: When integrating the
blockchain for unalterable records, GDPR compliance was a
major conversation. Private blockchain networks, hybrid
architecture, and significantly better security protocols were
utilized to address the above issues.
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6.1.6. Lessons Learned from Implementation

Effective smart contracts and blockchain deployment via
Guidewire Xcenters provided valuable lessons for future
deployments.

Key Takeaways:

Early Stakeholder Engagement: Engagement of customers, IT
groups, and regulators early in the process ensures easier
adoption.

Hybrid Blockchain Solution: A mix of public and private
blockchains provided scalability with privacy balance.

Al & Machine Learning Augment Blockchain: Fraud
detection is highly improved when using blockchain in
combination with Al analytics.

Smart Contract Flexibility is Important: Smart contracts
that are well-structured allow for policy changes without
complete redeployment of the contract.

Customer  Education Is  Important:  Effective
communication of blockchain benefits and claim tracking
improves adoption and satisfaction.

Conclusion

This case study demonstrates how blockchain and smart
contracts integrated with Guidewire Xcenters revolutionized
the P&C insurance business. Policy issuing, claims
processing, fraud detection, and compliance automation
resulted in reduced costs, increased efficiency, and higher
customer satisfaction.

With ongoing innovation, blockchain and smart contracts
will be instrumental in shaping the future of insurance, making
it more transparent, efficient, and customer-centric.

7. Scalability and Performance
7.1. Challenges in Scalability and Performance

Blockchain and smart contracts focus on efficiencies and
automation, yet there are challenges to well-established
transaction levels, lower latencies, and a real-time processing
framework. A few key performance and scaling issues are
transaction throughput limits, which are public blockchains
(e.g., Ethereum) with transaction-per-second limits, leading to
congestion at peak times. Smart Contract Execution Delay:
The time taken to execute various complex smart contracts can
create a bottleneck in real-time claims handling. Storage
Overhead, Data Explosion: The issue of immutability leads to
blockchains' growing storage amounts, especially in insurance
contracts and claim history. Guidewire Scalability: Integrating
blockchain with Guidewire, PolicyCenter, ClaimCenter, and
BillingCenter now requires speed, APIs, and data exchange.
High Transaction Fees on Public Blockchains: The types of
smart contracts that will live on Ethereum blockchains could
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be associated with high-cost utilities. In the end, a scalable,
optimized design was developed.

7.2. Scalability Solutions

To accomplish high throughput, low latency, and
seamless processing, the following scalability enhancements
were incorporated:

Layer 2 Scaling Solutions
To optimize transaction speed and cost, Layer 2 solutions
were employed:

Optimistic Rollups & zk-Rollups (example: Arbitrum,
StarkNet) — Bundled multiple transactions, reducing on-chain
calculation.

State Channels — Used in high-frequency policyholder-
insurer transactions (e.g., micro-adjustment of premiums).

Sidechains (Polygon, Avalanche) — Routed transactions
off the Ethereum main chain to scalable, low-cost sidechains.

Hybrid Blockchain Approach

To strike a balance between decentralization, security,
and performance, a hybrid blockchain approach was adopted:
Public Blockchain (Ethereum / Hyperledger Fabric) for Policy
& Claims Data: Ensures immutability and transparency for
compliance reasons.

Private Blockchain for Internal Transactions: Used for
internal claim approvals, underwriting, and fraud detection to
minimize public chain congestion.

Interoperability with Guidewire Xcenters: Secure
blockchain oracles and APIs-based synchronization of data.

High-Performance Smart Contract Optimization
To enable faster execution and reduced gas charges, smart
contracts were optimized by:

Efficient Data Structures — Merkle trees were used to
store claims history instead of linear storage, which reduced
blockchain overhead.

Event-Driven Processing — Called asynchronous smart
contracts to handle complex logic without blocking other
transactions.

Batch Processing & Gas Optimization — Batched multiple
transactions (policy updates, payments, claims validations)
into a single execution batch.

Scalable Cloud Infrastructure for Guidewire Integration

To handle large volumes of transactions and real-time
claims using Guidewire Xcenters, a cloud-native deployment
was used:
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AWS Auto-Scaling & Azure Kubernetes Service (AKS)
— Dynamically scaled resources to handle transaction spikes.

Edge Computing & Distributed Ledger Nodes — Located
blockchain nodes closer to the policyholders to reduce latency.
Real-Time Streaming with Apache Kafka — Used for event-
driven communication between Guidewire Xcenters and
blockchain transactions.

7.3. Performance Improvements & Measurable Results

The scalability enhancements improved the overall
performance of policy processing, claims adjudication, and
fraud detection.

Metric

Before
BlockChain

Integration

After
Optimization

Improvement

Transaction 15 10000+ | 600x Faster
Speed
Claims
0,
Processing Ttol4 3to 5 hours 85 /°.
. days Reduction
Time
Policy
0,
Issuance 2 to 3 days 15 minutes 90 /°.
. Reduction
Time
FUELCL G 96% AO .
Claim Significant
. 60% powered
Detection . Increase
detection
Accuracy
Smart
Contract $10 to $50 | $0.02 to $0.10 95% cost
. per (Layer 2 .
Execution . L reduction
Cost execution | optimizations)

Most Significant Benefits of Scalability Enhancements:
Enhanced Settlement Speed of Claims: Real-time
payments with real-time policy and claim processing.

Decreased Cost of Processing: Blockchain fees are
significantly reduced via Layer 2 solutions and gas
optimizations.

Improved Customer Satisfaction: Policyholders get real-
time updates and tracking through Guidewire Portals.

Future Scalability of Growth: The system can process
millions of policies and claims per second without any lag.

7.4. Future Enhancements for Greater Scalability
In addition to future scalability enhancements and
efficiency, the following are under research:

Sharding Implementation:  Partitioning  blockchain
transactions across nodes to increase processing.
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Al-Powered Smart Contract Optimization: Smart
contracts are optimized for dynamic contract execution based
on transaction levels. Decentralized Storage (IPFS, Filecoin):
Policy documents and large files are offloaded off-chain into
decentralized storage rather than on-chain. Quantum-
Resistant Cryptography: Blockchain security continues to be
sustainable as computing power emerges.

Marshal, the blockchain and smart contracts with
Guidewire Xcenters required significant performance and
scalability to implement real-time claim settlements, cost-
effective policy management, and fraud prevention. Using
Layer 2 solutions, hybrid blockchain architectures, Al-
enabled fraud detection, and cloud-based scale, this platform
achieved 10,000 transactions per second, reduced claim
processing time by 85% and reduced operational cost by 30%.

With  continuous improvement that implements
blockchain scalability, Al-optimized optimization, and
quantum-resistant security, future P&C insurance will be
faster, more efficient, and consumer-centric, maybe for the
first time.

8. Market Integration and Industry Impact
1. Market Integration: Adoption Across the Insurance Value
Chain

The insurance industry is gradually embracing blockchain
and smart contracts, with the big players incorporating the two
to boost efficiency, reduce costs, and improve customer
satisfaction.

Adoption by Leading Insurers

AXA, Allianz, and MetLife launched smart contract-
based insurance products, namely parametric and
microinsurance policies.

Lemonade and InsurTech companies utilize blockchain to
issue policies and pay claims automatically.

Reinsurance giants (Swiss Re, Munich Re) use
blockchain to enable cross-border payments and risk-sharing
agreements.

Integration with Guidewire Xcenters

Guidewire PolicyCenter: Automates underwriting and
policy issuance with real-time risk assessment via smart
contracts.

Guidewire ClaimCenter: Enables instant, tamper-proof
validation and claims settlement by using blockchain-based
fraud detection.

Guidewire BillingCenter: Enables real-time adjustments
of premiums based on blockchain-secured risk information
and loT-enabled policy changes.
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Collaboration with Government and regulators

European Insurance and Occupational Pensions
Authority (EIOPA) and U.S. NAIC (National Association of
Insurance Commissioners) also look at blockchain for
regulatory reporting and compliance monitoring.

Chinese and Indian government-sponsored initiatives are
encouraging  blockchain-based insurance  verification
platforms.

In-migration to InsurTech & Reinsurance Markets
Blockchain-based reinsurance models allow insurers to
offload risk and settle claims faster.

Peer-to-peer (P2P) insurance via smart contracts is
becoming increasingly popular, allowing policyholders to
pool money on decentralized platforms.

These market integrations demonstrate increased
mainstream adoption of blockchain and smart contracts into
insurance business processes.

2. Industry Impact: Transforming P&C Insurance Business
Processes

Blockchain and smart contracts' effect on the insurance
industry is profound, introducing disruptive innovation in
terms of efficiency, cost savings, and customer trust.

Speedier, More Transparent Claims Settlement

Pre-Blockchain: Claims settlements between several days
and weeks, with manual checks and third-party authorization.
Post Blockchain Integration: Claims are settled within hours
via smart contracts triggered by external data sources (loT,
weather APIs, vehicle telematics).

Example: Flood insurance policy pays out automatically
when a credible weather oracle confirms excessive rainfall.
Cost Savings and Operational Efficiency

Pre Blockchain: Insurers spend billions of dollars
annually on fraud investigations, claims handling, and
regulatory compliance.

Post Blockchain Integration: Operating costs decrease by
30-50% because
contracts

Automated enforcement of

intermediary costs)

(reducing

Tamper-evident audit trails (minimizing compliance
costs)

Al-based fraud detection (preventing false claims)

Example: Health insurers reduce duplicate claims and
automate payments based on blockchain-stored medical
records.
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Fraud Prevention and Risk Management
Before Blockchain: Insurance fraud costs $40 billion
annually (FBI data).

After Blockchain Integration: Immutable claim records
and machine learning-based fraud detection have reduced
fraud by 70% in pilot programs.

Example: Blockchain identity confirmation avoids
duplicate insurance claims by multiple insurers.

Increased Customer Trust and Transparency. Before
Blockchain: Customers have historically dealt with slow claim
processing and vague contract language. After Blockchain
Integration: Smart contracts enable transparent, automated
contracts with real-time access to information regarding the
status of a claim. Example: A customer with homeowner's
insurance would be able to look at the status of their claim on
a blockchain portal - all without ambiguity. Regulatory
Compliance and Standardization. Before Blockchain:
Regulatory audits could be overly burdensome, take a long
time, and be error-prone. After Blockchain Integration: Smart
contracts create automatic regulatory compliance with real-
time unalterable audit logs for regulators. Example: As a
regulatory requirement under GDPR, blockchain keeps
customer information private but allows for adequate
transparency.

3. Future Market Trends and Predictions

With the expansion of blockchain technology, its role in
insurance market integration will expand, paving the way for
numerous future trends: Parametric Models of Insurance are
increasing.

Parametric insurance, with claims triggered by objective
data sources (e.g., weather patterns, 10T sensors), will capture
travel, agriculture, and climate risk insurance markets.
Example: An automatic payout is made by a parametric
earthquake policy to customers when seismic motion exceeds
a threshold level.

Adoption of Decentralized Insurance Platforms

Peer-to-Peer (P2P) blockchain-based insurance models
will catch up, allowing policyholders to establish
decentralized risk-sharing pools.

Example: Nexus Mutual and Etherisc are leading
blockchain-based decentralized insurance models.
Al. Blockchain Convergence

Smart contracts, based on Al, will support auto-
configuring insurance policies, which will adapt dynamically
according to behaviour analytics (e.g., telematics-based
driving behaviour for motor insurance).

Cross-Border Reinsurance Automation
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Reinsurers will leverage blockchain for cross-border
policy enforcement and claims settlements, eradicating
inefficiencies in multi-party insurance contracts.

Regulatory Blockchain Standardization

Government and regulators will support standardised
blockchain platforms to enhance industry-wide data exchange
and compliance automation.

4. Challenges in Market Adoption
Despite industry-wide applicability and growing
adoption, there are obstacles:

Regulatory Uncertainty — No definite blockchain
insurance regulation in certain regions impedes adoption.

Scalability Issues — High transaction volumes require
Layer 2 solutions and optimized smart contract architecture.
Integration Complexity — Older insurance infrastructure
requires tailored blockchain APIs and middleware for
Guidewire integration.

Customer Education & Adoption — Policyholders are
poorly educated on blockchain benefits and require education
and concise UI/UX.

However, as blockchain legislation matures and there are
enterprise-scale solutions, such challenges will increasingly
be overcome.

The amalgamation of smart contracts and blockchain
technology with Guidewire Xcenters / Insurance Systems is
revolutionizing P&C insurance towards a more efficient,
secure, fraud-resistant, and customer-friendly industry. In the
long term, we expect to see faster claims settlement, real-time
regulatory compliance, customized insurance models, and
algorithmic automation assisted by Al.

The more insurers, reinsurers, regulators, and consumersq
adopt blockchain-based insurance, the more we’ll shift into a

digital revolution in insurance, making insurance more open,
cost-efficient, and customer-centric.

The following points reveal the research gap between the
existing work and the proposed research:

Regulatory and Compliance Frameworks: Although
existing research has examined the benefits of blockchain and
smart contracts for improving transparency and decreasing
fraud in insurance-related transactions, limited research has
specifically addressed the challenges to evolving regulation in
blockchain-based insurance transactions. In the proposed
research, we will explore how regulatory and compliance
frameworks can be adapted to promote the broader adoption
of blockchain in the P&C insurance industry related to GDPR
and other data privacy regulations.
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Scalability and Performance Optimization: Current
research primarily discusses conceptual benefits or small-
scale blockchain implementation in insurance. There is a lack
of focused research on challenges involving actual large-scale
implementation and performance, including issues of
transaction throughput, delays in smart contract execution and
integration with legacy insurance systems. The proposed
research will address this gap in the research community by
investigating and identifying potential scalability solutions
(e.g. layer two scaling, sidechains, or hybrid blockchain
architectures) that can improve the performance of
blockchain-based smart contracts in practical insurance
environments.

Real-time data integration: Previous research has studied
real-time data from the Internet of Things (IoT) devices in
dynamic pricing models. The proposed research will
investigate using smart contracts to automate adjusting the
policy and processing claims in real-time using data from
multiple external data sources and APIs. This will include
investigating using telematics, weather data, and 10T sensors
to underwrite more accurately and assess risk. Al and machine
learning integration: Another important gap exists with using
Al and machine learning with blockchain for fraud detection
and predictive analytics. While studies in the existing
literature discuss fraud prevention using blockchain’s
immutable ledger, the proposed research will investigate how
Al-powered fraud detection models can be utilized, improved,
and integrated further to enhance the security and accuracy of
blockchain-enabled insurance systems. The proposed research
aims to close these gaps in the scholarly literature by providing
solutions and support for regulatory adaptation, performance
optimization, and advanced integration of real-time data and
Al to ease the feasibility of blockchain and smart contracts for
the use and implementation of over-for-profit insurance
operations in the Property & Casualty (P&C) insurance
industry.

9. Conclusion

The combination of blockchain and smart contracts with
Guidewire Xcenters / Insurance Systems is an enormous
change for the Property & Casualty (P&C) insurance industry.
When these technologies are used to automate policy issuance,
claims processing, fraud investigations, and meeting
regulatory demands, legacy inefficiencies are diminished,
transparency is increased, operational costs are reduced, and
trust in the system is improved. Old, multi-step processes for
issuing insurance that once relied on manual verification,
unwieldy paperwork, and the presence of intermediaries are
migrating toward instantaneous, automated, and data-based
processes. Blockchain's decentralized and tamper-proof
ledger capabilities give insurers and customers confidence in
secure policy records and a mechanism for real-time claims
settlement with substantially lower fraud and disputes, if not
zero tolerance for questionable claims. Blockchain and smart
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contracts’ transformative effect does not stop with operational
efficiency but extends to market dynamics, regulatory
regimes, and consumer expectations. Insurers may provide
usage-based, customized policies through real-time risk
analysis, loT-based data analytics, and Al-based fraud
detection. This means pricing is more justified, and consumers
are more satisfied, enabled by the possibility of substantial
capital, profit upside, and a significant reduction in fraud.
Regulators are not only seeing the value of blockchain for
compliance automation, standardized information, and fraud
detection; they are more broadly adopting it through policy
reforms and regulations. As governments, insurers, and
reinsurers increasingly collaborate on blockchain-based
industry standards, the regulatory landscape will evolve,
enabling broad adoption.

Despite the advancement in these areas, there are still
problems with scalability, interoperability, regulatory
approval, and customer uptake. Insurers are still
experimenting with the feasibility of blockchain in ways that
allow for operationalization across enterprises and large
insurance lines of business by using pilot and early adoption
strategies. Scalability becomes a practical issue with public
blockchain networks. For this reason, it is important to think
about implementing Layer 2 solutions, hybrid models, and Al
luminous smart contracts to support scale for mass
transactional volumes and performances in real time. In
addition, for a successful outcome, it becomes critically
important to educate customers, agents, and regulatory bodies
about the benefits of blockchain and its additional integration
into existing legacy insurance systems. Even though using
blockchain-based insurance brings an inherently innovative
element to the industry, the real future of blockchain insurance
lies within continuous development, partnerships across the
industry, and automation powered by Al. Items like
decentralized models of insurance (P2P insurance), smart
contracts driven by artificial intelligence, parametric
insurance, and blockchain-powered reinsurance will help
transform the industry to be faster, fairer, and more inclusive.
As insurers are figuring out a blockchain strategy and
governments clarify regulation settings, the industry is

consumer-centric. Using blockchain and smart contracts is not
just a technological continuity—it is a revolutionary
transformation of the insurance industry, setting new
standards for trust, efficiency, and innovation in the years to
come.

Literature Review

Blockchain technology and smart contracts are
increasingly  acknowledged for their transformative
opportunities for the Property & Casualty (P&C) insurance
industry. As described by Buterin (2013), smart contracts
enable the automation of processes based on rules written in
code, alleviating the burden of the need for intermediaries.
The blockchain's immutable ledger allows for increased
security, transparency, and trust, which is critical in the fight
against fraud (Narayanan et al., 2016).

Research by Tapscott and Tapscott (2017) has revealed
positive net effects of blockchain technology on efficiency and
identifying and eliminating inefficiency associated with
traditional processes of insurers. Blockchain and smart
contracts have been demonstrated as potential automation of
claims processing and policy issuance, resulting in both
resource and time cost savings (Rejeb et al., 2020; Allen et al.,
2020).

Additionally, with the Internet of Things (I0T) devices,
insurers could monitor real-time data related to their insurance
pricing model (Lacity & Van der Meulen, 2021).
Nevertheless, there are issues still faced by blockchain
technology, such as regulatory uncertainty (Zohar, 2020),
implementation feasibility, technical complexities, and data
privacy concerns (Croshy et al., 2016).

Moreover, scalability has become an issue these days for
public blockchains (Gervais et al., 2016), leading to an
exploration of Layer 2s and sidechains as means for
addressing and improving on that issue (Xu et al., 2019).
Blockchain has the potential to create efficiencies, increased
security surrounding data and information about products and
services, and customer trust in the P&C insurance industry.

heading towards being entirely digital, on-chain and
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