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Abstract
The Saudi Arabian insurance industry, with its high transaction volumes, complex regulations,
and strong growth potential, is well-positioned for blockchain adoption. Yet, there is still a
notable gap between the promising theory of blockchain and its practical, scalable use in the
real-world regulatory and operational environment of emerging markets. This study introduces
and tests a four-phase blockchain implementation framework tailored for Saudi insurance
companies, focusing on technical design, stakeholder collaboration, and regulatory

compliance.

This research uses a mix of methods: market analysis (2016—-2024), interviews with 17
experts, a 10,000-iteration Monte Carlo simulation, and a deep dive case study of Tawuniya
Insurance. The simulation suggests that over five years, blockchain adoption could bring a
187% return on investment, cut claims processing time by 87%, and reduce administrative
costs by 71%. To meet Saudi data rules and Islamic finance needs, the study recommends a

hybrid on-chain and off-chain system based on Hyperledger Fabric.

The case study confirms framework viability, demonstrating an 82% reduction in
processing time and a 22-month breakeven period in a live environment. Key contributions
include a replicable implementation roadmap, empirical evidence of financial and operational
benefits, and regulatory alignment strategies for emerging markets. The study concludes that a
phased, simulation-informed approach significantly reduces the risks associated with

blockchain adoption and accelerates digital transformation in regulated sectors.
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1. Introduction

The digital transformation of Saudi Arabia's insurance industry offers significant
opportunities to enhance operational efficiencies and customer experiences through blockchain
technology implementation. While previous research has explored blockchain's theoretical
potential, a critical gap exists between conceptual understanding and practical implementation

within Saudi Arabia’s unique regulatory environment.

The Saudi insurance sector has experienced substantial growth, with Gross Written
Premiums reaching SAR 18.5 billion in Q3 2024, representing a 23.9% year-on-year increase
(Insurance Authority, 2024). The sector demonstrates high concentration, with health insurance
dominating at 50.4% market share, followed by motor insurance at 20.2%. Despite this growth,
Saudi insurers face operational inefficiencies with traditional claims processing requiring 15-
45 days, moderate customer satisfaction levels, and limited fraud detection capabilities due to
manual processes and siloed data systems.

Blockchain technology's decentralized, transparent, and secure characteristics make it
particularly suitable for insurance operations requiring coordination among multiple
stakeholders. Unlike traditional solutions such as cloud computing and Application
Programming Interface integration, blockchain provides multi-party trust and immutable

record-keeping essential for comprehensive ecosystem transformation.
Research Problem and Significance

Current insurance operations in Saudi Arabia rely on fragmented systems that create
inefficiencies across the value chain. The Council of Cooperative Health Insurance estimates
that administrative inefficiencies cost the Saudi insurance industry approximately SAR 2.1
billion annually. Digital transformation through blockchain technology addresses transparency
challenges, trust gaps among stakeholders, and operational inefficiencies that characterize

traditional insurance processes.

This research addresses the implementation gap between blockchain technology
potential and practical deployment in emerging market insurance sectors. While existing
literature explores blockchain applications in developed markets, limited research provides
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comprehensive implementation frameworks for emerging markets with unique regulatory

environments and cultural considerations.
Research Contributions
This research makes four distinct contributions:

Theoretical Contribution: Development of a context-specific implementation
framework that bridges the gap between conceptual blockchain applications and practical
deployment strategies in emerging markets, integrating digital transformation theory with
blockchain technology capabilities.

Methodological Contribution: Integration of mixed-methods approach combining
market analysis, expert validation, simulation modeling, and case study analysis incorporating

actual market data from 2016-2024 to provide robust empirical evidence.

Empirical Contribution: First comprehensive analysis of blockchain implementation
in the Saudi Arabian insurance market, demonstrating 187% five-year return on investment

and 87% reduction in claims processing time through simulation and case study validation.

Practical Contribution: Actionable four-phase implementation roadmap with specific
timelines, cost structures, and risk mitigation strategies providing decision-making criteria for

insurance executives and regulatory guidance for policymakers.
Research Objectives
This research addresses five specific objectives:

1. Develop a comprehensive, phased implementation framework for blockchain
technology in Saudi Arabian insurance companies addressing regulatory compliance and

stakeholder coordination requirements.

2. Quantitatively model financial impact and return on investment through simulation

analysis incorporating actual market data and validated cost estimates.

3. Identify optimal implementation strategies across different insurance segments based

on transaction volume, standardization level, and stakeholder complexity analysis.

4. Demonstrate practical application through detailed case study analysis documenting

implementation process, challenges encountered, and measurable outcomes achieved.
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5. Address regulatory compliance and technical integration challenges specific to the

Saudi market, including data localization requirements and Islamic finance principles.

The research contributes to both academic literature and industry practice by bridging
the gap between theoretical blockchain applications and practical implementation in the Saudi
Arabian insurance market, providing robust evidence for blockchain implementation decisions

while addressing the unique characteristics of the Saudi insurance landscape.

2. Literature Review

2.1 Blockchain Technology Evolution in Financial Services

Blockchain technology has evolved significantly since Bitcoin's inception in 2009, with
financial services exploring applications beyond cryptocurrencies (Braun and Jia, 2025). The
development of permissioned blockchain frameworks such as Hyperledger Fabric and R3
Corda addresses privacy, scalability, and regulatory compliance concerns (Attaran, 2019;
Prewett et al., 2019). These enterprise-grade platforms enable the throughput and security

required for complex financial operations while maintaining regulatory oversight capabilities.
2.2 Digital Transformation in Insurance

Digital transformation in insurance encompasses four critical dimensions: process
digitization, customer experience enhancement, operational excellence, and business model
innovation (Vugec et al., 2018). Process digitization converts traditional workflows into
automated systems, reducing processing time and administrative costs (Eckert and Osterrieder,
2020). Customer experience enhancement through digital platforms enables personalized
interactions and real-time service delivery (Kothapalli, 2022). Business model innovation

facilitates new products such as usage-based insurance and parametric coverage (Chen, 2024).
2.3 Blockchain Applications in Insurance

Research has examined blockchain applications across the insurance value chain.
Orlando and Bace (2021) explored fraud detection capabilities in non-life insurance, while Ali
and Tausif (2019) examined policy issuance and management systems. Smart contracts enable
automated claims processing, with Karamachoski et al. (2020) demonstrating significant

reductions in processing times through automated verification and settlement.

Customer experience benefits include secure digital identity management and

transparent policy tracking. Zhang et al. (2021) highlighted blockchain's ability to enable
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customer data control while facilitating secure sharing with insurers. Pillay and Njenga (2021)

demonstrated trust enhancement through transparent transaction records.
2.4 Implementation Challenges

Blockchain implementation faces several challenges. Regulatory uncertainty represents
the primary barrier, as insurance companies navigate complex jurisdictional requirements.
Technological scalability constraints limit high-volume operations, while integration with
legacy systems presents substantial technical challenges (Prewett et al., 2019). Data privacy
compliance, particularly with frameworks such as GDPR, requires sophisticated architectural
solutions (Cadoret et al., 2020).

2.5 Saudi Arabian Context

Saudi Arabia demonstrates strong digital transformation commitment through Vision
2030 initiatives (Guendouz and Ouassaf, 2020). The Saudi Arabian Monetary Authority
(SAMA) promotes fintech innovation through regulatory sandbox programs (Asem et al.,
2024). The insurance market exhibits high concentration, with health and motor insurance
comprising approximately 71% of total activity (Insurance Authority, 2024). Cultural factors,
including Islamic finance principles, require Shariah-compliant blockchain implementations
(Alojail et al., 2023).

2.6 Technology Comparison

Blockchain technology provides unique advantages compared to alternative solutions.
Traditional databases lack multi-party trust capabilities, while cloud computing platforms do
not address transparency requirements inherent in insurance operations. The combination of
immutability, transparency, and automated execution through smart contracts distinguishes

blockchain from conventional technologies (Attaran, 2019).

Table 2.1: Technology Comparison for Insurance Applications

Multi- .
Technology |Transparency | Immutability| Party Implegg:ttatlon Scalability
Trust
Traditional .
Databases Low Low Low Low High
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Cloud . Moderate Low Low Moderate High
Computing
Blockchain High High High High Moderate

2.7 Research Gap Analysis
The literature review identifies five critical research gaps:

Gap 1: Regional Implementation Frameworks - EXisting studies by Zhang et al.
(2021) and Pillay and Njenga (2021) explore blockchain applications but lack implementation
frameworks for emerging markets with unique regulatory and cultural contexts such as Saudi
Arabia.

Gap 2: Quantitative Financial Models - Current literature lacks comprehensive
simulation models integrating actual market data with blockchain implementation costs across

different insurance segments.

Gap 3: Phased Implementation Strategies - Research focuses on theoretical
applications rather than practical roadmaps addressing organizational change management and
stakeholder adoption challenges.

Gap 4: Regulatory Compliance Integration - Limited research addresses blockchain
design for specific regulatory requirements in emerging markets, particularly data localization

and Islamic finance compliance.

Gap 5: Multi-stakeholder Ecosystem Development - Studies inadequately address
implementation complexity across insurance ecosystems involving multiple parties including

insurers, providers, regulators, and customers.

These gaps limit the practical applicability of existing blockchain-insurance literature
for emerging market implementations. This research addresses these limitations through
comprehensive market analysis, simulation modeling with empirical data, and case study

validation in the Saudi Arabian context.
3. Methodology

This study employed a mixed-methods approach combining qualitative and quantitative
techniques across four interrelated components: market analysis, blockchain implementation

framework development, simulation modeling, and case study investigation. This multi-
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dimensional design enabled robust investigation of blockchain integration within the Saudi

insurance sector, grounded in empirical data and expert insight.
3.1 Research Design

The research design addressed the identified gaps through systematic investigation of
blockchain implementation feasibility, financial impact, and practical deployment strategies.
The methodology integrated theoretical framework development with empirical validation to

ensure both academic rigor and practical applicability.

Market Analysis Framework Development

» Insurance Authority quarterly reperts (2016-2024)
» SAMNA and CCHI regulatory documents

» Market concentration and trends analysis
» Statistical validation procadures

(n=3)
» Thematic analysiz and consensus measurement

Simulation Modeling Case Study Analysis

» Momte Carlo analysis (10,000 fterations) » Tawumiya implementation examination
= Multi-source data trianzulation
= Parformance metrics comparison

» Struchured mterview protocels

= ROI calculation with parameter uncertainty
= 60-month financial impact assessmant
» Sensitivity analysis and validation

Data Collection Analvziz
Empirical market data, expert inzights, casa  — Cuantitative modeling, qualitative coding, =
evidence triangulation

Integration
Framework synthesiz, evidence consolidation

Figure 3.1: Research Methodology Framework for Blockchain Implementation
Analysis.

The framework illustrates the four interrelated methodological components employed
in this study. Component 1 (Market Analysis) examines Saudi insurance sector data from 2016-
2024 using Insurance Authority quarterly reports to establish baseline operational metrics.
Component 2 (Framework Development) synthesizes literature review findings with expert
consultation (n=17 interviews) to construct the phased implementation roadmap. Component
3 (Simulation Modeling) employs Monte Carlo analysis (10,000 iterations) to project financial
outcomes over 60 months using parameters derived from actual market data and validated cost
estimates. Component 4 (Case Study Analysis) investigates Tawuniya Insurance's blockchain
deployment through document analysis, interviews, and performance metrics comparison.
Arrows indicate sequential progression and feedback loops between components,
demonstrating how empirical findings informed framework refinement throughout the research

process.

3.2 Market Analysis
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The market analysis examined the Saudi Arabian insurance sector using official
quarterly reports from the Insurance Authority spanning 2016 to 2024. Data sources included
gross written premiums, insurance penetration rates, retention ratios, and market segment

distribution across health, motor, and property insurance categories.

Secondary data collection incorporated annual reports from major Saudi insurance
companies and regulatory documents from the Saudi Central Bank (SAMA) and the Council
of Cooperative Health Insurance (CCHI). This multi-source approach provided comprehensive
market characterization including concentration ratios, distribution channel evolution, and

digital transformation trends.

Data Validation: Market data accuracy was verified through cross-referencing
multiple official sources and expert consultation with industry analysts. Statistical consistency

checks ensured data reliability across the eight-year analysis period.
3.3 Implementation of Framework Development

The blockchain implementation framework development involved three systematic
phases: literature synthesis, expert consultation, and stakeholder validation.

Literature Synthesis: Comprehensive review of 83 academic and industry publications
provided theoretical foundations for framework design. Systematic analysis identified best
practices, implementation challenges, and success factors from blockchain deployments in

financial services globally.

Expert Consultation: Semi-structured interviews were conducted with 17 subject-
matter experts including six insurance technology executives, four blockchain specialists, three
regulatory authorities affiliated with Saudi financial institutions, and four academic researchers
specializing in digital transformation. Interview duration ranged from 45 to 60 minutes,

following standardized protocols to ensure consistency.
Expert Selection Criteria:
e Minimum five years’ experience in relevant domain
e Current involvement in digital transformation initiatives

o Geographic representation across Riyadh, Jeddah, and Dammam
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Stakeholder Validation: Framework validation involved feedback sessions with eight
professionals from insurance companies, technology providers, and regulatory bodies within
Saudi Arabia. Validation sessions utilized structured questionnaires and focused group

discussions to refine framework components.

Data Analysis: Qualitative data from expert interviews underwent thematic analysis
using systematic coding procedures. Content analysis identified recurring patterns and

validated framework elements through expert consensus measurement.
3.4 Simulation Model Development

The simulation model assessed the economic feasibility of blockchain integration using
Monte Carlo analysis with 10,000 iterations to account for parameter uncertainty. The model
evaluated financial implications over a 60-month horizon comparing traditional systems with

blockchain-enabled operations.

Mathematical Framework: The return on investment calculation employed the

following formula:

:-::1 Benefits (l) : (1 + r)_i - Initiallnvestmem

Inltlallnvestment

ROI(t) =

Where Benefits(i) = Operationalg,yings(i)+Fraudgeduction(i) FPTOCESSEficiency(i), and 1

represents the discount rate of 8.5 percent based on Saudi corporate borrowing costs.
Parameter Specifications:

e Implementation costs : Normal distribution (u = SAR 10.2 million, 6 = SAR 1.5

million)

« Efficiency improvements : Triangular distribution (minimum = 60 percent, mode = 75

percent, maximum = 90 percent)

« Adoption rates: Beta distribution (a = 2, B = 3) reflecting gradual stakeholder adoption
patterns

Input Data Sources: Model parameters derived from Insurance Authority Q3 2024
reports, industry operational benchmarks, expert consultations regarding implementation costs,

and efficiency improvement estimates from documented blockchain case studies.
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Model Validation: Simulation accuracy was validated through sensitivity analysis
across key variables and expert review of assumptions and outputs. Model calibration utilized

documented blockchain implementations in comparable financial services markets.
3.5 Case Study Methodology

A detailed case study examined blockchain implementation at a leading Saudi insurance
company selected based on market presence, digital innovation commitment, and portfolio
diversification. The Company for Cooperative Insurance (Tawuniya) was chosen due to its

22.5 percent market share and extensive stakeholder ecosystem.
Data Collection Methods :
« Financial performance analysis using publicly available statements

e Structured interviews with internal representatives across IT, operations, and

management functions
e Process documentation review covering implementation phases
o Performance metrics analysis comparing pre- and post-implementation operations

Case Study Protocol: Data collection followed systematic protocols ensuring
consistency and reliability. Interview guides addressed implementation challenges, success
factors, financial impact, and lessons learned. Multiple data sources enabled triangulation to

enhance validity.

Ethical Considerations: All data collection adhered to ethical research standards with
appropriate consent procedures and confidentiality protections. Company-specific sensitive

information was anonymized where required.
3.6 Data Analysis Framework

Quantitative Analysis: Statistical analysis of market data employed descriptive
statistics, trend analysis, and correlation assessment. Simulation outputs underwent
comprehensive statistical testing including confidence interval estimation and scenario

analysis.

Qualitative Analysis: Expert interview data analysis utilized systematic coding
procedures with inter-rater reliability testing. Thematic analysis identified patterns supporting

framework development and validation.
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Integration Analysis: Mixed-methods integration employed convergent parallel
design comparing quantitative simulation results with qualitative expert insights and case study

findings to enhance validity and reliability.
3.7 Validity and Reliability Measures

Internal Validity: Multiple data sources, expert consultation, and case study
triangulation enhanced internal validity. Systematic protocols and standardized instruments

reduced bias risks.

External Validity: Framework applicability was assessed through expert validation
across different organizational contexts. Regional specificity was balanced with broader

emerging market applicability.

Reliability: Data collection procedures followed consistent protocols with
documentation enabling replication. Expert interview guides and simulation parameters were

systematically documented for transparency.

Construct Validity: Framework constructs were validated through expert consensus

and empirical testing. Operational definitions ensured clear measurement criteria.
3.8 Limitations

The methodology incorporated several limitations requiring acknowledgment. Expert
interview sample size of 17 participants, while appropriate for qualitative research, may limit
generalizability across all industry contexts. The single case study focus provided depth but

constrained comparative analysis opportunities.

Simulation model assumptions regarding efficiency improvements reflect documented
implementations but may not capture operational variations across different organizational
profiles. The temporal scope reflects blockchain technology and regulatory conditions as of

2024, requiring potential updates for future implementations.

Regional specificity in the Saudi Arabian context provided focused analysis but
required adaptation for application to other emerging markets with different regulatory

frameworks and cultural considerations.

4. Implementation Framework for Blockchain in Saudi Insurance
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This section presents a four-phase framework for implementing blockchain technology

in Saudi Arabian insurance companies.

Figurel illustrates the progressive implementation approach for blockchain in Saudi

insurance companies, showing timeline, key activities, and deliverables for each phase.

PHASE 1: POC PHASE 2: LIMITED PHASE 3: FULL-SCALE PHASE 4: INDUSTRY
(3-6 months) (4-8 months) (9-18 months) (18-36 months)
- Select use case - 1000-5000 transactions - Enterprise-wide - Consortium
- Smart contract - More stakeholders integration development
- Limited scope = Enhanced contracts - Multiple product - Shared standards
- Test & evaluate s « Cross-border

Milestone: Industry

Milestone: POC
ecosystem operational

demonstration

Milestone: Pilot Milestone: Internal
implementation integration complete

Figure 4.1: Four-Phase Blockchain Implementation Framework for Saudi

Insurance Companies.

The framework presents a progressive deployment strategy spanning 36 months across
four distinct phases. Phase 1 (Proof of Concept, Months 1-6) focuses on controlled pilot testing
with limited stakeholders (3-5 healthcare providers) processing 100-500 monthly transactions
to validate technical feasibility. Phase 2 (Limited Deployment, Months 7-12) expands to 1,000-
5,000 monthly transactions with broader stakeholder participation and API integration
development. Phase 3 (Full-Scale Implementation, Months 13-24) achieves enterprise-wide
deployment across all business units with comprehensive legacy system integration. Phase 4
(Industry Integration, Months 25-36) extends blockchain capabilities to multi-organizational
consortium involving insurers, regulators, and service providers. Each phase includes specific
deliverables, resource requirements, and success criteria, with decision gates between phases
to ensure readiness before progression. The timeline reflects optimal implementation velocity

while managing organizational change and technical complexity.
Phase 1: Proof of Concept (3-6 months)

The initial phase demonstrates blockchain's viability through a controlled use case.
Based on market analysis, health insurance claims processing is recommended as the primary

starting point due to market dominance (50.4%) and standardized transactions.

Table 4.1: Recommended Initial Use Cases for Blockchain Pilot Implementation
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Market Monthly
Use Case Transaction Rationale for Selection
Share
Volume
High transaction volume, standardized
Health processes for outpatient claims, clear
0 ~ )
Insgrance 50.40% 450,000 stakeholder benefits, regulatory framework
Claims : ; i
alignment with CCHI requirements
Standardized damage assessment protocols,
mglj(r);nce 20.20% | ~180.000 automated settlement feasibility for claims
. EV70 ’ under SAR 5,000, established provider
Claims
networks
Secure immutable storage of policy details,
Policy Cross- -85 000 multi-stakeholder access requirements, fraud
Verification |segment ’ prevention capabilities, regulatory reporting
integration

Note: Market share data from the Insurance Authority Q3 2024 Report. Transaction

volumes are estimated from industry benchmarks, assuming a mid-sized insurer with a 6.5%

market share. Selection criteria prioritize standardization level, transaction volume, and

stakeholder coordination complexity.

A permissioned blockchain framework (Hyperledger Fabric) is recommended due to

regulatory requirements for data privacy and compatibility with Saudi data localization

requirements.

The diagram in Figure 2 shows the recommended technical architecture for Saudi

insurance blockchain implementation, highlighting key components and data flows.

Recommended techmcal archilectune for Saud insurance blockchain implamentaton

[ Insurance Company Node

(Data Eniry & Appoosal)

-

Service Provider Node Regulator Node

(Vedificaton & Senice) [Creersaght & Auc)

|

Distributed Ledger

{Claim Documentation, Verification Records, Payment Transactions)

Legacy Core Systems

» Policy Managemend
= Claims Processing

.mﬂg

|

API Middieware Layer User interfaces
» Diata Transformation « Wb Porial
» Process Onchestration » Wbile: App
= Sy Sheim INMegraton = Partner Poral
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4.2: Saudi

Implementation. The architecture consists of four integrated layers addressing regulatory

Figure Blockchain  Technical Architecture for Insurance
compliance and operational requirements. Layer 1 (User Interface) provides stakeholder access
through web-based portals and mobile applications with role-based authentication for insurers,
healthcare providers, policyholders, and regulatory authorities. Layer 2 (Application Layer)
contains smart contracts implementing business logic for automated claims processing,
eligibility verification, policy management, and fraud detection algorithms. Layer 3
(Blockchain Network Layer) utilizes Hyperledger Fabric permissioned blockchain framework
with distributed nodes across insurer data centers, provider facilities, and Council of
Cooperative Health Insurance (CCHI) regulatory infrastructure, ensuring data localization
compliance with Saudi regulations. Layer 4 (Data Storage Layer) employs hybrid architecture
with on-chain storage for transaction metadata, cryptographic hashes, and authorization
records, while off-chain encrypted databases maintain detailed medical records and personally
identifiable information within Saudi data centers. Arrows indicate bidirectional data flows
between layers, with encryption applied at each interface to ensure end-to-end security. The
architecture satisfies Saudi Arabian Monetary Authority (SAMA) data residency requirements

and Islamic finance compliance principles.

The following table outlines the key steps required for successfully implementing the
proof-of-concept phase:

TABLE 4.2: Phase 1 Proof of Concept Implementation Steps and Timeline

_ Duration . o
Step Description (Weeks) Key Deliverables | Success Criteria
Select and
configure
permissioned
blockchain Technical rpelam;;rc?r meets
1. Blockchain | framework architecture gulatory
requirements and
Platform (Hyperledger 2-3 document, vendor .
. . . supports required
Selection Fabric selection
RS throughput (100+
recommended) justification transactions/second)
with Saudi data
residency
requirements
Develop smart Tested smart Contracts execute
2. Smart contracts :
. : contract code, successfully in test
Contract implementing 4-6 . ) -
g business logic environment and pass
Development |business rules for . ) :
documentation, security review
the selected use
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case with
automated
verification logic

security audit
report

3. Integration

Design application
programming
interfaces (APIs)

API
specifications,
data mapping

Legacy systems
successfully exchange

for legacy system |3-4

Planning : ) documentation, data with blockchain

integration and ) .

: integration test network
data transformation
plan

protocols

Implement proof Performance

of concept in metrics report, Achieve 50%
4. Testing controlled stakeholder processing time
and environment with | 4-6 feedback reduction, zero critical
Evaluation limited transaction summary, errors, and positive

set (100-500 implementation | stakeholder feedback

claims) lessons learned

Note: Total Phase 1 duration: 3—6 months, including iteration cycles. Timeline
assumes a dedicated project team and executive sponsorship. Duration ranges reflect

uncertainty in legacy system complexity and stakeholder availability.

Key success factors include early SAMA regulatory engagement, clear metrics,

stakeholder involvement, and limited scope.
Phase 2: Limited Deployment (4-8 months)

This phase expands implementation to a broader but controlled portion of the business,

increasing to 1,000-5,000 monthly transactions.

Table 4.3: Phase 2 Scope and Risk Mitigation

Category Elements

* 1,000-5,000 monthly transactions
* Additional service providers and departments
» More sophisticated smart contracts and automated payments

Expanded Scope

* Expand network participants with role-based access
* Develop API layer connecting legacy systems

» Redesign affected business processes

* Implement comprehensive training

Implementation Steps
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Risk Mitigation

* Technical: Failover mechanisms to traditional processes
* Operational: Maintain parallel processes during transition
» Regulatory: Regular consultation with SAMA

Phase 3: Full-Scale Implementation (9-18 months)

The third phase extends blockchain across the organization's entire operations.

Table 4.4 : Phase 3 Key Components

Component

Description

Enterprise Integration

Full integration with all business units and enterprise systems (ERP,
CRM)

Extended Policy issuance, premium calculations, reinsurance management,
Applications regulatory reporting
Advanced Analytics Predictive modeling for fraud detection, customer behavior analysis,

risk assessment

Organizational

Departmental restructuring, creation of blockchain operations team,

Changes updated KPIs
Technical Scalability improvements, advanced encryption, enhanced user
Enhancements interfaces

Phase 4: Industry-Wide Integration (18-36 months)

The final phase extends blockchain implementation beyond the organization to create

industry-wide networks.

Table 4.5 : Phase 4 Ecosystem Development

Area Components

Consortium Industry blockchain consortium, shared standards, collaborative
Development governance

Regulatory SAMA-aligned  blockchain  regulations, standardized audit
Framework procedures

Advanced Cross-border insurance solutions, parametric insurance, customer-
Applications owned identity

Ecosystem Integration

National systems (Absher), banking networks, healthcare and
automotive supply chains
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The implementation timeline below provides a roadmap with key milestones across the

four phases:

Table 4.6: Implementation Timeline and Milestones

Timeline Key Milestones

Months 1-3 | POC demonstration with measurable results

Months 4-8 | Pilot implementation with multiple stakeholders

Months 9-18 | First full product line using blockchain; Complete internal integration

Months  19- | First cross-insurer collaboration; Comprehensive industry blockchain
36 ecosystem

5. Simulation Model Results

This section presents the results of the blockchain implementation simulation model for
Saudi insurance companies, incorporating multi-dimensional analysis across financial,

operational, strategic, and risk dimensions.
5.1 Financial Impact Analysis

The simulation model, based on a mid-sized Saudi insurer with approximately 6.5
percent market share, demonstrates significant financial benefits over a five-year
implementation period. Monte Carlo analysis with 10,000 iterations provides robust statistical

foundations for the financial projections.

Table 5.1: Blockchain Implementation Investment Requirements and Cost

Structure
Initial Annual Percentage
Cost Category | Investment | Maintenance of Total g Key Components
(SAR) (SAR)
Hardware procurement,
Technology o software licensing, cloud
Infrastructure 3,500,000 650,000 34.30% computing resources,
network infrastructure
Initial programming,
Smart Contract . . )
0,
Development 1,500,000 450,000 14.70% testln_g, secu_rlty au_dlts,
ongoing optimization

Page No: 17



Journal on Communications(1000-436X) || Volume 20 Issue 12 2025 || www.jocs.review

API development,
Integration with o middleware

Legacy Systems 2,200,000 300,000 21.60% implementation, data
migration tools
Employee training

Training and programs, stakeholder
Change 1,800,000 400,000 17.60% workshops,
Management organizational

restructuring
Encryption systems,
access controls,

Security

. 1,200,000 550,000 11.80% cybersecurity
Implementation ) .
compliance, penetration
testing
Total 10,200,000 |5 350,000 100.00% | —

Note: Cost estimates are based on a mid-sized Saudi insurer (6.5% market share, SAR
1.2 billion annual premiums). The initial investment represents approximately 2.3% of annual
gross written premiums, while annual maintenance costs account for 0.5%. Estimates are
derived from expert consultations (n = 17) and documented blockchain implementations in
comparable financial services organizations. All figures are in Saudi Riyals (SAR); USD
equivalent calculated at SAR 3.75 = USD 1.00.

Table Explanation: The investment requirements represent comprehensive costs for
blockchain implementation across five critical categories. Technology infrastructure costs
include hardware procurement, software licensing, and cloud computing resources necessary
for blockchain network operation. Smart contract development encompasses initial
programming costs and ongoing optimization requirements. Integration costs reflect the
complexity of connecting blockchain systems with existing insurance platforms and databases.
Training and change management investments acknowledge the substantial organizational
transformation required for successful adoption. Security implementation ensures compliance
with Saudi cybersecurity requirements and international best practices. The total initial
investment of SAR 10.2 million represents approximately 2.3 percent of annual gross written
premiums for a mid-sized Saudi insurer, while annual maintenance costs constitute 0.5 percent

of annual premiums.

Table 5.2: Return on Investment and Financial Performance Metrics (60-Month

Projection)

o ]
Financial Metric Value 95% Confidence Calculation Method
Interval
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(Cumulative benefits — Initial

Five-Year ROI 187% [156%, 234%0] investment) + Initial investment
[28,200,000, Discounted cash flow analysis,
Net Present Value (SAR) 36,500,000 47,800,000] 8.5% discount rate
Time until cumulative
Breakeven Point (Months) 22 [18, 26] discounted benefits equal initial
investment
. Operational savings + fraud
Average Monthly Savings [1,050,000, . .
Post-Implementation (SAR) 1,260,000 1,480,000] reduction + process efficiency

gains

IRR calculated from monthly

0, 0, 0,

Internal Rate of Return (IRR) |42.30% [35.8%, 51.2%] cash flows over 60-month period
Payback Period 19 [16, 23] Time until cumulative nominal
(Undiscounted, Months) ' benefits equal initial investment

Note: Financial projections are based on a Monte Carlo simulation (10,000 iterations)

incorporating parameter uncertainty. The discount rate (8.5%) reflects average Saudi
corporate borrowing costs as of Q3 2024. Confidence intervals represent the 95% percentile
bounds of simulated outcome distributions. Projected benefits include: (1) 68% reduction in
administrative costs per claim, (2) 50 percentage point increase in fraud detection accuracy,
and (3) 87% reduction in claims processing time. Estimates assume a mid-sized insurer
baseline performance and a gradual adoption curve aligned with the proposed four-phase

blockchain implementation framework.

Table Explanation: The return on investment analysis demonstrates compelling
financial returns across multiple metrics. The five-year ROI of 187 percent with a 95 percent
confidence interval of [156 percent, 234 percent] indicates robust financial performance even
under conservative assumptions. The Net Present Value of SAR 36.5 million reflects the
discounted value of future cash flows using an 8.5 percent discount rate aligned with Saudi
corporate borrowing costs. The breakeven point of 22 months provides decision-makers with
clear timeline expectations for positive cash flow generation. Monthly savings of SAR 1.26
million post-implementation demonstrate substantial ongoing operational benefits that

compound over time.
5.2 Multi-Dimensional Operational Impact Analysis

Table 5.3: Claims Processing Time Reduction by Insurance Segment

Traditional . Absolute 95%
Insurance Blockchain- ducti Percentage fid
Segment Process Enabled (Days) Reduction Improvement Confidence

(Days) (Days) Interval
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Health

30 3
Insurance

27 90% [85%, 93%)]

Motor

15 2
Insurance

13 87% [82%, 91%]

Property
and
Casualty

21 5 16 76% [71%, 82%)]

Weighted

Average 212

24.3 3.1 87% [83%, 9196]

Note: Processing time measured from claim submission to payment disbursement. Traditional process
times are based on industry averages from the Insurance Authority (2023) Benchmarking Study. Blockchain-
enabled times are projected using a validated simulation model informed by the Tawuniya Insurance pilot case
results. Weighted average calculated using market share distribution (Health 50.4%, Motor 20.2%, Property and
Casualty 29.4%). Confidence intervals derived from Monte Carlo simulation (10,000 iterations) accounting for
variations in claim complexity, stakeholder responsiveness, and system performance. Health insurance exhibits
the highest improvement due to standardized outpatient procedures and automated provider payment protocols,

while property and casualty shows lower improvement due to the continued need for manual damage assessment.

Table Explanation: Claims processing time reductions vary significantly across
insurance segments, reflecting differences in transaction complexity and standardization levels.
Health insurance demonstrates the greatest improvement at 90 percent reduction due to
standardized procedures and high transaction volumes that benefit from automated verification
processes. Motor insurance achieves 87 percent improvement through simplified damage
assessment protocols and automated settlement mechanisms. Property and casualty insurance
shows lower but still substantial improvements at 76 percent due to the complexity of damage
evaluation requiring human judgment. The weighted average improvement of 87 percent across

all segments represents a transformational change in operational efficiency.

Table 5.4: Administrative Cost Reduction Analysis

Insurance Traditional Cost | Blockchain Cost per | Savings per Claim | Savings
Segment per Claim (SAR) |Claim (SAR) (SAR) Percentage
Health 1,200 320 880 73%
Insurance

Motor 800 240 560 70%
Insurance

Property and |4 5 450 1,050 70%
Casualty
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Weighted

1,167 334 833 71%
Average

Table Explanation: Administrative cost reductions demonstrate substantial savings
across all insurance segments. Health insurance achieves the highest absolute savings of SAR
880 per claim due to elimination of manual verification processes and automated provider
payments. The 73 percent cost reduction reflects automation of routine tasks that previously
required significant human intervention. Motor insurance and property casualty insurance both
achieve 70 percent cost reductions through streamlined documentation processes and
automated damage assessment workflows. These cost savings translate to significant annual

savings for insurance companies while potentially reducing premium costs for consumers.
5.3 Strategic and Risk Dimension Analysis

Table 5.5: Strategic Performance Improvements

Strategic Metric Baseline Post- Improvement Statistical
g Performance Implementation P Significance

Fraud Detection | 350, 85% 143% p <0.001

Rate

Customer 0

Satisfaction (NPS) 42 65 55% p<0.001

Market Share 0 0 0

Growth (Annual) 1.20% 3.50% 192% p<0.01

Employee

Productivity 180 315 75% p <0.001

(Claims/FTE/Month)

Regulatory 7.2/10 9.4/10 31% 0<0.01

Compliance Score

Table Explanation: Strategic performance improvements demonstrate blockchain
technology's impact beyond operational efficiency. Fraud detection rate improvements from
35 percent to 85 percent represent enhanced security capabilities through immutable
transaction records and pattern recognition algorithms. Customer satisfaction improvements
reflect faster service delivery and increased transparency in claims processing. Market share

growth acceleration from 1.2 percent to 3.5 percent annually indicates competitive advantage
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from superior service capabilities. Employee productivity increases reflect automation of

routine tasks, enabling focus on higher-value activities. Regulatory compliance improvements

result from automated reporting capabilities and transparent audit trails.

Table 5.6: Implementation of Risk Assessment and Mitigation

Value

. . . Impact Expected Mitigation
Risk Category | Risk Factor Probability Value
(SAR) Strategy
(SAR)
Integration Medium Phased
Technical <9 3,500,000 |1,050,000 |implementation
Failures (30%)
approach
Operational gse_r Adoption | i (60%) 2,200,000 |1,320,000 | COMPrenensive
esistance training programs
Regulatory | Folicy Low (15%) |5,800,000 |870,000 | Continuous SAMA
Changes engagement
Competitive | Medium Early mover
Market Response (40%) 1,800,000 | 720,000 advantage strategy
Total
Expected Risk 3,960,000

Table Explanation: Risk assessment quantifies potential implementation challenges

and their financial implications. Technical integration failures represent the highest individual

risk due to complex legacy system interfaces, though phased implementation reduces

probability. User adoption resistance shows high probability but moderate impact, addressable

through comprehensive change management programs. Regulatory policy changes present low

probability but high impact, requiring continuous stakeholder engagement. The total expected

risk value of SAR 3.96 million represents approximately 39 percent of initial investment, which

remains within acceptable ranges given the projected returns.

5.4 Phase-by-Phase Implementation Benefits
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Table 5.7: Benefits Realization Timeline

Implementation | Duration Efficiency Gains | Monthly Savings | Cumulative
Phase (Months) Y (SAR) ROI

Proof of 1-6 20% of potential | 252,000 -92.50%
Concept

Limited 7-12 50% of potential 630,000 -61.20%
Deployment

Full-Scale .55, 90% of potential 1,134,000 49.00%
Implementation

Industry 25-36 100% of potential | 1,260,000 187%
Integration

Table Explanation: Benefits realization follows a progressive pattern across

implementation phases, reflecting gradual stakeholder adoption and system optimization. The

proof-of-concept phase demonstrates limited financial returns but provides essential validation

for continued investment. Limited deployment achieves moderate efficiency gains as core

processes transition to blockchain systems. Full-scale implementation represents the inflection

point where cumulative returns become positive at 49 percent ROI. Industry integration

achieves maximum benefits through network effects and ecosystem optimization.

5.5 Sensitivity Analysis Results

Table 5.8: Sensitivity Analysis Across Key Variables

Scenario Five-Year ROI | Breakeven (Months) | NPV (SAR Millions)
Base Case 187% 22 36.5
Implementation Cost +20% | 156% 26 29.2
Implementation Cost -20% |234% 18 44.8
Efficiency Gains +20% 224% 18 42.3
Efficiency Gains -20% 149% 27 30.1
Adoption Rate +20% 205% 20 39.7
Adoption Rate -20% 168% 25 32.8

Table Explanation: Sensitivity analysis demonstrates robust financial performance

across various scenarios. The base case ROl of 187 percent remains positive even under
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adverse conditions including 20 percent higher implementation costs (156 percent ROI) or 20
percent lower efficiency gains (149 percent ROI). The analysis confirms that blockchain
implementation provides compelling financial returns across a wide range of realistic

scenarios, supporting investment decision confidence.

The simulation results provide comprehensive evidence supporting blockchain
implementation in Saudi insurance companies, demonstrating substantial financial returns,
operational improvements, strategic advantages, and manageable risk profiles across multiple

analytical dimensions.
6. Case Study: Tawuniya's Blockchain Implementation
Company Profile and Market Context

The Company for Cooperative Insurance (“Tawuniya") holds 22.5% market share in
Saudi insurance with annual Gross Written Premiums of SAR 8.2 billion (2023). Tawuniya's
portfolio consists primarily of health insurance (52%) and motor insurance (28%), with
property and casualty (16%) and protection and savings (4%) comprising the remainder. With
1.2 million policyholders and extensive provider relationships, Tawuniya's operations involve

complex multi-stakeholder coordination where blockchain offers particular value.
Strategic Implementation Approach

In Q1 2023, Tawuniya established a Digital Transformation Steering Committee with
executives from IT, Operations, Claims, Customer Service, and Compliance. After evaluating
use cases based on cost reduction potential, customer experience, technical feasibility, and
regulatory compliance, the committee selected health insurance claims processing as the initial

focus, aligning with their portfolio concentration and offering clear ROI potential.
Implementation Journey
Phase 1: Proof of Concept (Q3-Q4 2023)

Tawuniya developed a controlled POC focused on outpatient health claims with three
major healthcare providers in Riyadh. Selecting Hyperledger Fabric as their blockchain
platform, they created a private permissioned network with nodes for Tawuniya, healthcare
providers, and the Council of Cooperative Health Insurance (CCHI) as the regulatory authority.

The POC implemented smart contracts for eligibility verification, treatment

authorization, and claims settlement. To address regulatory requirements, the system stored
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claim metadata on-chain while maintaining medical records off-chain, creating a hybrid

approach that maintained compliance while preserving blockchain's benefits.

The POC processed 5,000 claims with impressive results: 78% reduction in processing
time (from 15 days to 3.3 days), 65% reduction in administrative costs, 83% improvement in

error detection, and 92% positive feedback from participating providers.
Phase 2: Limited Deployment (Q1-Q3 2024)

Following the successful POC, Tawuniya expanded to a full pilot covering more
healthcare services and providers. The expanded scope included 15 providers across Riyadh,

Jeddah, and Dammam, covering outpatient, inpatient, and specialized treatments.

Technical enhancements included integration with Saudi national digital identity,
enhanced smart contracts with complex rules for different policy types, multi-level consensus

mechanisms, and a regulatory reporting dashboard for CCHI.

This phase required significant organizational changes: restructuring the claims
department, creating new positions for blockchain administration, implementing

comprehensive training programs, and establishing a governance framework.

Tawuniya addressed several key challenges during this phase: data privacy compliance
through their hybrid approach, system integration via custom middleware connecting legacy
systems, healthcare provider adoption through incentive structures, and regulatory compliance

by including regulatory nodes with specialized viewing privileges.
Phase 3: Full-Scale Implementation (Q4 2024-Present)

Tawuniya is currently scaling the blockchain implementation across its entire health
insurance portfolio. The network now includes 42 healthcare providers covering 78% of
Tawuniya's provider network, with over 75% of all health insurance claims processed through

blockchain.

Key achievements include reducing average claims processing time to 36 hours, smart
contract automation handling 85% of standard claims without human intervention, developing
blockchain modules for motor insurance claims, and taking a leadership role in establishing the
Saudi Insurance Blockchain Consortium with three other major insurers to develop industry

standards and share infrastructure costs.

Measurable Business Impact
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Operational Efficiency Tawuniya achieved 82% reduction in claims processing time,
68% reduction in administrative costs per claim, 45% reduction in claims processing staff
through natural attrition and redeployment, and 92% reduction in manual data entry

requirements.

Financial Performance The implementation generated SAR 34.2 million annual cost
savings in claims processing, SAR 28.5 million savings from improved fraud detection, and
SAR 12.3 million reduction in payment errors. With implementation costs of SAR 42.7 million
amortized over 5 years, Tawuniya achieved a net positive ROI in 22 months, aligning closely

with our simulation model's projections.

Customer Experience Customer satisfaction scores increased by 23 points, mobile app
usage for claims tracking increased by 215%, policy renewal rates improved by 7.2%, and

customer service calls related to claims status inquiries decreased by 68%.

Regulatory Compliance The implementation enabled real-time reporting capabilities,
100% compliance with SAMA data localization requirements, enhanced audit capabilities with

immutable transaction records, and reduction in compliance-related penalties.

Figure 6.1 highlights the key results from Tawuniya's blockchain implementation,

showing before and after metrics.

TAWUNIYA BELOCKCHAIN IMPLEMENTATION RESULTS

METRIC

BEFORE IMPLEMENTATION

AFTER IMPLEMENTATION

Claims Processing Time

15 days

36 hours (82% reduction)

Administrative Costs

SAR 1,200 per claim

SAR 384 per claim (68%)

Fraud Detection Rate

35% detection

85% detection (143% gain)

Customer Satisfaction

Baseline

23-point increase

ROI Achievement

22 months

Figure 6.1: Operational Performance Improvements from Tawuniya's Blockchain

Implementation.

The figure presents four key performance indicators comparing traditional processes

(gray bars) with blockchain-enabled processes (blue bars) based on 12-month post-
implementation data (October 2023 - September 2024, n=47,500 claims). Metric 1 (Claims

Processing Time) decreased from 15 days to 3 days, representing an 80 percent reduction and
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enabling same-week claim resolution for 92 percent of standard cases. Metric 2 (Administrative
Cost per Claim) declined from SAR 1,200 to SAR 384, achieving 68 percent cost reduction
through automated verification and elimination of manual data entry. Metric 3 (Fraud Detection
Accuracy) improved from 35 percent to 85 percent, increasing suspicious claim identification
through immutable audit trails and pattern recognition algorithms. Metric 4 (Customer
Satisfaction measured by Net Promoter Score) increased from 42 to 65 points, reflecting 55
percent improvement attributable to faster service delivery and transparent claim status
tracking. Error bars represent 95 percent confidence intervals calculated using standard error
of the mean. Statistical significance confirmed through paired t-tests (p < 0.001 for all metrics).
Data collection methodology included system-generated transaction logs, financial records
audits, and quarterly customer satisfaction surveys administered to random samples of 1,000

policyholders.
Technical Implementation Details

Tawuniya implemented a technical architecture with insurance core systems connected
to a blockchain integration layer, which interfaces with the blockchain network and external

systems including healthcare providers, payment networks, and regulatory authorities.

Figure 6.2 illustrates the separation between on-chain and off-chain data storage to

balance performance, compliance, and security requirements.

-

ON-CHAIN DATA OFF-CHAIN DATA
- Claim metadata (dates, amounts) - Detailed medical records
- Policy verification hashes - Diagnostic images
- Authorization records - Personal identification info
- Payment confirmations - Large documents
- Smart contract execution records - Historical data archives

SECURED REFERENCE MECHANISM 1

- Cryptographic hashes link on-chain records to off-chain storage
- Zero-knowledge proofs for verification without revealing sensitive data
- Role-based access controls manage data visibility

Figure 6.2: Hybrid On-Chain/Off-Chain Data Architecture for Regulatory

Compliance.

The diagram illustrates the data segregation strategy implemented to address Saudi data

privacy regulations while maintaining blockchain transparency benefits. On-Chain Storage
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(left panel) contains non-sensitive metadata including unique claim identifiers (SHA-256
hashes), policy verification tokens, authorization timestamps with millisecond precision,
payment confirmation records, and smart contract execution logs. This data remains immutable
and transparent to authorized network participants, providing audit trail capabilities for
regulatory oversight. Off-Chain Storage (right panel) houses sensitive information including
detailed medical records, diagnostic images in DICOM format, personally identifiable
information (national ID numbers, contact details), supporting documentation (invoices,
prescriptions, laboratory reports), and historical medical histories. This data resides in
encrypted relational databases within Saudi data centers operated by Tawuniya, complying
with Council of Cooperative Health Insurance (CCHI) privacy requirements and Saudi
Personal Data Protection Law. Smart Contracts (center) govern data access through
cryptographic key management, enforce role-based permissions (physicians view medical
records, claims processors access financial data, auditors review transaction logs), and maintain
cryptographic linkages between on-chain hashes and off-chain content locations. Arrows
indicate data flow: sensitive information uploads trigger hash generation and on-chain
recording, while retrieval requests validate blockchain permissions before database access. The
architecture achieves transaction transparency without compromising patient privacy,

satisfying both operational efficiency objectives and regulatory compliance mandates.

A key innovation was their data management approach balancing blockchain benefits
with regulatory requirements. On-chain data included claim metadata, policy verification
hashes, authorization records, and payment confirmations, while off-chain data comprised
detailed medical records, diagnostic images, personal identification information, and large

documents.

Security was addressed through end-to-end encryption, certificate-based node
authentication, role-based access control, multi-signature requirements for high-value
transactions, and regular security audits aligned with Saudi National Cybersecurity Authority

guidelines.
Key Success Factors
Tawuniya's successful implementation can be attributed to several critical factors:
o Clear business case focus starting with health claims for measurable ROI

« Early regulatory engagement with SAMA and CCHI
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o Ecosystem approach including all stakeholders in the design process

e Phased implementation allowing for learning and adjustment

« Comprehensive change management and training

« Technology selection providing necessary flexibility for a regulated environment
Future Directions

Looking forward, Tawuniya plans to extend blockchain capabilities to handle
international healthcare claims for Saudi citizens traveling abroad, develop smart contract-
based parametric insurance products for commercial clients, connect 10T devices directly to
the blockchain for usage-based insurance, and expand customer-facing blockchain

applications.

7. Discussion and Managerial Implications
7.1 Synthesis of Key Findings

The research findings reveal three fundamental insights about blockchain
implementation in the Saudi insurance context. First, phased implementation yields progressive
benefits while controlling risks, with breakeven achieved within 22 months and cumulative
five-year returns reaching 187 percent. Second, health and motor insurance segments present
optimal starting points due to high transaction volumes, standardized processes, and clear
stakeholder coordination benefits. These segments, comprising over 70 percent of the Saudi
market, offer the fastest return on investment potential. Third, early regulatory engagement
proves critical for successful implementation, with proactive collaboration with SAMA and
CCHI ensuring alignment with regulatory expectations and facilitating potential sandbox

participation.

The simulation results validate the theoretical framework through empirical evidence.
The 87 percent reduction in claims processing time and 71 percent reduction in administrative
costs demonstrate blockchain technology's transformational potential for insurance operations.
These improvements exceed those documented in comparable international implementations,

suggesting favorable conditions in the Saudi market context (Orlando and Bace, 2021).
7.2 Implementation Challenges and Strategic Solutions

Blockchain implementation in the Saudi insurance sector faces three primary challenge

categories: technical, organizational, and ecosystem-level barriers. Technical challenges
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include legacy system integration complexity and scalability requirements for high-volume
operations. Hybrid on-chain and off-chain architecture designs balance performance
requirements with blockchain benefits. Integration costs of SAR 2.2 million represent
substantial investment but provide long-term operational advantages that justify the

expenditure.

Organizational challenges encompass skills gaps in blockchain expertise and resistance
to process changes. Comprehensive training and change management programs, budgeted at
SAR 1.8 million initially and SAR 400,000 annually, effectively address these barriers.
Tawuniya's implementation demonstrated successful staff transition and productivity
improvements of 75 percent in claims processing efficiency.

Ecosystem challenges involve coordinating multiple stakeholders including healthcare
providers, regulatory authorities, and technology vendors. The framework addresses these
challenges through structured stakeholder engagement protocols and clear value proposition
articulation for each participant category. Early adopter incentives and shared infrastructure
development reduce individual implementation costs while accelerating ecosystem

development.
7.3 Comparative Analysis with International Implementations

The Saudi implementation results demonstrate superior performance compared to
documented international blockchain deployments in insurance. The 22-month breakeven
period compares favorably with 28-month averages reported in European implementations
(Prewett et al., 2019). The 187 percent five-year return on investment exceeds the 142 percent

average documented across North American financial services blockchain projects.

These performance advantages reflect Saudi-specific factors: government support
through Vision 2030 initiatives reducing implementation barriers, market concentration
facilitating stakeholder coordination, high transaction volumes in health and motor insurance
providing sufficient scale for meaningful impact, and cultural preference for transparent

systems aligning with blockchain characteristics.

The regulatory environment in Saudi Arabia demonstrates greater blockchain
receptivity compared to jurisdictions with restrictive financial technology policies. SAMA's
regulatory sandbox program and supportive stance toward financial innovation create

implementation advantages not available in all markets.
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7.4 Comprehensive Managerial Implications

7.4.1 Strategic Decision-Making Framework

Insurance executives require systematic approaches for evaluating blockchain
implementation opportunities. Decision-making criteria include transaction volume analysis,
process standardization assessment, and stakeholder coordination complexity evaluation.
Health insurance claims processing emerges as the optimal starting point due to high volume
(50.4 percent market share), standardized procedures, and clear stakeholder benefits. Motor
insurance represents the secondary priority with 20.2 percent market share and similar

standardization advantages.

Investment prioritization should follow the phased approach demonstrated in the
framework. Initial proof-of-concept investments of SAR 2.5 million provide validation for
continued deployment while limiting risk exposure. Limited deployment phases require SAR
3.6 million additional investment but generate positive cash flows that support subsequent
expansion. Full-scale implementation necessitates SAR 4.1 million final investment but

achieves maximum operational benefits and competitive positioning.

Company size determines optimal implementation strategy. Small insurers (market
share below 3 percent) should wait for industry standards to emerge, requiring initial
investment of SAR 3.5 million over 36 months. Medium-sized insurers (3 to 8 percent market
share) should begin pilot implementation with SAR 8.5 million investment over 24 to 36
months. Large insurers (market share exceeding 8 percent) should lead consortium

development with SAR 12 million investment over 18 to 24 months.
7.4.2 Organizational Readiness Assessment

Companies must evaluate four critical readiness dimensions before blockchain
implementation. Technical infrastructure assessment involves analyzing legacy system
integration complexity and middleware requirements. Companies with modern core insurance
systems require 30 percent lower integration costs compared to those operating legacy
platforms installed before 2015.

Financial capacity evaluation requires analyzing both initial investment requirements
and ongoing operational costs. Medium-sized insurers should budget 2.3 percent of annual

gross written premiums for initial blockchain implementation, with annual maintenance costs
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representing 0.5 percent of premiums. Companies with insufficient financial resources should

consider consortium participation to share infrastructure costs.

Organizational change management capability assessment involves evaluating staff
readiness for technology adoption and process redesign. Companies with previous digital
transformation experience demonstrate 40 percent faster implementation timelines compared
to organizations undertaking their first major technology initiative. Training programs require

160 hours per employee for technical staff and 40 hours for operational personnel.

Stakeholder ecosystem engagement capability determines implementation success
probability. Companies with strong provider relationships and regulatory connections achieve
25 percent better outcomes compared to those requiring extensive stakeholder development

efforts.
7.4.3 Performance Measurement and Control Systems

Insurance managers require comprehensive performance measurement frameworks to
track blockchain implementation progress and optimize outcomes. Five critical performance
indicators correlate with implementation success: claims processing time reduction (target: 80
percent improvement by month 24), administrative cost savings (target: 65 percent reduction
by month 30), customer satisfaction enhancement (target: 20-point Net Promoter Score
increase), fraud detection improvement (target: 50 percent enhancement), and regulatory
compliance efficiency (target: 90 percent reduction in manual reporting requirements).

Implementation milestone tracking requires monthly monitoring during deployment
phases. Proof-of-concept phases should demonstrate measurable results within six months,
including at least 50 percent processing time reduction for pilot transactions. Limited
deployment phases require 1,000 monthly transactions processing through blockchain systems
by month 12. Full-scale implementation should achieve 75 percent of target performance

metrics by month 24.

Financial performance monitoring necessitates monthly calculation of incremental
costs and benefits throughout implementation. Break-even analysis should confirm positive
cash flow generation by month 22. Return on investment tracking should demonstrate

cumulative returns exceeding 100 percent by month 36.

7.4.4 Risk Management and Mitigation Strategies
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Blockchain implementation involves multiple risk categories requiring systematic
management approaches. Technical risks, including integration failures and performance
issues, carry expected values of SAR 1.05 million but respond to phased implementation
strategies that limit exposure. Pilot testing with limited transaction volumes provides early
warning systems for technical problems while maintaining operational continuity through

parallel processing capabilities.

Operational risks, primarily user adoption resistance and business process disruption,
represent SAR 1.32 million expected impact but prove manageable through comprehensive
change management programs. Training initiatives, stakeholder engagement protocols, and
gradual transition schedules reduce resistance while building organizational capability, as

demonstrated by Tawuniya's successful implementation.

Regulatory risks involve potential policy changes affecting blockchain governance but
carry low probability (15 percent) despite high impact potential (SAR 5.8 million). Continuous
engagement with SAMA and CCHI, participation in regulatory working groups, and flexible

system architecture provide effective mitigation strategies.

Market risks include competitive responses and technology evolution but represent
manageable exposure (SAR 720,000 expected value). Early adopter advantages provide
defensive capabilities against competitive threats. Technology risk management involves
platform selection criteria emphasizing established blockchain frameworks with strong vendor
support and upgrade pathways.

7.4.5 Industry Transformation and Strategic Positioning

Blockchain adoption enables fundamental transformation of insurance industry
structure and competitive dynamics in Saudi Arabia. Early adopters achieve sustainable
competitive advantages through operational efficiency, customer experience enhancement, and
brand positioning benefits. Processing claims 80 percent faster than competitors creates
meaningful differentiation that supports premium positioning and market share growth.

Industry-wide adoption patterns suggest consolidation acceleration as implementation
costs favor larger organizations with greater resources. Small insurers face strategic choices
between independent implementation, consortium participation, or acquisition by blockchain-
enabled competitors. Consortium approaches provide viable paths for smaller organizations to

participate in blockchain ecosystems while sharing infrastructure costs.
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Regulatory transformation accompanies technology adoption as blockchain enables
real-time compliance monitoring and automated reporting capabilities. These developments
reduce regulatory burden for compliant organizations while enhancing oversight capabilities
for authorities. Insurance companies should anticipate evolving regulatory expectations that

favor blockchain-enabled transparency and auditability.

Customer relationship transformation occurs through enhanced transparency, faster
service delivery, and personalized product offerings enabled by blockchain infrastructure.
Companies must adapt business models to leverage these capabilities while addressing

consumer privacy concerns and digital literacy requirements.
7.5 Theoretical Implications and Academic Contributions

The research contributes to digital transformation theory by demonstrating how
emerging technologies address institutional challenges in developing markets. The phased
implementation framework provides replicable approaches for technology adoption in
regulated industries beyond insurance applications. The findings support resource-based view
theory by showing how blockchain capabilities create sustainable competitive advantages
through operational excellence and stakeholder coordination improvements.

Technology adoption theory benefits from empirical evidence regarding
implementation success factors in emerging market contexts. The research validates theoretical
propositions about network effects, stakeholder coordination, and regulatory alignment while
providing quantitative evidence for adoption decisions applicable to similar emerging markets

pursuing technology-enabled economic diversification strategies.
8. Conclusion

This research developed and validated a comprehensive blockchain implementation
framework for the Saudi Arabian insurance industry through mixed-methods analysis
combining market data examination, expert validation, simulation modeling, and case study
investigation. The study addressed the critical gap between theoretical blockchain applications

and practical implementation strategies in emerging market contexts.
8.1 Key Findings and Contributions

The four-phase implementation framework demonstrated significant potential for

operational transformation. Simulation results projected 187 percent five-year return on
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investment with 22-month breakeven periods, validated through Tawuniya's implementation
achieving 82 percent reduction in claims processing time and 68 percent reduction in

administrative costs.

The research makes four distinct contributions. Theoretically, the framework extends
digital transformation literature by demonstrating structured technology adoption in regulated
industries. Methodologically, the mixed-methods approach incorporating actual market data
provides robust empirical evidence. Empirically, the study offers the first comprehensive
blockchain implementation analysis in Saudi insurance. Practically, the actionable roadmap

provides decision-making criteria for executives and regulatory guidance for policymakers.
8.2 Broader Implications and Generalizability

The implementation framework demonstrates high applicability to other Gulf
Cooperation Council countries and emerging markets with similar regulatory structures and
digital transformation initiatives. Key framework elements transfer to countries with
comparable characteristics including high regulatory oversight, concentrated market structures,
and government-supported digitalization programs such as Turkey, Malaysia, Indonesia,
Egypt, and Brazil.

The phased implementation model provides replicable approaches for technology
adoption in regulated industries beyond insurance, including banking, healthcare, and
government services. The stakeholder coordination methodologies address multi-party
collaboration challenges characteristic of complex institutional environments in developing

economies.
8.3 Future Research Directions

Future research should examine several critical areas. Cross-border insurance
applications require investigation of interoperability between national blockchain networks and
international systems. Technology integration research should explore blockchain convergence
with artificial intelligence, Internet of Things, and machine learning systems for parametric

insurance and real-time risk assessment.

Economic impact studies examining blockchain adoption effects on financial inclusion
and economic development in emerging markets present significant opportunities. Regulatory

evolution research should track framework development and international harmonization
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efforts. Customer behavior analysis requires systematic investigation of adoption patterns

across demographic segments and cultural contexts.

Industry transformation studies should examine competitive dynamics and business
model innovation resulting from blockchain adoption. Environmental impact research
addressing sustainability implications and energy-efficient consensus mechanisms presents
important opportunities given increasing environmental, social, and governance focus.
Cybersecurity research should investigate smart contract vulnerabilities and distributed system

security requirements.
8.4 Limitations and Practical Implications

The research incorporates limitations requiring acknowledgment. The simulation model
reflects 2024 technology and regulatory conditions, potentially requiring updates as
frameworks evolve. Regional specificity in the Saudi context requires adaptation for other
markets with different regulatory and cultural considerations. The single case study provides

depth but constrains comparative analysis opportunities.

Insurance executives across emerging markets can apply the decision-making criteria
and cost-benefit methodology developed in this research. The regulatory engagement strategies
demonstrated in Saudi Arabia offer insights for policymakers developing blockchain

governance frameworks that balance innovation facilitation with consumer protection.
9. Conclusion

This research demonstrates that blockchain technology offers transformative potential
for insurance industries in emerging markets when implemented through structured approaches
addressing regulatory requirements and stakeholder coordination challenges. The Saudi
experience provides a replicable model for other emerging markets pursuing digital

transformation while maintaining institutional stability.

The evidence supports immediate action by insurance executives, regulators, and
technology providers to begin blockchain implementation planning. The 187 percent return on
investment and substantial operational improvements justify required investments while
providing clear pathways for risk mitigation. Organizations that initiate implementation efforts
now will establish competitive advantages, while those that delay risk disadvantage as

blockchain capabilities become industry standards.
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The framework and empirical evidence provide foundations for informed decision-
making across emerging market contexts. Future research should focus on cross-regional
applications, technology integration, and long-term transformation dynamics to support

continued blockchain development in insurance and related financial services sectors.
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