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ABSTRACT 

Blockchain technology, originally devised for secure digital currency 

transactions, has expanded into a variety of applications beyond finance, 

particularly in enhancing software development processes. This paper 

presents a systematic approach to integrating blockchain technology into the 

software development lifecycle (SDLC) to improve transparency, traceability, 

and security. We analyze existing models where blockchain has been applied 

for version control, decentralized collaboration, software licensing, and smart 

contract-based automation. The research delves into how distributed ledger 

technology can enforce immutability in code repositories, thereby ensuring 

tamper-proof change histories and auditable software development activities. 

Several case studies from open-source projects and enterprise applications 

are discussed to demonstrate the practical benefits and limitations of 

blockchain integration in SDLC. 
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INTRODUCTION 

Software development is a complex process involving multiple phases, stakeholders, and 

tools. Traditional SDLC models, such as Waterfall, Agile, and DevOps, often face challenges 

in ensuring security, transparency, and trustworthiness, especially in collaborative and 

distributed environments. Blockchain, a decentralized ledger technology, offers a potential 
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solution by providing tamper-proof records, traceable transactions, and automated smart 

contracts. This paper critically examines how blockchain technology can be integrated into 

the SDLC to address contemporary challenges and improve software development efficiency. 

 

LITERATURE REVIEW 

Blockchain in Requirements Engineering 

Requirements engineering is the foundational phase of the Software Development Lifecycle 

(SDLC), where stakeholders’ needs are gathered, analyzed, and validated. Traditional 

methods often face issues such as miscommunication, unauthorized changes, and difficulty in 

tracking requirement modifications. Blockchain introduces a decentralized and immutable 

ledger for recording requirements. Each change or update is cryptographically secured and 

time stamped, allowing stakeholders to trace the evolution of requirements. Consensus 

mechanisms ensure that only approved modifications are recorded, reducing disputes among 

development teams and clients. Recent studies highlight that blockchain can improve 

transparency, accountability, and compliance in distributed and collaborative projects, 

especially when multiple organizations or vendors are involved. 

 

Table 1: Blockchain Applications in SDLC Phases 
 

SDLC Phase Blockchain Application Key Benefits 

Requirements 

Engineering 

Immutable requirements ledger, 

consensus validation 

Traceability, transparency, 

dispute reduction 

Design 
Secure design documentation, smart 

contract modeling 

Data integrity, collaborative 

design 

Development 
Code commit tracking on blockchain, 

decentralized repos 

Accountability, secure version 

control 

Testing & QA 
Verifiable test logs, automated smart 

contract testing 

Transparency, reproducibility, 

error reduction 

Deployment & 

CI/CD 

Deployment ledger, tamper-proof 

version history 

Secure releases, rollback 

assurance 

Maintenance 
Auditable maintenance logs, 

automated updates 

Trust in software evolution, 

reduced errors 
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Blockchain in Software Design 

During the design phase, software architects define system architecture, data flows, modules, 

and interfaces. This stage is critical as design flaws can propagate to later stages and result in 

costly errors. Blockchain can enhance the design process by providing secure storage for 

design artifacts such as UML diagrams, architectural models, and interface specifications. 

These artifacts, when stored on a blockchain, cannot be altered without consensus, ensuring 

design integrity. Moreover, smart contracts can be modeled to simulate and automate certain 

behaviors in the system, such as access control, transaction validation, or workflow 

automation. Blockchain-enabled design platforms also facilitate collaborative work among 

distributed teams, as all participants have access to an immutable record of the system design. 

 

Blockchain in Development and Coding 

Development and coding involve creating the actual software components and integrating 

them into a functional system. Version control and code integrity are critical challenges in 

this phase. Blockchain can be leveraged to maintain an immutable history of code commits 

and changes, providing verifiable evidence of authorship and modification. This not only 

ensures accountability but also supports auditing and compliance. Distributed blockchain 

repositories allow developers in different locations to collaborate securely without depending 

entirely on centralized code repositories. Furthermore, smart contracts can enforce coding 

standards or trigger automated actions when code passes certain validation checks, reducing 

the chances of introducing vulnerabilities or errors. 

 

Blockchain in Testing and Quality Assurance 

Software testing verifies that the system meets functional and non-functional requirements. 

The challenge lies in maintaining transparency, reproducibility, and accountability of test 

results. Blockchain can enhance quality assurance by providing an immutable log of all test 

cases, executions, and defect reports. Each test execution can be time stamped and recorded, 

ensuring reproducibility and preventing manipulation of results. Smart contracts can be used 

to automate regression testing or verify that only validated code is deployed to production. 

Studies indicate that blockchain-enabled testing frameworks improve trust between clients, 

developers, and QA teams, particularly in mission-critical applications such as healthcare, 

finance, and aerospace. 
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BLOCKCHAIN IN DEPLOYMENT AND CONTINUOUS INTEGRATION 

Deployment involves releasing software into production and ensuring it integrates seamlessly 

with existing systems. Continuous integration (CI) and continuous deployment (CD) 

pipelines require accurate versioning and secure configuration management. Blockchain can 

provide a tamper-proof ledger for deployment scripts, version histories, and configuration 

changes. Integrating blockchain with CI/CD tools enables automated verification of software 

artifacts before deployment, reducing risks of unauthorized or erroneous releases. This 

approach enhances traceability and accountability, as every deployment step can be audited 

and traced back to responsible stakeholders. Moreover, blockchain can facilitate rollback 

mechanisms by securely storing previous versions of deployed software. 

 

Blockchain in Maintenance and Evolution 

Maintenance is an ongoing phase in SDLC involving bug fixes, updates, and feature 

enhancements. Blockchain can maintain an auditable history of all maintenance activities, 

including patches, updates, and configuration changes. This ensures transparency and trust in 

software evolution, particularly for critical or distributed systems. Smart contracts can 

automate routine maintenance tasks, such as license verification, scheduled updates, or access 

control enforcement. By providing a transparent and immutable record of software evolution, 

blockchain supports long-term system reliability and reduces manual intervention. Research 

suggests that blockchain-enabled maintenance frameworks improve collaboration between 

developers and operations teams while ensuring compliance with regulatory standards. 

 

ADVANTAGES OF BLOCKCHAIN IN SDLC 

 

Table 2: Advantages Vs Challenges of Blockchain in SDLC 
 

Advantages Challenges 

Enhanced Security and Data Integrity Scalability issues 

Traceability and Auditability Integration with existing tools 

Improved Collaboration in Distributed Teams Skill and knowledge gaps 

Automation through Smart Contracts High computational and storage costs 
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SECURITY AND DATA INTEGRITY 

One of the most significant advantages of integrating blockchain into the Software 

Development Lifecycle (SDLC) is enhanced security and data integrity. Traditional 

centralized systems are vulnerable to unauthorized access, tampering, and single points of 

failure. Blockchain uses cryptographic hashing and decentralized consensus mechanisms to 

secure data across all SDLC phases. Each software artifact—requirements, design 

documents, code commits, test results, and deployment logs—is recorded on an immutable 

ledger, making unauthorized modifications nearly impossible. This ensures that the integrity 

of the software development process is maintained, reducing risks of fraud, code tampering, 

or malicious alterations. Additionally, blockchain’s decentralized nature prevents data loss 

due to server crashes or attacks, providing robust protection for critical project information. 

 

TRACEABILITY AND AUDITABILITY 

Traceability is a core requirement in software engineering, particularly for projects that 

require compliance with regulatory standards or rigorous quality assurance processes. 

Blockchain provides an immutable, timestamped record of all activities within the SDLC, 

from initial requirements gathering to maintenance updates. Every change, approval, or 

modification is recorded in a secure, verifiable manner, making it easy to trace the history of 

each artifact or decision. This transparency supports auditability, allowing internal teams, 

clients, and regulatory authorities to verify actions and decisions without relying on 

potentially manipulable centralized records. Enhanced traceability also facilitates 

accountability, as each action can be attributed to a specific stakeholder. 

 

COLLABORATION IN DISTRIBUTED TEAMS 

Modern software development often involves geographically distributed teams working 

across multiple organizations or locations. Traditional collaboration tools may not provide 

sufficient trust or security when sharing sensitive project data. Blockchain enables secure, 

decentralized collaboration by allowing all team members to access a shared ledger with real- 

time updates. Smart contracts can define rules for collaboration, ensuring that only authorized 

actions are executed automatically. This approach reduces conflicts, miscommunication, and 

duplication of work. Blockchain-based collaboration is especially beneficial for open-source 

projects, multi-vendor development, and projects with high regulatory or security 

requirements, as it creates a transparent environment where all contributions are verifiable. 
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AUTOMATION THROUGH SMART CONTRACTS 

Smart contracts are self-executing code stored on a blockchain that automatically enforces 

predefined rules or actions. In the SDLC, smart contracts can automate repetitive or rule- 

based processes, improving efficiency and reducing human error. For example, smart 

contracts can automatically approve requirement changes, trigger regression testing upon 

code commits, validate deployment scripts, or enforce access control during maintenance 

updates. This automation ensures that processes are executed consistently, reliably, and 

transparently without manual intervention. By integrating smart contracts, organizations can 

also enforce compliance, track accountability, and optimize resource utilization across 

software development teams. 

 

Table 3: Smart Contract Use Cases in SDLC 
 

SDLC Phase Smart Contract Use Case Expected Outcome 

Requirements 

Engineering 

Automatic approval of 

requirement changes 

Reduces disputes, ensures 

traceability 

Development Automated code validation 
Prevents unauthorized changes, 

improves quality 

Testing & QA 
Trigger regression tests upon 

code commit 
Ensures consistency, reproducibility 

Deployment & CI/CD 
Automated deployment 

verification 

Secure and tamper-proof release 

management 

Maintenance 
License verification and patch 

deployment 

Reduces manual intervention, 

enhances trust 

 

CHALLENGES AND LIMITATIONS 

SCALABILITY ISSUES 

Scalability remains one of the most significant challenges for blockchain adoption in the 

Software Development Lifecycle (SDLC). Most blockchain networks, especially public block 

chains, have limited transaction throughput and high latency compared to traditional 

centralized systems. Recording every software development artifact—such as code commits, 

test results, or deployment logs—on-chain can lead to congestion and slower processing 

times. In large-scale projects with multiple teams and continuous updates, this may affect 
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efficiency and delay project timelines. To overcome these limitations, hybrid architectures 

are often proposed, where critical and sensitive data are stored on-chain, while bulk or non- 

critical information is maintained off-chain. Layer-2 solutions, sharding, and side chains are 

also being explored as methods to improve scalability while retaining blockchain’s security 

and immutability. 

 

INTEROPERABILITY WITH EXISTING TOOLS 

Integrating blockchain into existing SDLC workflows and tools is another significant 

challenge. Modern development relies on a variety of version control systems, CI/CD 

pipelines, project management platforms, and testing frameworks. Ensuring seamless 

interoperability between these tools and blockchain networks can be complex due to 

differences in protocols, data formats, and security mechanisms. Without standardized APIs 

and protocols, developers may face difficulties in synchronizing blockchain data with 

existing workflows. This can increase development overhead, create compatibility issues, and 

slow down adoption. Achieving effective interoperability requires both technical 

standardization and organizational alignment across teams and departments. 

 

SKILL AND KNOWLEDGE GAPS 

Blockchain integration in SDLC requires specialized knowledge in cryptography, distributed 

ledger technologies, and smart contract development. Many software development teams, 

particularly in traditional organizations, may lack the expertise to design and implement 

blockchain-based solutions effectively. Training existing personnel or hiring skilled 

professionals adds to project complexity and costs. Additionally, developers must understand 

best practices for secure smart contract coding and blockchain data management to avoid 

vulnerabilities. Without adequate knowledge and expertise, organizations risk implementing 

inefficient or insecure blockchain solutions that could compromise the advantages of 

decentralization and traceability. 

 

COST AND RESOURCE CONSIDERATIONS 

Implementing blockchain in software development can be resource-intensive. Public block 

chains, in particular, may require significant computational power and storage capacity, 

leading to higher operational costs. Mining or validating transactions consumes electricity 

and hardware resources, while storing large volumes of software artifacts on-chain can 



Recent Trends in Computer Science and Software Technology 

Volume 10, Issue 2, May-August 2025 

92 Page 85-95 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

 

increase storage expenses. Organizations must carefully evaluate the trade-offs between 

enhanced security, traceability, and decentralization versus the additional costs of blockchain 

infrastructure. Private or permissioned blockchains may reduce some of these costs but often 

involve additional setup and maintenance efforts. Careful planning is necessary to ensure that 

the benefits outweigh the financial and resource investments. 

 

FUTURE DIRECTIONS AND RESEARCH OPPORTUNITIES 

HYBRID SDLC MODELS WITH BLOCKCHAIN 

One promising direction for future research is the development of hybrid SDLC models that 

integrate both traditional software development practices and blockchain-based mechanisms. 

Purely on-chain approaches may face challenges related to scalability, cost, and latency, 

especially for large-scale or complex projects. By adopting hybrid models, organizations can 

store sensitive and critical artifacts, such as requirements, code approvals, and test results, on 

blockchain while keeping bulk data and non-critical information on conventional databases. 

This approach balances the benefits of blockchain—security, immutability, and 

transparency—with the efficiency and flexibility of traditional SDLC tools. Future research 

can explore optimized hybrid architectures, decision frameworks for on-chain versus off- 

chain storage, and guidelines for seamless integration into existing development workflows. 

 

ARTIFICIAL INTELLIGENCE INTEGRATION 

The combination of Artificial Intelligence (AI) with blockchain presents an opportunity to 

significantly enhance SDLC processes. AI algorithms can analyze large volumes of 

blockchain-stored software artifacts to predict defects, validate code, and optimize resource 

allocation. For example, AI can automatically detect inconsistencies in requirement changes 

recorded on blockchain or predict areas of code that are prone to bugs based on historical 

blockchain records. Smart contracts can then automate responses to AI-driven insights, such 

as triggering regression tests or updating documentation. This integration promises more 

intelligent, proactive, and automated software development, reducing human error, improving 

quality, and enhancing efficiency across SDLC phases. 

 

STANDARDIZATION AND INTEROPERABILITY 

Widespread adoption of blockchain in software development is currently hindered by the lack 

of standardization and interoperability. Different blockchain platforms use varying consensus 
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algorithms, data structures, and access protocols, making it challenging to integrate with 

existing SDLC tools, version control systems, and CI/CD pipelines. Future research should 

focus on developing standardized frameworks, APIs, and protocols that allow seamless 

communication between blockchain networks and conventional development tools. Such 

standardization would simplify adoption, promote best practices, and ensure consistency in 

implementation. It would also enable cross-platform collaboration and multi-organization 

software development without sacrificing security or transparency. 

 

SECURE DEVOPS PIPELINES 

DevOps practices emphasize continuous integration and continuous delivery (CI/CD), which 

require secure, reliable, and auditable workflows. Blockchain can enhance DevOps pipelines 

by providing immutable logs of build processes, code changes, deployments, and 

configuration updates. This ensures that every action in the pipeline is verifiable and 

traceable, reducing the risk of unauthorized modifications and improving compliance with 

organizational policies and regulatory standards. Future research can focus on integrating 

blockchain with CI/CD tools, automating deployment validation through smart contracts, and 

developing mechanisms to efficiently manage blockchain data within continuous delivery 

workflows. Such approaches could improve the security, reliability, and transparency of 

DevOps pipelines while enabling greater accountability for all stakeholders involved. 

 

Table 4: Future Research Directions in Blockchain-SDLC Integration 
 

Research Area Focus Potential Impact 

Hybrid SDLC Models 
Combining blockchain and 

traditional approaches 

Optimized scalability and 

security 

AI Integration 
Smart decision-making in 

requirements, coding, and testing 

Enhanced automation and 

efficiency 

Standardization & 

Interoperability 
Protocols, APIs, and frameworks 

Simplifies adoption, ensures 

cross-platform compatibility 

Secure DevOps 

Pipelines 

Blockchain-enabled CI/CD 

pipelines 

Increased security, auditability, 

and compliance 
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CONCLUSION 

The integration of blockchain technology into the software development lifecycle offers 

promising solutions to long-standing challenges in transparency, version control, and 

trustworthiness of development practices. By leveraging the immutable nature of distributed 

ledgers, developers can achieve enhanced auditability and secure collaboration in a 

decentralized environment. Smart contracts provide an automated mechanism for enforcing 

licensing and contribution agreements, reducing the need for manual oversight and potential 

legal disputes. However, the implementation of blockchain-based solutions faces significant 

hurdles, such as scalability concerns, high energy consumption, and integration complexity 

with existing development tools. Performance overhead remains a critical challenge, 

especially in high-frequency commit scenarios. Despite these obstacles, early case studies 

indicate that blockchain can deliver substantial improvements in software governance and 

security when appropriately applied. Moving forward, further research should explore 

lightweight consensus mechanisms, interoperability between blockchains and traditional 

version control systems, and standardized frameworks that ease the adoption of blockchain in 

software engineering practices. The sustainable adoption of this technology hinges upon 

solving these challenges and establishing best practices that can be universally accepted 

across the industry. 
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