Abhijit Wankhede Green Technology & Al (NCGTAI-2025)

Implementation of a Self-Hosted Project Management
Platform Using Modern Web Technologies

LAbhijit Wankhede, 2Pranay Shelke, Prof. Krushna Telangre
12 Student, Department of Computer Science and Engineering,
Anuradha Engineering College, Chikhli
3 Professor, Department of Computer Science and Engineering,
Anuradha Engineering College, Chikhli
Labhiwa6@gmail.com, 2pranayshelke90@gmail.com, *krushna.telangre@aecc.ac.in

ABSTRACT: This paper presents the results of implementing a self-hosted project management
platform using modern web technologies including Next.js [1], Tailwind CSS, DaisyUl, shadcn,
Appwrite [2], and Bun.sh on a Raspberry Pi 5 [3]. The implementation aims to address growing
concerns regarding data sovereignty, customization capabilities, and vendor lock-in associated
with traditional cloud-based project management solutions [6]. Through a systematic development
and deployment process, we evaluate the technical feasibility, performance characteristics, and
user experience of the platform. Our findings indicate that modern web technologies combined
with affordable self-hosting hardware can provide a viable alternative to commercial project
management solutions while offering enhanced control over data and customization options [6, 7].
The paper concludes with recommendations for organizations considering self-hosted project
management solutions and suggestions for future enhancements.
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INTRODUCTION:

Project management software has become essential for organizations of all sizes to plan, execute,
and monitor projects efficiently. While commercial Software-as-a-Service (SaaS) solutions
dominate the market, concerns regarding data sovereignty, customization limitations, and
subscription costs have led to growing interest in self-hosted alternatives [6, 7]. This paper
documents our implementation and evaluation of a self-hosted project management platform using
contemporary web technologies deployed on affordable hardware.

The specific objectives of this implementation study are:

1. Assess the technical feasibility of deploying a full-featured project management platform
on resource-constrained hardware

2. Evaluate the performance characteristics and optimization techniques for such
deployments

3. Document the development approach and technology selection rationale
Provide practical insights and recommendations for organizations considering similar
implementations

2. Technical Architecture and Implementation
2.1 Technology Stack Selection

Frontend:

e Next.js (v14.0.0) [1]: Selected for its server-side rendering capabilities, which improve
performance on clients with limited resources and provide better initial page load
experiences

e Tailwind CSS (v3.3.0): Chosen for its utility-first approach that enables rapid Ul
development without excessive CSS overhead

e DaisyUl (v4.0.0): Provides pre-built component classes compatible with Tailwind CSS,
accelerating development without sacrificing customization capabilities

e Shadcn (v2.0.0): Offers accessible, customizable components built on Radix Ul primitives

Backend:

e Appwrite (v1.4.0) [2]: An open-source backend-as-a-service platform providing
authentication, database, storage, and function execution capabilities

e Bun.sh (v1.0.0): A modern JavaScript runtime with improved performance characteristics
compared to Node.js, particularly beneficial for resource-constrained environments

Hardware:

e RaspberryPi5 (8GB model) [3]: Selected for its balance of performance, energy efficiency,
and affordability as a self-hosting platform
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2.2 System Architecture
The system follows a layered architecture pattern [4]:

1. Presentation Layer: Next.js application with Tailwind CSS, DaisyUl, and shadcn/ui
components providing the user interface

2. Application Layer: Next.js APl routes handling business logic and interfacing with
backend services

3. Service Layer: Appwrite services providing authentication, database operations, and
storage management

4. Infrastructure Layer: Raspberry Pi 5 running Linux, with services containerized for
deployment flexibility

System Architecture for Next.js Application with Appwrite and Raspberry Pi
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2.3 Development Process

Initial prototype development in a local environment
Performance profiling and optimization
Containerization for deployment

Deployment to Raspberry Pi 5

Monitoring and additional optimization
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3. Performance Evaluation
3.1 Methodology
We evaluated the performance of our implementation through:

1. Load testing using Apache JMeter to simulate concurrent users
2. Response time measurement across different operations
3. Resource utilization monitoring on the Raspberry Pi 5
4. User experience metrics including Time to First Byte (TTFB) and First Contentful Paint
(FCP)
3.2 Results

System Performance:

e The system handled up to 50 concurrent users with acceptable response times (<1000ms)
e CPU utilization on the Raspberry Pi 5 remained below 70% under normal loads
e Memory usage stabilized around 5.5GB of the available 8GB under peak conditions

Page Load Performance:

e Average TTFB: 220ms (compared to 150ms for cloud-hosted alternatives)
e Average FCP: 780ms (compared to 650ms for cloud-hosted alternatives)
e Subsequent page navigations: 120ms average (comparable to cloud-hosted alternatives)

Specific Operation Performance:

e Project creation: 450ms average

e Task creation: 280ms average

e Dashboard loading (with 20 projects): 850ms average
e User authentication: 350ms average
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3.3 Optimization Techniques Applied
Several optimization techniques are implemented to achieve acceptable performance [5]:

Server-side rendering for initial page loads to reduce client-side processing
Incremental Static Regeneration for semi-static content like project templates
Code splitting to reduce initial JavaScript payload

Image optimization using Next.js built-in image optimization

Database indexing for frequently queried fields

Memory caching for frequently accessed, rarely changed data

Connection pooling for database connections

Response compression using Brotli algorithm
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3.4 Rendering
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4. User Experience Evaluation
4.1 Methodology
We conducted user experience evaluation through:

=

Usability testing with 12 participants from different technical backgrounds
System Usability Scale (SUS) questionnaire

Task completion time measurements

Quialitative feedback collection

W

4.2 Results
System Usability Scale:

e Average SUS score: 78.5 (above the industry average of 68)
e Highest scoring aspects: Interface consistency (4.2/5) and ease of navigation (4.0/5)
e Lowest scoring aspects: Error recovery (3.4/5) and performance perception (3.6/5)

Task Completion:

e Average task completion rate: 92%

e Average time for creating a new project: 45 seconds

e Average time for setting up a Kanban board: 120 seconds
e Average time for generating project reports: 60 seconds

Qualitative Feedback:

e Users appreciated the modern interface and customization options

e Some users reported occasional performance lags when loading complex dashboards
e The offline capabilities are highly rated by remote workers

e Mobile responsiveness received positive feedback
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5. Discussion
5.1 Technical Feasibility

Our implementation demonstrated that deploying a full-featured project management platform on
a Raspberry Pi 5 is technically feasible with appropriate optimization techniques [3, 5]. Key factors
contributing to feasibility include:

1. Modern Web Technologies: Next.js's server-side rendering reduced client computational
requirements while improving perceived performance [1]

2. Efficient Backend: Appwrite provided comprehensive backend services with reasonable
resource consumption [2]

3. JavaScript Runtime: Bun.sh's improved performance characteristics compared to Node.js
helped optimize server-side operations

4. Component Libraries: The combination of Tailwind CSS, DaisyUl, and shadcn/ui enabled
rapid development of a responsive interface without sacrificing performance

Kanaracus and Konrad [6] highlight that modern web technologies have significantly reduced the
technical barriers to implementing self-hosted solutions, making them accessible to organizations
with limited IT resources. Our findings align with their research, particularly in demonstrating how
server-side rendering can compensate for hardware limitations.

5.2 Performance Considerations

While the implementation achieved acceptable performance for small to medium-sized teams (up
to 50 concurrent users), several performance considerations emerged:

1. Database Performance: As project data grew, query performance required additional
optimization through indexing and data structure revisions

2. Memory Management: Careful memory management is essential to prevent resource
exhaustion on the Raspberry Pi

3. Background Processing: Resource-intensive operations like report generation are moved to
background processing to maintain Ul responsiveness

4. Caching Strategy: A multi-level caching strategy is crucial for maintaining performance
with limited hardware resources

Osmani [5] emphasizes the importance of performance optimization techniques in resource-
constrained environments. Our implementation successfully applied many of these approaches,
particularly the use of incremental static regeneration and code splitting, which proved effective
in balancing performance with hardware limitations.
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5.3 Cost-Benefit Analysis

Compared to commercial SaaS alternatives, our self-hosted implementation offered significant
cost benefits [6, 7]:

Hardware Costs: Approximately $70 for the Raspberry Pi 5 with accessories Energy Costs:
Estimated $12 per year based on the Raspberry Pi 5's power consumption Software Costs: $0 (all
components used are open-source)Maintenance Costs: Estimated at 4 hours per month for updates
and maintenance

For a team of 20 users, comparable commercial solutions would cost approximately $2,400-3,600
per year [7], resulting in potential savings of over $2,000 annually after accounting for
maintenance time.

Meier and Kohler [7] provide a comprehensive analysis of cost savings potential from self-hosted
project management platforms. Their research indicates that organizations typically achieve ROI
within 4-6 months of deployment, which aligns with our cost-benefit findings.

5.4 Limitations
Despite the overall success, several limitations are identified:

1. Scalability Ceiling: The implementation would likely encounter performance issues
beyond 275-400 concurrent users

2. Feature Parity: Some advanced features found in commercial solutions (like Al-powered
suggestions) are not yet implemented

3. Integration Ecosystem: Fewer pre-built integrations compared to established commercial
platforms like Notion

4. Implementation Complexity: Required technical expertise that might not be available in all
organizations

6. Conclusion and Future Work

Our implementation demonstrated that self-hosted project management platforms built with
modern web technologies and deployed on affordable hardware represent a viable alternative to
commercial SaaS solutions for small to medium-sized teams [7]. The approach offers enhanced
data sovereignty, customization flexibility, and potential cost savings while delivering acceptable
performance and user experience.

Future work should focus on:

1. Containerization: Implementing Docker containerization to simplify deployment and
updates

2. Horizontal Scaling: Exploring clustering options for supporting larger user bases
Progressive Web App Capabilities: Enhancing offline functionality for field teams
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4. Al Integration: Exploring lightweight Al capabilities that can operate within resource
constraints

5. Automated Backup Systems: Developing robust backup and recovery procedures

6. Security Hardening: Conducting comprehensive security audits and implementing
additional protections

This implementation provides valuable insights for organizations considering self-hosted project
management solutions and contributes to the broader understanding of deploying modern web
applications on resource-constrained hardware.
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