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ABSTRACT: This project presents the design and implementation of a Digital Waste Payment System for Habitants, developed to
enhance the efficiency, transparency, and accessibility of municipal waste management services. Traditional waste payment
methods are often plagued by inefficiencies such as delays, lack of accountability, manual errors, and limited accessibility,
especially in developing regions. This system seeks to address these challenges by digitizing the waste payment process, thus
empowering residents to manage payments conveniently via mobile or web-based platforms. The project involved the analysis of
existing systems, stakeholder needs assessment, and the use of modern software engineering principles to design a user-friendly,
secure, and scalable solution. The platform consists of multiple components, including a resident-facing interface for making
payments and accessing transaction history, an administrative dashboard for municipal authorities to manage user data and
monitor payment compliance, and secure integration with digital payment gateways such as mobile money and bank cards. A
robust backend database supports all transactions and stores user information for analytics and reporting. The methodology
employed includes user interviews, surveys, and system prototyping. Various diagrams such as Data Flow Diagrams (DFD), Use
Case Diagrams, and System Architecture models were created to guide development. The system was implemented using modern
web technologies and tested rigorously to ensure usability, reliability, and data integrity. Initial testing and user feedback indicate
a high level of user satisfaction, improved payment turnaround times, and enhanced administrative efficiency. The digital platform
also lays the groundwork for further innovations in smart city infrastructure, such as real-time waste collection monitoring and
automated billing systems. In conclusion, this project demonstrates that digital solutions can significantly streamline public
service delivery and foster greater community engagement. It not only meets the functional and non-functional requirements set

out at the beginning but also provides a scalable framework for future enhancements.

1. Introduction

Urban waste management in Tanzania is hindered by
fragmented fee collection, low compliance rates (estimated at
40% in urban areas), and reliance on manual, error-prone
systems. In lIringa, cash-based payments often lead to
mismanagement, with 25% of collected fees unaccounted for
annually. This paper introduces a digital waste payment
system that integrates mobile money for accessibility.

1.1 Research Objectives

Design a scalable digital waste payment system for Tanzanian
urban settings. Integrate blockchain to ensure secure,
transparent fee collection.

Apply the Triple Helix model to foster stakeholder
collaboration. Evaluate system performance through pilot
testing and user feedback.

1.2 Significance

2. Benefits of Integration

Inspired by Iringa’s digital transformation initiatives, the
project employs the Triple Helix model to align
stakeholders—academia for innovation, government for
policy, and industry for implementation. The system aims to
enhance transparency, reduce administrative costs by 30%,
and improve compliance through user-friendly digital tools.

This study addresses a critical gap in Tanzania’s urban service
delivery, offering a replicable model for other developing
economies. It contributes to global discussions on blockchain
in public services and smart city development.

2.1 Blockchain in Public Services

Blockchain’s decentralized ensures tamper-proof records,
critical for public trust in fee collection. Smart contracts
automate processes like payment reminders, reducing
administrative overhead. Iringa’s

Feature Benefit

Decentralization

Eliminates single points of failure, enhancing system

resilience.

Immutability Prevents tampering with payment records, increasing
trust.

Transparency Enables public auditing of transactions, reducing

corruption risks.
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Automation

in operational costs.

Smart contracts reduce manual intervention, saving 20%

3. Methodology

An agile, user-centered design methodology was adopted,
emphasizing iterative development and stakeholder feedback.
The process included:

3.1. Requirement Analysis: Interviews with 50 households
and 10 municipal officers.

3.1 Tools and Technologies

3.2. Prototyping: Developed using PHP for the backend, for
the mobile front-end, and MySQL for data storage.

3.3. Testing: lterative testing with 35 households in Iringa
over three months.

3.4. Deployment: Pilot
processing 10 transactions

rollout in one neighborhood,

Component Technology Purpose
Frontend html,css3 Cross-platform mobile app development
Backend PHP Robust API and server-side logic.
Database MySQL Relational data storage.
Payment Gateway M-Pesa,  Airtel | Mobile money integration.

Money APIs
Cloud Infrastructure AWS EC2, S3 Scalable hosting and storage.

3.2 User-Centered Design the system prioritizes:

Usability: Simplified interfaces for low digital literacy users.
Accessibility: Offline payment options via USSD codes.
Security: Two-factor authentication and encrypted data
storage.

4. System Architecture

The system is modular, comprising three layers:

4.1. User Interface: A mobile app and USSD platform for
residents to pay fees, view receipts, and receive reminders.
4.2. Administrative Backend: A web dashboard for municipal
officers to monitor compliance,

generate reports, and manage user accounts.

4.1 Architecture Description

The system architecture includes a user-facing mobile app
and USSD interface connected to an APl gateway. The
gateway communicates with a PHP backend, which interacts
with a MySQL database for data storage and Hyperledger
Fabric for blockchain transaction logging. Payment gateways

6. Engagement Timeline

(M-Pesa, Airtel Money) handle financial transactions, and an
admin dashboard provides analytics and user management.

4.2 Data Flow

User initiates payment via mobile app or USSD.

Payment gateway processes the transaction.

Backend validates and records the transaction in MySQL.
User receives a digital receipt; admin dashboard updates
analytics.

5. Applications in Waste Fee Systems

Blockchain enhances the system through: Immutable Records:
Each payment is hashed and stored on database, preventing
unauthorized changes. Digital Receipts: Users receive
cryptographically signed receipts, verifiable via a public
portal.

Smart Contracts: Automate reminders (e.g., SMS alerts 7 days
before due dates) and penalties (e.g., 5% late fee after 30 days).

Phase Activity Duration
Requirement Gathering Surveys and interviews 2 weeks
Prototyping Initial system design 3 months
Pilot Testing Neighborhood rollout 1 months
Scale-Up Planning Expansion to other wards 1 months

6.1 Project Timeline

The project timeline includes:
Planning (2024-10 to 2024-11): Requirement analysis and

stakeholder workshops.

Development (2024-12 to 2025-02): System design and

prototyping.

Testing (2025-01 to 2025-04): Pilot testing and user feedback

collection.

Deployment (2025-05 to 2025-07): System rollout and
training programs.

7.Regulatory and Data Privacy Considerations

Tanzania’s Data Protection Act (2022) lacks specific

blockchain guidelines, posing compliance risks. The system

adheres to 1SO 27001 standards and incorporates:

User Consent: Explicit opt-in for data collection.

Data Minimization: Only payment-related data is stored.
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Encryption: AES-256 for data at rest and TLS for data in
transit.

8.. Discussion

The system demonstrates blockchain’s potential to transform

public services in low-resource settings. Its success hinges on:

Scalability: Cloud infrastructure supports expansion to
10,000+ users.

Sustainability: Reduced admin costs ensure long-term
viability.

Replicability: The model can be adapted for water or
electricity payments.

Challenges include sustaining user engagement and securing
funding for scale-up. Future iterations could integrate Al for
predictive waste collection scheduling, optimizing resource
allocation.

9. Conclusion

This study validates the efficacy of a blockchain-based digital
waste payment system in enhancing urban service delivery in
Appendix: System Screenshots

Admin Dashboard: Displays compliance analytics, user
management, and transaction logs.
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