CHAPTER FIVE
5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 	Conclusion
The solar-powered, mini submersible DC pumping machine successfully met its objectives of providing an efficient, cost-effective, and sustainable water pumping solution for small-scale applications. The prototype achieved a flow rate of 8 m³/h at a 10-meter head, with a high efficiency of 0.11 m³/h per watt, comparable to larger systems in the literature. The PWM-based variable speed control ensured adaptability to varying solar conditions, and the batteryless design reduced costs to approximately $150, making it viable for rural deployment. Despite limitations in low-light performance (2.2 m³/h at 400 W/m²), the system’s reliability, durability, and simplicity validate its potential for irrigation and domestic water supply in off-grid areas. This project demonstrates the feasibility of compact, low-cost solar pumping systems, contributing to sustainable water access in resource-constrained settings.
5.4 	Recommendations
To enhance the prototype’s performance and scalability, the following recommendations are proposed:
1. Low-Light Optimization: Optimize the PWM algorithm to improve flow stability at irradiance levels below 400 W/m², potentially increasing efficiency by 10–15%. Alternatively, explore low-cost MPPT integration for better power extraction.
2. Battery Integration: Consider adding a small, low-cost battery (e.g., 12 V, 20 Ah) for applications requiring continuous operation, balancing cost and functionality.
3. Extended Testing: Conduct long-term testing (6–12 months) to assess durability under varying water quality and environmental conditions.
4. Scalability: Develop modular designs to scale the system for larger flow rates or heads, targeting diverse applications like drip irrigation.
5. Local Manufacturing: Partner with local manufacturers to produce components, further reducing costs and improving accessibility. These recommendations aim to enhance the system’s efficiency, reliability, and adoption in off-grid communities.
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