CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Summary of Findings
This study focused on the optimization of power flow and enhancement of voltage stability in electrical power systems using heuristic optimization techniques. The research employed both traditional Newton-Raphson load flow analysis and modern algorithms, namely Particle Swarm Optimization (PSO) and Genetic Algorithms (GA), on the IEEE 14-bus test system. The key findings from the analysis are summarized below:
- Baseline power flow analysis revealed significant voltage violations and high active power losses.
- Both PSO and GA improved system performance by reducing power losses and correcting voltage deviations.
- PSO outperformed GA in terms of lower power loss, better voltage regulation, and faster convergence.
- The final optimized system met all operational constraints and demonstrated the potential of heuristic methods in modern power system optimization.
5.2 Conclusion
In conclusion, the results of this study validate the effectiveness of heuristic optimization techniques in addressing complex power system challenges. By applying PSO and GA, the study achieved significant improvements in both power loss reduction and voltage stability enhancement. The findings highlight the practical value of adopting intelligent, adaptive algorithms in the operation and planning of modern electrical power systems. Among the techniques employed, PSO demonstrated superior performance and is recommended for use in systems requiring fast, reliable optimization.
5.3 Contributions to Knowledge
- Demonstrated the limitations of traditional load flow techniques in systems with high variability.
- Provided comparative insights into the performance of PSO and GA for Optimal Power Flow problems.
- Offered a practical methodology for applying heuristic techniques in voltage stability enhancement.
- Contributed a data-driven framework suitable for replication in academic or industry-based studies.
5.4 Recommendations
Based on the findings of this research, the following recommendations are made:
- Power utilities should explore the integration of heuristic algorithms like PSO for real-time grid optimization.
- Future research should focus on hybrid approaches that combine multiple algorithms to enhance performance.
- The impact of distributed generation on optimization techniques should be further investigated.
- Large-scale systems should be tested with parallel computing to address computational complexity.
5.5 Suggestions for Future Work
To build upon this study, the following areas are suggested for future research:
- Implementation of multi-objective optimization including cost, emissions, and system reliability.
- Application of Deep Learning and Reinforcement Learning in dynamic power system environments.
- Real-time deployment of the models on SCADA-integrated platforms for continuous system monitoring.
- Extension of the approach to hybrid AC/DC systems and microgrids with intermittent energy sources.

