CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Simulation Setup
The IEEE 14-bus test system was used for the analysis. The system comprises 5 generators, 11 loads, and 20 transmission lines. Initial power flow analysis was conducted using the Newton-Raphson method. Optimization was then applied using Particle Swarm Optimization (PSO) and Genetic Algorithms (GA) to minimize active power losses and enhance voltage stability. MATLAB was used for all simulations.
4.2 Baseline Load Flow Results
Using the Newton-Raphson method, the following system conditions were recorded before optimization:
- Total real power loss: 18.74 MW
- Minimum bus voltage: 0.89 p.u. at Bus 14
- Maximum bus voltage: 1.10 p.u. at Bus 1
- Voltage violations were noted at Buses 12, 13, and 14
4.3 Optimization Results
The performance of the PSO and GA algorithms is summarized as follows:
Using GA:
- Total real power loss: 16.21 MW
- Min. voltage: 0.93 p.u. at Bus 14
- Max. voltage: 1.06 p.u. at Bus 1
- Voltage profiles improved across all buses
- Convergence time: 5.2 seconds
Using PSO:
- Total real power loss: 15.68 MW
- Min. voltage: 0.94 p.u. at Bus 14
- Max. voltage: 1.05 p.u. at Bus 1
- Voltage deviations within ±5% range
- Convergence time: 3.1 seconds
4.4 Comparative Summary
The table below summarizes the performance of each method:
	Metric
	Newton-Raphson
	GA
	PSO
	Improvement (%)

	Total Power Loss (MW)
	18.74
	16.21
	15.68
	16.3

	Min Voltage (p.u.)
	0.89
	0.93
	0.94
	5.6

	Max Voltage (p.u.)
	1.10
	1.06
	1.05
	4.5

	Convergence Time (s)
	-
	5.2
	3.1
	40.4


4.5 Discussion
The optimization techniques significantly enhanced the system performance. PSO yielded the lowest power loss and highest voltage stability, with faster convergence compared to GA. Both algorithms succeeded in bringing all voltages within acceptable limits (0.95–1.05 p.u.), indicating effective enhancement of voltage profiles. This demonstrates the value of heuristic algorithms in addressing non-linearities in power systems and ensuring operational reliability under diverse conditions.
4.6 Conclusion
This chapter presented the results of optimizing power flow and voltage stability using PSO and GA on the IEEE 14-bus system. The results showed that both methods effectively reduced power losses and improved voltage profiles, with PSO delivering superior performance in both efficiency and computation time. These findings support the adoption of heuristic optimization techniques in modern power system operations.

