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H I G H L I G H T S   A B S T R A C T  

• Genetic Algorithm and Newton Raphson 
(NR) based approach to Optimal Power Flow 
problem has been presented.  

• Both algorithms were tested on a 14-bus 
IEEE test system.  

• The Genetic Algorithm Optimization (GAs) 
is very efficient in solving the OPF problem. 

 The traditional concepts and practices of power systems are superimposed by 
economic market management. So OPF has become complex, and classical 
optimization methods were used to solve OPF effectively. But, in recent years, 
Artificial Intelligence methods (GA, etc.) have emerged that can solve highly 
complex OPF problems. In this work two algorithms, were used for the solution 
of dynamic optimal power flow (OPF) problem taking the transmission losses and 
the cost of generation as the main constraints. Both algorithms were tested on a 
14-bus IEEE test system. The contingency analysis was considered in the 
application of the algorithms. Additionally, a comparison was made between the 
two algorithms. The obtained results showed the effectiveness of the GA algorithm 
over the traditional algorithm. 
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1. Introduction 
The Optimal Power Flow (OPF) problem is the most complicated and challenging problem in power system analysis and 

design, it is a nonlinear optimization problem. The objective of the OPF is to minimize the total operating cost and total losses, 
subjected to many constraints such as total generation must equal to total load plus total losses, and the voltage profile must be 
within their limits. The OPF problem is a combination between economic dispatch and the power flow [1]. Optimal power flow 
solution methods have been developed over the years to meet this efficient requirement of power system operation. Because the 
OPF is a vast, non-linear mathematical programming problem, it has taken decades to develop efficient algorithms for its 
solution. Many different mathematical techniques have been employed for its solution [2]. SURESH [3] developed an online 
method for unified OPF that maximizes the system voltage stability margin while minimizing system generation costs and system 
transmission loss using a Back propagation memory model (BPN) based neural network. Verma [4] used genetic algorithm, 
optimize particle swarm and the ABC methods to solve the optimal power flow (OPF) problem. Rahul and Sharma [5] presented 
A Genetic Algorithm (GA) for solving optimal power flow problems. The objective function was reducing transmission losses. 
Ajenikoko [6] used the shunt capacitor as an interactive compensation placed at specific generating stations to reduce generating 
cost and transmission loss. Attia [7] used the modified genetic algorithm with a population size adjustment on a 30-Bus test 
system to solve the optimal energy flow problem based on different objective functions. Duman. [8] represented a novel modified 
MSA with an arithmetic crossover (MSA-AC) to improve the search for a global optimum. Andreas Venzke [9] proposed a 
semidefinite relaxation of a chance-constrained AC-OPF, which guarantees global optimality. Shima Rahmani[10] proposed an 
enhanced natural restriction method (NNC) to improve optimal power flow (OPF), which was formulated as a multipurpose 
problem. Singh and Singh [11] presented a genetic algorithm to solve the problem of optimal energy flow. The goal is to reduce 
fuel cost and maintain energy returns for generators, transformers, capacitors/reactors, volts. Davoodi [12] proposed a novel 
equivalent convex optimization formulation for the Optimal Reactive Power Dispatch (ORPD) problem and presents a new 
framework for finding the global optimum. Kardos [13] used a security-constrained optimal power flow (SCOPF) that aims for 
the long-term operating state, such as in the event of any contingency. Deng [14] used two algorithms - a genetic algorithm with 
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the help of Krieging (KAGA) and the improvement of Krieging Auxiliary Creams (KAPSO). This work proposes a dynamic 
algorithm for solving optimal power flow problems using a Genetic algorithm by reducing the cost of power generation and 
transmitter losses. 

2. Newton Raphson's method 
The power flow study is a non-linear study used to estimate electrical quantities for network components. These quantities 

include real power, reactive power, voltage magnitude, and voltage angle. For large power systems, the Newton-Raphson (NR) 
method is the most efficient and practical. A more functional evaluation is required for each iteration to obtain a solution 
depending on the system size and the number of iterations. 

2.1 Mathematical Formulation: 
Considered as Newton Raphson Method, which is all inclusive of solving the non-square and nonlinear problems. The study 

also aims to compare the convergence rate of performance [15]. A general framework is presented to apply the Newton - Raphson 
method to solve power flow problems, using power functions, current mismatch in polar coordinates, Cartesian and complex 
form [16]. Complex power is needed to define the typical bus system at any bus in Figure (1) [17]. For the typical system shown 
in Figure (1). The current entering bus i is given by: 

𝐼𝐼𝑖𝑖= ∑ 𝑌𝑌𝑖𝑖𝑖𝑖 𝑉𝑉𝑖𝑖𝑛𝑛
𝑖𝑖=1    (1) 

Expressing this Equation in polar form gives 

𝐼𝐼𝑖𝑖 = ∑ �𝑌𝑌𝑖𝑖𝑖𝑖��𝑉𝑉𝑖𝑖 �∠�𝜃𝜃𝑖𝑖𝑖𝑖 + 𝛿𝛿𝑖𝑖�𝑛𝑛
𝑖𝑖=1   (2) 

The complex power at bus i is 

𝑃𝑃𝑖𝑖  - 𝑗𝑗𝑗𝑗𝑖𝑖 = 𝑉𝑉𝑖𝑖∗𝐼𝐼𝑖𝑖   (3) 

Substituting from Equation (2.13) in Equation (2.14) yields  

𝑃𝑃𝑖𝑖  - 𝑗𝑗𝑗𝑗𝑖𝑖 = 𝑉𝑉𝑖𝑖∠(−𝛿𝛿𝑖𝑖) ∑ �𝑌𝑌𝑖𝑖𝑖𝑖��𝑉𝑉𝑖𝑖 �∠�𝜃𝜃𝑖𝑖𝑖𝑖 + 𝛿𝛿𝑖𝑖�𝑛𝑛
𝑖𝑖 =1   (4) 

Separating the real and imaginary parts gives  

𝑃𝑃𝑖𝑖  =  ∑ |𝑉𝑉𝑖𝑖 |�𝑉𝑉𝑖𝑖 ��𝑌𝑌𝑖𝑖𝑖𝑖� 𝑐𝑐𝑐𝑐𝑐𝑐�𝜃𝜃𝑖𝑖𝑖𝑖 − 𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑖𝑖�𝑛𝑛
𝑖𝑖=1   (5) 

𝑗𝑗𝑖𝑖 = - ∑ |𝑉𝑉𝑖𝑖 |�𝑉𝑉𝑖𝑖 ��𝑌𝑌𝑖𝑖𝑖𝑖� 𝑐𝑐𝑠𝑠𝑠𝑠�𝜃𝜃𝑖𝑖𝑖𝑖 − 𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑖𝑖�𝑛𝑛
𝑖𝑖=1   (6) 

The two equations had for each load bus given by Equation (5) and Equation (6), and one equation for each voltage-controlled 
bus given by Equation (5). The terms ∆𝑃𝑃𝑖𝑖

(𝑘𝑘)and ∆𝑗𝑗𝑖𝑖
(𝑘𝑘)are the difference between the scheduled and calculated values known as 

the power residuals, given by: 

∆𝑃𝑃𝑖𝑖
(𝑘𝑘) = 𝑃𝑃𝑖𝑖𝑠𝑠𝑠𝑠ℎ  − 𝑃𝑃𝑖𝑖

(𝑘𝑘)   (7) 

∆𝑗𝑗𝑖𝑖
(𝑘𝑘) = 𝑗𝑗𝑖𝑖𝑠𝑠𝑠𝑠ℎ  − 𝑗𝑗𝑖𝑖

(𝑘𝑘)   (8)  

The new estimates for bus voltages are    

𝛿𝛿𝑖𝑖
(𝑘𝑘+1) = 𝛿𝛿𝑖𝑖

(𝑘𝑘) + ∆𝛿𝛿𝑖𝑖
(𝑘𝑘)   (9) 

�𝑉𝑉𝑖𝑖
(𝑘𝑘+1) � = �𝑉𝑉𝑖𝑖

(𝑘𝑘) � + ∆�𝑉𝑉𝑖𝑖
(𝑘𝑘) �  (10) 

If the line security constraints are neglected, the optimal power flow problem with real and reactive power variables can be 
represented as below: 

min F =   ∑ 𝐹𝐹(𝑃𝑃)𝑎𝑎𝑎𝑎𝑎𝑎  𝑔𝑔𝑔𝑔𝑛𝑛 .   (11) 

such that  

𝑃𝑃𝑖𝑖 (𝑉𝑉 , 𝜃𝜃) = 𝑃𝑃𝐺𝐺𝑖𝑖  − 𝑃𝑃𝐷𝐷𝑖𝑖   (12) 

𝑗𝑗𝑖𝑖(𝑉𝑉 , 𝜃𝜃) = 𝑗𝑗𝐺𝐺𝑖𝑖 − 𝑗𝑗𝐷𝐷𝑖𝑖  (13) 
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𝑃𝑃𝐺𝐺𝑖𝑖  𝑚𝑚𝑖𝑖𝑛𝑛  ≤ 𝑃𝑃𝐺𝐺𝑖𝑖 (V, θ) ≤ 𝑃𝑃𝐺𝐺𝑖𝑖  𝑚𝑚𝑎𝑎𝑚𝑚   (14) 

𝑗𝑗𝐺𝐺𝑖𝑖 𝑚𝑚𝑖𝑖𝑛𝑛  ≤ 𝑗𝑗𝐺𝐺𝑖𝑖(V, θ) ≤ 𝑗𝑗𝐺𝐺𝑖𝑖  𝑚𝑚𝑎𝑎𝑚𝑚  (15) 

𝑉𝑉𝑖𝑖  𝑚𝑚𝑖𝑖𝑛𝑛  ≤ 𝑉𝑉𝑖𝑖 ≤ 𝑉𝑉𝑖𝑖  𝑚𝑚𝑎𝑎𝑚𝑚   (16) 

Where: 𝑃𝑃𝐺𝐺𝑖𝑖 : The real power output of the generator connected to bus i. 
         𝑗𝑗𝐺𝐺𝑖𝑖  : The reactive power output of the generator connected to bus i. 

         𝑃𝑃𝐷𝐷𝑖𝑖  : The real power load connected to bus i. 

         𝑗𝑗𝐷𝐷𝑖𝑖  : The reactive power load connected to bus i. 

         𝑃𝑃𝑖𝑖 : The real power injection at bus i. 

         𝑗𝑗𝑖𝑖  : The reactive power injection at bus i. 

         𝑉𝑉𝑖𝑖  : The voltage magnitude at bus i. 
                    F: The total generator fuel cost function.  
    The subscripts “min” and “max” in the equations represent the lower and upper limits of the constraint, respectively. 

2.2 The structure of the Newton Raphson (NR) program: 
Step 1. Read the input data: [Bus data, (Number of buses, Bus voltage, Voltage angle, Power generated and Load power)]; 

[Line data: (Line resistance, Line impedance, and Line capacitance]. 
Step 2. From the bus admittance matrix. 
Step 3. Run the Newton-Raphson load flow. 
Step 4. Obtains the loss formula coefficients. 
Step 5. Compute the total cost $/h of generation. 
Step 6. Obtain the optimum power flow of generation. 
Step 7. If DP slack is greater than 0.05, then run the new OPF and go to step 8. 
Step 8. Update the loss coefficients. 
Step 9. Optimum power flow of generation with new B-coefficients. 
Step 10. Repeat step 7. 
Step 11. If DP slack is smaller or equal to 0.05, then go to step 12. 
Step 12. Print the results. 
Step 13. End the programs. 

3. Genetic Algorithm Optimization Method: 
 The basic idea is to maintain a population of knowledge structures that represent candidate solutions for the current problem. 

The population evolves through competition (survival of the fittest) and controlled variation (recombination and mutation). in 
this way, the best elements of the current population are used to form the new population. If this is done correctly, the new 
population will be better than the old population [18]. The Genetic algorithms are powerful stochastic search algorithms based 
on the natural selection and natural genetics. A genetic algorithm works with a population of strings, searching many peaks in 
parallel. By employing genetic operators, they exchange information between the peaks, reducing the possibility of ending at a 
local optimum. Many optimization methods require derivative information, or worse yet, complete knowledge of the problem 
structure and parameters [19]. In contrast, genetic algorithms are more flexible than most search methods because they require 
only information concerning the quality of the solution produced by each parameter set (objective function values).  

3.1 Mathematical Formulation: 
It can be said that power generation cost and transmission losses are the most popular objective function in OPF studies, 

where the thermal generation unit costs are generally represented by a nonlinear, second-order function [18 & 19]. 

FT = ∑ 𝐹𝐹𝑘𝑘(𝑃𝑃𝑔𝑔𝑘𝑘 )𝑛𝑛𝑔𝑔
𝑘𝑘=1   (17) 

where Fk is the fuel cost of unit k, Pgk is the active power generated by unit k, and ng is the number of generators in the 
system, including the slack-bus generator. More specifically, 

𝐹𝐹𝑘𝑘 (𝑃𝑃𝑔𝑔𝑘𝑘) = ak + bk 𝑃𝑃𝑔𝑔𝑘𝑘   + ck 𝑃𝑃𝑔𝑔𝑘𝑘2    (18) 

where ak, bk, and ck are the cost coefficients of unit k. 

 
While the objective function for total power transmission loss can be expressed as follows, [15] 
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𝑃𝑃𝑎𝑎 = ∑ ∑ 𝑃𝑃𝑚𝑚𝐵𝐵𝑚𝑚𝑛𝑛𝑃𝑃𝑛𝑛𝑛𝑛𝑚𝑚 + ∑ 𝑃𝑃𝑛𝑛𝐵𝐵𝑛𝑛𝑛𝑛𝑛𝑛 +𝐵𝐵𝑛𝑛𝑛𝑛   (19) 

𝐹𝐹𝑇𝑇  𝑎𝑎𝑛𝑛𝑠𝑠𝑠𝑠   =  ∑ ∑ 𝑔𝑔𝑖𝑖 ,𝑖𝑖
𝑁𝑁𝑁𝑁
𝑖𝑖=1

𝑁𝑁𝑁𝑁
𝑖𝑖=1   �𝑉𝑉𝑖𝑖2 + 𝑉𝑉𝑖𝑖2 − 2𝑉𝑉𝑖𝑖𝑉𝑉𝐽𝐽  𝐶𝐶𝐶𝐶𝐶𝐶(𝛿𝛿𝑖𝑖 − 𝛿𝛿𝑖𝑖)�  (20) 

Where; 𝑃𝑃𝑁𝑁=total transmission losses. 
        𝛿𝛿𝑖𝑖 = the voltage angle at bus i.  
        𝑃𝑃𝑚𝑚=loading of plant m. 
           𝐵𝐵𝑚𝑚𝑛𝑛 ,𝐵𝐵𝑛𝑛𝑛𝑛,𝐵𝐵𝑛𝑛𝑛𝑛=B-coefficients of the transmission loss formula.  
           𝑉𝑉𝑖𝑖  = the voltage magnitude at bus i. 
        𝑁𝑁𝑁𝑁  = the total number of transmission lines. 
       𝑔𝑔𝑖𝑖 ,𝑖𝑖 = the conductance of line i-j. 

3.2 Application of GA on Optimal Power Flow: 
Artificial intelligence (AI) technology, Fuzzy theory, and artificial neural network are being applied to solve various power 

systems. Genetic algorithms are becoming popular to solve optimization problems mainly because of their robustness in finding 
optimal solutions close to global minima. 

GA has been applied to the power system to solve load flow problems, optimize reactive power transmission, economic 
dispatching, optimum power flow, etc. 

In this work, a Genetic Algorithm program was written in the MATLAB environment. Taking into consideration fuel cost 
minimizat ion and transmission line loss minimization. The structure of the proposed program is summarized as shown below: 

Step 1. Read Network Data (Such as Bus Loads, Lines parameters), Generator Data (Such active and reactive power limits, 
generation cost parameters), and initialize GA algorithm parameters (number of iterations, number of the initial population, best 
cost value,….). 

Step 2. Generate random of (n) chromosomes population as an initial population (initial solutions for the active power 
generated in PV buses). 

Step 3. Solve power flow based on the PV bus generated values (according to the current chromosome values) and calculate 
the slack bus power to satisfy the power balance equality constraint. 

Step 4. Calculate the objective function (generation cost) value for this chromosome. 
Step 5. If the objective function value is lower than the best cost value (G best), set G best equal to the generation cost and 

return the best solution in the current population; otherwise, go to step 6. 
Step 6. If all populations are evaluated, go to step 7; otherwise, go to step 3. 
Step 7. If the GA convergence criterion is satisfied and all iterations are done, go to step 9; otherwise, go to step 8. 
Step 8. Improve populations' fitness by GA operators such as select, Cross over, and Mutations, then create new offspring 

and go to step 3. 
Step 9. G's best value and its related chromosome are optimal for the generation cost and active power generation for PV 

buses, respectively. 
Step 10. The end. 

4. Case Study: 
The IEEE 14-bus standard system contains (14) busbar, (5) generators, and (20) transmission lines. The active load is (259.3 

MW). The reactive load (73.6 MVar) of the IEEE 14-bus data is shown in Appendix A. Figure (4) shows the single line diagram 
for the IEEE 14- bus standard system. 

Four cases will be applied to the traditional and intelligent methods: 
Case A: The normal operation of the network. 
Case B: Reduce plant generation by 50 MW. 
Case C: Separate one of the transmission lines. 
Case D: Separation of a generation of a power plant. 

4.1 Case A: The normal state of the network: 

4.1.1 The Conventional Method Application: 
The conventional power flow problem for the IEEE 14-Bus Standard System was solved using the Newton-Raphson method. 

The results were compared with reference [20]. Table (1) shows the voltage magnitude results at each bus from applying the 
Newton-Raphson method. Note that buses (1 to 5) are generator bus, so the voltage magnitude of these buses are left unchanged. 
Table (2) gives the production cost of the active and reactive power loss when applying the Newton-Raphson method on the 14-
Bus system. 
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Table 1: The power flow results of the conventional method 

Bus 
NO. 

V 
(p. u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮  
(MW) 

𝑸𝑸𝑮𝑮 
(M var) 

𝑷𝑷𝑳𝑳  
(MW) 

𝑸𝑸𝑳𝑳 
(M var) 

1 1.06 0 145.92 34.59 0 0 

2 1.045 5.9493 60 6.67 21.7 12.7 
3 1.01 9.2688 20 -8.21 94.2 19.1 
4 1 1.0523 20 3.52 0 0 
5 1 2.2792 20 19.79 7.6 1.6 
6 0.9725 -3.9965 0 0 11.2 7.5 
7 0.9613 -2.5081 0 0 0 0 
8 0.9613 -2.5081 0 0 47.8 -3.9 
9 0.9466 -4.4704 0 0 29.5 16.6 
10 0.9430 -4.7332 0 0 9 5.8 
11 0.9537 -4.5156 0 0 3.5 1.8 
12 0.9552 -5.0257 0 0 6.1 1.6 
13 0.9491 -5.0936 0 0 13.8 5.8 
14 0.9276 -5.9816 0 0 14.9 5 

Table 2: Production cost, active and reactive power loss 

Production Cost($/h) MW Loss [MW] M var Loss [M var] Lambda($/MWh) 

5436.42 9.934 15.3899 4.411 

 
Figure 1: Typical bus system 

 
Figure 2: NR based OPF flow chart 

4.1.2 Genetic Algorithm Optimization Application: 
The genetic algorithm (GA) method has been applied to IEEE 14-Bus standard system. The active power production cost is 

considered an objective function to minimize the total production cost. Table (3) shows the voltage magnitude, active power, 
reactive power generation, active and reactive load at each bus from applying the Genetic Algorithm Optimization method. It 
also shows the voltage magnitude obtained from applying the Genetic Algorithm (GA) method, where buses (1 to 5) are generator 
bus so that the voltage magnitude of these buses is left unchanged. In contrast, the other buses (6 to 11) are load buses. As shown 
in Table (3), all the voltage magnitudes of these buses are attained within limits. Table (4) gives the production cost and active 
and reactive power loss when applying the GA algorithm method on the 14-Bus system. 
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Figure 3: the proposed OPF program flowchart 

 
Figure 4: Single line diagram of IEEE 14-Bus system 

4.2 Case B: Reduce plant generation by 50 MW 

The value of the generating power of bus number (1) reduced by 50MW, the obtained results are shown: 

4.2.1 Newton Raphson Application: 
Table (5) shows the values of voltage magnitude, Active Power, Reactive Power Generation, Active and Reactive Load at 

each bus from the application of the Newton-Raphson method. Table (6) shows the values of the production cost, the active and 
reactive power loss when applying  

4.2.2 Genetic Algorithm Optimization Applications: 
Table (7) shows the values of voltage magnitude, active power, reactive power generation, active and reactive load at each 

bus from the applications of the Genetic Algorithm Optimization method, the Newton-Raphson method, on the 14-Bus system. 
Table (8) shows the cost values and the active and reactive losses. 

4.3 Case C: Separate one of the transmission lines: 
Upon Removal of the transmission line (12-13), we get the following results 

4.3.1 Newton Raphsonaplication: 
Table (9) shows the values of voltage magnitude, Active Power, Reactive Power Generation, Active and Reactive Load at 

each bus from the application of the Newton-Raphson method. Table (10) gives the production cost, the active and reactive 
power loss when applying the Newton-R . 
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 4.3.2 Genetic Algorithm Optimization Application: 
Table (11) shows the values of voltage magnitude, active power, reactive power generation, active and reactive load at each 

bus from applying the Genetic Algorithm Optimization method. Aphson method on the 14-Bus system. Table (12) gives the 
production cost and active and reactive power loss when applying the GA method on the 14-Bus system. 

4.4 Case D: Separation of a bus bar power (active and reactive) 
This study considers the separation of bus 2 power generation. 

4.4.1 Newton Raphson Plication: 
Table (13) shows the values of voltage magnitude, Active Power, Reactive Power Generation, Active and Reactive Load at 

each bus from the application of the Newton-Raphson method. Table (14) gives the production cost and active and reactive 
power loss when applying the Newton-Raphson method on the 14-Bus system. 

4.4.2 Genetic Algorithm Optimization Application: 
Table (15) shows the values of voltage magnitude, active power, reactive power generation, active and reactive load at each 

bus from applying the Genetic Algorithm Optimization method. Table (16) gives the production cost and active and reactive 
power loss when applying the GA method on the 14-Bus system. 

5. Comparison between the two methods concerning the four cases: 
This section will compare the results obtained from applying Newton-Raphson (NR) and Genetic Algorithm Optimization 

(GA) from the optimal power flow point of view. Table (17) shows the comparison between the application of Newton-Raphson 
(NR) and Genetic A. Comparing the cost production values and the power losses between both methods indicates that the GA is 
more accurate and efficient than the conventional Newton-Raphson Algorithm. Algorithm Optimization (GA) methods were 
applied to the 14-bus system. 

Table 3: The power flow of the system using the GA method 

Bus 
NO. 

V 
(p.u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮  
(MW) 

𝑸𝑸𝑮𝑮 
(Mvar) 

𝑷𝑷𝑳𝑳  
(MW) 

𝑸𝑸𝑳𝑳 
(Mvar) 

1 1.06 0 140 22.5744 0 0 
2 1.045 -0.0972 60 0.4537 21.7 12.7 
3 1.01 -16.7733 20 -3.7636 94.2 19 
4 1.0168 5.7978 20 18.6403 0 0 
5 1.0231 2.2196 20 19.11 7.6 1.6 
6 1.02 3.1721 0 0 11.2 7.5 
7 1.0202 6.2256 0 0 0 0 
8 1.06 8.7187 0 0 47.8 -3.9 
9 0.9985 7.2318 0 0 29.5 16.5 
10 0.9946 -9.8370 0 0 9 5.8 
11 1.0035 3.9536 0 0 3.5 1.8 
12 1.0039 1.7030 0 0 6.1 1.6 
13 0.9984 1.9334 0 0 13.5 5.8 
14 0.9795 10.257 0 0 14.9 5 

Table 4: Production cost, active and reactive power loss 

Production Cost ($ / h) MW Loss [MW] Mvar Loss [Mvar] 
5372.8 9.61 16.4137 

Table 5: The power flow of the system using NR 

Bus 
NO. 

V 
(p.u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮  
(MW) 

𝑸𝑸𝑮𝑮 
(Mvar) 

𝑷𝑷𝑳𝑳  
(MW) 

𝑸𝑸𝑳𝑳 
(Mvar) 

1 1.06 0 160 66.2277 0 0 
2 1.045 7.0742 10 6.1286 21.7 12.7 
3 1.01 10.4346 20 -8.3 94.2 19.1 
4 1 1.7792 20 18.3601 0 0 
5 1 3.1183 20 19.11 7.6 1.6 
6 0.9629 -3.2970 0 0 11.2 7.5 
7 0.9526 -1.8332 0 0 0 0 
8 0.9526 -1.8332 0 0 47.8 -3.9 
9 0.9375 -3.8274 0 0 29.5 16.6 
10 0.9337 -4.0874 0 0 9 5.8 
11 0.9442 -3.8465 0 0 3.5 1.8 
12 0.9455 -4.3497 0 0 6.1 1.6 
13 0.9394 -4.4231 0 0 13.8 5.8 
14 0.9180 -5.3522 0 0 14.9 5 
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Table 6: Production cost, active and reactive power loss 

Production Cost($/h) MW Loss [MW] M var Loss [M var] Lambda[$/MWh] 
5510.22 10.0836 10.08 4.4049 

Table 7: The power flow of the system using GA method 

BUS 
NO. 

V 
(p.u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮  
(MW) 

𝑸𝑸𝑮𝑮 
(Mvar) 

𝑷𝑷𝑳𝑳  
(MW) 

𝑸𝑸𝑳𝑳 
(Mvar) 

1 1.06 0 153.2416 24.6410 0 0 
2 1.045 -0.0972 10 0.4537 21.7 12.7 
3 1.01 -16.7733 20 -3.7759 94.2 19 
4 1 5.7978 20 18.6403 0 0 
5 1 2.2196 20 19.11 7.6 1.6 
6 1.02 3.1721 0 0 11.2 7.5 
7 1.0202 6.2256 0 0 0 0 
8 1.06 8.7187 0 0 47.8 -3.9 
9 0.9986 7.2318 0 0 29.5 16.6 
10 0.9946 -9.8370 0 0 9 5.8 
11 1.0035 3.9536 0 0 3.5 1.8 
12 1.0039 1.7030 0 0 6.1 1.6 
13 0.9984 1.9334 0 0 13.5 5.8 
14 0.9795 10.257 0 0 14.9 5 

 

Table 8: Production cost, active and reactive power loss 

Production Cost ($/h) MW Loss [MW] Mvar Loss [Mvar] 
5422.1 9.6613 5.7652 

Table 9: The power flow of the system using NR method 

BUS NO. V 
(p.u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮 
 (MW) 

𝑸𝑸𝑮𝑮 
(Mvar) 

𝑷𝑷𝑳𝑳 
(MW) 

𝑸𝑸𝑳𝑳 
(Mvar) 

1 1.06 0 159.5015 51.6787 0 0 
2 1.045 5.9504 60 30.4218 21.7 12.7 
3 1.01 9.2701 20 6.9175 94.2 19.1 
4 1 1.0526 20 18.3601 0 0 
5 1 2.2806 20 19.11 7.6 1.6 
6 0.9727 -3.9808 0 0 11.2 7.5 
7 0.9611 -2.5164 0 0 0 0 
8 0.9611 -2.5164 0 0 47.8 -3.9 
9 0.9463 -4.4840 0 0 29.5 16.6 
10 0.9428 -4.7414 0 0 9 5.8 
11 0.9537 -4.5115 0 0 3.5 1.8 
12 0.9606 -4.8171 0 0 6.1 1.6 
13 0.9471 -5.1627 0 0 13.8 5.8 
14 0.9265 -6.0224 0 0 14.9 5 

Table 10: Production cost, active and reactive power loss 

Production Cost($/h) MW Loss [MW] Mvar Loss [Mvar] Lambda [$/MWh] 
5436.5 9.9455 15.418 4.4114 

Table 11: The power flow of eh system using GA method 

BUS 
NO . 

V 
(p.u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮 
(MW) 

𝑸𝑸𝑮𝑮 
(Mvar) 

𝑷𝑷𝑳𝑳 
(MW) 

𝑸𝑸𝑳𝑳 
(Mvar) 

1 1.06 0 153.8953 24.4907 0 0 
2 1.045 2.3128 60 23.9995 21.7 12.7 
3 1.01 12.3197 20 -3.7098 94.2 19 
4 1.0167 -3.4977 20 0.4443 0 0 
5 1.023 11.0994 20 19.75 7.6 1.6 
6 1.02 8.3096 0 0 11.2 7.5 
7 1.0201 -7.1050 0 0 0 0 
8 1.06 -4.4833 0 0 47.8 -3.9 
9 0.9983 -12.6799 0 0 29.5 16.6 
10 0.9943 6.4858 0 0 9 5.8 
11 1.0034 8.4017 0 0 3.5 1.8 
12 1.0084 13.6269 0 0 6.1 1.6 
13 0.9964 -10.1910 0 0 13.5 5.8 
14 0.9784 -12.9518 0 0 14.9 5 
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Table 12: Production cost, active and reactive power loss 

Production Cost ($/h) MW Loss [MW] M var  Loss [M var] 
5420.9 9.9463 5.4434 

Table 13: The power flow of the system using NR method 

BUS NO. V 
(p. u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮  
(MW) 

𝑸𝑸𝑮𝑮 
(M var) 

𝑷𝑷𝑳𝑳  
(MW) 

𝑸𝑸𝑳𝑳 
(M var) 

1    1.06 0 160 80.5524 0 0 
2 1.045 2.5542 0 0 21.7 12.7 
3 1.01 6.4304 20 8.3477 94.2 19.1 
4 1 -1.4859 20 18.6403 0 0 
5 1 -0.5117 20 19.11 7.6 1.6 
6 0.9236 -7.2670 0 0 11.2 7.5 
7 0.9164 -5.4806 0 0 0 0 
8 0.9164 -5.4806 0 0 47.8 -3.9 
9 0.8999 -7.7006 0 0 29.5 16.6 
10 0.8955 -8.0101 0 0 9 5.8 
11 0.9054 -7.8072 0 0 3.5 1.8 
12 0.9107 -8.1960 0 0 6.1 1.6 
13 0.8972 -8.5598 0 0 13.8 5.8 
14 0.8775 -9.4571 0 0 14.9 5 

Table 14: Production cost, active and reactive power loss 

Production Cost ($/h) MW Loss [MW] Mvar Loss [Mvar] Lambda [$/MWh] 
5842.21 15.3317 15.3 5.23 

Table 15: The power flow of eh system using GA method 

BUS NO V 
 (p. u) 

𝜹𝜹 
Degree 

𝑷𝑷𝑮𝑮  
(MW) 

𝑸𝑸𝑮𝑮 
(M var) 

𝑷𝑷𝑳𝑳  
(MW) 

𝑸𝑸𝑳𝑳 
(M var) 

1 1.06 0 258.0968 35.6776 0 0 
2 1.045 -0.0972 0 0 21.7 12.7 
3 1.01 -16.7733 20 -0.8325 94.2 19.1 
4 1 5.7978 20 18.6403 0 0 
5 1 2.2196 20 19.11 7.6 1.6 
6 1.02 3.1722 0 0 11.2 7.5 
7 1.0172 6.2256 0 0 0 0 
8 1.06 -1.7120 0 0 47.8 -3.9 
9 0.9956 1.4408 0 0 29.5 16.6 
10 0.992 -9.0032 0 0 9 5.8 
11 1.0022 -5.4828 0 0 3.5 1.8 
12 1.0037 7.6775 0 0 6.1 1.6 
13 0.9980 -11.0288 0 0 13.8 5.8 
14 0.9775 -3.3447 0 0 14.9 5 

Table 16: Production cost, active and reactive power loss 

Production Cost ($/h) MW Loss [MW] M var Loss [M var] 
5763.7 14.1393 9.0617 

Table 17: Comparison between the application of (NR) and (GA) all cases 

Cases Method Used Cost ($/h) MW Loss (MW) M var Loss (M var) 
Case A NR 5436.42 9.934 15.3899 

GA 5372.8 9.61 16.4137 
Case B NR 5510.22 10.0836 10.0800 

GA 5422.1 9.6613 9.7652 
Case C NR 5436.5 9.9455 15.418 

GA 5420.9 9.9463 15.3434 
Case D NR 5842.21 15.3317 15.3000 

GA 5763.7 14.1393 15.0617 

6. Conclusions 
In this work, a Genetic Algorithm (GA) and Newton Raphson (NR) based approach to the Optimal Power Flow (OPF) 

problem has been presented, considering the minimization of production cost and transmission loss. The effectiveness of the 
proposed algorithms has been tested on the 14-bus network. In case (A), all the voltages magnitudes of these buses are attained 
within limits. In case (B), the values of voltage magnitude, active power, reactive power generation, active and reactive load at 
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each bus from the application of the Genetic Algorithm Optimization method. In case (C), the values of voltage magnitude, 
active power, reactive power generation, active and reactive load at each bus from the application. Finally, in case (D), the values 
of voltage magnitude, Active Power, Reactive Power Generation, Active and Reactive Load at each bus from the application of 
Newton-Raphson method. From the obtained results, the Genetic Algorithm Optimization (GAs) is very efficient in solving the 
OPF problem by minimizing the transmission losses and the generating cost while maintaining system security (voltage levels 
and minimum and maximum power limits). 
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Appendix A 
Table A.1 Data Base of IEEE 14-Bus Standard System 

From 
Bus 

To 
Bus 

R 
P.U. 

X 
P.U. 

B 
P.U. 

1 2 0.01938 0.05917 0.0528 
1 5 0.05403 0.22304 0.0492 
2 3 0.04699 0.19797 0.0438 
2 4 0.05811 0.17632 0.034 
2 5 0.05695 0.17388 0.0346 
3 4 0.06701 0.17103 0.0173 
4 5 0.01335 0.04211 0 
4 7 0 0.20912 0 
4 9 0 0.55618 0 
5 6 0 0.25202 0 
6 11 0.09498 0.1989 0 
6 12 0.12291 0.25581 0 
6 13 0.06615 0.13027 0 
7 8 0 0.17615 0 
7 9 0 0.11001 0 
9 10 0.03181 0.0845 0 
9 14 0.12711 0.27038 0 
10 11 0.08205 0.19207 0 
12 13 0.22092 0.19988 0 
13 14 0.17093 0.34802 0 

 
Table A.2 The input bus data for IEEE 14-Bus Standard System  

Bus NO. V 
P.U. 

δ 
Degree 

PG 
MW 

Q G 
Mvar 

PL 
MW 

Q L 
Mvar 

1 1.06 0 0 0 0 0 
2 1.045 0 60 0 21.7 12.7 
3 1.01 0 20 0 94.2 19.1 
4 1 0 20 0     47.8 -3.9 
5 1 0 20 0 7.6 1.6 
6 1 0 0 0 11.2 7.5 
7 1 0 0 0 0 0 
8 1 0 0 0 0 0 
9 1 0 0 0 29.5 16.6 
10 1 0 0 0 9 5.8 
11 1 0 0 0 3.5 1.8 
12 1 0 0 0 6.1 1.6 
13 1 0 0 0 13.5 5.8 
14 1 0 0 0 14.9 5 
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