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ABSTRACT  

Power losses are the major problem in present power system scenario.  It is possible to reduce the transmission 

line real & imaginary power losses using FACTS Controller. The location of placement of FACTS devices 

should be proper for loss reduction. 

The SVC FACTS device can reduces the real & reactive power losses in transmission lines. The optimal 

placement of SVC is a challenging task . The accurate load flows is required for optimal placement of SVC in 

the transmission lines. The newton Raphson method is adopted for solving the power flows. 

Our main objectives are to minimize the real & reactive power loss in transmission lines. The FACTS device 

SVC is used for economic operation and reduction of power losses. 

In this paper I suggested Heuristic method of Firefly Algorithm (FF) for optimal placement of SVC for reduction 

of power losses. The result is compared with another standard method of optimization technique like Particle 

Swarm Optimization (PSO). 

Keywords: NR Load flow, SVC, FACTS, Firefly. 

 

I.INTRODUCTION 

Now a days electrical power demand has been increased day by day while the expansion of power generation 

and transmission is limited due to restriction on resources and environment The construction and re modification 

of  new transmission network is very difficult and it is uneconomical. Due to Continuous increase demand on 

power system, the major problem occurs to drop the voltage and increases transmission losses, Which may tends 

to loose the stability and reduces the efficiency of the power system. 

The major technical losses depend upon the load. The load is increasing continuously which reduces the voltage 

profile and losses. To increase the voltage profile and reduces the losses in transmission system by reactive 
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power compensation. To increase the voltage profile and reduces the transmission losses by injecting the 

reactive power at weak nodes.  

The capacitance placement is one of the reactive power injection device. Power flow through AC transmission 

line is a function of line impedance, the magnitude and the phase angle between sending end and the receiving 

end voltages. While rapid development of power electronics , the FACTS devices such as SVC, TCSC, 

STATCOM, SSSC & UPFC etc. are being used.  

In this paper we dealt with the SVC controllers to enhance the power flow and reduces the real and reactive 

losses in the transmission system. The action & reliability of SVC is faster than capacitors. I have proposed the 

Firefly Algorithm to minimize the losses in transmission system using FACTS device SVC.  

 

II. PROBLEM FORMULATION 

2.1 NR Method Flow: 

The methods of calculating Load Flow are extremely important in assessing the state of power system. The 

Newton Raphson method is a powerful tools of solving nonlinear algebraic solutions. The convergence is sure 

as compare to GS method . 

2.2 SVC Models: 

 

 

 

 

Fig 2.1 SVC Structure and variable shunt susceptance. 
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The SVC has adjustable reactance with reactance limits.  The SVC can be generate or absorb reactive power by 

synchronously switching capacitor and reactor banks .  Te capacitor and reactor is " in " or " out " according to 

requirements of reactive power. 

The normalization of the resistance of the line is obtained by relating it to a calculated basic resistance by means 

of the voltage  and the power . If the base voltage is given in kV and the power in kVA then, this 

resistance is given by: 

      (2.1) 

The normalized resistance is then: 

                          (2.2) 

Standardized load ratings are obtained by: 

      (2.3) 

  

2.3 Reduction of Active Power Losses 

The reduction of the power losses due to a battery "k" is equal to the difference of the losses of active power in 

the network before and after the installation of the said capacitor bank. It is given by: 

            (4.10) 

Where, 

: are the active power losses in line before compensation. 

: are active power losses in line after compensation. 

2.4 Reduction of Reactive Power Losses 

The reduction of the reactive power losses due to a battery installed at node " " of the distribution line is 

defined by the difference between the losses before and after the installation of batteries in question of 

capacitors. It is given by: 

              (4.11) 

Where, 

: are the losses of reactive power in line before compensation. 
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: are the losses of reactive power in line after compen 

III.FIREFLY ALGORITHM 

Heuristic methods may be used to solve complex optimization problems. In mathematical optimization, 

the firefly algorithm is a metaheuristic proposed by Xin-She Yang and inspired by the flashing behavior 

of fireflies. 

In pseudocode the algorithm can be stated as: 

Begin, 

   1) Objective function: 

2) Generate an initial population of fireflies ;. 

3) Formulate light intensity I so that it is associated with 

(for example, for maximization problems,  or simply ;) 

4) Define absorption coefficient γ 

 While (t < MaxGeneration) 

                  for i = 1 : n (all n fireflies) 

                    while (t< MaxGeneration) 

                       for i = 1 : n (all n fireflies) 

                         for j = 1 : n (n fireflies) 

     if ( ), 

                              Vary attractiveness with distance r via ; 

                               move firefly i towards j;                 

                              Evaluate new solutions and update light intensity; 

                           end if 

                        end for j 

              end for i 

           Rank fireflies and find the current best; 

       end while 

    Post-processing the results and visualization; 

end 

The flowchart of firefly algorithm is given below. 
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 Fig 3.1 Firefly Algorithm flowchart 

IV.DEVELOPMENT OF THE PROPOSED METHOD 

Algorithm for the proposed work 

Step1: IEEE bus network  data must be collected.  

Step2: To Carried out Newton Raphson load flow. Here maximum iteration permitted to 100. 

To calculate real & reactive power loss. 

Step3: Now initialize the firefly algorithm. and calculate the fitness value. The FF results in     

proper compensation range of SVC to reduce the power loss in the system. 

Step4: At the end of load flow , the losses in the systems will be minimized.  

 

V.RESULTS & DISCUSSION: 

A MATLAB coding is developed for Firefly algorithm. The test is carried out on IEEE 14 bus system. The 

number of iterations is permitted 100 and swarm size is 20. Compare the results with Heuristic Methods of  

Particle Swarm Optimization (PSO) and  Cultural Algorithm (CA). 

5.1 IEEE 14 Bus system: 

 Tabulation of Results: 

Table: 1 Comparison of power losses with PSO,CA & FF 

 IEEE 14 Bus 

Heuristic 

Methods 

Active Power (MW) Reactive Power (MVar) 

 Without With Without With 
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compensation Compensation compensation Compensation 

PSO_SVC 13.7214 13.7063 56.5404 55.5803 

CA_SVC 13.7214 13.6997 56.5404 55.4893 

FF_SVC 13.7214 13.6882 56.5404 55.5522 

NRPF NRPF with SVC (ffa)
0

10

20

30

40

50

60

Po
we

r L
os

s 
(M

W
 &

 M
Va

r)

Active & Reactive Power Losses in IEEE-14 Bus System

 

 

13.7214

56.5404

13.6882

55.5522P

Q

 

Fig.5.1 Active and Reactive Power Losses in IEEE 14 Bus system by SVC using FF 

VI.CONCLUSION 

The performance of FF is better than PSO and CA. The Firefly Algorithm is carried out on IEEE 14 Bus system. 

The reactive power compensation and reduction of losses in transmission system is a need for rapid 

development of nation. The electronics devices such as FACTS is more sensitive, reliable and rapid action 

devices than others. The SVC could help to increase the voltage profile and reduce the power losses in the 

system. 

 

REFERENCES 

[1] Cottle, R., Johnson, E. and Wets, R., 2007. George B. Dantzig (1914–2005). Notices of the AMS, 54(3), 

pp.344-362. 

[2] Megiddo, N., 1986. On the complexity of linear programming. IBM Thomas J. Watson Research Division. 

[3] Khachiyan, L.G., 1980. Polynomial algorithms in linear programming. USSR Computational Mathematics 

and Mathematical Physics, 20(1), pp.53-72. 

[4] Karmarkar, N., 1984, December. A new polynomial-time algorithm for linear programming. In Proceedings 

of the sixteenth annual ACM symposium on Theory of computing (pp. 302-311). ACM. 

[5] Preedavichit, P. and Srivastava, S.C., 1998. Optimal reactive power dispatch considering FACTS devices. 

Electric Power Systems Research, 46(3), pp.251-257. 



 

549 | P a g e  

 

[6] Rudnick, H., Varela, R. and Hogan, W., 1997. Evaluation of alternatives for power system coordination and 

pooling in a competitive environment. IEEE Transactions on Power Systems, 12(2), pp.605-613. 

[7] Hiroux, C. and Saguan, M., 2010. Large-scale wind power in European electricity markets: Time for 

revisiting support schemes and market designs?.Energy Policy, 38(7), pp.3135-3145. 

[8] Harrison, G.P. and Wallace, A.R., 2005. Optimal power flow evaluation of distribution network capacity 

for the connection of distributed generation. IEE Proceedings-Generation, Transmission and Distribution, 

152(1), pp.115-122. 

[9] Park, J.B., Lee, K.S., Shin, J.R. and Lee, K.Y., 2005. A particle swarm optimization for economic dispatch 

with nonsmooth cost functions. IEEE Transactions on Power systems, 20(1), pp.34-42. 

[10] Driesen, J. and Katiraei, F., 2008. Design for distributed energy resources. IEEE Power and Energy 

Magazine, 6(3). 

[11] Gilbert, G.M., Bouchard, D.E. and Chikhani, A.Y., 1998, May. A comparison of load flow analysis using 

DistFlow, Gauss-Seidel, and optimal load flow algorithms. In Electrical and Computer Engineering, 1998. 

IEEE Canadian Conference on (Vol. 2, pp. 850-853). IEEE. 

[12] Glavitsch, H. and Bacher, R., 1991. Optimal power flow algorithms. Analysis and control system 

techniques for electric power systems, 41. 

[13] Goswami, S.K. and Basu, S.K., 1991, January. Direct solution of distribution systems. In IEE Proceedings 

C-Generation, Transmission and Distribution (Vol. 138, No. 1, pp. 78-88). IET. 

[14] Das, D., Kothari, D.P. and Kalam, A., 1995. Simple and efficient method for load flow solution of radial 

distribution networks. International Journal of Electrical Power & Energy Systems, 17(5), pp.335-346. 

[15] Rahman, T.A. and Jasmon, G.B., 1995, November. A new technique for voltage stability analysis in a 

power system and improved loadflow algorithm for distribution network. In Energy Management and Power 

Delivery, 1995. Proceedings of EMPD'95., 1995 International Conference on (Vol. 2, pp. 714-719). IEEE. 

[16] Haque, M.H., 1996. Efficient load flow method for distribution systems with radial or mesh configuration. 

IEE Proceedings-Generation, Transmission and Distribution, 143(1), pp.33-38. 

[17] Thukaram, D.H.M.W., Banda, H.W. and Jerome, J., 1999. A robust three phase power flow algorithm for 

radial distribution systems. Electric Power Systems Research, 50(3), pp.227-236. 

[18] Ghosh, S. and Das, D., 1999. Method for load-flow solution of radial distribution networks. IEE 

Proceedings-Generation, Transmission and Distribution, 146(6), pp.641-648. 

[19] Mok, S. Elangovan, Cao Longjian, MmaSalama, S., 2000. A new approach for power flow analysis of 

balanced radial distribution systems. Electric Machines &Power Systems, 28(4), pp.325-340. 

[20] Haque, M.H., 2000. A general load flow method for distribution systems. Electric Power Systems Research, 

54(1), pp.47-54. 

[21] Aravindhababu, P., Ganapathy, S. and Nayar, K.R., 2001. A novel technique for the analysis of radial 

distribution systems. International journal of electrical power & energy systems, 23(3), pp.167-171. 



 

550 | P a g e  

 

[22] Augugliaro, A., Dusonchet, L., Ippolito, M.G. and Sanseverino, E.R., 2001. An efficient iterative method 

for load-flow solution in radial distribution networks. In Power Tech Proceedings, 2001 IEEE Porto (Vol. 3, pp. 

6-pp). IEEE. 

[23] Mekhamer, S.F., Soliman, S.A., Moustafa, M.A. and El-Hawary, M.E., 2002. Load flow solution of radial 

distribution feeders: a new contribution. International journal of electrical power & energy systems, 24(9), 

pp.701-707. 

[24] Baran, M.E. and Wu, F.F., 1989. Network reconfiguration in distribution systems for loss reduction and 

load balancing. IEEE Transactions on Power delivery, 4(2), pp.1401-1407. 

[25] Afsari, M., Singh, S.P., Raju, G.S. and Rao, G.K., 2002. A fast power flow solution of radial distribution 

networks. Electric Power Components and Systems, 30(10), pp.1065-1074. 

[26] Ranjan, R. and DAS, 2003. Simple and efficient computer algorithm to solve radial distribution networks. 

Electric power components and systems, 31(1), pp.95-107. 

[27] Ranjan, R., Venkatesh, B. and Das, D., 2002. A new algorithm for power distribution system planning. 

Electric Power Systems Research, 62(1), pp.55-65. 

[28] Hamouda, A. and Zehar, K., 2011. Improved algorithm for radial distribution networks load flow solution. 

International Journal of Electrical Power & Energy Systems, 33(3), pp.508-514. 

[29] Tabatabaei, N.M., Aghajani, G., Boushehri, N.S. and Shoarinejad, S., 2011. Optimal location of FACTS 

devices using adaptive particle swarm optimization mixed with simulated annealing. International Journal on 

Technical and Physical Problems of Engineering (IJTPE), 7, pp.60-70. 

[30] Gitizadeh, M. and Kalantar, M., 2009. A novel approach for optimum allocation of FACTS devices using 

multi-objective function. Energy conversion and Management, 50(3), pp.682-690. 

[31] Ismail, M., Tawfik, G. and Hsen, H.A., 2012. Optimal location of multi type FACTS devices for multiple 

contingencies using genetic algorithms. International Journal of Energy Engineering, 2(2), pp.29-35. 

[32] Kennedy, J., 2011. Particle swarm optimization. In Encyclopedia of machine learning (pp. 760-766). 

Springer US. 

[33] Reynolds, R.G., 1994, February. An introduction to cultural algorithms. In Proceedings of the third annual 

conference on evolutionary programming (Vol. 131139). Singapore. 

[34] Stanger-Hall, K.F., Lloyd, J.E. and Hillis, D.M., 2007. Phylogeny of North American fireflies (Coleoptera: 

Lampyridae): implications for the evolution of light signals. Molecular phylogenetics and evolution, 45(1), 

pp.33-49. 

[35] Yang, X.S., 2009. Firefly algorithm for multimodal optimization‖ , in proceedings of the stochastic 

Algorithms. Foundations and Applications (SAGA 109) vol. 5792 of Lecture notes in Computer Sciences 

Springer. 

 

 


