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 Recently, photovoltaic (PV) power generation has drawn a lot of attention since it is a 

clean and renewable energy source. However, these PV source may cause the reversal 

of power flow and leads to the problem of overvoltage. Utilization of battery storage 

systems (BSS) is an effective way to mitigate the voltage rise problem although their 

installation cost is high. Thus the optimal location and capacity of BSS are crucial to be 
known. In this work, enhanced opposition firefly algorithm (EOFA) is employed to 

obtain the optimal location and capacity of BSS in a radial network. The results show 

that the installation of BSS at optimal location and capacity can control the voltage rise 
problem effectively.  
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INTRODUCTION 

 

 Lately, the use of distributed generation (DG) such as photovoltaic (PV) systems in distribution system has 

gained a lot of interest from utilities as well as the end users due to the advantages they offer which includes 

power loss reduction, greenhouse gas reduction, high reliability and etc. However, the installing of PV systems 

in the network can lead to overvoltage in the grid (Conti, S., et al., 2001). This may cause undesired damages to 

the users along the grid. To overcome this problem, some methods have been proposed in the literature to 

mitigate voltage rise problem. Scott et al. (2002) suggested a method using load control to regulate the voltage 

on network with DG. Besides, Varma et al. (2009) presented a method where the PV solar farm is used as 

STATCOM during night time to regulate the grid voltage. Meanwhile, Kakimoto et al. (2011) proposed the 

voltage control of PV generator by combining the series reactor. On the other hand, Cappelle et al.(2011) and 

Kihara et al. (2011) have suggested the battery energy storage system (BSS) as a good option in solving the 

problem of overvoltage. However, installation of BSS at every network bus can be a huge cost to be afforded. In 

order to solve this problem, the optimal battery location and size should be obtained.  

 Recently, heuristic optimization methods have gained the popularity among the researchers. They perform 

better than mathematical optimization techniques in coping with large and complex optimization problems. 

Vrettos and Papathanassiou (Vrettos, E.I. and S.A. Papathanassiou, 2011) applied GA in optimizing the size of 

the hybrid system consisting wind turbines, PV and BESS system. Chen et al. (2012) also applied GA to 

calculate the optimal energy storage size by optimizing the investment cost model which is a non-linear 

objective function. Besides, Bee Colony Optimization was employed to determine the battery size and location 

for the mitigation of voltage rise caused by PV systems (Chaiyatham, T. and I. Ngamroo, 2012). However, 

heuristic optimization algorithms always face the problems of being trapped in local optimum and slow 

convergence rate. In order to overcome these problems, Enhanced Opposition Firefly Algorithm (EOFA), an 

improved version of Firefly Algorithm (Yang, X., 2008) is proposed in this paper to obtain the optimal location 

and size of the BSS in a radial distribution network. The studied system and the analysis method will be 

discussed in the following section.  

 

Analysis Of The Studied System: 

 The distribution system with integrated PV generation as illustrated in Figure 1 is used in this study (Xiao-

yan, X., 2010). The network operates at 380V and consists of M numbers of loads and PV generations. The 
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active power of PV and the apparent power for each load are represented as PVm and Pm+jQm respectively where 

m=1, 2, 3… M. The initial bus line voltage, V0 is set to be constant while the voltage of each customer bus is 

denoted by Vm. The impedance between customer m-1 and customer m is Rm+ jXm. The detail system 

parameters can be obtained in Xiao-yan et al. (2010).   

 
Fig. 1:   Radial network with PV. 

 

Objective Function And Algorithm: 

 The optimal battery size for minimal voltage deviation and power loss in the network can be obtained by 

minimizing the battery size (BS) as well as the voltage deviation (VD) and power loss (PL). As a result, the 

objective function can be formulated as shown in Equation 1. The VD is constrained to 380V±10%. The 

optimization is performed by using EOFA.  

PL)VD(BS minimize OF             (1) 

 

Firefly Algorithm: 

 Firefly Algorithm (FA) was developed by Yang (2008) based on the flashing characteristics of fireflies. 

Two main issues of FA are the light intensity as well as the attractiveness of the fireflies. The movement of the 

firefly i when it is attracted by the brighter firefly j is defined by Equation 2. 
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 where βo is the attractiveness for r = 0, γ is the light absorption coefficient while r is the Cartesian distance 

between two fireflies, alpha is the randomization parameter and rand is a random number generator uniformly 

distributed between zero and one. The procedures for the FA are described as below: 

Step 1: Generate initial population of fireflies randomly. 

Step 2: Evaluate fitness of all fireflies from the objective function (OF). 

Step 3: Update the light intensity (fitness value) of fireflies. 

Step 4: Rank the fireflies and update the position according to their light intensity. 

Step 5: Repeat Step 2 until the optimal result is obtained or the stopping criteria is achieved. 

 

Enhanced Opposition Firefly Algorithm: 

 The EOFA is the improved FA where inertia-weight function (Yafei, T., 2012) and the opposition theorem 

(Tizhoosh, H.R. 2005) are used to enhance the performance of the original algorithm. In this work, EOFA is 

used so that it has great ability to escape from local optimum points and gives better convergence rate.  

 

RESULT AND DISCUSSION 

 

 In this study, four case studies are carried out as shown in Table 1. The total power consumption of the 

loads for all cases is 0.001MW+j0.0001MVar. For EOFA parameters, population size is set to be 30, number of 

iteration is set to be 100 while alpha and gamma are set to be 0.9 and 0.01 respectively. The optimization results 

after 30 runs are shown in Table 2. 

 
Table 1: Types of case study. 

Case PV location Battery location 

1 Bus 1 1, 4 and 8 

2 Bus 4 1, 4 and 8 

3 Bus 8 1, 4 and 8 

4 All bus 1, 4 and 8 

 

 From the results, it can be seen that the values for voltage deviation fluctuate the most with different PV 

and battery location. Some of the values are not acceptable as they deviated more than 10% (>38V) from the 

supplied voltage. Considering all the variable, Bus 8 is found to be the best location for battery placement since 

it gives relatively small voltage deviation while maintaining similar battery size and power loss are comparable 

to battery location at Bus 1 and Bus 4. 
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Table 2: Optimal values for voltage deviation, battery size and power loss after optimization.  

PV size (MW) PV location Battery location 
Voltage Deviation, 

VD (V) 
Battery size (MW) Power loss (p.u.) 

0.1 Bus 1 Bus 1 60.01 0.500 0.0013 

  Bus 4 120.14 0.531 0.0045 

  Bus 8 9.10 0.558 0.0121 

0.1 Bus 4 Bus 1 57.49 0.500 0.0027 

  Bus 4 129.56 0.611 0.0021 

  Bus 8 2.28 0.605 0.0061 

0.1 Bus 8 Bus 1 10.65 0.914 0.0008 

  Bus 4 3.25 0.552 0.0003 

  Bus 8 16.49 0.525 0.0808 

0.1 All bus Bus 1 224.75 0.501 0.0021 

  Bus 4 6.53 0.804 0.0004 

  Bus 8 3.05 0.568 0.0035 

  

Conclusion: 

 This study has presented an application of EOFA in deciding the optimal location and capacity of battery 

storage systems. The purpose of this study is to mitigate the problem of overvoltage in a PV integrated radial 

distribution network. The best placement with the minimum required capacity and power loss of battery has 

obtained. Simulation results show that the battery location at the end of the feeder gives a better control on 

voltage rise compared to other locations. 

REFERENCES 

 

Cappelle, J., J. Vanalme, S. Vispoel, T.V. Maerhem, B. Verhelst, C. Debruyne and J. Desmet, 2011. 

Introducing Small Storage Capacity at Residential PV Installations to Prevent Overvoltages. In the Proceedingof  

2011 IEEE International Conference on Smart Grid Communications, pp: 534-539. 

Chaiyatham, T. and I. Ngamroo, 2012. Bee Colony Optimization of Battery Capacity and Placement for 

Mitigation of Voltage Rise by PV in Radial Distribution Network. In the Proceeding of 2012 IEEE International 

Power and Energy Conference, pp: 13-18. 

Chen, W.Z., Q.B. Li, L. Shi, Y. Luo, D.D. Zhan, N. Shi and K. Liu, 2012. Energy storage sizing for 

dispatchability of wind farm. In the Proceeding of 2012 11th International Conference in Environment and 

Electrical Engineering (EEEIC), pp: 382-387. 

Conti, S., S. Raiti, G. Tina and U. Vagliasindi, 2001. Study of the Impact of PV Generation on Voltage 

Profile in LV Distribution Networks. In the Proceeding of 001 IEEE Porto Power Tech Conference, pp: 1-6. 

Kakimoto, N., Q.Y. Piao and H. Ito, H., 2011. Voltage Control of Photovoltaic Generator in Combination 

with Series Reactor. IEEE Transactions on Sustainable Energy, 2: 374-382. 

Kihara, H., A. Yokoyama, K.M. Liyanage and H. Sakuma, 2011. Optimal Placement and Control of BESS 

for a Distribution System Integrated with PV Systems. Journal of International Council on Electrical 

Engineering, 1: 298-303. 

Scott, N.C., D.J. Atkinson and J.E. Morrell, 2002. Use of Load Control to Regulate Voltage on Distribution 

Networks with Embedded Generation. IEEE Transactions on Power Systems, 17: 510-515. 

Tizhoosh, H.R. 2005. Opposition-Based Learning: A New Scheme for Machine Intelligence. In the 

Proceeding of 2005 International Conference on Computational Intelligence for Modelling Control and 

Automation, International Conference on Intelligent Agents, Web Technologies and Internet Commerce, pp: 1-

7.  

Varma, R.K., V. Khadkikar and R. Seethapathy, 2009. Nighttime Application of PV Solar Farm as 

STATCOM to Regulate Grid Voltage. IEEE Transactions on Energy Conversion, 24: 983-985. 

Vrettos, E.I. and S.A. Papathanassiou, 2011. Operating Policy and Optimal Sizing of a High Penetration 

RES-BESS System for Small Isolated Grids. IEEE Transactions on Energy Conversion, 26: 744-756. 

Xiao-yan, X., H. Yue-hui, L. Chun and W. Wei-sheng, 2010. Impact of Dispersed PV Generation on 

Voltage Rise of Distribution Grid. In the Proceeding of 2010 International Conference on Power System 

Technology, pp: 1-6. 

Yafei, T., G. Weiming, Y. Shi, 2012. An Improved Inertia Weight Firefly Optimization Algorithm and 

Application. In the Proceeding of 2012 International Conference on Control Engineering and Communication 

Technology, pp:  64-68. 

Yang, X., 2008. Nature-inspired Metaheuristic Algorithms, Luniver Press. 

 

 


