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Abstract 
For optimal location and sizing of Distributed Generations (DG) and Capacitors in radial 

distribution network (RDN), constant power load model has been used in majority of cases. 
In real neatwork, there are the loads which change their real and reactive power drawl 

based on the voltage available at their terminal. Also, considering only one fixed loading 
conditions for ascertaining the locations of DGs and capacitors are not suffice. In this 

paper, the impact of different load models and varying loading conditions are 

comprehensively analysed to assess the impact of DGs and capacitor placement in RDN in 
order to observe the full benefits of improved voltage profile and reduction in losses. Golden 

Selection Search Method has been used for the determination of location and sizing, keeping 

the constraints on bus voltage magnitudes. 
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I. INTRODUCTION  
 
Electrical distribution network usually consists of feeders configured radially. The radial feeders of 
distribution network have higher R/X ratio in comparison to that of transmission network and the 
numbers of connections on the low voltage side of these feeders are increasing substantially. Hence, 
the energy losses and voltage drops in the different branches of the radial feeders have been reported 
significantly which is a major concern for any utility around the world. The restructuring of electricity 
markets, environmental concerns and the heavy investment in building new transmission lines are all 
influencing factors which promote more penetration of Distributed Generation (DG) units in radial 
distribution network. It has been shown that DGs are one of the most cost-effective and an economical 
solution to solve the problems of radial distribution network (RDN) [1-2].  
 
DGs are small power generating units ranging from few kW to several MW and they are connected at 
distribution side directly to supply the local load demand. Due to only few kW generation 
requirements from DGs, the generation from renewable energy based power generation units can be 
integrated in the systems which may serve the purpose of both sustainable and efficient energy. The 
full potential of DGs in RDN can be explored for loss minimization, voltage profile improvement, 
stability enhancement etc. by determining their optimal location and capacity as well as their mode of 
operation [2].  
 
Many researchers proposed several methods such as analytical method [3-7] for optimal location and 
sizing of DG unit for minimizing total real power losses in distribution systems. Authors have also 
suggested different approaches in [8-12] for an objective of voltage stability enhancement of system. 
In [13] authors have addressed both objectives of voltage stability enhancement and power loss 
minimization. An extensive literature review on several challenges in RDN and their possible 
solutions are reviewed in [14] by considering different issues of power losses, voltage profile 
improvement and voltage stability enhancement after the placement of DGs and capacitors.  
Reactive power compensation by shunt capacitor banks (SCBs) to the RDN can also be beneficial 

solution for performance improvement of distribution system [15]. The reactive power support from 

SCBs is one of the best suggested solutions for minimizing the losses together with other benefits; 

such as efficient utilization of equipment, relieving overloaded of system components and enhancing 
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the life cycle of the equipment [16]. To achieve the full benefits from SCBs optimal location and 

sizing are very vital to determine otherwise too much compensation at wrong site may worsen the 

problem.  

 

Many methods have been reported in literature to take the advantages from SCBs by placing them 

properly in the system. Recently, researchers have suggested several algorithms and techniques to find 

the appropriate locations and optimal sizes of shunt capacitors with different objectives. Many 

techniques such as Genetic Algorithm (GA) [17-19], Particle Swarm Optimization (PSO)     [20-23], 

Cuckoo search algorithm (CSA) [24-26], Teaching Learning Based Optimization (TLBO) [27], 

Flower Pollination Algorithm (FPA) [28, 29], and Oppositional Krill herd algorithm (OKH) [30], 

mixed integer nonlinear programming (MINLP) [31] and other classical methods are discussed in   

[32-34]. Enhancement of loading capacity of distribution system through optimal placement and 

sizing of multiple DGs is presented in [35] by considering the effect of load growth. PSO with 

constriction factor approach is used for the optimization process. Simultaneous placement of DGs and 

capacitors is presented in [36] with intersect mutation differential evolution (IMDE) to optimally 

locate and to determine the size of DGs and capacitors with objectives to minimize the power loss and 

loss expenses keeping constraints on bus voltage and line currents.  

 

Placement of DGs such as inverter-based distributed generation (like photovoltaic and fuel cells) 

considering total harmonic distortion (THD) constraint according to IEEE 519 standard along with 

generalized objectives is presented in [37] with new biogeography-based optimization (BBO) 

algorithm. Authors in [38] addressed the capacitor placement considering power quality problem with 

the use of penalty free GA. Multi objective PSO (MOPSO) considering load uncertainty modelled 

using fuzzy data theory in distribution systems is outlined in [39] to optimally place DGs and SCBs 

simultaneously. Hybrid method based on Imperialist Competitive Algorithm (ICA) and genetic 

algorithm (GA) is successfully applied in [40] for DGs and SCBs for loss minimization, voltage 

stability enhancement and for load balancing in RDN. Effect of load models on optimal location and 

sizing of DG resources is presented in [41] and comparison for power loss, active and reactive power 

drawl from main substation and MVA support obtained after DG resources installation for different 

type of loads models have been outlined. Recently, a new approach of Loss Sensitivity Factor (LSF) 

and Voltage Stability Index (VSI) are implemented in [42] to determine the optimal location for 

installation of capacitor banks using Bacterial Foraging optimization algorithm (BFOA) where 

loading condition is varied from light load (50%) to peak load (160%) with a step size of 1% and 

optimization procedure is followed to entire period. 

 

The problem of optimal placement and sizing of DGs and capacitor have always been a popular 

problem for the researcher. The recent literature review in this area has revealed its importance in the 

present distribution system resources planning. The majority research papers in this area has 

attempted to propose new optimization method that can result in minimum losses, improved voltage 

profiles of all nodes and for improved utilization of the resources after considering only constant 

power load. In this paper, the problem of optimal placement of DG and capacitors have addressed 

separately by implementing Golden Selection Search in the presence of different load combination to 

ascertain the optimal location of DG and capacitors. The voltage dependency of the loads may 

definitely alter the location of DG and SCB to enjoy their full benefits. Hence, comprehensive 

analysis has been carried out to determine the impact of these varying load models on distribution 

network after the placement of DGs and SCB. 

 

 

II. LOAD MODELS IN DISTRIBUTION NETWORK 
Optimal location of DG and capacitor planning in RDN may have different result corresponding to 

different load models. The optimal location determined for DGs and/or SCB may completely 

ineffective and in some cases it may worsen the performance of RDN. The voltage dependency of 

load models is given in [41] to represent residential, industrial, and commercial loads. The load 

models can be mathematically represented as  
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0iP and 0iQ are base active and reactive power load, respectively, at node i . For constant load, 

industrial, residential and commercial load representation, the coefficient values are chosen as per 

Table I. In the practical realistic situation, loads are not explicitly residential, commercial and 

industrial; rather, load class mix may be seen by RDN. 

 

TABLE I Load types and Exponent Values 

 

Load Type Α β 

Constant Power (CP) 0 0 

Industrial Load (IL) 0.18 6.000 

Residential Load (RL) 0.92 4.04 

Commercial Load (CL) 1.51 3.40 

 

III. PROBLEM FORMULATION AND PROPOSED METHODOLOGY TO 

ASSESS RDN PERFORMANCE 
 

In this paper, the objectives are to evaluate the performance of RDN after the optimal placement of 

Distributed generation and capacitors. For the distributed generation, the different types have been 

identified based on their reactive power capability generation. The DGs using synchronous generator 

operating in voltage control mode and capable to supply both active and reactive power is the best DG 

option to reduce the power losses and enhance the voltage stability of RDN       [13]-[14]. Hence, in 

this work, DG based on synchronous generator is adopted. The objective function to achieve the goal 

of keeping node voltage within a strict band, the objective functions are defined in (2)-(5). The DG 

and Capacitors are place on each bus individually and their sizes are varied from   0% to 100% in step 

size of 1% of load power. For finding out the optimal size and location of DGs and the shunt 

capacitors, Grid Search method is used [5, 43]. The complete flow chart of the Grid Search method is 

shown in Fig. 1 where presence for only DG is given, this methodology is applicable for the 

placement of capacitors as well.  

 To minimize  dg lossf P P                    (2) 

1 0.05 1,2,...,niV pu i  
 

Subject to 0 dg loadP P                                       (3) 

To minimize  sc lossf Q P                                      (4) 

1 0.05 1,2,...,niV pu i  
 

Subject to  

0 sc gslackQ Q 
                                                         (5) 

In Fig. 1, i bus number, n total number of buses, optsize(i) optimum size of DG at bus i, optploss(i)  

total power losses with optimum size of DG at bus i, 

UDG   upper bound of the search interval of DG 

LDG   lower bound of the interval 

        interval at each iteration step 

1S and 2S points within the interval where 1 2S S  
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Fig. 1 Golden Selection Search for determination of optimal DG location 
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IV. SIMULATION RESULTS AND DISCUSSION 

 
The test system used in this paper is 69 nodes radial distribution network which is considered to be 

medium sized network [27]. The load on each node is modified by the eq. (1) and the values given in 

Table I to have different load models. Moreover, the case studies are carried out with varying loading 

conditions of 30%, 70%, 100% and 120 % of that of the base load for each load model category. The 

impact of placement of DGs and capacitor are evaluated and compared for each load model and 

varying loading conditions to find which option is the best suited to improve the RDN performance.  

 

Fig. 2 and Fig. 3 show the bus voltage profile of the 69 nodes RDN with the placement of DG and 

capacitor individually. The bus 61 is found to be optimal for the placement of both DG and capacitor. 

The sizing of both DG and capacitors have changed significantly due to changes in loading conditions 

as well as load models. Table II gives the sizing of DG and capacitors for these variations. In Fig.2 

and Fig.3, bus voltage profile corresponds to that profile which is obtained after the placement of DG 

and capacitor at bus 61 with the optimal size as indicated in Table II. 

 

 

 

Fig. 2 Bus voltage profile after the optimal 

placement of DG 
Fig. 3 Bus voltage profile after the optimal placement of 

capacitor 

Table II: Optimal Sizing of DG and Capacitor 
 

Loading 

Sizing Comparison 
Loading 

Commercial 

Load 
Industrial Load 

Constant Power Residential Load DG Cap DG Cap 

DG Cap DG Cap 30% 0.3638 0.5247 0.3476 0.5247 

30% 0.388 0.5475 0.3638 0.5247 70% 0.7733 1.1977 0.7167 1.171 

70% 0.9242 1.3041 0.7545 1.171 100% 1.0239 1.6349 0.9161 1.6349 

100% 1.3203 1.863 0.997 1.6349 120% 0.679 2.0531 0.6224 2.0531 

120% 0.9619 2.2356 0.6602 2.0988 30% 0.3638 0.5247 0.3476 0.5247 

 
The effects of load models on bus voltages are not much apparent for the nodes nearer to substation 

bus, but the buses at the tail ends are significantly affected in case of DG placement as compared to 

capacitor placement. The reduction in the bus voltage is very high in case of capacitor placement 

which is compared separately in Fig. 4 to have clear insight of DG placement benefits. 

Table III gives the aggregate voltage deviation index (AVDI) for all the cases. AVDI is obtained after 

aggregating the deviation of bus voltages from the nominal value of 1 pu.  It is observed that AVDI 

greatly differs with different loading conditions. AVDI also gives the indication that with the different 

load models, bus voltage profile gets affected. The impact of DG is more for all load models under all 

loading condition as compared to capacitor placement which can be noticeable from Fig. 4. One of the 

most common reasons could be the only reactive power generation capacity by capacitors. Hence, the 
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active loads at the buses rely only on the substation power which flows all over longer path of the 

feeders and results in larger voltage drop. The changes in bus voltage profile for the varying load 

conditions are shown in Fig. 5. For this case study, the base case loading is increased/decreased by 

30%, 70% and 120%. It is obvious that for the stressed loading condition, the voltage drops at the 

larger proportion. Placement of multiple DGs/Capacitors can be the solution to restrict this further 

decline in voltage profile. The similar responses have been obtained with DG with somewhat more 

improved voltage profile, but it is not shown here. 

  
Fig. 4 Comparison of bus voltage profile 

improvement after placement of DG and capacitor 

Fig. 5 Comparison of bus voltage profile with 

capacitor placement for different loading conditions 

 

Fig. 6 shows the active power losses after the placement of DG and capacitor. The losses are increased 

with the increment in loading for both the cases. DG has again resulted in promising solutions for 

minimizing the active power losses in RDN. The comprehensive studies have been carried out to see 

the impact of sizing of DG and capacitor on losses reduction. The effect of optimal DG sizing on 

individual buses is shown in Fig. 7. In this analysis, on each bus, the DG is placed individually and its 

size is varied in the capacity from 0% to 100 % of maximum load demand.  

 

  

Fig. 6 Comparison between DG and Capacitor for active 

power losses reduction 

Fig. 7 Optimal Sizing of DG at individual buses for 

different loading conditions 
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V. CONCLUSION 
The impacts of DG and capacitor placement in RDN at different location and with different sizing have 

been analyzed comprehensively. The exhaustive case studies have been carried out considering varying 

load conditions which is a more realistic situation. It is observed that, the varying loading condition 

does not alter the optimal location of DG and/or capacitor. Another case studies with different load 

models reveal that sizing of DG and/or capacitor are greatly affected for different load models. The 

sizing of DG and capacitor play vital role for minimization of voltage deviation and active power 

losses which are also significantly depend on load models. The cases studies suggest to consider the 

impact of combination of load models to ascertain the location and sizing of DG and capacitor in RDN. 

 

REFERENCES 

 
[1] T. Ackermann, G. Anderson, L. Söder, Distributed generation: a definition, Electr. Power Syst. Res. 57 

(2001) 195–204 

[2] G. Pepermans, J. Driesen, D. Haeseldonckx, R. Belmans, W. D’haeseleer, Distributed generation: 
definition, benefits and issues, Energy Policy 33 (2005) 787–798. 

[3] C. Wang, M.H. Nehrir, “Analytical approaches for optimal placement of distributed generation sources in 
power systems”, IEEE Trans Power System, 19 (4) (2004), pp. 2068–2076 

[4] N. Acharya, P. Mahat, N. Mithulananthan, “An analytical approach for DG allocation in primary 
distribution network”, Int. Journal Electrical Power Energy System, 28 (10) (2006), pp. 669–678 

[5] T. Gozel, M.H. Hocaoglu, “An analytical method for the sizing and sitting of distributed generators in 
radial systems”,  Electrical Power System Research, 79 (6) (2009), pp. 912–918 

[6] S.H. Lee, J.W. Park, “Selection of optimal location and size of multiple distributed generations by using 
Kalman filter algorithm”, IEEE Trans Power System, 24 (3) (2009), pp. 1393–1400 

[7] D.Q. Hung, N. Mithulananthan, R.C. Bansal, “Analytical expressions for DG allocation in primary 
distribution networks”, IEEE Trans Energy Conversion, 25 (3) (2010), pp. 814–820 

[8] M. Aman, J. Jasmon, H. Mokhlis, A. Bakar, “Optimal placement and sizing of a DG based on a new power 
stability index and line losses”, International Journal of Electrical Power & Energy System, 43 (1) (2012), 
pp. 1296–1304 

[9] H. Hedayati, S. Nabaviniaki, A. Akbarimajd, “A method for placement of DG units in distribution 
networks”, IEEE Trans Power Delivery, 23 (3) (2008), pp. 1620–1628 

[10] M. Ettehadi, H. Ghasemi, S.V. Zadeh, “Voltage stability-based DG placement in distribution networks”, 
IEEE Trans Power Delivery, 28 (1) (2013), pp. 171–178 

[11] R.S. Al Abri, E.F. El-Saadany, Y.M. Atwa, “Optimal placement and sizing method to improve the voltage 
stability margin in a distribution system using distributed generation”, IEEE Trans Power Syst, 28 (1) 
(2013), pp. 326–334 

[12] Avisha Tah, Debapriya Das, “Novel analytical method for the placement and sizing of distributed 
generation unit on distribution networks with and without considering P and PQV buses”, Electrical Power 
and Energy Systems 78 (2016) 401–413 

[13] Pankita Mehta, Praghnesh Bhatt, Vivek Pandya, “Optimal Selection of Distributed Generating Units and its 
Placement for Voltage Stability Enhancement and Energy Loss Minimization”, International Journal Ain 
Shams Engineering Journal, December 2015 

[14] Pankita Mehta, Praghnesh Bhatt, Vivek Pandya. “Challenges and Solutions for Improvement in Radial 
Distribution Network: A Review”, International Conference on "Women in Science and Technology: 
Creating Sustainable Career" ICWSTCSC- 2016, 28

th
 -30

th
 January 2016 

[15] Baran, M.E., and WU, F.F.: “Optimal capacitor placement on radial distribution systems”, IEEE transaction 
on power delivery, January 1989, vol.4, (1), pp.725-734 

[16] H.N. Ng, M.M.A. Salama, A.Y. Chikhani, Classification of capacitor allocation techniques, IEEE Trans. 
Power Deliv. 15 (January) (2000), pp. 387–392. 

[17] Swarup KS. Genetic algorithm for optimal capacitor allocation in radial distribution systems. In: 
Proceedings of the 6

th
 WSEAS international conference on evolutionary, Lisbon, Portugal, June 16-18, 

2005, pp.152-9 

[18] M. Sydulu, V. Reddy, Index and GA based optimal location and sizing of distribution system capacitors, 
IEEE Power Engineering Society General Meeting, 24 28 June 2007, pp.1–4. 

[19] Kalyuzhny A, Levitin G, Elmakis D, Haim HB, System approach to shunt capacitor allocation in radial 
distribution system. International journal of Electrical Power System Res. 2000; 56(1):pp. 51-60 

[20] Singh SP, Rao AR. Optimal allocation of capacitors in distribution systems using particle swarm 
optimization. Int J Elect Power Energy System 2012; 43 (1); pp. 1267-75. 

[21] K. Prakash, M. Sydulu, Particle swarm optimization based capacitor placement on radial distribution 
systems, IEEE Power Engineering Society General Meeting, 24 28 June 2007, pp.1–5. 

[22] I. Ziari, G. Ledwich, A. Ghosh, D. Cornforth, M. Wishart, Optimal allocation and sizing of capacitors to 
minimize the transmission line loss and to improve the voltage profile, Comput. Math. Appl. 60 (2010), pp. 
1003–1013. 

[23] Amanifar O, Golshan MEH. Optimal distributed generation placement and sizing for loss and THD 
reduction and voltage profile improvement in distribution systems using particle swarm optimization and 
sensitivity analysis. Int J Tech Phys Probl Eng 2011; 3(2); pp 47-53. 



© 2018 JETIR  November 2018, Volume 5, Issue 11        www.jetir.org  (ISSN-2349-5162) 
  

 

 

JETIRK006032 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 220 

 

[24] P. Das, S. Banerjee, Placement of capacitor in a radial distribution system using loss sensitivity factor and 
cuckoo search algorithm, Int. J. Sci. Res. Manag. 2 (4) (2013), pp. 751–757. 

[25] A.A. El-Fergany, A.Y. Abdelaziz, Cuckoo search-based algorithm for optimal shunt capacitors allocations 
in distribution networks, Electric Power Components Syst. 41 (16) (2013), pp. 1567–1581. 

[26] A.A. El-Fergany, A.Y. Abdelaziz, Capacitor allocations in radial distribution networks using cuckoo search 
algorithm, IET Generation Transm. Distrib. 8 (2) 2014, pp. 223-232. 

[27] S. Sultana, P.K. Roy, Optimal capacitor placement in radial distribution systems using teaching learning 
based optimization, Int. J. Electr. Power Energy Syst. 54 (2014), pp. 387–398. 

[28] A.Y. Abdelaziz, E.S. Ali, S.M. Abd Elazim. Optimal sizing and locations of capacitors in radial distribution 
systems via flower pollination optimization algorithm and power loss index, Engineering Science and 
Technology, an International Journal 2015 (article in press) 

[29] A.Y. Abdelaziz, E.S. Ali, S.M. Abd Elazim. Flower Pollination Algorithm and Loss Sensitivity Factors for 
optimal sizing and placement of capacitors in radial distribution systems. International Journal of Electrical 
Power and Energy Systems 78 (2016) pp. 207-214 

[30] Sneha Sultana, Provas Kumar Roy. Oppositional Krill herd algorithm for optimal location of capacitor with 
reconfiguration in radial distribution system, International Journal of Electrical Power and Energy Systems 
74 (2016) pp. 78-90 

[31] S. Nojavan, M. Jalali, K. Zare, Optimal allocation of capacitors in radial/ mesh distribution systems using 
mixed integer nonlinear programming approach, Int. J. Electric Power Syst. Res. 107 (2014) 119–124. 

[32] Grainger JJ, Lee SH. Optimum size and location of shunt capacitors for reduction of losses on distribution 
feeders. IEEE Transaction on Power Apparatus System. 1981; 100(3); pp. 1105-18. 

[33] Hogan PM, Rettokowski JD, Bala JL. Optimal capacitor placement using branch and bound. In: 
Proceedings of the 37

th
 Annual North American power, symposium 2005; 23

rd
 -25

th
 October: pp. 84-9. 

[34] Khodr HM, Yusta JM, Vale Z, Ramos C. An efficient method for optimal location and sizing of fixed and 
switched shunt capacitors in large distribution systems, IEEE power and energy society general meeting; 
2008;    20

th
 -24

th
 July: pp. 1-9 

[35] Khyati D. Mistry, Ranjit Roy, “Enhancement of loading capacity of distribution system through distributed 
generator placement considering techno-economic benefits with load growth”, International Journal of 
Electrical Power & Energy Systems, Volume 54, January 2014, pp. 505-515 

[36] Amin Khodabakhshian, Mohammad Hadi Andishgar, “Simultaneous placement and sizing of DGs and 
shunt capacitors in distribution systems by using IMDE algorithm, International Journal of Electrical Power 
& Energy Systems, Volume 82, November 2016, pp. 599-607 

[37] Navid Ghaffarzadeh, Hassan Sadeghi, “A new efficient BBO based method for simultaneous placement of 
inverter-based DG units and capacitors considering harmonic limits”, International Journal of Electrical 
Power & Energy Systems, Volume 80, September 2016, pp. 37-45 

[38] Jovica Vuletić, Mirko Todorovski, “Optimal capacitor placement in distorted distribution networks with 
different load models using Penalty Free Genetic Algorithm”, International Journal of Electrical Power & 
Energy Systems, Volume 78, June 2016, pp. 174-182 

[39] Arash Zeinalzadeh, Younes Mohammadi, Mohammad H. Moradi, “Optimal multi objective placement and 
sizing of multiple DGs and shunt capacitor banks simultaneously considering load uncertainty via MOPSO 
approach”, International Journal of Electrical Power & Energy Systems, Volume 67, May 2015, pp. 336-
349 

[40] Mohammad H. Moradi, Arash Zeinalzadeh, Younes Mohammadi, Mohammad Abedini, An efficient hybrid 
method for solving the optimal sitting and sizing problem of DG and shunt capacitor banks simultaneously 
based on imperialist competitive algorithm and genetic algorithm, International Journal of Electrical Power 
& Energy Systems, Volume 54, January 2014, pp. 101-111 

[41] Devender Singh, R. K. Misra, and Deependra Singh, “Effect of Load Models in Distributed Generation 
Planning”, IEEE Trans. Power System, vol. 22, no. 4, pp. 2204-2212 

[42] K.R. Devabalaji, K. Ravi, D.P. Kothari, “Optimal location and sizing of capacitor placement in radial 
distribution system using Bacterial Foraging Optimization Algorithm”, International Journal of Electrical 
Power & Energy Systems, Volume 71, April 2015, Pages 383-390 

[43] T. Gozel a, U. Eminoglu b, M.H. Hocaoglu, A tool for voltage stability and optimization (VS&OP) in radial 
distribution systems using MATLAB graphical user interface (GUI), Simulation Modelling Practice and 
Theory 16 (2008), pp. 505–518 

 

 

 


