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Abstract: In recent years the nature of load has changed drastically and different electrical equipment's. 

mercury lamps, transformers, motors, switchgears are running inherently at low power factor. Planning of 

electrical distribution networks is considered of highest priority at the present time in Baghdad city, due to 

the huge increase in electrical power demand and expansions imposed on distribution networks as a result of 

the great and rapid urban - development. This work presents the new and efficient approach for capacitor 

placement in radial distribution network that determine the optimal locations and size of capacitor with the 

main objective for the improving voltage profile, reducing active power losses and improving power factor. 

This work includes two parts: part one implementation on the IEEE 33-bus test system using CYMDIST 

software program, as a tool for the simulation of a distribution network and performing the required analysis.  

The results, shows a good matching as compared with previous work mentioned in the literature and used for 

the same network but the analysis of different ways. , and in part two, we select actual sector of Baghdad city 

distribution network that is Al Adel_33/11kV_feeders 2, 3, 6, and 7 (11 kV_93 bus) network is depicted for 

the implementation of this analysis. The results using backward / forward load flow method, show that 

minimum power losses and improving voltage profile had been achieved. So the network can be operate in 

normal condition without any violating operational constraints.  
 

Keywords: Capacitor Placement; Power Losses, Improving Power Factor, Backward / Forward Load Flow 

Method, CYMDIST Software Program. 

 

 في مذينة بغذاد التنسيب الأمثل للمتسعات باستخذام شعاعي توزيع نظام في القذرة معامل تصحيح
 

 واٌّحىلاخ اٌضئثك ِصاتُح ِثً ، ىهشتائُحاٌ الاجهضج  وتاسرخذاَ ِخرٍف جزسَاذغُشا  اٌطثُؼُح اٌحّىٌح ذغُشخ الأخُشج اٌسٕىاخ فٍ  الخلاصة:

 أوٌىَح اٌىهشتائُح اٌرىصَغ ٌشثىاخ اٌرخطُػ وَؼرثش. إٌّخفط اٌمذسج ِؼاًِ فٍ تطثُؼرها ذؼًّواٌرٍ  اٌىهشتائُح اٌّفاذُح وٌىحاخ واٌّحشواخ

 شثىاخ ػًٍ اٌّفشوظح واٌرىسؼاخ اٌىهشتائُح اٌطالح ػًٍ اٌطٍة فٍ اٌىثُشج اٌضَادج تسثة ورٌه تغذاد، ِذَٕح فٍ اٌحاظش اٌىلد فٍ لصىي

 ذحذد اٌرٍ شؼاػٍ ذىصَغ شثىح فٍ رسؼاخِ ٌىظغ ىءووف جذَذ ٔهج َؼشض اٌؼًّ هزا. واٌسشَؼح اٌىثُشج اٌحعشَح ٌٍرُّٕح ٔرُجح اٌرىصَغ

 اٌؼًّ هزا وَشًّ. اٌمذسج ِؼاًِ وذحسُٓاٌمذسج ا خسائش ِٓ واٌحذ اٌجهذ، ٌرحسُٓ اٌشئُسٍ اٌهذف ِغ ّرسؼاخ ٌٍ الأِثًواٌحجُ  اٌّىالغ

 اٌرىصَغ شثىح ٌّحاواج وأداج ، CYMDIST تشٔاِج تاسرخذاَ  IEEE 33-bus اخرثاس ٔظاَ ػًٍ ذٕفُزٖ ذُ اٌزٌ الأوي اٌجضء فٍ: ُٓئجض

وٌىٓ  ِغ إٌرائج إٌّشىسج فٍ اٌثحىز راخ اٌؼلالح واٌّسرخذِح ٌٕفس اٌشثىح ِماسٔح جُذج ِطاتمح إٌرائج ذظهشو. اٌّطٍىب اٌرحًٍُ وإجشاء

تغذاد /حٍ اٌؼذي راخ  شثىح ػٓ ػثاسج هى اٌزٌ تغذاد ِذَٕح ذىصَغ ٌشثىح اٌفؼٍٍ اٌمطاع اخرُاس ذُ اٌثأٍ، اٌجضء وفٍ ، تطشق ذحًٍُ ِخرٍفح

 اٌحًّ ذذفك غشَمح تاسرخذاَ إٌرائج وذظهش. اٌرحًٍُ هزا ٌرٕفُزِمطغ (   93 _ وٍ .ف11ٍ) 7و6و3و2وٍ .فٍ( ٌٍّغزَاخ  33/11اٌجهذ ) 

أرهان  أٌ دوْ غثُؼُح فٍ حاٌح ذؼًّ أْ َّىٓ اٌشثىح فإْ وتاٌراٌٍ. ذحمك لذ اٌجهذ وذحسُٓ اٌطالح خسائش ِٓ الأدًٔ اٌحذ أْ الأِاَ،/  ٌٍخٍف

 .ٌٍمُىد اٌرشغٍُُح 
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1. Introduction 
 

     The objective for adding the capacitor in best location in radial distribution network is 

to satisfy; reduce in line losses, improve in voltage profile and increase reliability of the 

network.  Whereas the low voltage level and heavily overloaded because the expanded for 

system without proper planning in distribution networks are, the large in power loss 

portion among the power system sections, which are generation, transmission, and 

distribution, belongs to the distribution section, such that the line losses at the distribution 

level constitute about 5%-13% of the total power generation [1]. The loss minimization in 

distribution systems has assumed greater significance recently since the trend towards 

distribution automation will require the most efficient operating scenario for economic 

viability variations. The advantages with the addition of shunt capacitors (fixed or 

switched) are to improve the power factor, and the voltage profile, power loss reduction , 

increases available capacity (release additional kVA capacity) of feeders and  the stability 

of the distribution system. Therefore it is important to find optimal location and sizes of 

capacitors in the system to achieve the above mentioned objectives [2]. Reactive power 

compensation plays an important role in the planning of an electrical system. Many 

different optimization techniques and algorithms have been proposed in the past. Schmill 

[3] developed a basic theory of optimal capacitor placement. He presented his well-known 

2/3 rule for the placement of one capacitor assuming a uniform load and a uniform 

distribution feeder. In [4], capacitor placement was applied as a multi -objective problem 

to reduce the annual cost sum of the power loss and the capacitors, as well as to improve 

the voltage profile. In Huang [5] an immune-based optimization technique is proposed for 

radial distribution system in order to reach optimal point of capacitor banks allocation 

optimization problem. In Baghzouz, [6] non-linear loads effect on the best point sites of 

capacitor banks in radial system was analyzed. In Venkatesh et al [7], combination of 

evolutionary programming (EP) algorithm with fuzzy logic, was proposed in placement of 

the optimal capacitor banks. In this work, the CYMDIST software program is applied to 

determine the optimal location and size of capacitors for power losses reduction and 

voltage profile improvement...etc. CYMDIST offers several features to assist in automated 

model construction with a large library of various components from different 

manufacturers, unbalanced power flow, support for time varying loads and generation, and 

ability to be integrated with external tools including MATLAB and other programs. 

 
2. Mathematical Model 
 

2.1. Load Allocation Method 
      

 In this work the connected kVA load allocation technique provided by CYMDIST 

software is used which distributes the substation load demand (entered by the user in 

amperes for each phase) along the feeder according to the connected kVA of the 

distribution transformers. 
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The Connected kVA algorithm can be expressed mathematically as follows [8]: 

                         ∑       

 

 

                                                                                         

 

                         [
          

    
]                                                                   (2) 

 

                               √ 
 

   
                                                                   (3) 

    Where:  

         kVAT : The total                                                  

               : kW allocated on section (i)      kWd : The demand (kW)  

                  kVAr allocated on section (i)     LF: load factor     P.F: The source power factor 

 
2.2. Load flow method (Backward/Forward sweep algorithm) 
  

     On a radial distribution system, load constraints can be described by a set of power flow 

equations at different load levels. The (backward/forward sweep algorithm), solves the 

load flow equation’s of radial distribution networks iteratively by two parts: 

      In the first part ; The node and branch currents are calculated by the (backward sweep 

starting from the end nodes back to the source node using Kirchhoff's Current Law (KCL). 

The end nodes currents are calculated as a function of the end nodes voltages, and the 

given loads as in equation: 

 

                         (
  

  
)
 

                                                                                                            

 

Where:   

           : Load current at node m (A)   Sm:  Apparent power at node m (kVA) 

       Vm: Voltage at node m 

 

     For the first iteration the initial end nodes voltages are taken as the nominal bus 

voltages at these nodes. The backward sweeps calculates branch currents and voltage drop 

in branches to update nodes voltages back to the source node as in equation: 
 

                                                                                                             
Where:  

          : Voltage at node z      Sm:  Apparent power at node m (kVA) 
 

     The calculated branch currents are saved to be utilized in the following forward sweep 

calculations. Finally as a convergence criterion the calculated source voltage is compared 

to the specified source voltage for mismatch calculation as in equation: 

 

                           ||  |  |  ||                                                                                              

 

             Where:  

                      : Nominal source voltage                : Voltage calculated at node 1 
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     In part two the forward sweep starting from the source node to the end nodes the 

voltage is calculated at each node as a function of the branch currents, using the currents 

calculated in the previous backward sweep using Kirchhoff's Voltage Law (KVL), with the 

nominal voltage taken as the source voltage at the starting of each forward sweep as in 

equation: 

 

                                                                                                                          
 

     The forward and backward sweeps are continues until the calculated source voltage 

becomes within a specified tolerance with the nominal source voltage
 
[9]. 

 
2.3. Optimal Capacitor Placement and Sizing 
 

     In the problem definition, size of the capacitors (decision variable) is taken as discrete 

known values that are generally used in distribution network which are; 150, 200, 300, 600 

900 and, 1200 kVAR. Hence, the problem is reduced to finding the locations for these 

capacitor values such that the power loss and over load on this feeder. The objective 

function thus formulated is than minimized using CYMDIST as a tool to determine an 

optimal compensation to solution an optimization problem and optimal capacitor 

placement. Applying compensation using the CYMDIST module helps in saving additional 

power, improves the voltage profile, and power factor improved [10]. 

 
2.3.1 Optimal Capacitor Placement and Sizing 
 

     The optimal capacitor size and placement at proper node should minimize the objective 

function in equation (8): 

 

                                                                                                                  (8) 

 

Where:  

      PLOSS (Z): Power losses before capacitor placement    

      PLOSS (Z+1): Power losses after capacitor placement 
 

And satisfy the following constraints: 

1. Bus Voltage Limits:  

 

       |  |                                                                                             (9) 

 

               Where:  

                           : Lower bus voltage limit    Vmax: Upper bus voltage limit 

                     |  | : rms value of the i
th

 bus voltage 
 

2. The line flow limits: The line load current (I) should be less than the line rated 

current (Irated). 

 

                                                                                                                         (10) 

               Where: 

                      I :  The line load current     I rated : The line rated current 
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3. Power conservation limits: The algebraic sum of all incoming and outgoing power, 

including line losses over the whole distribution network should be equal to zero: 

                                          ∑   
 
                                                                         (11) 

            Where: 

                  PG: The power generation   PD: The power demand     Plt: The total power losses 

4. The number and sizes of permissible capacitor banks constraint: 

 

                          ∑   
 
                                                                                    (12) 

           Where: 

                  QC: kVAr obtained from the capacitor     Qt: Total reactive power flow requirement 

                    m: Total number of capacitor banks       i: The section number 

      The proposed method for capacitor placement in a balance radial distribution feeder is 

summarized by the flowchart in figure .1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure .1    Flowchart of capacitor placement in balance radial distribution network using CYMDIST program [11]  
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3. Cases Study and Discussion 
 

     In this work two cases have been studied, for each case the problem is formulated and a 

capacitor placement using CYMDIST software are implemented. The modeling process 

begins with acquiring all the input data required, and the combined processed data are 

entered or imported from GIS software into CYMDIST to create the distribution system 

model, with the single line diagram automatically generated. The proposed methodology 

has been initially applied for the IEEE 33-bus distribution test networks. The results are 

compared with the solutions obtained from the methodology presented in [4]. Finally, the 

proposed method was implemented using a practical network from the distribution network 

in Baghdad city. The network consists from four 11kV distribution feeders emanate from 

Al-Adel (33/11kV) substation. Before starting, some assumptions are made in this work: 

i. Balance voltage drop iterative method is used, the maximum number of iterations 

are 40 for load flow, and the voltage magnitude convergence error is set to be 

0.01%. 

ii. After applying capacitor placement, the rms value of bus voltages will be kept 

inside acceptable tolerance limits (±5 %). 

iii. The objective functions of the capacitor placement are to minimize kW losses in 

network, improve voltage and the common reasons for the provision of power 

factor correction capacitors include; the reduction in the load on feeders, ability of 

the supply to support additional load reducing the load on distribution network 

components، and therefore can result in an extension of their useful life and this 

would improve the integrity of the system. 

iv. Load factor for the IEEE-33 bus test system, and Al- Adel_33/11kV_feeders 2, 3, 

6, and 7 distribution networks, are equal to 100 %.  

v. All the loads have the same power factor = 0.8 lag. 

 
3.1 Case 1: Optimal Capacitor Placement for IEEE-33, bus Test System 
 

      The single-line diagram of the 12.66 kV, 33-bus test system is illustrated in figure 2. 

According to reference [12, 13], the initial system real power loss was 202.7 kW and this is 

verified by CYMDIST program. After applying the load flow for the initial configuration, 

it can be noted that, this feeder operates in an abnormal condition with 17 sections at drop 

voltage, as shown in figure 3. After applying capacitor placement using CYMDIST 

program, the top five sections are selected as optimal candidate locations and the amount 

of kVAR injected are 150 kVAR/ phase in sections (3, 6, 7, and 30) and 200 kVAR/ phase 

in section 15. Table (1) illustrates the load summary of the IEEE 33-bus test system before 

and after reactive power compensation. According to reference [12], the initial system 

operate at minimum voltage equal to 0.925 p.u. at node 30, and this is verified by 

CYMDIST program, and after applying optimal capacitor placement method, the final 

power loss after reactive power compensation is 138.26 kW (savings is 62.9 kW), and the 

final minimum voltage of the IEEE 33-bus test system was 0.943 p.u compared with the 

results of vector distribution load flow (VDLF) method and a Particle Swarm Optimization 
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(PSO), as illustrated in table (2).  Figure. 3 shows the allocation of the capacitors 

placement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.2. single line diagram of 33- bus distribution system before capacitor 

 
Table 1. Load summary of the IEEE 33-bus test system before and after compensation at peak load (100%). 

 

Description 
Total load before compensation Total load after compensation 

kW kVAR kVA P.F kW kVAR kVA P.F 

System load   3715  2300  4369.36 0.85   3715  2300  4369.36 0.85 

Total adjusted shunt capacitor --- 0.0 --- --- --- 2220.16 --- --- 

System losses 202.7 108.72 230.02 0.88 138.26 76.56 158.04 0.87 

System supply 3917.72 2408.7 4598.95 0.85 3853.28 156.37 3856.45 0.99 

 

Table 2. Simulation results of the IEEE 33-bus test system Comparison between (VDLF method, PSO) and 

CYMDIST. 

 

Description 

Uncompensated Compensated 

Proposed 

CYMDIST 

VDLF 

method 

 

Particle 

Swarm 

Optimization 

(PSO) 

Proposed 

CYMDIST 

VDLF 

method 

MATLAB 

[12] 

Particle 

Swarm 

Optimization 

(PSO)[13] 

Total losses (kW) 202.70 202.7069 202.7069 138.26 143.7255 143.7255 

Loss reduction (kW) --- --- --- 64.44 29.096866 29.096866 

Maximum voltage (p.u.) 1 1 1 1 1 1 

Minimum voltage (p.u.) 

at nod 30 

0.925 0.913041 0.913041 0.943 

 

0.925082 

 

0.925082 

 



Journal of Engineering and Sustainable Development Vol. 23, No.04, July 2019                                               www.jeasd.org (ISSN 2520-0917) 

                                                 

107 
  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The capacitors allocation at the receiving nodes of the, 33- bus test system 

Table 3. Illustrated Optimal location and size of capacitors of the 33- bus test system at peak load conditions 

(100% loading). 

CYMDIST software program VDLF method  

and PSO 

Bus 

(Id) 

Load level for 

capacitors 

operation 

capacitors 

kV(L-L) 

capacitors 

(kVAR/phase) 

Total 

Q 

(kVAR) 

Loss 

reduction 

(kW) 

Total 

Q  

Adjusted 

( kVAR) 

Bus 

(Id) 

capacitors 

(kVAR) 

3      12.66 150 450 35.4 444.032 8 300 

6      12.66 150 450 24.3 444.032 15 300 

7       12.66 150 450 0.9 444.032 20 300 

30        12.66 150 450 0.7 444.032 21 300 

15       12.66 200 600 1.6 444.032 24 300 

--- --- --- --- --- 62.9 2220.16 26 300 

--- --- --- --- --- --- --- 28 300 

--- --- --- --- --- --- --- 27 600 

Total kVAR 2400 --- --- --- 2700 

 

     Depending on the duration value for the peak load from table 3, the maximum load 

current in feeder IEEE-33 bus test system before and after capacitor placement are 209.7 

Ampere, and 175.7 Ampere , respectively. Figure 4 show the bus voltage profile before 

and after capacitor placement using CYMDIST software for the 33-bus test system. It is 

shown that the voltage magnitude of each bus will improved and became closer 

approximate to 1 p.u after placing the optimum capacitor sizes at the candidate buses.  
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           Figure 4. Voltage profile for the 33- bus test system with and without reactive power compensation 

 

      From figure 5, section_1 (1001 m length) has 780.83 downstream kVAR/phase before 

compensation. This value is reduced to 52.125 after compensation as shown in figure 6 and 

similarly for the other sections. Sections that have a capacitor become a source of reactive 

power, the overall active and reactive power losses will be reduced. The overall P.F is 

corrected from 0.85 to 0.99. 

Figure 5. Q- Reactive power profile of 33-bus test system before capacitor placement  

Figure 6. Q- Reactive power profile of 33-bus test system after capacitor placement 
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3.2. Case 2:Al_ Adel 33/11kV substation 
       

    To implement the proposed method on an actual distribution network in Baghdad city, 

the chosen network was (Al_ Adel) distribution network. The capacity of (Al_ Adel  33/11 

kV) substation is (2*31.5 MVA), delta-delta connection, and There are fourteen (11 kV) 

feeders outgoing from Al_ Adel substation serving a large area of mixed residential, 

commercial, industrial, and trading loads. Only four feeders are considered in this work. 

This network is a part of the distribution system in Baghdad city which is rated at 11 kV, 

base MVA =100, and frequency of 50 Hz with 91 line sections, 93 buses. The schematic 

diagram of Al_ Adel distribution network by CYMDIST, and depending on the global 

positioning system (GPS) and geographic information system (GIS) is shown in figure 7. 

The coordinates are entered to the CYMDIST module as x and y coordinates for the buses 

to build, the model and specify the actual length of the network sections. The load for Al_ 

Adel feeders is mixed, approximately 90% residential and 10 % commercial. 
 

Figure 7. Al_ Adel distribution network model based on (GPS) and (GIS) data. 

 

      By using load allocation method as illustrated in item (2.1)  with 0.01 tolerance for 

accuracy, loads are distributed in all sections for each phase depending on the current and 

power factor values at the sending end of each feeder and the secondary of (11/0.4 kV) 

(Delta- Grounded wye) transformer capacities, as illustrated in table 5. 

 

Table 5. The current at the sending end of each feeder of Al_ Adel distribution network. 
 

Name Feeder Current (A) for each phase P.F (%) Transformer capacity (kVA) 

 Spot load  

Al_ Adel _2 202 80 250 kVA  400 kVA 

Al_ Adel _3 230 80 250 kVA   400 kVA  1000 kVA 

Al_ Adel _6 170 80 250 kVA   400 kVA 

Al_ Adel _7 321 80 250 kVA   400 kVA   1000 kVA 
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      After applying the load flow, there are 3 sections that operate in overloaded condition 

as shown in figure 8. The simulation results illustrated in table 6, shows the load summary 

before and after kVAR compensation, and the initial system real power losses after load 

flow for all feeders were 263.06 kW. After applying the reactive power compensation of 

this problem by increasing the capacity of these feeders to minimize losses and to 

distribute loads on a regular basis among feeders. The final power loss after reactive power 

compensation became 172.14 kW, so the total reduction in power losses after 

compensation became 90.92 kW. Optimal locations of capacitors are shown in figure 9, 

and table 7 shows the optimal of capacitor placement and sizing. 

Figure 8. Abnormal conditions for Al_ Adel distribution network before kVAR compensation 

 
Table 6.  Load summary before and after kVAR compensation of Al_ Adel distribution network at peak load. 

Al_ Adel 

_ feeders 

no. 2, 

3,6, and 

7  

 

33/11/0.4 

kV 

System 

total 

 

loading 

Total 

adjusted 

shunt 

capacitor 

(kVAR) 

System 

total 

losses 

 

System  

Total  

supply 

 

Before, kVAR compensation 

kW 13684.62 --- 263.06 13947.66 

kVAR 10242.99 

  Feeder 

no.2 = 0  

Feeder 

no.3 = 0  

  Feeder 

no.6 = 0  

Feeder 

no.7 = 0  

253.4 10468.63 

kVA 17093.51 --- 365.25 17439.31 

P.F%. av 0.8 --- 0.74 0.8 

 

After, kVAR compensation 

kW 13683.87 --- 172.13 13855.9 
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kVAR 10242.11 

Feeder no.2 = 

1448.88  

  Feeder no.3 = 

1732.93  

Feeder no.6 = 

1301.6  

  Feeder no.7 = 

1860.72  

165.45 3608.68 

kVA 10816.66 --- 238.75 14318.12 

P.F% av 0.8 --- 0.72 0.9677 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Optimal capacitor placement for Al_ Adel distribution network. 

Table 7. Optimal location and size of capacitors for Al_ Adel distribution network at peak load conditions 

(100% loading). 

Al_ Adel _feeder _2:   P.F corrected to 0.9647 

Node 

(Id) 

Capacitor 

  KV (L-L) 

Total capacitors 

(kVAR/phase) 

Total Losses (kW) in each feeder 

Before 

compensation  
 

After 

compensation 

  12 11 600 

51.26 34.50 25 11 900 

Total  1500 

Al_ Adel _ feeder _3:   P.F corrected to 0.9704 

43 11 450 

67.53 

 

44.87 

 

47 11 450 

49 11 900   

Total 1800 

Al_ Adel _ feeder _6:   P.F corrected to 0.9704 
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58 11 450 

48.12 31.39 63 11 900 

Total 1350 

Al_ Adel _ feeder _7:   P.F corrected to 0.9652 

78 11 450 

96.15 61.48 

80 11 600 

84 11 450 

87 11 900 

Total 2400 

       

     Figure 10 show the bus voltage profile for Al_ Adel _feeders 2, 3, 6 and 7 before and 

after kVAR compensation. It is shown that after applying kVAR compensation, the overall 

voltage magnitudes will drop significantly within the specific limits. These values of 

voltage are improved after applying network allocation of capacitors in these feeders, so 

that they became closer to approximate 1 p.u. 

 

 
 

  Figure 10. Voltage profile of Al_ Adel _feeders 2, 3, 6 and 7 before and after kVAR compensation 

 

     Figures (11 to18) shows the behavior of the total downstream reactive power profile 

with respect to distances for Al_ Adel _feeders 2, 3, 6 and 7, of each section for the longest 

path from the substation that feed this network to end bus.  

Figure 11. Q- Reactive power profile of Al_ Adel _ feeder_ 2 before capacitor placement 
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     In figures 11 and 12; section_2 (1861.1 m length) has 759.62 downstream kVAR/phase 

before Q-compensation; this value is reduced to 274.22 kVAR/phase after placement of 

capacitors. Also the total neutral line current in feeder is improved from 200 to 166 

Ampere.  

Figure 12. Q- Reactive power profile of Al_ Adel _feeder_ 2 after capacitor placement 

 

      In figures 13 and 14; section .33 (2090.1 m length) has 863.01 downstream 

kVAR/phase before Q-compensation; this value is reduced to 282.45 kVAR/phase after 

placement of capacitors. Also the total neutral line current in feeder is improved from 230 

to 187 Ampere.   

 

Figure 13. Q- Reactive power profile of Al_ Adel _feeder _ 3 before capacitor placement. 
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Figure 14. Q- Reactive power profile of Al_ Adel _feeder _ 3 after capacitor placement 

 

     In figures 15 and 16; section .33 (1349.4 m length) has 643.59 downstream kVAR/phase 

before Q-compensation; this value is reduced to 205.4 kVAR/phase after placement of 

capacitors. Also the total neutral line current in feeder is improved from 170 to 138 

Ampere.  

 

 

Figure 15. Q- Reactive power profile of Al_ Adel _feeder _ 6 before capacitor placement 
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Figure 16. Q- Reactive power profile of Al_ Adel _feeder _ 6 after capacitor placement 

 

      In figures 17 and 18; section .67 (186.15 m length) has 1206.5 downstream 

kVAR/phase before Q-compensation; this value is reduced to 431.72 kVAR/phase after 

placement of capacitors. Also the total neutral lines current in feeder is improved from 320 

to 260 Ampere.  

 

Figure 17. Q- Reactive power profile of Al_ Adel _feeder _ 7 before capacitor placement. 
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Figure 18. Q- Reactive power profile of Al_ Adel _feeder _ 7 after capacitor placement. 

 

  The overall active and reactive power losses will be reduced. The overall P.F. feeders is 

improved as illustrated in table 6. 

 
4. Conclusions 
    

   This work presents the placement of capacitor in a balanced radial distribution network. 

The proposed method is tested on IEEE 33- bus test system and actual distribution network 

in Baghdad city and the simulation results are reported. The sizing and location of 

capacitor in radial distribution network of IEEE 33-bus test system and actual distribution 

network was done by CYMDIST. The comparison was considered between the CYMDIST 

and (VDLF method, PSO) .Hence the results that are reported under the proposed method 

show the better performance than VDLF method and particle swarm optimization (PSO). 

From the results obtained several important observations can be concluded as, the power 

losses of distribution network can be efficiently reduced by proper placement of capacitor. 

However the voltage profile can also be improved. It is observed that due to decreased 

power losses the net saving were decreased. The following areas, are identified for future 

work: 

1. The study, has been on balanced distribution system. The capacitor allocation 

problem can be extended, to un-balanced distribution network.  

2. The allocation of static VAR compensator’s can be considered in unbalanced 

distribution network. 

 

5. Abbreviations  
 

GPS Global Positioning System  

GIS Geographic Information System  

VDLF vector distribution load flow   

PSO Particle Swarm Optimization  

av The average 
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Section_1 Top Head  Feeder No.1  (33-bus Test System) 

Section_2 Top Head  Feeder No.2 (Al_ Adel network) 

Section_33 Top Head  Feeder No.3 (Al_ Adel network) 

Section_53 Top Head  Feeder No.6 (Al_ Adel network) 

Section_67 Top Head  Feeder No.7 (Al_ Adel network)  

  
6. References 

 

1. M.J. Kasaei, (2014),"Optimal Placement of Distributed Generation and Capacitor in 

Distribution Networks By Ant Colony Algorithm", International Journal on “Technical 

and Physical Problems of Engineering” (IJTPE) ISSN 2077-3528. 

2. R. Srinivasa Rao and S. V. L. Narasimham, (2008) “Optimal Capacitor Placement in a 

Radial Distribution System Using Plant Growth Simulation Algorithm”, International 

Science Index 21, pp. 653-660. 

3. J. V. Schmill, Senior Member IEEE, (1965),"Optimum Size and Location of Shunt 

Capacitors on Distribution Feeders", IEEE tran.s. On power apparatus and systems vol. 

pas-84, no. 9. 

4. H.M. Khodr, F.G. Olsina, P.M. De Oliveira-De Jesus, J.M. Yusta, (2008), "Maximum 

savings approach for location and sizing of capacitors in distribution systems ", science 

direct, Electric Power Systems Research, 1192–1203. 

5. Shyh-Jier Huang, Member, IEEE, (2000), "An Immune-Based Optimization Method to 

Capacitor Placement in a Radial Distribution System" IEEE TRANSACTIONS ON 

POWER DELIVERY, VOL. 15, NO. 2. 

6. Y. Baghzouz, Member, IEEE, (1991),"Effects Of Nonlinear Loads on Optimal 

Capacitor Placement in Radial Feeders" IEEE Transactions on Power Delivery, Vol. 6, 

No.  

7. Venkatesh B, Ranjan R (2006). “Fuzzy EP algorithm and dynamic data structure for 

optimal capacitor allocation in radial distribution systems.” Proc. Inst. Elect. Eng. Gen. 

Transm. Distrib. 153(1):80-88. 

8. “CYME Reference Manual”, November, 2010, available at: 

          www.scribd.com/doc/136501684/CYME-502-Ref-EN-V1-2 

9. William H. Kersting. (2002). “Distribution System Modeling and Analysis”, Chemical 

Rubber Company (CRC Press) LLC Book, New York Washington. 

10.  K. S. Swarup, (2005) “Genetic Algorithm for Optimal Capacitor Allocation in Radial 

Distribution Systems”, Conf. on Evolutionary Computing, Lisbon, Portugal, pp. 152-

159. 

11. P. Divya and G. V. Siva Krishna Rao, (2013), “Proposed Strategy for Capacitor 

Allocation in Radial Distribution Feeders”, International Journal of Research in 

Engineering & Technology, Vol. 1, Issue 3, pp. 85-92. 

12. A.Sai Anusha, M.Ravi Kumar, (2014), "The Sizing & Placement of Capacitor in a 

Radial Distribution System Using Loss Sensitivity Factor and Simulink" IOSR Journal 

of Electrical and Electronics Engineering (IOSR-JEEE), ISSN: 2278-1676, p-ISSN: 

2320-3331, Volume 9, Issue 6. 

http://www.scribd.com/doc/136501684/CYME-502-Ref-EN-V1-2


Journal of Engineering and Sustainable Development Vol. 23, No.04, July 2019                                               www.jeasd.org (ISSN 2520-0917) 

                                                 

118 
  

13. Ramanarayana Vemana, Dr. M. SridharA, (2013), “Particle Swarm Optimization to 

Optimal Shunt-Capacitor Placement in Radial Distribution Systems”, International 

Journal of Advanced Research in Electrical, Electronics and Instrumentation 

Engineering, Vol. 2, Issue 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


