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Abstract- Distributed generations are renewable sources that do not create environmental pollution and install near 

the site of consumption. Also, the generated power of wind and solar sources are faced with uncertainty due to the 

dependence on external factors. With determination of the appropriate location and size of these sources in 

distribution networks their positive effects can be realized. But it must be noted that distribution networks due to the 

unequal phase loads and mutual impedance  between various phases of lines are virtually unbalanced. So in this 

paper, determination of the appropriate size and place of distributed generations is done in unbalanced distribution 

network that distributed generations’ appropriate size obtained with respect to probabilistic methods and their 

convenient location is selected using weighted multi-objective IPSO algorithm. With regard to impact of exact load 

flow in calculations, linear three-phase unbalanced load flow method considering the loads model and loads 

connection type is used which is the fast and accurate unbalanced load flow method. Simulations are done in IEEE 37 

bus unbalanced network in Matlab software. The simulation results indicate that network power losses and voltage 

unbalance factor are reduced, voltage profile of each phase is improved and significant profit is obtained for 

distribution companies.  

Keywords: Improved Particle Swarm Optimization, Linear Three Phase Unbalanced Load Flow, Unbalanced 

Distribution Systems, Uncertainty of Distributed Generations.  

 

1. Introduction  

 

Nowadays, power system operators tend to generate power in distributed voltage level due to increased demand for 

electrical energy. For this purpose, distributed generation sources are used in these networks. In terms of IEEE, 

distributed generations are electric power generation sources that they are not directly connected to the global 

transmission system and include generators and saving energy technologies [1]. In general, the advantages of distributed 

generation sources can be classified into two categories; technical and economic. The technical advantages of distributed 

generation sources include reducing of network power losses, improving of voltage profile, reducing of environmental 

pollution, improving of power quality, reliability and network security and increasing of energy efficiency. [2] Their 

economic advantages include different investments to improve facilities, optimal generation, reducing of operation costs 

and etc. [3]. Currently, wind and solar distributed generation sources are used more. The amount of output power of these 

units due to variable wind speed and solar radiation during the day is not constant. So the output power of these units is 

uncertain [4]. Uncertainty of imprecisely parameters is considered using fuzzy systems and probabilistic methods. 

Contingency or randomize planning convert random and uncertainty variables to common linear and nonlinear 

programming.  Distribution networks are actually unbalanced. It can be noted that the main reasons of distribution 

systems’ imbalance are different loading of single-phase loads on three-phase loads and mutual impedance between 

different phases of lines [5]. Existence of imbalance in the distribution networks have considerable negative effects, such 

as increasing of power losses, voltage drop, occupying network capacity and increasing of costs [6]. Due to the specific 

characteristics of unbalanced distribution networks and high XR ratio, using transmission networks load flow methods 

such as Newton-Raphson and Gauss Seidel are not suitable for unbalanced distribution networks [7].  
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In usual methods of load flow, loads power are be considered constant and type of loads connection have been ignored, 

while in distribution network, loads are dependent on the voltage and loads connection can be as delta or star. Several 

studies have been done on the above mentioned topics. In [8] a three-phase power flow solution method using graph 

theory, injection current, and sparse matrix techniques for large-scale unbalanced distribution networks and in the bus 

frame of reference, a direct iterative method is adopted. In [9] a genetic algorithm based technique for the optimal 

allocation of DG† units in the power systems has been proposed. In [10] a method of solving three phase probabilistic 

load flow for distribution system with single-phase and three-phase gridconnected photovoltaic systems using the 

sequential Monte Carlo technique has been  presented and  time-sequence impacts of PV generation on power flow and 

voltage profiles in distribution system, taking into account the correlation of weather between different zones, are gained 

from results. In [11] an efficient approach to feeder reconfiguration for power loss reduction and voltage profile 

improvement in unbalanced radial distribution systems has been presented and forward- backward algorithm is used to 

calculate load flow.  In this paper, determination of the location and size of DGs is considered in unbalanced distribution 

network. Hence, three-phase unbalanced load flow calculations have been done by linear three phase unbalanced method 

considering loads model and connection type. First size of DGs based on the uncertainty methods is obtained and then by 

weighted multi-objective IPSO algorithm the exact location of sources is selected. Simulations have been implemented in 

Matlab software on IEEE 37 bus unbalanced network that has unequal loads and asymmetric structure of lines. The 

simulation results show that voltage profile of each phase is improved, network power loss and voltage unbalance factor 

are reduced and great benefit is obtained for distribution companies.  

 

2. Multi Objective Function  

 

The multi objective function in this paper include the reduction of network active power losses, voltage profile 

improvement and reduction of the voltage unbalance factor. Then the profits from the installation of the DGs obtain.   

2.1. Reducing of Network Active Power Losses  

One of the important parameters of network is reduce losses and it is possible with the help of the DGs. Power 

losses of unbalanced distribution network is obtained as foll ows [12]: (1) 

                                                                     (1)      

   
 

    2.2. Improving of Voltage Profile  

 

Optimal DG placement can improve voltage profile of phases. In fact, the purpose of improving the voltage profile is that 

the voltage of each phase is close to 1 perunit [13]. 

       (2) 
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That A i,V , B i,V and C i,V are voltage size of bus i in phases A, B and C respectively, and ref i,V is the desired voltage 

value, which is usually considered 1 perunit. The aim of this section is that Eq. (3) is minimized.  

 

 

2.3. Reducing of Voltage Unbalance Factor  

 

According to IEEE standard, VUF‡  is obtained as follows [14]: 

 

That i 2,V and 1,i V are respectively voltage components of positive and negative of bus i which obtained based on 

symmetrical component method as Eq. (5). 

 

 

a, b and c and 0 V , 1 V and 2 V are respectively voltage components of zero, positive and negative and j120 ej120 

The aim of this section is that Eq. (6) is minimized 

 

To improve efficiency and achieve better results, the objective function is defined as a combination of the three above 

objectives and weighted sum of these objectives is considered as Eq. (7). 

 

Values of the  k1 ,k2,k3 coefficients are selected based on the importance of objectives in such a way that the best   

results are achieved. It should be noted that each of the objectives unit is based on per-unit. 

 

3. Network Constraints  

 

Network constraints are defined as follows:  

➢ Voltage of each phase, should be between the standard limit that is considered to be 0.9-1.1 (per unit) or close to it 

[15].   

➢ Maximum value of i VUF must be less than allowable voltage unbalance that is considered 2 percent [14].  

➢ Network losses with presence of DG must be less than the losses without DG.  

4. Linear Three Phase Unbalanced Load Flow  

Because of unequal phase loads and asymmetric structure of lines, load flow methods are different between unbalanced 

distribution networks and balanced distribution networks. In this paper, linear three-phase unbalanced load flow is used. 

In this method, loads model and connection type are considered. So compared with other methods of load flow, it is faster 

and more accurate [16]. Buses voltage and current are connected by admittance matrix as follows: 
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Every part of this equation represents one type of load model current as follow:  

➢ Constant power load model current ) V(S * k * Pk  

➢ Constant current load model current ) S(h Ik)  

 

Type of connection load can be as delta or a star.  Bus voltage is changed according to the type of connection loads. To 

convert delta’s line voltage ) (VN(Line) to star’s phase voltage ) (VN(Phase) the following equation is used 

 

M matrix is defined as follows: 

 

After linearization of Eq. (9) and using Eq. (11) in it, linear relationship can be arranged as follows: 

 

The real and imaginary values of voltage (respectively with r and i index) can be obtained as follows: 

 

After obtaining all buses voltage, load flow calculations have ended and network power losses is calculated. 

 

5. Uncertainty Modeling of DGs Generated Power  

 

The unavailability of accurate prediction of wind speed and solar radiation, faced the amount of wind turbines and solar 

panels generated power with uncertainty in the time periods studied. With regard to the wind speed predicted probability 

distribution and hourly distribution of solar radiation, output power of these units can be obtained due to the uncertainties. 

In this section, uncertainty modeling of solar and wind power have been investigated.   

5.1. Uncertainty Modeling of Wind Turbine Generated Power  

Wind speed profile in a definite place follows the Weibull distribution function which is obtained as follows [17]: 

 

That v is wind speed  sm , k is shape coefficient and c is scale coefficient. These coefficients are obtained as follows 

[17]: 
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That μ and are respectively the average wind speed and standard deviation. To prevent high volume calculations, wind 

speed changes is divided into interval  and the middle of each interval is considered as its representative. So the 

probability of wind speed for each part can be achieved by the following equation [17]. 

 

  Where ) (f w v is probability density function of wind speed, w1 v and  w2 v are wind speed limits of state w . In wind 

turbines, output active power was affected by wind speed and a linear relationship between these two parameters are as 

follows [17]: 

 

Eventually, wind turbine average power is calculated using Eq. (23). 

 

 

5.2. Uncertainty Modeling of Solar Panel Generated Power  

 

The output power of solar panels depends largely on the amount of solar radiation level. Hourly distribution of solar 

radiation at a given time follows the beta probability distribution function that it is obtained as Eq. (24) [18]. 

 

Where s is solar irradiance  2kW/m , α β, are parameters of the Beta distribution function that obtained as follows 

[18]: 

 

That μ and are the mean and standard deviation of solar irradiance respectively. Due to continuous changes in solar 

irradiance, its changes is divided in to interval of 1 .0 pu 2kW/m and the middle of each interval is considered as its 

representative. So the probability of solar irradiance for each part is obtained according to Eq. (27) [18]. 

 

Where (s) fb is solar irradiance probability distribution function, y2 y1 s ,s are solar irradiance limits of state y. There is a 

linear relationship between solar irradiance and out power of solar panel that obtained as following equations [18]. 
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6. Modeling Costs Related to Distributed Generations  

 

Distribution companies are obligated to deliver power demand with the best quality and lowest cost to consumers. Thus, 

in these part different costs of DG sources are modeled [19]. 
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7. Modeling Benefit From the Presence of Distributed Generations          

         

Part of the power supply by the distribution companies to consumers is wasted in the transmission line and the rest of its 

reaches to consumers. So in this section, benefits from power reduction which purchased from the network and network 

lines loss reduction due to the presence of DGs has been explained [19]. 

 

 

 

As a result, based on the costs and benefits described, the net profit is defined as follows: 
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8. Improved Particle Swarm Optimization Algorithm  

 

IPSO§ algorithm is improved PSO** algorithm, so in this section, first PSO is briefly described. PSO is an optimization 

method that was first developed by Eberhart and Kennedy [20]. This algorithm has been inspired from the mass 

movement of birds that they are looking for food and each bird is called a particle in the search space. Each particle has 

two values, which update at each stage of the movement. These values are position )(X i and speed ) (V i that update with 

the better of best P and G which respectively named, the best value so far obtained for each particle and the best value 

ever achieved by all particles among the total population. In each iteration after finding best P and best G , speed and 

place of each particle update from Eq. (44) and Eq. (45). 

 

 

 

Often the dynamic range of variables in PSO algorithm are set to max V . According to the above-mentioned subjects, 

inertia weight parameter (w) controls speed (V). If max V is too large, particles away from previous good response and if 

maxV is too small particles do not discover a better local responses.  So IPSO algorithm define variable weight parameter 

which can be passed from local minimum that obtained as follows [21]: 

 

 

 

D is an irregular parameter that defined as follows in iteration-k. 
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9. Improved Particle Swarm Optimization Algorithm Implementation  

 

In this section to achieve the mentioned purposes, optimal location of DGs obtained using IPSO algorithm 

1. The amount of DGs’ generated power that is obtained due to the methods of uncertainty, is considered as input 

parameters of the algorithm. 2. The first generation of particles is produced in random order (first place candidates) and 

best P and best G are recorded. 3. Linear three-phase unbalanced load flow run and network constraints are examined. 4. 

The next generation is produced, if the number of iterations reach to the specified value and network constraints are not 

violated, bestG selected and location of DG is introduced and the objective function is calculated. Otherwise, the 

algorithm is repeated so as to reach the maximum number of iterations.  

 

10. Case Study   

 

The proposed algorithm is supposed to be applied on 4.8 (kV), 37-bus radial unbalanced distribution network that its load 

connection type is delta (D) and load models are constant power (PQ), constant current (I) and constant impedance (Z) 

that shown in Fig. 1 [22]. Simulations have been performed regardless of network transformator and regulator. So buses 

with 799 and 775 index are neglected and the number of buses reduced to 35.  

10.1. The Information Required For Simulation  

The proposed work has been implemented in MATLAB R2010a computing environment with Core i5, 2.20 GHz 

computer with 8.00 GB RAM. Coefficients of multi-objective function are selected as 0.3kk 21   and 4 .0k 3  that 

gives the best results. The maximum number of iterations is considered 100.  

 

 

IEEE 37 bus unbalanced network [22]. 

DGs Commercial information and the price of power purchased from the transmission line at a basic load level are 

respectively shown in Table 1 and Table 2. It is noteworthy that DGs are considered as the negative node PQ (negatively 

load). The parameters for modeling generated power uncertainty of wind turbines and solar panels are respectively shown 

in Table 3 and Table 4. In wind turbine k=3 and c=8 and in solar panel 3.5 βα,  have been considered. 
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10.2. Simulation Results  

The network is unbalanced due to unequal loads of phases and asymmetrical lines. So single phase DGs must be installed 

in one of the phases to achieve optimum results. 

According to Table 3 and 4, Table 5 shows the average power of DGs. 

 

By using IPSO algorithm and linear three-phase unbalanced load flow method, suitable buses and phases to install wind 

turbines and solar panels that their capacity was mentioned in Table 5, can be obtained.  It is noteworthy that in this 

paper, loads are considered at the level of peak load and variables. Loads model and connection type are considered based 

on the IEEE standard. Suitable phases and buses to install DGs are shown in Table 6 and the obtained results for network 

power losses and maximum percentage of voltage unbalance factor, with and without DG installation are shown in Table 

7. 
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According to the obtained results from Table 7, network active power loss and maximum percentage of voltage unbalance 

factor are reduced after installing four DGs. After determination the appropriate location and size of DGs, different costs 

and also benefit and saving based on Table 1 and Table 2 obtained that shows in Table 8. 

 

 

 

The cost of the DG units itself, the cost of research, preparation of places for installing DGs and construction are part of 

the distributed generation units investment costs. Maintenance cost include electrical and mechanical check and repair.   

Input costs such as fuel costs of these source for power generation are part of the operational costs.  After obtaining 

various costs and benefit, saving is obtained from the difference between benefit and costs.  It should be noted that what 

time after installing DGs, profitability achieved. Thus, the amount of profit after installing four DGs is given in Fig. 2, for 

per year in the period of 20 years.  The time required to start optimal placement profitability is obtained from cessation of 

the curve with the zero axis.  The studied network is unbalanced so phases voltage size and angle can not be equal. In 

Table 9 phases voltage is shown before and after the installation of DGs and in Table 10 comparison between the phases 

voltage angle before and after the installation of DGs has been done. Percentage of voltage unbalance factor of each bus 

with and without DG placement has been compared in Fig. 3. 
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By comparing percentage of voltage unbalance factor before and after installing DGs as shown in Fig. 3 can be seen that, 

VUF have fallen after DG placement, which indicates that the results obtained properly. Table 9 shows that the voltage of 

each phase after installing DGs improved.   

 

11. Conclusion  

Unequal phase loads and asymmetric structure of lines are made distribution networks actually unbalanced. Therefore, 

efforts must be made to reduce the network unbalanced with appropriate methods. In this paper, the effects of distributed 

generations investigated on the 37 bus unbalanced network. Since the generated power of wind turbines and solar panels 

are dependent on external factors, initially, the generated power uncertainty of these sources has been modeled. Then the 

various costs and benefits of installing DGs has been expressed. Due to the need for accurate load flow in distribution 

networks, linear threephase unbalanced load flow is used where the loads model and connection type of loads are 

considered based on theIEEE standard. Then IPSO algorithm that is one of the optimization methods has been described. 

So first size of the four wind and solar DGs obtained based on uncertainty methods then the exact location and phase of 

DGs selected by weighted multi-objective IPSO algorithm. The simulations have been done in Matlab software. DGs 

placement reduce power loss and percentage of voltage unbalance factor, improve voltage profile, and enhance the 

profitability of distribution companies 
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