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 With the growing use of distributed generation (DG), determination of location and 

optimization capacity and assess the influences of these units is required and necessary 

in power systems and especially in the distribution networks. In this article, location 
and optimal capacity of DG units are determined by using memetic algorithm with the 

aim of minimizing losses and improving of voltage profile with regard to technical 

constraints of network and DG units. Given the choice of DG units’ type from micro-
turbines’ type, economical studies on the cost of the DG units have been done on the 

article. Two prototype systems including IEEE 33-bus network and actual sample 

network were used for simulation and presentation of results in Kohkiluyeh and 
Boirahmad province, Iran. And results show well the impact of the proposed algorithm 

to determine capacity and location of DG units.  

 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: S.M. Mousavi Nejad Tol  Zali, H. Akbari, T. Daemi., Optimal Placement and Sizing of Micro-turbine Generators in 

Iran test Distribution System using Memetic Algorithm. Adv. Environ. Biol., 9(3), 1016-1024, 2015 

 

INTRODUCTION 

 

 Restructuring in electricity industry has caused electrical engineers increasingly pay more attention to the 

distributed generation sources. Thus, it is expected that distributed generation role receives further increase in 

the planning of power systems and electricity markets performance. Distributed generation is generally called to 

any type of energy production in relatively small capacities which take place at or near the site of consumption 

(mainly in the section of power distribution network), regardless to used technology in its production process. 

These resources often take advantages of new energy. The advantages of using distributed generations are as 

following: lower production costs, power losses reduction, improve of voltage profile, increase of network 

reliability, improve of power quality, reduce of charge congestion, reduce of voltage unbalance, postpone of 

investment, take advantage of new energy and positive environmental impacts. Location and capacity of DG in 

distribution network should be determined to achieve the above objectives. Some of the problems that appear in 

the absence of proper placement of DG in network are as following: increased losses, destruction of voltage 

condition and voltage flicker, reducing the level of protection and network reliability, reduce stability, increase 

harmonics and so on. Based on the above, the importance of correct placement of distributed generation 

becomes clear. The increasing use of distributed generation unit and benefits accrued by its appropriate 

placement in distribution networks cause using of advanced method for the optimal placement of DG. 

Determination of location and capacity of DG units can be done by different purposes and to improve different 

indicators in power system.  

 In recent years, great efforts have been performed to investigate and locate the installation of distributed 

generation from variety types. Using PSO algorithm of location and optimal size for installation of distributed 

generation units in distribution system has been investigated in [1], to improve voltage profile and losses 

reduction and THD. Also optimal placement of distributed generation has been investigated in [2], to reduce 

losses in radial feeder. Optimal installation location and distributed generation unit size have been investigated 

in [3] to improve voltage profile and minimize voltage drop and in [4], multiple DG capacity and optimal 

location for reduce losses and improve voltage profile is reviewed by an imperialist competitive algorithm. DG 

and capacitor placement for reduce losses, reliability and improve voltage in distribution network by BPSO have 

been investigated in [5]. Optimal placement of DG in distribution network with modeling and summation of 
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methods, have been investigated in [6]. Improve of voltage profile and minimize the losses in distribution 

systems have been presented in [7] by using of placement and optimal size for DGs. It is tried in [8] to achieve 

voltage stability and losses reduction with optimal planning of DG units. The genetic algorithm is used in [9] to 

locate appropriate for DG units to reduce losses and improve profile voltage. It is tried in [10] to optimize 

placement and size of installation of DG units by using MSFLA to reduce losses and improve voltage profile in 

distribution network.  

 Studies show that non-optimal locations and sizes of DG units may cause increase of losses, accompanied 

by devastating effect on profile voltage and harmonics. So many scholars and researchers aim to determine 

optimal location and size of DGs. Economic cost of system by placement and DGs size determination minimize 

with different intelligent algorithms such as PSO and GA. The initial cost of DG and power losses has been 

considered in this optimization methods for minimizing. At first a power flow (PF) algorithm usually runs in 

radial network to find an optimal comprehensive solution. Then, THD and losses reduction, and intelligent 

algorithms for objective function and evaluation of range (limited) of bus voltage, are applied respectively 

according to profile voltage, and sensitivity analysis. Finally, return of initial cost is calculated to show 

economic justification for DG placement. These results show performance and efficiency in improve of voltage 

profile and reduce of voltage power, as well as increase in carrying capacity of power and maximum charge.  

 

1. Formulation of problem: 

1.1. Objective function: 

 As previously mentioned, here the objectives are minimizing the total cost of real power losses and DG 

installation, and summation of injected active power by DGs into buses. These objectives as cost function are 

expressed as follows:  

1cos ( )
n

i install P loss ci inject DGi

i

F K K P K P Rial                                                                         (1)
 

 Where Ki is the number of installed DGs; Costinstall is installation cost of DGs (Rials); Kp is the annual cost 

of pre-unit of power losses (Rials/ kW/ year); Ploss is total real power loss (kW); n is total number of DGs that 

can be installed, Kci is annual fee per-unit (PU) injection of active power in i bus (Rials/kW/year); Pinject-DGi is 

injection of active power in i bus (kW) and λ1 is the operating coefficient to balance costs of KPPloss with other 

terms. The total power is defined by equation (2):  

1

n

i

i

Ploss Ploss


                                                                                                                            (2)
 

 It should be noted that the per-unit cost of real power losses is constant. Also, the per-unit cost of active 

power injection is constant. Cost function is consisted of (number of DGs  installation cost) + (coefficient 

factor for balance price between losses cost and the other parts  the annual cost of per-unit losses  Ploss) + 

total cost of real power injections at buses.  

 

1.2.  Constraints:  

1.2.1. Equality constraint: 

 These constraints are related to power flow non-linear equations. In the most of published articles, power 

flow equations are mismatch equations of real and reactive power. The reason is that manipulated and modified 

versions of conventional application programs of power flow such as Newton-Raphson and Gauss Saydel 

methods have been used widely. Here, presentation of power flow is done based on backward and ahead search 

algorithms. Equality constraints are expressed in vector as follows:  

 , 0i iF x u 
                                                                                                                             (3)

 

Where, x
i
 is the vector of state variables such as voltage and u

i
 is the vector of DG size.  

 

1.2.2. Inequality constraints: 

 These are constraints that are related to bus voltage and intended DG for installation.  

1) Buses voltage limitations: during optimization process, bus voltage should be placed between acceptable 

operational limits.  

min maxiV V V 
                                                                                                                              (4)

 

Where Vmin is low limit border of bus voltages, Vmax is top limit border of bus voltages and |Vi| is rms amount of 

bus voltage, so we have:  
max

2 2
(1) ( )

0

, 2,3,...,
h

h

i i i

h h

V V V i n


                                                                                         (5)
 

Where n is the number of busses. When harmonic is not considered, the rms amount of bus voltage just includes 

base component means the first term of equation 5.  
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2). Total harmonic limit 

Total harmonic level at any bus must be less or equal to maximum level of harmonic level, as follows:  

 %i maxTHD THD
                                                                                                                       (6)

 

Where, THDmax is the maximum level of harmonic in any bus.  

3) Number and size of DGs: there are also constraints related to DGs. Those that commercially and officially 

enter to markets have discrete (specified) sizes. It means DGs that we are dealing with are multiples of numbers 

that equal to the smallest size of existence capacitor. And it is important that harmony exists between the size of 

DGs and existence practical values. This constraint is as follows:  

0 ,         1, 2, ,inject DGiP LP L n   
                                                                                                 (7)

 

Where, P0 is the smallest size of existence DG. Also, total injection of active power should not be more than 

total demand of active power in radial distribution system:  
n

i T

i

Ploss Ploss                                                                                                                           (8)
 

where, PlossT is the total power of active power.  

 By using this constraint, the number and size of DGs can be determined as a multiple of the smallest size of 

existence DG and less than total demand of the network active power, respectively.  

 

2.  Introduction of the proposed memetic algorithm:  

 A new algorithm in recent years has been produced for solving of complex optimization problems, which is 

called memetic algorithm. It has better and more accurate response in compared to other evolutionary 

optimization algorithms [12]. The purpose from complicated problems, are those that global search algorithms 

do not perform well in finding of optimal solutions. Memetic algorithms are evolutionary algorithms that are 

combined with a local search section to improve responding. Memetic algorithms have shown very good 

performance to solve many optimization problems such as combinatorial optimization [13], optimization of 

variable functions and versatile optimization [14]. The combination methods of evolutionary algorithms with 

local search have been allocated different names to itself, in various studies, that of which can be mentioned to 

Hybrid genetic algorithm, Baldwinian evolutionary algorithm, and Lamarckian evolutionary algorithm. Moscato 

used memetic algorithm term to cover all algorithms based on evolutionary search which are combined with a 

local search algorithm. A new memetic optimization algorithm with nested local search based on particle swarm 

optimization algorithm is proposed in this article. At first, one fifth of particles with best answers chosen and 

updating operation performed on them. Then one second of selected particles re-selected and updating operation 

performed on them. The algorithm continuously updates position of each particle by calculating the velocity of 

particles and its application on position of it. If xi(t) is the position of i
th

 particle in time t, then the position of the 

particle at any time will be equal to:   

     1 1i i ix t x t v t   
                                                                                                          (9)

 

 The algorithm structure is such that all particles are perfectly connected with each other. Each particle in 

each time cycle is updated by social component that is resulted from the position of the best particle in total 

particles. This component is called (t). Velocity is calculated as follows:   

           , , 1 1, , , 2 2, ,1 ˆ
i j i j j i j i j j j i jv t v t c r y t x t c r y t x t                                                (10)

 

 Where, velocity of particle i is in  j dimension and time t. c1 and c2 constants are rate coefficients which are 

used to regulate cognitive and social components.    1, 0,1jr t U  and    2, 0,1jr t U  vectors are random factors.  

 Therefore, at each stage of implementation of local search algorithms, velocity and position of particles will 

be updated with (9) and (10) equations. Applying of two-step of updating increases the convergence and 

improves algorithm response. 

 Fifty particles are used in this article, and ten particles are chosen as selected particles (with better cost 

function) for applying local search in each of the steps. Then among them, five particles (with better cost 

function) are chosen as the second chosen particle and updating operation is performed on them. Pseudo-code of 

the proposed memetic algorithm will be as follows:  

1. Determination and initialization of position and velocity of particles 

2. Obtaining cost function for each particle and determination of the best one (with the smallest cost function 

value) 

3. Chosen the first selected particles and applying of local search on them (updating velocity and thus their 

position by using of (9) and (10) equations) 

4. Chosen the second selected particles and applying of local search on them (updating particles velocity and 

thus their position by using of (9) and (10) equations) 

5. Until stop conditions have not been established:  

6. Check particle cost function and select the best particle (the best cost function) 
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7. Update velocity and position of all particles and obtain their cost function  

8. Chosen the first selected particles and applying of local search on them (updating velocity and thus their 

position by using of (9) and (10) equations) 

9. Chosen the second selected particles and applying of local search on them (updating particles velocity and 

thus their position by using of (9) and (10) equations) 

10.  Evaluate cost function and choose the best particle (with best cost function) 

11.  End of algorithm  

 

3. Introduction of studied network: 

 Two networks were chosen, to run the simulation and comparison: 1- IEEE 33-bus distribution network, 2- 

sample distribution network of Kohkiluyeh and Boirahmad province, Iran.  

 

3.1.  IEEE 33-bus distribution network: 

 The studied network is a real 33-bus distribution network that its overall map is shown in Figure 1. 

Information of current flow and production and consumption of powers is extracted from the network and is 

used in simulation. Buses and lines information are also based on the information of same network. Summation 

of real power of charge network is 2.5 MW which total required power is injected from bus 1 (Slack) into the 

network.  

 
Fig. 1: IEEE 33-bus linear network schema (first test network). 

 
Fig. 2: Studied real network. 
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3.2. Actual sample network: 

 The studied network is one of the distribution networks in Kohkiluyeh and Boirahmad province, in Iran, 

which its general map is shown in Figure 2. Information of charge and production and consumption powers flow 

is extracted from network and is used in simulations.  

 

4. Simulation results: 

4.1. Voltage and current profile before and after DG installation in 33-bus standard test network: 

 It can be seen according to charge flow and chart in Figure 3 that voltage profile is clearly improved and 

located at acceptable level. The red curve is related to the voltage profile before installation of DG units and it is 

observed that after DG unit is located in the selected bus, voltage profile is improved markedly (blue curve). 
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Fig. 3: Voltage and current profile of branches in IEEE 33-bus network. 

 
Table 1: Current of branches and losses cost before and after of DG units installation. 

Branch 

No. 

Branches Current Branch 

No. 

Branches Current 

Before After Before After 

1 5.827816 3.168000 18 2.076164 1.128602 

2 2.528974 1.374750 19 4.394604 2.388906 

3 2.939357 1.597834 20 1.448395 0.787347 

4 2.876943 1.563906 21 2.779391 1.510877 

5 1.963403 1.067305 22 2.111099 1.147593 

6 4.103240 2.230520 23 2.642988 1.436728 

7 1.358108 0.738267 24 1.875538 1.019542 

8 1.750307 0.951467 25 1.877214 1.020453 

9 1.739520 0.945602 26 3.938383 2.140904 

10 4.001909 2.175437 27 3.336055 1.813479 

11 2.901428 1.577216 28 1.726311 0.938422 

12 1.466466 0.797171 29 1.980925 1.076830 

13 2.414134 1.312323 30 2.492816 1.355094 

14 2.310503 1.255989 31 1.799981 0.978470 

15 2.056018 1.117651 32 3.186537 1.732201 

16 1.565279 0.850885 33 3.041095 1.653139 

17 2.076164 1.128602    

 

4.2. Return of asset: 

 Asset return and production and losses costs rate can be observed before and after the installation of DG, in 

Table 2. On this base, the cost of annual losses is equal to 1264875.200190 Rials. After installation of DG, cost 

includes annual losses, DG installation cost and obtained income from DG power productivity. These amounts 

for annual losses are equal to 373771.593941 Rials and for DG installation of micro-turbine type are 

502117.436533 Rials, and sales incomes of power productivity are 13965371.207347 Rials.  
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Table 2: Cost and return of asset studies before and after DG installation (Rials). 
 Cost of Annual 

Losses 

Cost of DGs Annual Income of 

Release of Power 

Cost P Loss Total cost 

Before Installation 1264875.200 0 0 1264875.200 1264875.200 

After Installation 373771.593 502117.436 13965371.207 373771.593 -13089482.176 

 

4.3.  Convergence of proposed algorithm in 33-bus standard test network: 

 With regard to the points raised above, it is clear that the proposed memetic algorithm will be very efficient. 

This algorithm has very high convergence velocity that is one advantage of using this algorithm in optimization 

systems. The proposed convergence algorithm diagram can be seen in Figure 4.  
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Fig. 4: Convergence diagram of the proposed algorithm. 

 

4.4. Voltage and flow branches profile before and after of DG installation in second test of network: 

 According to the charge flow and diagram in Figure 5 can be seen that profile voltage is improved clearly 

and is located at an acceptable level. Red curve is related to profile voltage before installation of DG units and it 

is observed that profile voltage is markedly improved after the installation of DG unit (blue curve).  

 As it is clear in Figure 5, sensible voltage drop that was in buses have been fully compensated after 

installation of DG and received to 1PU level. With this compensation, the other voltage buses receive to the 

standard level. The current branches, as well as power losses cost before and after installation of DG, can be 

seen in Table 3.  
 

Table 3: Branches current and power losses cost (Rials). 

Branch 
No. 

Branches Current Branch 
No. 

Branches Current 

Before After Before After 

1 5.827816 3.463572 18 2.076164 1.233901 

2 2.528974 1.503014 19 4.394604 2.611789 

3 2.939357 1.746911 20 1.448395 0.860806 

4 2.876943 1.709818 21 2.779391 1.651841 

5 1.963403 1.166884 22 2.111099 1.254663 

6 4.103240 2.438627 23 2.642988 1.570774 

7 1.358108 0.807147 24 1.875538 1.114665 

8 1.750307 1.040238 25 1.877214 1.115661 

9 1.739520 1.033827 26 3.938383 2.340650 

10 4.001909 2.378404 27 3.336055 1.982675 

11 2.901428 1.724369 28 1.726311 1.025977 

12 1.466466 0.871546 29 1.980925 1.177298 

13 2.414134 1.434762 30 2.492816 1.481524 

14 2.310503 1.373172 31 1.799981 1.069760 

15 2.056018 1.221927 32 3.186537 1.893814 

16 1.565279 0.930273 33 3.041095 1.807376 

17 2.076164 1.233901    
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Fig. 5: Voltage and current branches profile before and after DG installation. 

 

 The results of Table 3 are shown in Figure 5. It can be seen that current level is still at the same level of 

previous current even with increase of voltage and production. This in turn reduces the losses.  

 

4.5.  Return of asset studies: 

 Return of asset rate, and production and losses cost before and after of DG installation can be observed in 

Table 4. The cost of annual losses is equal to 1264875.200190 (Table 4). After installation of DG, cost includes 

annual losses, DG installation cost and income obtained from DG productivity power. These amounts are equal 

to 446770.594809 Rials for annual losses, DG installation costs from micro-turbine type are 503358.989232 

Rials and incomes from productivity power are 21745959.448998 Rials.  

 
Table 4: Return of asset studies. 

 Cost of Annual 

Losses 

Cost of DGs Annual Income of 

Release of Power 

Cost P Loss Total Cost 

Before Installation 1264875.200 0 0 1264875.200 1264875.200 

After Installation 446770.594 503358.989 21745959.448 446770.594 -20795829.864 

 

 As it is clear from Table 4, by installation of DG in the first year, not only the return of asset is obtained, 

but also the amount of profitability will be 20795829.864957 Rials.  

 

4.6.  Convergence of the proposed algorithm in the second test network: 

 With regard to above, it was found that the proposed memetic algorithm is very efficient. The algorithm has 

very high convergence velocity, which is another advantage of using this algorithm in optimization systems. 

Diagram in Figure 6 shows convergence of proposed algorithm.  

 

5. Conclusions: 

 Location and capacity of DG are considered as two important factors in reducing of power losses and 

improving of voltage network profile. A simple and rapid method is presented in this section which given to 

value of losses reduction and improve of voltage profile will enable to provide the greatest benefits by 

determination of installation location and DG capacity by a planner. As observed, given to condition of studied 

network, the memetic algorithm placed micro-turbine units in the most sensitive part of the network and 

improved the voltage profile. Quality of power can also be improved as a result of this improvement. Besides 

the advantage of micro-turbine unit, economical benefits of installation of DG units are evident. In addition of 

reducing the cost of network losses as a result of improved voltage profile, significant gains can be achieved 

from the sale of produced electricity of micro-turbine DG unit and initial cost of installation of micro-turbine 

units will compensate. At first, it usually seems that installation of DG units have no technical and economical 
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feasibility; but here it is shown that by using of proper intelligent algorithms, can optimally determine the 

installation location of DG units and then technical and economical feasibility is obtained by selection of 

appropriate size for them according to network condition. Of course it should be noted that if this is not done 

correctly, not only the advantages do not obtained, but also it causes network instability and increase losses as 

well. 
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Fig. 6: Convergence diagram of proposed algorithm. 
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