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ABSTRACT: 
Considering that nowadays has occurred to a widely application of distributed generation in distribution systems, it is 

necessary to investigation of problems and issues that may arise the distribution system. In this paper the main issue is 

to investigate the effect of random load behavior of distribution system on enhancement of system loadability in 

presence of DG units. The results show that random load behavior how and how much will affect on improved system 

loadability. To do these investigations, at first the optimized place for installing DG has been specified in certain load 

condition using Genetic Algorithm, and its effect on loadability is investigated. Then network loads has taken 

randomly and the results are obtained and investigated for this case too.  Moreover, in certain load condition, effect of 

number of DG and type of generation capability of real and reactive power (due to the fact that some types of DG can 

only generate and inject real power) has been studied and best one is specified. 
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1. INTRODUCTION 

Generally due to power systems development, methods 

for delivery of electricity to consumers, because of 

voltage variation, are a very important issue that power 

plants are following the rules and criteria. A good 

solution for improved transmission and distribution of 

electric power that most consumers prefer is to generate 

energy near the loads. Very small units that are 

connected to the distribution system directly, is called 

decentralized or distributed generation. Restructuring 

of the electricity industry and the development of 

renewable energies are the most important factors in 

the development of this type of electricity generation. 

Today, DG has a key role in the electrical distribution 

system. For example, improved reliability index, 

improved stability index and loss reduction in power 

system can be obtained by using DG. One of key issues 

in use of DG is the placement of these resources in 

distribution networks. Loadability of distribution 

system and its enhancement has an effective role in the 

operation of power system.  

In the recent years there has been a great concern in 

integration of distributed generation units at 

distribution level. DGs are able to provide cost-

effective, environmentally friendly, higher power 

quality and more reliable energy solutions than 

conventional generation. Loadability enhancement is 

another benefit that DG can add to distribution system, 

if optimally placed and sized. This paper presents a 

study for placement of DG considering system 

loadability and random behavior of loads. 

Optimal distributed generation allocation and sizing in 

distribution systems can be used in order to minimize 

the electrical network losses and to guarantee 

acceptable reliability level and voltage profile through 

combination of genetic algorithms (GA) techniques 

with methods to evaluate DG impacts in system 

reliability, losses and voltage profile.[1] In Ref. [1] The 

fitness evaluation function that drives the GA to the 

solution is the relation between the benefit obtained by 

the installation of DG units and the investment and 

operational costs incurred in their installation. Ref. [2] 

has introduced a simple methodology for placing a 

distributed generation with the view of increasing 

loadability and voltage stability of distribution system. 

Effectiveness of the proposed placement technique is 

demonstrated in a practical distribution system. 

Distributed generation can be integrated into 

distribution systems to meet the increasing load 

demand while expansion and reinforcement of these 

systems are faced by economical and environmental 

difficulties. In Ref. [3] an efficient methodology for 
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integration of DG power into distribution systems, in 

order to maximize the voltage limit loadability is 

presented.  

The main aim of Ref. [4] is the investigation of the 

impact of DG on the loadability of medium voltage 

distribution networks. The loadability is evaluated in 

two aspects, the maximum loading according to the 

voltage limit (VL) and the maximum loading according 

to the voltage stability limit (VSL). The impact of the 

reactive power injection from DG on the system losses 

is also investigated. The Continuation Power Flow 

method is used to evaluate the loadability with respect 

to the two aspects. Loadability enhancement is 

investigated through using two main types of DG units 

- synchronous machine and induction machine in Ref. 

[5], the proposed methodology is based on the concept 

of reactive power margin. Buses have been ranked 

based on the reactive power margin and grouped as 

strong and weak buses for finding suitable location of 

DG units. 

 Ref. [6] presents a methodology for optimal placement 

of DG units in distribution networks to guarantee the 

enhancement of voltage profile and reduce distribution 

system losses. The methodology aims to find the 

configuration, among a set of system components, 

which meets the desired system reliability 

requirements, taking into account the stability limits. 

DG is applied for micro-grid (MG) planning in a 

primary distribution system. In Ref. [7] the optimal 

region for micro-grid is identified by the loss sensitivity 

factor, then, a Pareto-based non-dominated sorting 

genetic algorithm II (NSGA-II) is proposed to 

determine locations and sizes of a specified number of 

distributed generator units (DGs) within MG. With 

ever-increasing demand of electricity consumption and 

increasing open access particularly in restructured 

environment, transmission line congestion is quite 

frequent. For maximum benefit and mitigation of 

congestion, proper sizing and position of distributed 

generators are ardently necessary. Ref. [8] presents a 

simple method for optimal sizing and optimal 

placement of generators. A simple conventional 

iterative search technique along with Newton Raphson 

method of load flow study is used. Numerical 

programming methods are used for optimal placement 

of controlled thyristor phase angle regulator to promote 

loadability of power system [9]. In Ref. [10] a novel 

combined genetic algorithm (GA)/particle swarm 

optimization (PSO) is presented for optimal location 

and sizing of DG on distribution systems. The objective 

is to minimize network power losses, better voltage 

regulation and improve the voltage stability within the 

frame-work of system operation and security 

constraints in radial distribution systems. Ref. [11] uses 

tangent vectors for ranking buses and chooses best 

place only for one type of DG for example synchronous 

generator with fixation of its size. Ref [12] optimizes 

both of place and size but considers DG as a real power 

resource without notice at its capability of reactive 

power. Loss minimization is the most objective of 

studied papers. Several methodology are applied for 

distribution network loss minimization through DG 

sizing and placing, such as analytical method, genetic 

algorithm [13], ant colony [14], evolution programming 

(EP) [15] and dynamic programming [16]. 

The scope of Ref. [17] is the optimal sitting and sizing 

of distributed generation within a power distribution 

network considering uncertainties. A probabilistic 

power flow (PPF)-embedded genetic algorithm (GA)-

based approach is proposed in order to solve the 

optimization problem that is modeled mathematically 

under a chance constrained programming framework. 

The uncertainties considered include: (i) the future load 

growth in the power distribution system, (ii) the wind 

generation, (iii) the output power of photovoltaics, (iv) 

the fuel costs and (v) the electricity prices. Ref. [18] 

proposes a hybrid possibilistic-probabilistic evaluation 

tool for analyzing the effect of uncertain power 

production of distributed generations (DG) on active 

losses of distribution networks. The considered DG 

technologies are Gas and wind turbines. This tool is 

useful for Distribution Network Operators (DNOs) 

when they are faced with uncertainties which some of 

them can be modeled probabilistically and some of 

them are described possibilistically. The generation 

pattern of DG units change the flow of lines and this 

will cause in change of active losses which DNO is 

responsible for compensating it. In Ref. [19] an 

optimality criterion is investigated to minimize losses 

by including load uncertainty, different DG penetration 

levels and reactive power of multiple-DG concept. Due 

to the complexity of the multiple-DG concept, artificial 

neural network based optimal DG placement and size 

method is developed. 

However, placement of DG sources in order to enhance 

the distribution system loadability index has been 

noticed less, in this paper we show that DG optimal 

placement increases system loadability significantly. 

Also, since the network loads are assumed to be 

constant in all papers, but in this paper random 

behavior of loads is considered and its effect on 

loadability is investigated. 

 

2. THE IMPACT OF VARIOUS DG 

TECHNOLOGIES 

2.1. DG with synchronous generator (SG) 

Synchronous generators have this capability of both 

generating and absorbing reactive power. The local 

reactive power generation reduces its import from the 

substation, thus reduces the losses of network lines, and 

improves the voltage profile. As a logical result, the 

voltage security is also improved. An immediate 
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conclusion to be drawn here is that the installation of a 

distributed generation will most likely enhance the 

voltage stability of the network as long as the DG 

rating is smaller than twice of the local loading level. 

The utilization of self-commutated converters for 

interfacing DG units with network allows fast and 

precise control of magnitude and phase of the output 

voltage. Therefore, reactive power can be either 

generated or absorbed, depending on the control mode. 

Since normally the power factor of such a converter is 

close to unity, no reactive power is injected into the 

network however, the overall impact of the distributed 

generator on the voltage stability is positive. This is due 

to the improved voltage profiles as well as decreased 

reactive power losses, as following equation suggests: 

      
(         )

  (         )
 

  
                           (1) 

Where Pload, Qload, PDG and QDG are the active and 

reactive power of the load and DG, respectively and 

Xline is the aggregate reactance of the line connecting 

the load to the feeding substation. [21]. 

 

2.2. DG with induction generator (IG) 

An induction generator possesses a number of features 

that make it very suitable for DG. Some of these 

features are: relatively inexpensive prices, insignificant 

maintenance requirements, in addition these motors are 

robust. On the other hand, when directly connected to 

the network, this type of DG will always consume 

reactive power thus contributing to the factors 

increasing the probability of encountering voltage 

stability problems. The reactive power consumption of 

induction generators is normally compensated by shunt 

capacitor banks. This however is only a partial solution 

to the voltage stability problem, since a voltage 

reduction will decrease the amount of reactive power 

generated by the capacitor banks, while increasing the 

reactive power consumption of the induction generator. 

Therefore, there is a risk that instead of supporting the 

network at an under voltage situation the induction 

generator will further depress the system voltage [21]. 

 

3. PROBLEM FORMULATION AND 

SUGGESTED INDICES 

In order to assess and quantify the distributed 

generation advantages, appropriate mathematical 

models must be applied along with distribution system 

models and power flow calculations to reach indices of 

these advantages. Between several advantages we have 

got three essential ones. 

 

3.1. Network Loss Reduction Index (NLRI) 

One of the advantages which can be obtained is 

reduction of electrical losses of network. With DG 

installation, line currents would reduce, hence it leads 

to network loss reduction. 

The real power loss in a system is given by (2). This is 

popularly referred to as „„exact loss‟‟ formula [20]. 

   ∑ ∑ [   (         )     (     
 
   

 
   

    )]                                                                         (2) 

Where,    
   

    
   (     ),     

   

    
   (     ) 

and              are the ijth element of [Zbus] 

matrix. 

The suggested network line loss reduction index is 

described as follow: 

     
      

       
                                                          (3) 

Where NLWDG and NLWoDG are total network loss after 

DG integration and before DG integration respectively. 

Network loss (NL) can be presented as: 

    ∑   
     

 
                                                      (4) 

Ii, Di and Ri are the per unit line current in distribution 

line i, the line resistance (pu/km) and distribution line 

length (km) respectively, and M is the number of lines 

in the system. 

This index can be used to specify the best place of DG 

in order to maximize network loss reduction. The 

minimum value of NLRI corresponds to the best DG 

place in terms of network loss reduction. 

 

3.2. Voltage Profile Enhancement Index (VPEI) 

Given the above issues, use of the DG, will yield 

improved voltage in various buses. As already has been 

mentioned, one of the most significant problems in the 

distribution network is inappropriate voltage profile. 

The impact of distributed generation on voltage 

regulation can be positive or negative, and this depends 

on the distribution system, specifications of distributed 

generation and where they are installed. Since the 

voltage is one of the most important criteria in terms of 

the power quality in services provided by electricity 

companies, Therefore in recent years, with the presence 

of distributed generation in distribution networks, more 

attention has been performed to investigate the effect of 

these units on voltage [22], [23]. 

Voltage profile enhancement index (VPEI) quantifies 

voltage profile improvement in presence of DG [24], 

which is explained as following: 

     
      

       
                                                          (5) 

The general expression for VP is given as: 

   ∑       
 
                                                          (6) 

Where, ∑   
 
     ,  Vi is the voltage magnitude at bus 

i in per-unit, Li is the load represented as complex bus 

power at bus i in per-unit, Ki is the weighting factor for 

bus i, and N is the total number of buses in the 

distribution system. The weighting factors are chosen 

based on the importance of different loads. 

 

3.3. Network Loadability Improvement Index  
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Reduction of transmitted real and reactive power is one 

of the most important advantages of DG integration, 

which results lines capacity increment and prevents the 

construction and development of new lines and other 

facilities such as: transmission and distribution 

substations and therefore reduce related costs. Network 

transmission apparent power improvement or network 

loadability improvement index is expressed as follow: 

       
        

         
                                                   (7) 

Where, LTAPWDG and LTAPWoDG are the total line 

transmission apparent power with DG and without DG 

respectively. 

     ∑      
 
                                                         (8) 

Vj is the voltage magnitude at bus j in per units, Ii is the 

per unit line current in distribution line I with DG and 

without DG. Based on this Description, there is 

following aspects: 

NLII>1, DG is not beneficial, 

NLII=1, DG has no impact on system transmission 

active and reactive powers,  

NLII<1, DG has improved transmission active and 

reactive powers. 

 

4. SUGGESTED METHOD: USING DG 

INTEGRATION TO ENHANCE LOADABILITY 

As mentioned, installation of DG can improve various 

parameters of line, that loadability is one of the most 

important one. For this propose, place of DG must be in 

the best buses. In this paper a GA method is employed 

to DG allocation. 

  

4.1. Objective function selection 

The proposed approach focuses on the minimization of 

a combined objective function which has been designed 

to reduce power losses, improve voltage profile and 

increase the efficiency of system loadability through 

optimal placement of distributed generations 

simultaneously. The main objective function can be 

formulated as: 

    ((     ) (    )  (
     

    
)  

(     ) (    ))                                                       (9) 

                                                  (10) 

BWVPE, BWNLR and BWNLI are weighting factors of 

corresponding indices.  

 

4.2. Problem Constraints 

4.2.1. Buses Voltage Limitation 

If bus voltage comes more or less than an acceptable 

value, it cause to reduce power quality and might 

damage consumers. Hence, various buses voltage of 

network must be in the normal range. 

Vimin< Vi <Vimax 

 

4.2.2. Real and Reactive Power Generation 

Limitation 

Another constraint that must be considered is the real 

and reactive power of power plant, which are expressed 

as following: 

PGi max < PGi<  PGi min    

QGi max < QGi<  QGi min 

 

4.2.3. Line Passing Flow Limitation 

In designing of distribution system, the lines between 

buses have a certain capacity. Sij is the power flow 

between buses i and j, which must not exceed the 

maximum power flow between buses i and j. 

SGij < Sijmax 

 

4.3. DG Allocation Using Genetic Algorithm 

In the mentioned method, optimization is used 

according to natural selection and genetic rules. In 

several cases genetic algorithm is different from 

conventional optimization methods such as gradient 

methods, linear programming Genetic algorithm. 

1- Works with a set of encoded parameters. 

2- Starts from a parallel set of points instead of one 

point and the probability of reaching to the false 

optimum point is low. 

3- Uses the original data of the objective function.  

Employing GA for DG allocation that related flowchart 

is shown in Fig. 1 needs to determine 6 steps, as 

following: 

 For DG allocation, the initial population is the 

primary proposed locations. 

 In the selection stage certain number of the 

chromosomes that have lower costs (better 

chromosomes) should be selected to generate their 

offspring. (In this paper half of chromosomes). 

 In combination stage parent combination has 

been done to generate offspring. At this stage, for each 

of two selected parents we will have two children. 

 In this stage, new created population that 

includes parents and children are mutated. At this stage 

designs that have a lower cost comparing to initial 

chromosomes, may be created. 

 In displacement stage, chromosomes with the 

lowest cost are selected as best chromosomes. This is 

the same chromosome that mutation operation is not 

occurred on it. 

 In continue the convergence of the answers 

will be checked out .The number of iterations in each 

step is checked in order to show that we have got the 

same answers or not? If we're not reaching; algorithm 

will return in the second stage otherwise the algorithm 

ends [25].  

  

5. LOAD RANDOM BEHAVIOR MODELING 

The increasing utilization of renewable energy sources, 

as well as the unbundling of formerly integrated 
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utilities poses new challenges to grid operation. At the 

same time as power flow patterns get less predictable, 

the necessity for an operation of the grid closer to its 

limits leads to the need of more appropriate approaches 

for dealing with uncertainties in grid usage. The 

classical deterministic load flow calculation techniques 

are not able to cope with uncertainties and can only be 

used within tight limits. 

For networks with constant configuration and line 

parameters and given set of probable values of node 

loads, the problem is to find the set of corresponding 

values of branch flows. The necessity of dealing with 

such a problem stems from the uncertainty of load data. 

The uncertainty can be due, for example, to: 

Measurement error or forecast inaccuracy, the load is 

known or assumed within certain limits, unscheduled 

outage. 

As a reaction to this shortcoming the field of 

Probabilistic Load Flow (PLF) evolved. The main aim 

of PLF is to calculate the probability of operational grid 

states from the probability of a certain grid usage 

profile. In general two main types of PLF algorithms 

can be distinguished. The first type makes use of 

classical load flow calculation for a selected set of grid 

usage profiles. The calculated grid state is associated 

with the overall probability of the used grid usage 

profile. Due to the computational complexity Monte-

Carlo approaches are used to find an approximate result 

for load flow probabilities in a reasonable amount of 

time. The second type bases on an analysis of the 

underlying grid in order to find a model allowing for 

the usage of convolution techniques. Most of these 

methods use a linearization of the Load Flow equation 

at a certain expansion point [26]. 

For the above and other reasons the load is not known 

exactly but instead a range of values are given together 

with frequency of occurrence.  Traditional method of 

load flow solution requires specific value of loads, and 

any change in load will require a new solution. A 

practical way to overcome the difficulties is by 

selection of a limited number of loads variations [27]. 

In the presented method, the effect of changes in bus 

loads over time by using a stochastic simulation 

approach is included. Different types of distributions 

can be chosen. The uncertainty of hourly bus loads can 

be modeled by normal distributions with respective 

means and standard deviations to indicate the level of 

variations [28]. 

Fig. 2 shows the process of suggested stochastic 

simulation. For each feeder configuration, bus injection 

data required for one hundred load flow simulations 

(i=1~100) are randomly selected from their respective 

distributions for each bus and each hour (h=1~24). The 

number of the simulated operation conditions (i) can be 

increased to cover more operation conditions. But in 

the simulation it was found that selected operation 

conditions are proper and acceptable. 

 

6. NUMERICAL RESULTS AND DISCUSSIONS 

6.1. Test System 

The distribution system used in this paper is depicted in 

Fig. 3. It is a balanced three-phase loop system that 

consists of 30 nodes and 32 segments, operating at 6.5 

kV voltage level. It is assumed that all the loads are fed 

from the substation located at node 1. The loads 

belonging to one segment are placed at the end of each 

segment. The system has 30 loads totaling 4.43 MW 

and 2.72 MVAR, real and reactive power loads 

respectively. [19] 

V base = 6.5KV,     S base = 10MVA 

 

6.2. Simulation and discussion 

According to Section 4.3, the initial population, 

mutation rate and the number of iteration of genetic 

algorithm are considered 20, 0.1 and 100 respectively. 

In the simulation, it was observed that the suggested 

values are appropriate. To analyze the efficiency of the 

proposed approach on loadability, two scenarios are 

considered, all programmed in MATLAB. 

 

6.2.1. First scenario (Certain load condition) 
In the first scenario, buses loads are certain and 

unchanged and has been investigated in 3 cases: 

1- Using one IG (injects only real power). 

2- Using one SG (injects both real and reactive 

power). 

3- Using three SG. 

In this case, IG capacity is 3 MW, SG capacity is 3 

MW and 1.5 MVAR, and when 3 SG is used, capacity 

of each SG is 1.25 MW and 0.75 MVAR. Location of 

DG is bus 21, and when 3 DG is used, buses 8, 19 and 

24 are obtained.  

As illustrated in Figures 4 and 5, it is observable that 

when DG is integrated in distribution system, has been 

got satiable results. Figure 5 shows the comparison of 

lines current in several cases of using DG and without 

DG. Based on this figure, when DG is integrated, the 

lines current have decreased so much, and SG impact is 

more than IG impact. And it is obvious that when 3 SG 

is used, this impact is more. 

Figure 4 illustrates voltage profile in different cases of 

using DG, that we can observe improvement in 

network voltage profile. Simulation results of other 

studied values such as real and reactive power losses, 

loadability index (LTAPII) and voltage regulation are 

presented in Table 1. As it is specific, all studied values 

have improved more after integrating three SG.  

 

6.2.2. Second scenario (Random load condition) 
In the second scenario, the network load consumption 

changes during different hours, furthermore, buses 
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loads vary randomly. And loadability has been studied 

in terms of the above, there are two cases: 

1- Using one SG. 

2- Using three SG. 

From simulation results of certain load condition in 

section 6.2.1, we have got that SG has stronger impact 

on system parameters improvement, thus, in this 

section IG has not been used and only SG is applied. 

As mentioned in section 5, in random load condition, in 

addition of random variation of buses load, 

consumption load of network also changes during the 

time. The hourly load profile is shown in figure 6.   

In figures 7-9, transmission apparent power, voltage 

regulation and amount of loss reduction are 

respectively illustrated when one DG is integrated, and 

figures 10-12 shows named parameters when three DG 

are connected, totally in random load condition. As it is 

observable in these figures, in all hours voltage 

regulation has improved, about transmission apparent 

power and real and reactive power loss reduction, 

except a few hours which network consumption power 

is very low, in other hours results have improved as 

certain load condition. It means impact of DG 

integration on loadability and other studied parameters 

has been positive. Unless in a few hours that total load 

of network is low and losses have increased. 

The reason for higher losses can be explained by the 

fact that the distribution system was initially designed 

such that power flows from the sending end (source 

substation) to the load and conductor sizes are 

gradually decreased from the substation to consumer 

point. Thus without reinforcement of the system, the 

use of high capacity DG will lead to excessive power 

flow through small-sized conductors and hence results 

in higher losses. 

 

7. CONCLUSION 

Simulation results for certain load condition show that 

installing DG has a positive impact on loadability 

improvement of distribution system. Also, it has a 

positive and acceptable effect in random load 

condition. Other results that have been obtained from 

simulations are:  

- Application of DG in distribution system 

reduces transmission power in distribution lines. 

- DG can enhance the voltage profile, reduce 

electrical losses of lines and thus increase the load 

ability. 

- In order to optimal use of DG resources is 

essential that both the size and location of DG should 

be carefully considered. 

- According to the simulation results, using DG 

at several locations relative to one location shows better 

results in terms of load ability. 

- According to the simulation results, using DG 

with capability of generating both real and reactive 

power (SG) would improve load ability more than 

using DG with capability of generating real power (IG). 

- At random load condition and using the 

suggested method, if more than one DG is installed, the 

desired result is achieved more. 
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NLII VR% 

Without DG - 170.9 247.3 1 25.9 
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http://manchester.metapress.com/content/122704/?p=d2efe26f93134d4fbafe1973309ea892&pi=0
http://digital-library.theiet.org/search?value1=&option1=all&value2=Vasileios+A.+Evangelopoulos&option2=author
http://digital-library.theiet.org/search?value1=&option1=all&value2=Pavlos+S.+Georgilakis&option2=author
http://digital-library.theiet.org/content/journals/iet-gtd
http://digital-library.theiet.org/content/journals/iet-gtd
http://digital-library.theiet.org/content/journals/iet-gtd/8/3
http://www.sciencedirect.com/science/article/pii/S0142061512006060


Majlesi Journal of Energy Management                                               Vol. 4, No. 4, December 2015 

 

30 
 

Figures 

 
 

Fig.2. Stochastic Load Flow 
 

 
Fig.3. Single Line Diagram of the Test Distribution System 
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Fig. 4. Improvement of network VP in certain load condition 

 
 

 
  

 
 
 
 
 
 
 
 
 
 

Fig.5. Line Current Graph (1-7) in Certain Load Condition 
 

 
Fig.6. Hourly Load Profile of Network 
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Fig.7. Line Transmission Apparent Power in Random Load Condition and Using 1 DG 
 

 
Fig.8. Voltage Regulation in Random Load Condition and Using 1 DG 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.9. Amount of Loss Reduction in Random Load Condition and Using 1 DG 
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Fig.10. Line Transmission Apparent Power in Random Load Condition and Using 3 DG 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.11. Voltage Regulation in Random Load Condition and Using 3 DG 

 
Fig.12. Amount of Loss Reduction in Random Load Condition and Using 3 DG 

 


