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Abstract  

The increase in electricity consumption has driven advances in the use of 

small and medium-sized generators connected to the distribution system in 

contradiction to the previous paradigm, where the generation centers are 

concentrated and far from the loads. Long feeders responsible for connecting 

the supply substations to the load centers are associated with losses inherent 

to the components of the electrical network. In this scenario, the use of 

Distributed Generation (DG) can contribute to supplying the growing 

demand for energy and provide improvements in important parameters in the 

supply of energy, such as reducing system losses and improving the 

adequacy of the voltage profile. However, in order to guarantee the benefits 

of using DGs, it is necessary to carry out studies of their positioning and 

dimensioning. The positioning and dimensioning of DGs is a mixed integer 

non-linear mathematical problem, which has a set of solutions susceptible to 

accelerated growth as the number of bars in the system or generators 

increases. Optimization methods are tools that can be utilized to locate and 

dimension the DG units in the system, in order to use these units within 

certain established limits and restrictions. In this sense, the objective of this 

work is to apply the Meta-heuristic based on the Firefly Algorithm to solve  
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the Mixed Integer Nonlinear problem for allocation and dimensioning of 

DGs, in order to enhance the voltage stability margin. The probabilistic 

nature of DGs is considered in this study. The methodology will be applied 

in a test system of electrical energy distribution, and the solution obtained by 

the Firefly meta-heuristic will be compared with an exhaustive list. 

Keywords : Active Power Losses, Distributed Generation, Firefly 

Algorithm, Reactive Power Losses, Voltage Profiles, etc. 

1. Introduction 
 

Currently, within the scope of the relationship between science, 

technology and society, there are several themes of global interest. 

Sustainable development, the environment, renewable energies and climate 

change are some challenging agendas for 21st century society. Science and 

technology can and must be transforming and revolutionary agents of 

society, guaranteeing sustainable economic development, comfort and social 

well-being. In December 2015, the Paris Agreement was adopted by the 

United Nations Convention on Climate Change establishing a new global 

agreement to mitigate climate change. The main objective of the Paris 

Agreement is to limit global warming, which implies net emissions of 

greenhouse gases equal to zero at some point in the future [1]. To make the 

electric energy matrix safer, more robust and renewable, it is necessary to 

diversify it based on the continuous and gradual insertion of different sources 

of renewable energy [2]. The distributed generation photovoltaic systems 

have technological maturity and performance reliability, factors that allow 

the gradual and safe insertion in the electrical matrix. The generation 

distributed with photovoltaic systems is economically viable, mainly for 

residential consumer units and legal security, since there are specific 

regulations regulating the sector [3].  

Distribution Generation (DG) units are usually connected in parallel with 

the electrical network and the integration of DG units can have an influence 

on several analyzes such as power flow, power quality, voltage profile, 

reliability, stability, and system protection action. Therefore, the way in 

which the insertion of DGs in the systems is carried out, has recently 

received several studies. 

In [4], a coordinating model of the distribution network is proposed by 

the author for efficient management of systems given the growth of 

distributed generation. A management model based on the analysis of 

voltage sensitivity is presented, which is tested in several systems against 

random scenarios of the distributed generation. 

In the article Ali et al. [5], the authors apply the heuristic goal of the Ant 

Lion Optimization Algorithm (ALOA) to allocate dimensioning of the 

distributed generation. The model proposed in the work was tested in a 69-

bar radial system and is based on the load sensitivity analysis, where the 

objective is to reduce losses in the network. 

In Siadatan et al. [6], the authors aim to reduce active power losses by 

applying an optimization to scale and allocate the distributed generation, 

mainly considering a high insertion of photovoltaic panels. The authors  
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optimized the DGs using the Firefly Algorithm, which is based on the 

intermittent behavior of fireflies. The proposed methodology was simulated 

in the IEEE 33-bar distribution system. 

In Daud et al. [7], the authors present a methodology for allocating and 

dimensioning distributed photovoltaic generation, where the objective is to 

reduce the harmonic distortion rate (TDH) present in the system. The 

optimization is performed by GSA (gravitational search algorithm) and PSO 

(particle swarm optimization), where the performance of each heuristic goal 

is compared to find the global optimum. 

In [8], a multi-objective methodology for allocating and dimensioning 

DG is presented, in order to minimize operating costs and active losses in the 

network. The optimization proposed by the authors is performed using PSO, 

validated in a 38-bar radial distribution system. 

Following this line of research, this work proposes the use of Firefly 

Algorithm to solve the allocation and dimensioning problem of DG's, which 

consists of the optimization of a mixed integer nonlinear programming 

(MINLP) problem, where the objective is to find the best location and 

dimensioning how to allocate the DGs taking into account the voltage 

stability of the system. The formulation considers the stochastic 

characteristics of wind and solar sources, maintaining the operation of the 

system subject to voltage restrictions. 

 
2. Modeling of Distributed Generation 
 

2.1 Photovoltaic Generation 
 

To model solar irradiation, the Beta distribution function was used [9], 

widely used in the literature to represent solar irradiation. The generic 

formulation can be described as shown in Equation (1). 

 

                        (1) 

 

: Solar Irradiation in kW/m2; 

: Beta Distribution Function; 

: Parameters of the Beta Function. 

 

The parameters  and  can be calculated through the mean  and 

standard deviation  of the solar radiation history, according to Equations 

(2) and (3). 

 

                                               (2) 

 

                                                                         (3) 
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Solar irradiation is intermittent, so to insert the photovoltaic generation 

correctly, it is necessary to define the power generated and the probability of 

its occurrence, that is, they will be defined scenarios for renewable sources. 

In this way, each scenario will have its probability of occurrence, which is 

given by: 

 

     (4) 

 

Where: 

 

: Probability of scenario y; 

: Solar Irradiation Limits of scenario . 

Finally, the active power generated by the panel will be given by: 

 

            (5) 

 

                                (6) 

 

                                 (7) 

 

                                            (8) 

 

                                           (9) 

 

Where: 

 

: Temperature in scenario ; 

: Room temperature; 

: Temperature / Voltage Coefficient; 

: Temperature / Current Coefficient; 

: Nominal Operating Temperature; 

: Fill Factor; 

: Short Circuit Current; 

: Open Circuit Voltage; 

: Current at Maximum Power; 

: Voltage at Maximum Power; 

: Power Generated by the Module in Scenario y; 

: Solar radiation in scenario . 

 

2.2 Wind Generation 
 

In this work, the wind speed is modeled using the Weibull distribution 

[10], which is a two-parameter function known in the literature for 

representing efficiently the wind speed probability density distribution.  
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In this way, the Weibull function provides an adequate modeling of the wind, 

allowing to acquire the power generated by a wind farm inserted in the 

network, thus obtaining simulations with satisfactory results. Weibull's 

generic form is shown in Equation (10): 

 

       (10) 

 

Where: 

 

: Random Wind Speed (m/s) 

: Form Factor; 

: Scale factor. 

 

Weibull parameters are calculated from historical series of wind speeds, 

as shown below. 

 

                                                                   (11) 

 

                                                                (12) 

 

Where: 

 

: Historical average; 

: Standard deviation from history; 

: Gamma Distribution Function. 

 

In the same way that it was done for solar irradiation, it is necessary to 

define scenarios with probability of occurrence for the power generated by 

the selected wind turbine. Therefore, we have that: 

 

                                                (13) 

 

Where: 

 

: Probability of Scenario ; 

: Wind Speed Limits for Scenario . 

 

The power generated in each scenario depends on the average speed 

 in the respective scenario and the cutoff  and cut-in  speeds 

of the turbine used. Thus, the wind power generated in the scenario is given 

by: 
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           (14) 

 

 

3. Proposed Methodology 
 

The objective is to optimize the allocation and dimensioning of the DGs 

in the distribution system in order to increase the voltage profile and 

consequently the voltage stability margin of the system. 

Thus, in this section, it will be shown how the candidate bars are selected 

for allocation and the methodology used for the allocation and dimensioning 

of DGs will be presented in detail. 

 

3.1 Selection of Candidate Bars 
 

Firstly, one must find the candidate bars `to receive the DG, in this way, 

the PV curve of the load bars is calculated, as generically shown in Figure 1, 

through the continuation method [11]. Additionally, the tangent vector at the 

point of maximum loading is a robust way to find the critical bars [11] [12], 

because at the maximum loading point (MLP) small variations in power 

cause large variations in voltage, so it is possible to determine which bars are 

more sensitive, being more likely to lead the system to voltage instability. 

In this work, through the tangent vector in the MLP, it is determined 

which are the candidate bars for the allocation of the distributed generation. 

 
 

Figure 1: Generic PV curve [12] 
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3.2 Formulation of the Problem 
 

Objective Function: All scenarios related to renewable sources impact the 

resolution of the problem, therefore, the voltage profile in each scenario is 

weighted in the objective function by the probability of occurrence of each 

scenario. Thus, the index used to determine the impact of the insertion of 

DGs is given in Equation (15). 

 

                                             (15) 

 

Being that: 

 

                                                        (16) 

 

In Equation (16),  and  represent the voltage and the load in each PQ 

Bar, respectively. The factor is given by the ratio between the load of the 

bar and the total load of the system. 

 

                                            (17) 

 

This means that the bus with the highest load requirements has the 

highest  factor. Its purpose is to increase the voltage on high-demand 

busbars and thus increase the voltage stability margin of the system so that it 

has a large impact on the  index and directly affects the objective function. 

Thus, the  index is weighted in the objective function by the probability 

of occurrence of each scenario, as shown in Equation (18): 

 

                                  (18) 

 

Where, : Probability of occurrence of scenario ; 

 

In order to improve the voltage profile, the largest  implies in the 

best allocation of dimensioning of the generations distributed in the system, 

being that: 

 

          (19) 

 

Power Flow Restrictions: 

 

                             (20) 
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   (21) 

Where, 

 

: Power generated in the substation in scenario ; 

: Dispatchable power generator at  bus; 

: Wind power in the bar ; 

: Solar power at the bar ; 

: Active demand in bar ; 

: Reactive demand in bus ; 

: Voltage in bar  in scenario ; 

: Admittance of line ; 

: Reactive power in the substation in scenario ; 

: Reactive demand in bus . 

 

In Equation 19, the vectors  and  represent the percentage of the 

nominal power in each scenario n of the wind and photovoltaic DG, 

respectively. Each distributed generator has its percentage in scenario n as 

shown in the modeling of renewables. 

 

Limitation of the Insertion of the Distributed Generation: 

 

         (22) 

 

Where  limits the insertion of DG in the system to a percentage of the 

peak load. 

 and  are the capacity factors of wind and photovoltaic 

generation, respectively. 

 

The objective function is solved by firefly algorithm explained as 

follows: 

 

3.3 Firefly Algorithm 
 

Firefly Algorithm is the latest metaheuristic. It was developed by Yang 

[13] [14]. 

 

 

3.3.1 Principle of Operation 
 

In the firefly algorithm, there are 4 important points: 

Intensity of Light: In the simplest case for minimization problems, the 

luminosity or light intensity of a firefly at a specific location  can be chosen 

as: . 
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Attractiveness: The core form of the attractiveness function is 

represented by any decreasing monotonic function such as: 

 

                                        (23) 

 

Where  is the distance between two fireflies,  is the attractiveness at 

 and  is a constant coefficient of light absorption. 

Distance: The distance between 2 fireflies  and  at  and  may be the 

Cartesian distance such as: 

 

                                  (24) 

 

Where  is the  component of the  firefly. 

Movement: The displacement of a firefly  attracted by a more luminous 

(attractive) firefly , is determined by: 

 

           (25) 

 

Where the attraction refers to the first term and second term. The third 

term is randomization.  is the random parameter and can be constant. 

" " is a random number generator distributed uniformly in [0, 1]. 

 

 

The pseudo-code of the firefly algorithm is given by: 

 

Procedure FF Meta-heuristic (Nbr_iter: number of iterations) 

Begin 

 

Generate an initial population of fireflies  

Determine the intensities of light  at  via  

As long as (t <Nbr_iter) do 

For i = 1 to n   // all fireflies 

For j = 1 to n             // all fireflies 

if ( ) then 

 

Attractiveness  varies according to the distance  

Move firefly  to  with attractiveness  

Otherwise move  randomly 

end if 

Evaluate the new solution 

Update Intensity  

Check if  firefly is the best. 

End , End  



                                                    

 
 

3200 Ajit Pandharinath Chaudhari et al 

 

Find the best firefly according to objective 

  

Done 

End procedure 

 

 

4. Simulation Results 
 

The graphs below represent the results obtained: 

 
 

Figure 2: Comparison of active power losses for DG and no DG placement 

 
 

 

Figure 3: Comparison of reactive power losses for DG and no DG placement 
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Figure 4: Comparison of voltage profile for DG and no DG placement 

 
Figure 5: Comparison of active and reactive power loss minimization with 

DG and no DG placement 
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Table 1: Comparative analysis of results 

Distribution 

bus type 

Bus 

number 

Power loss with no 

DG placement 

Power loss without 

optimal DG placement 

Active 

power 

loss 

(MW) 

Reactive 

power 

loss 

(MVAr) 

Active 

power 

loss 

(MW)  

Reactive 

power loss 

(MVAr) 

Type-I 9 1.532 - 0.120 0.072 

Type-II 6 - 1.521 0.163 0.094 

Type-IV 6 3.517 1.265 0.083 0.057 

 

5. Conclusion 
 

In this paper, the Firefly algorithm is utilized to solve a problem of 

allocation of DG units in order to use renewable sources to improve the 

tension profile of the system, consequently leading to an increase in the 

margin system stability. 

The candidate bars for DG allocation were selected using the 

Continuation Method and wind and photovoltaic generation were modeled 

using the Weibull distribution and Beta, respectively. 

The main purposed of the paper was to verify the usefulness of Firefly 

algorithm to solve the problem in comparison with the exhaustive 

enumeration. The simulations were carried out using IEEE-33 bus 

distribution system. It appears that the proposed use of Firefly algorithm to 

solve the dimensioning and allocation problem of DG was efficient, and in 

all simulations it is possible to find the optimum with a satisfactory success 

rate. 
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