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ABSTRACT: Around the world, conventional power system is facing the problems of gradual depletion of fossil fuel 
resources, poor energy efficiency and environmental pollution. These problems have led to a new trend of generating 
power locally at distribution voltage level. This type of power generation is termed as distributed generation (DG) and 
the energy sources are termed as distributed energy resources (DERs).The distribution network becomes active with the 
integration of DG and hence is termed as active distribution network. DG provides several advantages such as 
reliability, flexibility and efficiency. Several optimization methods are utilized to find out the size and location of the 
DG with an objective of minimization of losses. In this paper, Differential Evolution Algorithm is used for optimal 
sizing and location with an objective of minimizing the power losses. The proposed method is tested on standard IEEE 
33-bus test system and the results are tabulated. 
  
KEYWORDS: :  Differential Evolution (DE) algorithm, Distribution Power Flow (DPF), Distributed Generation 
(DG), Distribution Company (DISCO),  Combined Heat and Power (CHP),  Renewable Energy System (RES).  

I.INTRODUCTION 

    The term "distributed generation" is used to refer to small-scale power generation devices that can be placed 
"on-site" at manufacturing plants. They range from a few KWs to a few MWs in size. DGs are located near load 
centres, so the transmission losses are minimized. Distributed generation allows collection of energy from many 
sources and gives lower environmental impacts and improved security of supply. Emerging new DG technologies 
include small, high efficiency internal combustion engines, mini and micro turbine generators, solar photovoltaic, wind 
turbine and fuel cells. Several optimization methods are utilized to find out the size and location of the DG 
corresponding to minimization of losses. Integration of renewable energy based distributed generation (DG) units 
provides potential benefits to conventional distribution systems. 
 

II LITERATURE SURVEY 
 The power injections from renewable DG units located close to the load centres provide an opportunity for system 

voltage support, reduction in energy losses and emissions, and reliability improvement. Due to these and many other 
advantages, DG is expected to play a significant role in the power grid’s operation, structure, design, and upgrading 
planning [1]. Due to increase in penetration of DG the system is no longer passive and remains to be active [2]. A 
heuristic approach for DG investment planning is proposed [3] that aims to minimize the distribution company 
(DISCO)’s investment costs, operation costs and the costs related to system losses. It works by searching for a set of 
DGs that can have their marginal benefits greater than their overall installation and operation cost. In [4], analytical 
methods were proposed for multiple-DG placement to minimize system loss.In [5], genetic algorithm based 
optimization problem was proposed for loss minimization objective with an aim of increasing the profit of Disco.The 
optimal allocation of DG considering power losses of the system, as objective function is simulated using Monte Carlo 
Simulation (MCS) method using constriction factor based PSO algorithm [6]. In this paper, an optimization problem 
with an objective function of minimization of system losses in the distribution system incorporating multiple DG is 
solved using DE algorithm. The proposed work is simulated on standard IEEE 33-bus test system and results are 
tabulated.  
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III. DISTRIBUTED GENERATION 

 In traditional power system, the bulk of electricity is generated at central station generations and transmitted 
through a high- voltage transmission line to distribution networks before supplying to consumer loads. However, 
increase in load demand, technological innovation, environmental and aesthetic concerns and market liberalization lead 
to DG integration in distribution network. DG units can supply better quality of power, enhances voltage profile, and 
reduces congestion, reduces power losses and also delays the transmission and distribution network upgrade by making 
use of local resources. Based on the DG technology and the terminal characteristics, they can be classified into four 
types [10]: 

Type 1) DG injects active power (P) only, e.g. Photo voltaic 

Type 2) DG injects Reactive Power (Q) only, e.g., Synchronous compensator 

Type 3) DG injects Active power but absorbs reactive power e.g. Induction Generator. The reactive power consumed 
by an induction generator in a simple form is given by  

      )04.05.0( 2PQDG             (1)  

Type 4) DG injects both active and reactive power, e.g. Synchronous generators. 
 

IV. OPTIMAL ALLOCATION ALGORITHM USING DIFFERENTIAL EVLOUTION 
The classical DE algorithm consists of four steps namely initialization of population, mutation, crossover or 

recombination and selection (Storn 1997) [7],[8],[9].  
(i) Initialization  
 DE searches for global optimum point in a D-dimensional real parameter space. The population members are 
randomly initialized using Equation (15). 

   DjNpiXXrandXX jjjji ,1          ,1            )([0,1] minmaxmin
)0(

,      (2) 
Where Np - population size 
 D – dimension 
 Xi,j

(0)
 - initially generated target vector 

rand [0,1] - uniformly distributed random number between 0 and 1 
i - number of population 
 j - number of variables 
Xjmax - maximum value of the individual 
 Xjmax - minimum value of the individual 
(ii) Mutation 
 Mutation is a change or perturbation with a random element. The difference of any two of these three vectors 
is scaled by a scaling factor F and the scaled difference is added to the third one to obtain the donor vector using  
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(iii) Crossover 
To enhance the potential diversity of population, a crossover operation is performed after generating the donor 

vector through mutation. The trial vector is determined using  
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(iv) Selection 
The next step is to select target vector or trial vector for next generation using 
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where f (.) - Fitness function 
If the trial vector yields an equal or lower value of fitness function, it replaces the corresponding target vector 

in next generation; otherwise the target vector is retained in the population. Hence, the population gets either better or 
remains the same in fitness status, but never deteriorates.  
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V.PROBLEM FORMULATION 

 The objective of the proposed optimization problem is to minimize the power losses in the system 
incorporating multiple DG in the distribution network. The objective function is given by,[6] 
 
        (6) 
 
Where 
F- System Loss function 
Ix – Branch Current 
Zx- Branch Impedance 
λc- Penalty function either (0 or 1) 


c  – penalty factor for constrain violation 

The penalty factor will remove the non feasible solutions, which violate the system limits using penalty 
decision variable. 
λC=  0 , if any constraint is violated and λC =  1, if all constraints are satisfied 
Subjected to , 
V0,i  ≤  Vmax                                                                             (7) 

Vend,i|max load,no DG≥  Vmin, for all  nodes at feeder  ends                   (8) 

VDG|min load ,max DG ≤ Vmax                                                                                          (9) 

VDG|min load ,max DG ≤ V0,i.                                                                                              (10) 

Vi min  ≤  Vi  ≤ Vimax                                                               (11) 

The substation voltage is set to nominal (1.0 p.u.) throughout the optimization problem. In this optimal location 
and size of the DG is computed using DE algorithm. The proposed algorithm is tested with IEEE 33 bus distribution 
system[6]. 

VI. RESULTS AND DISCUSSION 
 The effect of DG in distribution system is tested for two types of DG namely, Type 1 and Type 4 DG. The 

penetration of DG is divided into two cases, single DG placement and multiple DG placements in distribution network. 
The parameters of DE algorithm used for two cases are tabulated in Table 1. For type 1 DG, the two variables are the 
size and location of DG and for type 4 DG, the three variables are the size, location and Power Factor of DG. The test 
system considered for testing is IEEE 33 bus distribution network is as shown in Figure 1. 

 
Table 1. Parameters of DE algorithm 

Parameters  IEEE 33 bus system 

TYPE 1 DG TYPE 4 DG  
Population size  40 40 
Iteration  200 200 
Scaling factor  0.8 0.8 
Crossover ratio  0.8 0.8 
Convergence criterion  10-6 10-6 
Number of variables  2 3 

 
CASE 1: LOSS REDUCTION INCORPORATING SINGLE DG PLACEMENT 
 In this case optimal location of single DG placement is carried out using DE algorithm. Maximum iteration 
considered is 200 and the size of DG considered ranges from 50 KW to 3 MW. This algorithm is tested for both type of 
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DG. When DG is of Type 1, only real power (P) support is rendered. The DG is considered as the negative load in the 
distribution system network, whereas in Type 4 DG both real power (P) and reactive power (Q) support is provided by 
the DG to the distribution network. The base case loss of the distribution network considered without incorporating DG 
is obtained as 210.07. Optimal DG size, location and corresponding losses of the DG obtained using DE algorithm is 
tabulated in the Table 2.When a DG size of 2.6057 MW of Type 1 is placed at bus number 6, losses of the distribution 
system reduces to half of the total losses without incorporating DG. When DG provides only the real power support 
(i.e. DG operating at UPF) the losses of the system reduces to 109.55 KW and the loss reduction is of 47.85%. When a 
DG size of 2.5577 of Type 4 is placed at bus number 6, losses of the system reduces to 67.8090 KW and the loss 
reduction is of 67.10%. The comparison of the size of the DG of Type 1 and Type 4 DG is as shown in Figure 2. 
The comparison of the losses in the system incorporating Type 1 DG and Type 4 DG is as shown in Figure 3. 

 
Figure 1. IEEE 33 Bus Distribution system network 

 
Table 2 Optimal DG size, location and corresponding losses of the DG obtained using DE algorithm 

 TYPE 1 DG TYPE 4 DG 

LOSS WITHOUT DG (KW) 210.07 210.07 

DG SIZE (MW)  2.6057 2.5577 
PF= 0.8397 

DG LOCATION  Bus no. 6 Bus no. 6 
LOSS  INCLUDING DG(KW)  109.55 67.8090 
% PLOSS REDUCTION  47.85% 67.10% 

 

 
Figure 2. Comparison of the size of the DG of Type 1 and Type 4 
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Figure 3. Comparison of the losses in the system incorporating Type 1 DG and Type 4 DG 

 
CASE 2: LOSS REDUCTION INCORPORATING TWO DG PLACEMENT 
 Instead of placing a single DG of larger size, multiple DG could be placed in more than one location of 
smaller sizes results in improved loss reduction. In this case the size of each DG is in the range of 50 KW to 1.5 MW. 
Optimal DG size, location and corresponding losses obtained using DE algorithm is as tabulated in Table 3. Optimal 
location and size of DG from DE algorithm is obtained as bus-13 and bus-30 of size 0.999 MW and 0.999 MW 
respectively. The loss in the system is reduced to 84.127 KW from base case loss of 210.07 KW by incorporating DGs 
in the distribution system and the loss reduction is about 59.95%.  In case of Type 4 DG a much reduced loss of 
37.3895 KW is obtained and the loss reduction is about 82.20%. The comparison of the size of the DG of Type 1 and 
Type 4 DG is as shown in Figure 4.The comparison of the losses in the system incorporating Type 1 DG and Type 4 
DG is as shown in Figure 5. 
 

Table 3. Optimal DG size, location and corresponding losses of the DG obtained using DE algorithm 
TYPE 1 DG TYPE 4  DG 

Location PDG (MW) PLOSS (KW) % PLOSS  
Reduction Location PDG  (KW) PLOSS 

(KW) 
% PLOSS  

Reduction 
Without  DG 
(Base case) - 210.07 - Without DG 

(Base case) 
- 210.07 - 

Bus 13 0.999 
84.127 

 
59.95 % 
 

Bus 13 0.9999 
37.3895  
 

 
82.20% PF=0.9 

Bus 30 0.999 Bus 30 0.999 
PF=0.82 

 

 
 Figure 4. Comparison of the size of the Multiple DG of Type 1 and Type 4 DG 
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Figure 5. Comparison of the losses in the system incorporating multiple DG of Type 1 DG and Type 4 DG 

 
CASE 3:  LOSS REDUCTION INCORPORATING THREE DG PLACEMENT 
 The results of Two DG placements prove that distribution system losses reduce more in case of two DG 
placement than single DG placement. Hence, the results could be improved by incorporating more DG of lesser size. In 
this case three DGs are incorporated in the distribution system. The size range of each DG considered here is from     
50 KW to 1MW. Optimal DG size, location and corresponding losses obtained using DE algorithm is as tabulated in 
Table 4. Optimal location and size of DG from DE algorithm is obtained as bus-13, bus-30 and bus-24 of size         
0.899 MW, 1.1701 MW  and 0.999 MW respectively. The loss in the system is reduced to 71.57 KW from base case 
loss of 210.07 KW by incorporating three DGs in the distribution system and the loss reduction is about 65.93% in 
Type 1 DG in case of Type  DG a much reduced loss of 21.5922 KW is obtained as shown in Table 4. The comparison 
of the size of the DG of Type 1 and Type 4 DG is as shown in Figure 6.The comparison of the losses in the system 
incorporating Type 1 DG and Type 4 DG is as shown in Figure 7. 
 

Table 4. Optimal DG size, location and corresponding losses obtained using DE algorithm  
Type 1 DG Type 4 DG 

Location PDG  (MW) PLOSS  (KW) % PLOSS  
Reduction Location PDG  (MW) PLOSS  (KW) % PLOSS   

Reduction 
Without DG 
(Base case) - 210.07 -- Without DG 

(Base case)  210.07 -- 

Bus 13 0.899 

71.57 65.93 % 

Bus 13 0.899 

21.5922 89.72 
 

PF=0.9 

Bus 30 1.1701 Bus 30 0.9999 
PF=0.82 

Bus 24 0.9999 Bus 24 0.8499 
PF=0.8671 

 

 
 

Figure 6.  Comparison of the size of the Multiple DG of Type 1 and Type 4 DG 
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Figure 7. Comparison of the losses in the system incorporating multiple DG of Type 1 DG and Type 4 DG 

 
The results are compared with [6] and the overall comparison of the results obtained using proposed algorithm 

for Type 1 DG is as tabulated in Table 5 and the result for Type 4 DG is as tabulated in Table 6. The results prove that 
DE algorithm is very efficient for the objective function of loss reduction in the distribution system incorporating 
multiple DG in the distribution system and the obtained results are far better than the PSO based method suggested in 
[6]. 

Table 5. Comparison of results for Type 1 DG 

Case  Method DG size in MW (optimum location) PLOSS(KW) % PLOSS   
Reduction 

Without 
DG(Base case) - - - - 210.07 - 

1 DG 
MCS[6] 2.591(6) - - 111.1 47.39 

DE 2.605(6) - - 109.5 47.87 

2 DGs 
MCS[6] 1.002(12) 1.0195(30) - 87.5 58.34 

DE 0.999(12) 0.999 (30) - 84.93 59.57 

3 DGs 
MCS[6] 0.880(13) 1.0098(24) 1.0098(30) 73.2 65.15 

DE 0.899 (13) 0.999 (24) 1.1701(30) 71.57 65.93 
 

Table 6. Comparison of results for Type 4 DG 

case  Method DG size in MW (optimum location) PLOSS(KW) % PLOSS   
Reduction 

Without 
DG(Base case) - - - - 210.07 - 

1 DG 
MCS[6] 2.591(6) - - 111.1 47.39 

DE 2.605(6) - - 109.5 47.87 

2 DGs 
MCS[6] 1.002(12) 1.0195(30) - 87.5 58.34 

DE 0.999(12) 0.999 (30) - 84.93 59.57 

3 DGs 
MCS[6] 0.880(13) 1.0098(24) 1.0098(30) 73.2 65.15 

DE 0.899 (13) 0.999 (24) 1.1701(30) 71.57 65.93 
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VII. CONCLUSION 
  In this paper, an approach for Distribution system planning incorporating multiple DG considering system loss 
as objective is solved using DE algorithm.  Optimal size, location and operating power factor is obtained from the DE 
algorithm.  The results have been compared with Monte Carlo Simulation (MCS) method using constriction factor 
based PSO algorithm suggested in [6]. The results prove that DE is very efficient for loss reduction objective function 
incorporating multiple DGs. The system planning is done considering the DG technologies and their viability in the 
deregulated environment. 
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