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ABSTRACT 
This paper presents an approach for distribution feeder 
reconfiguration considering Distributed Generators (DGs). 
Due to private ownership of DGs, a cost based 
compensation method is used to encourage DGs in active 
and reactive power generation. The objective function is 
summation of electrical energy generated by DGs and 
substation buses (main bus) in the next day. An Ant Colony 
Optimization (ACO) algorithm is used to solve the 
distribution feeder reconfiguration problem. The approach 
is tested on a real distribution feeder. 

INTRODUCTION 
Distributed generation, the small-scale production of 
electricity at or near customers' homes and businesses, has 
the potential to improve the reliability of the power supply, 
reduce the cost of electricity, and lower emissions of air 
pollutants. Distributed generation can come from 
conventional technologies, such as motors powered by 
natural gas or diesel fuel, or from renewable technologies, 
such as solar photovoltaic cells. Over the past two decades, 
declines in the costs of small-scale electricity generation, 
increases in the reliability needs of many customers, and the 
partial deregulation of electricity markets have made 
distributed generation more attractive to businesses and 
households as a supplement to utility-supplied power. The 
studies carried out by the research institutes indicate that the 
electricity generated by DGs will be about 25% of the new 
generations in the future [1]. Therefore, it is necessary to 
study their impacts on the power systems. The distribution 
systems are the first part of power systems, which can be 
affected by the DGs. The distribution feeder reconfiguration 
is one of the most important control schemes in the 
distribution networks that the impact of DGs on this 
problem should be studied. Generally, the distribution 
feeder reconfiguration is defined as altering the topological 
structure of distribution feeders by changing the 
open/closed states of sectionalizing and ties switches.  
Many researchers have investigated distribution feeder 
reconfiguration [2]-[9]. In most of them, the impacts of DGs 
on distribution system performance have not been studied in 
detail yet. In this paper, the distribution feeder 
reconfiguration at distribution network considering DGs is 

presented. Since distribution feeder reconfiguration problem 
is a nonlinear optimization problem, one of the optimization 
algorithms should be used.  
Evolutionary methods can be used to solve these sorts of 
problems owing to independence on the type of objective 
function and constraints. In this paper, an ant colony 
optimization is used to solve the distribution feeder 
reconfiguration in the distribution networks. 
In the following, the formulation of the proposed 
distribution feeder reconfiguration, evaluation cost of DGs, 
ant colony optimization and simulation results are 
presented. 

DISTRIBUTION FEEDER 
RECONFIGURATION CONSIDERING 
DISTRIBUTED GENERATION 
From a mathematical standpoint the reconfiguration of 
distribution network with regard to distributed generation is 
an optimization problem with equality and inequality 
constraints. The objective function is the summation of 
electrical energy generated by DGs and substation bus as 
follows: 
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In above-mentioned equation: 

Nsub Nc, Ng, NSw, Nbus, Nd and Nt  are the number of 
substations, capacitors, DGs, switches, buses, load 
variation steps, transformers respectively. t is an index 
which represents time steps of load level. X  is the state 
variables vector. Tap  is the tap vector representing tap 
position of all transformers for the next day. subP is the 
substation active power vector including active power of 
all substations for the next day. CU  is the capacitors 
switching state vector including state of all capacitors 
for the next day. Sw  is the switching state vector 
including state of all switches for the next day.  ∆tt is 
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time interval. tMCP is the Market Clearing Price(MCP) 
for the tth load level step. ( )Pi

t
Pgi PC  is the cost of 

active power generated by the ith DG during time “t”. 
In this problem, it is assumed that tap position of 
transformers changes stepwise.  
Constraints are defined as follows: 

• active power constraints of DGs: 
max,

222 )()( gi
t

gi
t

gi SQP ≤+                          (2) 

maxgi,S  andP t
gi are active power for tth load level step 

and apparent power of  ith  DGs respectively. 

• Distribution line limits: 
Line

ij
tLine

ij PP max,<                                                (3) 

 tLine
ijP and Line

ijP max, are absolute power flowing 

over distribution lines and maximum transmission 
power between nodes i and j respectively. 

• Tap of transformers: 
maxmin
i

t
ii TapTapTap <<                                         (4) 

 min
iTap , max

iTap  and t
iTap  are the minimum, 

maximum and current tap positions of the ith 
transformer respectively. 

• Unbalanced three-phase power flow equations. 
• Maximum allowable daily operating times of 
transformers: 
   Trans

i
Trans

i MADOTDOT ≤                                   (5) 
Trans

iDOT and Trans
iMADOT are the daily operating 

times and maximum allowable daily operating times 
of the  ith transformer respectively. 
• Maximum allowable daily operating times of 
capacitors: 
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         i=1,2,3,…,Nc          (6) 

Cap
iMADOT is the maximum allowable daily 

operating times of the ith capacitor. 
• Substation power factor  

maxmin PfPfPf t ≤≤                                        (7) 

minPf , maxPf  and tPf are the minimum, maximum and 
current power factor at substation bus during time t. 

EVALUATION COST OF DISTRIBUTED 
GENERATION 
Generally, costs of distributed generation to customers 
include the installed cost of the equipment, fuel costs, non-
fuel operation and maintenance (O&M) expenses, and 

certain costs that the customers’ utility imposes. 
Generally, the cost of DGs (per kWh/$) can be defined as 
follows: 
 

PbaPC *)( +=                                           (8) 
In mentioned equation a & b coefficients can be evaluated 
as follows: 
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where Gr and  LF are yearly rate of benefit and DG loading 
factor. 

ANT COLONY SYSTEM MECHANISM 
Ants are insects, which live together. Since they are blind 
animals, they find the shortest path from nest to food with 
aid of the pheromone. The pheromone is the chemical 
material deposited by the ants, which serves as critical 
communication media among ants, thereby guiding the 
determination of next movement. On the other hand, ants 
find the shortest path, based on intensity of pheromone 
deposited on different paths [10-17]. For better 
understanding, assume that ants want to move from A to B 
and vice versa, to obtain food (Fig1).  
 

 
Fig.1. An example of finding the shortest path by ants 

 
At first, if there is no obstacle, all of them will walk to the 
straight path (Fig 1.a). Now, assume that there is an 
obstacle; in this case, ants will not be able to follow the 
original trial in their movement. Therefore, randomly, they 
turn to left (ACB) and to right (ADB) (Fig 1.b).  Since ADB 
path is shorter than ACB, the intensity of pheromone 
deposited on ADB is more than the other. So ants will be 
increasingly guided to move on the shorter path (Fig 1.c). 
This behavior forms the fundamental paradigm of ant 
colony system. 
As it was indicated in (Fig.1), the intensity of deposited 
pheromone is one of the most important factors for ants to 
find the shortest path. Therefore, this factor should be used 
to simulate behavior of ants. Generally, the following 
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factors are used to simulate ant systems:  
• Intensity of pheromone 
• Length of path 

To select the next path, state transition probability is 
defined as follows: 

∑
=

21

21

)/1()(
)/1()(

γγ

γγ

τ
τ

ijij

ijij
ij L

L
P                                                 (10) 

After selecting the next path, trail intensity of pheromone is 
updated as: 

ijijij kk τρττ ∆+=+ )()1(                                             (11) 

Where:  
τij :intensity of pheromone between nodes i and j, Lij: length 
of path between nodes i and j, 
ρ : a coefficient such that (1-ρ ) represents the evaporation 
of trail between time k and k+1. 
γ1 and γ2: control parameters for determining weight of trail 
intensity and length of path. 
To apply ant colony algorithm for solving optimization 
problems, at first, it should find global and local movement 
based on equation 10. In other words, determination of next 
path for each colony of ants depends on the direction of 
global and local paths as follows: 

))((*))((*)()1( kXXrandkXXrandkXkX iGlobaliLocalii −+−+=+     (12) 

SIMULATION  
In this section the proposed method is applied to 
distribution feeder reconfiguration on a realistic radial 
distribution test feeders (Fig.2). 

It is assumed that there are 3 generators whose 
specifications are given in Table I.  

Daily energy price variations and daily load variations 
are shown in (Figs.3 and 4).  

 
 

S1 

Substation 2
63/20kV 

S2 S3 S4

Substation 1 
63/20kV  

 
Fig.2. Single Line Diagram 

 
TABLE I 

CHARACTERISTIC OF GENERATORS 

 Capacity 
(kW) 

Max 
Reactive 
Power 
( kVar) 

Min 
Reactive 
Power 
(kVar) 

Capital 
cost 

($/kW) 

Life 
time 

(Year) 

Fuel cost 
($/kWh)

O & M 
cost 

($/kWh)

G1 300 240 -180 3674 12.5 0.029 0.01 

G2 500 400 -300 1500 20 0 0.005 

G3 1000 800 -600 715 20 0.067 0.006 
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        Fig.3. Daily energy price variations 
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Fig.4. Daily load variations 
Some results of simulation present in Tables II, III and 
IV. 

Table II 
Comparison of Average and Standard Deviation of the objective 

function values for 300 Trails    

Method Average Standard 
Deviation 

Best 
solution 

Worst 
solution 

GA 905.3 25 961.42 1013.47 
ACO 713 20 701.5 943.2 

TABLE III 
COMPARISON RESULT FOR THE BEST SOLUTION 

 DGs are 
displaceable 

DGs are not 
displaceable 

Objective function Value ($/h) 701.5 1042.1 
Losses (Kw) 843.45 1875.36 

 
TABLE IV 

 STATUS OF SWITCHES  
Hour S1 S2 S3 S4 Min 

Voltage 
Max 

Voltage 
1 1 1 0 1 0.995 1.003 
2 1 1 0 1 0.995 1.003 
3 1 1 0 1 0.993 1.003 
4 1 1 0 1 0.992 1.003 
5 1 1 0 1 0.991 1.003 
6 1 1 1 1 0.986 1.005 
7 1 1 1 1 0.986 1.005 
8 1 1 1 1 0.980 1.005 
9 1 1 1 1 0.967 1.008 
10 1 1 1 1 0.984 1.004 
11 1 1 1 1 0.983 1.010 
12 1 1 1 1 0.990 1.010 
13 1 1 1 1 0.982 1.010 
14 1 1 0 1 0.993 1.010 
15 1 1 0 1 0.984 1.008 
16 1 1 0 1 0.966 1.009 
17 1 1 1 1 0.991 1.005 
18 1 1 1 1 0.986 1.006 
19 1 1 1 1 0.980 1.006 
20 1 1 1 1 0.963 1.007 
21 1 1 1 1 0.984 1.005 
22 1 1 0 1 0.998 1.007 
23 1 1 0 1 0.999 1.004 
24 1 1 0 1 0.975 1.000 

 
The results of these Tables can be summarized as follows: 

$/
kW

h 
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1. Under the proper control on DGs, the sum of 
losses in 24-hour duration is 843.45kW. This 
amount is 1031.9 kW less than that of without 
control. On the other hands, it can be concluded that 
the system performance can be improved under 
proper control.     

2. Because most of dispersed generations owned and 
controlled by private sections, necessary mechanisms 
must be applied for supervision and control of 
optimal operation in power systems. In this paper 
costs pertaining to active and reactive power 
generation offered by owners of dispersed 
generations have been used as a decisive factor for 
optimal control of them. Results achieved in last 
sections show that we can apply these methods to 
control dispersed generations and be sure that high 
benefits will be gained from them.   

3. Distributed generations have much better 
performance and time response than other sources of 
reactive power generation like capacitors. Thus 
system performance can be improved with proper 
factors based on these generations. 

CONCLUSION 
Since the number of DGs will be increasing, it is necessary, 
that impact of DGs on distribution feeder reconfiguration to 
be studied.  This paper presented an efficient algorithm for 
distribution feeder reconfiguration in distribution with DGs. 
By using this algorithm the performance of distribution test 
feeders when DGs dispatched is better than not dispatched. 
Since the most of DGs owned by private section, active 
power generation cost of DGs considered as an optimal 
parameter control of them. 
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