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Abstract 
Distributed Generation (DG) is a new approach in the 
electricity industry to meet the electrical demand 
growth in a suitable manner. This paper presents a 
solution method for the distribution expansion panning 
problem including DG. The proposed algorithm is 
based on binary particle swarm optimization. The aim 
of the model is to find the optimal planning of the 
expansion to meet the load growth. This optimal cost 
includes the capital cost, the substation operational 
cost, feeder upgrade, power losses and the DG's. The 
proposed model decides the locations and size of the 
new facilities in the system as well as the amount of 
the purchased power from the main grid. The results 
show that the DG's introduce economical and electrical 
benefits to the system including improved voltage 
profile, feeders loading and losses 

Keywords 
Distribution system, planning, optimization, particle 
swarm, distributed generation 

1. Introduction 
Electric utilities have historically satisfied customer 
demand by generating electricity centrally and 
distributing it through an extensive transmission and 
distribution network. As demand increases, the utility 
generates more electricity. Once demand increases 
beyond a certain level, however, the capacity of the 
generation, transmission, and distribution systems can 
become constrained. The traditional utility response to 
these constraints is to build new facilities including 
generators, transmission, substations and distribution 
network [1-25] 
An alternative approach under consideration by 
utilities is to satisfy demand locally and incrementally 
by investing in distributed generation. DG facilities are 
strategically sited to deliver electricity where it is 
needed. This can relieve capacity constraints on the 
generation, transmission, and distribution systems and 
obviate the need to build new facilities [15-25]. 
Different definitions regarding DG are used in the 
literature and in practice. These variations in the 
definition can cause confusion. A more generalized 
definition is proposed by Ackermann et al as follow; 
Distributed Generation is an electric power source 
connected directly to the distribution network or on the 
customer site of the meter [15].  
Generally, DG can be best fitting into different 
applications, including; emergency or back-up supply, 
peak loads, consumer’s complete requirements, 
shortage of generation, and combined with most of the 
other possible applications.  

Therefore, the proper allocation of distributed 
generation may lead to the following system support 
benefits:  Loss reduction, Improved utility system 
reliability, Voltage support and improved power 
quality, Transmission and distribution capacity release  
 
 
and Deferments of new or upgraded TBD 
infrastructure 

2. Discussion of the Problem 

2.1 Problem Description 
When the planning analysis predicts that the voltage 
will be too low or the current in a line or substation 
transformer will be too high in any node, investment in 
new capacity is required. Investment options are 
usually restricted to substation or feeder expansion. 
Planners then consider a few feasible alternatives for 
solving the problem and select the one that best meets 
their performance and cost objectives. This requires an 
established rule base. From experience, planners have 
learned that when the loading reaches a certain level, it 
is generally economical to build new capacity. The 
rules also state what capacity options to consider under 
which loading scenarios. This method works well 
when capacity options are limited to familiar choices 
(feeders, substations, etc.) and the economic 
environment is stable [1-14].  
Given the value of the total operating costs, the planner 
makes investment decisions to improve the system and 
reduce costs. The planner selects from a menu of 
options that includes everything from traditional 
substation and feeder upgrades to DG. For each 
investment decision considered, the simulation and 
costing process is repeated. This process has the 
advantage of being able to fairly compare diverse 
expansion plan options on the same economic basis. 
Including DG in the simulations will allow the planner 
to directly evaluate the benefits of DG in comparison 
with other more traditional alternatives [15-25]. 
The previous trial and error process can be formulated 
mathematically as a nonlinear optimization problem 
with an objective function subjected to some 
constraints. 

2.2 Problem formulation 
The following sections describe the details of the 
proposed problem formulation: 

2.2.1 The objective function 
The proposed objective function for distribution 
system expansion will be considered as the sum of four 
terms: Cost of substation expansion (fixed & variable); 
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Cost of the new feeders upgrades (fixed);  Cost of the 
distributed generation DG's (fixed & variable); and 
Cost of the energy losses (variable) [22,24]. 
The fixed cost is the investment cost includes the cost 
of the construction, equipments, labor … etc.  
The variable cost is the cost of operation and 
maintenance of equipments and It mainly depends on 
equipments loading. 
The mathematical formulation of the objective function 
[22, 24] is described in equations (1-5) 
  
Minimize capital investment and operational cost                                                                                                                        

U D G F LJ C C C C= + + +               (1)   

Where 

UC =capital and operation cost for substation 
expansion
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DGC = capital and operation cost for DG                
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FC = capital cost for upgrading the feeders 
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LC = cost of energy losses 
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2.2.2 Constraints 
The following constraints are considered in this work: 
1) Total Power Conservation: 
The summation of all incoming and outgoing power 
over the feeders, taking into consideration the feeder’s 
losses and the power supplied by DG, if it exists, 
should be equal to the total demand at that bus.
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2) Distribution Feeder’s Thermal Capacity: 
Power flow in feeders must be within their capacities.
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3) Distribution Substation’s Capacity: 
The summation of total power delivered by the 
substation’s transformers to the network must be 
within the substation’s capacity limit.
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4) DG Operation Limits: 
The DG’s generated power must be within the DG’s 
capacity. 
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5) Voltage Drop Limits: 
The voltage level at different buses must be within 
predetermined value  
                                                                 

VVV ji ∆≤−                                       (10) 

3. Solution method 

3.1 Methodology   
The problem of distribution system expansion planning 
is modeled as a nonlinear optimization problem. A 
binary particle swarm based algorithm is used to 
optimize the capital investment and operational cost in 
new facility capacities (substation, feeders and DGs). 
The proposed model decides the capacity and location 
of the new facilities as well as the substation expansion 
and imported power from the grid through the system. 
Two different scenarios may be applied to find the 
optimal expansion planning for the distribution system 
under study: 
Scenario 1: consider the installation of DG units only 
to optimally cover the load demand with improved 
system performance. 
Scenario 2: consider the installation of DG units in 
addition to expanding the existing substations 
(installing new transformers and feeders) to optimally 
cover the load demand with improved performance 

3.2 Particle Swarm Algorithm 
The particle swarm optimization algorithm (PSO) was 
introduced by James Kennedy and Russell Eberhart [6] 
in 1995 inspired by social behavior of bird flocking or 
fish schooling. PSO is a population-based heuristic 
search technique in which each particle represents a 
potential solution within the search space and it is 
characterized by a position, a velocity and a record of 
its past performance [26-29].  
In solving optimization problems with PSO, each 
single solution is a "bird" in the search space. We call 
it "particle". All of particles have fitness values which 
are evaluated by the fitness function to be optimized, 
and have velocities which direct the flying of the 
particles. The particles fly through the problem space 
by following the current optimum particles. 
The particle swarm optimization concept consists of, at 
each time step, changing the velocity (accelerating) 
each particle toward its pbest and gbest locations 
(global version of PSO). Acceleration is weighted by a 
random term, with separate random numbers being 
generated for acceleration toward pbest and gbest 
locations. [26] 

3.3 Binary PSO 
The Binary PSO algorithm (BPSO) was introduced by 
Kennedy and Eberhart [28] to allow the PSO algorithm 
to operate in binary problem spaces. The BPSO has a 
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structure almost identical to the standard PSO, where 
the velocity is still defined to be in the continuous 
space. However, the BPSO does not regard the 
velocities as velocities, but rather uses it to define the 
probability that a bit flip will occur. The only changes 
to the standard PSO algorithm is that the position 
vector of the particle is a vector of binary digits, rather 
than a vector of continuous values, and that the 
position update equation 
Where S(x) is the sigmoid function  

         
xe

xS −+
=

1
1)(                              (11) 

The BPSO is susceptible to sigmoid function 
saturation, which occurs when velocity values are 
either too large or too small. In such cases the 
probability of a change in bit value approaches zero, 
thereby limiting exploration. For a velocity of 0, the 
sigmoid function returns a probability of 0.5, implying 
that there is a 50% chance for the bit to flip. Velocity 
clamping will delay the sigmoid function saturation 
from occurring. 

3.4 The Proposed BPSO Algorithm 

3.4.1 Solution Coding 
Population is composed of N particles, [X1, X2, . Xn]       
Each particle contains m values (binary).  
Xi (0) = [Xi (1), Xi (2), ……; Xi (m)]   
The total number of coordinates (m) equals the total 
possible locations of the distributed generators (DG) 
and the total number of transformers at all buses.                                           

TTDGDG MNMNm ×+×=          
 m  : Total number of coordinates 

DGN  :Number of system buses for possible DG
 installation  

DGM  : Maximum number of DG considered at each 
bus  

TN : Number of system buses for possible transformer 
expansion 

TM : Maximum number of transformers at each bus  
 

TM  TM  
… … 

DGM  DGM  
… … 

 

               TN                                          DGN  
Fig. 1 particle coding 

3.4.2 The Proposed Algorithm Steps 
The major steps for solving the problem under study 
using BPSO algorithm described as follow: 
 
Step 1: Initialization 

a. Set the time counter   t = 0 
b. Generate n random particles, 
c. Generate randomly initial velocities of all 

particles 
d. Check that each particle has feasible solution 

e. Adjust (randomly) the particle coordinates to be 
feasible solution 

f. Each particle in the initial population is 
evaluated using the objective function. 

g. Run the power flow  
h. Check the feeder's thermal capacity.  
i. If the feeder exceeds its capacity, go to step j, 

Otherwise, go to step k  
j. Upgrade the feeders by replacing the feeder with 

higher capacity feeder.  
k. Check the voltage for all buses. If the voltage is 

less than the minimum limit go to step j, else, go 
to step g 

l. Add one DG unit at the buss. Go to step g 
m. Check the voltage for all buses. If the voltage is 

more than the maximum limit go to step n, else, 
go to step m 

n. Decrease the number of DG's at the bus by one 
unit. Go to step g 

o. If the solution is feasible go to step q, Else, go to 
step p 

p. Randomly adjust the solution to be feasible. Go 
to step g 

q. Add the backup DGs. For each load if there is 
one or more DG then (BK=1), else (BK=0) 

r. Evaluate the total cost  
 
Step 2: Time updating 
Update the time counter. t=t+1 
 
Step 3: Velocity updating 
Using the individual best and global best the velocity 
can be updated            
                   
Step 4: Position updating 
The position is updated using the sigmoid function and 
keeping the position values to be either 1 or 0. 
 
Step 5: Individual best updating 
Each particle is evaluated according to the updated 
position and then updates individual best  
 
Step 6: Global best updating 
Search for the minimum value among the individual 
best then update the global best 
 
Step 7: stopping criteria 
If one of the stopping criteria satisfied then stop  

4. Simulation Results 
The system under study is shown in Fig. 2 and Tables 
1 & 2 [8, 24]. It consists of one 132 KV/33 KV 
substation (40 MVA capacity) at bus 9 and eight loads 
(33 KV/11 KV service transformers) at buses 1-8 and 
four existing distribution feeders with a thermal 
capacity of 12 MVA and an impedance of Z=0.1738+j 
0.2819  Ω/km. There is forecasted load growth of 28 % 
after 4 years of the base year and the power demand 
will be approximately 51.1 MVA. There should be a 
backup DG unit installed in case of any DG failure and 
for scheduled maintenance intervals. The system power 
factor is set to be 0.9 and the size of the DG's is 
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multiple of 1 MVA. The maximum limit of the DG 
capacity at each bus is 4 MVA (4 DG units) plus the 
backup DG so that the percentage of the maximum DG 
power in the system is approximately 30% of the total 
peak demand. This limit is used to keep the concept of 
the DG not a centralized plant and take the most 
benefit from the existing substation and its sunk cost. 
The new transformer units used in case of substation 
expansion are two three phase 10 MVA transformers 
(132 KV/33 KV) .The system loads and the feeders 
characteristics are shown in table 1 and 2. 
For the cost data, the electricity market price is 
considered to be 70 $/MWh for purchasing power from 
the main grid. The price of the DG unit is 0.5 
M$/MVA and the running cost of the DG is assumed 
to be 50 $/MWh. The fixed cost of the new 10 MVA 
transformer is 0.2 M$. The cost of upgrading the 
feeders by adding parallel feeder to the existing feeder 
with same capacity is 0.12 M$/km.  The discount rate 
is considered to be 12.5%.  The total system demand is 
also shown in Fig.2. [24] 
 

 
Fig.2 System under Study 
 
Table 1. System loading 

Bus Base Year, MVA Horizon year, MVA
1 5.98 7.64 
2 6.83 8.72 
3 5.98 7.64 
4 3.13 4.00 
5 4.78 6.11 
6 4.02 5.14 
7 3.59 4.58 
8 5.69 7.27 

 
Table 2. The feeder's characteristic 

From To Resistance  Reactance Length 
9 1 1.390 2.255 8 
9 3 2.085 3.383 12 
9 5 2.259 3.664 13 
9 7 1.738 2.819 10 
1 2 2.780 4.510 16 
3 4 2.780 4.510 16 
5 6 2.433 3.946 14 
7 8 2.085 3.383 12 

 
The optimization model of the distribution expansion 
problem is used to meet the expected demand by 
choosing the optimum solution between expanding the 
existing substation or installing the DG's in the load 
buses. Expanding the existing substation, including 
installing new transformers units and upgrading the 
feeders if they exceed their thermal limits by replacing 

the existing feeder by another feeder with higher 
capacity.  The cost of the importing power is calculated 
for the existing substation as well as the new 
expansion.  
 
 
 
Table.3 Substation Expansion .vs. DG 

 Considering 
Substation  
Expansion 
Only 

Considering 
DG& 
Substation 
Expansion 

Number of New 
Transformers 

2 0 

Expanding Substation 
Fixed Cost (M$) 

0.4 0 

Total Supplied 
Capacity (MVA) 

54.1186 52.0847 

substation purchased 
power (MVA) 

54.1186 32.0847 

Expanding Substation 
Variable Cost (M$) 

89.769 53.221 

Expanding Substation 
Total Cost  (M$) 

90.169 53.221 

   
Number of DG 0 20 
DG Fixed Cost (M$) 0 12.5 
DG Variable Cost 
(M$) 

0 23.696 

DG Total Cost (M$) 0 36.196 
   
Number of Feeders 
Upgrades 

3 0 

Feeders Fixed Cost 
(M$) 

4.5 0 

   
Total Losses (MVA) 3.0186 0.9847 
Losses Cost (M$) 5.0071 1.6334 
   
   
Total Planning Cost 
(M$) 

99.676 91.050 

 
 
Table 3 shows the obtained results. The first column 
represents the substation expansion option without 
installing any distributed generator. Two transformers 
are installed to meet the demand and three feeders are 
upgraded since their power flow is higher than their 
thermal capacity. On the other hand, the second 
column represents the optimal solution if the DG 
option is considered with the substation expansion. The 
DG option provides 8.7% less total planning cost. The 
optimal locations and size of the DG is shown in fig.3. 
Each DG unit has capacity of 1 MVA and the optimal 
locations and sizes of the DG are 4 units (4 MVA) at 
buses 1,2,4,6 and 8 with additional unit at each bus as a 
back-up. 
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Fig.3 Number and Location of DG's 
 
In the substation expansion there are three feeders 
upgraded since their power flow exceeds the thermal 
capacity. The existing feeders (12 MVA) are replaced 
with higher capacity feeders (20 MVA). In the DG 
option there is no feeders need to be upgraded because 
the present of the DG in the load side.  
 
Fig.4 shows the bus voltage profile of the two options. 
It is clear that the voltage profile in DG case is better 
than the voltage profile in the substation expansion 
case. The lowest bus voltage in the substation 
expansion option is 0.928. On the other hand, the 
lowest bus voltage in the DG option is 0.962. This 
improvement is one of the main benefits of using the 
DG in the distribution system. 
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Fig.4 Bus Voltage 
 
Fig.5 shows the percentage feeder's loadings. It is 
obvious that the feeders in the DG option are less 
loaded because the DG's can limit the feeder's power 
flow to their thermal capacity limit. This is another 
benefit of using the DG in the distribution system 
which is decrease the percentage loading in the feeders 
which result decreasing the system losses and increase 
the opportunity of using the same system feeders in the 
expansion planning without need for feeder upgrading.  
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Fig.5 Percentage Feeder Loadings 
 
The percentage of the load supplied from the 
substation and from the DG in the DG option is shown 
in the Fig. 6.  
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Fig.6 Load Supplied by Substation and DG for the DG 
option 

 

5. Conclusion  
In this paper a method based on binary particle swarm 
optimization is implementing to solve the distribution 
system expansion problem. The traditional options of 
the distribution planning are considered beside the 
distributed generator (DG) as a new attractive option. 
The aim of the model is to find the optimal planning 
cost of the expansion to meet the load growth. This 
cost includes the capital cost and the operational cost 
of the substation and the DG's. The cost also includes 
the cost of the power losses in the system and the cost 
of the feeders upgraded when their power flow exceeds 
their thermal capacity limit. The proposed model 
decides the locations and size of the new facilities in 
the system as well as the amount of the purchased 
power from the main grid through the main substation. 
The results show that the DG's introduce economical 
and electrical benefits to the system. The planning cost 
of the DG option is better than the planning cost of the 
substation expansion by 8.7%. The voltage profile of 
the DG option is better than the voltage profile of the 
substation expansion. DG improves the percentage 
power loading of the feeders and keeps the power flow 
through the feeders reduced. As a result the losses in 
the system are reduced.    

Proceedings of the 2nd IASME / WSEAS International Conference on Energy & Environment (EE'07), Portoroz, Slovenia, May 15-17, 2007      240



 - 6 -

 

6. References 
 
1. Old_eld, J.V.and Lang, M.A., "Dynamic Programming 

Network Flow Procedure for Distribution System 
Planning", Proceeding Power Industry Computer 
Applications Conference, (1965) 

2. Adams, R.N. and Laughton, M.A., "Optimal Planning of 
Power Networks Using Mixed Integer Programming", 
Proc. IEEE, Vol.121, No.2, pp. 139-147, February 
(1974). 

3. Crawford, D.M.and Holt, S.B., "A Mathematical 
Optimization Technique for Locating and Sizing 
Distribution Substations and Deriving Their Optimal 
Service Areas", IEEE Transactions on Power Apparatus 
and Systems, Vol.PAS. 94, No. 2, pp. 230-235, April 
(1975). 

4. G¨onen, T.and Foote, B.L., "Distribution System 
Planning Using Mixed-Integer Programming", Proc. 
IEE, Vol. 128, Pt.C., No. 2, pp. 70-79, March (1981). 

5. Ponnavaikko, M., Rao,P., "Distribution System 
Planning Through A Quadratic Mixed Integer 
Programming Approach" IEEE Transaction on Power 
Delivery, Vol. PWRD-2, No.4, October (1987). 

6. Hsu, Y., Chen, J., "Distribution Planning Using a 
Knowledge-Based Expert System" IEEE Transaction on 
Power Delivery, Vol.5, No.3, pp. 1514-1519 July 
(1990). Vol.8, No.4, pp. 1900-1906. 

7. Aoki, K.; Nara, K.; Satoh, T.; Kitagawa, M. and 
Yamanaka, K.; "New approximate optimization method 
for distribution system planning", IEEE Transactions on 
Power Systems, Volume 5,  Issue 1,  Feb. 1990 
Page(s):126 – 132. 

8. V. H. Quintana, H. K. Temraz, and K. W. Hipel, “Two-
stage power system- distribution-planning algorithm,” 
Proc. IEE Gen., Transm., Distrib., vol. 140, pp. 17–29, 
Jan. 1993. 

9. Jonnavithula, S. and Billinton, R.; "Minimum cost 
analysis of feeder routing in distribution system 
planning", IEEE Transactions on Power Delivery, 
Volume 11,  Issue 4,  Oct. 1996 Page(s):1935 – 1940. 

10. Yeh, E.-C.; Venkata, S.S. and Sumic, Z.; "Improved 
distribution system planning using computational 
evolution", IEEE Transactions on Power Systems, 
Volume 11,  Issue 2,  May 1996 Page(s):668 - 674 . 

11. Peponis, G.J. and Papadopoulos, M.P.; "New dynamic, 
branch exchange method for optimal distribution system 
planning", IEE Proceedings Generation, Transmission 
and Distribution, Volume 144,  Issue 3,  May 1997 
Page(s):333 - 339 . 

12. Goswami, S.K.; "Distribution system planning using 
branch exchange technique", IEEE Transactions on 
Power Systems, Volume 12,  Issue 2,  May 1997 
Page(s):718 - 723 . 

13. Lin, W.-M.; Yang, C.-D. and Tsay, M.-T.; "Distribution 
system planning with evolutionary programming and a 
reliability cost model", IEE Proceedings Generation, 
Transmission and Distribution, Volume 147,  Issue 6,  
Nov. 2000 Page(s):336 - 341  

14. Ault, G.W. and McDonald, J.R.; "Planning for 
distributed generation within distribution networks in 
restructured electricity markets", IEEE Power 
Engineering Review, Volume 20, Issue 2, Feb. 2000 
Page(s):52 - 54. 

15. Ackermann T, Goran Andersson and Lennart Soder, 
"Distributed Generation: A Definition", Electric Power 
System Research 57 (2001), pp. 195-204. 

16. Vaziri, M.; Tomsovic, K.; Bose, A.; Gonen, T., 
"Distribution expansion problem: formulation and 
practicality for a multistage globally optimal solution", 
IEEE Power Engineering Society Winter Meeting, 2001. 
Volume 3,  28 Jan.-1 Feb. 2001 Page(s):1461 – 1466. 

17. Dugan, R.C. and McDermott, T.E.; "Distributed 
generation", IEEE Industry Applications Magazine, 
Volume 8,  Issue 2,  March-April 2002 Page(s):19 - 25  
Volume 150,  Issue 5,  15 Sept. 2003 Page(s):527 - 535 . 

18. Ault, G.W.; McDonald, J.R. and Burt, G.M., "Strategic 
analysis framework for evaluating distributed generation 
and utility strategies", IEE Proceedings Generation, 
Transmission and Distribution, Volume 150, Issue 4, 14 
July 2003 Page(s):475 – 481. 

20. Hegazy, Y.G.; Salama, M.M.A.and Chikhani, A.Y., 
"Adequacy assessment of distributed generation systems 
using Monte Carlo Simulation", IEEE Transactions on 
Power Systems, IEEE Transactions on, Volume 18,  
Issue 1,  Feb. 2003 Page(s):48 - 52 . 

21. Gomez, J.F.; Khodr, H.M.; De Oliveira, P.M. and 
Ocque, L.; Yusta, J.M.; Villasana, R.; Urdaneta, A.J.; 
"Ant colony system algorithm for the planning of 
primary distribution circuits", IEEE Transactions on 
Power Systems, Volume 19,  Issue 2,  May 2004 
Page(s):996 – 1004. 

22. El-Khattam, W.; Bhattacharya, K.; Hegazy, Y. and 
Salama, M.M.A.; "Optimal investment planning for 
distributed generation in a competitive electricity 
market", IEEE Transactions on Power Systems, Volume 
19,  Issue 3,  Aug. 2004 Page(s):1674 - 1684 . 

23. De Oliveira-De Jesus, P.M. and Ponce de Leao, M.T., 
"Comparative Analysis of Different Cost Loss 
Allocation Methodologies in Distribution Networks 
with Distributed Generation", IEEE Latin America 
Transactions, ( Revista IEEE America Latina), Volume 
3,  Issue 3,  July 2005 Page(s):67 - 72  

24. El-Khattam, W.; Hegazy, Y.G.; Salama, M.M.A., "An 
integrated distributed generation optimization model for 
distribution system planning", IEEE Transactions on 
Power Systems, Volume 20,  Issue 2,  May 2005 
Page(s):1158 - 1165. 

25. Sotkiewicz, P.M.; Vignolo, J.M.; "Allocation of fixed 
costs in distribution networks with distributed 
generation", IEEE Transactions on Power Systems, 
Volume 21,  Issue 2,  May 2006 Page(s):639 - 652 . 

26. Kennedy, J., and Eberhart, R. C. (1995). Particle swarm 
optimization. Proc. IEEE Intl. Conference on Neural 
Networks (Perth, Australia), IEEE Service Center, 
Piscataway, NJ, IV: 1942-1948. 

27. R.C. Eberhart. and Y. Shi. Particle swarm optimization: 
developments, applications and resources. In 
Proceedings IEEE International Conference on 
Evolurionary Computation, pp. 81-86,2001. 

28. J. Kennedy and R. C. Eberhart, "A discrete binary 
version of the particle swarm algorithm," Proc. Conf. on 
Systems, Man, and Cybernetics, IEEE Service Center, 
Piscataway, NJ, 1997 

29. Eberhart, R. & Kennedy, J. “A new optimizer using 
particle swarm theory” Micro Machine and Human 
Science, 1995. MHS ’95., Proceedings of the Sixth 
International Symposium on, Vol., Iss., 4-6 Oct 1995, 
pages:39-43 

Acknowledgment 
The authors acknowledge King Fahd University of 
Petroleum & Minerals for the support of this work. 

Proceedings of the 2nd IASME / WSEAS International Conference on Energy & Environment (EE'07), Portoroz, Slovenia, May 15-17, 2007      241


