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ABSTRACT 

This paper proposes procedures for optimal planning and operation of radial distribution systems 
(RDS). Optimal planning involves selection of the best cross-section of branches to be operated, 
such that the resulting RDS yields the desired performance for the existing and expanding load 
demand. A genetic algorithm (GA) is used to obtain the optimal branches of RDS by minimizing 
the sum of branch cost and present worth of the feeder energy costs, while keeping the voltage 
regulation within a prescribed limit and satisSying the growth factor. The multi-objective genetic 
algorithm (MOGA) is suggested to achieve more than one objective and satisfy the RDS 
constraints. After selection of the optimal branches, an optimal operation procedure of RDS is 
proposed using a distribution system software programming @SSP). This program is applied to 
obtain the optimal switched point to find the best radial reconfiguration system with minimum 
energy loss costs and satisfy the RDS constraints such as: branch voltage drop, thermal current 
carrying capacity and balanced power generation-load demand equation. Different studies are 
presented to illustrate the capability of the proposed optimal procedures using two real life power 
distribution systems. 

Kgntrords: Distribution system, Genetic Algorithm, Multi-objective genetic algorithm. 

1. ~TRODUCTION operation of distribution networks are achieved when 
the networks present minimum losses, minimum 

'Iarming and operation voltage deviations at the customer loading points and 
involve a long list of optimization problems, like mum refihiility, Network reconfiguration is 
eqmion at Or process of altering the topological structures of reconfiguration keeping in mind a ce* objective dis~bution feeders by changing the open~closed function (e.g., feeder andfor substation balancing, sates of the sectionalizing and tie switches under 
loss reduction, voltage profile, etc.). both normal and abnormal operating conditions. 
A key factor when practically implementing those During normal operating conditions, networks are 
optimization problems refers to the fact that, while reconfigured to reduce the system real power losses, 
distribution networks are stnrcturally meshed, they relieve loads in the network and to increase network 
are radially operated. The optimal planning and reliability. When a fault occurs on a feeder, the 

- 
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faulted section has to be identified and isolated. The 
isolated sections will have to be fed from alternative 
feeders until the faulty branch is repaired. Several 
categories of network reconfiguration techniques for 
power loss reduction can be distinguished [I]. On the 
one hat14 the safest way to solve the reconfiguration 
problem consists of trying all possible trees for the 
system at hand, as done in 121. On the other hand, the 
combinatorial nature of the problem has held 
researchers to explore purely heuristic solution 
techniques [3 -51. 

Finally, a third category comprises those 
contributions using artificial intelligence, like 
simulated annealing [6], f i m y  logic[7], genetic 
algorithms [8] (whose computation speed is too slow 
to apply to large systems), or artificial neural 
networks[9] (which requires substational amount of 
accurate data for training). Ref. [lo] presented an 
optimization methodology for distribution networks 
expansion using an evolutionary algorithm. This 
methodology deals only with planning distribution 
problems. Ref. [l 11 presented a systematic procedure 
to study the effect of temperature change to the 
power system load demand (load profiles and 
feeder losses). Recently, reconfiguration of 
distribution system considering loss minimization 
were presented in [12,13]. 
This paper presents a proposed procedure to obtain 
the optimal cross-section branches to be suitable for 
existing and extending distribution networks, while 
the other procedure deals with the operation of RDS 
for normal and abnormal operating conditions. 

2. PROBLEM FORMULATION 

Planning and operation of distribution systems - 
involve a multi-objective functions that must be 
achieved while necessary system constmints are 
satisfied. 

2.1 Objective Functions 

a. Minimization of energy loss costs: 

This paper aims to minimize the system power loss 
which can be expressed as: 

-3 

Mjn& = ~ i n A 3 ~ 1 0  I,?&(uF) (1) 
i=l 

where, n is the total number of branches, Ii is the load 
current flow in branch i, Ri is the resistance of branch 
i, T is the number of operating hours per year and 
LLF is the loss of load factor which is a function of 
load factor (LF) and is defined as [14]: 

LLF = A (LF)= +B &.F) where, A+B=l (2) 

annual percentage r. Therefore, the energy loss costs 
can be expressed as: 

where, h is the cost of energy per KWH. 

b. Minimization of feeder costs: 
The actual cost of the distribution feeder involves a 
iixed cost as well as a variable cost. The fixed cost 
component relates to the pole and involves, labor and 
installation. The variable cost component reflects the 
cost of conductor material and is a function of cross- 
sectional area. Then, the minimization of total 
costs over the life period of the feeders in the 
distribution system can be expressed as: 

D n 

.. . . . 

where, Wli and W2i are the cost constants of feeder 
i per unit length ( 1 km ). 

c. Minimization of voltage deviation: 
The voltage deviation with respect to the flat voltage 
(1.0 p.u.) must be minimized, so that the regulation 
factor at load bus in the distribution system can be 
modified. This objective fundion can be expressed 
as: 

j=1 

where, 5 is the voltage magnitude at bus j, V p  is 
specified voltage (1.Op.u) and N is the total number 
of load buses. 

2.2 Constraints of distribution system: 

The minimization of the objective functions (3)-(5) 
may results in cross-sectional areas that may lead to 
either high or low service quality. 
a- Voltage level constraints: 

The Voltage level at the consumer, in the 
distribution system, is the main constraint. The 
voltage drop in the distribution feeder depends on the 
choice of its cross-section area, loading level, power 
factor and circuit operating voltage. However, 
the small value of feeder voltage drop leads to high 
conductor size and, consequently, more investment 
and lower system losses. The voltage magnitude at 
each bus must be maintained within its limits as: 

VP" <Vj ST j=l, ..., N (6) 

where, V,"'" and Vj"" are the minimum and 
maximum voltage magnitude at bus j. 

The total energy loss is to be calculated on the basis b. c , , , ~ ~ ~ ~  constraint: 
of present worth cost for the period of conductor, 
assumed life time @ for a discount rate of This current has to lie within its capacity rating of 

branch j as follow: 

118 Engineering Research Journal, Minoufiya University, Vol. 30, No. 2, April 2007 



Adel A. Abou EL-Ela, Gamal E. M Aly, and Abeer A. E. Shammah, "Optimal Planning and Operation ... ... ... " 

where, &{ and y" are the current magnitude and 
maximum current limit of branch j, respectively. 

c. Thermal-limit constraint: 

The maximum allowable conductor temperature, at 
which the conductor can be operated, is called the 
thermal limit or thermal rating of that conductor. This 
constraint can be expressed as: 

A, 5 A- (8) 

where, A, and Am'" are cross-section area and its 
minimum limit of branch j. Howevex, the minimum 
cross-section area in the first branch must carry the 
total current of ring distribution before transferring it 
to RDS. 

d. Balanced equation: 

The total current flow must be equal to the total 
nodal loading current according to the following 
equation: 

where, ILj is loading current at node j. 

3. GENETIC ALGORIlXM FOR OPTIMAL 
CROSS-SECTION AREA OF BRANCHES 

Genetic algorithms (GAS) are based on the 
mechanisms of natural selection. GAS produce 
high quality solutions because they are independent 
of the choice of initial configurations. Initial 
population is generated randomly. Population 
consists of individuals, each representing a particular 
selection of the values of the variables coded in 
binary form. Each individual is evaluated to 
obtain a measure of its fitness in terms of objective 
function to be optimized. 
In this paper, GA is used to find the optimal cross- 
section area of branches to achieve multi objective 
functions (3)-(5). After this start, successive 
population are generated using the following three 
basic operators: 
(1) Reproduction 
(2) Crossover 
(3) Mutation 

1) Reproduction Operator: 
Reproduction is a process in which individual 

strings are copied according to their objective 
function value (fitness). In this process, strings with 
higher value have a higher probability of contributing 
one or more off-springs to the next generation. 

2) Crossover Operator: 
After reproduction, crossover is used to create new 
individuals and takes place according to a given 
probability value as shown in Fig. 1. 

3) Mutation Operator: 
Mutation creates a new individual by changing a 
randomly selected bit in its coding as shown in Fig. 
* 
L. 

~ 0 ~ 1 ~ 0 ~ l ~ l J  

I l l l l l l l l 0 [  
(a)Before crossover &)After crossover . , 

Fig. 1 Crossover o~erator 
l o l l l o ] l l o (  [ o l l l l l l l o l  

(a) Before mutation (b) After mutation 
Fig. 2 Mutation Operator 

4. MULTI-OBJECTIVE GENETIC ALGORITHM 
wow 
Many real-world problems involve simulation and 
optimization of several objective functions. 
Generally, these functions often have competing and 
conflicting objectives. Multi-objective optimization 
with such conflicting objective functions gives rise to 
sets of optimal solutions, instead of one optimal 
solution. The reason for the optimality of many 
solutions is that no one can be considered to be better 
than any other with respect to all objective 
functions. A general multi-objective optimization 
problem consists of one or more objectives to be 
optimized simultaneously and is associated with a 
number of constraints. It can be formulated as 
follows: 

Minf,(x)  i = l ,  ...., No (10) 

i g,(x)r 0 j =  I,...., M 
subjectto hLx)<O k=l ...., k,  (1 1) 

where, is the ith objective functions, x is a decision 
vector that represents a solution, NO is the number of 

objective functions and g, ( x )  & h, ( x )  are 

inequality constraints of power system. 
The priority goal programming (PGP) is used to 
achieve the simultaneous optimization of several 
objective functions. These objective functions can be 
expressed as: 
Min f =w,.F,+w,.F,+w,.F, (12) 

Since, there is no feasible solution when these 
objectives are minimized simultaneously, the priority 
goal programming technique must be used. This 
technique is very efficiently to be used dependent on 
the selection of the best values of weighting factors ( 
wl,W and w3). 
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5. DISTRlBUTION SYSTEM SOFTWARE 
PROGRAMMING @SSP) 

5.1 Power and Energy Loss Computation in 
Medium Voltage( MV) Network 

The DSSP starts with closing all tie switches to 
create a meshed network. This meshed network will 
contain many closed loops, and each loop should has 
an optimal opening point for minimum losses. 
Therefore, our goal in normal operation is to find the 
optimal opening switch for each loop according to 
the following steps: 
1. Input Data: which contains: 
a) Feeder parameters (resistance and 

reactance), type of conductor, length and 
number of circuits. 

b) Voltage, current, power factor, load factor 
and loss factor at the sending end of feeder. 

c) Peak adjustment factor (P.A.F=Last Year Ann. 
Peak Load Last Year Peak Load in the month 
corresponding to the month of measurements). 

d) Node connection for each branch, cross- 
section area of each branch and 
percentage loading at each node. 

2. Compute feeder input apparent power (S = 43~1, 
where V and I are measured values. 

3. Compute voltage profile, active power flow and 
reactive power flow in each section using 2-bus 
(based on measured transformers loading). 

4. Compare feeder sending end calculated 
power with measured power within a certain 
tolerance (E < 0.0001 for Gauss-seidel method). 

5. If (the measured power minus the 
calculated power) 5 E then stop calculations. 
Otherwise, modify the calculated power for each 
node according to the following relations: 

6. Go to step 4. 

5.2 Reconfiguration of Medium Voltage Loops 
Operation Schemes 

The medium voltage distribution system is designed 
as loops. These loops are normally opened under 
normal operating conditions. 
The points of opening the loops are determined by 
the operation and control groups in the electricity 
distribution company. 
This program presents a technique to determine the 
optimal operation scheme (point of opening) of the 
M.V. loops to minimize the power losses. 
1. Input Data: which contains: 

a- Feeder sections data: type of conductor, 
length, number of circuits. 

b- Actual voltage at the sending end. 
c- Kiosks (transformer points) data (Active 

power, reactive load and capacity). 
2- Computations 
Based on the Medium Voltage cables and load data 
input, the program solves the load flow in the closed 
loop, and determines the optimal location of opening 
the loop to minimize the power losses. This location 
is the node at which the load flow reverses its 
direction. 
The program calculates the load flow and power 
losses in the new operation system. 
The reduction in power losses may be calculated by 
comparing the losses under original operating 
conditions with that in the optimal operating 
condition. 

6. PROPOSED OPTIMAL PROCEDURES 

The first optimal proposed procedure (POP) is 
concerned with the planning problem of finding the 
optimal cross-section areas of branches. The first 
branches in both sides of meshed system must have 
the capability to carry the total current in both 
distributors. In this procedure the MOGA is used to 
minimize the objective function (12) and satisfy the 
distribution system constraints (6)-(9). AAer the 
determination of the optimal cross-section areas of 
branches, the second POP is applied using the DSSP 
in order to find the best radial reconfiguration system 
to minimize the total system losses. However, a tie 
switch and some sectionalizing switches with the 
feeders form a loop. A certain switch of each loop is 
then selected to open to make the loop become radial, 
and the selected switch naturaIly becomes a tie 
switch. In the second POP, the network 
reconfiguration problem is identical to the problem of 
selection of an appropriate tie switch for each loop so 
that the power loss (Fi) is minimized and the RDS 
operation and planning constraints (6)-(9) are 
satisfied. 

7. APPLICATIONS 

7.1 Case Studies 
Two real cases distribution study are used to find the 
optimal planning and operation of these systems. 
These case studies are real parts of Tanta city in 
Egypt. Figures 3 and 4 show the configuration of 
these distribution systems and the input data are 
shown in Tables 1 and 2, respectively. These systems 
contain three normally open switches thatare closed 
only when a fault occurs. 
Four cases are considered to select the optimal 
cross-section areas of the feeders which are: 
In Case 1 : the cross-section areas of all branches are 
equal to 150 mm2. 
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In Case 2: the cross-section areas of all branches are 
equal to 150 mm2 except the first branches in both 
sides of meshed network for both distribution 
systems (1-2 & 11-12 in the first system and 1-2 & 
24-25 in the second system) are equal to 240 mm2. 
In Case 3 : the cross-section areas of all branches are 
equal to150 mm2 except the fwo first branches in 
both sides of meshed network for both systems (1-3 
& 10-12 in the first system and 1-3 & 23-25 in the 
second system) are equal to 240 mm2. 
In Case 4: the cross-section areas of all branches are 
equal 150 mm2 except the three first branches in both 
sides of meshed network for both systems (1-4 & 9- 
12 in the first system and 1-4 & 22-25 in the second 
system) are equal to 240 mm2. However, the current 
capacities of cross-section areas150 &and 240 
mm2 are equal to 219 and 289 Amperes, 
respectively. 

Fig. 3 Configuration of the first case study 
n ~amv EL S&AT.Y. 

KTENY 

9 

fig. 4 Configuration of the first case study 
Table 3 and 4 show the percentage increasing in load 
demand from year 2003 to year 2006 and the 
transformer rating as a KVA at each loading point for 
two case studies, respectively. From these tables, the 
increasing in load demand are varied from 35% to 
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77% and from 0% to 85% for two case studies, 
respectively. These tables are used to obtain the 
optimal planning of the distribution systems for the 
different cases (1-4). 

Table 3 Percentage increasing in load demand for fhe 
first case study 

case(1) case(2) case(3) case(4) 

case 

total cost of side 1 E4 total cost of side 2 

Pig. 5 Total costs of each side of the feeder using th 
first POP (case 1) compared with other cases (2-4) 

for the first case study. 

Table 4 Percentage increasing in load demand for 

I case(1) case(2) case(3) case(4) 

cases 

Htotal mst of side1 Utotal costot side 2 

E'ig.6 Total costs of each side of the feeder using the 
jirst POP (case 1) compared with other cases (2-4) 

for the second case study. 

Figures 7 and 8 show the power losses (El) in each 
side using the first POP for the two case studies, 
respectively. However, the minimization of power 
losses cost F1 are very small compared with the 
feeder costs (F2) as shown in figure 9. Case 2 can be 
loaded in future up to 100% for the two case studies. 

7.2 Results and Comments 

Figures 5-8 show the optimal cross-section areas of 
the branches using the first POP (case 1) compared 
with other cases (2-4). The optimal cross-section 
areas of 150 mm2 is suitable for increasing in load 
demand in future (up to year 2009). While, Case 4 is 
more suitable for increasing in load demand up to 
year 2013. Figures 5 and 6 show the total costs ( Fl 
and F2 ) of Equations (3) and (4) of cases (1-4) for 
each side of the distribution system using the first 
POP applied on the two case studies, respectively. 

-1 
Fig.7 Power losses in each side using the first POP 

(case 1) compared with other cases (2-4) for the first 
case study. 
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I cases I 

Wg.8 Power losses in each side using the first POP 
(case 1) compared with other cases (2-4) for the 

second case study. 

II feeder ( I )  costs 

(a) First case study 

I feederfl) costs 

=e(l) -e(a csse(3 Case(4) 
CffeS 

(b) second case study 
Fig.9 Power losses and feeder costs using the first 

POP (case 1) compared with other cases (2-4) for the 
two case studies. 

Figures 10 and 11 show the voltage regulation factors 
for different cross-section areas (cases 1-4) applied 
on the first side of the RDS of the two case studies, 
respectively. From this figure, the voltage regulation 
factors are improved in the case4, but the total costs 

of mwer loss and feeder costs are increased 
compared with case 1, as shown in Figures 5-8. 

I -+-plcasel --ssr-- p l  case2 
.---a--.-. DI cas e3 .--- x..... DI case4 

1 2 3 4 5 6  

node number 

Fig10 Voltage regulation factors for the first side of 
the first case study. 

I I --t pl case1 ... r--.. pl  case2 I 

'3 CI) 2 4 + , 3  
node number 

Fig.11 Voltage regulation factors for the first side of 
the second case study. 

The second POP starts with closing all tie switches to 
create a meshed network. The tie switches are 
connected between nodes (4-5), (5-6) and (6-7) in the 
fust case study, and between nodes (12-13), (13-14) 
and (14-15) in the second case study. 

Table 5 A comparison between the three original tie 
switches for the first case study 

) Variables I Original open switches 

~agniGde atbus bar I at bus bar I at bus bar 
(K ) V,=10.806 ( Vmln=1O.786 1 Ymin=10.765 

Tie 
switches 

Tables 5 and 6 show the optimal opening switch to 
minimize the power loss while the voltage profile are 
maintain within the permissible limits using the 
second POP for the two case studies, respectively. 
From these tables,. the minimum loss values axe 
obtained using the second POP compared with the 
other original opening switches. However, the 
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optunal open switches are between nodes 6-7 and 
13-14 for the two case studies which have minimum 
power loss equal to 16.3839 KW and 8.85491 KW, 
respectively. 

Table 6 A comparison between the three original tie 
switches for the second case study. 

1 Variables 1 Original open switches -. 1 Tie 
switches 

'OWer 

loss(K9 
Voltage 

using the second POP to find the optimal opening 
switch for cases (1-4). From these studies, the 
optimal opening switches are independent on the 
changing of cross-section areas from case to another. 

Magnitude 
( K . )  

8. CONCLUSION 

12-13 

8.96233 

V-=11 .OO 
at bus bar ( at bus bar ( at bus bar 

Vm,=10.849 (Vm,=1O.846(Vmin=1O.821 

This paper presents an efficient proposed optimal 
procedures for planning and operation of distribution 
systems. The first procedure has been applied to find 
the optimal cross-section areas of branches in order 
to achieve multi-objective functions which are 
minimizing the power loss and feeder costs as well as 
minimization the voltage deviations with respect to 
the flat voltage (1.0 p.u.). The MOGA has been 
successfully applied to choice the optimal cross- 
section areas of the branches which are suitable for 
existing and expansion load demand while the 
distribution system constraints are satisfied. The 
second POP has been introduced for the distribution 
system reconfiguration to minimize power losses and 
restore service to the affected loads during the 
normal operating conditions. This problem is 
formulated and successfully solved using the DSSP 
to find the optimal opening switch in order to 
minimize the power losses and maintain the voltage 
profile within the permissible limits. Using the 
DSSP, it is noted that the optimal opening switch is 
independent of the size of branche's area and the 
effects of power loss costs are very small compared 
to the feeder costs. The optimal proposed procedures 
are more suitable for different sizes of practical 
network reconfiguration. 

Similarly, comprehensive studies are carried out 
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