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This paper presents a genetic algorithm based approach to the scheduling of electricity distribution. Gaza strip
challenges shortage of electricity power. Electricity Distribution Company overcomes this shortage by dividing
the cities into sub-regions and providing them with electricity power in alternating manner. But this approach
suffer from a lot of problems for regions contains hospital and sensitive facility, also it is the lack of systematic
approach to schedule the distribution of electricity. The proposed algorithm provides a schedule for turn on/off
transformers in sub-regions in order to minimize the number of turn-off transformers. For example, if the total
power consumption for a group of transformers is 15 m.W, but the available power is 9 m.W, the genetic
algorithm provides a schedule to distribute 9 m.W on transformed with minimum number of transformers turn
off. Also the algorithm can be adapted according to customer power consumption in different seasons. All
constrains provided by the electricity distribution company are considered in the genetic algorithm design. The
main advantage of the genetic algorithm formulation is that fairly accurate results can be obtained. The
algorithm has been tested on a power line contains 85 transformers and the number of turn off transformer
reduced to 30%, which will reduce the duration of electricity discontinuity and provide better service to
customers.
Keywords: Electric-Power Scheduling, Genetic algorithms, Scheduling.
INTRODUCTION
No one can deny that Gaza strip challenges shortage of
electricity power, which has a direct effects on 1.6 million
person living in Gaza strip. The total electric power
available in Gaza strip is 207 m.W, while the total needed
is 400 m.W. (300 m.W for summer and 400m.W for
winter) (Gaza Electricity Distribution Corporation LTD,
2011).
There are three sources for electricity power; the first is
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the Israeli company which supplies Gaza with 125 m.W
from 1976 until now; the second source is the Egypt with
17 m.W, which recently upgraded to 22 m.W; the third
source is local electricity generation station generating
(60-62) m.W, this average doesn’t increase because of
diathesis process through the Zionist occupation (Gaza
Electricity Distribution Corporation LTD, 2011).
As shown in table 1.1 the total amount of power
available is 207 m.W, where the actual need is 400 m.W ,
which mean there is shortage reach 45% in power need
for Gaza strip Electricity Distribution Company
overcomes this shortage by dividing the cities into subregions and providing them with electricity power in
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Figure 1- The parts of a resource-constrained scheduling problem

alternating manner by using a non systematic approach
to schedule the distribution of electric power.
Electric power distribution scheduling involves
determination of switching times for each electric power
transformer over a given scheduling period. Typical
scheduling constraints have to be met: resources of
limited availability of electric power (manpower, vehicles,
etc.) , priority relations, etc. (Rero and Irving, 1996)The
preparation of such schedule is not trivial. Certainly, the
engineer is facing a complex decision problem since he

needs to consider lots of constraints and assign values to
many variables (Rero and Irving, 1996). The schedule is
subject to a number of system and electric powerdistribution network constrains. Some of the constrains
that must be taken into account include :
1.
Electric power consumption should not exceeds
the maximum line capacity during rush hours (9:00 AM11:00 & 4:00PM-11:00PM).
2.
Electric power consumption has a dynamic
behavior of the energy demand along seasons, for
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Figure 2. Genetic algorithm flow chart program

example at spring and autumn consumption decrease
since customers don’t need to run conditions and
warming devices.
3.
It has to achieve optimal usage of the company’s
limited resources involved in switching operation. These
are basically: equipment, mobile technical staff,
transportable generators, distribution operators, and the
distribution network itself.
4.
The OFF periods for critical facility such as
hospital has to be minimized.
Finally, if we bear in mind the huge size of the electric
networks dealt with (they can easily contain 2000 nodes

and 800 switches), we understand the combinatorial
complexity of the problem the planning engineer is
periodically faced with.
In its most general form, the resource-constrained
scheduling problem asks the following: Given a set of
activities, a set of resources, and a measurement of
performance, what is the best way to assign the
resources to the activities such that the performance is
maximized? The general problem encapsulates many
variations such as the, production scheduling, and the
resource-constrained project scheduling problem.
Scheduling requires the integration of many different
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Figure 3. Chromosome represents the state of transformers

Figure 4. Transformes percent in OFF states per groups

kinds of data. As illustrated in Figure 1, constructing a
schedule requires models of processes, definition of
relationships between tasks and resources, definition of
objectives and performance measures, and the
underlying data structures and algorithms that tie them all
together. Schedules assign resources to tasks (or tasks
to resources) at specific times. Tasks (activities) may be
anything from machining operations to development of
software modules. Resources include people, machines,
and raw materials. Typical objectives include minimizing
the duration of the project, maximizing the net present
value of the project, or minimizing the number of products
that are delivered late (Tom et al., 1998).
In this study, we are mainly need to schedule the
limited electric-power fairly among regions. The schedule
should have dynamic behavior for energy demand and
changes in power resources.
Related Works
Presently, electric company in Gaza tries to solve the
above problem by dividing electric power-distribution
network to topological regions and feed each region with
a
power line, which has an approximated power
consumption as shown in table 1.1 .
During rush hours the power consumption increased
and there is no way to feed power line with extra power
from the source, so some regions will be turned OFF to
keep the total power consumption in the line within limits.
Table 1.2 show the OFF periods for each group on Line
J2 during October, 2011 period (Tom et al., 1998). The
main objective of this schedule is to keep the total power
consumption during rush hour not exceeded 11 m. W , if
so the main source of power will automatically turning off
the total line power.
The used technique may solve the problem partially but
if there is change in power source or energy demand it
will be a complex problem to reschedule the power line
transformers. On the other hand , the schedule does take
into account to optimize the electric company resources.

Many related works proposed solution by using
techniques such as genetic algorithm or fuzzy logic to
schedule the power generation units but not to schedule
the electric –power consumption over small to medium
cities.
S. O. Orero and M R Irving (Gaza Electricity
Distribution Corporation LTD, 2011), proposed a genetic
algorithm based approach to the scheduling of
generators in a power system. All the usual unit
commitment constraints including ramp rates are
considered. An enhanced genetic algorithm incorporating
a sequential decomposition logic is used to provide a
faster search mechanism. The main advantage of the
genetic algorithm formulation is that fairly accurate results
can be obtained with a very simple algorithm. The
algorithm has been tested on a power system with 26
generators. The results of the GA method are compared
with those of
a method that uses a combination of
ANN, dynamic programming and heuriistics, which
provide a comprehensive data set as well as results on
tests that consider ramp rates. The best value among the
GA solutions is used for the comparison.
Tom Creemers and others (Rero and Irving, 1996),
present PLANETS, a prototype scheduler for
maintenance operation on an electric power-distribution
network, generating near-optimal schedules for the tasks
to be carried out in one week making sure that, at any
moment in time, the network is appropriately reconfigured
to guarantee power supply to all consumers. The
minimization criterion involves lateness, priority and total
cost of the necessary switching operations. The
scheduler has different kinds of constraints , such as
(Rero and Irving, 1996);

Resource Constraints: “The available amount of
resources must be respected at all times.”

Consumer Constraints: “At all times there must
flow a minimal non-zero current to all consumers.” These
constraint will propagate changes to the domains of many
other current variables and, doing so, will force the
network to reconfigure itself in case of an outage. In case
such a reconfiguration would be impossible, we allow
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Figure(5)

exceptionally the isolation of some consumers during a
period of at most the duration of the particular job.

Overload Constraints: “In every branch, current
must be below its allowable maximum.”

Energy-demand Constraints: “In every consumer
branch the domain of the current variable is restricted to
a pre-defined profile of energy demands.

Due-date Constraints: “Any job must be finished
before its due date.” In the normal case, this is a “hard”
constraint.
The scheduler tested for a power-distribution network
of about 1200 nodes and 400 operable switches, and 15
maintenance jobs to be scheduled, the system creates
about 22000 domain variables. The total time needed to
produce the optimal solution with respect to the cost
functions at hand, is of the order of 2.5 minutes CPU time
on a SuperSparc20 (Rero and Irving, 1996).
GENATIC ALGORITHIM
The complex, combinatorial nature of most scheduling
problems has led many researchers to experiment with
genetic algorithms as a solution method. Commonly
touted for their ability to solve nonlinear and
combinatorial problems, genetic algorithms typically
perform well on problems in which the objective and/or
search space combine both discrete and continuous
variables (Matthew, 1996).
The robustness, efficiency and flexibility of biological
systems encouraged scientists led by John Holland z to
search for artificial systems that would function in the
same way as biological systems. Genetic algorithms (GA)
were first described by John Holland, who presented
them as an abstraction of biological evolution and gave a
theoretical mathematical framework for adaptation.
Holland's GA are a method of moving from one
population of 'chromosomes' (bit strings representing
candidate solutions to a problem) to a new population of
solutions using selection, together with a set of genetic
operators of cross-over, mutation and inversion. Each
chromosome consists of 'genes' (e.g. bits) with each

gene representing an instance of a particular 'allele' (e.g.
a 0 or 1) (Rero and Irving, 1996).
Due to the continued challenge of resource-constrained
scheduling and the promising performance of genetic
algorithms on similar problems, scheduling problems
have attracted a great deal of attention in the genetic
algorithm community. However, most implementations
are variations of traditional operations research
approaches to solving scheduling problems (Matthew,
1996).
Genetic algorithms maintain a population of possible
solutions to a problem, encoded as chromosomes based
on a particular representation scheme. After generating
an initial population, new individuals for this population
are generated via the process of reproduction (David and
Marshall, 1998). Parents are randomly selected from the
current population for reproduction with the better ones
(according to the evaluation criteria) known as fattiness
function (also called objective function) and this function
is not one to every problem, but the hardest part of the
algorithm is to choose the appropriate function of
efficiency, which determines the efficiency quality of the
chromosome (Parents) to be selected for new population.
The genetic operators of mutation and crossover
generate children (i.e., new individuals) by random
changes to a single parent or combining the information
from two parents respectively (David and Marshall,
1998).
Basic steps of the genetic algorithm:
1.
Initialization : Generate random population of n
chromosomes (suitable solutions for the problem).
2.
Fitness : Evaluate the fitness f(x) of each
chromosome x in population .
3.
New population : Create a new population by
repeating the following steps until the new population is
complete
4.
Selection : Select tow parent chromosomes from
the population according their fitness ( the better fitness ,
the bigger chance to be selected ).
5.
Crossover : With a crossover probability cross
over the parents to from a new offspring . If no crossover
was performed , offspring is the exact copy of parents.
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6.
Mutation : With a mutation probability mutate new
offspring at each locus (position in chromosome).
7.
Accepting : Place new offspring in the new
population .
8.
Replace : Use new generated population for a
further run of algorithm .
9.
Test : If the end condition is satisfied , stop , and
return the best solution in current population .
PROBLEM REPRESENTATION
The two main actions that link a GA to the problem
solving are; the means of translating the problem solution
to a chromosome representation, and an evaluation
function that returns a measurement of worth for any
chromosome in the context of the problem. (Rero and
Irving, 1996).
Binary mapping has been used in a chromosome
representation in which zero denotes the OFF state and a
one represents the ON state. A candidate solution is a
string whose length is the number of transformers and
the scheduling period. The zero/one logic also enables
the on/off times, variables of the transformer to be
determined. These parameters are required for the
calculation of the maximum power consumption on the
line.
As a part of our contribution, we encode the current
schedule provided by electric company ,to solve the
problem and make evaluation for it according to limits
given by electric company. As shown above in table 1.1
which shows the transforms groups (A1,A2,B1 ..) , if we
present state of each transformers using binary coding
(ON =1, OFF=0) as a gene in a chromosome contains 38
genes as follow:
This can be explained as: if group A1 ,which contains 5
transformers, is OFF , then the total power on the line will
be 10.2 m.W and there is 10.52% OFF transformers.
Figure 4 shows the chart of OFF states of each group. In
our propose approach we try to minimize the number of
OFF transforms as possible.

capacity limits it will be selected otherwise the algorithm
will reformulate another combination group.
Each entry is a line from the lines and his ability to read
and calculate how much a group created this line. All
transformers are selected by the group id = null for the
intervention of the algorithm . The number of solutions
resulting equal the number of transformers are stored in
the database. Will begin the process of adding
transformers to sum up is obtained on a set of a
transformer check the ability of selected line .When it
reaches the last a transformer will be added on the first
group and the ability of this group is less than the
capacity of selected line will come out of the process
Break order to preserve the geographical arrangement of
the transformers on the ground. After that first group will
be added to the database and start the process for the
second group for the same selected line, and so the
remaining lines.

Way to solve the problem of the last group
Our Approach
A technique for solving the problem has been devised.
The technique depends mainly on groping the
transformers according to their geographic location to
make the switching operation more easily and flexible.
Groups number is given by
Groups num. =┌ ∑(total power of transformer) \ Line
capacity
Each formed group will be evaluated by a finites function
given by Fitness = Line capacity - ∑(total power of
transformer in group) So if the groups meet the line
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•
Check the last group if less than 10% from the
line capacity ,then add to the previous group.
•
Check the last group if the loss from group
capacity less than 15% from the line capacity ,then will be
considered a separate group, such as the previous
groups.
•
Check the last group loss of more than 15% from
the line capacity ,then we enter a new value of the
capacity of the line that the value equal loss of the last
group, And pass transformers consisting of groups
achieved the capacity of the line to be divided groups
achieved the new capacity of the line . (the value of the
loss of the last group )

If ( [last group did not achieve line capacity + new last
group did not achieve] between [5.3 – 4.7] ) { Divided
into new groups achieve line capacity as following :}

The another Line Beit lahay 12 mw
The group has achieved initial condition A fitness, but the
second group did not achieve this, we divide the first
group to the groups so each group equal to lack of
utilization in the second set as follows:
1)X = Line capacity - The last group did not achieve line
capacity
2) Number of new groups = (ceiling)(∑( All groups
achieved line capacity ) \ (X))
X = Line capacity – last group did not achieve line
capacity = 12mw – 5.93 mw = 6.07mw
Number of new groups = (ceiling)(11.75 \ 6.07 )=
(ceiling)(1.93 )= 2 group
(2 – 1.93 = 0.07) 6.07 – 0.07 = 6

TEST AND RESULTS
In the Al-bahar line
The group has achieved initial condition A fitness, but the
second group did not achieve this, we divide the first
group to the groups so each group equal to lack of
utilization in the second set as follows:
X = Line capacity – The last group did not achieve line
capacity
Number of
new groups == (ceiling)(∑( All groups
achieved line capacity ) \ (X))
Line capacity – last group did not achieve line capacity =
5mw – 3.19 mw = 1.81 mw
Number of new groups = (ceiling)(4.92\1.81) = 3 group
(3 - 2.71 = 0.28)

If ( [last group did not achieve line capacity + new last
group did not achieve] between [11.3 – 10.7] ) { Divided
into new groups achieve line capacity as following: }
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Representation of the solution to the problem of
genetically:

The sea line 32 transformer : each solution is
chromosome from previous solutions to achieve line
capacity and is separated by a vehicle or two vehicles by
the company as shown above.
After dividing the groups we represent the partial groups
and determining the groups to work together and how
much time each group worked. The group works are
represented by 1 and the group that is not working with 0.

Until we find a relationship between variables was
multiplied by each group variable and the equal number
of times the operation of each sub-group as follows

Loop{Sub group Group}
How to schedule the report transformers on the 24-hour
days cascade :
CONCLUSION
In this paper a genetic algorithm based approach is
proposed to help in the
scheduling of electricity
distribution. The proposed approach contains tow main
process, the first create transformers groups according to
in line capacity and the geographic location transformers
, the second process use the cross over operation to
reformulate groups with minimum unused electric-power
in each group. The output of the two process provides a
set of groups which can be combined in alternative
manner to create super group that meet the line capacity.
The proposed approach has been tested over eclecticpower line contains 38 transformers, it has been shown
that the available electric- power distribution is almost fair
among all groups and optimize the electric company
resources since the schedule built over contiguous
transformers
Future Work

x+y=x+z=x+w
z=y=w=1
x =z+w=2.

Publishing the solution to include all Gaza governorates.
Upgrading the system from form application to web one
to have a flexibility in accessing the solution for all
company employees. Controlling the power off of the
transformers in automated way by the system. (Power
Line Communication).
After winning Mobdeoon project will be transferred to
future work to the fact in real time ,by the financing of the
project, bringing to light.
Analysis of automatic control system (Power Line Communication):

Number of runs for groups is calculated as follows:
Group = number of sub-groups – 1 ; If you do not have
a sub-set = 1
Taking into account the order in groups to take a subset
and a full range.
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