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Abstract: The advances in communications and information
technologies have been playing a major role in all aspects of our
lives. One of those majors’ aspects that affect our daily lives is the
power grids which lead to what we call Smart Grids. One of the
major challenges in these grids is to optimize the consumption and
resources. This paper presents an optimized job scheduling
approach using genetic algorithm which provides a minimum cost
for completing different tasks in a grid environment. In grid
environment different independent appliances are sharing the same
resources depending on the availability of resources and the need of
these appliances to run. There are different job scheduling
approached starting from typical strategies, Ant Colony (AC) and
Genetic Algorithm (GA). In this paper we present a cost optimized
Genetic Algorithm approach for appliances job scheduling by
considering different parameters like job duration time, the
resources availability and the job priority to start. The proposed
approach is tested using a simulator written in c++ programming
language. The results show that the total saving in cost is better than
the previous approaches.
Keywords: Smart Grid, Job Scheduling, Genetic Algorithms, Sensor
networks.

1. Introduction
Grid Computing technologies are considered as a new
evolution in distributed heterogeneous systems [5]. It focuses
on sharing and utilization of the available resources to
different applications. It is used to solve complex problems
such as scientific, engineering and business. Resources in
grids are dynamic and the applications (appliances) can run
at any time. Hence, the job scheduling is an important issue
in grids. Due the nature of appliances connected to the grid,
traditional task (job) scheduling is a time consuming, while
the introduction of genetic algorithm to take the task of
scheduling will shorten the task scheduling time and the cost
and improvement of the grid performance [6].
Using electrical devices that consume electricity to run their
operation, such as Dryer, Dishwasher, Air conditioner,
Coffee maker embedded with sensors. These electrical
devices have a diversity of power consumption amount and
even the same device with different programs have different
power consumption and if scheduled according to time of
starting in, it will reduce the final cost. Each device is
attached to a wireless sensor to gather information share it
with the grid, these sensors should be deployed carefully in
order not to impair the lifetime[16] of the grids which is
represented by grids.
Each device has its own duration time and amount of energy
consumption level for each run. Examples of appliances and
the amount of power need to run in a specified duration time
are shown in table 1[10].
According to [12] rechargeable battery (PHEV) can be

considered as an appliance because it needs to be charged
when empty.
Table 1. Energy consumption and cycle durations of the
appliances.[10]
Appliance

Energy consumption
(kWh)

Duration (min)

Washer

0.89

30

Dishwasher

1.19

90

Dryer

2.46

60

Coffee Maker

0.4

10

PHEV

9.9

60

AC

1.5

60

Different appliances with different power consumption and
different priority to run are the main components of grids.
These appliances need to run in an optimized manner to
make sure all appliances got the required power to run with
the minimum cost.
In Grid environment jobs are scheduled by using traditional
scheduling algorithms to achieve the goal of cost minimizing,
some traditional scheduling algorithms are: First Come First
Served (FCFS) and Shortest Job First (SJF) which will not
perform well with grid environment. Modern algorithms are
introduced to perform job scheduling in a professional way;
it is Genetic algorithms.
Genetic algorithm is technique that used in computing field
for propose search to find the best solution that are known as
exact or approximate solution to approve the optimization
and search problems. The genetic algorithms are categorized
as global search heuristics, the operation model based on
biological evaluation such as selection, crossover, and
mutation.
The genetic algorithms approach is usually consisting of the
following steps:
− Creation an initial population
− Computing the fitness of each individual
− While (not stopping condition) do
o Select parents from population.
o Execute crossover to produce offspring.
o Perform mutations.
o Compute fitness of each individual.
o Replace
the
parents
by
the
corresponding offspring in new
generation.
− Repeat
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2. Related work
[2] have proposed system to monitor and control an office
environment that connected with smart grid to schedule the
tasks according to policies defined by the user.
They applied and tested the system in a living lab
environment. The results showed show an interesting
economic savings of an average of about 35%. And another
interesting result is the power saving is about 10% to 20% in
building that also contains renewable generation plants.
The authors in [12] proposed frame work for scheduling
residential energy consumption. Authors claim that this
proposed framework helps to decrease the cost of energy bill
and minimize the waiting time to operate each device. The
period that taken by authors to study the consumption is
between September 1st 2009 to December 31st 2009 (122
days approximately four months). They used in their
experiments variable number of electrical devices for each
day from 10 to 25, which can be categorized into two parts:
fixed consumption devices like lighting and electric stove the
other part is varying consumption energy such as dishwasher
and PHEV.
The results showed reducing the user cost with reduction of
the peak time to average ratio in load demand.
The authors in [1] studied an offline scheduling task that
depends on the user to send a request to run his appliance
during a time slot and the proposed approach will find the
best and the minimum cost for his request. The objective of
this problem it is able to schedule all requests with minimum
total electricity cost. For this reason, they proposed
polynomial time offline algorithm in order to achieve the
optimal solution and it is able to optimize the time
complexity to O (n T log n) where the time complexity
before the optimization is O (n2T).
In [13] the authors proposed new technique to group a set of
jobs that have common features and then schedule these jobs
by using an enhanced genetic algorithm, the group process
depends on some features that such as mobility, resource
availability and job completion time. The results show a
performance improvement in job scheduling and minimize
the job completion time
In [15] the authors developed new efficient method to get the
fairness requirement for any operating system. They
proposed a Distributed Weighted Round-Robin approach that
based on genetic algorithms to distribute the tasks for CPU in
a multiprocessor computer in a fair way. The scheduling
complexity problem dependents on the number of processors
(p), task processing time (Ti) and precedence constraints.
In [17] the authors mentioned that Genetic algorithms can be
used for searching good solutions for different kind of
problems, although this paper focus on find good solution for
tailbiting codes, they give good indication about Genetic
algorithms and their use in searching optimal solutions.
The experiments are applied on two computers: the first is
sun ultra on 140 MHz with 64 MB RAMS and the second is
Alpha station 600 on 333MHz and 256 MB RAM.
The Test problem consist with two problems are problem
with 452 tasks which scheduled onto 20 processor and
problem with 473 tasks which scheduled using 4 processors.
They claimed that proposed approach shows achieve accurate
proportional fairness and high performance for a diverse set
of workloads.
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In [8] the authors investigated the genetic algorithm (GA) in
order to optimize sensor node’s energy consumption. They
used multi-objective algorithm that establish optimal number
of sensor clusters with cluster heads and decreasing the cost
of transmission.
The parameters that used to compute the performance of GA
are affected through number of factors such as: the
population size, the probability of mutation and crossover,
and the method of replacement. Tables 1 and 2 indicate the
WSN parameters and final GA parameters, respectively.
Table 2. WSN and GA parameters used in [6]

They used MATLAP simulator to implement number of
experiments with different values of these parameters. The
experimental results showed that their approach can generate
optimal clusters and minimizes the cost of transmission.
In power grid, generation capacity is considered as important
topic to meet the peak hour load demand. The smart grid has
been proposed by update the traditional grid to achieve new
type of electricity grid with more reliability economically and
sustainability electricity service.
The load demand through on-peak hours is much larger than
the load demand through off-peak hours, so when the load
demand is high, the power consumption cost will be high.
The previous work it was achieved one objective of this
problem with minimize customer‘s cost. After that the
authors in[Melike E. and Hussein M. 2011] resolved the load
scheduling problem with multi-objective optimization
problem (CMOP).
And they evaluated the performance of two algorithms are:
load scheduling with EA (LSEA) and load scheduling with
E-approximate (LSEA), that are implemented by using
Matlab 2011b software on computer machine with certain
specification , the capacity of CPU is 3.4 GHZ and 4 GB of
the RAM memory.
The results showed the objectives that optimized like
minimize the energy consumption cost and maximize the
certain utility.

3. System Description
This paper considers a smart grid that connects a set of
inelastic appliances power supply. The power supply in this
system is of two types the ordinary power supply that came
from Generation Company, and a battery bank at the
consumers’ end for energy storage. Because of the
continuous charging and discharging of battery bank the
operating life will be affected. To overcome this limitation a
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controller can be used to control and regulate the charging
process in the battery bank. Also an inverter is used to
convert the DC in battery to an AC before supplying the
appliances. A detailed description of system component is
discussed in the following subsections.
3.1 Grid power supply
This power supply is the traditional power supply comes
through wires to be used by consumers. This power supply
cost is calculated by a smart meter as a part of the grid, and
this power supply has two main prices; peak hours and offpeak hours.
3.2 Battery Bank
The battery bank is used in the consumer side to store power
during the off – peak time and this power is used by the
appliance as a priority at the peak time. We assumed that this
power supply is fully charged at the first time used and the
price of this power supply is added to the cost of the
consumer power cost with an assumption of 10 years life of
battery.
Most of the appliances met the amount of power in this
power supply and as mentioned this power supply will be
recharged at off-peak time with low price power supply, the
discharge amount is limited to maximum of 2/3 of the power
stored in this power supply.
3.3 Energy Demand
This proposed approach considers the power demand to at a
particular time instance with a particular amount. If the
demand is at off – peak hours it will be supplied by the grid
on the other hand if the demand is at peak hours the priority
to supply is for battery if the amount is partially or totally
covers the demand otherwise the grid will cover the
remaining demand or the whole demand depending on the
battery status.
This optimization approach runs for 24 hours power demand.
The main goal of this approach is to minimize the total cost
so at any time the demand is requested the power supplies
should give the demand requests either by battery or the grid
power supply as discussed before.

4. Proposed Optimization Algorithm
Evolutionary Algorithms (EA) are a group of optimization
and global search procedure which use the main three
principles of natural evolution: natural selection,
reproduction and diversity of the species [4]. Genetic
Algorithm (GA) is part of Evolutionary algorithms which use
the probabilistic rule translation, i.e stochastic algorithms.
This paper uses Genetic algorithms [14] to minimize the total
cost of running a set of appliance in a home by creating the
best order string (child) of running appliances.
In our work we consider the power cost as a real-time task
scheduling problem where each task has a starting time
(release time), duration time and end time. The task will start
at starting time and take a duration time running and finishes
at stop time, during this process the cost is calculated and
added to the total cost for all appliances.
As finding the optimal solution in our proposed approach is
an NP –hard because you need to find all possible solutions
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and find the best. Thus in our proposed approach we cut the
searching space by using the Evolutionary Algorithms (EA)
especially the Genetic Algorithms (GA); discussed before; a
global probabilistic search method based on natural selection
and the population genetics, is used in [3].
The main goal of our job scheduling approach is to minimize
the power cost after running the appliances in a period of
time; in general the use of Genetic Algorithms (GA) is done
in five steps.
1. Initialization
An initial population is randomly generated; the contents of
each generated string should be unique. Each string is
generated depending on some variables such as completion
time, priority of execution and delay of starting.
2. Fitness functions(Evaluation)
At this step each string initialized in the previous step is
evaluated. As the objective of our approach is to minimize
the cost depending on the order of appliances run and
completion time we used fitness function of time developed
and used in [6].
3. Selection
At this step a selection operation is executed to select the
higher two strings to be the parents for generating the new
string (child), for selection the traditional roulette wheel
selection is used to select the best strings(parents).
4. Crossover
At this step two parts of each string are exchanged to form
new and hopefully best parents. Our proposed approach uses
Blend crossover (BLX)[7]. Figure 1 shows an example of
crossover operation.

Figure 1.: Crossover Selection Example [6]
5. Mutation
This step is used to prevent the parent selection from
randomness and local minimum.

Figure 2. Mutation Method Example [6]
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It works as a background step to ensure the diversity of
genetic population. There are various types of mutation;
Flipping, Interchanging, Reversing, Uniform mutation and
non-uniform mutation. This paper uses non-uniform mutation
used in [4]. Figure 2 shows an example of mutation
operation.
The proposed work stars by collecting the events (jobs) from
appliances through sensors to generate the initial populations
then these populations are used by genetic algorithms and
steps discussed before to find the best and optimized order of
events to be run depending of a set of constraints discussed
before. The new child generated from initial parents is tested
and evaluated in the next section.

5. Experimental Results and analysis
In this section the performance of the proposed scheme is
discussed by running different experiments. The main
performance metric used to evaluate the proposed scheme
versus the other schemes is the total cost in Jordan Dinar
(JD) for running the home appliances over different periods
of time.
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sure that the proposed scheme is able to run in high power
demands.
Figure 3 show the result of the first experiment which
include the comparison between the proposed scheme and
results from [11]. This scenario runs using 6 devices running
during off–peak and peak. The results show that there is a
large saving in cost especially when run for a long time. This
cost reduction is due to using genetic algorithms for
scheduling by finding the best order of appliance running
period that avoids peak time while trying to get benefit from
battery bank during the peak hours.
Figure 4 show the result of the second experiment which
include the comparison between the proposed scheme and
results from [18]. In this scenario the 6 devices run during
off-peak and peak hours with the support of
Solar Photovoltaic (PV) Batteries in comparison with the
proposed scheme. The results show that the proposed scheme
gets a distinguished cost reduction because of using the best
appliance running order without affecting the request time.
This is also due to the optimization of off-peak time and
battery bank in the proposed scheme.

Table 3 summarizes the parameters used during the
simulation study. Our simulator is written using C++
programming language running under Ubuntu operating
system.
Table 3. WSN and GA parameters used
Parameter

Value

Simulation Time

20 – 210 days

Number of devices

4 , 6 devices
On peak

0.62 $/ Kwh

Power Prices (Jordan)
Off Peak 0.52

$/Kwh

In this section we will discuss the results for the proposed
scheduling scheme against the schemes proposed in[8][ Firas
Al Balas et al. 2016]

Figure 3. The total cost of the electricity consumed for 6
devices for proposed scheme and traditional power
consumption
The comparison is done by running the proposed scheme on
different scenarios including changing the number of
appliances and also make some appliances repeat its power
request more than once a day. The scenarios cover the
average and high demand on power supply at homes to make

Figure 4. The total cost of the electricity consumed for 6
devices for proposed scheme and traditional power
consumption with PV
Figure 5 show the third experiment results by comparing
the traditional with proposed scheme by adding more devices
to the scalability of the proposed scheme.

Figure 5. The total cost of the electricity consumed for 6
devices and 12 devices for proposed scheme and traditional
power consumption with PV
It can be noticed that the increase of cost when doubling
the number of devices is reasonable in the proposed scheme
where in traditional power consumption it increases in high
rates. The reason why the proposed scheme acts well in this
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scenario is the use of genetic algorithm to find the best order
of device during the off-peak and using the bank battery.
Figure 6 shows the experiment results by making high
demand on power by allowing each device to make up to
requests at the same day during off-peak and peak hours.
This scenario is done to make sure that the proposed scheme
can coup with the high demand and able to schedule these
demands in a way with low power consumption which will at
the end will reduce the total cost.
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Figure 6. The total cost of the electricity consumed for 6
devices with repetition request for proposed scheme and
traditional power consumption

6. Conclusion
In this work, a study of using genetic algorithms to schedule
the appliances requests for running during off-peak and peak
hours. The proposed scheme runs over 210 days for different
number of devices and find the total cost at each time.
This proposed scheme shows an enhancement in saving the
cost of power supply on different scenarios starting from
changing the number of devices and repeating the demand
request.
This proposed scheme proves that the correct use of
scheduling the appliances at home will give a high saving in
power consumption which at the end will save the cost.
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