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Abstract— Over the last few decades, the majority of industrialized and developed countries have placed a strong emphasis on reducing the
amount of wasted energy. In this study, electrical energy consumption is optimized by monitoring power consumption caused by residents’
activities at various times of the day and storing this data in a database. An optimization algorithm was used in this study to smarten up
the management of energy consumption in the building based on inhabitants’ activities. The Genetic Algorithm (GA) was used to optimize
the energy consumption in a smart building compared to a traditional building. Furthermore, the algorithm will enable the creation of
a smart building that requires no human intervention by presenting a model based on the energy efficiency management system for the
automatic operation of household equipment based on the presence of the resident scenario. The main benefit of implementing smart grid
technology in the studied building was the ability to manage and monitor the energy supply and demand process. The results showed that
the proposed management system in the smart building consumes less energy and power than conventional buildings. The smart building
reduces energy consumption for outlets, lighting, cooling, and heating by 38%, 28%, 34%, and 33%, respectively.
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1. INTRODUCTION

Over the last several decades, minimizing energy waste has
been one of the primary concerns in the majority of industrialized
and developed countries [1, 2]. With the advent of the energy
crisis in the initial years of the 1970s, when the demand for energy
resources expanded dramatically. Obviously, this emphasis is on
decreasing energy consumption, with a focus on energy efficiency
[3].

Despite global attempts to reduce carbon emissions by optimizing
energy usage and growing clean and renewable energy sources,
the International Energy Agency’s 2012 statistics indicate that
fossil fuels continue to dominate the global energy consumption
sector [4, 5]. In 2012, the building sector consumed the most
fossil fuel [6]. Increasing the energy efficiency in the building
industry is a realistic and sustainable way to reduce greenhouse
gas emissions and energy expenditure [7]. China is the leading
producer of carbon dioxide (CO2) with 10.081billion megatons.
Iraq’s carbon dioxide emissions at approximately 121.83million
tons (https://www.iea.org/countries/iraq).

Among the repercussions of these changes are the use of energy
sources and fossil fuels, the increase in pollutant emissions, and the
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occurrence of negative environmental effects [8]. Studies indicate
that up to 40 percent of the world’s total energy production
is utilized in the building sector (e.g. [9]), with 80 percent of
that amount attributable to services such as air conditioning,
lighting, and equipment [10]. The building sector accounts for
39% of England, 37% of the European Union, 37% of the United
States, and 31% of Japan’s total energy consumption. Among
them, air conditioning accounts for the highest percentage of
energy consumption in buildings, particularly in buildings [11, 12].
In the European Union and the United States, the building
sector consumes more energy than the transportation and industry
combined [13]. The growth rate of energy consumption in Iraq is
five times the global average [14]. In the past decade, numerous
international organizations have allocated huge sums of money
to limit the use of nonrenewable resources and optimize energy
usage in various industries, particularly construction, in an effort
to create sustainable surroundings [15].

Smart building management systems employ cutting-edge
technology to generate optimal conditions and energy usage in
buildings [16]. These systems optimize energy consumption and
increase the efficiency and productivity of the building systems
and facilities [17]. In addition, different parts of the building
are controlled to create suitable environmental conditions by
providing simultaneous services. Meanwhile, to minimize energy
consumption, smart building management systems provide comfort
and well-being [18, 19]. A smart building management system
refers to the hardware and software placed in the building for the
integrated monitoring and control of key and vital components
[20]. The purpose of this system is to monitor the building’s
different components and issue continuous commands to them
such that their performances interact with each other under optimal
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conditions, thereby reducing wasteful energy consumption and
allocating energy resources only to spaces in use [21].

Energy consumption management improves the thermal comfort
of occupants and decreases environmental pollution caused by
greenhouse gas emissions, in addition to its economic benefits [22].
In building construction, the primary contributors to greenhouse
gas emissions are construction materials and waste, fuel utilized
by construction equipment, and electricity utilized by construction
machinery [23]. Using a building energy simulation, Reginald
[24] assessed the level of carbon dioxide emissions and energy
consumption of a university administration building equipped with
a smart building management system and compared these figures
to the allowable levels. One of his objectives was to use the data
received from smart building management reading to conduct a
thorough analysis of the building’s energy performance. Oti et al.
[25] individually calculated the quantity of electricity consumption,
energy cost, and carbon dioxide emission level for various sections
of heating, cooling, hot water, and lighting using Revit plugins, and
analyzed the presence of the two factors and their estimations. They
established a smart building management system and compared the
consumption of each segment in these two instances. Namvar and
Salehi [26] introduced an innovative conceptual framework that
focuses on cost and emission considerations to optimize energy-gas
utilization within a smart home. This framework specifically
addresses the context of residential energy hubs, with the aim of
striking a balance between financial savings and environmental
preservation. Salehi et al. [27], propose a multi objective model
that incorporates fuzziness to account for the uncertainty arising
from renewable energy generation and customer consumption.
Juyal and Kakran [28] examine the case of a solitary consumer
who possesses a home energy management system (HEMS)
encompassing thermostatic and non-thermostatic appliances with
characteristics dependent on energy consumption, as well as
photovoltaic panels, an electric vehicle, and a battery energy
storage system. The impact of different demand response (DR)
strategies was analyzed and discussed.

In this study, we optimized electrical energy usage by keeping
track of power consumption caused by inhabitants’ activities at
various times of the day and storing this data in a database. In
this study, an optimization algorithm was used to intelligently
manage the energy consumption of a building based on scenarios
of occupant presence or absence. A genetic Algorithm (GA) was
utilized to improve the energy efficiency of the smart building in
comparison with the conventional building type.

2. MATERIALS AND MEHODS
Considering that most of the electrical energy is consumed in

the presence scenario, that is, when residents spend most of their
time at home, in this research, the electrical power consumed in
the presence scenario is investigated. The activities of residents
were collected and recorded in the initial stage of the smart home
management system to understand the behavior of residents and
build their behavioral patterns in response to energy consumption
and the quantity of electrical power utilized during the day and
night. Using smart meters placed on the power distribution lines in
various areas of the building, the type of device used, duration of
use, and quantity of power consumed were measured and recorded.
The data collected by the smart meters separates the consumed
electric power into two categories: constant and variable.

Constant power consumption statistics pertain to electrical
equipment that consume a constant amount of electrical energy
during the day and night. Certain home appliances such as
refrigerators and fire alarm systems must always be linked to
electricity. Data on variable electrical power consumption contain
information on the consumption of domestic electrical systems that
consume electrical power according to the behavior of residents,
such as lighting and entertainment systems and cooking, cooling,
and heating systems. Environmental factors, such as brightness,

temperature, and oxygen, also affect the amount of variable
power consumption. Consequently, the overall power consumption
in an autonomous smart home is computed as the sum of
the variable power consumption (variable and constant). After
modeling the features of consumption loads and the distribution of
electrical supply lines to various portions of the building, the final
information on consumption is obtained by placing smart power
meters on these lines.

Variable data collection was performed according to the type
of home electrical system used. Household electrical systems are
divided into sockets and lighting, cooling, and heating systems.
The system of outlets is recorded only according to the residents’
actions in using electrical equipment and their power consumption
during the day and night.

After collecting, evaluating, and formatting data based on
various approaches, data mining algorithms are stored in the
database system as two sets of frequent and periodic data in a
generic and comprehensive form of the electrical power required by
each system at different times of the day. This amount of registered
electric power is available to the home’s smart grid system, which
monitors and controls the amount of energy needed at different
times, and provides it based on the amount of renewable energy
produced at home.

2.1. Genetic algorithm
The genetic approach is a parallel, multilateral search guided by

the idea of evolution, which seeks the most comprehensive solution
to a problem by imitating the biological processes of survival of the
fittest. MATLAB was used to develop the optimization algorithm.
In the natural system, competent organisms have a greater chance
of survival and reproduction, and after multiple generations, they
attain an even greater level of competence. Combining genetic
operators, including selection, crossover, and mutation, is a natural
process of selection. Each of these operators is simulated in the
mathematical model of the genetic approach; Fig. 1 depicts the
genetic algorithm flowchart [29, 30].

Three operators make up a simple algorithm: selection,
crossover, and mutation. In actuality, the selection operator is the
selection of members from the existing population to generate a
new population. The term chromosome refers to a numerical value
or values that represent a potential solution to the problem that the
genetic algorithm is attempting to solve. Each candidate solution
is encoded as an array of parameter values, comparable to other
optimization algorithms. Whenever a problem has N dimensions,
each chromosome is typically encoded as an array of N elements
(Equation (1)):

chrosome = [p1, p2, ...,pN ] (1)

where, each pi is a particular value of the ith parameter. The
main criterion in this selection is the fitness value of each member;
any member with a higher fitness has a higher probability of being
selected. In this method, the selection probability is calculated as
follows for each member (Equation (2)):

Pi =
fi∑popsize

j=1 fj
(2)

where fi is the fitness value for member i. The production of
the new generation is done under the operation of two operators.
Fitness function is used as a measure for the selection of
chromosomes Cross-over with the probability of pc and Mutation
with the probability of pm. In general, if the population size is
chosen to be small, the algorithm does not have enough samples
to perform the calculations, and the likelihood that it will be taken
at a relative optimal value increases significantly. In contrast, as
the number of people in a population increases, the volume of
calculations during a generation rises and the rate of convergence
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Fig. 1. GA flowchart.

slows. Since the selection is based on the laws of probability, there
is no assurance that the new generation’s answer will be superior,
as the best member of the previous generation may be eliminated.
This may result in evasion of the question and a diversion from
the topic at hand.A system of different designs is acceptable, with
some designs being superior to others. The criterion for comparing
these designs should be a scalar function whose numerical value
can be calculated by specifying the design variables. The term for
such a criterion for a design problem is objective function. The
objective of this study is to minimize the smart building’s energy
consumption based on the parameters involved (Equation (3)):

f = min imize [power (outlet, lightening, cooling, andheating)]
(3)

3. RESULTS AND DISCUSSION

This study examines and interprets the recorded consumption
patterns of residents’ actions when utilizing various electrical
systems within the building. Upon gathering the data and
classifying it according to the temporal and power consumption
attributes of each system within the context of a smart home
scenario for building automation, this information was inputted
into the home management system. Subsequently, a comparison
was made between this data and that of a conventional house
with identical specifications, in order to assess the level of energy
optimization achieved. Hence, by utilizing the data repository
pertaining to household appliances, an analysis has been conducted
to determine their respective energy consumption levels.

Table 1. Constant power consumed in automatic smart building during a
day.

Device and systems Consumption power (Wh)
Fire alarm and extinguishing system 2152

Telecommunication system 3012
Refrigerator and Freezer 10215

Table 2. Comparison of the power consumption of the outlet system and
night in a smart building during a day.

Application type Consumption time (min) Consumption power (Wh)
Coffee maker 30 2087.07

dishwasher 100 3359.59
Entertainment system 500 5116.83
Gas stove and hood 120 1301.44

laundry 60 206.12
Kitchen outlet 130 1514.14

Bedroom outlet 530 1570.15

3.1. Electrical systems with constant daily power consump-
tion
These devices must be in standby mode throughout the day

and night; therefore, they have a constant power consumption.
Table 1 shows the different features of these systems in the smart
buildings.

3.2. Electrical systems with variable power consumption in
the smart home
Table 2 classifies the amount of electric power consumed

together with the time and length of use in the scenario of presence
based on data collected from the residents’ activities in the use
of outlet systems. This data demonstrates that inhabitants utilize
electrical energy after a test period of using the outlet system
and after repetitions and consolidation of the data at the recorded
periods.

The findings make it abundantly clear that, with the sole
exception of lighting, the kitchen is responsible for the majority
of the total energy consumption. The appliances in the kitchen are
responsible for more than half of the total energy consumption,
while the energy consumption of the other appliances is significantly
lower. This demonstrates that a significant portion of the efforts
that should be directed toward improving and smartening homes
should be focused on the kitchens of those homes. In accordance
with these requirements, standards for the selection of lighting
equipment, and directions for the admission of natural light in
lieu of the lighting system, the final form of the building lighting
system data was collected in the form of Fig. 2 for this study.

Fig. 2. Comparison of one day and night lighting system in normal and
smart automatic home.

In contrast to the spring and summer months, the fall and winter
months bring with them a significant increase in the amount of
energy that is required to keep the lights on inside the home. The
months of fall and winter, in particular, have a greater number
of days that are cloudy or partly cloudy compared to the months
of spring and summer. The lighting in the kitchen area must be
increased, and the amount of electricity it uses makes up the bulk
of the total.
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Table 3. Optimization results of consumption power in different sector of
the building.

sector Consumption power (kWh)
Traditional Building Smart Building

Outlet 11587 7128

lightening

autumn, win-
ter and spring

1702 1232

summer 1567 1047
cloudy day 2187 1611
semi-cloudy
day

2102 1572

Cooling 4952 3282
Heating 6839 4533

3.3. Cooling and heating system data in the presence sce-
nario
The optimal temperature for the home environment was

determined using the available [31]. The electrical energy usage
measurement in this section is dependent on the amount of time
the device is on. This approach relies solely on the presence or
absence of individuals in residences. In the presence scenario,
the residents are at home. However, not all family members may
be in the same section of the building at the same time; they
may be in other parts of the building or visit the area of the
house at other times. Hence, based on the behavior of residents at
different times, if family members are present in any portion of
the building, the system will deliver the best temperature for those
who reside there. This method has two significant benefits: the
system no longer needs to start at high power to provide the ideal
ambient temperature, and the level of comfort and satisfaction of
the residents increases. Fig. 3 shows the results of the cooling and
heating system power consumption for different months during a
specified day.

Fig. 3. Cumulative results of the a) cooling, b) heating system consumption
power in different months during a specified day.

3.4. Optimization Results
Table 3 shows the optimization results by GA during a year

for smart and traditional building. As can been seen in the Table
3, the proposed management system in the smart building reduce
the energy and power consumption in the smart building against
traditional one. The outlet, lightening, cooling, and heating power
consumption reduce 38%, 28%, 34%, and 33% in the smart
building respectively. Although the lighting industry saves less
energy as a percentage than other sectors, the greatest impact of
consumption optimization can be seen in the lighting industry in
terms of sheer volume.

4. CONCLUSIONS
This study resulted in the implementation of metrics related

to actual energy usage in smart homes, based on residents’
energy consumption behavior. By capturing this information and
incorporating its final algorithm into the building’s intelligent
management system, an automatic house was created that
automatically supplied electrical energy to its residents. Unlike
previous research, all electric power supply lines in the building

were controlled and monitored during the test to collect and
record the amount of electric power consumed, the time of use,
and the duration of use of the equipment in accordance with
the established standards. The survey was integrated into a smart
home management system as an implementation template. As
a result, all factors were considered to ensure that, in addition
to optimizing energy consumption, the level of comfort of the
residents did not decrease, and the final system with high reliability
predicted the residents’ behavior at various times and activated the
necessary electrical system based on their preferences and habits.
By comparing the automatic intelligent building to a conventional
building with identical features, the amount of electrical energy
optimized in all electrical components of the building (outlets,
lighting, cooling, heating, etc.) was observed. Residents were not
forced to collect data on energy consumption and equipment use
during the development of the autonomous smart home project,
and they were engaged in their normal at-home activities. In
this study, a smart network connected to the home management
system was created to monitor and control the energy supply and
demand, to use as much as possible the production of renewable
resources that have been designed and implemented in the building
to meet the demand, and the excess energy from the production of
resources to meet the demand. Renewable energy sources or trade
deficits with the national grid. Energy and power consumption in
smart buildings were found to be reduced by 38% for outlets,
28% for lights, and 34% and 33% for cooling and heating,
respectively, when compared to traditional buildings using the
same management system.
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