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Abstract:

Energy management systems can provide a variety of features and services to
prosumers. One of its most important functions is to determine cost-effective
energy mixing rates by evaluating the unit price and power of energy resources.
This study mainly proposes a hybrid optimization based on two heuristic algo-
rithms: Artificial Bee Colony (ABC) and Particle Swarm Optimization (PSO)
algorithms. A hybrid ABC-PSO algorithm has been applied to solve the energy
efficient multi-source energy mixing problem in Matlab. The proposed algorithm
has been tested in the simulation of an energy management system including a grid,
solar panel, wind turbine, and storage unit. The results show that the proposed
algorithm responds appropriately to meet the hourly changing demand of the
consumer in cases of energy production fluctuations in renewable energy sources
and dynamic electricity price tariff implementation of the grid. This method can
provide cost efficiency by maintaining the energy balance of consumers in smart
grids. The algorithm has a simple structure, thus the method provides a solution
for low-cost energy management applications in the microgrid.
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INTRODUCTION

Global warming, limited energy resources, increasing dependence on
energy require modernization of conventional grid architecture, innova-
tive solutions and technologies [1]. In this context, the energy industry
is transitioning to a new era called "smart energy". Energy will become
more sustainable, reliable and green by using information and commu-
nication technology in the near future. On the other hand, the smart
energy system is a cost effective system that incorporates renewable
energy sources into the process. Smart grid, demand response, microgrid,
smart home are the main concepts in this field [2]. The negative effects of
traditional fossil fuels on the environment and the public awareness of
developments in renewable energy technology have increased the interest
in microgrids [3]. Microgrids can be described as small, local distribution
systems containing micro resources such as solar panels, wind turbines,
storage systems, micro turbines, fuel cells [1].
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Renewable energy sources have an intermittent gen-
eration due to their nature. This situation considerably
fluctuates the demands of the consumers [4]. The
microgrid allows users to decide on setting the time and
amount of consumption [2]. Generally, demand-side
management in microgrids can be carried out using a
smart optimization process [5].

The use of renewable energy sources in the energy
systems of buildings has a significant impact [6]. The total
energy consumption of buildings corresponds to 40% of
the world’s energy consumption. It is thought that in the
close future, buildings will be able to produce their con-
sumed energy. This means zero energy buildings. Since
fossil fuels are unsustainable, the idea of using renew-
able energy in smart homes has generated great inter-
est from the public. With the advance of home energy
management systems (HEMS) in smart grids, users have
the opportunity to actively participate in demand-side
management (DSM). Through the smart home energy
management system, users can optimize their electricity
consumption and improve their comfort levels [7]. Figure
1 shows five technical functional diagrams of energy
efficiency in smart homes [8].
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Figure 1 - Conceptual diagram of energy efficiency in
smart homes [8].

Smart consumers are the end user members of the
future smart grid and play a key role in the supply-de-
mand balance [9]. With the active participation of con-
sumers in demand management, the use of information
and communication technology devices has become
widespread in-home applications [10]. In the near future,
it will be possible to optimize electricity consumption,
meet supply constraints and minimize costs in smart
homes with energy management systems. At the same
time, it is usual to predict that the continuity of the
desired comfort level for the users will be facilitated by
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energy management systems [11]. Automatic Home En-
ergy Management System (AHEMS) with appropriate
algorithms in a smart home should allow optimization
of the existing energy system (grid, loads, local genera-
tion and storage unit) at time-varying tariffs. In this
context, algorithms in the core of AHEMS allow flex-
ible use of some end-user loads. Thus, it contributes to
taking advantage of higher levels of renewable energy
generation and lowering the energy bills of consumers
[12]. Data collected from smart measurement systems
and meteorology can be updated by artificial intelligence
techniques and machine learning algorithms to regulate
the relationships between various variables such as energy
consumption, radiation, temperature, time, and battery
charge state [13]. Representation of artificial intelligence
as “Energy Intelligence” on the subjects of cost, efficiency
and energy monitoring is a guide for users [14].

There are various algorithms in the literature such
as artificial bee colony (ABC), particle swarm optimi-
zation (PSO), genetic algorithm, random search algo-
rithm, differential evolution. Among these solution
approaches, ABC [15] and PSO [16,17] are the most
common techniques used to solve optimization prob-
lems [18]. Although the ABC algorithm has an effective
discovery capability, it has weak exploitation capability.
PSO has a good utilization ability. However, when the
population or particle falls to the local minimum, the
PSO has no ability to get out of the local minimum level.
Therefore, PSO is not sufficient for the exploration of the
search space [19]. Most of the time, a hybrid optimiza-
tion method combining two or more methodologies is
proposed to increase the convergence time of the opti-
mization process [20]. This hybrid optimization process
is carried out by improving PSO's weak discovery ability
and ABC's weak exploitation ability [21].

This study proposes a hybrid optimization based on
two heuristic algorithms: ABC and PSO. The hybrid
ABC-PSO algorithm has been applied in Matlab to solve
the energy efficient multi-source energy mixing problem.
The proposed algorithm has been tested in a simulation
of an energy management system including grid, solar
panel, wind turbine and battery. The results show that
the proposed algorithm responds appropriately to meet
the hourly changing demand of the consumer. The pro-
duction fluctuations of renewable energy resources and
the dynamic electricity price tariff of the grid were taken
into account in this process. This method can provide
cost efficiency by maintaining the energy balance of con-
sumers in smart grids. The structural simplicity of the
method provides a solution for low cost, smart and local
energy management applications.
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2. METHODOLOGY

2.1. THE PROBLEM OF ENERGY MIXING IN MICROGRIDS
INCLUDING RENEWABLE ENERGY SOURCES

The architectural structure of the microgrid energy
management system consists of renewable energy sourc-
es, grid, battery, loads, smart algorithm and energy mix-
ing components as shown in Figure 2.

Hybrid
ABC-PSO
Algorithm
Mixing
Rates
Utility Load1l
Grid
Solar Energy Mixer Load2
Energy
Wind — —Load3
Energy
Battery
System Bus

Figure 2 - The architectural structure of the optimal
microgrid management system [22].

In the authors' previous studies, random search op-
timization (RSO) [22] and particle swarm optimization
(PSO) algorithms [16] were applied to find cost-effective
optimal energy mixing ratios according to the power
levels and unit energy costs of renewable energy sources.
In this study, the hybrid ABC-PSO algorithm was ap-
plied to solve the energy efficient multi-source energy
mixing problem. The determination of energy mixture
rates was carried out in Matlab. Suppose that the ener-
gies of solar panels, wind turbines, battery and grid are
combined at mixing rates expressed as «_for solar, a for
wind, a, for the battery system, and «_for grid. In this
case, the total energy sent from sources to grid loads can
be expressed as follows [22]:

E=a E+a E +a, E+a E
sTs ww bbb Tgg

Equation 1 - Total energy from sources.

In here, E,E »EpE, represent instantaneous energies
from the sun, wind, battery and grid, respectively. Con-
sidering the unit energy costs of ¢_for the solar system,
¢, for the wind system, c, for the battery system and c_
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for the grid, the cost function to be used in optimization
for energy efficient, cost effective mixing of resources
can be written as follows [22]:

F=a c E+a c E +a ¢, E+a c E
s sTs wowow bbb Tg g g

Equation 2 - Cost function.

Let consider that the mixing rate coeflicients are
updated at every At time interval by the hybrid ABC-
PSO optimization algorithm. Thus, the cost function
minimized by using the average output power of the
sources in At time intervals can be written as [16],

Fa)=a c P At+a c P At+a, c, P, At+a c P At
s sT s woww g & &

Equation 3 - Minimized cost function.

where PP, and P, express the average output power
of the solar, wind and battery system, respectively and
P shows the average power drawn from the grid. Also,
the mixing rate vector for the microgrid is shown as
a=[a a, o« a]. Itisimportant to balance energy produc-
tion (E,) and energy demand (E,) in the microgrid. En-
ergy supply and demand balance status in the microgrid
can be written as [16],

yP =P =a P+a P +a, Pb+ocg Pg

Equation 4 - Energy balance status.

where P, and P, indicate the total average output
power of the sources and the total demand power,
respectively. The case of y>1 provides a virtual demand
to reduce energy shortage by allowing some over-pro-
duction. Equation 5 can be written to determine the
energy balance error [16].

E=P, At-P, At

Equation 5 - Energy balance error.

Considering the energy balance boundary condition
expressed in Equation 4, the mixing ratio of the grid can
be calculated with the following equation [16]:

a=(yP,-a P-a P -a P)/P

Equation 6 - Mixing ratio of the grid.
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®,<0 condition indicates the island-mode operation
of the microgrid. According to «a_value, the cost func-
tion has been calculated as Equation 7 to determine the
working status of the system in islanded mode and to
maintain the working status of grid-connected [16]:

acPAt+a c P At +a,c, P At
+ac P Ata >0
Fa <0

F(a):

Equation 7 - Calculated cost function.

where F, means high cost value to avoid the islanded
mode operation of the microgrid. Therefore, the hybrid
ABC-PSO algorithm does not allow the system to run in
islanded mode [16].

2.2. APPLICATION OF HYBRID ABC-PSO ALGORITHM
FOR ENERGY MIXING RATE OPTIMIZATION

Discovery and utilization capabilities of population-
based algorithms are among the main features of these
algorithms. The discovery searches unknown regions to
find the global optimum, while utilization tries to apply
knowledge of previous solutions to find better solutions.

To achieve the best result, discovery and utilization
abilities should be balanced. However, researches show
that ABC algorithm performs good discovery and weak
utilization in the solution search process [23]. PSO has
good utilization ability. On the other hand, when the
population or particle drops to the local minimum, the
PSO cannot get out of the local minimum level. In
addition, the PSO is not sufficient for the discovery of
the search space [19]. In order to take advantage of these
two algorithms and eliminate their disadvantages, a
hybrid global optimization approach called ABC-PSO
can be used [24].
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Figure 3 - Flow chart of the proposed algorithm[24].

Figure 3 shows the flow chart of the proposed opti-
mization algorithm. In this algorithm, three phases of
ABC are used. For the employed bee phase, PSO's method
and speed of finding new food sources are used. After
the location of the new food source is updated, the best
available position is determined using Equation 8 [24].

Pbest! ,if f[Pbesttlg f[Xt”]
i X?”,if(Pbatf]>f[X?”]

1 [ 1
Equation 8 - Best available position.

At the onlooker bee phase determined by the
employed bee, onlooker bees will find and memorize
a new food source location based on the knowledge of
the best food source location visited by the employed bee.
This operation is performed according to Equation 9 [24].
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X Pbest, Jif j=m
i Pbest +@. (Pbestim — Pbest ),zf j=m

Equation 9 - Food source location.

where me[1,D] is chosen randomly, k#j and Qim are
random numbers generated between -1 and 1. The scout
bee phase is similar as in the ABC algorithm [24].

In order to carry out the energy mixing rates to the
energy mixer block, the normalization should be per-
formed to satisfy a +a +a,+« =1 condition. Equation 10
is used for this process.

a = 9 R x:{s,w,b,g}

. 4
E a
i:{s,w,b, g} !

Equation 10 - Normalization of mixing rates.

3. SIMULATION STUDY FOR ENERGY
MANAGEMENT IN MICROGRIDS
INCLUDING RENEWABLE ENERGY
RESOURCES

In this section, a simulation study was carried out to
perform the hybrid ABC-PSO algorithm for cost-effective
renewable energy mixing in a home energy management
system shown in Figure 4. The simulation model con-
sists of four energy systems: solar, wind, battery with an
output power of 1 kW and electricity grid with power
limitation of 2 kW [16].

-

g N

Renewable
Batiery Generation
l -
‘ Energy Load2
| Mixing
Load3
Utility Grid

Figure 4 - Simulation model for cost effective energy
management in the microgrid [16].

In the simulation study, hourly generation profiles of
solar and wind energy systems shown in Figure 5 were
used.
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The average demand profile shown in Figure 6 was
used for the demand profile of the home considered as
a microgrid.
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Figure 5 - Production profile of the solar and wind

energy systems [16].
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Figure 6 - Average demand profile of the home.

It is accepted that the energy unit costs of the solar,
wind and storage system used in the simulation and the
energy unit price of the grid applied in the dynamic tariff
are determined as in Figure 7 [16].
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Figure 7 - Pricing profile of energy resources.
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Figure 8 shows the hourly calculated mixing rates of the
energy sources by the hybrid ABC-PSO algorithm.

The energy balance error given in Figure 9 shows that
the proposed algorithm within the scope of the produc-
tion fluctuations of solar and wind energy sources and
the dynamic energy price tarift of the grid can maintain
the supply-demand balance. Figure 10 shows the hourly
changes of the energy efficient cost function. It is seen
from this figure that the hybrid ABC-PSO algorithm
achieves better results than ABC. It can be said that this
is achieved by combining ABC and PSO algorithms.

Energy Mixes Rates

Figure 8 - Energy mixing rates determined by the
proposed hybrid ABC-PSO algorithm.

Figure 9 - Energy balance error of microgrid.
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Figure 10 - Hourly change of cost function.

4. CONCLUSION

This paper demonstrates the use of the hybrid ABC-
PSO algorithm to solve the energy efficient, cost-effective
multisource energy mixing problem in microgrids con-
taining renewable energy sources. Our numerical analyzes
show that the proposed hybrid ABC-PSO algorithm
responds appropriately to meet the hourly changing
demand of the consumer in case of power generation
fluctuations in renewable energy sources and dynamic
electricity price tariffs in the grid. By preserving the
energy balance and without affecting the life comfort
of the users, the cost efficiency can be achieved through
the optimization algorithm by taking into account the
dynamic electricity tariffs.

The method has a simple algorithm; therefore, it
offers a solution opportunity for low cost, smart and local
energy management applications.
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