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Abstract

Nowadays, the use of smart home appliances has made home energy management more advanced and sophisticated, so
determining the optimal timing of home appliances is necessary to define the optimization problem and choose a suitable
solution to achieve the necessary benefits for residential consumers. It also helped electricity suppliers by reducing energy
consumption. Unlike hybrid electric vehicle (HEV) batteries, which can only be charged with an electric motor plug-in
hybrid electric vehicle (PHEV) can be charged via a mains connection. To optimize the economics of PHEVs, it is
necessary to determine an energy management strategy to coordinate the distribution of power between several energy
sources. In this paper, after expressing the generalities and background of the subject, the modeling method and the
formulation and problem-solving method for determining the optimal energy management strategy in smart power grids
with the presence of connectable electric vehicles have been reviewed. The cost of electricity consumption in a microgrid
including a smart home is presented and the multi-objective water cycle optimization (MOWCA) method is used to solve
the resulting optimization problem. The simulation results show that the use of renewable energy sources, battery storage,
and electric vehicles by the proposed method increases consumer benefit.
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1. Introduction of renewable energy sources.

Given the fact that all countries of the world are seeking 2. Related Work
to meet the rapidly growing and changing energy

requirements of the world, achieving sustainable Oil dependence, gasoline prices, and environmental

transportation is a vital mission. In particular, electric
vehicles (EVs) offer one of the most promising ways to
increase energy security and reduce greenhouse gas
emissions and pollutants. In the long run, EVs are
important for countries looking to reduce pollution in
the transport sector. Also, these vehicles need a lot of
energy to recharge the battery to have a high capacity,
which causes a peak load in the distribution network
and also reduces the penetration of renewable resources
in the home distribution network. DR load response
programs and PHEV charge and discharge
management programs can address some of these
challenges. The goal of load management is to transfer
PHEYV portable charging for hours reduce power taken
from a normal power grid and increase consumers' use

pollution encourage countries to use EVs in future
transportation systems. Charging a large number of
EVs can lead to many negative effects on the power
grid load [1]. One way to reduce the charging costs of
connected electric vehicles (PEVs) is to reduce the
negative effects on the grid and achieve the necessary
goals by combining PEV chargers with distributed
renewable generation or energy storage systems.
Portable Hybrid Electric Vehicles (PHEVs) can be
charged via the network, they also need a lot of energy
to recharge the battery to have a high capacity, this
creates a peak load in the distribution network and also
reduces the penetration of renewables in Becomes a
home distribution network. DR load response programs
and PHEV charge and discharge management
programs can address some of these challenges. The
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goal of load management is to transfer PHEV portable
charging for hours reduce power taken from the mains
and increase the use of renewable energy sources by
consumers [2]. Reference [1] to study the issue of
energy management in the collection includes a large
number of PHEVs. In this case, a PHEV can be in
gasoline or battery consumption while driving and can
be charged or discharged from the network while
parking at home. Based on this proposed model, the
strategy of optimal energy management of gasoline
batteries has been implemented to minimize energy
costs and increase battery life for each user. [3] focuses
on solving the problem of energy management strategy
and measuring the combined storage systems of
supercapacitor batteries to determine the average
operating cost and proper performance of the system. A
battery wear model is used to evaluate the loss of
dynamic capacity of the battery and its lifespan. A
dynamic programming algorithm is used to achieve
optimal power distribution between the battery and the
supercapacitor. In [4] an energy management strategy
is proposed to prevent battery wear in hybrid electric
hybrid vehicles. In the first level of the problem, a
dynamic programming algorithm with wvariable
constraints is proposed for power distribution between
the energy storage system and the engine. By adding a
supercapacitor in the role of an energy storage system
and using an adaptive low-pass filter capacitor and
battery to operate within the capacity range, a power
management module is designed to redistribute power
between the motor, supercapacitor, and battery. The
adaptive low-pass filtering algorithm and the power
management module constitute the second-level
adaptive power allocation method. [5] A stochastic
dynamic programming framework for optimal energy
management in a smart home with PEV energy storage
is proposed. The purpose of this algorithm is to
minimize the power consumption of the network along
with meeting the demand for home power and PEV
charging needs, and three modes of operation of car to
network (V2G), car to home (V2H), and network to a
car (G2V) are considered.

3. Proposed Model

The structure of the smart home considered in this study
includes the demand for the household load connected
to the mains, PEV includes a Li-ion battery along with
electronic power circuits. The PEV battery is connected
to the mains and home loads by a DC / AC power
converter. The electronic power converter is designed
and controlled so that it can distribute two-way and
one-way loads according to different operating modes
and can be used as a controller to manage the load
distribution between the battery, appliances, and power
grid. One of the indicators of battery wear is the depth
of discharge (DOD). DOD is the percentage of charge-
discharge of a battery, which reduces the number of
battery charge cycles or battery life in general. As the
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DOD decreases, the charge mode (SOC) increases,
resulting in longer battery life and less battery life, and
vice versa. SOC is complementary to DOD, so
Equation (1) can be used to express the relationship
between SOC and DOD:

DODy, = 1 — SOCy, (1)

Of course, Equation (1) should be expressed on
average for more than an hour. Therefore, the following
indicator to show the wear of the battery of electric
vehicles is considered the first objective function of the
proposed energy management problem, which should
be minimized:

OFl = DOD%EV&B(mean) =

(Ze(50Cohparce) +2) SO Cymv (e, 1))
TXNgqysX(J+1) (2)

1-—

OF| means the first objective function in the multi-
objective optimization problem. DO Dy, gygpimean)
stands for the average discharge depth of electric
vehicle batteries and smart home batteries in
percentage. SOCogy(¢,j), and SOCy,pae(r) indicate
the charge status of the electric car battery j at time t
and the smart home battery at time t, respectively. T is
the period in a day, N_days is the number of days
considered in the simulation and J is the total number
of electric vehicles desired. The number in the
denominator of Equation (2) indicates the number of
batteries in the smart home that is considered in this
study 1. In this study, the second objective function of
the multi-objective optimization problem is to
minimize the consumer cost in the smart home, which
is considered according to Equation (3) and also
considers the possibility of selling excess power to the
network.

OF,
= min f(Cost)
[(Pgria (t) x dt) X Ceria ()] +
[(Ppy () X dt) x Cpy(t)] +
. [(Pw () X dt) x Cy ()] +

NEgv

= Z 2 PEFEM(t.j) x dt | X CREM(0) [ +
t=1 -

J

[(PR(8) x dt) x CR5"(1)] —

[(Pinject (t) X dt) X CSell(t)]

)

Figure (1) shows a block diagram of a multi-step
random decision process. The specific subsystem is
shown in the lower left block, which is described by the
SOCk mode. The random subsystem is described by a
pair of states Sk, SOC pi. The design problem involves
determining the Ix control input that minimizes power
costs.

Control logic is described as a time-varying state of
feedback control (output) whose output is a mapping
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that depends on the current definite state SOCy and the
random state S, SOC pi. This is formulated as a
random time-limited dynamic program:

s0c,

\

Figure 1. Block diagram of a multi-stage random
decision-making process to solve the problem of smart
home management with the presence of an electric
vehicle

S0Ck4q =

SOCk,Sk =0 - Sk+1 =0
SOCMax
socMin’

S0C, + QA—tIk,Sk =155,,=0
cap

Proj[SOC,] S, =0-S,,=1

At
SOCk +?{w1k,sk =1- Sk+1 =1 (4)

Assume that Vi (SOCy, Sy) is the minimum
expected cost of going from step k to N with the current
SOC level of the SOCx battery and connection mode Sk
specified. Then the principle of optimality is presented
as follows:

Vk(SOCk,Sk) = I?’}Eigk{gk(SOCR,Sk,Ik) +

EVi41(SOChi1, Sga1)} =
Ikrr'lellr)lk{gk(SOCk,Sk, Ik) +

Yict01} Pijk Vier1 (SOChs1, Skar = )} (5)

Where g is the instantaneous cost and Pg;, k) is the
Markov chain transfer probability. Uncertainty in the
three parameters of PEV connection time, PEV cut-off
time, and charge required for movement has led to the
use of the Markov chain in this modeling. The Markov
chain model is a dynamic system that changes from one
state to another on the state space, which, unlike
definite dynamic systems, is a random process and each
transition is described by statistics [5]. In addition,
Markov's property states that future and past states are
independent of the present state. Considering the PEV
in the connection state (Sx = 1) or the disconnection
state (Sx = 0) at time k, the Markov chain model can be
expressed mathematically as follows:

Pij i = Pr[Sisq = jISk = i, k], i,j € {0,1}?
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Random process
e Controller
o D =PrlSe, =J1S =il.i.je 0.1 )
_ o o L =n80G,%)
my, = PrSOC,, = SOC, | S0C,, = S0C, ] T
b
5,.50C,, |
Deterministic System
50C,,, = S0C,. 5,=0-58,,=0
SOC,., =ProflSOC, 1002 S, =05, =1 | A
SOC,,, =SOC, +Atl, [0, .S, =1->S,,=0
S0C,., =S0C, +All, /0., .S, =15, =1

Pioj = Pr[Sgs1 = 018, = 1, k] = p(k)

Piyj = PrlSgy1 = 1Sk = Lkl =1 —-p(k)

Porx = PrlSs1 = 1ISx = 0,k] = q(k)

Poox = PrlSk+1 = OISk = 0,k] =1 —q(k) (6)

These dynamics are described by the diagram in
Figure 2, where p (k) is the probability of transmitting
the cut-off state and q (k) is the probability of
transmitting the connection state. By considering the
separate states for Sy = 0 and Sk = 1 and by substituting
the SOC dynamics, Equation (6) is expanded as
follows:

Figure 2. Transmission mode diagram for random
disconnection and connection mode for electric
vehicle

Here the energy management problem is modeled
as a MILP problem during time interval T with time
steps t. The time interval is one hour, so there will be
24-time intervals each day.

The goal of this optimization problem is to
minimize the total cost of electricity consumed by the
consumer during the next day.

min f(Cost)

[(Pgria () x dt) X Cgrig(0)] +
[(Ppy (£) X dt) X Cpy (£)] +
[(Py(£) x dt) X Cy ()] +

r Ngv
=) KZ PRF(2,) X dr) X GBI (6)
t=1 -

J
[(PRseh(t) x dt) x CRE" ()] —
[(Pinject(t) X dt) X CSell(t)]

+

(7

In (4), Pgid @), Ppv ), and Pw) are the values
imported from the grid in period t, and the values
generated from PV and the wind system. PR&R(t, ),
PRisch(t) are the discharge capabilities of EV; and the
battery in t. Pinject(ry is the amount of power sold to the
grid in t, and Cariqy indicates the price of the power
generated by the grid in period t. Cpv(y and Cwy are the
production and maintenance costs of PV and wind
systems in t. C2E"(t) and CR*"(t) are the costs of EV
maintenance and battery storage in t, and Cseny refers
to the cost of electricity sold to the grid. Constraints
problem one involves the balance of power that the
power grid must balance between production and
consumption systems:
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Peria(8) + Ppy(6) + Py () +
S PRt ) + PR() = D(2) +

Z;VEV PZ!‘!/ (t,j) + Pf}h (t) + Pinject (t) (8)

Where D(t) refers to the load demand at time t,
PER(t,j) and PS"(t) are charged by EV, j, and battery
storage at t, and Ny, is the total number of EVs. . This
equation is guaranteed when t€Tsay (Tsay equals the
period EV stays at home); Otherwise, EV power should
be excluded from the equation because this study
assumes that there is no charging process when EV is
away from home.

4. Simulation

In this study, three factors that affect the value of the
objective function and the execution time of the
simulation are considered, these factors include the
residential energy consumption curve (F;), the number
of EVs (F»), and the amount of sunlight (F3). Can create
different scenarios, the level of residential energy
consumption, the number of electric vehicles, and the
level of sunlight are assumed to be high, medium, and
high, respectively, and with multi-objective
formulation to minimize battery wear of electric
vehicles. Also, minimizing consumer spending for one
week is considered.

Figure (3) shows the convergence of Pareto fronts
obtained by NSGA-II and MOWCA multi-objective
optimization algorithms for the scenario. The set of
answers of the first Pareto front in the last iteration
defeats all the answers of the members of the
population (all the fronts of Pareto). From this figure, it
can be seen that for the base case, the cost of electricity
is positive. While the set of faulty answers obtained by
MOWCA and NSGA-II algorithms reduce costs and
increase profits, the set of faulty answers obtained by
the MOWCA algorithm sets the set of answers obtained
by the NSGA-II algorithm As a result, the answers
obtained by MOWCA with the same battery wear index
are more profitable than the set of answers obtained by
the NSGA-II method.

Pareto Front
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Figure 4. The first Pareto front obtained in the last
iteration of the NSGA-II and MOWCA algorithms

Figure 4 shows the production and consumption
capabilities of the smart home for answer number 3,
NSGA-II, and answer number 2, MOWCA, the desired
scenario with the multi-objective formulation. From
this figure, it can be seen that energy production sources
can supply the load, and surplus power can be sold to
the grid. As a result, by increasing the number of
decision variables of the optimization problem, both
multi-objective optimization algorithms obtain feasible
answers within the search space and the performance of
both algorithms can be verified as the problem becomes

more complex.
Energy resource management using wca

I Pov 0 60 80 100 120 140 160

I PoDisch Time(hour)
[ PevDisch
I Pinjected
e | 02d +PbCh+PevCh
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Figure 3. Intelligent microgrid energy resources
management with multi-objective optimization at
weekly intervals

5. Coclusion

A multi-objective formulation for managing renewable
energy sources and battery storage with the presence of
electric vehicles was presented to minimize the battery
wear index and minimize the cost of electricity
consumption of the smart home. The Multipurpose
Water Cycle Optimization (MOWCA) method was
proposed to solve the optimization problem, which in
all cases performed better than the NSGA-II
optimization method. The simulation results show that
increasing the level of demand, if the sunlight is at a
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low level, increases the energy taken from the grid and
consequently increases the cost of electricity
consumption. But with increasing sunlight and
photovoltaic power, the consumer's profit increases due
to the sale of excess power to the grid. Also, the
addition of electric vehicles, due to the possibility of
storing energy during the hours of the presence of
electric vehicles in the parking lot, will increase
consumer profit. The proposed multi-objective model
allows the designer to find several answers, so by
determining a decision index, the best answer can be
found among the many options. Assuming the selection
of the electricity cost minimization decision index, it
was shown that the use of the proposed multi-objective
formulation increases the consumer profit compared to
the single-objective formulation, and finally, it was
observed that the performance of algorithms
Optimization can also be verified by increasing
decision variables.
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Abstract

Nowadays, the use of smart home appliances has made home energy management more advanced and sophisticated, so
determining the optimal timing of home appliances is necessary to define the optimization problem and choose a
suitable solution to achieve the necessary benefits for residential consumers. It also helped electricity suppliers by
reducing energy consumption. Unlike hybrid electric vehicle (HEV) batteries, which can only charge with an electric
motor plug-in hybrid electric vehicle (PHEV) can charged via a mains connection. To optimize the economics of
PHEVs, it is necessary to determine an energy management strategy to coordinate the distribution of power between
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several energy sources. In this paper, after expressing the generalities and background of the subject, the modeling
method and the formulation and problem-solving method for determining the optimal energy management strategy in
smart power grids with the presence of connectable electric vehicles reviewed. The cost of electricity consumption in a
micro grid including a smart home presented and the multi-objective water cycle optimization (MOWCA) method used
to solve the resulting optimization problem. The simulation results show that the use of renewable energy sources,
battery storage, and electric vehicles by then proposed method increases consumer benefit.

Keywords: Energy Management, Micro grid, Electric Vehicle, Multi-objective Optimization, Water Cycle Algorithm
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