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Abstract

The high penetration of electric vehicles (EVs) and plug-in hybrid electric vehicles (PHEVs) can
cause serious impact to the entire grid: from power plants to local distribution systems. In particular, the
demand charging of EVs may vary over stochastic with time. Uncoordinated EVs charging may increase
the load with all the time, which increases the peaks, even can possible produce super-high peak.
Therefore, a comprehensive study on the impact of EVs to existing grid needs to be conducted to make the
appropriate charging strategies with the future EVs demand. In this paper, the basic power allocation
strategies for EVs as first come first serve strategy (FCFS), lowest state of charge (SoC) first strategy
(LSF), equally allocation method (EAM) and shortest charging time first strategy (STF) are proposed.
The simulation is completed using MATLAB. The result of the methods is analyzed, evaluated, and
compared together.

Keywords: Plug-in Hybrid Electric Vehicles (PHEVs), Electric Vehicles (EVs), State of Charge (SoC) and

Power allocation.

1. Introduction

The excessive emissions of greenhouse
gases, Lead to global climate warming trend
intensified [1,2]. Electric vehicles as a new
generation of transport, which in energy
reduce human's dependence on

traditional fossil energy aspect, compared to

conservation,

conventional cars have unparalleled advantages.
Currently the countries all over the world have
taken the appropriate policies to promote the
development and application of electric vehicles.
Can be estimated, with the future popularity of
electric vehicles,
charging will be connected to the grid planning
and operation of power generation system cannot
be ignored. Specifically, the penetration with a
large-scale electric vehicles into the grid bring a
great impact to the grid as load growth, the
distribution grid is overloaded, voltage drop [3, 4],
the distribution grid losses increase [5, 6], the
distribution transformer overload [7, 8] and other
issues. Especially at the peak time, the EVs

large-scale electric vehicle
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charging loads will further exacerbate the
difference between the power peaks and valleys.

On the other hand, the electric vehicle as a
new type of moving load, the charging behavior
has strong uncertainty of time and space. A large
amount of electric car widely access will increase
the difficulty in operation control of the power
grid.

Thus, to the maximization of customer
satisfaction and minimization of burdens on the
grid, a complicated control mechanism will need to
be addressed in order to govern multiple battery
loads
appropriately [9]. The total demand pattern will
also have an important impact on the electricity
industry due to differences in the needs of the
PHEVs parked in the deck at certain time [10].

Only efficient management can ensure strain

from a numbers of electric vehicles

minimization of the grid and enhance the
transmission and generation of electric power

supply.
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In the paper, the basic power allocation
strategies for EV included the first come first serve
strategy (FCFS), lowest SoC strategy (LSF),
equally allocation method (EAM) and shortest
charging time first strategy (STF) are used to solve
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provides the detail of the basic power allocation
strategiesfor EVs. In section three, we provide the
Finally, the
conclusion and future work is given in section

simulation results and analysis.

four.

the problems are presented above.
The rest of this paper is organized as
follows. Section two isproblem formulation which

2. Problem formulation
2.1. A Battery of the electric vehicle charging process

The SoC is an important parameter of battery. It measures the percentage of battery energy power
that has been used and indicates how far a vehicle can drive on it. The SoC is defined as the remaining
capacity of a batter in ref. [11].

SoC=Remaining Capacity/Rated Capacity

M
If the Ah capacity is used, the change of SoC can be expressed as:
1 t+1
ASoC = SoC,,,,—SoC,, =— I 1, dt 2)
£l El Cl g il
Where, C; is the rated capacity of the battery.
The charging current is assumed to be constant over charging time interval At.
[SOC[,H _SOC[,l]Cl = Ii,tAt 3)
LA
350G =50G, +=2 @

i
Where, I;; is the charging current over At. We assume that the battery charging is modeled as a

capacitor circuit and followed capacitor equation. Cp is capacitance in Farads (the Farad being the
capacitance unit of measure).

dU,
v —— =1, (5)
dt ’
Take integration for both sides of above equation, we have:
1+1 dU. t+1
Co—tdt=| 1 dt ©)
t dt t ’
Because Cy, Ii; are constant, so:
Cb (Ui,t+] - Ui,t) = [i,tAt (7
I, At U
= tU; 8
g+ Cb N3 ( )

Since the variable is the power allocated P;; to EVs, the relation between charging current I;; and
power Pi; can be expressed as follow.
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b b
I 9
U” O SI:UIH-I Ui,t:l ©
Substituting (9) into (8), we obtain:
2 2 ZE,tAt
Ui =Ui + (10)
Ui,t+1 = (l 1)
Substituting (9) into (4), we obtain
SoC.,  =SoC 2F.At
o i =00 i + 12
g+ p C [Ul U, (12)
Substituting (11) into (12), finally we obtain:
SoC,,,, =SoC,, +
13
C (>

2.2. Basic power allocation strategies
2.2.1. First come first serve (FCFS)

In the first come first serve strategy (FCFS),
the total vehicles charged in each time step
includes the vehicles left from the previous time
steps and just arriving. The vehicle comes first will
be served first and will only leave when it is fully
charged or the customer requiring time is out
(remaining charging time equal zero). The number
of total vehicles charged in each time step is

S _max
NCh,t - max +n0
it
Where;
N, ch.t
max
DN
_ 1

n,

4‘/1 z

1 z P max

counted by the division of total power of station
and the maximum power (Pi,tmax) that can be
absorbed by a specific vehicle plus the binary
variable n0 (n0 is 1 as the remainder of the division
is nonzero and no equal 0 as the as the remainder of
the division is zero). The FCFS strategy is
demonstrated in the following formula (14):

(14

S—max

(15)

Where, N, is the total number of vehicles to be charged at time step t, ng is a binary variable.

How we applied FCFS to the power allocation to electric vehicle problem is shown in figure 1.
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Khoa hoc & Cong Nghé - S6 12/Thang 12 — 2016

Journal of Science and Technology



ISBN 2354-0575

Y

A 4

Fort=1:T

A4

N=N+Napr

Fori=1: N,

\ 4

Y

The first come first charged
with maximum charging
rate P;""(t)

out?

SoCi(t)>=1 or
charging time ran

The i-th vehicle is
plug-out

Figure 1. Flowchart of Implementation

2.2.2. Lowest SoC first (LSF)

In the lowest state of charge first strategy
(LSF), the total number of vehicles in the station at
each time step includes the remaining vehicles
from the previous time step and the new arrival
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vehicles to the station. The SoC value of these EVs
will be compared to each other; the vehicle with
lowest SoC value will be prioritized charging first
with the maximum charging rate (Pi,tmax). The
remaining vehicles will be charged sequentially
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from the vehicles with lower SoC value to the
vehicles with higher SoC value. The process only
stops until the capacity of station is equal 0 or all
the vehicles have been charging. The number of
total vehicles are charged at each time step is
counted by the division of the capacity of station

P
S _max
NCh,t - max +n0
it
Where;
Nch,t
o Y
n = 1
0 Ny

1 D P
1

and the maximum charging rate (Pi,tmax) plus the
binary variable n0 (n0 equal 1 as the remainder of
the division is nonzero and ng equal 0 as the as the
remainder of the division is zero). The FCFS
strategy is demonstrated in the following formula:

(16)

= })S—max
(amn

})S—max

Where, N, is the total number of vehicles to be charged at time step t, ng is a binary variable.

Applying the Lowest state of charge first strategy (LSF) to the power allocation to EVs problem is

presented in Figure 2.

2.2.3. Equally allocation method (EAM)

Equally allocation method (EAM), the total capacity of the charging station at each time step will
be equally allocated among the vehicles waiting at the station, with the constraint P;,<P;/*. The equal

allocation method can be expressed as follow:

P,

__ 7 S-max
B,t -
Nt
S.t
max
<P

(18)

(19)

Where P;; is power allocated to i-th vehicle at the time step t, N; is the number of the vehicles at

the time step t, P;™* is the maximum power that vehicles can get at each time step and Ps maxis the

maximum power of charging station.

Applying the equally capacity allocation method (EAM) to the power allocation to EVs problem is

presented in Figure 3.
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Begin

Y

Fort=1:T

Y

New arrival of Evs?

Ne=N;+Narr N&=N,

-
-

)

Sorting the total of vehicles
into a list according to the SoC
value in a ascending order.

Y
Fori=1:N;

v

The lowest SoC first
charged with maximum
charging rate P;""(t)

Y

SoCi(t)>=1
or charging time
ran out?

The i-th vehicle is lefted

Figure 2. Flowchart of LSF Implementation

Khoa hgc & Cong Nghé - S6 12/Thang 12 — 2016 Journal of Science and Technology 75



ISBN 2354-0575

A 4

Fort=1:T

Y

N=N+Narr

- Fori=1: N,

Y

Equally allocation for all
the EVs at time step t
Pi(t)=P;_max/N¢

SoCi(t)>=1 or
charging time ran
out?

The i-th vehicle is
plug-out

Figure 3. Flowchart of EAM Implementation

2.2.4. Shortest charging time first (STF)

In the lowest state of charge first strategy
(STF), the total number of vehicles in the station at
each time step includes the remaining vehicles
from the previous time step and the new arrival
vehicles to the station, the remaining charging time
of these EVs will be compared to each other; the
vehicle with shortest SoC value will be prioritized
charging first with the maximum charging rate
(Pi,tmax). The remaining vehicles will be charged
sequentially from the vehicles with shorter
remaining charging time to the vehicles with larger
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remaining charging time, the process only stop if
the capacity of station equal O or the vehicles have
been charging. The number of total vehicles
charged at each time step is counted by the
division of the capacity of station and the
maximum charging rate (Pi,tmax) plus the binary
variable n0 (n0 equal 1 as the remainder of the
division is nonzero and n0 equal O as the as the
remainder of the division is zero). The FCFS
strategy is demonstrated in the following formula:
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S _max
N = 1 (20)

Where;

Lh!

0 ZPmaX = S max

n, = @)

Lh/

1 z P o —max

Where, Nen s the total number of vehicles to be charged at time step t, no is a binary variable.
Applying the shortest charging time first strategy (STF) to the power allocation to EV problem is

presented in Figure 4.

Fort=1:T

Ni=N,

Ne=N+Nurr

-
-

Sorting the total of vehicles
into a list according to the Try,
in a ascending order.

'

- Fori=I1: N,

'

The shortest Try, first
charged with maximum
charging rate P;""*(t)

SoCi(t)>=1
or charging time
ran out?

The i-th vehicle is lefted

!

Ni= Nel

Figure 4. Flowchart of STF Implementation
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3. SIMULATION RESULTS AND ANALYSIS

In this test, we considered 106 vehicles out
of the total 183 vehicles ran out of time in the
charging station for 32 time steps corresponding to
8 hours, the sample time was set for each time step
is 15 minutes.

Due to lack of real market data, some of
parameters are estimated or simulated according to
published work and public data [9,10,12]. Battery
chargers fall into three categories by voltage and
power level. Level 2 is typically described as the
primary or standard method for both private and
public charging, and specifies a single-phase

m(t) -4
f=)y="—4"

m(t)!

branch circuit with typical voltage 240 VAC. In
this paper, all the battery chargers are assumed to
be Level 2 and maximum PHEV charger limit
Pi™* is 6.7kW. The station capacity (PS-max) in
the test Ps max= 152kW.

For this test, the number of vehicles n(?)
arriving to station at each time step to request
charging service is stochastic. In such a case,
arrival times are assumed to follow Poisson
distribution with mean parameter lambda A, the
probability mass function of n(?) is given by:

(22)

Where, n(t) is the number of arrived PHEVs to the charging station each time step; e is Euler's

number (e = 2.71828...).

The initial SoC of the arrived vehicles are assumed to follow log-normal distribution with mean p

and standard deviation c. Therefore, the probability that initial SoC can be computed as:

f(SoClyuy 0)=——F—
( ) SoCN2ro?

Figure 5 and figure 6 demonstrate the initial
SoC and the departure SoC, while, the initial SoC
is generated randomly and follows log-normal
distribution. Figure 6 (a), (b), (c) and (d) illustrate
the departure SoC when the LSF, FCFS, STF and
EAM method are applied. Figure 6 shows that the
number of vehicles SoC equal 1 (the EVs is fully
charged) at the STF method is the greatest, while
the all of vehicles with SoC greater than 0.7 when
leaving the charging station. Meanwhile, the all
vehicles at the LSF method with SoC smaller than
1 and greater than 0.5 when leaving station, it
shows that this
customers with low SoC and short charging time.

method are suitable for the

Because the capacity of the station is limited,
while at every time step the new vehicle with low
SoC may arrive the charging station to require
charging, the customers with relatively high initial
SoC, possibly during time in the charging station

are only allocated a small amount capacity, even
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_(InSoC; —y)z

e 2 (23)

not allocated capacity. Figure 6 (b), (d) show that
in the FCFS and EAM method, the number of
vehicles with SoC equal to 1 is relatively large; but
there is also a relatively large number of the
vehicles with SoC smaller than 0.4. Especially, in
the FCFS method, there are some vehicles with
SoC equal 0.2, which means that these vehicles are
not charged or only charged a small amounts
capacity.

Above analysis shows that each power
allocation method for electric vehicles has its
advantages suitable for charging station in the
particular case. However, in order satisfy the
charging demand of the customers, the STF
method can guarantee that all customers always
receive an appropriate energy level when leaving
the charging station. However in fact, there are
many customers for a mandatory reason to leave
the charging station earlier than expected. When
leaving the station, the customer wanted to receive
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a reasonable level of energy. As can be seen from
figure 6, in the methods LSF, EAM and FCFS,
each customer leaving station receive a certain
power level, especially at the FCFS method.
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Whereas in method STF the customers leave the

charging station earlier than expected are

unallocated.
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Figure 5. Initial SoC of 106 EVs ran out of time in the station for 183 EVs case
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Figure 6. Departure SoC of 106 EVs ran out of time in the station for 183 EVs case

In order proceed with building the electric vehicle charging stations and investment, the number of

chargers are considered in many different aspects, in which the application effective the power allocation

methods also contribute an important part. Note that the number of vehicles at each time step in the each
method is different. The more the number of the vehicles in the station, the larger space and the more the

number of chargers are required.
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Figure 7. The number of EVs at each time step

Figure 7 represents the number of vehicles in the charging station at each time step when the basic

power allocation methods for electric vehicles charging station is applied. It is obvious that the number of

vehicles in the charging station at each time step corresponding to each allocation methods differ quite

large. Specifically, the number of vehicles in the charging station at the LSF method is the largest,
followed by the STF method, the EAM method and the FCFS method. Thus, it can be seen that applying
LSF based method requires construction of charging stations with the largest scale as compared with

other methods.

4. Conclusions

This paper provides an overview of some of
the basically power allocation method for the
electric vehicle charging stations, specifically as
lowest state of charge first (LSF), first come first
serve (FCFS), equally allocation method (EAM)
and shortest charging time first (STF). We used
MATLAB to simulate the allocation methods. The
simulation results show that each method has its
own advantage and disadvantage. Specifically, the
FCFS method can ensure fairness in the allocation
of capacity for electric vehicles, construction costs
that need

investment. However, if there are large numbers of

and smaller number of -chargers

electric vehicles in the station, this method is not
suitable for the customers with short charging

80
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time. Meanwhile, the LSF and EAM methods
ensure that all customers leaving the stations are
allocated a amount capacity. However, to apply the
LSF method requires the large-scale charging
stations. While the EAM method requires the large
number of chargers, because all vehicles are
charged at each time step.

Simulation results show that, the STF
method satisfies the demand of the customers the
best. In this method, all customers leaves the
station with SoC greater than 0.7, while many
customers are fully charged. However, this method
is not suitable for the customers who leave the
station abruptly, and requires a relatively large
charging stations space.
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CAC CHINH SACH PHAN BO CONG SUAT CO BAN CHO
TRAM SAC XE PIEN

Tém tit

Sw tham nhdp cua xe dién (electric vehicles) va xe dién lai (plug —in hybrid electric vehicles) co
thé gdy anh hwéng nghiém trong dén toan bo ludi dién, tiv nha mdy dién dén cdc tram phdn phéi dia
phuong, dac biét nhu cau sac cua xe dién la nngu nhién. Néu thiéu su phéi hop sac cho xe dién co thé gay
mat can bcfng ludi dién & nhiéu thoi diém khdc nhau, lam tang cdc tai dinh nhon thdm chi con co thé xudt
hién cac siéu tai dinh nhon. Do do mot nghién ciu toan dién vé tdc dong cua xe dién va xe dién lai lén
ludi dién hién cé, can duwoc thuc hién bdng cdc chinh sach sac hop Iy cho nhu cau sac cua xe dién trong
twong lai. Trong bdi bdo ndy cdc chinh sach phdan bé cong sudt cho xe dién nhw: Chinh sach dén truée
phuc vu treée; chinh sach wu tién sac trude cho trang théi sac pin thdp nhdt; chinh sach phdan bé déu va
chinh sach wu tién sac trudc thoi gian sac ngd'n nhat da duoc dé xuat. Sir dung Matlab tinh toan mo
phong cho cdc chinh sach phan bo cong sudt, két qua mé phong cdc chinh sach phdn bé dwgc phan tich,
danh gia va so sanh voi nhau

Tir khoa: Xe dién lai, Xe dién, Trang thai nap cua Pin va Phdn bé cong suat.
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