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Abstract--This paper proposes optimal placement of vehicle to
grid (V2G) charging station in a distribution system by using
Particle Swarm Optimization with time varying coefficient (PSO-
TVAC). While Electric Vehicles (EVs) will be additional load to
the distribution system, utilities can use V2G to maximize total
benefit including peak power providing, reliability improvement,
and power loss reduction within system operating constraints.
Charging stations are simulated as loads when they are charging
EVs and as distributed generation when they are discharging to
the grid. The optimal placement of V2G charging stations and
sizes are determined at peak period. Test results on the nine bus
test system render a higher total benefit than GA, Basic PSO, and
PSO-TVIW.

Index Terms— Electric vehicles (EVs), charging station,
Vehicle to Grid (V2G), particle swarm optimization (PSO).

I. NOMENCLATURE

w Inertia factor

k Number of iteration

Konax Maximum number of iteration

Ci Weight affecting the cognitive factor
C, Weight affecting the social factor

rand, Coefficient of random that is between 0 and 1
rand, Coefficient of random that is between 0 and 1

P i The best of personal value that found by particle i

Gl],‘est_i The best of global value that found by the entire
swarm

X l-k Current position of particle i

Xkl Updated position of particle i

Vl-k Velocity of particle i

AR Updated velocity of particle i

Ci,, Gy Initial and final weight affecting the cognitive

factor
Cy,i, Co s Initial and final weight affecting the social factor
Initial and final inertia weights
Initial state of charge of vehicle

Winin ,wmax

S0,
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ES; Battery capacity of EV

P, Power rate with which EV is charged
n Numbers of available vehicles in the parking lot
r(i) Total revenue gained from i** parking lot

tqisp (1) Total time that the V2G power is dispatched
B, Market price of electricity at peak times
CF.q, (i) Capital cost of parking lot i
Ceap Annualized capital cost for each vehicle
PC(i)  Capacity of parking lot i
CFpy driving (1)  Cost of purchased energy to charge
vehicles for driving
Pross Market price of electricity at off-peak times
Pparke n (i, k) Needed power at parking lot for charging
vehicles from SOC 0 to SOC 1,
t(k) Time duration at which the output power of
parking lot in order to charge EVs
Pparke n (i, k)  Power for charging EVs

Heony Efficiency of inverter
CFpu 26 (D) Cost of purchased energy to discharge
vehicles for V2G power

P, Purchased energy cost

Cy Cost of equipment degradation

B Number of branches in network

Cinj Price of energy not supplied in load level j

Vb Failure rate of line section b

Ly Length of line section b

Nyg Number of nodes isolated during fault location

Nyep Number of nodes isolated during fault repair

P Loads not supplied during fault location

tres Duration of the fault location and switching time

Beep Loads not supplied during fault repair

trep Duration of the fault repair

Fquipj ~ Cost of energy not supplied based on failure in

equipment except for branches.

Cys(j)  Cost of energy not supplied without V2G

Cysva26(J)Cost of energy not supplied with V2G
price(j) Electricity price in load level j

loss(j) Network loss in load level jwithout
V2Glossy,6 () Network loss in load level j with V2G
R, Resistance of branch b

I, (j) Current of branch b at time interval j
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II. INTRODUCTION
A. Vehicle to Grid (V2G)

Vehicle to grid (V2G) is an energy storage technology
which flows bidirectional power flow between a vehicle
battery and a vehicle operation. For V2G, configuration and
parking sites, control and connection between grid and
operator and metering are required [1]. The planning of
charging infrastructure involves integration between
developing of utilities and technology to respond appropriately
to the demand. In addition, the power system should be
improved to protect the potential impact of EV infrastructure
in order to ensure demand growth that is especially peak
demand in the future. As a result, system provider should
implement strategies and plans by using modeling tools [2].
The development plan of charging stations suggests
consideration and investment on EVs and infrastructures. EVs
should be used in short range transport, and the electricity rate
for charging and price of battery packs also should be
considered. Moreover, optimal time of charging should be off-
peak period because the price of off-peak rate is cheaper
whereas charging in peak period should be avoided [3]. IEC
62196 classified charging into two main characteristics as
slow and fast charging. This standard also classified modes of
charging into four modes. While either first and second modes
focus on slow charging with different socket, third mode
focuses on slow and fast charging that based on SAE
J1772(connector standard) and IEC 62196 whereas fourth
mode focuses on fast charging that uses special charger
technologies of CHADEMO [4]. The lithium-ion battery is the
promising technology for energy storage due to potential for
increasing energy density. Furthermore, lithium-ion batteries
have lower weights. As a result, EVs can increase a higher
range. However, potential improving is a challenge in order to
encourage EVs capability in the future [5]. Because EV
charging can cause power loss and voltage deviation in
household, the system can minimize loss and voltage
deviations with coordinated charging. However, charging in
the peak time should be avoided because this period has high
impact due to system violation [6]. With single phase
charging, Plug-in EV (PEV) can cause high unbalanced load
in the system that can result in voltage unbalances, which can
exceed defined limits considerably.By contrast, discharging of
PEV can reduce unbalanced loads in the system. Accordingly,
charging and discharging of PEV should consider condition of
unbalanced system loads that cause unbalanced voltages at
buses [7].

B. Distributed Generation (DG)

The objective of DG allocation for loss reduction and
reliability improvement is searching sites and sizes of DG.
While the objective is evaluated with total maximum result
between benefits and cost, the objective is evaluated between
loss reduction and reliability improvement using DG. With
dynamic programing, the procedure of this method use input
data to check load flow analysis and ENS evaluation before
determining optimal allocation and size. Then, result is
checked whethersatisfying of constraints. The results show a
total maximum benefit and impact on voltage profile after

DGs are placed [8]. Distribution system can be reinforced by
adding substation, feeders and DGs. The possible solutions are
searched by genetic algorithm (GA) whereas the objective
function combining investment, operation and interruption
cost is evaluated. [9]. In the same way, DG can be used to
improve reliability indices- SAIDI, SAIFI and ENS in
distribution system with different conditions such as distance,
large-scale DG and small-scale DG. [10]. Analytic hierarchy
Process (AHP) can make a decision to search the most desired
alternative from several criteria. The criteria are calculated
relative weight with comparison pairwise alternative to created
weight prioritization [11].

C. Particle Swarm Optimization (PSO)

PSO is used for optimal and placement of DG units which
are considered as a constant power source whereas efficiency
of PSO depends on memory and speed of processing unit.
PSO has a better performance than GA for multi objectives
problems. The combination of unit commitment (UC) and
V2G can schedule the number of EVs which can charge or
discharge in each period by using PSO [12].The optimization
problem in [13] applied GA to optimize allocation of parking
lots in distribution network by searching total maximum
benefits of peak power providing, reliability improvement and
power losses reduction within system constraints. In addition,
each objective is weighted the prioritization by Analytic
Hierarchy Process (AHP). The optimization problem in [14]
applied PSO to determine the maximum Plug-in Hybrid EV
(PHEV) penetration planning to minimize the total cost within
system constraints. The optimization problem in [15] compare
different types of PSO models between Basic PSO (BPSO),
PSO with time varying inertia weight (PSO-TVIW), PSO with
random inertia weight (PSO-RANDIW) and PSO with time
varying acceleration constants(PSO-TVAC) to search optimal
placement and sizing of static compensator. The result of
PSO-TVAC can give the least time to search the result in
order to improve smart algorithm and quality solution. ~ The
optimization problem in [16] compared the results between
ConventionalPSO with time varying acceleration coefficients
that are used to solve the optimization problem. PSO-TVAC
had high efficiency than BPSO to solve this problem.
Meanwhile, PSO-TVAC is also efficiently used to optimize
reactive power cost allocation in [17]. Thus, in this paper,
PSO-TVAC is proposed for solving optimal placement of
V2G charging station in distribution system.

III. PROBLEM FORMULATION

In this paper, the required time for EV charging is:

(1-S0C;)XES;

t(k) = ( ) (1

The output power of the parking lot can be represented as:
Ppark = Pv X Tl(2)

First Benefit: peak power providing
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Net revenue: Charging station can purchase energy from EVs’
owner and supply peak power to the grid with a high rate.

T'(l) = Prp X Ppark (l) X tdisp (l) (3)

Capital cost:

CFcap (l) = Coc X PC(1) )

Cost of V2G power purchasing:

Pr, .
]t<n:1 /1 X Pparkc h(l' k) X t(k)(S)

CFPu,driving @ =
Hconv

Cost of purchased energy for driving purposes:
CFpu,VZG(i) = Prpe X Ppark @) x tdisp (6)

The equation for calculating Pr,,. includes a purchased energy
term and an equipment degradation term:

Pr,

PU
be =Lt Ca (D)

Heonv
More details about calculating cd are given in [1].
Benefit 2: reliability improvement benefit

Cost of energy no supply:

s Nyes N
CNS(]) = [ZE:l Cinj XYp X Lh X (Zres=1 Pres X tres + Zrer;il Prep X
trep )] + CEquip J (8)

DCys(j) = Cys() — Cysyae () 9

Benefit 3: power loss reduction benefit

Power loss reduction:
DCios5 (j) = price(j) x (loss(j) — lossyz())) (10)

loss(j) = Xj-1 Ry x Ij (7) x t(k) (11)

The maximum of total benefits is fitness function that
contains three objectives or six function that are the following:

MAX F = 552 (wy X 1(D)) = (W X CFogy (D) + W3 X CFpygriving (D) +
Wy X CFpy 26 (D) + Zﬁ;l(ws X DCys () +we X DCposs (7)) (12)

The six objectives of fitness function are given the weight
with Analytic Hierarchy Process (AHP) to deal priority [13].
The fitness function is subject to system constraints when EVs
are charged and discharged. These constraints are the
following:

Capacity constraint:
0 < CP, < CB,4 (13)

whereCP,,,, is the maximum number of charging lot which
EVs can be charged or discharged. CB,is available number of
EV in charging station.

Voltage constraints:

|Vi|min = |Vl| = |Vi|max ; i= 1'2' 'n(14)
where V;nin> Vimax are the minimum and maximum of
acceptable voltage limit. iis the number of bus.

Line flow constraint and line current flow constraint:
[Py | < Sij max (15)

;i < lijmax  (16)
Where,P;; is power flow between node i to j, and S;; 4, is the
maximum power of line flow between node i to j. I;;is lime
current flow between node i t0 j, [;j may is the maximum
capacity of line current flow between node i to j,

Maximum of Total Benefit

*\4

Reliability Improvement

Peak power providing Loss Reduction

\

Capital Cost of
cost V2G power
purchasing

Revenue Saved
cost of
energy

not supply

Saved
cost of
power
losses

Cost of purchased
energy for driving
purpose

Alternative 1 Alternative 2 Alternative 3 Alternative4 fl— — - - - - - Alternative n

Fig.1 Graphical representation of the fitness function and optimization
process

IV. METHODOLOGY
A. Basic Particle Swarm Optimization (BPSO)

PSO is a stochastic optimization technique inspired
byswarm behaviour approximate solutions for complicated
numeric maximization or minimization problems. Each
particle of PSO searches for a possible solution by
representation current position and velocity. Velocity of each
agentcan be updated as:

Vi = of x VF + randy X (PEg i — XF) + €, X randy x (GEg s —

XE)(AT)

Xik+1 — Xik 4 Vik+1

(18)
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B. PSO with time-varying inertia weight (PSO-TVIW)

PSO-TVIW varies inertia weight by setting initial inertia
and final weight iteration whereas acceleration coefficients are
still constant.Velocity and inertia weight of each agentcan be
updated by:

Vit = ok x VE + rand; X (Pl — XF) + €, X randy x (GE, ; — XF)

(19)

w* = Wy — (@ max =W min ) x k (20)

kmax

C. PSO with time-varying acceleration coefficients (PSO-
TVAC)

PSO-TVAC set a new aspect of coefficients to perform
optimization process by adjusting acceleration to both
cognitive and social factors. The updating equations of PSO-
TVAC that include initialization, fitness function, updating
particles, and updating best particles, are

Vi = ok x VF + rand; X (PR i — XF) + C, X rand;, x (Gé‘est,i —Xi")

(21)
k — (W max —®min )
O = Gy — L mn) s (22)
k
€1 = (Cop = Cyy) X oty (23)
K
Cy = (Cop — Co) % ot G (24)

V. SCOPE AND LIMITATION

The nine buses of radial system from [13] is used as test
system as shown in Fig. 3. The data and information of this
system are given in [8]. The distribution test system includes
high voltage distribution substation 132-33 kV which feeds
eight load points.Charging stations are simulated as loads
when EVs charge. On the other hand, charging stations are
simulated as DGs when EVs discharge.In addition, batteries of
vehicles are charged with a constant power of 15 kW and their
capacities are assumed to be 50 kWh. For PSO parameters,
inertia weight (w) and cognitive acceleration factors (C;,C;) of
are given [14], [15], [16] and [17] in Table 1.

Fig.2.Test System

TABLE 1 PARAMETERS OF PSO

Type of PSO W C; C,
BPSO [1.2,1.2] 2.05 2.05

PSO-TVIW [0.4,0.9] 2.0 2.0

PSO-TVAC  [04,09] [2.5,0.5] [0.52.05]

In addition, AHP deal priority for each function in case of the
same priority weights as W;,1=[0.167, 0.167, 0.167, 0.167,
0.167,0.167] and case of the differentpriority weight asWgy,,»
=[0.0625, 0.1875, 0.0625, 0.0625, 0.1875, 0.437]

VI. NUMERICAL RESULTS AND DISCUSSIONS

Firstly, only bus 2, 3, and 6 are candidate buses with the same
priority weight (Case 1) and different priority weight (Case 2).
In Table 2, PSO-TVAC renders almost the same benefit of
peak power providing as GA[13], BPSO and PSO-TVIW. For
the second benefit, PSO-TVAC benefit of reliability
improvement of 31,692.870 ishigher than GA by 336.87
(1.07%), BPSO by 94.58 (0.298%) and PSO-TVIW by 25.27
(0.08%). For the last benefit, PSO-TVAC benefit of power
loss reduction of 39,355is higher than GA by 650
(1.68%),BPSO by 188.3 (0.48%) and PSO-TVIW by 151.63
(0.39%). For the total maximum of benefit, PSO-TVAC total
maximum benefit of 482,687.853 ishigher than GA by 987.85
(0.205%), BPSO by 188.3 (0.039%) and PSO-TVIW 176.91
(0.037%).

TABLE 2 TOTAL BENEFITS COMPARISON WITH THE SAMEPRIORITY WEIGHT

(Casel)
Benefits GA[13] BPSO PSO-TVIW  PSO-TVAC
Benefit of peak
power providing  411,640.00 411,639.98  411,639.984 411,639.984
)
Benefit of
reliability 31,356.00 31,598.29  31,667.596 31,692.870
improvement($)
Benefit of loss 38,705.00 39,166.70  39,203.366 39,355.000
reduction ($)
Total benefits (§)  481,700.00 482,404.97  482,510.946 482,687.853

TABLE 3 COMPARISON OF OPTIMAL NUMBER OF EV WITHTHE SAME PRIORITY
WEIGHT (CASE 1)

bus GA[13] BPSO PSO-TVIW  PSO-TVAC
2 375 327 333 330
3 375 375 375 375
6 225 272 267 270
Total 975 974 975 975

In Table 3, the total number of EV of PSO-TVIW and PSO-
TVAC is the same as GA whereas BPSO is just one less. For
PSO-TVAC, there are more number of EV at bus 6 and less
number of EV at bus 2 than GA. In addition, charging station
at bus 2, 3 and 6 can also improve voltage profiles as shown in
Fig 3.

In Table 4, with different relative weights, PSO-TVIW and
PSO-TVAC render the same benefit of peak power providing
of 103,381.447 which is higher than GA by41,817.447
(67.925%) and BPSO by 103,353.3 (0.027%).For the second
benefit, PSO-TVIW and PSO-TVAC benefits of reliability
improvement of 12,312.895are lower than GA by 21,040.457
(63.08%), but higher than BPSO by 3.35 (0.027%). For the
last benefit,PSO-TVIW and PSO-TVAC benefits of power
loss reduction of 17,018.234 archigher than GA and BPSOby
7,254.03 (21.75%), 3.352 (0.027%),respectively. For the total
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maximum of benefit,PSO-TVIW and PSO-TVAC total profiles. Note voltage profile at bus 2 has been improved

maximum benefits of 132,712.576arehigher than GA by because buses 2 and 6 are located at the same feeder.

28,034.38 (26.78%) and BPSO by 34.93 (0.026%). Since voltage at bus 8 in the first and second case is still
below acceptable limit, reactive power compensation such as

TABLE 4 TOTAL BENEFITS COMPARISON WITH DIFFERENT PRIORITY WEIGHT capacitor bank should be installed to improve voltage proﬁle.

CASE 2 . .
( ) Reactive power compensation of 3.3 MVARat bus 8 can
Benefits GA [13] BPSO PSO-TVIW  PSO-TVAC  improve voltage profiles as shown in Figures5 and 6.
Benefit of peak
power providing 61,564.00 103,353.301  103,381.447  103,381.447
$
Beneﬁn of TABLES OPTIMAL NUMBER OF EV COMPARISON WITHDIFFERENT
reliability 33,350.00 12,309.543 12,312.895  12,312.895 PRIORITY WEIGHT (CASE 2)
improvement($)
Benefit of power 9.764.20 17.014.804 17018234 17.018.234 bus GA[13] BPSO PSO-TVIW PSO-TVAC
loss reduction ($) ) 5 0 0 0
Total benefits ($)  104,678.20 132,677.648  132,712.576  132,712.576
3 50 0 0 0
In Table 5, BPSO, PSO-TVIW and PSO-TVAC render the 6 150 245 245 245
same totalnumber of EV at bus 6which is more than GA by Total 225 245 245 245

25. In Figure 4, charging station at bus 6 can improve voltage
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Fig.3.Voltage profiles in Casel
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Fig.4.Voltage profiles in Case 2
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Fig.5.Voltage profiles in Case 1 with reactive power compensation at bus 8
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Fig.6.Voltage profiles in Case 2 with reactive power compensation at bus 8

For Case 3, all buses (1-9) are candidate buses with the
same priority weight. In Table 6, PSO-TVIW and PSO-
TVAC peak power providing benefits of 730,397 are higher
than BPSO by 703.66. For the second benefit, PSO-
TVACbenefit of reliability improvement of 1,729,353.107 is
higher than BPSO by 15,373.58 (0.9%) and PSO-TVIW by
241.68 (0.14%). For the third benefit, PSO-TVAC benefit of
power loss reduction of 90,120.542 is higher than BPSO by
297.27 (0.33%) and PSO-TVIW by 4.05 (0.004%). Finally,
PSO-TVAC total benefit of 2,549,870.748is higher than
BPSO by 16,374 (0.643%), and PSO-TVIW by 245.73
(0.01%). In Table 7, only buses 2, 3, 5, 7, and 8 are placed
with V2G charging stations. Similarly, V2G can also improve
voltage profiles at each bus as Figure 7.

TABLE 6 TOTAL BENEFITS COMPARISON WITH THE SAME PRIORITY WEIGHT

(CASE 3)
Benefits BPSO PSO-TVIW  PSO-TVAC
Benefit of peak power 729,693.442  730,397.100  730,397.100
providing ($)
Benefit of reliability 13 979 555 | 720111419 1,729353.107
improvement($)

Benefit of power loss
reduction ($)

Total benefits ($)

89,823.276 90,116.496  90,120.542

2,533,496.243  2,549,625.015  2,549,870.748

TABLE7OPTIMAL NUMBER OF EV COMPARISON WITH THE SAME
PRIORITY WEIGHT (CASE 3)

bus BPSO PSO-TVIW PSO-TVAC
2 600 600 600
3 199 188 188
4 0 0 0
5 375 375 375
6 0 0 0
7 174 187 187
8 380 380 380
9 0 0 0
Total 1728 1730 1730

For Case 4, all buses (1-9) are candidate buses with
different priority weight. In Table 8, PSO-TVIW and PSO-
TVAC benefits of peak power providing of 730,397.100are
higher than BPSO by 2,786.49 (0.38%). For the second
benefit, PSO-TVAC benefitof reliability improvement
0f1,964,454.209 is higher than BPSO by 22,200 (1.14%) and
PSO-TVIW by 6530.3 (0.333%). For the third benefit, PSO-
TVAC of 108,747.050is higher than BPSO by 301.95 (0.28%)
and PSO-TVIW by 0.559. Finally, PSO-TVAC total benefit of
2,800,480.983 is higher than BPSO by 35,628 (1.28%), and
PSO-TVIW by 8,068.32 (0.29%).In Table 9, only buses 5, 6,
7, 8, and 9 are placed with V2G charging stations. V2G can
also improve voltage profiles at each bus within acceptable
range as shown in Figure 8.

TABLE 8TOTAL BENEFITS COMPARISON WITH DIFFERENT PRIORITY WEIGHT

(CASE 4)
Benefits BPSO PSO-TVIW  PSO-TVAC
Benefit of peak power 727,610.614  730,397.100  730,397.100
providing ($)
Benefit of reliability ) o)) 554500 1957.923.856  1.964.454.200
improvement($)
Benefit of power loss 108,445.104 108,746.491 108,747.050
reduction ($)

Total benefits ($) 2,764,852.758  2,792,412.664  2,800,480.983

TABLE 9OPTIMAL NUMBER OF EV COMPARISON WITHDIFFERENT
PRIORITY WEIGHT (CASE 4)

bus BPSO PSO-TVIW PSO-TVAC

2 0 0 0

3 0 0 0

4 0 0 0

5 160 187 187

6 600 600 600

7 375 375 375

8 380 380 380

9 209 188 188
Total 1724 1730 1730




International Conference and Utility Exhibition 2014 on Green Energy for Sustainable Development (ICUE 2014)

Jomtien Palin Beach Hotel and Resort, Pattaya City, Thailand, 19-21 March 2014

1.000

0.980

0.960
0.940

0.920
0.900
0.880
0.860

Voltage profile (pu)

® Base case =BPSO

Load point

=PSO-TVIW

5 6 7 8 9

=PSO-TVAC

Fig.7.Voltage profiles in Case 3
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VII. CONCLUSION

In this paper, the optimal charging station and size are
efficiently determined to obtain the total maximum benefit
including peak power providing, reliability improvement and
power loss reduction. Test results on thenine bus system
indicate that the total maximum benefit of PSO-TVAC is more
than those of GA, BPSO and PSO-TVIW, leading to peak
reduction, reliability improvement, and power loss reduction.
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