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Successful deployment of electric vehicles demands for establishment of simple reachable
charging stations (CSs). Scheduling and action of CSs is a composite problem and that
should not affect the smooth operation of the power grid. The present paper attempts

India to solve the planning and operation of CSs by a novel chicken swarm optimization-
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1 | INTRODUCTION

In recent years, researchers and environmentalists are preoccu-
pied with fossil fuel depletion, degradation of air quality, and
energy crisis. Electric vehicles (EVs) are a clean mode of trans-
portation and atre viable alternatives to deal with the afore-
mentioned problems. However, successful deployment of EVs
calls for enlargement of charging station (CS). The planning
and operation of CS are critical aspects. Improper planning and
operation of CS may be detrimental to the power grid resulting
in voltage instability, degraded reliability, increased power losses,
and harmonic distortion [1-5].

Globally, the planning and operation of charging stations
have attracted much attention from researchers to deal with
various problems [0, 7]. Despite their advantages, EVs are not
becoming widespread at the desired level since there are no
common charging stations, and the reason for this fear is that
the private traditional vehicles are on the road [8, 9]. To alleviate
this problem, it is assumed that car parks can be used as charging
places. Normally, the EVs are not used for a long time as they
are often left in parking lots. For this reason, these long times
can be measured as a prospect to recharge EVs in smart car
parks [10]. The focus of this technology is to prevent damage

based heuristics. The placement of CS is modelled in a multi-objective framework as cost-
effective parameters secures the operation of the power grid. Further, the operation of CSs
is examined for three scenarios such as uncoordinated charging, coordinated charging, as
well as bidirectional vehicle to grid. The proposed approach is tested on IEEE 33-bus, and
on a distribution network of Guwahati, India.

to the grid by multiple EVs and HEVs being charged simulta-
neously. The aim of this paper is to ensure the satisfaction of
EV and HEV users while eliminating the negative effects [11].
There is a need for a control mechanism to control the power
supplied to parked vehicles which is fed from the grid as well as
by other forms of electricity production [12-14].

The operation of charging stations signifies the charging
strategy that will be adopted in the charging stations such as
uncoordinated charging, coordinated smart charging etc. In [15,
16], authors have analysed the advantages of smart charging
schemes and found that coordinated chatrging is beneficial. In
[17], authors provided a DR strategy of EV CS by using dynamic
programming. In [18], the authors presented a two-stage lin-
ear programming-based approach for the operation of charg-
ing stations. In [19], authors have proposed an adaptive strategy
to manage EV charging load. Further, in [20], the authors pre-
sented a load management strategy in EV charging stations in
the presence of renewable energy sources.

Researchers have made significant attempts to improve
energy efficiency of CSs. In a category, tesearchers have consid-
ered different technologies such as renewable energy soutces,
ESS and DR programs in studying the operation of energy sys-
tems in the presence of EVs. The authors have proposed a
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TABLE 1  Summary of relevant research works

Ref. Aspect Contributions

[8] Placement Scheme for location of CS considering VSI

9] Placement Modelling of CS placement problem as maximisation of profit

[10] Placement Modelling of fast CS placement problem as cost, EV flow, and energy losses as the objective functions

[11] Placement A robust planning approach for charging stations considering net investment

[12] Placement A parking lot allocation scheme for EVs considering cost, power loss, and expected enetrgy not served as objective functions
[13] Placement Modelling of the CS citation problem considering net investment and drivers convenience

[14] Placement A placement scheme for portable CS considering cost and waiting time

[17] Operation A DR strategy of EV CS by using dynamic programming

[18] Operation A two-stage linear programming-based approach for operation of charging stations

[19] Operation An adaptive strategy to manage EV charging load

[20] Operation A load management strategy in EV charging stations in presence of renewable energy sources

multi-objective model for a PV-based, intelligent electric-vehicle
CS in connection with a demand—response program in [21] to
satisfy both the environmental and economic issues of CSs. A
multi-agent approach for coordination of EVs, combined with
a renewable-based micro grid, is proposed in [22] for providing
vehicle-to-home service. The multi-agent coordination is pet-
formed by exchanging information among various control ele-
ments. The authors, in [23], have presented a self-supporting
model for smart grids to minimise costs during outages by using
EV batteries to fulfil the demands of the grid. Accordingly, a
multi-agent scheme consisting of a micro grid, home, and EV is
designed for managing outages in the smart grid. Also, the pene-
tration of fuel cell technology as a hydrogen-storage system and
electrolyze, along with time-of-use DR, have been investigated
[24] in conjunction with optimal scheduling of CSs.

A summary of research works on planning and operation of
charging stations is presented in Table 1. From Table 1, it is
observed that most of the research works have dealt with place-
ment and operation of charging stations separately. This work
considers planning and operation of chatging stations under a
single framework. Thus, the major contributions of this work
are:

* A robust framework has been considered regarding place-
ment and operation of charging stations;

* Multi-objective modelling of charging infrastructure planning
has been considered using economic factors as well as the
secure operation of power grid;

* A novel chicken swarm optimization (CSO)-based heuristics
has been used to solve the planning and operation of charging
station problem; and

* Three scenarios such as uncoordinated charging, coordinated
charging, as well as bidirectional V2G are examined for the
operation of charging stations.

2 | PROBLEM FORMULATION

The charging station scheduling problem is mainly concerned
with two activities such as location and operation of CS. The

Charging
demand

Failure
Probability

Probability of
beingcandidate
location

FIGURE 1 BN used to find the cites for the citation of CSs

mathematical formulations of these two activities are elaborated
in this section.

2.1 | Placement of charging stations

The CS placement is dealing with the locations and number of
CSs to be placed at the respective locations. The placement of
CS is divided into two stages. In Stage I, the placements of
CSs ate screened by using a probabilistic approach based on
Bayesian network (BN). In Stage II, optimization is performed
to compute the exact location and number of CSs to be placed.

2.1.1 | Stagel

In Stage I, the candidate locations of the power distribution
network where charging stations can be placed is screened by
BN. The competence and potential of the BN in handling
uncertainty and interaction among different events is effectively
utilised in [25-27]. The BN used for computing the candidate
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TABLE 2 Summary of the nodes of the proposed BN

Node name Type States

VSF Parent {High (H), Medium (M), Low (L)}
Charging demand Parent {Peak (P), Off Peak (OP)}

Failure probability Parent {High (H), Low (L)}

Probability of being Child {High (H), Low (L)}

candidate location

ALGORITHM 1 Pscudo-code for computation of the VSF [25]

Input the bus data and line data;

Run distribution load flow for base case by forward backward method;
Fori=1: total number of bus;

VSEu() = 25

End for

k=1

While & < Realistic loading margin

Increase load in steps;

Run distribution load flow by forward backward sweep algorithm;
If load flow converges

k=k+1;

else

Compute VSFE for critical loading

End if else

End while

locations is as shown in Figure 1. A summary of parent nodes
and child nodes of the BN is presented in Table 2. VSE, charging
demand, and failure probability are parent nodes. The probabil-
ity of being a candidate location for placement of CS is depen-
dent on VSE, charging demand, and failure probability. Hence,
the probability of being a candidate location is the child node of
VSE, charging demand, and failure probability. VSF measures
the change in the bus voltage upon increasing the active power
or loading and is computed by Algorithm 1. Charging demand
of a particular point is computed by an improved random forest
algorithm as depicted in Algorithm 2. The failure probability of
the buses of the power distribution network can be found in the
logbook of the substations [28—30]. The probability of being a
candidate location for placement of CS is:

P(candidate = yes) = P(candidate|VSE, charging demand,
Failure Probability) X P(VSEF) X P(charging demand) o)
X P(lailure Probability).

212 | Stagell

In Stage II, optimization is performed to find the optimal cite,
number and type of CSs to be placed in the distribution net-

ALGORITHM 2 Pseudo-code for computing for charging demand [20,
27)

Input historical feature data and corresponding charge of 175
Step the input charging amount data

Extract n training samples by Bootstrap

Repeatedly extract k training sets

Build decision tree based on the Cart algorithm

If training set traversal is completed

Random forest forecast is completed and input the corresponding feature to forecast
Calculate the average output of the forest

Output amonnt of charge during the period

Else, build decision tree based on the Cart algorithm

end

end

work. The details of the objective function are given in Table 3.
It is depicted as:

F = min(cos #) + min(VRP index)

+ max (Accessibility index) + min(waiting time). @

Subject to:
Foin < By < Fax and - froin < fp < finaxo €)
Smin <55 S Smax and g <55 < Sao 4

Np
By= Py =V ) VY cos(6; =8, =6;) =0,  (3)
J=1

Np

Oy = Q= Vi Y, V)Yysin (8, =8, ~

J=1

6,) = 0. ©

System Average Interruption Frequency Index (SAIFI), Sys-
tem Average Interruption Duration Index (SAIDI), Customer
Average Interruption Duration Index (CAIDI) are the typical
power distribution network reliability indices [28].

2.2 | Charging strategy

Three charging strategies via uncoordinated charging, coordi-
nated charging, as well as bidirectional vehicle to grid (V2G)
are examined in this work. An overview of the aforementioned
charging strategies is provided in Table 4.

3 | METHODOLOGY

The placement and operation problem reported in Section 2 is
solved by a novel CSO-based heuristics approach elaborated
in [31]. CSO is a bio-stimulated procedure that mimics the
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TABLE 3  Objective functions

Objective function Significance

Formulation

This takes into account the installation

(Cwlw‘o’t/z///ﬁiw/), oper: ating (Cwlﬂpww/wz)
and maintenance (Cosz,, ) cost

Cost

aintennace,

of charging stations

Cost = Cost installation T Cost operation + Cost

maintainence

th//z‘rm//aﬂm = { <Z Fz X j/) X C/)m } + { <Z &z X 5/) X Cf/mz'}
=1 ) =1

Cgvupem}m = { < g i X ﬁ) X CP/a.rf} + { <Zl S/ X Ji> X CI)I/(/IL‘} X ])e/e[

m K4
Cg”mﬂ/ﬂtmﬂﬂw = { <E 1} X _/i) X C[M//m‘ } + { < 21 S/ X 5i> X (‘\AI:/W' }
=1 i=
e e . 157
Voltage stability index Voltage stability index (VSI) is =
regarded as a tool for evaluating the ) l’f{{/)
.. . . . . 2
proximity of a given operating point Vst = 21 21/[.2 I/Hz_1 - ZVZ.JZr1 (Py1r; + Oip1x) — 12l (Pj_1 + Qf+1)
i=

to voltage instability

Ply= Py +{(F) X f3) X CPry} +{(8) X 5p) X CPy}

Np 2,
VsI, = Z;ZV/V,-+1 -

2 2 2( .2 2
2V (Pl iy + D i) = 13 (P/i+1 +Q’z+1>

Reliability The probability of a system under R=m %411: 4 W _M[D[/ w3 fAjD[/
S - oo SALF lyase SAIDI} g5 7 CAID Iy,
which it operates satisfactorily is
termed as reliability
ol
Power loss Power loss refers to the 2R losses of P= ﬁ
the system st
TABLE 4  Overview of charging strategies
Mapping
Complexity
Bi-directional Control system
Strategy Description ToU tariff flow requirement Low Medium High
Uncoordinated Under uncoordinated scheme, the batteries of .
charging the EVs takes power immediately when
arrived at stations and plugged in (even
during peak hours)
Coordinated In coordinated charging, the EV charging can . . .
charging be shifted to off peak time. EVs participate
in this scheme by adapting the rate of power
at which the battery is charged
V2G In V2G, EVs can provide grid services by . . . .

sending power back to the grid, by
bidirectional power flow

food searching phenomenon of chicken in a swarm. The swarm
is divided into dominant roostets that lead the food search-
ing process, hens following the roosters, and chicks following
the mother hen. The algorithm also mimics the competition
between hens in the quest for food. The main advantage of
CSO is that it utilises the intelligence of chicken swarm in an
effective manner and maintains a good balance between ran-
domness and determinacy while finding the optimal solution.
A multi-objective modelling considering economic and secu-
rity issues jointly has made the problem more complex. How-
ever, the proposed model is more realistic and considers plan-
ning and operation of charging stations simultaneously. The
CSO-based heutistics proposed in the work has the capacity

to take into account the computational burden of the pro-
posed model by sustaining a stability among exploration and
manipulation. The detailed solution procedure is shown in
Figure 2.

4 | NUMERICAL ANALYSIS

The proposed formulation is validated on IEEE 33-bus and dis-
tribution network of Guwahati as depicted in Figures 3 and 4,
respectively. The bus, line, outage data of the two test systems
shown in Figures 3 and 4 can be found in [4, 32, 33]. As elab-
orated in Section 2, the first step of the placement problem
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FIGURE 2 Flowchart elaborating solution
methodology

Input road and distribution

Rank the initial selection and designate the
solution with rank one as 7}

Are elements of B}, > 7 51

Start

v

Define the decision variables,

network data objective functions, and constraints
I Randomly generate pop,, , < Set the algorithm specific

parameters of CSO

Evaluate the objective functions

v

Update solution based on rank,
crowding distance

v

Set that particular element
of By t0 njusypand Cyp to

Yes Hslowp

Cpop> nslowp

Constraints (2)-
(6) satisfied

Store the updated solution in matrix
CSO, in case of CSO

v

Set iteration count, t=1

involves screening of candidate locations for charging station
allocation by BN with voltage sensitivity factor (VSF), charging
demand, and failure probability as the parent nodes. The VSF of
the two test systems are evaluated by Algorithm 1 and depicted
in Figures 5 and 6. Also, it is observed that bus 14 and bus 19
are the weakest buses of test system 1 and test system 2, respec-
tively. The charging demands of the test systems are computed

Are elements of B}, > 1 51

Constraints (2)-(6)

v

Activate CSO Update solution based on rank

and crowding distance

v

Set that particular
element of B, t0 72 usp
and Cp()p to Hslowp

Cpop> nslowp

Yes

A

satisfied

Print Pareto front

by Algorithm 2 and depicted in Figures 7 and 8. The failure
probability of test system 1 can be found in [4] and the failure
probability of test system 2 is taken from the logbook of substa-
tions.

The probabilities of being candidate locations for the place-
ment of charging stations computed by BN are depicted
in Figures 9 and 10. It can be observed that locating the
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FIGURE 3  Test system 1 [4]

3 4 5 11 12 13
10 14 17
1 2 6
7 8 9 15 16 18 19
FIGURE 4  Testsystem 2 [32, 34]
0.6 = Charging demand
mVSF 80
0.5
60

0.4
40

VSF

CD (kW)

20

0.2

0.1 0 I‘I‘HHHHI‘I‘IHI‘IJHHHHHHHH
I| I|| 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32

0 1

Bus no.
2 4 6 8 10 12 14 16 18 20 22 25 27 29 31 33

Bus no.
FIGURE 7 Charging demand for IEEE 33-bus distribution network

FIGURE 5 VSF of all the buses for IEEE 33-bus distribution network

B Charging demand
0.6 80
) u VSF
0.5 60
0.4 z
5 03 \D-/ 40 +
£ ®
0.2 - 20 -
0.1
O 4
0 - 2345678 910111213141516171819

234567 8910111213141516171819
Bus no.

Bus no.

FIGURE 6 VST of all the buses for distribution network of Guwahati FIGURE 8  Charging demand for distribution network of Guwahati
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Probability

FIGURE 9  Probability of being charging station for IEEE 33-bus distribution network
B Probability of being TABLE 6 Optimal allocation of CS for test system I
candidate location
0.8 NDS »p F, S f % NDS »p E, S 5 p
06 1 4 1 1 8 6 4 2001 1 3 9
2
% 0.4 24 1 1 9 6 5 1 2 5 9
3 2 1 1 4 13 2 1 1 6 7
£ 02
2 2 1 1 8 13 5 2 1 1 10 7
0
2345678910111213141516171819 ’ ! ! 4 10 ’ ! ! w7
Bus no. 25 1 1 6 10 24 1 1 6 16
3 5 1 1 4 8 6 7 1 1 6 9
FIGURE 10 Pr'obablhty of being charging station for distribution 5 1 5 3 6 4 1 3 5 14
network of Guwahati
7 1 1 4 5 22 1 1 6 11
TABLE 5 Candidate locations
Test system Location
TABLE 7  Optimal allocation of CS for test system 1T
1 12,4,5,7,21, 22,24, 25, 27}
2 (2,3,6,7,8,9,10, 14} NDs p F, S S s NDS p E, S5 S %
1 2 1 1 3 6 4 2 2 2 5 10
3 1 2 3 6 7 1 2 5 10
charging stations at various buses is better than concentrat- 8 1 1 3 6 8 2 2 5 10
ing on few buses which will create voltage deviation, reliabil- 2 2 2 2 5 10 5 2 2 4 7
ity prf)blem and 1T1creased IOSS'.CS. If any node has no space for o 2 2 5 10 6 1 2 5 9
charging the vehicles, the neighbouring bus can be selected.
. .. . 10 2 2 5 10 7 1 2 3 16
Accordingly, another favourable position for appropriating the
charging station is making the charging station available to a big- 3 22 2 480 2 b2 5
ger number of EVs handling in vatious routes. This will decrease 8 1 2 4 8 51 1 5 7
the congestion of the particular routes in which charging sta- 9 2 2 4 8 10 1 2 3 10

tions are concentrated.

The set of candidate locations having probability more than
0.6 is shown in Table 5. The optimization problem reported in
Section 2 is solved by CSO. The input parameters of the opti-
mization problem are same as in [31]. The general as well as
algorithm-specific parameters of CSO are also taken from [31].
The optimization yielded six non-dominant solutions (NDSs)
as reported in Tables 6 and 7. The selection of the best plan
among the six alternatives depends upon user requirements.
Further, three charging scenarios namely uncoordinated charg-
ing, coordinated charging and V2G are compared based on

VRP index proposed in [4]. A novel index named VRP index
taking into account the voltage stability, reliability and power
loss is also formulated. The novelty of VRP index lies in the
fact that it has the capability of considering voltage stability,
power loss, and reliability together under a common frame.
The VRP indices for two test systems in case of the three
aforementioned scenatios are shown in Figures 11 and 12,
respectively. The advantages of coordinated charging and V2G
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14 NOMENCLATURE
2 = Uncoordinated Abbreviations
E’ charging ) )
% . . EV  Electric vehicle
g ® Coordinated charging . .
= CS  Charging station
% VG DR Demand response
BN Bayesian network
CSO  Chicken Swarm Optimization
Plan 1 Plan 2 Plan 3 Plan 4 Plan 5 Plan 6 V2G Vehicle to Grid
ESS  Energy storage system
FIGURE 11 VRP index value for three scenarios in case of IEEE 33-bus VSF Voltage Sensitivity Factor
distributi K . S :
sbution nenvor VRP  Voltage stability, Reliability & Power loss (VRP) index

® Uncoordinated charging
m Coordinated charging
V2G

VRP index value

Plan 1 Plan 2 Plan 3 Plan 4 Plan 5 Plan 6

FIGURE 12 VRP index value for three scenatios in case of distribution

netwotrk of Guwahati

over uncootrdinated charging are prominent from the simulation

results.

5 | CONCLUSION

In recent years, both limited fossil fuels and environmental fac-
tors have forced automotive manufacturers to produce mote
efficient and greener vehicles. In this context, the production
and use of hybrid and electric vehicles are increasing rapidly.
With this rapid change in vehicle technology, user habits have
raised important issues, such as the need to increase the num-
bers of charging stations, updating the electricity grid and
increasing their capacities. It will, therefore, become inevitable
that existing traditional car parks and fuel stations will have
to be equipped with charging units and smart energy manage-
ment algorithms will have to be developed to ensure their effec-
tive use. The formulations consider economic factors as well
as secure operation of the power network. Further, the frame-
work compares three charging strategies such as uncoordinated
charging, coordinated charging and V2G. The solution method-
ology is based on a CSO dtiven heuristics. The simulation con-
sequences indorse the efficacy of the anticipated framework and
the advantages of coordinated charging and V2G over unco-
ordinated charging. The important issues such as quantitative
analysis of charging strategies, operation of V2G enabled CSs,
techno-economic analysis of smart charging as well as V2G will
be addressed in future work.

Decision variables

p  Cite for the placement of CS

Fy, Sp - fast/slow CS at location p
Jp»5p fast/slow servers at location p
/f;ife Base value of power loss
Froaxs fmax  number of fast CS and sockets
Saxo> Smax  number of slow CS and sockets
Finins Jmin ~ Min fast CS and charging points
Smins> Smin Min slow CS and charging points

Constant parameters

Cluyr fast CS cost
Cyp  slow CS cost
CPy  fast CS capacity
CPy,, slow CS capacity
Ciwfm Maintenance cost
P, Per-unit cost of electricity
V51, voltage stability index
SAIFT,,, (SAIFI)
SAIDI,,, (SAIDI)
CAIDI,,, (CAIDI)
Variables

Py Active power at // bus

P;  demand at 7 bus

O, Reactive power at 7 bus
I, Voltage of, " bus
Y, admittance matrix

6,-/- Angle of Y

8, angle of # bus

8, angle of / bus
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