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Abstract: The ideal charging timing for Electric Vehicles (EVs) in a workplace parking lot, which fed by both the PV system and
the power grid, is discussed in this paper. Due to the rise in the number of electric vehicles, efficient charging scheduling for electric
vehicles (EVs) in a workplace parking lot, is now required. The economic operation of charging station is difficult due to the
fluctuations and uncertainty in solar energy availability, as well as the EV charging requirements are time variable. To handle this
issue, the EV charging scheduling in the parking lot was structured as a optimal problem which can balance above two issues. The
controller is designed for managing EV charging procedures, which incorporates real-time data. MATLAB simulation results of the
designed controller also verified.

Index Terms - Ideal charging timing, Photovoltaic power system, Parking lot.

l. INTRODUCTION

Climate change is now strongly linked to the emission of greenhouse gases (GHGs) around the planet. According to recent data,
vehicles used for transportation release GHGs and the power plants where energy generation takes place also another significant
source of GHGs, both of these are very crucial in growth and development of any nation. So, we can’t avoid them in our day-to-
day life [1]. Electric Vehicles (EVs) can fulfill our transportation with least emission of GHGs; hence are the best solution for
promoting sustainable energy development and climate change challenges. Use of solar energy for Charging electric vehicles is
environmentally friendly and sustainable. So, it is best practice to install Photovoltaic Power (PV) systems installed at parking lots
and EVs can be charged during the day [2].

Availability of solar energy is inconsistent and fluctuating in nature, solar energy alone may not able to fulfill EV charging needs.
So, we form a PV-grid which is a combination of solar energy and the power grid, which can fulfill charging needs of EVs in
reliable and efficient manner [3]. But in this scenario, there arises another problem i.e., to match the available energy with energy
required for EV charging. The available energy is not constant due to solar energy is inconsistent and EVs charging needs are also
not constant. The goal of the economic operation is to install charging station in the parking lot which runs by utilizing available
solar energy. Based on real-time information on Electric vehicle charging requirements and solar energy, an effective optimal
charging scheduling strategy must be developed [4], which can balance charging needs and available energy.

The charging scheduling method was designed using Model Predictive Control (MPC) which can deal present problem. It allows
the current time slot to be optimized while future time slots are taken into account. A dynamic model is framed which can determine
charging requirements and available energy output in the present time slot and also estimates the same in the future time slots based
on collected field information. The steps carried out to get optimal solution in this paper are summarized as follows:

. Formulation of optimal problem, i.e., the charging schedule for a vehicle parking lot, power supplied by both the PV system
and the power grid.

. Analysis of the relationship among the available energy sources, charging requirements and total charging load on the PV-
grid.

. Derive several necessary conditions to get the optimal solution by simplifying the primal problem.

1. OVERVIEW OF BOOST CONVERTER, SOLAR CELL AND MPPT CONTROLLER

In this section, the system components and their relationship were discussed. The focus here is on the system
description, and input and output relationships. Methods for relating input and output equation for solar cell, DC boost
converter topology and P-V curve are presented in this chapter. Furthermore, we discuss in detail about maximum power
point tracking algorithm to get maximum power from the solar panel.
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Figure 1. system overview
1. Solar Cell

PV systems are complex systems, some of the problems that are faced with PV model. Walker has proposed the
simulation of PV array to study the characteristics of power versus voltage against insolation, temperature, and load changes.
Alanson Garcia et al has experimentally obtained V-1 graphs of solar PV module under partial shading condition.
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Figure 2. Typical I-V characteristics of PV cell

A solar cell constitutes the basic unit of the PV module. Series or parallel association of the cells are used to get the
specified strength output of the PV module.
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Figure 3. Equivalent circuit of PV cell
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The overall efficiency of system comes down thus it is calculated by temperature derating factor n:as shown below.

Ne=1—[y* (Tc—Tst)] 1)
Where Y is Power temperature coefficient

The maximum power output is the highest output power delivered by a solar cell at STC. The maximum power output of
an array of n-solar panel each of power rating Wp is given by

kW _n*Wp (2)
P 771000

STC stands for standard test conditions, it is the rated maximum power a solar cell can deliver at 1000 W /m?2, 25 °C.

The average power is given by, E = kW, X n 3)
Where, 17 is the overall efficiency of the system. It can range anywhere from 0.7 to 0.85 for a properly designed system.

2. Tracking of Maximum Power Point

The power available at the output of a photovoltaic (PV) module is dependent on the load connected and the solar
insolation. The operating point can be determined by connecting a variable load R and plotting a straight line intersecting the I-
V module curve. The fig.4 shows the operating characteristics of a PV module. It shows two regions, zone 1 and zone 2. From
the figure we can infer that the zone 1 covers a region of high internal impedance and zone 2 covers a low impedance region.
The knee of the curve corresponds to a point of maximum power (Pumyp).
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Figure 4. PV module V-I curve along with load line Characteristics
2.1 Details of Perturb & Observe Algorithm

In Perturb & Observe algorithm, the operating voltage of the PV panel is perturbed by a small increment. If the resulting value
of Power is positive, then keep on perturbing in the same direction of maximum power point. If P is negative, then move away
from the direction of Maximum Power Point and the sign of perturbation applied must be reversed.

( Initialise V(k) & 1(k) )

[ Power calculation P(Kk) ]

(p=p-an) (b=bD+AD] (D=D-aD]
v Y Y

Figure 5. P & O Algorithm in flow chart
In P&O algorithm, the operating point of the system is controlled by varying Duty cycle of the switch (0 <D < 1). The
maximum power is obtained from the PV cell by adjusting voltage and current values using duty cycle control.
3. Boost Converter (DC to DC Converter)
A DC-DC converter is a device that has a DC voltage as data and generates a DC output voltage. The output voltage levels

are not same as the data. The basic function of a Boost converter is to increase the input voltage to a higher level based on the ON
time of the switch as follows

Vo = 1-p
- - - o o= 1—_ D
The input side resistance is given as:
R'=R X (1 — D)2 (6)

T
s
Vg J ' — LOAD | \/

Figure 6. Boost Converter.

The load on source side can be reduced by varying D. When PV module’s maximum power point current is greater than
the original load (Zone | of figure 4), the tracker of boost converter will extract maximum power.
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I11. SYSTEM MODEL AND PROBLEM FORMULATION

Consider particular working time period of a vehicle parking lot of organization. Suppose parking lot contains N charging
piles in AC charging mode. A centralized-controller is used to connect each charging pile to the power bus. This controller collects
information from grid system, controls the on/off switches and manages the entire charging process of EVs. The power bus has two
sources PV system and the power grid, the entire energy output of PV system can be used to the vehicle parking lot only. This is
due to stability problems arise, if PV output energy is fed to grid. The system model is shown in Fig. 7.

PV system Power Grid
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Fig. 7. Designed system model.

4.1. Charging Model of the Parking Lot

Consider one full day divided into Ttime slots. Let ¢ - present time slot and t°— future time slot respectively. The charging
decision (x;c) of EV i during time slot ¢, t € [t,T" ], decided by the central controller satisfies

0<x,<1vg )
and the total energy E;ccharged to EV i during time slot ¢ is
E. =x. P

it it

(®)

P

where * is the charging power of one charging pile for one time slot.

Let I be the expected set of EVs to be charged in the parking lot during the entire period and _I(t) be the set of EVs to be
connected to the charging system during time slot ¢, respectively. Then, we have

0<xp<1ifie I(0); 9)
xit= 0, otherwise.

Let E .denote the total charging load of the vehicle parking lot during time slot ¢.

Et: Z Ei,t= Z Xi,tIS (10)
ie(t) iel(t)

The maximal value of charging load is

E™ =Y %PVt (11)
iell(t)

where x%¢= 1 if EV i belongs to _I(t).
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4.2. Charging Requirement Model of EVs

Charging decisions for various electric vehicles depends on their arrival and departure timings, amount of charging load.
So, the central controller must be provided with a data of arrival and departure timings, charging capacities of each EV connected
to parking lot. The central controller will estimate energy availability and load for present state and then update it for future state
based on collected data.

For connected EV i, let 4; - arrival time, D;- departure time and R;°— amount of charging needed respectively. Obviously,
If during time slot ¢, t € [A;,Di], EV i only charged and the EV i relates to _I(t) as

{i eIlt),if t € [Ai, Di |; (12)
i & [1(t), otherwise

Let M — number of vehicles arrive and M- - number of vehicles leave the parking lot during time slot t, respectively.
Then

t
D (MA-MH)= D & Vi (13)
t=1 ie[1(T)
For the upcoming EVs [23], For arrival times, the mean and standard deviation are paand oa, departure times mean and standard
deviation are pand o respectively. Assume A be total number of the vehicles charged in the parking lot for the entire period. We
have

ME=A[ " £, (0d, =A(F,(+D) - Fy(t) (14)

where fa(t) - probability density function (PDF) of the arrival times,
Fa(t°) - corresponding cumulative distribution function (CDF)
In addition, a lognormal distribution function, with two parameters pp and op, EVs’ travel distances [23], given by

: S (DS 15
fﬁ(X-ND'UD)_XJDﬁeXp{ 20_; } (15)

2
Let Ep- EV’s energy consumption/km. The charging requirement of each upcoming EV can be expected by £ exp{up + £},
If R denote the charging requirement of EV i at time slot t. The charging requirement Ri‘ at current time slot t~ can be
given by

RO -S4l x P, if A <
RE={ RO, if A, =1
Epexplpp + —_l—} if A; > 1. (16)

4.3 Energy Supply Model of the Parking Lot
The parking lot power supplied by the PV system and the power grid. Let E* be the collected solar energy of the PV

system, E{° be the excessive solar energy that cannot fed to any EV, and EF pe the total energy output of the power grid during
time slot t, respectively. Apply constraint of energy conservation,

Et = EtG + EtR - EtR , (17)
where
E°<E}, wt (18)

Generally, for safety and reliability, the output of power grid always less than available energy for the parking lot during
one time slot, denoted by E ©. Thus, for the total energy from the power grid, we have
EC<E®,wt. (19)
If charging load of the connected vehicles is minimum, the total energy from the power grid satisfies
ES =min{E, - E* - Ef°,E®} (20)

Note that the total amount of energy from the power grid, the charging load of the connected EVs and utilization of the
solar energy during the time slot are interdependent. For given time period, the expected total charging load E :of the parking lot

E <Ef+E® ., wt (21)

4.4 Operation Requirement of the Parking Lot
To meet charging needs of all vehicles in parking lot the charging decision will be
T i
o _
Ri = in,tpz Ei,t
t=t

D,
=t

t
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since xit= 0 when t /€ [A;,Di]. It means that EV i’s charging requirement should be satisfied when it is connected to the parking lot.

For connected EV i, since the charging requirement Ri' has been changed as

D
Rif= ixi,tﬁzin,t (22)
t=t t=t

Similarly, for future time slot the charging decision, {x i, Vt €[t, T ]}, should satisfy

B T _ b
RT = Z X; P :Z E., Where A>t and Di= p. (23)
=t =

4.5 Operation Goals of the Parking Lot

The main goal is to get maximum benefit for given amount of charging load and available energy output. The benefit of
the parking lot decided by cost of the available output energy and the income obtained from charging vehicles. Cost of the available
output energy is mainly the cost of energy from power grid, since the cost of the solar energy collected is not significant.

The cost of the energy output is

CtG = ai(E:; )2 +a, EtG (24)

where a;E€ and a; are load-dependent and load-independent prices respectively.
Let a3 denote the Rs/ kWh energy charging to EVs. Since the total energy charged to EVs during time slot tis E +, the total
income of the parking lot during time slot t is a3E .
The benefit of the parking lot during time slot t is up to end of the time period T,

T

th = Z(aszt _(a1(EtG)2 + aZEtG ) (25)

t=t

4.6 Problem Formulation

We have to design an optimal charging scheduling algorithm to get optimal solution of the parking lot which can fulfill
the charging needs of all the connected EVs. Let X' = {Xit ,Xit +1,-** ,%i1,Vi} be the charging decisions from present time slot t to
T. The optimization problem for the parking lot to charge vehicles formulated as follows:

B o t
P0: min . C; 26)
st. E,<EF+E® | VEE[LT ] 7)
0<xi<1, viel@w),te [tT ], (28)
- T
R'=>E, (29)
t=t Vi

By analyzing the system parameters, several necessary conditions for optimal solution can be derived, and an algorithm also can
be proposed to update the charging decision of vehicles for present and future time slots.

IV.SYSTEM PARAMETER ANALYSIS

The maximum charging load E max decided by the energy output of PV system and the power grid, as well as the number of
connected vehicles during time slot t.

Each connected EV has charging load P, the charging load for all the connected vehicles

—_— t —_—
E™ =2 (M{-Mp)P (30)
=
But we know that E™ =E}+E°® (31)

From (31) and (32), the maximal charging load E_tmaXduring time slot ¢t can be given by

Em™ —min{>" (M2 ML) P, ER + ESYvt (32)

t=1
And the energy from the power grid E:¢can be divided into three cases:
t
Case I: When E™ > (M —M; )P, we have
=1

E —EF_EF = E°-0.
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t
Case IIl: When EF <> (M{ —M;)P<Ef+E®, we have

t=1
t t

EF <) (ME-MF)P=ES <" (Mf-M;)P<E[ -E}
t=1 T=1

Case l1l: When E, <EF + E® = E°® <E®, we have
E <Ef+E°=EF<E®

V. PROBLEM TRANSFORMATION AND DCSS
In this section, we first transform Problem PO into an easier to solve one. Then, we propose a DCSS to obtain the optimal
charging decision in real time.

According to eqn. (23), the total amount of the expected charging needs of the vehicles R; at present time slot ¢ is a

constant. In addition, the amount of the solar energy during time slot ¢ and future time slot t?are given. Thus, the total benefit of
the parking lot, defined by (25), can be

T
i G\2 RO
CT = SE_Z(al(Et ) —a,E, ) (33)
t=t
Y G2 1RO
In order to maximize the total benefit, cost must be minimized, i.e. 2= (al(b‘ ) az ki )
should be minimized.
U G\2
After solving PO, we formulateP1 as: min . Z:al(Et ) (34)
t=T
st E <EF+E® vtetT ], (35)
0<xit<1, vie 10)te[tT ], (36)

~ T
Rit - Z Ei,t
t=t

vi. (37)

The optimal charging decision obtained by above method is applicable for only small step changes [29].
An MPC is adopted which deals dynamic system parameters (Fluctuated solar energy and time varying EV charging
requirements) since it optimizes the decision in the present time slot, and will track the the performance in future time slots. A

central controller at current time slot ¢, collects the charging load of arrived vehicles {RI,Vi € I} and amount of the solar energy
EA{R. Then, it find the optimal charging decision Xt and also for future time slot ¢+ 1, the central controller updates {Rivicn)
and £7 1 based on the collected information again, and then calculates and implements the optimal charging decision for time slot

t'+ 1. This steps are continuously calculated and implemented by central controller until _I[t') =Qort=T.

The operation flow of the designed DCSS can be found in Fig. 8.

_________ i Forare Coctnra |
Power System
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|
decisions for connected EVs |' IDistributing| Updating

| I
I | i I
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| Charging requirements for l | Upper bound of |
| connected EVs | | Charging load I
_ = = = =] = = = — — 4 —_—— — — o — — — —
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|- ———gf——————=—=—-= —— Distributing
I Expected charging _1 Update the charging |
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| | X
[ Charging requirements for Renewable energy from || Renewahle energy from | |
| upeoming EVs PV system in future I | FY at current time slot ||
| Centralized Controller [| PV System |

Fig. 8. The sequence of operation of the DCSS.
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VI. RESULTS AND DISCUSSION
Simulation results are obtained by considering one day as a total time period and one quarter-hour be a time slot, such

that T=96. The available solar en
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Fig.10. Simulation results: a) The total charging load needed for the parking lot; b) The total output energy of the Power Grid;
c) The total output energy collected from the PV system; d) The total amount of excess solar energy.
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Fig.12. a) The Maximum load of the power grid; b) Amount of solar energy utilized;
c) The energy charged to the EVs; d) The total benefit of the parking lot.

VII. CONCLUSION

An optimal solution is provided for the dynamic problem of charging electric vehicles in a parking lot at offices or
institutions which are power supplied by PV-grid. We created a parking lot benefit maximization issue based on real-time data
provided by the controller and forecast values charging load for upcoming EVs and available solar energy output. Then we derive
the system parameters and their interrelations, from which necessary conditions are extracted to get the optimal solution for the
problem. Finally, DCSS makes the optimal charging decision based on the data gathered by the controller. Simulation results proved
the effectiveness of the suggested charging schedule strategy, which can considerably boost the parking lot's benefit while also
meeting the charging needs of all linked EVs.

In many ways, the suggested DCSS can be expanded and enhanced. First, it reduces peak load on the power grid. It reduces
wastage of solar energy as the vehicles connected to charge quickly and solar energy is used as effectively.
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