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ABSTRACT

The plug in electric vehicle substantiates its presence in the
market the installation of the charging stations and the dynamic
controls needed for a steady state working of them are
scrutinized and developed. The lesser number of chargers for
many plug in vehicles, voltage maintenance for the distribution
feeders, better bidirectional operation of the power in PV
source, MPPT based control for battery storage. A composite
controller for the Battery Energy Management system (BEMS)
with the bidirectional controller with nominal power delivery to
the PEVS can be developed. A composite controller that would
comprise of all these indications in a single composite
controller would be a scope that is to be developed for further
work. A grid connected system which makes sure that there isa
24 hr supply of the charging available with the PV based
charging stations connected to the distribution system.

Key words: Electric Vehicle, Renewable Energy, Charging
Stations.

1. INTRODUCTION

one of few earliest publications based on the electric vehicles
dates back to January 1897 which discusses the pros and cons of
using the electric vehicle in the rail track transportation [1].
The transaction discusses about the disadvantages of the battery
size that is found to be heavy during that time. The discussion
puts stress on the fact that the electric vehicle would be possible
only if the size of the batteries is reduced and also the power
that can delivered from the battery must have a higher power to
weight ratio. It is evident that battery technology during those
days was not fully grown to the extent it is today. It is concluded
that one day the electrical facility will be so well distributed that
there would be facility of charging the vehicles all over the
places. In [2] the engineers both from the steam engine and the
electric engine fraternity met to discuss the choice of motor and
its characteristics in the traction system. The literature is seen
to be scrutinizing the gear ratio and on how the motorman
(locomotive operator) would drift the vehicles at different road
conditions were analyzed in the literature since it affects the
motor characteristics.

Although the discussion about the improvement of the
electrical vehicle started during early 1900°s with discussion on
battery and vehicle manufacturing, regenerative braking in

electric vehicles, space vehicles using solar for driving itself
[3-14] the foundation for the recent trend in the electric vehicle
research is laid during the 1970’s since the introduction of
many power electronic devices and the improvement in the
battery technology [15-21]. This Paper focuses on the
portability of the electric vehicle supply. Although a solar
powered vehicle is possible the amount of solar power gathered
from the solar panel that comprises the body of the vehicle
would be useful for supplying the automotive electronics
process in the vehicle. Keeping this in mind the portability is
constrained to having an electric vehicle charging station
which is time and distance feasible. The improvement in the
solar power usage compatibility has brought in new hopes on
developing solar based charging stations. This Paper reviews
the literature which focuses on the recent advances in the solar
based electric vehicle charging stations for electric vehicles
having modern energy management techniques with both
standalone and the grid connected Solar Energy System.
Advent of different power electronics control technique and
power processing units is paving way to highly efficient and
environment solutions for the electric vehicle powering
devices. The Photovoltaic (PV) power becoming a popular
adaptation in developing countries are bringing about an
evident change in the usage of electric vehicles for transit.

2. PV BASED ELECTRIC CHARGING REVIEW

In [22] a model is developed with the perspective of an investor
to install a PEV charging stations in the city considering the
random behavior of the customers and their demands. The cost
minimization due to both facilities supporting practical
operation and for practical operation acts as the objective of the
model. A multiple-charger multiple-port charging (MCMP) is
used in the model to use limited number of the chargers to
charge more PEVS. A coordinated method of charging in a
parking lot is developed on the MCMP units using the
stochastic programming model. Different connection models
for the chargers with the parking spaces are tested and a
consolidation of analysis of different planning model is
generalized.

A MPPT controlled PV model is developed for 10 e-rickshaws
which connects intermittently at different time intervals to the
PV bus [23]. A strategy that mitigates the effects of intermittent
connection of the EVs on the PV bus is developed. A hybrid
planning method (HPM) on the distribution system suiting for a
multiyear investigation on the cost benefits is projected to the
smart charging approach on the PEV. An integrated approach
which combines both grid-to-vehicle and the vehicle-to-grid
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charging framework is utilized to control the smart charging
control technique in [24]. The total daily cost which is the
economic perspective and peak to average ratio minimization
which is the technical perspective in improving the
performance of charging the electric vehicles. There are two
approaches of planning for charging the electrical vehicles with
both the day and night version. A multiyear cost benefit
analysis is carried for both the charging strategies with
conventional charging method (CPM) and the Hybrid
Charging Method (HPM) on a small scale distribution network
is realized and observations are tabulated. The study is
validated by applying the simulation on the distribution using
both the CPM and the HPM and it is found that the proposed
HPM to be highly effective, feasible and scalable.

The publication [25] on residential PV system based PEV
charging is discussed with solutions to voltage quality problems
in low voltage distribution networks (LVDNS). The variation of
the voltage between two buses would introduce the reactive
power injection. Thus a strategy that combines the battery
energy management and the PV active power curtailment is
utilized to improve the voltage imbalance thus improving the
overall voltage quality problems. The storage capacity of the
PEV batteries which is limited and the State of Charge (SOC)
of the batteries are effectively exploited in distribution control
strategy proposed in [25] which acts as one of the two consensus
algorithm developed. Another consensus is to share the
curtailment of the real power from the PVs while there is an
overvoltage condition occurring. Both the overloading
condition that occurs due to the reverse flow of power and the
sag in voltage due to higher load is compensated in the method
discussed in the literature. As a whole the algorithm is to
coordinate the charging and discharging of the PEVs batteries
thus making sure that the power utilization is highly effective in
the distribution network. And also the active power that is
curtailed from the PV source is minimized due to the charging
coordination. A three phase four wire LVDN system is used for
this study with PV source.

Although there is a stochastic nature in the Renewable Energy
Sources (RES) the control techniques that best utilizes the
available power from the RES is a possibility with the Energy
Storage Systems (ESS). This ESS is riding a new role while the
EV charging and discharging is adopted. In [26] an expansion
planning with multistage distribution system is modeled for
evaluating the investments that include RES, ESS and EV
charging station installation. The travel pattern of the EVs is
considered along with the modeling of the RES variability
scenarios and a uncertain demand scenarios for developing the
ESS. The scenario of uncertainties are generated using the
k-means++ clustering algorithm which maintains a safe
correlation among the uncertain sources. A mixed integer
linear program based optimization algorithm is developed to
minimize the cost which includes losses, investment,
non-supplied energy maintenance and production. A 54 node
test system is used for this purpose.

An optimization algorithm that would schedule the energy
exchange from the grid considering the grid constraint with the
work space charging system powered from the PV energy
source is introduced in [27]. The chances of vehicle to grid
power supply due the vehicle's long stay at the parking lot is
analyzed in the single EV charger charging multiple EVs with
regulation and controlling overloading conditions in the grid.
A EV's fleet is charged from the PV by controlling the multiple
EV charging using a single charger and the grid regulation

with overloading control using the mixed integer linear
programming (MILP) in [27]. The comparison with the
immediate and average rate charging policies this MILP based
system has shown a 32% to 651% reduction in the net cost of
EV charging from PV.

A commercial building based PV supplied EV charging station
with the fixed battery storage system with the bidirectional
power flow control is developed with four-stage intelligent
optimization and control algorithm [28]. The involved four
stages include day ahead schedules for energy management,
price updation multitier based and bonus for discharging
participation, hour ahead schedule of energy management
optimization and control in real time. Though there are
unpredictable conditions occurring in the PV supply or
overload, the algorithm contributes in providing the incentives
to the participants who spare their EVs for discharging while
needed and the overall cost is reduced while a reliable power
delivery is maintained in the building. The case studies carried
out with the proposed algorithm indicates that the operational
cost is reduced and also there is a higher tolerance while
uncertainty occurs.

A charging scenario which capitalizes trading of vehicle to grid
(V2G) energy, while sensing the topological variation in the
distribution network (DN) with multiple Microgrids (MGs)
connected to the network [29]. The properties chosen for
optimizing the incentives for charging /discharging are 1)
rationality of the individual, 2) social cost minimization and the
3) truthfulness. The MG and the DN has two separate V2G
auctions which optimizes the charging /discharging control of
the EVs by the minimization algorithm applied on the social
cost with the network topology constraints. And in the similar
way a auctioning framework between both the MG and DN is
developed that enable the power exchange between them is
coordinated. All the three economic properties would hold for
both the grid tied and the islanded mode of the MGs. And even
the voltage regulation is observed within a secured range in the
proposed work.

A total system energy cost minimization algorithm for
optimizing the multiple EV charging stations connected to the
distribution network with both the power and voltage constraints
in the bus is satisfied [30]. Predictive models that operate in
short term with the help of the information that is got recently is
considered for optimization. A convex relaxation method would
convexify the problem by means of the bus injection model to
obtain the optimal solution globally with efficient output. While
optimizing the concerns like the EV uncertainties, data privacy
and the economic interests of the individuals are considered. A
Fuzzy rule based dispatching of the optimal charging
discharging schedules is carried out by considering the departure
of each vehicle. An IEEE 15 bus distribution system is used to
demonstrate the validity of the algorithm.

A method that coordinates the power and voltage profiles
between the home energy management system (HEMS) and
grid energy management system (GEMS) in order to supply
both the residential load and the EV charging /discharging
setup while maintaining the reduced operation cost in
residential and also attaining PV curtailment without
disturbing the EV usage. The control of the HEMS works on the
plan that is already determined and the data gathered from the
real time monitoring. The simulation carried out on the
distribution system from Japan works with objective function
that is meant to reduce the PV curtailment and the residential
cost of operation [31].
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A 10KW EV charger is developed using the supplies
comprising of both PV based and three phase grid based. This
combined charging implementation applies the Chademo
protocol that would maintain a continuous power delivery to the
EVs with the higher power density and efficient converter with
three ports used commonly for EV, PV and the grid power. Four
different power delivery scheme PV — EV, EV — grid, grid —
EV, and PV — grid are controlled in the implementation. This
topology which comprise the DC link in between the PV to EV
is said to be successful in delivering a high power density with
higher switching frequency since the use of silicon carbide
devices are used. Compared to the existing solutions the
topology defined in the literature delivers around three times
the power density with higher peak and the partial load
efficiency [32].

The active power and reactive power control of the grid and the
coordinated EV charging on a 33 node distribution network in
order to maintain unity power factor in the grid is developed.
The model consisting of both the power flow to the grid and the
EV charging with reactive power supply to the grid with more
than 5000 EVs connected to the network [33]. The results from
the analysis indicate that there can more number of EVs that
can be incorporated while maintaining the unity power factor.
A decentralized coordination of EV charging using the fuzzy
based controller is developed that is capable of charging the
EVs at any point in the distribution network with different
voltage levels also. The cost meant for communication of the
factors like the time to charge and the energy needed for
charging along with the voltage at the point where the EVs are
connected [34].

Unscheduled increase in the number of electric vehicles
included for charging would increase the peak load on the
distribution network thus increasing the power quality issues on
the grid. An AC charging to modify the PEV charging is
developed [35].

The concept of reducing the expansion of the grid expansion
power is adopted by implementing the stationary storage unit
which buffers the energy from the grid to the electric vehicles
and buffers back to the electric vehicles when needed[36] . It is
observed that the total need of the grid power reduces from
1800kW to 500kW is a stationary battery power of 1000kWh
capacity is installed.

The literature discusses about the high power conductive on
board chargers which is capable of both the unidirectional and
bidirectional power flow in the EVs. The global trend in the
different charging standards are discussed including the EV’s
wireless charging technology and the auxiliary power module
are discussed in detail[37].The different converter topologies
involved in the OBC implementation is observed.

A survey of different charging load modeling of the EVs is
carried out and future prospects for the same are obtained in the
literature. The modeling of the EV charging for better
efficiency and safety standards are discussed in detail. A
research approach which reduces the inherent problems in the
EV charging load scaling is introduced [38].

With multiple options for different charging types like the
type-1, type-2 and DC fast charging the scheduling patterns
must have a sophisticated infrastructure to deal with the
dynamism involved in the EV charging. Two types of
scheduling algorithms both static and dynamic charging
paradigm is introduced in the optimization algorithm that
would find the optimal scheduling using both the static and the

dynamic scheduling frame work. Mixed integer optimization
algorithm with multi-objective is dealt[39].

The three phase power based battery charging and discharging
strategy that reduces the cost of charging/discharging and
degradation cost of battery while used for discharging. And
another strategy which maintains a higher local peak load
shifting while reducing the discharging cost due to V2G
activity. A 75 node test feeder is used for the testing of both the
scenario along with the other criteria like the sudden addition
of the vehicle in the charging pool and different travel scenarios
[40].

A Fuzzy logic based inference engine is developed to automate
the charging and discharging of the EVs connected to the grid.
The idea about the peak EV charging load is made available
since the power must be within the power limit of the grid. The
uncertain parameters that are obtained from the EVs and the
parking capacity is used to develop the accurate charging and
discharging paradigm in the parking facility [41].

The Autonomous electric vehicles (AEVS) travel plan based
dynamic distribution network reconfiguration (DDNR) is
developed in the literature. A 33 node test feeder is provided for
the implementation and it is observed that the reconfiguration
is able to satisfy the AEV charging and discharging according
to the travel plan. The implementation used the mixed integer
programming for the implementation [42].

The literature combines the solar input with the grid power to
supply the EV charging strategy. A finite time approach is
developed in which an arbitrary usage of EVs is gathered to get
the energy management strategy for load scheduling in real
time. An optimization algorithm to obtain low scheduling
delays, and cost for EV power procurement is carried out.
Obtaining better PV power sufficiency and battery degradation
employing the Lyapunov optimization technique is evident.
Applied with different whether conditions the method has
reduced the bill up to 72.61% among other advantages [43].

A game theory approach to schedule the EV charging is
obtained for consumption preference that varies. A smart
community (SC) based scheduling using game theory approach
is applied with three parties. EVs , grid and aggregators are
three parties in the game theory approach. The reliability of the
aggregators is considered as the trust model to improve the
power trading safety. With the said condition the stackelberg
game with four stage is developed around the scheduling
problem. The available limited renewable energy is fairly
shared with better efficiency among the EVs [44].

An optimal control and configuration of the EV
Aggregation(EVA) for reduced operating cost of the being the
main problem and a sub-problem which plans the charging of
the EVs is obtained on the distribution network supplying the
EVA with smart meters connected to it. A a mixed integer
nonlinear programming (MINLP) with Benders decomposition
technique is adopted for the implementation. A 123 bus
network is adopted for proving the algorithm developed [45].
A classification algorithm using Support Vector Machine as a
classifier is utilized to develop the protection scheme for
anti-islanding in the system which comprise of PV supplying
the plug in vehicles also connected to grid. The DC side short
circuit during the fast charging phase would introduce a power
transient at the grid side thus reckoning this classification
method by sensing seven important variables sensed at the
PCC. The classification efficiency and other important metrics
are found to be satisfactory [46].
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A control technique that would manage between the EVs that
participate in day ahead scheduling and that don’t participate
by using the two class tariff for charging while distributed
network impact is managed. The objective of the control
technique is to manage the win-win situation between the
distribution network and the consumer [47].

A comparative analysis of the Co2 emission from the EV and
the internal combustion engine is carried out by creating the
Indian condition from the city Aligarh India with different
charging means. The performance validation of the EV with
the integrated solar charger on it is carried out[48].

The use of many EVs has led to need of many charging
stations in the place of use. The placement of the chargers are
important since the EVs will be spread widely . A data driven
placement of the EV chargers is carried out in the literature
which reduce the movement of the driver to move a long
distance to attain the station. Genetic Algorithm based
placement of the charging station in the city of Boston, USA is
carried out[49].

Fast charging station allocation in the United States is
developed where the constraints like the practicality, interest of
the people involved and few underlying constraints are used.
The node serving approach is considered to be an important
method that is applied on the grid to vehicle implementation
[50].

An integrated charging device that for the EVs is compatible
with almost every type of the supply available in the usage by
means of connecting it directly to many types of supplies
including the renewable supply, DC micro girds and the
storages. The bidirectional power flow like G2V, V2Vand V2G
is possible along with simultaneous driving and charging is
possible [51].

The distribution company uses the Vehicle for Grid (VfG)
technology that is only to maintain better distribution system by
using the V2G and G2V technologies. The VG is solely used
for the distribution grid power maintenance by providing the
services of V2G and G2V by applying it in optimal time period
[52], [56], [57]-

3. CONCLUSION

A detailed survey of literature on recent trends on the Electric
Vehicle charging with solar energy as the subsidiary source is
discussed. Few problems identified while carrying on the
literature survey include

1. The vehicle is used for grid operation must be optimally

used for it is moving from one port to the other in the
grid.

2. Options to reduce the number of sensing data need to be

analyzed.

With the stipulated number of publications utilized it is made

sure that every aspect of the EV charging like multiport

charging station, V2G and G2V topologies, Smart meters,
solar grid integrated charging, energy management system
and few distribution network topologies are discussed.
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