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Stochastic charging of electric vehicles in smart power distribution grids

Sulabh Sachan

Electrical Engineering Department, FET, MJPRU, Bareilly, India

ARTICLE INFO ABSTRACT
Keywords: This work investigate the substantial factors that impact a consumer’s choice with regards to the electric vehicle
Electric vehicles reception. There are numerous viewpoints that rely on the selection of the electric vehicle. Henceforth, social and

Distribution grid
Greedy charging
Smart charging
Smart grids

Feeder deformation

additionally psychological components have a place with the center choice of the selection. In this work, authors
have managed the area enveloping the distinctive hypotheses that can anticipate the conduct of the purchasers.
In this paper, the impact of different electric vehicles charging methods on distribution grid is assessed. This
comparison is based on reduction of network peak load demand and improvement in its operating condition in
perspective to voltage violations. In another charging strategy, wind power flow and resulting variation in
electricity price is considered with stochastic availability of electric vehicles, i.e. arrival and departure times.
Then, the charging cost is optimized (minimized) and consequently the resulting network constraints are eval-
uated by performing simulations. Further, in study the improvement in integration of the electric vehicles with
modification in network, i.e. reformation is also suggested.

analyse the conceptual framework.

EVs integration into grid issues several challenges. Due to consider-
able base loads, charging EVs can certainly affect distribution network.
For example, EVs integration amplifies the peak load demand (Kelly,
Rowe, & Wild, 2009), increases power losses (Deilami, Masoum, Moses,
& Masoum, 2011) and voltage variations (Dharmakeerthi, Mithula-
nanthan, & Saha, 2014), etc. In charging mode EV demands more power
than general house hold appliance. Due to this voltage drop and power
flow violation may occur on distribution grid (Dharmakeerthi, Mithu-
lananthan, & Saha, 2015). Some effects of EVs on distribution network
have been deliberated in Green et al. (2011) and Amini, Moghaddam,
and Karabasoglu (2017). The voltage will fall substantial and losses in
the network could also rise (Fernandez, Roman, Cossent, Domingo, &
Frias, 2011; Kristoffersen, Capion, & Meibom, 2011). Different charging
strategies have been proposed for EVs so far. Amini et al. proposed an
enhance autoregressive integrated moving average method to deal with
the uncertainty of electric vehicle charging demand. The results of the
EV charging demand forecaster were utilized to formulate a
chance-constrained unit commitment problem (Amini, Kargarian, &
Karabasoglu, 2016). In Amini and Islam (2014), a probabilistic EV
model was deployed to optimize the effect of EV charging demand on the
power distribution networks in terms of loss reduction. In Bessa and
Matos (2012), the controlling of an aggregation agent for EVs in terms of
economy and technology is discussed. In D’hulst, De Ridder, Claessens,
Knapen, and Janssens (2015) a smart charging method is suggested to

1. Introduction

Electric vehicles (EVs) are receiving much attention recently because
of their ability as environmental friendly power source. EVs have po-
tential to be substitute against combustion engine vehicles for general
transportation. A strategy for ideal allotment and measuring of RES and
EV charging stations along with managing vehicle charging process is
discussed in Mozafar, Moradi, and Amini (2017) and Aljanad et al.
(2017). Enhancing the strength of clients through utilizing Electric Ve-
hicles (EV) is researched in Rahimi and Davoudi (2018). This arrange-
ment is particularly powerful in the event of inaccessibility of grid for a
lot of time. Author proposed a stochastic reproduction technique to
create a calendar of every day travel and charging profiles for a populace
of electric vehicles with GPS travel information (Brady & O’Mahony,
2016). Towards smart grid paradigm, coordinated charging/discharging
relies on two-way communication. Its architecture includes data
collection about state of charge of EVs batteries, base load demand,
prediction and optimization section. Broadly, on the basis of studies
available, EVs charging schemes are categorized as; centralized charging
and decentralized charging control scheme. In order to test the theo-
retical construct, an investigation was carried out in Malaysia (Adnan,
Nordin, Rahman, Vasant, & Noor, 2017). This research provides a
methodological contribution to the body of knowledge by using the
partial least squares-based structural equation modelling (PLS-SEM) to

Abbreviations: RoC, rate of charge; DKK, Danish Krone; pdf, probabilistic distribution function; RES, renewable energy sources.
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Summary

Rapid growth of electric vehicles (EVs) has necessitated the devolvement of
sustainable and easily accessible charging stations. Transport sector electrifica-
tion and increased popularity of EVs make researcher to search for charging
stations. In this paper, a new methodology regarding electric vehicle charging
spot is proposed. In the study, allocation of the parking lot and capacitor is
suggested for congestion management along with reactive power compensa-
tion. To this end, sensitivity analysis is performed by evaluating the inverse
Jacobian matrix from the power flow studies. In order to optimally determine
the size of parking lot, biogeography-based optimization (BBO) technique is

adopted. The effectiveness of the anticipated technique is tested on adapted
IEEE 34-bus distribution network. The outcome attained by BBO technique is
equated with particle swarm optimization.

Peer Review

The peer review history for this article is
available at https://publons.com/publon/
10.1002/2050-7038.12507.
KEYWORDS

biogeography based optimization, electric vehicles, parking lots, vehicle-to-grid (V2G)

1 | INTRODUCTION

These days, energy efficiency is an essential criterion, boosted by major concerns about climate change and rising oil
prices in nations that depend vigorously on imported crude oils. The transport sector currently receives a major part of
oil consumption, and much of it is used by road vehicles." With all these, the oil prices are going high day by day, bur-
dening the common man’s life. With energy conservation and the environment, the global focus in the future will be on
alternative transports such as electric vehicles (EVs).? Inventing rechargeable batteries found the application in electric
vehicles with wide application and electricity distribution in the nineteenth century with electric motors. By charging
their batteries when needed, people were more comfortable riding these electric cars in the city. The best possible posi-
tion additionally empowers the framework to ease the voltage issues at different nodes with lesser current spill out of
the capacity component. With the growing popularity of EVs, charging infrastructures need to be improved, and new
affordable models offered. Due to the cleanest solution that will help to live in a healthy environment, governments

LIST OF SYMBOLS AND ABBREVIATIONS: P;, real power at iy, node; PEV;, EVs charging spot power to iy, node; Pg;, Grid power; Pg;, Demand at
iy node; Py, Qy, Real and reactive power flow; Gj;, B;;, Conductance and Susceptance at bus i; 6, Angle magnitude of self-admittance at line i fo j; n,
Number of nodes in distribution network; [J], Jacobian matrix; U1, U2, U3, U4, Voltage variation; Jg, Reduced Jacobian matrix; V0, Base Voltage; V,,
Voltage of nth bus; NL, Number of load buses; P;/*, Rated power between bus i and j; ECCRP, Electric car sharing charging and repositioning
problem.
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ARTICLE INFO ABSTRACT

The accelerating energy demand, growing concern regarding global warming and climate change has paved the
path of electrification of the transport sector. Large scale adoption of Electric Vehicles (EVs) call for availability
V26 of sustainable and easily accessible charging infrastructure. The sporadic energy demand, different battery
Battery charging storage capacity and diverse penetrating patterns of electric vehicles have significantly raised the load elasticity
ICnl:zfgr?r?go?n;?z::tf::tiure on a power grid. Smart-grid environment promises to assist the addition of EVs into national grids by enabling

both EV-charging and discharging (G2V and V2G) load. This will modify the load profile and reduce cost.This
paper discusses comprehensively three basic infrastructures by which charging of EVs can be done. These in-
frastructures are studied and compared on the basis of some parameters. It has been found that distributed
infrastructure shows best results for the charging of electric vehicles. The other two infrastructures prove costlier
and increase power demand. Also, this paper examines three specific smart charging strategies and the impact of
each strategy on the power system load profile and realization cost. Simulation results establish the superiority

Keywords:
Plug-in electric vehicles

of smart charging over dumb charging.

1. Introduction

The International Panel on Climate Change (IPCC) released a report
on climate change which concluded that the increase in average tem-
peratures at the global level since the past few decades is mainly due to
the increase in Green House Gases (GHG) concentrations (Adnan,
Nordin, Rahman, Vasant, & Noor, 2017). And, the transport sector is
one of the major emitters of GHG. Also, European Union (EU) targets
reduction of GHG emissions by 25 % till 2020 Thus, the ever escalating
energy demand accompanied by the concerns on greenhouse gas
emissions from use of Internal Combustion Engine (ICE) driven vehicles
have provoked mankind to look for alternative energy options for
mobility. Electric Vehicles (EVs) have the potential to reduce these
emissions due to higher efficiencies along with the possibility to be
powered by renewable energy. Also, in recent years EV batteries have
become an attractive option to actively manage the load by either re-
turning electricity back to the grid or by throttling the charging rate of
the EVs. EVs are gaining popularity these days as demonstrated by the
various vehicles made available in the market by almost all automobile

companies. The main energy storage systems of these vehicles are the
electrochemical batteries which impose a limit on driving distances,
hence different models of EV can have different range depending upon
their battery capacity and charging methods.

Electric vehicles (EVs) have significantly increased the load on
conventional substations and national grids. The increased load due to
introduction of EV charging load have severe impact on power system
such as voltage instability, harmonics, degradation of reliability indices
(Deb, Tammi, Kalita, & Mahanta, 2018; Deb, Kalita, & Mahanta, 2017;
Mozafar, Moradi, & Hadi Amini, 2017; Sachan & Adnan, 2018). De-
velopment and availability of sustainable charging infrastructure
within a suitable distance from the charging demand points, the rate of
charging that can be provided, the volume of EV traffic that needs to be
attended and can be handled at a charging station along with safety
measures and standards that need to be followed are some of the issues
to be addressed to popularize EV on yet a larger scale (Aljanad et al.,
2017; Amini & Islam, 2014; Amini, Moghaddam, & Karabasoglu, 2017;
Rahimi & Davoudi, 2018). In recent years, much research effort has
been devoted to the analysis, design and performance evaluation of

Abbreviations: EV, Electric vehicle; G2V, Grid to vehicle; V2G, Vehicle to grid; Parked (w), Vehicle available in week days; Parked (wn), Vehicle available in

weekends; SOC, State of charge; pdf, probabilistic distribution function
* Corresponding author.
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1 | INTRODUCTION

In recent years, researchers and environmentalists ate preoccu-
pied with fossil fuel depletion, degradation of air quality, and
energy crisis. Electric vehicles (EVs) are a clean mode of trans-
portation and are 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 [6, 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

| Sanchari Deb”* | Sri Niwas Singh® | Pravin Prakash Singh* |

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
to solve the planning and operation of CSs by a novel chicken swarm optimization-
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 smartt charging etc. In [15,
16], authors have analysed the advantages of smart charging
schemes and found that coordinated charging 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, researchers have consid-
ered different technologies such as renewable energy sources,
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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Abstract: The necessity of energy storage by means of battery/EV is exceedingly expected in event
of energy blackouts. Different advantages incorporate sparing the cash in purchasing top time power
and support the grid when grid power is deficit against the load demand. In this paper, ideal size of
energy storage in a grid associated photovoltaic (PV) framework is proposed. The methodology of
energy flow choice is produced with the appraisal on accessibility of PV yield control and the load
demand. The energy flow decision is changed by peak and off peak hours to shorten the functional
cost of the grid associated PV framework with storage. Naturally, the quantities of electric vehicles
that can be associated are resolved.

Keywords: distribution grid; energy storage; electric vehicle; photo voltaic system; cost-benefit analysis

Nomenclature

EV Electric Vehicle

PV Photo Voltaic

Ppy pc(d, t) Power output from the PV panel (kW)

Ppy ac(d, t) PV power at the AC bus (kW)

NinyPV inverter efficiency (%)

Ppcpat Charge/Discharge power of the battery (kW)

Epat Stored energy in the battery (kWh)

Pac_par Charge/Discharge rate of the battery on the AC bus (kW)
Ppcpat Charge/Discharge rate of the battery (kW)

Npat Battery inverter efficiency (%)
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Abstract

The present work presents a comprehensive state-of-the-art bibliographical
review of standards related to utility grid integration and best practices of the
electric vehicle (EV) charging stations. The presence of a robust tuning method is
essential for successful utility grid integration with the charging stations. The lack
of system standardization may hamper the EV uptake as well as successful utility
grid integration with the charging stations. The distributed energy resources
(DER) and vehicle to grid (V2G) are going to play a vital role in the power system
operation and control. The applicability of criterions within the utility grid inte-
gration with charging station area is important to the grid operators, charging
service providers, manufacturers, fleet operators, and so forth to ensure safety,
dependability, and interoperability. Hence, this work tries to deliver a compre-
hensive and systematic review of standards and best practices for utility grid
interaction with charging stations. It will help the specialists of power as well as
transport sectors to track down every one of the norms and best practices, which
are accessible at one stage to compare different guidelines.

This article is categorized under:
Energy Infrastructure > Systems and Infrastructure
Wind Power > Systems and Infrastructure
Fossil Fuels > Economics and Policy

Fossil Fuels > Systems and Infrastructure

KEYWORDS

charging, DER, electric vehicle, standards

1 | INTRODUCTION

The ever-increasing energy demands as well as environment concerns have led to an increase in the adoption of electric
vehicles (EVs) as sustainable alternatives." EV charging stations are growing exponentially, based on the future envi-
ronmentally friendly demand of vehicles. The ecosystem of EVs depends on several factors such as market demand
(high capital costs and consumer perceptions), government policies (taxation on vehicles and components, subsidies),
available infrastructure (charging and battery swapping infrastructures), and technical solutions (e.g., those concerning
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