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Abstract— IRSEEM is coordinator of a research program
Savemore [19] aiming to develop and demonstrate the viability
and effectiveness of systems for electrical transport and urban
logistics based on autonomous robotic electric vehicles operating
within asmart grid electrical power distribution framework. Asa
part of this project, our work focuses on the study of the coupling
of electric vehicles with renewable energy. At the scale of a city,
electric vehicles can be considered as a means of intermittent
storage of electric power which can be distributed to the network
when it is required (eg., at times of the date when demand
spikes). When these vehicles belong to a controlled and intelligent
fleet, network organization is dynamic and leads to a smart grid.
The widespread use of electric vehicles in cities coupled with
renewable energy appears as a powerful tool to help local and
regional authorities in the implementation of the European
Agenda for low-carbon, reduced air pollution and encourage
energy savings. I n this paper, we present a Vehicle to Grid model
which implements the interaction between an electric vehicle and
a smart grid. The model takes into account several kinds of
parametersrelated to the battery, the charging station, the size of
the fleet and the power grid as the expansion coefficient. A
statistical approach is adopted for the setting of these parameters
to determine the significant parameters. Several simulations are
performed to validate the model. In first step, we have studied
the behavior of the model on a typical day of a person who has
traveled from his home to work (in France). As a second step,
and in order to study the power consumption behavior of the
model, we have tested it during several seasons. The results show
the effectiveness of the model developed.

Keywords, V2G; smart grid, bidirectional charging station,
design of experiment.

I.  INTRODUCTION

Embarqués (IRSEEM)
Saint Etienne du RouvraiRouen, France.
[xavier.savatier@esigeled.fr

mainly due to lack of sufficient infrastructure to reassure
consumers about autonomiyhe development of new batteries
has given a new boost to the field of electric mobhility
However, a problem has been identifigthile for example,

the French State has planned to put into circulation a number of
electric vehicles in the year 202@charging all these batteries

is a real problem since it will create additional demand in
periods already known for very high energy demand. However,
recent proposals for the creation of Smart Grids of Electricity
Distribution are suggest the peak demand can be managed
effectively by introducing intelligent management of power
consumption and storage. Until nhow, we have always used
electric vehicle batterieis unidirectional mode. That is to say
that the use of the battery can be summarized in a load area and
a discharge operation of the vehiclhe innovative idea in
smart grids is to use the batteries in bidirectional mode this
time, andto inject electricity back to the grid when needed.
However, a question arises: will this bidirectional battery usage
counter peak daily consumption?

At present, the countries of the world are confronted with
serious issues and problems related to energy; whether for its
production, operation, management or even transportation. It
should be noted that the energy produced in the world gomes
about 80% of fossil fuels [16][17]. The consumption of fossil
fuels today poses a major environmental problem. Indeed, the
production of energy from fossil fuels causes the release of
greenhouse gases to the atmosphere, which results in global
warming.

Today, and for the sake of sustainable development, some
sectors such as the automotive and logistics industaesto
address the problems and offer alternatives to the use of

In a context of the economics and development ofombustion engines (which consume major pfossil fuels)

renewable energy,

research and development of electric vehicles

infrastructure The Electrc Vehicle (EV) market althoug

the“‘Grenelle Environmefit enables

One such alternative is the expansion of the use of electric

an@otors. The introduction of electric vehicles fleets by 2020 is
h of increasing importance. This will lead to a significant change

launched many years earlidoesnot have great success sq far N the behavior of the electricity distribution grids. To
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anticipate this future behavior, the network must evolve t®uch as Denmark, where the random natofrerenewable
becomé'smart". energy needs to be considered.

This paper is organized as follav&ection 1 introduces the pnvelled in August 2011, the Le&d-Home Is a VaG
motivation of the paper. Section 2 presents the state of the &§vice that reverses the energy flow of the Nissan Leaf to
on Vehicle to Grid (V2G) projects. Section 3 presents the V2@/low the vehicle to provide electric power to a private
model we developedSection 4 illustrates the impact of the Network [11]. Indeed, thanks to an integrated mdtet is
V2G model parameters in the interaction between the EV ant00% electric, Nissan offers the possibility to transform the
smart grid. An adjustment of the model parameters is presentétectric charge stored in the battery into alternating current for
in this section. Results are presented in Section 5. Sectiontle energy needs of a home. According to Nissan, this system

concludes this paper. would power a Japanese home for 48 hours ammiore
energy-consuming house, such as an American home, for a
IIl. V2G STATE OF THEART day. This is useful when system power fails (for the basic

There are different ways to integrate a vehicle in theperation of lights, freezer, etcgr to reduce demand on the
network: VOG: directoad on standard household outlet, V1G: national system during peak times
the vehicle communicates in real time with the network and The German E-Energy program aims to eeatelligent
the network load when needed (outside pe®®G: as V1G integration of electro-mobility in a global energy supply
but bidirectiondly, discharge to the networks when it is system. Electricity consumption is guided by the production
needed, V2H: as V2G but only with a specific building orand the vehicle battery is charged only before its next use, no
building complex, and V2G NGU: a V2G project related tomatter what time of the day it will be connected to the main
renewable energy production. for charging [12]

The University of Delaware has launched the V2G project The GRIDbot Canadian Company is specializing in the
in 2004. This project is led by Dr. Willett Kempton [1][5][6]. design and installation of charging infrastructure for
Electric-drive vehicles, whether powered by batteries, fuemunicipal, commercial and multi-residential electric vehicles
cells, or gasoline hybrids, have energy and power electronidsoffers a global solution for the E¥aetworking. It is one of
capable of producing the 60 Hz AC electricity that powershe largest manufacturers across public, commercial and
homes and offices. They call it V2G. As an example of poweresidential sectors in Canada for recharging devices. The
production, the project has experimented for one vehicle that firoject aims to make possible bidirectional electricity flows
can put out over 10kW, which is the energy consumption ofor the introduction of V2G in Quebec [13].

10 houses [2][3]. French Police Power Regulation assumptions are based on

The company AC Propulsion Inc. has developed th&/2G, for a fleet of one million electric vehicles connected (the
concept of Vehicle to Grid by designing the eBox car [7], withFrench government will provide a total of 2 million EVs by
a V2G system for the transfer of electricity in both directions2020). Their storage capacity could reach 10 GWh [14]. This
between thebattery and the electric grid. This car is derivedstorage capacity could be valuable during peak periods.
from thf—: Toyota Scion Xb equipped with_ an electric motor and |n [18], the author proposes a photovoltaic synthetic
a V2G interface for the transfer of electricity. generator. The system developed show a stochastic model for

Danish Edison project stands for "Electric vehicles in &0lar energy based on Markov chain approach and uses real
Distributed and Integrated market using Sustainable energy afi@ta to generate the solar states for different times of the day.
Open Networks" [8] The Danish electricity production The system can be applied to design the appropriate size of
environment is conducive to the development of this project a@nergy storage devices or to determine the charging rate of
20% of its energy is wind. This represents a large share ghotovoltaic powered EV charging station [18].
intermittent and difficult to control energy. They use them for

the eBox project developed by AC Propulsion Inc.
. ] . [ll. V2G MODEL: EV & SMART GRID INTERACTION
As part of a project on a larger scale in the city of Toyota,

the manufacturer available to Toyota Prius Plug condutled A V2G Model Parameters
tests at houses. Theyere equipped with a V2H (Vehicle to In order to study the V2G model, it is necessary to identify
Home) interface for storing in the car battery intermittentthe parameters constituting the model. In TABLE [, we
production from photovoltaic panels. The injection of energy tummarize the whole of these parameters
the battery or to the network is managed by a specific charging
station equipped with an inverter to convert the current system
and Home Energy Management Syster&t$) [9].
V2G technology developed by the U.S. Company Nuvve is
based on the possibility of using electric vehicissenergy
buffer reserves [10]. On the one hand, electric vehicles, used
on average 5% of the time, representing energy capacity
"dormant’ i.e., not used for 95% of the day [4)n the other
hand, energy production is not constgudrticularly in cases
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TABLE I. V2GMODEL PARAMTERS.

N° Description TEED = ECD1*N (3)
1 Battery Capacit - . .
attery -apacly _ FourtHy, we calculate the remaining energy in the batteries
2 Real Battery Capacity which corresponds to the real available energy (Eq. 4):
3 Battery Voltage
4 Battery Intensity RAE = RBC N —TEED (4)
5 Max Battery Power And finally, for obtaining the real energy injectable from the
6 Minimum Time of Charge/Discharge battery to the grid, Eq. 5 is presented as foltows
7 Recharge Power Terminal
REIBG = RAE *R (5)

8 Transformation Efficiency DC/AC
9 Vehicles Number And now in using the different parameters, we have (Eqg. 6):
10 Behavior Losses Coefficient

i ] MBC (6)
11 Theoretical Vehicle Autonomy REIBG =R x| RBC * N — (N * P * RAE)
12 Real Autonomy Estimation
13 Conducted Middle Journey The maximum energy injectable from the grid to the
14 Expansion Coefficient battery during timd" is presented in Eq.:7

MEIGB = CSP * N T (7)
B. V2G Model Calculation h hich really in bl he battisrsh
In order to give a clear description for the model to be The Energy which really injectable on the batterghown

used, we consider the following parameters: InEq. 8
e Real Energy Injectable from the battery to
the grid: REIBG
e Real Battery CapacityRBC
e Transformation Efficiency:% *R
Number of Vehicles:N
Average Journey carried oW:

REIB = RBC * N (8)

C. Significant Parameters

: Significant parameters were selected initially based on an
. analysisof the impact of each parametan the output of the

* Manufacture Battery CapacityBC system In order to validate our choigsignificant parameters

e Real Autonomy EstimateRAE determining strategy based on the Design of Experiments

e Maximum Energy Injectable from the Grid (DOE) [15] was adopted.

to the Battery during Tim&min: MEIGB . . : .
y aunng Him€min The resulting significant parameters which are taken into

° Charg!ng SFat|o_n Powecsp account in the simulation are: 1. Power charging station, 2.

e Charging Time in Hoursl ~ Time of charge/discharge, 3. Battery autonomy, 4. Reinjection

* Real Energy Injectable on the Batteries: capacity in the network, 5. Fleet size : vehicle numbeFleet
REIB type and 7Expansion coefficient

The Eq (6) shows the resulting model. For obtaining
REIBG, we have to do the following calculations:
Firstly, we calculate the energy consumption for 1 km as
shown in Eqg. 1:

IV. V2G IMPACT SIMULATION

Several scenarios were simulated to validate the V2G
approach presented in this paper. As an illustration, we present

MBC ) two of them:

RAE A 1% Scenario

r1) Significant Parameters

The significant parameters which are taken into account in
the simulation are: Battery Initial LevdBattery Target Level
Reinjection Capacity in the NetwaqrkFleet Size: vehicle
number Expansion Coefficient.

EG1 =

Secontly, we calculate the energy consumption per day fo
oneEV as shown in Eq. 2:

ECD1=EG1+P 2

Thirdly, we calculate the total energy (Eq. 3) expended pe?)  Selected Scenarios
day: The scenario chosen is based on a significant study of the

RTE Company for the EV fleet at 2020: Lithium-ion battery
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capacity of 22 kwh2 Millions of vehicles (Special fleet: . o
1200000 vehiclesCaptive fleet: 800 000 vehicles), Recharge Electrical Consumption in France
exclusively off-peak: 00h00 - 5hp@8ummer and winter day | ggooo

consideration The captive fleet behavior was simulated as gg5gq -
follows (Figure 1): 50000 l; w e consumption

45000 without V2G

40000 - e consumption
number of fleet vehicles in charging 35000 with V2G
£ O € O £ O £ O £ O
1000000 8238222322
[ ~ o~ ~ ~
o o - i o~
800000
600000 Figure 3. Case of Classic Day (X Axis in hours and Y AxisIiwvh).
400000 The case o&winter day is shown in Figure 4:
200000
0 85000
£ O £ O c 0O c O O£ O£ O L o
O N OO N N MW N O M I M O N Mm M
o i — i i (o] o o
) . . . . . 75000 - — .
Figure 1. Captive Fleet Vehicle Behavior (X Axis iouns and Y Axis in consumption
number of vehicles). with V2G
70000
. . . e 'cONsumption
The particular fleet behavior was simulated as k l : B
. 65000 without V2G
follows (Figure 2) V
60000
1200000 8c2IV2T8L2
0 O N ~N o - o <
1000000 e = —o4d ©9
800000 Figure 4. Case of Winter Day (X Axis in hours and Y Axisiumber of
vehicles).
600000
400000 The summer day is shown in the Figure 5:
200000 60000

Electrical Consumption in France
0 55000 A
/ “ @ cOnsumption with
50000 / V2G

06h
07h30
09h
10h30
12h
13h30
15h
16h30
18h
19h30
21h
22h30
00h
01h30
03h
04h30

45000 consumption
Figure 2. Particular Fleet Vehicle Behavior (X Axistiours and Y Axis in / without V2G
number of vehicles). 40000 /
3) Results Obtained 35000

The simulation results were obtained following the choice
of the following parameters: Initial Level of the Battery|30000

(Particular Fleet: between 70% and 80%, Professional:Fleg 28253328313
25%), Battery Chargers Capacity (Particular Fleet: 3,kW e ESI SNSRI e S 3

Professional Fleet: 43 kW), Security Level: threshold at 25%
avoid premature battery depletjodsers behavigrCharging
has been restrained from 7h00 PM. The batteries must be
recharged from 05h00 AM. We present in Figure 3 the case of
a classic day in which we make comparison between classicBl 2™ Scenario
consumption and V2G consumption: 1) Significant Parameters

The significant parameters were taken into account in this

simulation are: Fleet SizeFleet Type Power Charging
Terminal Expansion CoefficientCharge/discharge Times.

Figure 5. Case of Summer Day (X Axis in hours and YsAxiMWh).

2)  Selected Scenarios

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-414-5 65



SMART 2015 : The Fourth International Conference on Smart Systems, Devices and Technologies

For each simulation, we varied only one parameter of the Electric Consumption in France
model at a time. This amounts to 5 different simulations. 82000

3) Results Obtained 27000 === Consumption
The results obtained by varying the paraméfieret type: without BV
particular/captivé are shown in Figure 6: 72000 e CONSUMption
< with EV
67000 v
Electric consumption in France \/ Average .
62000 Consumption

45 000 _co.:sunlpEt\ilon 57000
withou L cf ccccffcccL
43 000 883gxgadgxg
N
41000 e====Consumption . . . . -
with EV Figure 8. Power Consumption by Expansion Coeffic{#nxis in hours and
Y Axis in MWh).
39 000
Average The results obtained by varying the parameter Times of
37000 Consumption Charge/Discharge are shown in Figure 9:
coo Qoo ooocoo g I g wn | Igu :
mmm_cmm_cmmmmm
QN80 F 83338 Electric Consumption in France
85000
Figure 6. Power Consumption by Fleet Type (X Axisauits and Y Axis in
MWh). 80000
75000 e CONsumption
. . . without EV
The results obtained by varying the parameter fleet size a
presented in Figure 7: & ===Consumption
65000 with EV
36000 Electric Consumption in France 60000 Average

00h
02h
04h
06h
08h
10h
12h
14h
16h
18h
20h
22h

Consumption
@ Consumption 55000
A without EV
31000 2

v— e CONsumption
V with EV
Figure 9. Power Consumption by Charge/Discharge Timesriet (X Axis

in hours and Y Axis in MWh).

Average
26000 . ° Consumption
o [cNeNoNoNoNoNoNo) .
2222222222822 C. V2G Model Significant Parameters
O o PPXO NI OO
o O O o = =~ = N

In order to refine the study on the significant parameters

_ _ _ o o selection from the set of V2G model parameters, 4 scenario

Figure 7. Power Consumption by Fleet Size (X Axisonrs and Y Axis in simulations were performed to test the V2G model for the
MWh). following configurations, namely: summer, sprirgutumn,

The results obtained by varying the parameter expansioE?\nd winter

coefficient are shown in Figure 8: . .
1)  V2G 4 Seasons Simulations

The whole configurations for the simulations the V2G
for the 4 seasons are summarized in TABLE

Copyright (c) IARIA, 2015. ISBN: 978-1-61208-414-5 66
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TABLE II. V2G 4-SEASONSSIMULATIONS.

TABLE V. V2G MODEL SIGNIFICANT PARAMETERS.

spring | summer | autumn | winter Description Unit
Real Battery Capacity 15 15 15 15 1 | Battery Capacity kW.h or Ah
(kwh) 2 | Recharge Power Terming kW
Battery Voltage (v) 400 400 400 400 3 | Vehicles Number Vehicles
Minimum Time of 5.5 5.5 1 55 4 | Expansion Coefficient %
Charge/Discharge (h)
Recharge Power 4 4 22 4
Terminal (kw) V. RESULTSANALYSIS & DISCUSSION
E;}iiigisefr?(:;]gtg/gc %) 90 9 90 90 As a synthesis of the whole set of simulatiome present
Vehicles Number 1 05 1 1 the foIIow_lng Concl_u5|ons concerning the impact of EVs on th_e
(million) : power grid: Despite 2 million .veh|cles added to the classic
Behavior Losses 85 5 85 85 park, the consumption profile has not c_hangédery
Coefficient (%) significantly”. In other words, the general behavior of the smart
Theoretical Vehicie 510 510 510 510 grid is Fh.e same but with a higher level of consumption. These
Autonomy (km) two million EVs replace probably at least the_|r thermal
Real Autonomy 179 179 179 179 equn_/alent This causes more power c_onsumptlcwhlch
Estimation (km) requires more energy production. This in turn provides the

The variation related to the expansion coefficient is show

benefit of reducing fossil fuel fleet and thus reduces the carbon
rtlootprint.

in TABLE III. The energy feedback network does not affect the life of
lithium-ion batteries; this is due to the fact that the discharge
TABLE IIl. EXPANSIONCOEFFICIENTVALUES. threshold setting of 25% was observed. Electric vehicles have
7h12h 12h14h 14h18h 18h7h an impact on electricity consumption although this impact
Spring (%) 70 60 40 100 remains "relatively modest" compared to the large size of the
Summer (%) 60 70 60 50 fleet of EV @ million). Except for the private fleet (with 10000
Autumn (%) 70 60 60 100 VE), and during the charging period, we found an increase in
Winter (%) 50 60 40 30 electricity consumptionHowever, as the fleet in question is a

2) Results Obtained
The results obtained for the energy interaction are sho

in TABLE IV.

TABLE IV. ENERGYINTERACTION BETWEENTHE EV ANS THE

V2G fleet, EVs outside charging periods inject energy into the
network to reduce consumption during peak hours. The
verage consumption clearly shows a slight increase in the
aily electricity consumption, which supports our first

observation above about the non-significant impact of EVs on
the overall energy consumption. In addition to the V2G, the
introduction of future wind farms and hydro plants could

SMART GRID. reduce the load on the grid absedlby the EVs during the
Maximum Energy spring | summer|_autumn | winter daily power consumption. This is also aided by the contribution
Power back into the 6430 | 3218 | 6874 | 5321 Efen\ﬂ,/gghcﬁets/zgoﬂﬁ \%iH)' hence the strong interaction
smart grid (MWh) )
Injected from the network| 2000 1000 11000 | 2000
to the EV (MWh)
Injected from the EV to | 9978 5265 9978 9978 VI. CONCLUSION
té'gngitr‘]’q"otrilgr(]'\i/'r:ﬁlzase 586 036 1 53 We have presented in this paper an extensive experimental
EVs (%)p ' | ' studyon V2G and its impact in the production of renewable

3) Significant Parameter-based Design of Experiment
The setting of parameters based on methodology from t
Design of Experiments (DOE) filed is used to identify the
most significant parameters of our V2G model (by significant
parameters we define those for which changes of values
directly impacts the model output). The use of DOE ha
reduced the model parameters from 14 to 4 significan
parameters This significantly
experimental simulations required and causes rapid conver
towards an optimal parameter sets. The significant parameteés
obtained are shown in TABLE V.

Copyright (c) IARIA, 2015.

energy and its interaction with the conventional smart grid.
This study included an overview of V2G projects.
Subsequently, we presented our V2G model including several
hsignificant parameters. This model has been the subject of
e . : . L
several simulations to demonstrate its feasibility.
Subsequently, a synthesis has been prepared to present the
Impact of EVs on the smart gridve found during our various
Simulations that despite the 2 million EVs added to the firet
he horizon 0f202Q and despite additional consumption of
energy caused by the large number E¥s, the general
havior of smart grid has not chandegry significantly”.
e EV power returned to the network is important and could,
vVentually, relieve the smart grid. The regenerative feedback
into the smart grid does not affect the life of lithium-ion

reduces the number of
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batteries. The scenarios provide a minimum charge level fdt2] E-Energy[htip://www.efficiency-from-
ermany.in edaktion tandardartikel/e-

users. Designs of Experiments methodology have reduced = merov T 2007

V2G model parameters frofi# to 4 AS. an example, our V2G [13] GridBot Project Intelligent Charging Solutions:
model shows that for a fleet of 3 Million EVs, we can inject [RED:/TWWW.Gridbot.Us/aboUL RIHP012.

into the grid at about 31.6 GWh per day, representing energy4) Smart Grids CRE [ip JWww.Smargrds-
production of two nuclear reactor800 MW from each one cre.friindex.php?rubrique=dossiers&srub=vehicules&actionlim
and 32 GWh both of them) and a wind farof 645 wind rimer 2014.

turbines (2 MW from each one ar®d GWh both of them) [15] DSesigg of Exp331ent85.6RSIease 6, SAS Institute Inc. Cary, NC,
This illustrates the value of our V2G model and the benefits o[f16] llio/:éi: F?lelsl's 47-816-9.

using EVs within a Smart Grid environment. hittp:/7instituteforenergyresearch.orgftopics/encyclopedia/fogsil-
uelsj 2014.
[17] [http:/www.ademe.fj/2015.
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