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Abstract

The aim of the paper is to propose an approach for statistical assessment of the potential of plug-in
electric vehicles (PEV) for vehicle-to-grid (V2G) ancillary services, where it focuses on PEVs doing daily
home-work commuting. In this approach, the possible ancillary services (A/S) for each PEV fleet in terms of
its available V2G power (AVP) and flexible intervals are identified. The flexible interval is calculated using
a powerful stochastic global optimization technique so-called ”Free Pattern Search” (FPS). A probabilistic
method is also proposed to quantify the impacts of PEV’s availability uncertainty using the Gaussian mixture
model (GMM), and interdependency of stochastic variables on AVP of each fleet thanks to a multivariate
modeling with Copula function. Each fleet is analyzed based on its aggregated PEV numbers at different
level of distribution grid, in order to satisfy the ancillary services localization limitation. A case study using
the proposed approach evaluates the real potential in Niort, a city in west of France. In fact, by using the
proposed approach an aggregator can analyze the V2G potential of PEVs under its contract.

Keywords: Vehicle-to-grid, Ancillary services, Distribution grid, Gaussian Mixture model, Copula

function, Free Pattern Search

1. Introduction

Massive production perspective of plug-in electric vehicles (PEVs) causes serious challenges and grid
congestion for the utility grids. The researches have shown that electricity distribution grid can be highly af-
fected by arbitrary charging demand of electric vehicles [TH3]. However, vehicle-to-grid (V2G) technology and
charging coordination during off-peak hours of local distribution grids have been proposed as solutions [4HT7].
In addition, V2G enabled PEVs, which have the ability to inject power to the grid, have been presented as
grid supporters [8] and potential ancillary service (A/S) providers, where eventually make the transportation

electrification beneficial for the grids [9].

Preprint submitted to Applied Energy March 11, 2016
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Nomenclature

PEV  Plug-in Electric Vehicle BC2 Bidding Capacity 2

V2G  Vehicle-to-Grid BC3 Bidding Capacity 3

G2V Grid-to-Vehicle MLE Maximum Likelihood Estimation

A/S  Ancillary Service MCS Monte Carlo Simulation

AVP  Available V2G Power RF Reliability Factor

FPS  Free Pattern Search BS Bidding Start time

GMM Gaussian Mixture Model HJPS Hooke and Jeeves Pattern Search

HV High Voltage FS Free Search

MV Medium Voltage DLP Daily Load Profile

LV Low Voltage BM  Balancing Mechanism

TSO  Transmission System Operator PPSMV Peak Power Shaving - Medium Voltage
DSO Distribution System Operator PPSLV Peak Power Shaving - Low Voltage
SOC  State Of Charge VRMV Voltage Regulation - Medium Voltage
pdf probability distribution function VRLV Voltage Regulation - Low Voltage

FIS Fuzzy Inference System LM Losses Minimization

NEDC New European Driving Cycle ETCM Energy Transmission Cost Minimization
DoD  Depth of Discharge FR Frequency Regulation

BC1 Bidding Capacity 1 DUR Duration, input for Fuzzy system

In the literature, the economic [I0HI3] and technical [14] [I5] feasibilities of PEV fleet as the energy storage
and service providers are discussed. They are considered in different services markets such as, regulation,
spinning reserve [I6], peak power support [I7] and power quality [I§] and more from economic point of
view. While, technical analyses are mainly limited to capacity estimation, optimal coordination, aggregator
communication architectures and battery degradation impacts [I5] 7, 19 20]. The points related to aggre-
gator volume requirements, grid/services localization limitations and PEVs availability uncertainty impacts
on bidding capacities are not discussed or less explored. In addition, the aggregator volume in terms of the

required number of vehicles for providing each ancillary service is not analyzed up to now.
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In term of the energy management systems for plug-in electric vehicles and V2G technologies, different
scheduling and management schemes are developed. An adaptive intelligent system using fuzzy logic con-
troller and adaptive neuro-fuzzy inference system (ANFIS) is developed in [21I]. In [22] an intelligent energy
management using cloud computing network is proposed. These technics reduce operation of electric vehicle,
grid and parking lot as well as the load demand prediction. A large scale fuzzy logic based intelligent control
for V2G is also proposed in [23] which provides different services such as, peak power, balancing control, load
levelling and voltage regulation. For specific services, different control strategies are developed. For instance,
a preventive control strategy for controlling static voltage stability is proposed in [24] [25] which maintains the
static voltage stability of power system under the V2G concept and evaluates the V2G response capability
with different charging strategies during a whole day.

The innovative aspects of this paper compared to the aforementioned papers is considering the uncer-
tainty impact on the V2G capacity, and scalability of the flexible V2G power capacity for different level of
distribution grid by considering localization limitation of different services. Hence the service assessment
can be applicable up to the low voltage (LV) distribution grid services such as voltage regulation and load
levelling at LV grid. Interdependency of stochastic variables such as arrival time, departure time and driving
distance are also modelled and their impacts on the contracted power are analyzed.

The novelty of the paper is that it has provided a multi-level methodological approach in order to assess the
V2G potential, suitable for regional distribution system operators. In this approach, the PEVs’ availability
uncertainty and localization/limitation are considered as the main factors affecting the potential of V2G for
grid ancillary service participation. A probabilistic model is developed in order to estimate the availability
uncertainty using only daily trips probability data. The interdependency of the stochastic variables are also
modeled using a copula function. This modeling approach, takes into account the impact of uncertainty
on the bidding capacities and improve the reliability of the contracted bidding. In addition, in order to
be realistic, the distribution of electric vehicles in the distribution grid is estimated using real customers’
distribution data to estimate the real potential of PEV fleet for different ancillary services.

A/S providers at the distribution grid level are faced with the localization limitation for each type of
service. Such limitations make difficult to achieve the services’ requirements for PEV aggregators, as the
aggregated number of PEVs at the different level of the grid is not always sufficient. Moreover, the aggregators
need to have sufficient information for offering a reliable bidding capacity, which depend upon the type of
services for which they would be the candidate. However, the general requirements are the amount of energy
in form of power and time interval. These are predefined by grid actors based on the grid characteristics in
different countriedﬂ The constraints related to PEVs aggregation such as, available aggregated power and

PEVs availability uncertainty should be taken into account in order to be competitive in the markets. These

IFrom August 2014, RTE, the French transmission system operator (TSO), announced that industrial consumers henceforth
could be reserve service providers with a minimum power of 2 MW [26]. This is also estimated for the distributed energy storage

systems at the distribution grid level with a minimum of 1 to 2 MW power [27].
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constraints are the main concerns of this paper, where the effort is to propose an approach for potential
assessment of a candidate PEV fleet under an aggregation contract, particularly at the level of distribution
grid by considering; 1) Available V2G power of the fleet, 2) Availability uncertainty of the fleet and its
impacts on the bidding capacities’ reliability, 3) The flexibility of the available power interval under bidding
capacity contracts and 4) Distribution grid services/localization limitations.

In this paper, at first the general approach for ancillary service assessment of V2G enabled PEVs at the
distribution grid level is introduced. Afterwards, all necessary input data for the assessment are identified.
The methodology is applied on Niort, a city in west of France, considering its mobility statistics and distribu-
tion grid topology. The methodologies for available V2G power modeling, availability uncertainty modeling,
the flexibility of the bidding capacities’ calculation and the service assessment system will be explained thor-
oughly in the next sections. A general research background is presented to show actual solutions and the

main contribution of paper for V2G ancillary service assessment.

2. Research background

Different methods have been proposed for capacity estimation of PEV fleet, but none of them consider
the localization limitation of the services. Reference [I5] calculates achievable power capacity by binomial
distribution of clustered PEVs. Reference [28] uses the survey data to identify the location of PEVs during
the day. In [29] Monte Carlo simulation is used to estimate the probability of transition between different
states, e.g. parked or movement for different parking location. A non-homogeneous semi-Markov process is
used in [30] for PEV availability and identifying the charging load, while in [31] a continuous time non-Markov
chain is chosen as the mobility patterns do not fulfill the Markov property (memorylessness). Reference [32]
uses the trip chains for mobility modeling of PEV fleet and concluded that the home and office car parks
have maximum availability among other place parkings. Among all of these researches backgrounds and our
case study mobility survey, we concluded that the PEVs are parked in home and office parkings mostly a
day and their service providing potential at these time intervals is relatively higher than other places, such
as parking lots of shopping centers or the streets, which are highly stochastic and periodically short.

The second limitation is the uncertainties associated with availability of the PEVs for service providing.
Reference [33] defines the uncertainty sources as the model based uncertainties and forecasting based uncer-
tainties. The model-based uncertainties come from the aggregated battery model instead of the individual
battery model El The second source is related to forecasting data such as arrival, departure time, driving
behavior and arrival state of charge (SOC) of PEVs. In [34], the driving behavior uncertainty is modeled
with individual driving behavior with the non-Markov chain process by the states’ transition probabilities
defined based on mobility survey data. In [35], a two-state single node Monte Carlo simulation is used to

represent the uncertainty in driving behavior by concentrating on stochastic variables with the independent

2In modeling large number of PEVs it would be impractical to model all batteries’ dynamics in detail.
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sampling process. While in this paper, interdependency of stochastic variables are modeled in a multivariate
manner using copula function.

The predictable sources of uncertainties are normally following a particular probability distribution. These
are known as arrival time, departure time and driving distance distribution. In addition, in the future smart
grid, the communication infrastructures will facilitate accessibility and predictability of such information.
Therefore, considering highly enough accurate prediction system, the uncertainties associated with prediction
errors can be negligible. In the other side, there are some sources of uncertainty, which are not predictable
at all, like the unforeseen departure of PEVs during their stationing time (plug-in time). Considering that,
a probabilistic approach is proposed for this study, that can provide the probability distribution function
(pdf) of availability uncertainty. The advantage with this approach is the ability to quantify the availability
uncertainty impact on the bidding capacities by only knowing the daily trips percentage, arrival and departure

time probability of the fleet.

3. General Approach

The general approach consists of 6 sub-blocks, each doing a particular task for the final objective (Fig.

Available V2G power modeling (AVPM) is designed to model the available V2G power for PEVs
arriving at office in the morning and PEVS arriving at home in the afternoon. Fundamental parameters for
modeling the available V2G power are calculated in Fundamental parameters estimation FPE block,
which contain arrival SOC, V2G energy, G2V energy and plug-in interval. These parameters which are
the indirect parameters will be calculated using the output parameters of MMSV block and averaged PEV
characteristic parameters such as, driving efficiency, charging, discharging efficiency, NEDC autonomy and
averaged battery capacity of the fleet. In Multivariate modeling of stochastic variables (MMSYV)
block, correlation between arrival time, departure time and driving distance is explored for PEVs doing daily
home-work commuting using copula function. This issue is considered as one of the possible uncertainty on the
contracted V2G power. A novel approach is proposed in Probabilistic availability uncertainty modeling
(PAUM) block, which uses only the daily trips percentage data in order to associate a probability density
function to the availability uncertainty phenomena. Afterwards, the flexibility of each bidding capacity will be
calculated in Bidding flexibility calculation (BFC) block using a global stochastic optimization method
so-called ”Free Pattern Search”, which is chosen for its robustness and convergence quality for high dimension
stochastic problems. Finally, in Fuzzy inference system service assessment (FISSA) block, a fuzzy
inference system (FIS) is designed for service assessment of each PEV fleet based on the PEVs population
provision of the city under study. This system uses the AVP of each bidding and its flexibility as FIS inputs
and will generate a potential factor of 0 to 1 in order to evaluate the fleet potential for each service. In
addition, a grid service/localization limit factor is considered to evaluate the aggregated number of PEVs at

the appropriate location of the grid.
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Fig. 1: General framework of V2G ancillary service assessment approach.

4. Case study and Input data

It is assumed, the statistical information about the place under study is available, where the approach will
be applicable when the data can be available via the smart grid communication. This approach is practical
for local DSO, managing the middle cities’ grid operations. The statistical data of Niort city in France are
considered as case study [36]. The two evolution scenarios of EVs in France up to 2030 are considered in this
study 37, [38] (Table . Having the vehicle fleet statistics of Niort and its population, the PEV evolution can
be calculated for this city. The cars-per-capita quota is used in order to transfer the unit from population to

the car number [39]. The PEV case study scenarios are brought in Table.

Table 1: PEV evolution scenarios in France (PEV numbers in Million).

Evolution horizon 2013 2015 2020 2025 2030
Low Scenario 0.042 0.05 0.8 1.7 2.5
High Scenario 0.05 0.3 0.2 5.5 9
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Table 2: PEV evolution scenarios for Niort city.

Evolution horizon 2020 2025 2030
Low Scenario (PEV number) 851 1808 2659
High Scenario (PEV number) 2127 5849 9572

The input data are divided in two main natures; averaged data and stochastic data. Averaged data
are containing the vehicle characteristics, which help to estimate the available and consumed energy of the
vehicle’s battery. For this study, based on the actual French electric vehicles market, the values are considered
as in Table. The stochastic variables sampled from statistical survey are; Arrival time distribution,

Departure time distribution, Daily Driving distance distribution and Daily trips percentage.

Table 3: Averaged PEV characteristics in French market.

Parameter Symbol Value
Battery Capacity E., 22 kWh
Charging /Discharging efficiency Ned 97.5%
Charging/Discharging power P 3.7 kW
NEDC autonomy A 210 km
Driving efficiency New 97% (9.2 km/kWh)
Admissible depth of discharge DoD 80%

The arrival and departure time’s distribution of both home and office scenario are following approximately
a Gaussian distribution with the parameters as follows; Home departure (u=07h45), Home arrival (u=17h15),
Office Arrival (u=08h15), Office departure (u=16h45), Home-work trips (4=08h00) and Work-home trips
(#=17h00) and the 0=30 min for all cases. The daily driving distance distribution of home scenario takes into
account a daily round trip and for office scenario, a single way trip to the office and both are approximated
to follow the same distribution (Fig. [2).

Daily trips percentage data show the hourly percentage of the trips for a working day done by personal
vehicles for the Niort city. This distribution is used in order to model the availability uncertainty of the

PEVs (Fig. [3).

5. Available V2G power modeling (AVPM)

In this study, AVP of home-work commuting PEV fleet has been evaluated in two potential intervals.

First V2G at work only and second V2G at home only. The main assumptions behind the work are as follows:
e Charging/discharging rate at normal level (16A, 230 V, 3.7 kW).

e The PEV will provide V2G service once in a day and will be fully charged once in a day.
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e 2 scenarios for V2G service assessment have been considered:

— V2G at home (the PEV will make a round trip and then provide V2G at home only).

— V2G at work (the PEV after arrival to the office will provide V2G at work, considering energy
need for its return and minimum energy of 20% as constraint to reduce the degradation impact of

V2G, i.e. 80% Depth of Discharge (DoD)).

For home scenario, PEVs will be fully charged at departure time, while at the office scenario, PEVs have
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sufficient energy for the return trip plus 20% energy in battery. These assumptions were made to evaluate the
maximum possible potential for aggregated V2G power during each interval. The fact is that, if we consider
that PEVs will provide V2G services both at home and office, leading to portioned aggregated V2G power

between home and office intervals.

5.1. Pundamental parameter estimation (FPE)

AVP modeling flowchart is provided in Fig. [l Availability of each PEV in the V2G enabled parking,
and its stored battery energy at arrival time are the key information in defining the AVP. Availability of
PEVs will be identified by their arrival time to home/work parking and departure time from home/work for
home/work V2G scenarios. Assuming N PEVs with full-charged battery at home departure moment, the

arrival state of charge (SOC! of the it" PEV battery can be estimated as follows:

arri'ual)

Autonomy

Ye—X_ End )

Arrival SOC
Driving estimation
distance N
Battery
capacity &) Available V2G
Driving energy (E,,,)
efficiency
C/D -
efficiency T Energy need |
(E,,)
W No>! Equation (4)
Yes _ |
L ¥ =
Arrival time ———
V2G and G2V
Departure time calculation
time
Uncertain Is PEV inside N
PEV list uncertainty list ? O
Yes
2
ura6, and VG2, ¥2G,(r) and G2v,))
calculation calculation
equation (10) equation (9)
& (16) & (15)

T s

Fig. 4: The flowchart of AVPM.
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D
rrival — (1 - Tf) X 100% (1>

soct
This is under the assumption of linear SOC drop with travel distance [41]. D! denotes the driving
distance of i** PEV from home to work for work scenario and round trip for home scenario. The probability
densities of arrival time (Tgrrival), departure time (Tgeparture) and driving distance (Dg) have been presented
in the previous section. In this section, the steps to model AVP are presented. The interdependency of
these stochastic variables and their impacts on AVP will be analyzed afterwards. In current calculation, the
averaged correlation coefficients are considered, where their calculations will be explained in MMSV block
section. After the SOC estimation, Available V2G energy should be estimated for each V2G scenario.

i

‘ D
El,. = (DoD x Epy — —%)neq (2)

v2g —
ev

For estimated V2G energy the following constraint should be satisfied:

. D4 .
2E,5, + n—l <7,
ev

X Pch (3)

lug—in
Where Tpiug—in, is the plug-in interval of the PEV. If constraint is not satisfied, the V2G energy
should be recalculated as follows:
i (Tllu —in X PCh) i
Ev2g = ng - EQQU (4)
For office scenario, we consider the vehicle needs to have the same amount of energy as it has already
consumed for arrival at work, plus 20% SOC to limit DOD at 80%.
, 2D?
E'L

v2g—work — (DOD X EEU - %)%d (5>
ev

The duration of V2G and G2V action can be easily calculated by dividing the energy by charging/discharging

rate:

. Ei,

Ti, = 24 6
v2g Pch ( )
i i2v

Tg2v = ]5ch (7)

After identifying the V2G and G2V energy, the planning should be applied. The charging and discharging
planning should be done in a way to have maximum difference and minimum overlap between V2G and G2V
power curves. The reason behind this choice is to be able to estimate the maximum achievable V2G power
capacity of the fleet. This leads to analyze the potential services with respect to the maximum achievable
V2G power of each bidding capacity, which will be presented afterwards. Overlapping of V2G and G2V

power or mixed planning, i.e. charging/discharging at the same time horizon, leads to reduced V2G capacity

10
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of the fleet from aggregator capacity point of view. For home V2G planning, the plug-in interval (PI;(t))

and V2G interval (V2G,(t)) are defined as follows:

PI(t) _ ]‘7 Ttirrival <t< Téeparture
i =
0, elsewhere

VQGZ‘ (t) _ 17 T(irri'ual <t < Térm’val + T1§2g

0, elsewhere

(8)

9)

It means that, the PEVs are asked to be discharged upon their arrival, to have time to be fully charged

up to departure time. In fact, after discharging period the PEV has time to recharge its battery and being

full-charged for departure.

We define here the uncertain V2G time vector to complete formulation, where the complete approach to

the uncertainty modeling is explained in the next section. Uncertain V2G time vector is:

(10)

Where U A;(t), is the unavailability vector and the output of PAUM block. We define 7y as the uncertainty

coefficient, the portion of PEVs fleet, which have uncertain behavior potential.

K=7vxN,VK €Q

M=N-KVYMEeE

(11)

(12)

Where Q is the integer set of uncertain PEVs numbers, and E is the integer set of certain PEVs, where

the following law is consistent:

EUQ=N

Finally, the V2G power called AVP for home scenario is as follows:

K M
Pyag(t) = > (UV2G;(t) x Pen) + Y _(V2G;(t) x Pup)

The G2V interval for calculation of G2V power should be defined as follows:

Ti

departure

- (T;2U

)

+ T1§2g) <t< T;eparture

G2Vi(t) =
0, elsewhere

Uncertain G2V time vector is necessary for uncertain PEV and is obtained using:

UG2Vi(t) = UA;(t) x PL(t) x G2Vi(t)

11
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Using uncertain G2V vector and G2V vector, the G2V power of the fleet is estimated by using equation
[17):

K M
Pyao(t) = Y (UG2Vi(t) x Pup) + Y _(G2Vi(t) x Pep) (17)

i=1 i=1

The final output of this block for a case of 1000 PEV fleet is depicted in Fig. [§ and [6] The potential

bidding capacities from AVP at home and office are explained afterwards.

5.2. Bidding capacities (BC)

Based on the distribution function of arrival time, we have proposed three indicative intervals, so-called
"potential interval (pi)”, where there is a considerable cumulated number of PEVs and the V2G capacity
of the fleet can be contracted. These three capacities, proportional with the number of available PEVs, are
called bidding capacity for service market participation. We define the bidding capacity z, (1 < z < 3 € N)

and its function, BC,(t), with its capacity value, Cap, during its interval from #; to ts.

Ca t<t<t
BCL(t) = Pz, U1 2 (18)
0, elsewhere
The three indicative times have been chosen in order to propose biding start times BS, for each bid as

follows:

w—o, z=1
BSZI I, 2 =2 (19)
uw+o, z=3

The potential interval for each bid will be started from bidding start time until the power capacity equals
to BC,(BS,) as it is shown in the figures for both scenarios. In the Fig. [5] the V2G power called AVP, is
starting right after the availability of the fleet shown in form of the arrival time histogram. It increases up to
its maximum value corresponding to the whole fleet available PEVs, which is 3.7 MW active power. Due to
the constraints of the PEVs such as, maximum battery DoD and their availability interval, the AVP decreases
to zero until around 22:00 PM. The G2V power which corresponds to PEVs charging is completely separated
from V2G power starting from 2:00 AM ending by the departure of the whole fleet at around 9:00 AM. From
the modeled AVP, three candidates bidding capacities are extracted with the characteristics represented in
Table. @ In Fig. [6] the AVP is modeled with the same strategy while the constraints are minimum required
energy for return trip and minimum battery DoD. These two modeled AVPs will be analyzed for V2G A/S

potential assessment.

6. Multivariate Modeling of stochastic variables (MMSV)

In the probabilistic analysis with stochastic variables, the correlation between the variables should be

taken into account even by knowing the marginal distribution of each single variable to avoid inconsistent
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Fig. 6: The output of AVPM algorithm for office scenario, a fleet of 1000 PEV.

and unreliable estimation [42]. For the PEV fleet of daily home-work commuting, dependency of their
departure times, arrival times and driving distances should be taken into consideration as they have key roles
in modeling AVP and V2G energy capacity. However, the correlation between these stochastic variables can
be estimated through statistical data as in [43] but their dependency impact on AVP and V2G energy should
also be considered to provide a reliable marginal power capacity for aggregators. The latter is the case of this
section. These dependencies can be analyzed with copula function. The approach of generating correlated
samples using ¢t copula sampling process is used in this paper where the notion and copula-based sample
generation are explained thoroughly in [43]. ¢ copula is used as it has tailed dependence modeling ability

and is more suitable for real data modeling [43].

6.1. The t copula

A d-dimensional copula C is a d-dimensional distribution function on [0,1]¢ with standard uniform

marginal distributions [44]. For each random variable z, copula functions are used to correlate univariate
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Table 4: Bidding capacities’ characteristics for home and office scenarios.

BC1 BC2 BC3
Scenario
pi (h) Power (kW) pi (h) Power (kW) pi (h) Power (kW)
Home Scenario 5.5 550 4.2 1750 3 3050
Office Scenario 5.2 550 4 1750 2.9 3050

marginal cumulative distribution functions (CDF), Fy (1), Fa(z2), ..., Fa(z4), to their joint CDF, F(x1, z2,,zq)
[43):

C(Fl(.]?l), FQ(J,‘Q), ...,Fd(xd)) = F(xl,xQ, ...71‘d) (20)

Conversely, any copula C can be used to join any type of marginal distribution and construct a multivariate
distribution function with the same marginal. The unique ¢ copula for any uniform random variable u =

(u1,usz, ..., uq) € [0,1]¢ is given by:

“1(y —1(y o v —
i p(w) /t" ( 1)/t” ( 2).../t” v T (14 ZP ey, (21)
. —oo —0 —oo (g (mv)?|P| v

Where ¢! denotes the inverse CDF function of a standard univariate t,, distribution with degree of

freedom v and symmetric positive definite correlation matrix P with unity diagonal elements.

6.2. AVP variation calculation

Generally, using the historical data or datasets gathered from statistical surveys, the correlation between
arrival /departure time and driving distance can be easily estimated by fitting the multivariate distribution
function to the datasets. This approach leads to the extraction of correlation matrix elements, which are
representative of correlation degree between each two single marginal distribution [43]. In this study, an
approach is proposed to quantify the impact of stochastic variable’s dependencies on AVP. Afterwards,
the correlation matrix elements associated with average AVP variation are considered as the case study. We
assume that the working hours are fixed for whole fleet. In this case the dependency of the variables rationally
should be either blue or red transition lines between possible linguistic correlations’ states defined in Fig.
[l While, the other transitions will not provide reliable samples to take into account for daily home-work
driving pattern estimation. It means that, for a PEV departing soon from home and arriving late to home,
the driving distance should have been long and vice versa.

These correlations frame, present a linear direct correlation between driving distance and arrival time and
a linear indirect correlation between departure and arrival time. Using a ¢ copula function, the univariate
marginal distribution of departure, arrival and driving distance can be related to their joint distribution as

follows:

C(Fl (Tdeparture)v FZ (Tarrival)a Fd(Dd)) = F(Tdeparturea Tarrivalv Dd) (22)
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Considering the possible mentioned transitions, the elements of correlation matrix P will vary as follows:

where,

1 pi2 pi3
Psxz=|pa1 1 pa3 (23)
P31 ps2 1

p12 = p21 € [~1,0]
p13 = p31 € [—1,0] (24)

p23 = pa2 € [0,1]

Where p;o indicates the correlation between departure time and arrival time, po3 indicates the correlation

between arrival time and driving distance and p;3 denotes the correlation between departure time and driving

distance. In order to measure the sensitivity of AVP to the different possible correlation, an optimization

approach is proposed where the variables will be the correlation matrix elements associated with maximum

variation of AVP;

Subject to:

min (D[P (1) — Py (8)]) 7 (25)

P12,023;P32
’ ’ ’
P125P23,P32

{p12, P13, P12, P13} € [—1,0]
{p23, Pz} € [0,1] (26)

TPz >0

Where w and v are the two extreme cases of AVP affected by possible correlation between variables. The

last constraint checks if the correlation matrix is positive definite or not for any possible . This approach

is tested on home V2G scenario as the case study where it is applicable on work V2G scenario as well. The

results of optimization are brought in Table.

Using the obtained results, the AVP of the two extreme cases is calculated where these two cases will

never happen (Fig. . Considering the realistic case, there is always a correlation between three variables.
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Table 5: Results of optimization for effect of correlation coefficients

Parameter P12 P13 P23 Pla P13 Phs

Optimum value -0.3960 -0.4950 0.99 -0.5940 -0.6930 O

The average value considered as the case study while in real case, the statistic’s data or smart metering
communication data can help to estimate the best correlation coefficients. The results show that the peak of

AVP during its pi is the same for all three cases and there is only a negligible variation in power descending

period.

4,000 -
~ | == Case w: p12 = —0.396, p13 = —0.495, pa3 = 0.99
g 3.000 | —— Case Average: p1z = —0.495, p13 = —0.594, pa3 = 0.5445
< --= Case v: phy = —0.594, ply = —0.693, phy = 0
3

2, +
% ,000
=¥
Q 1,000}
>

00 2 4 6 8 0 12 14 16 18 20 22 24

Time (hour)
Fig. 8: Effect of various possible correlation between stochastic variables on the AVP.

In this paper, the parameters for average variation of AVP are considered as the case study, where the
impacts of correlation between variables are illustrated in Fig. [0] As it is shown, the marginal distributions
for both non-correlated and correlated variables are approximately the same, while the orientation patterns
in 2D copula surface between each pair of stochastic variables are different. The orientation differences are
justifiable considering the correlation states transitions shown in Fig. [7} In other word, the vehicles departing
soon in the morning have potential to arrive late as they have had longer driving distance and wvice versa.
This effect is considered in AVP modeling procedure. The other effect, coming from unpredictable availability

uncertainties, which is modeled using a probabilistic model, is explained in the next section.

7. Probabilistic availability uncertainty modeling (PAUM)

Availability uncertainty can have different reasons: Later arrival or sooner departure compared to the
estimated or declared arrival and departure time, sudden departure in case of an urgent during the plug-in
interval or any partial unavailability due to the leisure motives. Whatever the case, the PEV’s unavailability
from the aggregator point of view will be considered as V2G power unavailability and will impose negative
impacts on contracted bidding capacity. Therefore, it is necessary to take into account the availability
uncertainty factor prior to the capacity announcement.

The PEVs unavailability during their plug-in interval is highly stochastic and difficult to model. How-
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Fig. 9: Upper subplots: non-correlated stochastic variables, Lower subplots: correlated stochastic variables with averaged

coefficients (Considered as the case study for AVP calculation).

ever, its stochastic nature follows a particular probability distribution which can be detected in daily trips
percentage data. In this paper, an approach is proposed to model availability uncertainty knowing only the
daily trips percentage and the fact that the trips leading to unavailability are included in trips probability

distribution. Two parameters have been considered for each PEV in order to model its unavailability:

1. Departure moment as Tyepstart

2. Unavailability period as DU Ry n

In addition, an uncertainty coefficient has been introduced as, v = [0,1] € R, which is the portion of PEVs
fleet, that have potential of availability uncertainty. In another word, v = 1, means that all of the PEVs inside
the fleet will experience at least a short departure during the plug-in time. Monte-Carlo simulation (MCS) is
used to generate samples with given trips percentage and prepare inputs for Gaussian mixture model (GMM)
with a given number of components. Two major Gaussian components will be considered as trips related to
departure from home to work in the morning and departure from work to home in the afternoon. By filtering
these two components, the probability of the other motives’ trips leading to availability uncertainty can be
detected. In the second step, using a uniform distribution by lower bound as home arrival time and upper
bound as V2G interval, the sampling process of Tyepstart Will be bounded over V2G interval and conducted
by filtered GMM probability distribution. For DU Ry y, sampling a uniform distribution between 30 minutes
to 3 hours is used. This is the maximum time length a PEV will be unavailable based on the mobility
survey information. In this approach, we assume that the amount of PEV battery energy used during the

unavailability interval is the same as the energy amount that would be provided as V2G, if PEV was available
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in the parking. In the following, the formulation of different steps of the approach is provided along with the
modeling framework in Fig.
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Fig. 10: The PAUM framework.

7.1. Gaussian mixture model

In this study Mixture model is used to find the sub-populations of daily trips percentage to associate
an availability uncertainty probability distribution to the unknown sub-populations. These sub-populations
are modeled as Gaussian components in GMM. For this reason, MCS is used to provide samples based on
daily trips percentage and their probability distribution is estimated using kernel density estimation. The
estimated probability density is used in MLE in order to estimates the parameters of GMM components with
maximum likelihood percentage (Fig. .

One-dimensional GMM density function for a set of C components and their parameter sets as © =

(1, Q2 ey Qey 01,02, ooy Oy JU1, JA2, -, L) 1S Tepresented as follows [45];

Ts — )?

- 1
f(@s|©) =) ay exp(—
j; ! A /27r0]2 20J2'

We assume that o; > 0, for j € [1,...,¢] and Z]C:l o = 1. xs represents the samples. The best likelihood

is obtained with 6 components with parameters shown in Table. [6]
The last two components can be considered as trips related to departure from home to work in the morning

and departure from work to home in the afternoon since their parameters are near to the ones which have
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Table 6: parameters of GMM components.
Component j 1 Csy C3 Cy Cs Cs
wi(hh :mm) 14:27 14:13 02:55 12:25 17:08 08:00
oj(minutes) 217 202 63 92 45 36

been considered in the previous section. By filtering these two components from GMM, the density function

of other motives trips can be found (Fig. [12).

7.2. Uniform distribution

Using a uniform distribution, the sampling process for parameter Tyepstart can be bounded on the V2G
time interval in order to emphasize uncertainty over AVP. In flexibility study in the next section, the interval
will be adapted by a flexibility interval. The filled intervals in Fig. show the products of uniform
distribution and filtered GMM density function, which will be considered as uncertainty density function
for uncertainty sampling process. In other words, the sampling process will be done randomly considering
the obtained uncertainty density as the probability of selection. This density function can be represented as

follows:

4 1 (zsfu,,-)Z
Zj:l Q; \/ﬁm«p(_ 20-7?J ) Tarrival < Ts < Tarrival + Tyog

0 elsewhere
Where Ty, riva; Will be arrival time of first PEV at work for work V2G scenario and at home for home
V2G scenario. For the unavailability period, a uniform distribution is considered with cumulative distribution

function as follows:

_ DURyn(i) —a(i) +1

F(DU Ry a(i), b(i)) b(i) —a(i) + 1

(29)
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Where a(i) = 30min , b(i) = 3hours and DURyn (i) € [a(i),b(:)]. The outputs of the model for two scenarios
are depicted in Fig. This density function will be used as inputs for uncertainty sampling process, and
it will affect the V2G vector as in . The impact of modeled uncertainty on each bidding capacity during
its pi is studied using a reliability factor (RF), which is the ratio of available V2G energy with uncertainty
divided by V2G energy without uncertainty. The results depicted in Fig. show intensive impacts on BC3,
particularly for home scenario. The BC1 remains mostly reliable even with the highest « value. This analysis
helps to choose the most reliable BCs where the procedure will be completed by assessing the flexibility of

each BC in next section.
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Fig. 12: Uncertainty probability density function for two V2G scenarios at work starting from 7h15 and at home starting at
16h00.
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8. Bidding flexibility calculation (BFC)

As we modeled the AVP upon the arrival of the PEVs, it would also be possible to coordinate the
discharging time in order to prolong the bidding capacity interval. This so-called ”bidding capacity flexibility”
is analyzed in this section under a stochastic global optimization problem approach. Considering the BCs
defined in previous sections by and , the only way to maximize these capacities is to maximize the
potential interval and for this goal, the only degree of freedom is to coordinate the V2G time of PEVs.

8.1. Flexibility problem formulation

The purpose of this optimization is to maximize the BC time interval, starting from its availability. For
instance, for bidding 1 starting at 16h45, the objective is to maximize the capacity interval using V2G start
time coordination of PEVs. This maximization is under constraints of respecting the G2V capacity of the
fleet (for home scenario) and possible flexible range of V2G start time. In order to simplify the calculation
one parameter per PEV is considered, and it is the V2G start time which varies between arrival time and
G2V start time minus V2G time interval. We define the k(t) function as the counter of sample times having

a capacity more than each BC.

1 Pyoy(t) > BC.(t)

K(t) = (30)
0 elsewhere
Objective function:
to
ma. K(t 31
Tvs(i,i+f...,N); (*) (31)

Subject to:

Pvgg(t) > BCZ(t),Vt S [tl,tg]
(32)

Tarm’val (Z) S TVS(Z) S Tdeparture(i) - Tg2v (1) —2X TUZQ (Z)
Where Ty s(i) is the V2G start time of PEVs arriving after BSS, that should be coordinated in order to
maximize the available interval of BC,(¢). Considering the normal distribution empirical rule (three sigma)

and number of PEVs per fleet, the number of parameters that has to be optimized can be calculated as

follows for a fleet with N PEV, P; = 0.6827 and P, = 0.997:

% xN z=1
Paramnum = 0.5 x N z=2 (33)

BBy N 2=3
For instance, for a fleet with 1000 PEV, in order to calculate flexibility of bidding z = 1, 838 parameters
correspond to the PEVs arriving after BS; should be optimized. This expression shows that we face with a

relatively large optimization problem which needs a powerful algorithm.
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8.2. Methodology

The major challenge for this optimization problem is finding the best feasible solutions (global optimum),
knowing the potential of high dimension problem and stochastic nature of the problem, which makes difficult
to use deterministic and gradient based optimization algorithms. The latter using derivative free algorithms
seem effective. In [40], it is shown that Free Pattern Search (FPS) algorithm is scalable to the dimension
increasing and performs better compared to the other evolutionary algorithms. This algorithm employs the
HJPS method as a local search algorithm and two operators from FS to guarantee the diversity of search
in order to inherit the global search. Long et al. showed that FPS has very fast convergence speed, better
solution accuracy, swarm management ability and robustness to the dimension compared to the similar
evolutionary algorithms.

In this paper, we have implemented FPS algorithm on bidding flexibility problem, and its functionality

is assessed in both quality of result and dimension increment.

8.3. Free Pattern search

FPS is a population-based global optimization algorithm with three main parts; initialization, exploration
and termination. In exploration part, there are three operators: search operator for local search based on
HJPS, acceleration operator to avoid trapping in local optimums and a throw operator, which ensures the
diversity of population. A single individual, X;, {1 < j < m € N}, will do the search based on HJPS algorithm
in all of its dimensions, 1 < i < n € N, bounded between lower and upper limits, Low; and Up;. The flowchart
of the FPS algorithm is illustrated in Fig. and the different operators are explained afterwards.

Search operator uses the HJPS algorithm to find local optimum for each individual. HJPS is a single-
point search method which uses a pattern to search around the base point. There are three types of points in
HJPS; the current point W, the base point ¢, and previous point §. The current point is the actual solution
of algorithm.The base point is for finding the better solution, and the previous point is the last current point.
The HJPS contains two parts: exploration move (EMove) and pattern move (PMove). EMove will search
in all dimensions of the base point to find the best trial. If the best trial is better than current point, the
PMove will be implemented.

Acceleration operator separates the population in two groups. The first group are the individuals
trapped in local optimum and need to be accelerated. Using a sensibility factor S, the individuals will be
polarized into two groups and the first group individuals X ]1 will be accelerated thanks to the randomly
selected second group individuals X?2.

Throw operator detects the individuals that would gather and search in the same small space. It

of

start

scatters them by adding or subtracting a A, ;,;+ length to every dimension of the start position X;
gathered individuals. Throw operator keeps the population diversity in the search space. After finishing
all operations the algorithm will be terminated facing with maximum step or maximum function call and

accuracy of the solution.
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Fig. 14: FPS algorithm flowchart.

8.3.1. Results

The method is implemented on different PEV fleet numbers. Fig. [[5]shows the function evaluation per all
individuals for the fleet of 50, 200 and 500 PEVs. The result shows a complete convergence of all individuals
for all cases. This shows the robustness of the algorithm to the dimension increment. The convergence and
exploration intervals are indicated on the function evaluation windows. By increasing the dimension, the
exploration is also prolonged. The optimization is stopped when all the individuals in each evaluation are
converged to a single value and there is no further improvement in term of optimum result. The best value is
obtained 10.5 hours. In fact, as the problem is stochastic, the optimization is repeated to have all cases with
the same optimum values while the final results for bidding capacity 1 is almost around 10 hours for all the
PEV fleet cases. This optimization is done in presence of different values of uncertainty coefficient, and the

results are presented in Fig. The impact of uncertainty shows a linearly drop on the flexibility interval
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and more important on home scenario biddings. The BC3 for both scenarios has a flexibility less than 3

hours after 20% uncertainty (v = 0.2). It shows that BC3 compared to BC1 and BC2 has less reliability in

terms of interval flexibility even by having a power more than them. Since the minimum time requirement

for ancillary services discussed in this paper is 3 hours, the BC3 will not be considered in further analysis.

Fig. [17shows the flexibility of BC1 and BC2 with the uncertainty coefficient of v = 0. In BC1, the flexibility

algorithm reaches to prolong the potential interval of BC1 from 5 hours up to 10.5 hours. In BC2, the

flexibility reaches 8 hours.

The flexible interval (f7) of each BC will be used for service assessment in the next section. The availability

uncertainty is considered with v = 0.1 in the further analysis. This value is estimated for the PEV fleet in
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Fig. 17: Left plot: BC1 flexible interval, Right plot: BC2 flexible interval.

9. Ancillary service assessment

9.1. Ancillary services

In [27], a possible list of ancillary services for storage systems at the distribution grid level under the
confirmation of main French DSOs is proposed. These services’ feasibilities are analyzed also for PEVs in
previous work of the authors [47]. In this paper, these services are evaluated for PEVs under an aggregation
contract considering each service constraints. The active power based services presented in Table. [7] are
chosen for this study. The first constraint for each service is the minimum amount of power, and minimum
required time interval. These limits are used in order to design the fuzzy inference system for each service.
Thanks to a service/localization matrix available in [27], the localization limitation of each service is also
taken into account as another constraint. The utilization frequencies of the services, which depends on the
nature of the service and the activation signals, are considered as the last constraint. In this study, three
activation signals in form of a probability function are considered (Fig. . Annual averaged daily load
profile (DLP) is considered as probability function for services sensitive to DLP variations. Annual averaged
daily frequency regulation up signal is used for regulation services and finally, annual averaged daily balancing

mechanism (BM) demand is chosen for BM service assessment. In the Table [§] the analyzed services in this
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Fig. 18: Probability of activation signals for, (a) Daily load profile (DLP), (b) Frequency regulation up (RU), (c) Balancing
mechanism up (BM).

Table 7: Ancillary services requirements for distribution grid [27], 48].
Service  Loc. limit Min. Power (kW) Max. Power (kW) Min. time(h) Activation signal

PPSMV A 500 2000 3 DLP
PPSLV C 100 500 3 DLP
VRMV B,D 500 2000 3 DLP
VRLV C 50 500 3 DLP

LM A 100 2000 3 DLP
ETCM A 2000 5000 3 DLP

FR A 1000 5000 3 RU

BM A 10000 15000 3 BM

9.2. Distribution grid service/localization limitation

At the distribution grid level, the effective potential place for each type of ancillary service is different.
Reference [27], under the consultation of major French DSOs, proposes the different candidate locations for
installing energy storage systems. These places are considered as the limit for the aggregated number of
PEVs in order to assess the service potential. In this study, based on the chosen services, 4 candidate points
are considered as the limits for each type of service (Fig. . Point A is at the topmost level of distribution

grid in border of distribution and transmission grid. This point is considered as a HV/MV substation for
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Table 8: Ancillary services characteristics for distribution grid.

Service Characteristics

Peak Power Shaving is evaluated at both MV and LV grid. PEVs are charged during off-peak
PPS hours and discharged via V2G at peak hours. It provides economic interests for PEV owners,

aggregators and DSO.

Maintaining voltage in acceptable contractual/regulatory boundaries [49]. At MV feeder a few

% of regulations needs at least 500 kW to 2 MW [48]. Tt is based on typical value of MV feeder

Vi impedance in French distribution grid. This study is only focused on the active power
contribution on voltage regulation.
M Peak load should be avoided to minimize the losses. The line length, active and reactive power
of the connected consumers are important for dimensioning the storage units.
ETOM The DSO has to pay to TSO an annual bill related to energy transmission. Minimizing the bill with
local produced renewable energy consumption and PEV charging coordination can be possible [3§].
FR Primary frequency regulation for French grid is 600 MW. A Minimum of 1 MW at the distribution
grid level is required [50].
BM Balancing Mechanism is a part of tertiary frequency control. The French producers and consumers

having 10 MW available Power can participate in BM market [50]

the range of 63 to 225 kV for HV side and 15 to 20 kV for MV side. Point B is considered as the MV
feeder level for feeders with 15 or 20 kV voltage level. Point C is considered as the LV bus bar inside the
MV/LV substation for the range of 400 V in LV side. Finally, for industrial /professional customers possessing
a private MV /LV substation, Point D is considered, which will be the case for office charging scenarios.

In fact, for each service, based on its localization limitation mentioned in the Table. [7] the aggregated
number of PEVs fleet will be evaluated at that limit.

For our case study in Niort, a statistical analysis is done in order to discover the distribution of residential
customers inside the distribution grid and for the 4 candidate locations. In point A, the possible number
of PEVs for home scenarios are brought in Table. 0] For office scenario, 2841 PEVs can be aggregated up
to the point A. The possible number of PEVs in Niort for each provision scenario are distributed between
all MV /LV substations based on the residential consumers’ distribution, inside the MV /LV substation (Fig.
a). Distributions of PEVs at the level of MV feeder for home scenario are brought in Fig. b. The
residential consumers are considered as the charging locations at home and for office scenario, the professional
consumers are taken into account. For both scenarios, the maximum number of PEVs at each level of the
grid are calculated considering the actual subscribed power for each consumer. It means that the capacities
of the grid for hosting the PEVs are taken into consideration as constraints. For both evolution scenarios
at home scenario, there is no case exceeding the subscription limitation. For office scenario, the maximum

possible number of PEV before limitation violation are considered for study, as there is no evidence to justify
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Fig. 19: Distribution grid schematic with location limitation for ancillary services.

the exact number of PEVs for office scenarios. It is due to the combination of traffic flow between Niort and
its neighbor cities during the day. Their distribution at point B, C and D are brought in Fig. 20l¢ along with

mean values considered in potential calculation.

Table 9: Aggregated number of PEVs up to HV/MYV substation (point A) for home scenario.
Evolution horizon 2020 2025 2030

Low Scenario 681 1446 2127
High Scenario 1702 4680 7657

9.8. Fuzzy inference system service assessment

In order to assess the potential of PEV fleets for V2G ancillary services, a methodology is proposed.
This method considers the bidding capacities characteristics of each fleet and compares it with potential
probability of each service. A fuzzy inference reasoning system is designed to quantify the potential of each
fleet and each bidding capacity for each particular ancillary service. As the services’ requirements are defined
by power and time in form of an interval, the assessment procedure seems to be in a fuzzy form as the exact
evaluation also needs accurate requirement. For each service, minimum and maximum power need and time

are identified in Table. Two inputs are considered for this system. The first one is dedicated to time
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Fig. 20: Distribution of PEVs at different points for home/office scenarios.

interval of each service that can be provided by that particular bidding capacity of the fleet. By considering
the probability of the service as ST(t) and probability of bidding capacity as F'T'(t) the first input is defined
as:

24

DUR =Y FT(t) x ST(t) (34)
t=1

Probability of bidding is a vector with value 1 during the flexible interval (f%) of each bidding and 0 for

other intervals of the day.

1, BS,<t<BS,+ fi,
FT(t) = (35)
0, elswhere

This input is normalized using g factor as, g = 1/ Z?il ST(t). The second input is the power that should
be provided for each service. The membership function of this input will be made based on minimum and
maximum required power for each service provided in the Table. [7]] The example of inputs and output for

service PPSMV is brought in Fig.
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Fig. 21: FISSA algorithm, inputs and output example for service PPSMV.

10. Results and discussion

A graphical indicator is designed for potential comparison of different services and bidding capacities
represented in Fig. for home and Fig. for office scenarios. For each BC a minimum potential factor
called BC' limit is calculated using minimum power of the services and flexible interval of the BC. This factor
is considered as minimum requirement for each BC of the services and is represented in form of a dotted-
dashed line with filled upward area. Based on this indicator, every fleet evolution scenario should be inside
the BC filled area in order to be competitive for that service. Afterwards, the potential of the different fleets’
evolution scenarios is assessed using their provided power associated with their aggregated number of PEVs
at each service’s candidate point.

For home scenario, the services PPSLV and BM are not competitive up to 2030 horizon unless for high
scenario of BC2. However, the services PPSMV, LM and FR are mostly well adapted with the provisions.
In FR service, the low scenario BC1 can be possible from 2030. For PPSMV, the low scenario BC1 is also
possible from 2025. In ETCM service, low scenario BC1 is not at all competitive up to 2030. This is the
same case for low scenarios BC1 and BC2 in VRLV and VRMYV services.

For office scenario in Fig. the services PPSLV, VRMYV and BM are impossible. The services FR, LM
and PPSMYV are inside the area, so they can be competitive for the office fleet. The actual study shows that
for BC1 the services VRLV and ETCM cannot be competitive. It should be taken into account that in this
study, the numbers of PEVs at work are estimated based on actual grid capacity, and the studied volume
availability is not at all guaranteed.

The results for both scenarios show that the services in the low voltage grid have not enough potential due
to the non-sufficient number of aggregated PEVs at LV grid, i.e. mostly less than 30 PEVs in all provision

scenarios. In addition, for service BM, due to its huge power capacity requirement, the fleets’ provisions are
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Fig. 22: Potential evaluation for home scenario under all evolution scenarios.

mostly not competitive as the available aggregated number of PEVs at point A cannot cover the BM service
power capacity requirement.

The proposed approach provides the potential evaluation of V2G ancillary services for distribution grids.
This approach is useful in V2G energy management modeling by concentrating on the main requirements
and limitations of each particular case study. By utilizing the proposed approach, the V2G management
system will be efficient and scalable to that specific case study. Furthermore, the real potential services can
be listed based on their priorities, which would be practical in the energy management scheming’s step. By
knowing the flexible capacity of each V2G fleet, in the context of renewable energies’ intermittent mitigation,

the management systems can be efficiently dimensioned to the real capacity of the V2G fleet as well. The
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proposed approach facilitates the choice of the proper ancillary services for V2G energy management and

also increases the benefits from the services’ mutualization for the aggregators.

11. Conclusion

V2G ancillary services potential assessment was discussed in this paper. The available V2G power of
the PEV fleets doing daily home-work commuting was modeled. This modeling is based on stochastic data
such as arrival/departure time and driving distance and averaged data, containing vehicle’s characteristics.
The interdependency of stochastic variables was analyzed using copula function. Two rarely discussed im-
portant factors affecting the AVP were also modeled and their impacts on AVP were identified. Availability
uncertainty of the PEVs during their plug-in interval was modeled using only daily trips percentage and
its decomposition thanks to the Gaussian mixture model. Secondly, the service localization limitation was
considered in the procedure of V2G service assessment of the PEVs fleet.

The impacts of availability uncertainty were studied on three potential bidding capacities for both home
and work scenario. The results indicated that the biddings in work places are more reliable than biddings
at home as the probability of uncertainty has less concentration during the work plug-in time compared to
the one at home. The flexibility of each bidding capacity was calculated using a robust global optimization
technic. The impacts of uncertainty also showed linearly drops on flexibility intervals and generally fewer
negative impacts on work biddings’ flexibility intervals compared to home scenario. Using the obtained
flexible interval for each bidding capacity and V2G power of each PEV fleet, the potential of ancillary service
participation of the fleets was studied thanks to a fuzzy inference system. The fuzzy system lets to quantify

the potential of each fleet considering the requirement of the services such as minimum power and time and
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localization limitation of the services inside the different point of distribution grid. This methodology, using
the statistical mobility data of Niort, a city in west of France, was applied and possible services for this city
were identified.

This study showed that based on the actual provision of PEV evolution in France, the services peak power
shaving in MV grid, frequency regulation, losses minimization and energy transmission cost minimization are
more competitive compared to balancing mechanism, voltage regulation and peak power shaving in LV grid.
It should be taken into account that, the impact of V2G infrastructure development and availability of V2G
per individual vehicle are also another important factor that may affect the presented results. The general
approach presented in this paper is sufficiently discussed, and it has potential to be applied on other similar

case studies.
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