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Abstract— Thiswork presents a systemic method to address the
integration of electric vehicle (EV) services in eectricity distri-
bution areas. Unidirectional vehicle-to-grid (V2G) is considered
as the first feasible step in exploiting the EVs potential to pro-
vide energy services for the grid, because it necessitates of fewer
infrastructures and gives lower stressto EV batteries. The im-
plementation of unidirectional V2G requires the application of
smart grid (SG) featuresin distribution networks with local mi-
cro-gener ation units, which involves dealing with the microgrid
(MG) concept. In this respect, a generalized model is proposed
to facilitate the definition of the possible modes of V2G interac-
tion with both the other domains of the MG and the SG inter-
face. An application of the methodology is proposed for the en-
ergy trading in short-time markets. In this case, the participa-
tion of V2G is addressed via optimization-based modeling where
the different EV service attributes are considered by indices.

Index Terms—Energy trading, Microgrid, Smart Grid, Smart
User Grid, Vehicle-to-Grid.

l. INTRODUCTION

A. Background

Vehicle-to-grid (V2G), the provision of energy or ancillary
services from a fleet of EVs to the grid, can bring about new
mechanisms and modes for participation in the deregulated
electricity market [1, 2]. Through V2G it is possible to strong-
ly characterize microgrid (MG) features such as consumers
jurisdiction, self- and distributed generation, flexible distribut-
ed energy resources (DERS), energy storage systems (ESSs),
and overal the possibility of participation in energy trading
through the future standard of two-way communication with
the smart grid (SG) [3].

The feasibility domain and the economic potential of both
revenues and collective benefits of the integration of V2G in
electricity users areas (EUAS) are definitely huge, but for a
concretization of targets in reasonable times the internal de-
velopment of these areas from now on has to be driven by
proper and systemic approaches that should be easily custom-
ized to specific applications within the smart technological
environment. Such approaches should be robust and flexible,
in order to address either already existing structured electricity
service areas or new |large-scale implementation cases. For this
purpose, an extension of the application of MG paradigms
sounds promising in the roadmap toward the development of
SG interfaces [4]. Such extension represents the core of the
generalized model of MG-to-SG interface proposed in this pa-
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per to address the integration of V2G in the electricity distri-
bution systems.

B. Purpose and Contributions

A methodology based on the use of MG concepts is pro-
posed to investigate and discuss how the SG paradigms could
be customized to the V2G implementation. In this respect, the
paper gives two main contributions —firgt, it proposes a new
paradigm, the smart user grid (SUG), for systematizing the
concepts, and second, it develops an advanced and generalized
model based on this new paradigm for the study of EUAS pro-
vided with EV services.

The proposed modeling approach, for its evident methodo-
logical features, is flexible and therefore suitable for different
applications. In this paper, we consider the market context to
show how SUG approach and related models should be used
for studying the energy trading in local short-term markets
where also V2G participates. Tools and models needed for this
study are described. Since the problem of energy trading can
be formulated as an optimization problem, a general formula-
tion of this problem is derived based on models aready pre-
sented in literature. However, some developments of these
models are proposed in order to include in the formulation the
different VV2G attributes via indices. The case study of a SUG
representing a load serving entity that provides unidirectional
V2G service is addressed.

Il.  METHODOLOGY DESCRIPTION

A. The* Smart User Grid” Paradigm

Any EUA provided with micro-generation (and hence “ac-
tive”) can be viewed and represented as a general structure
made of several domains of major functionalities (generators,
flexible/non-flexible loads, EESs, transformers, etc.) having
different features, uses, behaviors and requirements. Each do-
main is reserved for different tasks performed by individua
agents that can have interoperations with each other [3]. This
structure, given the clear connection with MG and SG con-
cepts, will be referred to as“ smart user grid” (SUG).

From a market perspective, the SUG can be seen as an

EUA operator (e.g. a pool delegate energy manager) integrat-
ing two main components:
e Supply point: it is the front-end of the SUG interfacing
with the SG. This point represents a physical and intelligent
power section capable to: a) exchange energy with the SG; b)
control the state of connection between SUG and SG; c) act as
the SUG participants’ representative.



o SUb-SUGs representative of the individual do-
maing/functionalities; aggregated via a proper architecture that
mixes hierarchical and peer-to-peer relations managed by mul-
ti-agent system (MAS) procedures[3].

The SUG can be virtually represented as an aggregator of
all the functionalities within the EUA that also acts as a me-
diator for the participation in the energy market. Any compo-
nent of the SUG - being it aMG, amulti-MG, or an individua
energy entity - can be conceived as a sub-SUG. Fig. 1 shows a
possible evolutionary implementation of SUG concepts. A
SUG can coordinate and represent various combinations of
MGs and multi-MGs, including different operators organized
according to similar operation and technological platforms. As
further described, also EV services aggregators can be recog-
nized as operators, concretizing the possibility to extend the
MAS paradigm for realizing modes of distributed or mobile
operation for the V2G. Note from this figure that also the EV
aggregators can be seen from the SG interface as individual
agents (sub-SUGs) representing the first leve in the hierarchy
of the two-way communication with the SG.

B. Approach to Microgrid Modeling

Within the SUG paradigm, a correct roadmap should be
defined to best exploiting the potential of the MG paradigms.
For this purpose, a systemic approach has to be recommended
in order to safely and effectively address the incorporation of
different MG featuresinto more or less complex EUAS.

The approach to EUAs modeling requires a preliminary
phase aimed at setting up the MG’ s architecture. The first step
of this prdiminary phase considers two aspects. 1) MG's
structure and organization must fit in with the operational
needs of the individual eectric facilities within the EUA; 2)
electricity is an essential internal service that can contribute to
the unitary value of the consumers' economic activity and can
be a commodity, but firgt it has to comply with the aforesaid
operational needs of the electric facilities. Therefore, the sys-
temic approach has to be supported by service-oriented analyt-
ic procedures enabling the customization of the MG applica-
tionsto the service areas’ characterigtics.

The customization envisages decomposing the organiza-
tiona EUA’s structure into individual physical sections and
defining the technical and service requirements specifications,
which makes possible to identify what MG features could be
implemented in any specific case. The expected outcome of
this step is the definition of agents, internal rules, formal con-
straints derived from peer-to-peer relations and interactions,
individual agent’s strategies, and then of al the elements that
can feature a*“ customer-driven MG” [5]. This process leads to
a definite configuration through the added value given by a
rationalization of the available DERs, loads and other area
components, which can be easily pursued through: a) aggrega-
tion of these components; b) definition of the corresponding
architecture; c) assgnment of preliminary attributes and fea-
tures to the single entities. The application of service-oriented
methods helps mitigate the criticalities associated with both
the identification of communication networks and the secure
management of data information. The use of systemic proce-
dures can help smplify interrelation and interfacing features
and therefore facilitates the design of the logic architecture of
the SUG-to-SG model. For example, wide EUAS containing
heterogeneous DERs can be horizontally organized in multiple

TN

e 5}0 G’ wlD Tr T
o=

vy
Fig. 1. Evolutionary scheme of SUG

MG cells and vertically layered in levels, asin Fig. 1. Finally,
the application of methods such as the Class Diagram tech-
niques can help identify the criteria of aggregation of DERs
and loads, the associated interdependencies among compo-
nents, and the attributes and parameters characterizing the in-
dividual functionalities.

The second step of the MG’ s architecture set up addresses
the detailed modd’s configuration through a parametrical
analysis that aims at identifying the most relevant attributes,
parameters and variables for the definition of the peculiarities
of each agent and, in the whole, of the entire modeling area.
At this stage, the physical distribution of functionalities and
components within the EUA has to be properly considered, in
order to define quantity and quality of the parameters that
characterize, on one hand, the generation and load profiles
(parameterization) and, on the other hand, the different com-
binations and aggregations of components (vectorization). Pa-
rameterization and vectorization allow defining the models for
the DERsS operation modes and the users consumption
trends.

With specific focus on the V2G agent, the stage of MG
modeling should bring to a complete definition of the organi-
zational, operational and economic attributes of the EV ser-
vices, for both the V2G operator side and the EV customers
side.

C. Approach to Vehicle-to-grid Modeling

In EUASs providing V2G services, the modeling of the EV
aggregator functionalities, either unidirectional or bidirection-
al, can be efficiently solved via the methodological approach
discussed above, and in this respect customization and config-
uration procedures appear particularly suited to identify the
V2G entity.

From an organizational point of view, the characterization
of the V2G has to be done taking into account not only the
specific EV attributes (e.g., EV type, battery size, driving
range, charging/discharging time, price, reliability) and V2G
service attributes (type of V2G infrastructure/parking, opera-
tional program, trading strategy, costs, customers segmenta-
tion) but also the loca end-users demographic and socio-
economic attributes, because these characteristics influence
EV's penetration and demand rate patterns [6]. All these attrib-



utes, properly classified, constitute the basis for the parameter-
ization and vectorization of the EV aggregator.

From a market perspective that particularly regards the
type of services the V2G can provide, the characterization
mainly depends on the V2G infrastructure being either unidi-
rectional or bidirectional. Unidirectional V2G can sell demand
response services by throttling EVs charge rate only, being
therefore limited to participation in regulation or spinning re-
serve market, whereas bidirectional V2G would be able to
provide electricity delivery to the grid as an additional service
[1]. It must be recalled in this respect that if the implementa-
tion of unidirectional V2G sounds feasible and promising, on
the other hand the bidirectiona solution still appears futuristic
because it requires additional hardware not included in the
EVsin production and it increases the battery degradation [7,
8].

It has to be considered that an EV service aggregator has
severa technical and commercial options for differently or-
ganizing its services or for differently and independently par-
ticipating in the market mechanisms. For example, with re-
spect to the market, the aggregator can participate in the ener-
gy trading at different levels based on the pursued business
strategy - it can operate as an independent agent that repre-
sents itself in the bidding; or it can decide to aggregate with
another entity (e.g. a MG agent, or a Multi-MG agent) to sell
its services.

I1l. METHODOLOGY IMPLEMENTATION FOR THE MARKET

A. Vehicle-to-grid Participation in the Energy Trading

Differently from other types of operators, the EV aggrega
tor is still hardly featured as a participant in the energy market
due to the clear difficulty of statically representing the dynam-
ics of the EV services. Moreover, the EV services appear to be
affected by a substantial uncertainty that is related to the fi-
nancial risk the EV aggregator incurs because of the rigidity of
the energetic strategy carried out by the SUG agent. These is-
sues could be however overcome considering that until now
the V2G provision can be realisticaly assumed in real-time
(balancing) markets only. In these markets, dynamics and un-
certainties can be neglected if certain simplifications and as-
sumptions are made for the modeling of the EV aggregator. In
this respect, bidirectional EV services could be modeled via
load or generation profiles representative of EV charging or
discharging services, whereas unidirectional EV services
could be modeled as variable load profiles.

Introducing the EV aggregator as an active agent in the en-
ergy trading does not change features and mechanisms of the
market where the SUG operates. However, combining the
V2G sarvice in the energy bidding can impact on the business
formula adopted by the SUG, because the EV aggregator rep-
resents an “additional economic value® at the interface with
the SG and this additional economic value could complicate or
sdow down the consolidation of the final bid of the SUG. The
complexity of the SUG's configuration is related to the actual
contribution of the EV resources to the SUG customers and to
the possible presence of multiple MGs with multiple EV
agents at the interface with the SUG. In view of the business
formula adopted by the SUG and of its complexity, the EV
agent will decide its own market participation options based
on the peer-to-peer set with the other SUG'’s agents (or other

Sub-SUGSs) and on an evaluation of the tradeoff between the
costs and the benefits of participating in the SUG market.

According to the possible aggregations of the SUG com-
ponents and to the agreements among the Sub-SUG agents,
including the EV aggregator for the V2G services, a general-
ized SUG model can be derived. In the configuration shown in
Fig. 1, for example, acommon EV-MG agent provides the in-
terface with the SG functioning as an energy service company
(ESCO) that manages the sub-SUG security strategy and rep-
resents the pool of all the MG agents included in the sub-SUG
for their participation in the market. This example makes other
so-far-atypical solutions redlistic, considering on one hand the
intrinsic unsteadiness of the local RESs and DERs and on the
other hand the different stability and elasticity of individual
offersfrom SUG participants.

From a market perspective, the multiplicity of different
domains within the SUG represents a major variable for the
generalized model. Even for MGs operating autonomously, in
some cases the association of them for market participation
and business purposes could be more profitable for the differ-
ent MG agents, because of the respective available RESs and
DERs and because of the respective internal costs and energy
prices elagticity, the latter depending on the whole dealing
with the SG interface. A second variable in the modeling with-
in the market is the flexibility of the EV service organization
and management, which in general depends on the way of ag-
gregating the local EV parking and charging demands and on
the possibility of implementing different V2G services. Other
variables can be the EV aggregator (real or virtua parking ar-
eas characterized by rated parameters of physical extension,
EV parking places, plug-in places, unidirectional/bidirectional
service) and some management variables that can be assumed
in terms of service timetable, sharing of EV service capacity
among internal (inside parking area), public and resident cus-
tomers, etc.

The EV-SUG agent has to be designed based on: a) the
SUG’s configuration; b) the EV aggregator’s configuration; c)
the service features to rely on. For this purpose, a systemic op-
timization study should be carried out in order to find a busi-
ness formula for the EV aggregator that at a first level is com-
patible with its presence within the SUG and its coexistence
with the other agents, and at a second level is optimal for its
active participation in the market. In the following, this opti-
mization study is further explored with specific reference to
unidirectional V2G, and mathematical models for the EV ag-
gregator and the analysis of the optimal trading strategy of the
SUG-EV agent are presented.

B. Aggregator Model

The proposed aggregator formulation builds on the con-
ceptual framework associated to plug-in EVs. The concrete-
ness of the model makes it a valuable support tool for the im-
plementation of V2G into real-world.

At least two aspects should be considered to model an EV
aggregator. First, since the principal utility of vehicles liesin
their availability to provide transportation to its owners, the
EV's may not always be plugged into the grid. Second, the en-
ergy stored in the EV's plugged into the aggregator and availa-
blefor the EV service provision is variable and depends on the
distance travelled during the day. These aspects should be
properly represented in the aggregator model. Moreover, since



the power the EV aggregator can provide for unidirectional
service depends on factors such as type of batteries, size,
number and type of vehicles, EV sate (driving pattern),
charge/discharge rate of the battery [9], the definition of these
is also necessary for the modeling. All these factors are affect-
ed by uncertainty (e.g., the EV state, which depends on the
driving pattern) or by variability (e.g., the type of vehicle,
which could be “non plug-in”, or “plug-in charge-only”, or
“plug-in charge/discharge”).

Based on the above, the mathematical model of the power
Pgy_aq(t) that each EV aggregator provides within the SUG
for unidirectional V2G services can take the following formu-
lation, asdetailed in [9]:

Pgy_ag(t) =1.(t) * Ngy o (t) — 75 (t) * Npy i () D

In (2): 7.(t) and ry, (t) respectively are rates of charge and
self-discharge at time t, whereas Ny, .(t) and Ngy, ;(t) denote,
respectively, number of charging EVs and inactive (that is,
connected but not charging) EVs at time t. Ng, (t) and
Ngy ;(t) are stochagtic variables that could be modeled via
time-series techniques, whereas the uncertainty associated
with 7.(t) and ry; (t) could be taken into account viaranges of
variation.

Note that the aggregator is modeled in (1) only with re-
spect to technical and technological parameters. The economic
parameters needed to complete the representation of the ag-
gregator for the energy trading problem should rather be con-
sidered in the formulation of the optimization model for the
trading, as shown in the next subsection.

C. Generalized Optimization Model for Combining
Unidirectional V2G with SUG Services in the Energy
Trading

A mathematical formulation is given here for the problem
of trading in the short-term energy market for a SUG that
owns thermal and renewable power plants as well as a unidi-
rectional V2G infrastructure, hence serving aload which tends
to be perceived by the grid as an equivalent customer with
significant EV's penetration. This formulation is a generaliza-
tion of that presented in [2], and can be applied to any particu-
lar configuration of SUG, included those with unidirectional
V2G.

The problem can be expressed as an optimization algo-
rithm where the objective is maximizing the expected profits
of the SUG under certain imbalance, operating and EV charg-
ing congtraints. The objective function should take into con-
sideration the contribution of al the domains (sub-SUGS) of
the SUG, asfollows:

Maximize
PROFITsy; = Ygm, - (PFT, + PFR; + PFD, + 2
PFI,)

where: 1) PFT; isthe per-scenario (s) profit from thermal gen-
eration, which is a function of thermal energy revenues, ther-
mal production costs and start up cost, per time period and
generating unit; 2) PFR; isthe per-scenario profit from RESS,
which depends on RES revenues and on production, operation
and maintenance costs; 3) PFD; is the profit from both tradi-
tiona (non-EV) and EV load serving; 4) PFI isan imbaance

term that takes into account additional profit or penalties due
to renewable power, load imbalances, or other factors that are
not necessarily electrical but can affect the service operation.
The parameter 1, takes into account the probability of realiza-
tion of ascenario s.

Note that the unidirectional V2G is modeled in the objec-
tive function by means of the load profit term, PFD,, which
consists of two terms — the first is the SUG’ s revenues paid by
the loads, EVs included, the second term is the cost of the
scheduled energy to be purchased by the energy market:

PFDg = R, - (Lac,s + EVac,s) —Ps (Lsch,s + EVsch,s) (3)

In (3): Ry and p, respectively are utility rate charged to
customers and spot market energy price; L, s and Lgo, s are
per-scenario realized and scheduled hourly utility demand, re-
spectively; EV,.s and EV., ¢ are per-scenario realized and
scheduled hourly EV power draws, respectively.

In this optimization model, the systemic methodology ad-
dresses the identification of scheduled hourly EV power
draws, EV;., s, as dependent on systemic factors that can be
considered by indexed parameters Ky, Ky, Kz, which relate
EVqn s and PFD attributes to the following vectors of varia-
bles:

e X: extension of distributed areas managed by the aggrega-
tor within the SUG perimeter and car fleet characteristics.

e V: aggregator’s strategy of service offer, determined by the
criteria of managing the EV service potential of the cars
fleet.

e Z: customers behavior modes.

The indices Ky, Ky, and K are defined as system parame-
ters because they are functions of its state. These parameters
can help identify the main quantitative features of the EV ser-
vice within the Sub-SUG model, in particular the hourly EV
charging service profile associated with the EV aggregator’s
bid and the related economic estimates, as shown in Fig. 2.

Rated values for system
parameters & attributes

Kx=f (X) EV.q
case study Ky = f (V) '
Kz=f (2) PFD,

X = service area attributes
Y = service strategy attributes
Z = customer demand attributes

Fig. 2. Systemic approach for EV service identification

Therefore, every scenario s has to be dealt with by referring
these parameters to the rated conditions of the system. This
can be achieved by assigning each scenario the proper values
of Ky, Ky, and Kz, within the range [0, 1], through careful sys-
tem analyses or design criteria based on systemic methodolo-
gies.

Note that any power generation, load, or responsive de-
mand (beside unidirectional V2G) can be included in (2) to
particularize the individual terms of the equation.



The congtraints to be considered in the trading problem
formulation regard the imbalance modeling, the operation of
the generating units and the EV charging. These congtraints
have to be formulated as equations or inequalities. In particu-
lar:

e |Imbalances. the discontinuities in either the imbalance-up
(over-generated power in excess of combined schedule) or the
imbalance-down (under-generated power in deficit of com-
bined schedule) should be modeled.

e Operating constrains. thermal power output limits, sched-
uled renewable power limits, ramp up/down limits and mini-
mum start up times should be included as inequalities.

e EV charging constraints: proper inequalities should be in-
troduced to express that the battery cannot exceed its maxi-
mum charge capacity and cannot charge at a rate greater than
its charging rate. Additiona equations or inequalities should
be introduced to model the EV states of charge at certain times
of the period of study (e.g. before the first morning commute
and at the end of the day). Finally, inequalities to ensure the
EV power draw being always between the bid capacity limits
should be considered as well.

Many of the data required for formulating aggregator and
optimization models should be obtained from statistical data-
bases. Unfortunately, EV market and related technologies are
truly emerging; therefore very few statistic data are currently
available. In this respect, aggregator and optimization models
should be considered as typically affected by generalized un-
certainty and therefore built up using proper and robust meth-
odologies, capable to deal with probabilistic formulation and
stochastic variables.

V. SIMULATION

An application of the methodology is here given consider-
ing a simple but concrete case study, with the specific target of
demonstrating implementation criteria and flexibility of the
proposed approach. This case study addresses the maximiza-
tion of profits for a small EUA owned by an independent op-
erator that serves as a distributed aggregator. This operator -
e.g. public operator, managing the parking services for the
municipality — aims to adapt its own organization and service
strategy to participate in the electricity market as an interface
for end-users. As shown in Fig. 3, the EUA can represent ei-
ther an aggregator’ s energy manager (EV-MG interface) or the
SUG'’ s manager serving as a market operator (e.g. ESCO).

The EUA includes two parking lots — PKA, an inner city
parking lot suitable for short-term parking, and PKB, an extra-
urban parking lot for commuters. These parking lots have in-
verse functional dependency between parking time and price,
due to their different locations.

The case study is implemented as an optimization prob-
lem, with equation (2) rewritten as follows:

PROFITEuA =
- (PFDPKA + PFIPKA+PFDPKB+PFDPKB + (4)
PFL)

assuming s=1. PFDpy, and PFDpyp are the profits from EV
charging in parking lots PKA and PKB, respectively. PFlpg,
and PFlpyp are additiona profits due to parking service pro-
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Fig. 3. Architecture of EUA considered in the case study

vision, hence representing the imbalance term of eq. (2). PFL
represents the revenues from load available to support unidi
rectional V2G in ancillary service provision. A probabilistic
approach can be considered to model 7 in an off-line subrou-
tine that assigns this factor values varying in the range [0, 1].
In this case, it is assumed =1, as the reference framework
considered for the simulation is that of real-time (RT) trading,
where costing techniques based on the RT pricing paradigm
are adopted.

Two different situations are simul ated.

e Case 1: the aggregator applies variable tariffs for parking,
and RT energy pricefor EV charging service.

e Case 2: the aggregator applies variable tariffs for both
parking and EV charging services.

The problem is characterized via indices Ky, Ky, Kz as fol-
lows:

o Ky Service area attributes are supposed not included in the
aggregator’s service drategy (e.g., the aggregator is choosing
how to invest based on approximate eval uation of revenues, in
an early planning stage). In this case, Ky is not a variable with-
in eq. (4) but instead it is a parameter of the problem.

e Ky Thisindex isavariable of the problem and within the
objective function, which takes into account the different
characterization of the aggregator's service strategy offer in
the two cases.

o K3 Ascostumers behavior isnot considered, thisindex is
neglected.

For this study, energy prices are taken from the 2012 U.S.
EIA report; load and EV data are taken from [12]. Each park-
ing lot is assigned certain capacities to host internal combus-
tion engine (ICE) cars or EVs, and prices that vary linearly
with number of cars hosted. Three different scenarios are con-
sidered for the two cases, where EV parking spaces (Ngy jim)
respectively are 50%, 40% and 30% of |CE car parking spaces
(Nyc1im)- For reference, some of the characteristics are sum-
marized in Table .

Simulation results are depicted in Fig. 4, which shows the
maximum profits obtained in each case as well as the contri-
bution from the different resources of revenue. Note in partic-
ular that main contribution to the total profit comes from PKB,
due to its higher hosting capacity, whereas |oads give the low-
est profit. The average contribution (in %) from each revenue
resource in both casesis shown in Fig. 5.



TABLEI. DATA
PKA PKB
Nev iim Niciim| Neviim Niciim| L (W)
50% 200 400 500 1000 80
40% 160 440 400 1100 50
30% 120 480 300 1200 50
PKA PKB
Parking EV charge Parking EV charge
($/h) (c/kwh) ($/h) (c/kWh)
Casel y=atbx 18 y=atbx 15
Cae?2 y=at+bx y=at+bx y=at+bx y=at+bx

Two observations should be done regarding the assump-
tions made. First, Ky has been supposed as a parameter; how-
ever, in the hypothesis of limited investment capability for the
aggregator, this index would be modeled as a variable func-
tion. Secondly, in order to introduce a scheduling strategy, the
assumption of RT pricing should be removed.

IV. CONCLUSIONS AND FUTURE WORK

This paper presents a new methodology for the systemic
study of V2G integration in EUAs. MG and SG concepts are
recaled to develop a new modeling paradigm, the SUG,
which is suited to flexibly represent the different complexities
possibly arising from the V2G integration. Proposed method-
ology and modd are then applied to the electricity market con-
text to analyze the new mechanisms introduced by the partici-
pation of an EV service entity in the short-term energy trading
of an EUA. Unidirectional V2G is considered for the EV enti-
ty. Since the energy trading problem should be addressed as
an optimization problem, the SUG model is trandated into
mathematical formulations that properly take into account the
EV service viaattributes characterized by indices.

An illustrative but realistic case study is used to demon-
strate the implementation criteria and the effectiveness of the
approach. The methodology is flexible, and therefore the made
assumptions do not restrain the possible extension of the case
study to more complex physical structures. This extension can
be easily achieved through the systemic implementation of
genera SUG model architecture and associated computation
tools.

The mainly conceptual work presented here is the first re-
sult of aresearch study devoted to devel oping robust method-
ologies and tools for the assessment of V2G integration in the
electricity scenario. Future work will focus on implementing
the proposed methodology on real cases. This also envisions
accurate parametrical and sensitivity analyses of the EV at-
tributes as well as accurate modeling of the uncertainties via
robust statistical/probabilistic techniques.
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