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Tutorial Overview

Worldwide electric vehicle sales are expected to be over 3.5 million annually by 2020 according to a
Forbes forecast. A significant portion of those vehicles will be Plug-in Electric Vehicles (PEVs) that are
plugged-in to the grid through a standard home outlet or to a charging station using a SAE 11772
connector. The volume of electric vehicle charging load is expected to be correlated with peak
electricity usage which will dramatically impact the stability of the already stressed power grid. A
large number of recent studies have addressed the uncontrolled charging problem and came up with
novel architectures, models and networks that allow controlling the heavy PEV loads. Meanwhile,
electric vehicle batteries can be considered as Distributed Energy Resources (DERs) once several
batteries are controlled as one by an aggregator. This is usually referred to as vehicle-to-grid (V2G)
while charging is known as grid-to-vehicle (G2V). V2G applications are expected to be predominant
in microgrids which are small scale power grids with the ability to connect and disconnect to the
power grid and those that may span a residential home, a building or a neighborhood.

In this tutorial we will first provide a comprehensive background on electric vehicles, batteries,
electric vehicle supply equipment types, charging properties, in addition to fundamentals of
operation of the generation, transmission and distribution in the smart grid. Then, we will lead the
audience to the challenges of electric vehicle charging with in-depth presentation on its impacts on
supply, ramping, renewable energy integration, regulation and distribution equipment
(transformers, feeders, protection switches, etc.). Along with challenges, we will introduce the
opportunities when charging occurs overnight and reduces start-up and ramping costs in the next
morning and discuss the options of using electric vehicle batteries as a resource in the smart grid.
Next, we will present the communication technologies and networks that are used for connecting
electric vehicles to the smart grid communication networks. We will discuss both vehicle to charging
station communications as well as charging station to smart grid communications and present
wireless, powerline, Ethernet and optical-wireless solutions. The state-of-the-art research in
architectures and analytical models for G2V and V2G applications will be introduced in detail in the
following part of the tutorial. Aggregator architectures, queuing models, network calculus,
optimization-based studies, algorithms and many other solutions from academia and industry will be
introduced. As a natural extension of VANETs, Connected Electric Vehicles (CEVs) and adoption of
VANET technologies in CEVs will be discussed thoroughly. Worldwide testbeds designed for
evaluating advanced electric vehicle applications in microgrids and the smart grid will be introduced.
Before closing, we will present open issues and future directions which will give valuable hints for
the audience who are willing to pursue cutting-edge research in the electric vehicle and smart grid
domains.
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