periods such as during the night, and become a source of electrical power during high-load
K EEEE] ' periods such as a hot summer's afternoon. This ability can help substantially with Demand September
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UCLA WINSmartGrid™ Technology

California constitutes a significant
automotive market - a place where
demanding and energy-conscious
consumers come together with creative
designers from Hollywood, resulting in an
environment rich in ideas on automotive
innovation. As a result, California is
home to some of the most significant
innovations in EVs including Tesla and
Fisker. As these innovations come on
line their integration into the smart grid of
the future becomes the next big
challenge. We are developing a scalable
and robust architecture utilizing wireless
and RF-monitoring and control
technologies derived from
our REWINS™ research
calledWINSmartGrid™ that allows smart
vehicle and energy storage and
consumption management for vehicles in
home or in the office. As part of the
challenging long-term research project,
we are developing a series of
demonstrations both at home and in the
office. The first phase - developing an
on-campus demonstration within UCLA -
requires conducting research and

demonstration on UCLA's internal
electric vehicle (EV) fleet and charging
stations at UCLA for its integration with
our local utility's managed grid.

The objective of this project is to
reduce energy cost and usage and to
increase the stability of local power
system by managing the charging
operations of the EVs. This will be
accomplished using the smart grid
wireless system under development at
UCLA called WINSmartGrid™.

In this project, EV usage information
and electric grid status will be collected
wirelessly to determine better efficient
and economic charging operation of the
EVs. Due to different grid
stability/reliability, geographical location
of the EVs and driving patterns of the
EVs, effective management of charging
and backfill operations may be used to

lower electricity rates and flatten electric

WINMEC

A University-Industry Partnership
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WinSmartGrid™ Techn
ology-
WinSmartGrid™ platfor
m is used as the
infrastructure to i)
connect to EV electric
power sensors, GPS
chips, and other EV
data and ii) control and
utilize the wireless
network for
communication iif)
allow data filtration,
aggregation and
messaging, and iv)
provide a portal for
data integration and
decision making.
Smart Energizing - the
management of EV
batteries' charging rate
and extent of the
charge backfill based
on various data from
grid stability, energy
cost, vehicle location,
battery status, driver's
preference, and driving
patterns.

Grid Balancing - grid
management and
prediction of peak and
off-peak hours to store
excess capacity, or to
handle demands for
large numbers of EVs
charging efficient,
economically and
safely.

UCLA-

WINRFID™ Technolog
y - including RFID
tags/readers on the
EVs and charging
stations to track and
identify usage and
preference information
of each EV. Automatic
charge/discharge
intelligence stored
within smart RFID tags
managed by UCLA-
WINRFID Technology.
Cyber Security - study
and integration of
cyber security
technologies for secure
wireless
communication
between battery and
infrastructure or
between two batteries,
as part of the smart
grid architecture.

Intelligently o
coordinate charging
of many vehicles
based on users’
profile selections of

WP esearch Center
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load curve. Each EV will be equipped with a
handheld device to allow the driver to receive
instructions or seek advice to better manage
his/her EV's battery charging/backfill process.

For example, an alert can be issued to the
driver when the battery capacity is below a
threshold level. The alert can include a list of
near-by charging station's location, distance,
current and projected energy cost based on
the time of the day and use an intelligent
cloud-computing the driver the optimum
course of action.

The batteries on the EVs when not in
driving status can also be collectively used to
serve as the energy storage which can backfill
into the local electric grid to prevent power
outage during peak demand. In this scenario,
an alert is issued to the driver when a
predicted instability in the grid is detected.

country.

}l\ggregate user charging

requirements and preferences.
Intelligently use aggregate data
to meet peak-load demand

response by turning off

The alert can instruct the driver to bring the
vehicle to the appropriate charging station
to serve as backfill battery.

Existing EVs and charging stations
usage patterns will be studied to determine
the appropriate sensors and wireless
communication modules to be installed.
Communication and alerting systems will be
implemented by integrating
WINSmartGrid™ with our local utility's
Advanced Metering Infrastructure (AMI) and
the Demand Respond project.

The demonstration and results of this
project will provide vast amounts of data,
information and knowledge to allow an
effective and large scale roll-out of grid-
integrated EVs across the region and in the

e,

e\

Recent advances in
information and
communications systems
and battery technologies, in
combination with
substantial importance
given by society to reducing
greenhouse gas/carbon
emissions, have resulted in
dramatic thrusts towards
accelerated innovations in
electric vehicles (EVs) and
the smart and renewable
energy infrastructure
necessary to fuel and
support them. Products
such as the Nissan Leaf,
Chevy Volt, and Ford Focus
Electric, are in the process
of creating mass markets
for electric vehicles in the
U.S. The utilities on their
part are working towards
enhancing their
infrastructure through their
own investments as well as
those from the DOE
Stimulus ARRA Grants, and
this requires massive
changes in their distribution
as well as their
transmission systems. If
25% of all vehicles were
EVs today, the current
infrastructure in the U.S.
would have a difficult time
supporting the charging of
these EVs - substantial
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technological, infrastructure
and behavioral changes
would be required to do so
in a scalable and efficient
manner. Some utilities have
reported numbers which
indicate that even a single
220V EV charger may
during peak consumption
hours overload its
transformer. Therefore, the
current infrastructure needs
to be upgraded both from a
capacity standpoint as well
as from a flexibility and
power routing/control
standpoint. Adding capacity
is far more expensive than
adding intelligence and
smart power routing
capability, and the eventual
solution will require an
innovation combination of
both. Certainly, adding
auxiliary power sources at
the edge of the power
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network such as residential
solar PVCs to feed into the
grid would help from a
capacity standpoint, but
using such alternative fuels
so as the move the energy
around where it is needed
from where it is produced
will require a very
sophisticated and smart
grid.

While adding capacity
and adding smartness are
challenges - they are also
opportunities. There are
other unique opportunities
that the growth of EVs can
provide in the context of the
Smart Grid. Due to the
addition of a large number
of batteries by way of these
EVs there is the potential to
aggregate them to create
an energy storage buffer
which can absorb excessive
power during low-load

1)Cheapest— charge my car for as cheap
as ible within a Il bl
time

2)Fastest—charge mycaras fastas
possible, regardless of cost
3)Optimized — Optimize charging based
on system defined limits and user

Wireless and sensor-

based infrastructure

0  Monitoring of
battery status

0 Charge and
discharge
planning and
execution

V2G and G2V issues

Within V2G, EV'’s to
provide power to
micro-grid during
O  High priced
intervals
O Emergency
energy need
situations
Hierarchical and
decentralized
aggregation of battery
resources
Real-time two way
integration with utility
infrastructure and DR
Integration with
stochastic renewable
sources to smooth
micro-grid
consumption

Integration with micro-
grid based community

storage
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