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Definition of smart charging

» Customer perspective
» Automation of charging. Customer plugs vehicle in and forgets about it
» Minimizes electricity cost
» Provide additional revenue for providing grid services (“Cash back”)
» Grid-operator’s perspective
» Responsive load resource
» Could provide “ancillary services”, necessary to operate the grid reliably
» Contingency reserve
» Regulation service
» Load resource has superior performance over that of a generator
» Very fast responding
» Never causes congestion in the grid

» Smart charging is NOT
» Turning the PHEV/EV into a generator and feeding electricity into the grid
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Features of smart charging

» Charging scheduling
» Price-based charging to perform majority of charging during off-peak
» Enable customer to optimize between cost and convenience
» Demand response services
» Direct load control, modulating/reducing load
» Scheduling load

» Ancillary services

» Increase grid reliability by fast (autonomous) voltage- and frequency
control

» Regulation services (V2Ghalf) modulate load

» Mobile billing

» ‘Roaming’ capabilities to support charging everywhere and bill at
home
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Why is it important to schedule the charging?
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Price-based scheduling
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Value of price-based scheduling to customers
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Annual cost savings potential for customers

2 SCE case
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» Cost savings depend on:
» Electricity rate
» Differential between peak and off-peak rate
» Duration (number of hours) of avoided peak period charging
» Charging rate
» Cost savings can range significantly
» In low-cost electricity in Pacific Northwest: annual savings likely to b less than $100
» In high cost California: annual savings could € several 100s®f dollars
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$/MW-hr

What are the Regulation Services worth?

Average Monthly Ancillary Service Prices

$80
CA Reg Tot === CA Spin CA Non Spin CA Rep
NY Reg === NY Spin = = NY Non Spin NY 30 Min
ERCOT Reg Tot === ERCOT Responsive = = ERCOT Non Spin
$60 - Market-based prices in
organized US
wholesale power
$40 -
markets
$20 -
$0 - : "t e RO, T e June 2005 Ancillary Service Prices
2002 2003 2004 2005 2006
$70
. CA Reg Tot === CA Spin = = CA Non Spin CA Replacement
Source: B. K|rby, ORNL =NV Reg = NY Spin = = NY Non Spin NY 30 Min

ERCOT Reg Tot === ERCOT Responsive = = ERCOT Non Spin




Load can provide regulation services (V2G half):
Definition and value
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Attribute of “V2G half”:
* provides regulation service with ¥2 the capacity value of V2G

* however, less than half the cost because
* No interconnection gear with grid necessary because no electricity goes back into grid
* removes any uncertainties regarding battery life reduction
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Value of V2G half

Annual Value of V2G half California,
Battery regulati | MWhl ——— Texas case
size  |$20/MWh4$30/MWh [$40/MWDP)|$50/MWh
5 kWh $ 36.50 | $ 54.75 73.00 | $ 91.25
10kwh | $ 73.00 | $109.50 | $146.00 | $182.50 } PHEVs
15kwh | $109.50 | $164.25 | $219.00 | $273.75
20kWh | $146.00 | $219.00 | $292.00 | $365.00 |
25 kWwh | $182.50 | $273.75 | $365.00 | $456.25
30 kWh | $219.00 | $328.50 | $438.00 | $547.50 | ~ EVs
35 kWh | $255.50 | $383.25 | $511.00 | $638.75
40 kWh | $292.00 | $438.00 | $584.00 | $730.00 |

Value of V2G half depends on size of battery, which determines the duration for
service delivery

Duration of service provided to the grid operator is limited by the time it takes to re-
charge the battery

Charging rate (kW) is important. It determines how many vehicles must be
aggregated to reach minimum size requirement for regulation markets (e.g., 1 MW)

Requlation services value is most likely larger for customer than savings from
optimal scheduling




Prototype of Smart Charger Controller
together with Brusa Charger
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Use Scenario: PNNL Smart Charger
Controller Integrated in the Vehicle

ZigBee

Communication
to service provider

Grid Friendly chip embedded in

Public Charging

ZigBee

controller

performs ancillary services for

the grid, based on:
» AC frequency
» AC voltage

PNNL Smart Charger

Controller

Smart Controller

* Interfaces via:
* CAN bus to charger
» ZigBee to Premises
» Perform charging strategies

Grid Friendly Chip

AC

CAN bus
I Battery Management
System
W

J1772
[ Connector
.- ' %

Communication
to service provider

Home Charging

Brusa Charger

R
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Smart Grid with Smart Chargers Can Deliver
the Electricity for Millions of PHEVsS

ELECTRIFYING THE TRANSPORTATION SECTOR WITH

Plug-in Hybrid Electric Vehicles

The Smart Grid Can Deliver

¥ BENEFITS

« Enhanced energy security
* Reduced greenhouse gases
* Improved urban air quality
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Customer interface in the vehicle

Default could be
price-based charging

B Vehicle Panel

Override option
“Charge NOW”

Charge By
Charge Now ;

For price-based
charging, customer
sets time when
battery is to be
charged 100%
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