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Disclaimers

This document establishes the foundation for the initial deployment of electric vehicle
supply equipment (EVSE) by Electric Transportation Engineering Corporation. Neither
Electric Transportation Engineering Corporation, nor any of their affiliates:

(a) represents, guarantees, or warrants to any third party, either expressly or by
implication: (i) the accuracy, completeness, or usefulness of; (ii) the intellectual or
other property rights of any person or party in; or (iii) the merchantability, safety,
or fitness for purpose of; any information, product, or process disclosed,
described, or recommended in this document,

(b) assumes any liability of any kind arising in any way out of the use by a third
party of any information, product, or process disclosed, described, or
recommended in this document, or any liability arising out of reliance by a third
party upon any information, statements, or recommendations contained in this
document.

Should third parties use or rely on any information, product, or process disclosed,
described, or recommended in this document, they do so entirely at their own risk.

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately-owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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AC
AMI
ARRA
BEV

CCID

DC
DCFC
DFE
DOE
EPRI
EV
EV-ETS
EREV
EVSE

HOA
ICE
IWC
kw

kKWh

LEED
LSV
MUTCO
NEC

NEMA

NEV
NFID
NFPA

Acronyms

Alternating Current
Advanced Metering Infrastructure
American Reinvestment and Recovery Act

Battery Electric Vehicle—Vehicles powered 100% by the battery energy storage
system available on-board the vehicle.

Charge Current Interrupting Device—A device within EVSE to shut off the electricity
supply if it senses a potential problem that could result in electrical shock to the user.

Direct Current

Level 2 DC Fast Charger

Design Flood Elevation

U.S. Department of Energy

Electric Power Research Institute

Electric Vehicle

Electric Vehicle-Energy Transfer System
Extended Range Electric Vehicle—See PHEV

Electric Vehicle Supply Equipment—Equipment that provides for the transfer of
energy between the electric utility power and the electric vehicle.

Homeowners Association
Internal Combustion Engine
Infrastructure Working Council

Kilowatts—A measurement of electric power. Used to denote the power an electrical
circuit can deliver to a battery.

Kilowatt Hours—A measurement of total electrical energy used over time. Used to
denote the capacity of an EV battery.

Leadership in Energy and Environmental Design
Low Speed Vehicle
Manual on Uniform Traffic Control

National Electric Code—Part of the National Fire Code series established by the
National Fire Protection Association (NFPA) as NFPA 70. The NEC codifies the
requirements for safe electrical installations into a single, standardized source.

National Electrical Manufacturers Association—Develops standards for electrical
products.

Neighborhood Electric Vehicle
National Flood Insurance Program

National Fire Protection Association
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OSHA
PHEV

PV
REEV
RFID
RTP

SAE

SES
TOU
UL

V2G

VAC

Occupational Safety and Health Act

Plug-in Hybrid Electric Vehicle—Vehicles utilizing a battery and an internal
combustion engine (ICE) powered by either gasoline or diesel.

Photovoltaic
Range Extended Electric Vehicle—See PHEV
Radio Frequency Identification

Real Time Pricing—A concept for future use whereby utility pricing is provided to
assist a customer in selecting the lowest cost charge.

Society of Automotive Engineers—Standards development organization for
the engineering of powered vehicles.

Service Entrance Section
Time of Use—An incentive based electrical rate established by an electric utility.
Underwriters Laboratory

Vehicle to Grid—A concept that allows the energy storage in electric vehicles to be
used to support the electrical grid during peak electrical loads.

Volts Alternating Current
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Electric Vehicle Charging Infrastructure
Deployment Guidelines

1. Introduction

Concerns with global warming, oil shortages, and increasing gas prices, along
with the rapid rise of more fuel-efficient vehicles, are clear indicators of changing
consumer preferences and automotive industry direction. As major automotive
manufacturers plan to launch plug-in electric vehicles (EV) in 2010, the future of
transportation is being propelled by a fundamental shift to cleaner and more
efficient electric drive systems.

ECOtality, Inc. (NASDAQ: ECTY), headquartered in San Francisco, California, is
a leader in clean electric transportation and storage technologies. Its subsidiary,
Electric Transportation Engineering Corporation (eTec) dba ECOtality North
America (ECOtality), is the leading installer and provider of charging
infrastructure for EVs. ECOtality has been involved in every major EV or plug-in
electric vehicle (PHEV) initiative to date in North America and is currently working
with major automotive manufacturers, utilities, the U.S. Department of Energy
(DOE), state and municipal governments, and international research institutes to
implement and expand the presence of this technology for a greener future.

ECOtality designed and currently manages the world’s largest EV infrastructure
demonstration - the EV Project. With a budget of over $230 million, the EV
Project will deploy and study Level 2 alternating current (AC) electric vehicle
supply equipment (EVSE) stations for residential use, Level 2 AC EVSE stations
for commercial and Level 2 direct current (DC) fast charge (DCFC) stations
representing thousands of field assets, utilized in concert with the deployment of
Nissan LEAF™ vehicles and Chevrolet Volt vehicles.

The EV Project is a public-private partnership administered by the DOE through
a federal stimulus grant, made possible by the American Recovery and
Reinvestment Act (ARRA) and by the private investment of ECOtality and its
partners.

The EV Project is an infrastructure study. The EV Project will deliver to ECOtality,
the Government and the general public a wealth of directly-applicable technical
and professional experience for jumpstarting regional EV adoption and
replicating business models that lead to sustainable, market-based charge
infrastructures.

Electric Vehicle Charging Infrastructure Deployment Guidelines
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ECOtality and eTec developed EV Micro-Climate®© as an integrated turn-key
program to ensure an area is well equipped with the needed infrastructure to
support the consumer adoption of electric transportation. Beginning with
extensive feasibility and infrastructure planning studies, the program provides a
blueprint to create a rich EV infrastructure. The program is developed with all
relevant stakeholders, including governmental organizations, utilities, private-
sector businesses, and automotive manufacturers.

These Deployment Guidelines are not intended to be used as an installation
manual or a replacement for approved codes and standards, but rather are
intended to create a common knowledge base of EV requirements for
stakeholders involved in the development and approval of EV charging
infrastructure.

Electric vehicles have unique requirements that differ from internal combustion
engine vehicles, and many stakeholders are currently not familiar with these
requirements. eTec’s Electric Vehicle Infrastructure Deployment Guidelines
provide the necessary background information for understanding EV
requirements and are the foundation upon which the EV Micro-Climate program
builds in order to provide the optimum infrastructure to support and encourage
the adoption of electric vehicles.

Electric Vehicle Charging Infrastructure Deployment Guidelines
for the Greater Tucson Area



2. Electric Vehicle Technology

This section describes the basic electric vehicle technologies that are either
available in the marketplace or coming to market in the near future. The focus
of this section is on street-legal vehicles that incorporate a battery energy
storage device with the ability to connect to the electrical grid for the supply of
some or all of its fuel energy requirements. Two main vehicle configurations
are described, along with the four main categories of vehicle applications.
Vehicle categories and the relative size of their battery packs are discussed
in relationship to recommended charging infrastructure.

A. Electric Vehicle Configurations
Battery Electric Vehicle (BEV)

Battery Electric Vehicles (BEVs) are powered 100% by the battery energy
storage system available on-board the vehicle. The Nissan LEAF is an
example of a BEV. Refueling the BEV is accomplished by connection to the
electrical grid through a connector system that is designed specifically for this
purpose. Most advanced BEVs have the ability to recapture some of the
energy storage utilized through regenerative braking (simply, converting the
propulsion motor into a generator when braking). When regenerative braking
is applied, BEVs can typically recover 5 to 15 percent of the energy used to
propel the vehicle to the vehicle speed prior to braking. Sometimes
manufacturers install solar photovoltaic (PV) panels on vehicle roofs. This
typically provides a very small amount of energy relative to the requirements
of propelling the vehicle, but integrating PV in the roof can typically provide
enough power to operate some small accessory loads, such as a radio.
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. I DISCHARGE, '
t | !
] -]
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|

i S a I T
— CHARGE INLET -

N

TYPICAL BATTERY ELECTRIC VEHICLE o

Figure 2-1 Battery Electric Vehicle

A typical BEV is depicted in the block diagram shown in Figure 2-1. Since
the BEV has no other significant energy source, the battery must be selected
to meet the BEV range and power requirements. The capacity of BEV
batteries is typically an order of magnitude larger than the capacity of
batteries in hybrid electric vehicles.
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Plug-in Hybrid Electric Vehicle (PHEV)

PHEVs are powered by two energy sources. The typical PHEV configuration
utilizes a battery and an internal combustion engine (ICE) powered by either
gasoline or diesel. Within the PHEV family, there are two main design
configurations, a Series Hybrid as depicted in Figure 2-2 and a Parallel
Hybrid as depicted in Figure 2-3. The Series Hybrid vehicle is propelled solely
by the electric drive system, whereas the Parallel Hybrid vehicle is propelled
by both the ICE and the electric drive system. As with a BEV, a Series
Hybrid will typically require a larger and more powerful battery than a Parallel
Hybrid vehicle in order to meet the performance requirements of the vehicle
solely based on battery power.
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Figure 2-2 Series Plug-In Hybrid Vehicle Block Diagram
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Figure 2-3 Parallel Plug-In Hybrid Vehicle Block Diagram
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Manufacturers of PHEVs use different strategies in combining the battery and
ICE and may utilize the battery only for the first several miles, such as the
Chevy Volt, with the ICE providing generating power for the duration of the
vehicle range. Others may use the battery power for sustaining motion and
the ICE for acceleration or higher energy demands at highway speeds.
Frequently, the vehicles employing the former strategy have a designation
such as PHEV-20 to indicate that the first 20 miles are battery only. Other
terms related to PHEVs may include Range Extended Electric Vehicle
(REEV) or Extended Range Electric Vehicle (EREV).

B. Electric Vehicle Categories
EVs can be broken down into the following categories:
On-Road Highway Speed Vehicles

An On-Road Highway Speed Vehicle is an EV capable of driving on all public
roads and highways. Performance of these On-Road vehicles is similar to
ICE vehicles.

City Electric Vehicles

Traditionally, City Electric Vehicles have been BEVs that are capable of
driving on most public roads, but generally are not driven on highways. Top
speed is typically limited to 55 mph.

Neighborhood Electric Vehicles (NEVS)

Neighborhood Electric Vehicles (NEVS), also known as Low-Speed Vehicles
(LSVs), are BEVs that are limited to 25 mph and are allowed in certain
jurisdictions to operate on public streets posted at 35 mph or less.

Commercial On-Road Highway Speed Vehicles

There are a number of commercial electric vehicles, including commercial
trucks and buses. These vehicles are found as both BEVs and PHEVs.
Performance and capabilities of these vehicles are specific to their
applications.

The focus of the EV Micro-Climate program is on the first and last items
above, the On-Road Highway Speed and Commercial On-Road Highway
Speed vehicles. Specialty vehicles such as electric motorcycles and bicycles
require a different planning process.

C. Batteries
Battery Technology

Recent advancements in battery technologies will allow EVs to compete with
ICE vehicles in performance, convenience, and cost. Although lead-acid
technology serves many EV applications such as forklifts and airport ground
support equipment very cost-effectively, the limitations on energy density and
repeated cycles of charging and discharging make its application to on-road
highway speed EVs less practical.

Today, most major car companies utilize nickel-metal-hydride or various
lithium-based technologies for their EVs. Lithium provides four times the
energy of lead-acid and two times that of nickel-metal-hydride. The materials

Electric Vehicle Charging Infrastructure Deployment Guidelines
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for lithium-based batteries are generally considered abundant, non-
hazardous, and lower cost than nickel-based technologies. The current
challenge with lithium-based technologies is increasing battery capacity while
maintaining quality and cycle life and lowering production costs.

From an infrastructure standpoint, it is important to consider that as battery
costs are driven down over time, the auto companies will increase the size of
the lithium-based battery packs and thus increase the range of electric
vehicles.

Relative Battery Capacity

Battery size or capacity is measured in kilowatt hours (kWh). Battery capacity
for electric vehicles will range from as little as 3 kWh to as large as 40 kWh or
more. Typically, PHEVs will have smaller battery packs because they have
more than one fuel source. BEVs rely completely on the storage from their
battery pack for both range and acceleration, and therefore require a much
larger battery pack than a PHEV for the same size vehicle.

Battery Charging Time

The time required to fully charge an EV battery is a function of the battery
size and the amount of electric power or kilowatts (kW) that an electrical
circuit can deliver to the battery. Larger circuits, as measured by voltage and
amperage, will deliver more kW. The common 110-120 volts AC (VAC), 15
amp circuit will deliver at minimum 1.1 kW to a battery. A 220-240 VAC, 40
amp circuit (similar to the circuit used for household appliances like dryers
and ovens) will deliver at minimum 6 kW to a battery. Table 2-1 provides
information on several different on-road highway speed electric vehicles, their
battery pack size, and charge times at different power levels to replenish a
depleted battery.

Table 2-1 EV Charge Times

Circuit Size and
Power in kW Delivered to Battery

110 VAC, 110 VAC, 220 VAC, 440 VAC,

EV Battery 15 amp 20 amp 40 amp 85 amp

Configuration | Size (kWh) 1.1 kW 1.5 kW 6 kW 55 kW
PHEV-10 4 3h50m 2h40m 40m n/a
PHEV-20 8 7h20m 5h20m 1h20m n/a
PHEV-40 16 14h30m 10h40m 2h40m 17m
BEV 24 21 h 48 m 16 h00m 4h00m 26 m
BEV 35 31 h50m 23h20m 5h50m 38 m
PHEV Bus 50 n/a n/a 8h20m 55m

Note: Power delivered to battery calculated as follows: 110VAC x 12
amps x .85 eff.; 120VAC x 16 amps x .85 eff.; 240VAC x 32 amps x .85

eff.; 480VAC x V3 x 85 amps x .85 eff.
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D. Automaker Plans

Many automakers have announced plans for the introduction of on-road
highway speed EVs in the near future. A summary table of such plans is
shown in Figure 2-4 below.

Plug-In Hybrid Electric Vehicles

EV Range PHEV  Market Production

Company Model Price Battery Type Battery Size (miles) Type launch Capacity
BYD F3oOM 21,915 Lithium-ion - G52 - 2008

BYD F&OM 522,000 Lithium-ion - G2 - 2008

Fisker Karma $87,900 Lithium-ion 22 KWh 50 Series 2010 15k
Ford Escape PHEV - Lithium-ion 10 KWh 30-40 - 2012

GM Chevrolat Volt ~540,000+ Lithium-ion 16 KWh 40 Series 2010 B0k by 20412
Opel Ampera - Lithium-ion 16 KWh 40 Seres 2012

Toyota Prius ~548 000 Lithium-icn - 12-18 Parallsl 2010 20k-30k
Volkswagen  Golf Twin Drive - Lithium-ion 12 KWh 30 - 2010 20 car pilot

Electric Vehicles
EV Range Latest Market Production

Company Model Price Battery Type Battery Size (miles) Model launch Capacity
BMW Mini E - Lithium-ion 35 KWh ~100+ 2009 nd. 500 pilot
BYD EGEV - Lithium-ion 18 KWh 240 2009 2000

Chery Auto.  S1B8EV ~$15,000 Lithium-ion 13 KWh 93 2009 2000

Chrysler Dodge circuit - Lithium-ion 28 KWh 150-200 2010 2010

Coda EV Sodan $45,000 Lithium-ion 34 KWh 90-120 2010 2010

Ford Focus EV - Lithium-ion - 100 2011 2011

Mitsubishi iMIEV ~546,000 Lithium-ion 16 KWh 100 2009 2000 20,000
Missan EV LEAF ~H24k to ~534k*  Lithium-ion 24 KWh 100 2010 2010 150,000+
Renault Fluence 7E (Botter Placa) - Lithium-ion - 100 2041 2014 100,000
Smart EV - Lithium-ion - 70 2010 2010

Subaru Stella 47,900 Lithium-ion 9 KWh 55 2009 2000 =170 in 2009
Tesla Model S 57,400 Lithium-ion - 160-300 2011 2011

Tesla Roadster EV $100,000 Lithium-ion 53 KWh 244 2009 2000

Thi!nk City £28, 000 Sodium or Li - 110 2010 2010 2,500 (US)

Source: Company data, Credif Suisse estimates

Figure 2-4 Automaker PHEV and BEV Plans®

! Credit Suisse “Electric Vehicles,” Equity Research, Energy Technology/Auto Parts & Equipment,
October 1, 2009.
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3. Charging Requirements

This section covers the terminology and general requirements of EVSE, which
provide for the safe transfer of energy between the electric utility power and the
electric vehicle.

A. Charging Components

The terms used to identify the components in the delivery of power to the
vehicle are defined first.

CONTROL DEVICE

CONNECTOR
=
* CORD ——

EV COUPLER

\—\—-\,———//—J
EVSE

Figure 3-1 Level 2 Charging Diagram

ILITY
0V AC

o
rS

Power is delivered to the EV’s onboard battery through the EV inlet to the
charger. The charger converts AC to DC, which is required to charge the
battery. The charger and EV inlet are considered part of the EV. A connector
is a device that, by insertion into an EV inlet, establishes an electrical
connection to the EV for the purposes of charging and information exchange.
The EV inlet and connector together are referred to as the coupler. The
EVSE consists of the connector, cord, and interface to utility power. The
interface between the EVSE and utility power will be directly “hardwired” to a
control device, as illustrated in Figure 3-1, or a plug and receptacle, as
illustrated in Figure 3-3.

In the 1990s, there was no consensus on EV inlet and connector design.
Both conductive and inductive types of couplers were designed and in both
cases, different designs of each type were provided by automakers. At the
present time, however, the Society of Automotive Engineers (SAE) has
agreed that all vehicles produced by automakers in the United States will
conform to a single design known as the J1772 Standard.’

2 While the J1772 Standard will be utilized by all automakers in the United States, it may not be
the standard used in other countries. It is the subject of a harmonization project with the
Canadian Codes. A common connector is also the goal of European, Asian, and North American
designers.
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DR |
J1772 Connector J1772 Inlet (right side)
Figure 3-2 J1772 Connector and Inlet (Preliminary)

The J1772 Standard EV coupler is designed for 10,000 connections and
disconnections with exposure to dust, salt and water; it is able to withstand a
vehicle driving over it and is corrosion resistant.

The J1772 Standard and National Electrical Code requirements create
multiple safety layers for EV components including:

1 The EV coupler -

0 must be engineered to prevent inadvertent disconnection.

0 must have a grounded pole that is the first to make contact and the
last to break contact.

0 must contain an interlock device that prevents vehicle startup while
connected.

0 must be unique to electric vehicle charging and cannot be used for
other purposes.

1 The EVinlet -
0 must be de-energized until it is attached to the EVSE.
0 must de-energize prior to removal of the connector.

i The EVSE -

0 must be tested and approved for use by Underwriters Laboratory (UL)
or a similar nationally recognized, independent testing lab.

0 must be able to initiate area ventilation for those specific batteries that
may emit potentially explosive gases.

0 must have a charge current interrupting device (CCID) that will shut
off the electricity supply if it senses a potential problem that could
result in electrical shock to the user.

In addition, when connected, the vehicle charger will communicate with the
EVSE to identify the circuit rating (voltage and amperage) and adjust the
charge to the battery accordingly. Thus, an EVSE that is capable of delivering
20 amps will deliver that current, even if it is connected to a 40 amp rated
circuit.

The J1772 coupler and EV inlet will be used for both Level 1 and Level 2
charging, described in the next section.
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B. Charging Levels

In 1991, the Infrastructure Working Council (IWC) was formed by the Electric
Power Research Institute (EPRI) to establish a consensus on several aspects
of EV charging. Level 1, Level 2, and DCFC levels were defined by the IWC
along with the corresponding functionality requirements and safety systems.
EPRI pulglished a document in 1994 that describes the consensus items of
the IWC.

Note: For Level 1 and 2, the conversion of the utility AC power to the DC
power required for battery charging occurs in the vehicle’s on-board charger.
In DCFC, the conversion from AC to DC power typically occurs off-board, so
DC power is delivered directly to the vehicle.*

Level 1 -120 volt AC

The Level 1 method uses a standard 120 VAC branch circuit, the lowest
common voltage level found in both residential and commercial buildings.
Typical voltage ratings range from 110 — 120 VAC. Typical amp ratings for
these receptacles are 15 or 20 amps.

/ PLY
!/ UMY
125 AL
15/20 A
RECEPTACLE

EVSE ENERCY
PORTAL

Figure 3-3 Level 1 Charging Diagram

% “Electric Vehicle Charging Systems: Volume 2,” Report of the Connector and Connecting
Station Committee, EPRI, December 1994.

* AC DC Fast Charging (delivering high-power AC directly to the vehicle) is defined within the
SAE J1772 document, but this approach has not been implemented yet.
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Figure 3-4 Level 1 Cord Set®

Level 1 charging typically uses a standard 3-prong electrical outlet (NEMA 5-
15R/20R) to connect to premises wiring.

Future EV suppliers probably will provide a Level 1 Cord Set (125 VAC, 15 or
20 amp) with the vehicle. This Cord Set will use a standard 3-prong plug
(NEMA 5-15P/20P) with a CCID located in the power supply cable within 12
inches of the plug. The vehicle connector at the other end of the cord will be
the design identified in the J1772 Standard. This connector will mate properly
with the vehicle inlet that was also approved by J1772.

Because charge times can be very long at Level 1 (see Table 2-1 on page 5),
many EV owners will be more interested in Level 2 charging at home and in
publicly available locations. Some EV manufacturers suggest their Level 1
Cord Set should be used only during unusual circumstances when Level 2
EVSE is not available, such as when parked overnight at a non-owner’s
home.

Several companies provide kits to convert internal combustion and hybrid
vehicles to plug-in vehicles. Many of these conversions use a standard 3-
prong electrical plug and outlet to provide Level 1 charging of their vehicles.
With the standardization of EVs on the J1772 Standard and the higher level
of safety afforded by a J1772-compliant charging station, existing vehicles will
need to be retrofitted to accommodate a J1772 inlet in order to take
advantage of the deployment of EVSE infrastructure.

Level 2 — 240 VAC

Level 2 is typically described as the “primary” and “preferred” method for the
EVSE for both private and publicly available facilities, and specifies a single-
phase branch circuit with typical voltage ratings from 220 — 240 VAC. The
J1772-approved connector allows current as high as 80 amps AC (100 amp
rated circuit). However, current levels that high are rare; a more typical rating
would be 40 amps AC, which allows a maximum current of 32 amps. This
provides approximately 7.7 kW with a 240 VAC circuit.

The higher voltage of Level 2 provides a much faster battery charge.
Because of the higher voltage, Level 2 has a more stringent safety
requirement than Level 1 under the National Electric Code, including a

®> Conceptual Design for Chevy Volt, Electrifying the Nation, PHEV Summit, Tony Posawatz,
January 20009.
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requirement that the connector and cord be hardwired to the control device
and premises wiring, as illustrated in Figures 3-1 and 3-3.

Figure 3-5 Level 2 Charging
DCFC

DCFC, in the remainder of this document, is used for commercial and public
applications and is intended to function much like a commercial gasoline
service station, in that recharge is rapid. Typically, DCFC would provide a
50% recharge in 10 to 15 minutes. DCFC typically uses an off-board charger
to provide the AC to DC conversion. The vehicle’s on-board battery
management system controls the off-board charger to deliver DC directly to
the battery.

LEVEL 3
CHARGER

UTILITY
480 V -
3 PHASE

Figure 3-6 DCFC

This off-board charger is serviced by a three-phase circuit at 208, 480, or
600VAC. The SAE standards committee is working on a DCFC connector,
but has placed the highest priority on getting the Level 1 and 2 connectors
approved first. The DCFC connector standard is expected to be approved in
2010.

eTec will be utilizing DCFC equipment in infrastructure developed in 2010.

Electric Vehicle Charging Infrastructure Deployment Guidelines
for the Greater Tucson Area 12



DCFC was accomplished by eTec for the Chrysler EPIC in the 1990s and for
industrial applications since 1998. Similar, though smaller, equipment will be
used for the coming generation of EVs.

Figure 3-7 Chrysler EPIC DCFC (90kW), circa 1997

Note: Although it is uncommon, a vehicle manufacturer may choose not to
incorporate an on-board charger for Levels 1 and 2, and to utilize an off-
board DCFC for all power levels. In this case, the electric vehicle would only
have a DC charge port. Another potential configuration that may be found,
particularly with commercial vehicles, is providing three-phase power directly
to the vehicle. This configuration requires dedicated charging equipment that
will be non-compatible with typical publicly available infrastructure.

C. Level 1 versus Level 2 Considerations

For a BEV (and some PHEV owners who choose the utility Time-of-Use
rates), the preferred method for residential charging will be Level 2
(240VAC/single phase power), providing the EV owner a reasonable charge
time and also allowing the local utility the ability to shift load as necessary,
while not impacting the customer’s desire to obtain a full charge by morning.
Other PHEV owners may find that a dedicated Level 1 circuit adequately
meets their charging needs.

BEV owners who have the opportunity for Level 2 charging at work or in
public areas may find the vehicle battery remains at a higher charge, and