
 

Electric Vehicle 
Charging Infrastructure 
Deployment Guidelines 

for the 
State of Tennessee 

 

 

 

May, 2010 
Version 3.2 

 

 

 

 

ELECTRIC TRANSPORTATION ENGINEERING CORPORATION 



 

Electric Vehicle Charging Infrastructure Deployment Guidelines 
for the State of Tennessee     ii 

Disclaimers 
This document establishes the foundation for the initial deployment of EVSE by Electric 
Transportation Engineering Corporation. Neither Electric Transportation Engineering 
Corporation, nor any of its 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, nor 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. 

  

This material is based upon work supported by the 
U.S. Department of Energy under Award Number DE-EE0002194 

© 2010 Electric Transportation Engineering Corporation 
All rights reserved 
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The Deployment Guidelines for the State of Tennessee for the EV Project were created 
through the eTec process of involving stakeholders and interactively creating content.  

These guidelines were authored through the eTec process specifically for the EV Project. 
Working in conjunction with project partners and local area stakeholders through the 
creation of State and Area Advisory Boards, eTec received content contributions and 
content review from the following Advisory Board member organizations. 
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Acronyms 
 

AC  Alternating Current 

AMI Advanced Metering Infrastructure 

ARRA American Reinvestment and Recovery Act 

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

CCID Charge Current Interrupting Device 

DC Direct Current 

DCFC Level 2 DC Fast Charger 

DFE Design Flood Elevation 

DOE U.S. Department of Energy 

EPRI Electric Power Research Institute 

EV Electric Vehicle 

EV-ETS Electric Vehicle-Energy Transfer System 

EREV Extended Range Electric Vehicle ï see PHEV. 

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

ICE Internal Combustion Engine 

IWC Infrastructure Working Council 

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

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

LEED Leadership in Energy and Environmental Design 

LSV Low Speed Vehicle 

MUTCO Manual on Uniform Traffic Control 

NEC 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. 

NEMA National Electrical Manufacturers Association. Develops standards for electrical 
products. 

NEV Neighborhood Electric Vehicle 

NFID National Flood Insurance Program 

NFPA National Fire Protection Association 

OSHA Occupational Safety and Health Act 
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PHEV Plug-in Hybrid Electric Vehicle ï vehicles utilizing a battery and an internal 
combustion engine (ICE) powered by either gasoline or diesel. 

PV Photovoltaic 

REEV Range Extended Electric Vehicle ï see PHEV. 

RFID Radio Frequency Identification 

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

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

SES Service Entrance Section 

TOU Time of Use - an incentive-based electrical rate established by an electric utility. 

UL Underwriters Laboratory 

V2G 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. 

VAC 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 worldôs 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 LEAFÊ 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. 

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. eTecôs 
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. 
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2. Electric Vehicle Technology 

This section describes the basic EV technologies that are either currently available or 
coming to the US market in the near future.  The focus of this section is on street-legal 
vehicles that incorporate a battery energy storage device that is able to connect to the 
electrical grid for the supply of some or all of its fuel energy requirements.  These vehicles 
are sometimes referred to as ñgrid-enabledò or ñgrid-dependentò vehicles, as they are 
dependent on the electricity grid for fuel. 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, as well as the 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. A 
BEV is refueled by connecting it 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 (in simple 
terms, the propulsion motor acts as 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. 

 

 

Figure 2-1  Battery Electric Vehicle 

A typical BEV is shown in the block diagram in Figure 2-1.  Since the BEV has no other 
significant energy source, the battery must meet the BEV range and power 
requirements.  BEV batteries are typically larger and more powerful than the 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 propelling the 
vehicle solely based on battery power.  

 

 

Figure 2-2  Series Plug-In Hybrid Vehicle Block Diagram 

 

 

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. For 
example, the Chevy Volt will utilize the battery only for the first several miles, with the 
ICE providing generating power for the duration of the vehicle range. Other PHEVs 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 first 
strategy gain a designation such as ñPHEV-20ò, 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 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 EVs, including commercial trucks and buses.  
These vehicles are found as both BEVs and PHEVs.  The performance and 
capabilities of these vehicles are specific to their application.  

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 like 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 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 EV 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 the range of EVs will increase.  

 

 



 

Electric Vehicle Charging Infrastructure Deployment Guidelines 
for the State of Tennessee     5 

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 much 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 amount of time 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 120 volts AC (VAC), 15 amp circuit will deliver at minimum 1.1 kW to a 
battery. A 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 sizes, and charge times at different power levels to replenish a depleted battery. 
 

Table 2-1  EV Charge Times 

EV Configuration 

Battery 
Size 

(kWh) 

Circuit Size and Power in kW 
Delivered to Battery 

120 VAC, 
15 amp 

1.2 kW 

120 VAC, 
20 amp 

1.6 kW 

240 VAC, 
40 amp 

6.5 kW 

480 VAC, 
85 amp 

60 kW 

PHEV-10 4 3 h 20 m 2 h 30 m 35 m n/a 

PHEV-20  8 6 h 40 m 5 h 1 h 15 m n/a 

PHEV-40 16 13 h 20 m 10 h 2 h 28 m 16 m 

BEV 24 20 h 15 h 3 h 41 m 24 m 

BEV 35 29 h 10 m 21 h 50 m 5 h 23 m 35 m 

PHEV Bus 50 n/a n/a 7 h 41 m 50 m 

 

Note: Power delivered to battery calculated as follows: 120VAC x 12Amps x.85 eff.; 
120VAC x 16Amps x .85 eff.; 240VAC x 32 Amps x.85 eff.; 480VAC x ã3 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 
electric vehicles in the near future. A summary table of these plans is shown in Figure 
2-4. 

 

Figure 2-4  Automaker PHEV and BEV Plans1 

                                                

 
1
 Credit Suisse ñElectric Vehiclesò, Equity Research, Energy Technology/Auto Parts & Equipment, 

October 1, 2009 
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3. Charging Requirements 

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

A. Charging Components 

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

 

Figure 3-1  Level 2 Charging Diagram 

Power is delivered to the EVôs onboard battery through the EV inlet to the charger. The 
charger converts AC to the DC 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 electric vehicle for the purpose 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 ñhardwiredò to a control 
device, as illustrated in Figure 3-1, or a plug and receptacle, as illustrated in Figure 3-3.  

During 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 

 

                                                

 
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. This 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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            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; is able to withstand a vehicle driving over it; and 
is corrosion resistant. 

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

The EV coupler -  

¶ must be engineered to prevent inadvertent disconnection. 

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

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

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

The EV inlet -   

¶ must be de-energized until it is attached to the EVSE. 

¶ must de-energize prior to removal of the connector. 

The EVSE - 

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

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

¶ 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 only, even when connected to a 40 amp rated circuit. 
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The J1772 coupler and EV inlet will be used for both Level 1 and Level 2 charging 
levels, which are described below.  

B. Charging Levels 

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

describes the consensus items of the IWC3.  

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

to the vehicle.4   

Level 1 ï 120 VAC 

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

 

 

Figure 3-3  Level 1 Charging Diagram 

 

                                                

 
3
 ñElectric Vehicle Charging Systems: Volume 2ò Report of the Connector and Connecting Station 

Committee, EPRI, December 1994. 

4
 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 as yet. 
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Figure 3-4  Level 1 Cord Set5  

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 (120 VAC, 15 or 20 amp) 
with the vehicle. The 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 J1772 Standard. 
This connector will mate properly with the vehicle inlet, also approved by J1772.   

Because charge times can be very long at Level 1 (see Table 2-1), 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-ownerôs 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 ï 240 VAC 

Level 2 is typically described as the ñprimary,ò standard,ò or ñpreferredò method for the 
EVSE for both private and publicly available facilities, and specifies a single-phase 
branch circuit with typical voltage ratings from 220 ï 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, and 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 allows a much faster battery charge. Because of the 
higher voltage, Level 2 has a higher level of safety requirements than Level 1 under the 
NEC, including the requirement that the connector and cord be hardwired to the control 
device and premises wiring, as illustrated in Figures 3-1 and 3-5.  

                                                

 
5
 Conceptual Design for Chevy Volt, Electrifying the Nation, PHEV Summit, Tony Posawatz, January 

2009 
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Figure 3-5  Level 2 Charging 

DC Fast Charging (DCFC) 

DCFC, or ñFast Chargingò, is designed for commercial and public applications and is 
intended to perform in a manner similar to 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 
vehicleôs on-board battery management system controls the off-board charger to deliver 
DC directly to the battery.  

 

 

Figure 3-6  DCFC (DC Charging or Fast Charging) 

This off-board charger is serviced by a three-phase circuit at 208, 480, or 600 VAC. The 
SAE standards committee is working on a standardizing the DCFC connector as they 
have with the Level 2 J1772 connector, but has placed the highest priority in getting the 
Level 1 and 2 connector approved first.  The DCFC connector standard is expected to 
be approved soon.  

eTec will be utilizing DCFC equipment in infrastructure developed in 2010. DCFC was 
accomplished by eTec for the Chrysler EPIC in the 1990s and in many industrial 
applications since 1998. Similar, though smaller, equipment will be used for the coming 
generation of EVs.   
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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 instead utilize an off-board DC charger 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 3-phase power directly to the vehicle.  This configuration requires dedicated 
charging equipment that will not be compatible with typical publicly available 
infrastructure.   

C. Level 1 versus Level 2 Considerations 

For EV charging, the preferred method of residential charging will be Level 2 
(240VAC/single phase power). This provides the EV owner a reasonable charge time 
and also gives the local utility the ability to shift load as necessary while not impacting 
the customerôs desire to obtain reliable power. For other PHEV owners, a dedicated 
Level 1 circuit may adequately meet all of the ownerôs charging needs.  

General Requirements 

This section identifies general requirements of Electric Vehicle Supply Equipment, also 
referred to as EVSE. 

¶ Certification: EVSE will meet the appropriate codes and standards, and will be 
certified and so marked by a nationally-recognized, independent testing 
laboratory (e.g., Underwriters Laboratories). Owners should be cautioned 
against using equipment that has not been certified for EV use. 

¶ Cord Length: The EVSE will provide a maximum of 25 feet of flexibility from the 
wall location to the EV inlet. The EV inlet location on each EV model will vary by 
manufacturer; however, this standard length should be sufficient to reach from a 
reasonably-positioned EVSE to the inlet. 

¶ Tripping hazard: An extended EV cord may present a tripping hazard, so the 
EVSE should be located in an area with minimum pedestrian traffic. If the EVSE 
must be installed in an area with high pedestrian traffic, it would be appropriate 
to install a cord management system. 
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¶ Ventilation Requirements: Charging of the Nissan LEAF will not require 
ventilation. The charging within the EV Project also will not involve the need for 
ventilation. However, if there are special ventilation requirements for a battery 
charged by publicly available EVSE, the EVSE will be required to automatically 
energize a properly-sized ventilation system. This type of requirement is 
expected to be extremely rare, since automobile manufacturers are expected to 
use non-gassing batteries. Some EV owners who convert their own vehicles to 
electric or purchase conversion vehicles may use gassing batteries. The 
approved EVSE will communicate with the vehicle to specifically check for any 
ventilation requirements for the battery being charged; and, if ventilation is 
required, but no ventilation system exists, the EVSE will not charge the vehicle. 
In multi-family or parking garage situations that may already have ventilation 
systems for exhaust of normal vehicle emissions, that system typically would be 
expected to suffice. However, professional calculations should verify this result. 
It may also be impractical to wire the charger to the ventilation controls or costly 
to run the system for a single vehicle charging. In these cases, it may be 
prudent to specify that the chargers are intended for non-gassing batteries only. 

¶ Energized Equipment: Unless de-energized by the local disconnect, the EVSE 
is considered to be electrically energized equipment. Because it operates above 
50 volts, Part 19 Electrical Safety of the Occupational Health and Safety (OHS) 
Regulation requires guarding of live parts. EVSE may be positioned in a way 
that requires a physical barrier for its protection. Wheel stops are recommended 
to prevent a vehicle from contacting the EVSE. They also help position the EV 
for the optimum location for charging. 

 

 

Figure 3-8  Wheel Stop6 

 

 

Figure 3-9  Garage Wheel Stop7 

                                                

 
6
 Rubberform Recycled Products LLC, www.rubberform.com 

7
 ProPark Garage Wheel Stop, www.organizeit.com 
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¶ Shortest Run: In addition to the above requirements, the lowest-cost installation 
generally is the location closest to the electrical supply breaker because it 
minimizes the conduit run to the charger. 

¶ Ergonomics/Ease of Use:  EV owners will find it most convenient to have the 
EVSE located near the EV inlet. In some cases, it may be desirable to back into 
the garage, which helps reduce the tripping hazard while at the same time 
reducing the electrical circuit run to the EVSE, which reduces installation costs. 
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4. Charging Scenarios 

A. Single Attached/Detached Garages 

Power Requirements 

¶ Level 1 
Dedicated branch circuit with NEMA 5-15R or 5-20R Receptacle. 

¶ Level 2 
Dedicated branch circuit hardwired to a permanently-mounted EVSE with the 
following specifications: 240VAC/Single Phase, 4-wire (2 Hot, GND, and 
Neutral), 20, 30 or 40Amp Breaker.  
 
Level 2 Notes:  

o The breaker size recommended will meet the requirements of almost all 
BEVs and PHEVs.  A PHEVs with a small battery pack (see Table 3.1) 
may only require a 20 or 30Amp breaker for its recommended EVSE, in 
which case the breaker can be easily changed.   

o The Neutral may not be required by some EVSE, but since it is 
inexpensive to include and may be required in the future if a different 
vehicle is purchased, it is recommended.   

o For new construction, bring the circuit to a dual gang box with a cover 
plate for future installation of EVSE. 

o For new construction that is incorporating an advanced internet network 
within the home, an internet connection at the EVSE location would be 
advisable.  For existing homes, the value of providing an internet 
connection at the EVSE location is unknown at this time, and is left up to 
the individual homeowner.  It is likely that wireless methods will be 
available in cases where a hard connection is not available. 

o Many Level 2 EVSE suppliers will provide controls in the EVSE to control 
charging to programmable times to take advantage of off-peak power 
pricing.  If not, homeowners may desire to install a timer device in this 
circuit to control charging times. 

Siting Requirements 

An indoor-rated EVSE is acceptable for an enclosed garage. The EV owner probably 
will prefer a particular location for the EV. However, the EV should be positioned so that 
the above general requirements are considered. This often means the EV will be at the 
farthest point from the residence entry into the garage. 

The installation of the EVSE at the front of the vehicle may be acceptable unless the 
cord becomes a tripping hazard. Often the EVSE will be placed on an exterior wall to 
shorten the distance from the electrical box and at the same time positioning the EVSE 
out of the way. 



 

Electric Vehicle Charging Infrastructure Deployment Guidelines 
for the State of Tennessee     16 

If the EVSE is installed after the EV has been purchased and is accommodating a 
single vehicle, the location of the EV inlet will play a key part in the location of the 
EVSE. It is best to keep the EVSE as close to the inlet as possible to minimize how 
much the cord is spread out on the floor. If the branch circuit is installed prior to the EV 
purchase, the garage junction box should be on the wall closest to the utility service 
connection, consistent with the general requirements above. Typical locations are 
shown in the figure below. 

 

 

Figure 4-1  Double Garage Location for EVSE 

In Figure 4-1, the best location would be for the EV on the right. The non-preferred 
EVSE locations are in typical walking areas and could present a tripping hazard. In 
addition, these locations are further away from the utility panel. An option for the EV 
ownerôs desire to place the EVSE in these locations could be accommodated by using 
an overhead support for the charge cable and connector. If the EV inlet is on the left 
side of the vehicle, the owner could consider backing into the garage.  
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Figure 4-2  Typical Single Garage Location for EVSE 

In the single garage environment, most locations will be acceptable for locating the 
EVSE, except at the head of the vehicle because of tripping concerns. The preferred 
locations were selected for their proximity to the utility panel. Again, overhead support 
for the EVSE cable would allow EVSE installation at the head of the vehicle to 
accommodate an owner preference. 

The NEC provides additional requirements should the EVSE be located in a hazardous 
area. The other materials stored in the garage also should be considered when placing 
the EVSE if they are determined to be of a hazardous nature. 

Detached garages will involve additional considerations when routing the electrical 
supply to the garage. Landscaping will be disrupted during the installation process. This 
may be of great significance to the owner and should be thoroughly planned in 
advance. 

Installation Process 

Installation of the EVSE in a residential garage typically consists of installing a 
dedicated branch circuit from an existing house distribution panel to an EV outlet 
receptacle (120 VAC, 15/20 A) in the case of Level 1 charging, or to an EVSE unit 
(operating at 240 VAC, 40 A) for Level 2 charging. If the garage was built with the 
conduit or raceway already installed from the panel to the garage, installation is 
simplified. 
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Figure 4-3  Typical Level 1 and Level 2 Installations for a Residential Garage 

The specific steps involved in this process are shown in the installation flowchart in 
Figure 4-4. In general, they include: 

¶ Consultation with the EV dealer to determine whether Level 1 or Level 2 EVSE 
is required, whether ventilation will be required, and which EVSE to purchase 

¶ Consultation with the electric utility to notify them of the installation of an EVSE, 
including checking for any special requirements such as a second meter to sub-
meter the energy used for EV charging. 

¶ Consultation with a licensed electrical contractor to plan the installation effort, 
including location of the EVSE, routing the raceway from the utility service panel 
to the EVSE, Level 1 or Level 2 requirements, ventilation requirements, 
adequacy of the current utility service, and to obtain an installation quote. 

¶ Submission of required permitting documents and plans. 

¶ Completion of EVSE installation and utility service components, if required. 

¶ Inspection of final installation. 
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Figure 4-4  Installation Process for a Residential Garage/Carport 

If the garage has a pre-existing raceway, a 120 VAC, 15/20 amp circuit or a 240 VAC, a 
40 amp circuit can be installed. Some homes may not have sufficient utility electrical 
service to install this circuit. In that case, either a new service must be added as noted 
previously, or installation of an approved load control device may allow the homeowner 
to avoid a major panel upgrade and the utility to avoid upgrading the electrical service 
to the homeowner.  
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Although a new home may already have the raceway installed, a permit for the service 
still will be required. Increasingly, standards are directing that a raceway for an electric 
vehicle be included in new home construction. The conductors may or may not be 
included. If included, consideration should be given to sizing the conductors for the 240 
VAC, 40 amp circuit, required for Level 2 charging, but installing the 120 VAC, 20 amp 
Level 1 breaker and receptacle. The homeowner then would have a functional circuit 
that could be upgraded easily to Level 2, if desired.  

A local electrical contractor is needed to evaluate the need of adding a new service vs. 
upgrading the existing service, and utility fees may apply. 

B. Carport 

Power Requirements 

Power requirements are the same as for the Garage scenario above.  

Siting Requirements  

The siting requirements for a carport will include those identified above for the garage. 
Some EV owners may elect to place the EVSE in the garage, but charge the EV 
outdoors. This scenario is similar to the carport requirements. A carport is considered to 
be an outdoor area, and the EVSE should be properly designed for exterior use. 
Consideration must be given to precipitation and temperature extremes. In geographic 
areas that experience high precipitation, pooling of water in the carport or driveway may 
be a concern. While the EVSE charging is very safe when using the J1772, owners may 
be uncomfortable with standing in pooled water while connecting the EVSE. 
Consultation with the owner will be required when locating the EVSE. 

 

 

Figure 4-5  Installation Considerations for Outdoor Parking 

Freezing temperatures can cause cords to freeze to the parking surface, and cord 
support should be considered. Adequate lighting is an additional consideration, along 
with mitigating efforts to prevent vandalism, as noted in Section 5. The installation 
process is similar to the garage process outlined previously. 
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Consultation with Landlord or HOA 

An installation in a multi-family location may involve a more lengthy approval process 
for zoning considerations. The local zoning requirements may require a public hearing 
or pre-approval by a Design Review Committee. 

C. Multi-Family Dwellings 

Power Requirements 

Power requirements are the same as the Garage scenario above. 

Siting Requirements 

In multi-family dwellings, there will be additional considerations because the apartment 
or condominium owner also must be involved in any siting decisions. It is best that the 
potential EV owner work through the details identified here prior to purchasing an EV. 
The EV owner generally will prefer a site close to his or her dwelling, but this may not 
be in the best interests of the apartment owner. In addition, special flooding or drainage 
conditions may be present. Lighting and vandalism concerns will exist. Payment 
methods for the electrical usage will need to be identified. There may be insurance and 
liability questions, as well as damages if the EVSE is vandalized. All of these concerns 
should be discussed prior to the EV purchase. 

Should the EV owner later relocate, the electrical installation raceway and panel 
upgrades, if any, will be retained at the multi-family location. Ownership of the EVSE 
needs to be identified clearly. If the EV owner takes the EVSE, site restoration may be 
required. Circuit removal or de-energizing methods should be settled. Discussion with 
the utility is also required, since there may be metering questions or other issues to be 
resolved. In condominiums, the Homeowners Association (HOA) may be involved to 
approve EV additions.  

 

Figure 4-6  Typical EVSE Installation in Multi-Family Lot 
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In general, unless the location is well protected from the environment, the EVSE will 
need to be outdoor rated. Installation of the EVSE at the front of the vehicle may be the 
only choice unless an adjacent wall is available. If it is located at the front of the parking 
stall, the EVSE should be placed on the vehicle side of any walkway to minimize the 
cord becoming a tripping hazard. The walkway for pedestrians then would be on the 
back side of the EVSE. Because a wheel stop will be installed, consideration should 
also be given to make sure the EV parking is not in an area of normal pedestrian traffic, 
in order to avoid pedestrians tripping over the wheel stop when no vehicle is present. 

Trenching and concrete work and repairs are likely. Consideration must be given to 
maintaining a safe and secure area around the parking stall to avoid tripping hazards or 
EVSE interference with other operations.  
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Figure 4-7  Installation Process for Multi-Family 
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Installation Process 

If the parking area has a pre-existing raceway, the wishes of the EV owner and property 
owner can determine whether this will be a 120 VAC, 15/20 amp circuit or a 240 VAC, 
40 amp circuit. This would also require review by the electrical contractor to verify that 
the service panel is sufficient to support this choice. Although a raceway may have 
been installed previously, a permit for the service still will be required. 

Multiple Parking Stall Installation 

In a new construction or retrofit situation, broad charging infrastructure installation in a 
multi-residential building will require the services of an electrical consultant to determine 
the best approach for the situation. For example, the consultant may consider a load 
control strategy to manage the charging load within the capacity of the electrical service 
to the building, rather than upgrading the service size to accommodate increased 
building load from electric vehicle charging.  

D. Commercial Fleets 

Power Requirements 

Dedicated branch circuits hardwired to permanently-mounted EVSE with the following 
specifications: 208VAC or 240VAC / Single Phase, 4-wire (2 Hot, GND, Neutral), 
40Amp Breaker 

Commercial fleet charge stations probably will include multiple charge locations, and 
therefore, in new construction, the additional load required should be accounted for 
when sizing the main service entrance section (SES).  Since it is likely that most 
workplace charging will occur during normal business hours when normal business 
loads are in use, for existing buildings, the additional load from the EV charging may 
require an upgrade or new SES and/or utility supply. 

Because of the potentially large electrical load, it is recommended that a network 
connection is provided in close proximity to the charge stations.  This connection may 
be required for interface with the building energy management system or to implement 
local utility load control strategies where available. 

Siting Requirements 

At the present time, commercial fleets make up the highest population of EVs. Utilities, 
governmental agencies, and other private fleets have been encouraged themselves and 
are encouraging the private sector adoption of EVs. A significant amount of planning is 
required to correctly size EV parking and charging area ratios. Consideration should 
given to current needs, as well as anticipated future requirements. Electrical service 
requirements will be much higher than residential or multi-family installations, and can 
have a significant impact on electrical usage on the electric distribution system and on 
the utility itself. For that reason, electrical utility planners need to be involved early on in 
large fleet planning processes. 

The individual homeowner will be strongly encouraged to do electric vehicle charging 
during off-peak times, as will fleet managers.  

Flood-prone area restrictions must be considered, as well as issues of standing water. 
Often large parking lots have low spots where water accumulates. Although the Level 2 
EVSE contains the proper protection device, employees will not be comfortable 
operating the EVSE in standing water. 
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Installation of EVSE in a commercial facility typically consists of installing new 
dedicated branch circuits from the central meter distribution panel to a Level 2 EVSE. In 
a commercial fleet, there are typically many such EVSE units in adjacent parking stalls. 
Proximity to the electrical service is an important factor in locating this parking area. 
The length of the circuit run and the number of units will have an impact on the 
installation and power costs. 

Because these EVSE units are in designated areas set aside for EV charging, the 
potential for pedestrian traffic can be controlled. Although fleet charging often has 
limited access, it also has greater overall security, such as fences and gates, so the 
threat of vandalism is minimized. 

Fleet managers must be aware of other equipment that will be stored in the vicinity of 
the EVSE. It is important that a hazardous environment does not already exist in the 
area planned.  

Fleet manager interests and priorities can also lead to the implementation of DCFC. 
The higher recharge rate means a shorter turnaround for each vehicle and maximizes 
on-road time. The 480/600 VAC required is generally available in commercial facilities. 

 

 

Figure 4-8  Level 2 Commercial EV Charging Location 
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Installation Process 

The installation process is similar to the processes shown previously, except that much 
more detailed planning is involved prior to the ownerôs final decision and obtaining 
permits. 

 

Figure 4-9  Installation Process for Commercial Fleet Operations 






























































