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YOUR LIFESTYLE
Choosing an electric vehicle that fits your lifestyle.
There are a variety of electric vehicles available today. Plug-in hybrid electric vehicles (PHEVs), like the
Chevy Volt, have both an electric motor and a gasoline engine. Battery electric vehicles (BEVs), like the
Nissan LEAF or Tesla Model S, run solely on electricity.
Use the Pick-a-Plugin quiz to find vehicles best fitting your travel needs and budget. The diversity of
models available to consumers is expanding and changing rapidly. For instance, several manufacturers
are introducing electric powered mini-vans, crossovers and SUVs.
Check out FuelEconomy.gov and the Alternative Fuels Data Center for the newest electric vehicle
offerings.

Charging at home is easy.
You can use a standard three-prong wall plug or install a higher voltage electric vehicle charger in your
garage for convenient, fast refueling. Either way, choosing an all-electric vehicle means no more trips to
the gas station. Your vehicle will be charged up and ready to go for your morning commute.
•
•

Before choosing this option, make sure the outlet is on a dedicated circuit with a capacity of 1520 amps.
A 240-volt electric vehicle charger (commonly referred to as a Level 2 charger) provides 10 to 25
miles of range per hour of charging. Level 2 chargers typically cost $600-$700. You will need an
electrician to install the equipment and an electrical or building permit from your local
permitting agency.

Need to charge when you’re out and about?
Here’s a map of electric vehicle charging stations in the Tahoe-Truckee region.

YOUR FINANCES
Understanding total cost of ownership
The number one issue for most consumers purchasing a vehicle is price. Even with federal and state
purchase incentives, electric vehicles may be priced higher than conventional vehicles or hybrid vehicles.
However, electric vehicles help drivers save money by using a cheaper fuel, with a more predictable
price. Consumer Reports, for instance, encourages drivers to understand the total costs of owning a
vehicle over time before purchasing.
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Filling up on electricity is cheaper than gasoline
When gasoline is priced at $3 per gallon, it costs 55 to 83 percent less to drive a mile in a 2016 Nissan
LEAF than a 2016 Honda Civic gasoline vehicle. The range of fuel savings depends on where you live
within the Tahoe-Truckee region and whether you opt into a Time-of-Use (TOU) rate offered by your
local utility. TOU rates provide a discounted rate on electricity consumed during off-peak hours (typically
11 p.m. to 6 a.m.), which makes it cheaper for you to charge your electric vehicle overnight. Contact
your local utility to discuss which electric rate is best for your household needs. Want to see how much
you could save on fuel costs if you drove electric? Check out the UC Davis EV Explorer and/or NREL
Vehicle Cost Calculator.

What electric vehicle incentives are available and how do I apply?
There are many federal, state, and local incentives being offered right now that can reduce the cost of
buying an electric vehicle. Tax credits and rebates can be combined and are not necessarily baked-in to
the purchase price of a vehicle at the dealership, so some additional paperwork is needed.
•

•

•

•

•

•
•

Federal Plug-in Electric Vehicle Tax Credit: The federal tax credit is valued at up to $7,500 and is
linked to the capacity of the battery in the vehicle. Battery electric vehicles, for instance,
generally qualify for the full $7,500 incentive, whereas plug-in hybrids generally qualify for less.
California Clean Vehicle Rebate Program: The state’s rebate program provides $1,500 and
$2,500 toward the purchase or lease of a new PEV, depending on the vehicle type. High-income
earners (single filers making more than $250,000 and joint filers making more than $500,000)
are ineligible for the program. Furthermore, the rebate is increased by $1,500 for households
with income less than 300 percent of the federal poverty level.
El Dorado County Drive Clean! Incentive Program: El Dorado County Air Quality Management
District is offering their residents a $1,000 incentive for the purchase or lease of a new electric
vehicle. Preapproval is required, and applicants must agree to own or lease the vehicle for at
least three years within El Dorado County.
In California, the Air Resources Board (ARB) provides electric vehicles with access to carpool
lanes. The current program lasts through Jan. 1, 2019, for an unlimited number of BEVs and the
first 40,000 PHEV applicants.
California electric vehicle drivers can save on insurance discounts. Farmers Insurance provides a
discount of up to 10 percent on all major insurance coverage for PEV owners, while AAA offers
up to a 5 percent discount.
On the Nevada side, PEVs are exempted from Nevada’s emissions testing requirements, which
can provide additional savings.
Liberty Utilities and NV Energy both provide reduced electricity prices for charging during offpeak hours through TOU and EV specific rates. Compared to general service rates, these
reduced rates can provide 19 to 47 percent savings for each kWh consumed during off-peak
hours.
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Want to keep up to date on the latest incentives?
Check out the ARB PEV incentive finder.

What’s the total cost of owning or leasing an electric vehicle compared to
a conventional gasoline vehicle?
The figure below shows sample total cost of ownership calculations across three makes/models for
comparison: the Ford Focus (conventional gasoline vehicle), Chevrolet Volt (PHEV), and a Nissan LEAF
(BEV).

Total Cost of Ownership Comparison - Tahoe Truckee Region
Range of
expected costs

2016 Nissan Leaf BEV

Expected mean

2016 Chevy Volt PHEV

Expected
minimum

2016 Ford Focus ICE

Expected
maximum
$30,000

$35,000

$40,000

$45,000

$50,000

$55,000

$60,000

Lifetime Cost

The total cost of ownership calculations include the following assumptions:
•
•
•
•
•
•
•
•
•

MSRP of vehicles, does not make any assumptions about dealer discounts
Federal and California incentives included
Vehicle is owned for 10 years
Annual miles driven: 10,000—14,000
Gas prices: $2.50/gal—$4.00/gal
Electricity prices: 5¢/kWh—13.2¢/kWh
Percent of electric miles driven by Chevrolet Volt: 40—80%
Annual insurance costs: Ford Focus—$1,294, Chevrolet Volt—$1,273, Nissan LEAF—$1,165
Maintenance costs: Ford Focus—6.0¢/mile, Chevrolet Volt—4.9¢/mile, Nissan LEAF—4.5¢/mil

5

Tahoe-Truckee Fleet PEV Toolkit for Local Residents and Visitors

June 2017

E-DRIVE EXPERIENCE
Performance
Electric vehicles respond immediately, delivering instant torque and acceleration. Consumers have
positive reports regarding electric vehicle handling and acceleration. You will not have to sacrifice
performance for efficiency when you choose to drive electric.

Safety
Electric vehicles get safety ratings at least as good, if not better, than their gasoline counterparts. In
most configurations, the battery packs are located beneath the vehicle, creating a lower center of
gravity and safer handling.

Advanced Technology
Telematics let you communicate with your electric vehicle remotely, whenever, wherever. You can
schedule when your vehicle starts charging to take advantage of reduced energy rates and ask it to
warm the cabin before you leave.

Maximizing Range
Like gasoline-powered vehicles, there are many factors that can impact the fuel efficiency of electric
vehicles. How far the vehicle can be driven using only the electric motor (i.e., all-electric range) can vary
significantly based on driving conditions and driver habits. Of particular importance in the TahoeTruckee region is weather and terrain.
•

•

1

Weather: Extreme cold temperatures currently can reduce electric range capability by 20-40
percent. 1 This reduction is because heating the cabin draws more auxiliary power from the
battery so it has less energy to devote to propulsion. Many electric vehicles have thermal
management systems to keep the battery at an optimal temperature; however, warming the
battery uses power that reduces range. To maximize range in cold weather, consider heating the
cabin before starting your trip and using only heated seats.
Terrain: Driving up hills requires more energy and, therefore, draws more power from the
battery than driving on flat terrain. Electric vehicles do have regenerative braking that recovers
some of the energy used to climb hills.

http://www.fleetcarma.com/nissan-leaf-chevrolet-volt-cold-weather-range-loss-electric-vehicle/
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Driving habits: Speeding on highways, accelerating too fast, and abruptly braking can also effect
the range of electric vehicles in the same way that it impacts negatively fuel economy of
conventional gasoline vehicles. To maximize range, maintain constant speeds and brake slowly
so that you take advantage of the full energy-saving capability of the regenerative braking
system.

YOUR ENVIRONMENT
When you drive electric, there are no tailpipe emissions.
Driving electric vehicles instead of conventional vehicles reduces pollution locally and regionally. Electric
vehicles have zero tailpipe emissions when using electricity as a transportation fuel, helping to improve
air quality locally and regionally. Electric vehicles have zero tailpipe emissions when using electricity as a
transportation fuel, helping to improve air quality regionally.
Did you know?
Other environment and community benefits are reduced
More than half of the nitrogen
noise and improved water quality because of a reduction in
going into Lake Tahoe comes from
atmospheric nitrogen deposition and gasoline flowing into
roads and commercial centers
the watershed.
through atmospheric deposition
By driving electric, you are part of the solution to
where it feeds algae.1

global climate change.

 Transportation is the second largest source of
greenhouse gas emissions in the region. As such, electric vehicles can help mitigate the impacts of
global climate change because electricity has much lower greenhouse gas emissions than gasoline.
Looking at greenhouse gas emissions on a lifecycle basis – that is, accounting for the emissions from
all forms of carbon intense electricity generation supplied by NV Energy and Liberty Utilities and fuelrelated activities – Battery electric vehicles (BEVs) in the study region emit about 70 percent less
greenhouse gases on average in comparison to a conventional vehicle.
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1. Tahoe-Truckee as a Plug-In Electric Vehicle Destination
Plug-in electric vehicles (PEVs) are growing in popularity throughout the United States and particularly in
California, where 32% of national PEV sales have occurred to date. 1 Over the next five to ten years, the
market for electric vehicles is poised to grow substantially. Innovation in vehicle technology has led to
the development of more affordable extended range electric vehicles such as a 200+ mile Chevrolet Bolt
and the much anticipated Tesla Model 3 (available in 2017). There is also state-level policy driving
growth in the PEV market - California’s Zero Emissions Vehicle (ZEV) Program requires 15 percent of light
duty vehicles sold in California be ZEVs by 2025.
The Federal Highway Administration recently designated segments of I-80 and US 50 highways
surrounding the Tahoe-Truckee Region as alternative fuel corridors. Furthermore, there are another 610 fast charging units planned along I-80 and US 50 corridors leading into Truckee and South Lake
Tahoe. These fast charging corridors will provide convenient and reliable access to charging that will
enable drivers to access the Tahoe-Truckee Region in their PEVs.
Visitors to Lake Tahoe account for nearly 42 percent of daily in-basin trips. The Region’s population of
55,000 full-time residents is dwarfed by the nearly 10 million vehicles and 24 million annual visitors who
come to enjoy Lake Tahoe’s crystal blue waters and surrounding alpine experience. 2 As the adoption of
electric vehicles grow, the availability of PEV charging stations will be more of a factor in tourists
lodging, dining, and recreation decisions. Charging destinations can play a key role in supporting the
Tahoe-Truckee Region as a PEV destination by helping to cater to visitors’ charging needs.
A recent report on PEV Tourism in New York concluded that in order to address range anxiety (i.e., fear
of running out of battery) and to increase the likelihood of a successful PEV tourism approach, public
and private sector operators must collaborate on assembling a supportive PEV ecosystem in the region. 3
To that end, the Tahoe Regional Planning Agency and Truckee Donner Public Utility District have put
together the following toolkit to provide tourist destinations with the information and resources they
need to make informed decisions about installing, managing, and promoting charging infrastructure.
This toolkit covers the following topics:







Benefits of installing charging infrastructure,
Charging infrastructure types and costs,
Available funding and financing,
Siting requirements and sample configurations, and
Best practices for outreach, marketing, and management.

1

California Plug-in Electric Vehicle Collaborative. PEV Sales Dashboard, 2011 through November 2016.
http://www.pevcollaborative.org/pev-sales-dashboard
2 Tahoe Regional Planning Agency. 2017. Regional Transportation Plan.
3 New York State Energy Research and Development Authority. June 2015. Electric Vehicle Tourism in New York State.
https://www.nyserda.ny.gov/-/media/Files/Publications/Research/Transportation/Electric-Vehicle-Tourism-in-New-YorkState.pdf
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Benefits of installing charging infrastructure

There are many advantages to installing PEV charging infrastructure at tourist destinations, whether it
be a large resort, hotel, restaurant, retail shop or single recreational site.







Show commitment to sustainability: Installing electric vehicle chargers outwardly
demonstrates your business’ or organization’s commitment to the local environment and global
climate. This is a great opportunity to exhibit
leadership in an emerging industry while also
improving local air quality and reducing
greenhouse gas emissions. Tourists visiting the
Lake Tahoe region are there to enjoy its
natural beauty and recreational opportunities.
Helping to protect Lake Tahoe is integral step
that destinations can take to maintain and
improve the strength of the regional tourism
industry. Investing in electric vehicle charging
stations communicates to visitors that you are
Figure 1. EV Charging Stations Sign at the Firelite Lodge
doing your part to protect the environment.
(image source: PlugShare)
Provide a competitive edge and attract new
visitors: Hosting PEV charging stations can drive traffic to businesses and destinations, setting
them apart from the competition. For visitors who drive a PEV, the convenience of "opportunity
charging" while they lodge, dine, shop or play is an attractive lure when your competition
doesn't have it - especially for those visitors who do not have access to convenient home
charging while they are in the area.
Increase dwell time: Increasing the amount of time visitors spend at a destination, referred to
as “dwell time”, can lead to increased revenue. While they are waiting for their vehicles to
charge, PEV drivers are more likely to linger at businesses, potentially increasing sales. A case
study by the PEV charging infrastructure company ChargePoint found that installing charging
stations can increase customer dwell-time by an average of 50 minutes per customer. 4

4

ChargePoint Inc. 2015. Case Study: Leading Retailer Partners with ChargePoint to Attract and Retain Loyal Customers.
https://www.chargepoint.com/files/casestudies/cs-retail.pdf.
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Figure 2. EV Charging Stations at the Hyatt High Sierra Lodge (image source: PlugShare)

3.
3.1

Charging infrastructure types and costs
Charging Infrastructure Types

Electric vehicle charging infrastructure is typically differentiated by the maximum amount of power that
can be delivered to the vehicle’s battery. This determines the time that it takes to charge the vehicle’s
battery. Table 1 provides a summary of the three types of charging equipment.
The most relevant charging equipment type for tourist destinations will be either Level 1 or Level 2, as
described below. The other fast charging option is more suitable for corridors where drivers can charge
up quickly and move on with their travel. As discussed in the next section, fast chargers are also much
more expensive to install so the cost outweighs the benefit for tourist destination applications.
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Table 1. Electric Vehicle Supply Equipment Types
Level 1
Alternating Current
Description

Level 2
Alternating Current

Uses a standard plug 120 volt (V), single
phase service with a
three prong electrical
outlet at 15-20
amperage (A)

• Used specifically for
PEV charging
• ~ 240 V AC split phase
service that is less
than or equal to 80 A.

J1772 charge port

J1772 charge port

Residential or workplace
charging
Low power delivery
lengthens charging time

Residential, workplace,
or opportunity charging
Requires additional
infrastructure and wiring

2 to 5 miles of range per
1 hour of charging;

10 to 25 miles of range
per 1 hour of charging;

Depending on the
vehicle battery size,
PHEVs can be fully
charged in 2-7 hours and
BEVs in 14-20+ hours
• Charging outlets
should have ground
fault interrupters
installed and a 15
minimum branch
circuit protection.
• Requires no new
electrical service for a
building operating on
an existing circuit.

Depending on the
vehicle battery size,
PHEVs can be fully
charged in 1-3 hours and
BEVs in 4-8 hours
• Requires additional
grounding, personal
protection system
features, a no-load
make/break interlock
connection, and a
safety breakaway for
the cable and
connector.
• If 240 V service is not
already installed at
the charging site, a
new service drop will
be required from the
utility.

Level 2 & 3
Direct Current
(aka DC fast charging)
• Used specifically for BEV
charging
• Typically requires a dedicated
circuit of 20-100 A, with a 480 V
service connection.

Connector
type(s)

Use
Limitations

Time to
charge

Infrastructure
required

J1772
CHAdeMO Tesla
combo
combo
Rapid charging along major travel
corridors
Can only be used by BEVs
currently. Provides power much
faster than the AC counterparts,
but are more expensive to build
and operate due to the necessary
equipment and electrical
upgrades
50 to 70 miles of range per 20
minutes of charging
Depending on the vehicle battery
size, BEVs can be fully charged in
30-60 minutes.
• Requires a three phase DC
power supply with 480 V
service.
• Requires additional grounding,
personal protection system
features, a no-load make/break
interlock connection, and a
safety breakaway for the cable
and connector.
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Equipment and Installation Costs

There is a variety of electric vehicle charging equipment available today and costs can vary depending on
the charging level required, desired amenities, and installation location. PEV charging station costs are
primarily comprised of hardware, permitting, and installation.
Table 2 summarizes the expected costs of Level 1 and Level 2 (including both AC and DC fast charge)
electric vehicle charging stations installed in non-residential applications.
Table 2. Cost ranges for single port electric vehicle charging stations in non-residential applications 5
Cost Element

Level 1

Level 2

DC fast charge

Low

High

Low

High

Low

High

Hardware

$300

$1,500

$400

$6,500

$10,000

$40,000

Permitting

$100

$500

$100

$1,000

$500

$1,000

Installation

$0*

$3,000

$600

$12,700

$8,500

$51,000

$400

$5,000

$1,100

$20,200

$19,000

$92,000

Total

* The $0 installation cost assumes the site host is offering an outlet for PEV users to plug in their Level 1

The values presented in Table 2 are based on single charge ports being installed at each location. It is
also worth noting that the marginal cost of the next charger installations—for each level of charging
infrastructure shown in Table 2 – is a fraction of the total installed cost listed.
Factors that affect the cost of electric vehicle charging infrastructure include:









Type of mounting: Charging hardware are available as wall mounted or pedestal mounted
units. Pedestal mounted units typically costs $500-$700 more than their wall mounted
counterparts due to material, manufacturing, and install construction costs.
Technological Features: The simplest units provide a charging port and electricity, however
there are many amenities and features that can be included in hardware and subscriptions such
as networking, data collection, usage monitoring, user communication, and billing options.
These types of units are often referred to as “smart chargers”.
Location: The farther away the charging station is from the electrical panel, the higher the
installation costs. This is due to the need to trench or bore long distances to lay electrical supply
conduit from the electrical panel to the charging location. A 2013 EPRI study found that L2 sites
that required special work such as trenching or boring were about 25% more costly. 6
Electrical needs: In most cases, charging stations need a dedicated circuit for each EVSE unit on
the electrical panel, sufficient electrical capacity from the utility connection the electrical panel,
and sufficient electrical capacity at the panel. If the selected site does not meet these three key
electrical needs, then electrical upgrades are required. The most common electrical upgrade for

5 Cost

ranges are based on data from U.S. Department of Energy. 2015. Costs Associated With Non-Residential Electric Vehicle
Supply Equipment and EPRI. 2013. Electric Vehicle Supply Equipment Installed Cost Analysis.
6 EPRI. 2013. Electric Vehicle Supply Equipment Installed Cost Analysis.
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installing a L2 electric vehicle charging station is a re-organization of the panel to create space
for a 40 amp circuit. However, more significant electrical work such as upgrading transformers
are much more costly.
For cost effective installations, we recommend that tourist destinations and businesses opt for simple
Level 2 AC charging equipment. If you provide charging as an amenity (e.g., free of charge), then you will
avoid the additional costs to maintain networked equipment with payment options. It is likely that the
higher cost of a “smart charger” and the monthly networking fees would be higher than the revenue
received from making customers pay for charging, particularly for seasonal tourism.

3.3

Permitting

Local permitting and inspection offices in the Tahoe-Truckee Region have differing requirements for PEV
charging station projects. Jurisdictions require some or all of the following:








Electrical or building permit application,
Plan for installation,
Line drawing,
Electrical load calculation,
Permit and inspection fee, and
Inspection.

In addition to variations in the application materials required for different local governments, the
permitting and inspection fees vary widely. Some jurisdictions may require fees less than $100 while
others in the region charge over $300, depending on the valuation of the project and work required.
Depending on where the charging station is sited within the Tahoe Region, a permit from the Tahoe
Regional Planning Agency (TRPA) may be required:







If the charging station is going to be installed on existing impervious surface and/or if grading
under 7 cubic yards is needed, TRPA requests that applicants submit a qualified exempt permit
application (for no fee). 7
If grading or trenching over 7 cubic yards is needed for the installation, a grading permit is
required. Grading permits are approved through TRPA and the fee is approximately $501 (as of
December 2016). Grading permits are only issued for work conducted during the grading season
which is from May 1 through October 15. 8
If a charging station requires new land coverage on an undeveloped site, more permitting is
involved.

7

Qualified exempt applications can be emailed to Alyson Borawski aborawski@trpa.org. For more information please see
http://www.trpa.org/wp-content/uploads/Exempt-Qualified_Exempt_Activity_Application_2-26-16.pdf
8 Tahoe Regional Planning Agency Application Filing Fee Schedule Effective June 8, 2009. http://www.trpa.org/wpcontent/uploads/FEE_SCHEDULE_09_CURRENT-VERSION-ONLINE.pdf
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Minimizing the cost of installing new charging infrastructure

Properly planning and citing charging infrastructure can greatly reduce installation costs. Below is a list
of tips for minimizing PEV charging station costs, as recommended by the Department of Energy (DOE)
Clean Cities program. 9
When choosing which type of charging equipment to purchase:





Choose charging equipment with the minimum level of features that you will need.
Choose a wall mounted unit, if possible, so that trenching or boring is not needed.
Choose a dual port unit to minimize installation costs per charge port.
Determine the electrical load available at your site and choose the quantity and level of
equipment to fit within that available electrical capacity.

When looking at possible locations for charging equipment:

 Place the charging equipment close to the electrical service to minimize the need for
trenching/boring and the costs of potential electrical upgrades.
 Instead of locating the charging station at a highly visible parking spot a great distance from the
electrical panel, use signage to direct PEV drivers to the charger.
 If trenching is needed, minimize the trenching distance.
 Choose a location that already has space on the electrical panel with a dedicated circuit.
It is also important to consider long term PEV fleet planning. Tourist destinations should consider the
quantity and location of charging stations that they plan to install over the next 5 to 15 years before
installing the first charging unit. Taking a “dig once” approach can help minimize the cost of installing
future units–this includes upgrading the electrical service for the estimated future charging load and
running conduit to the anticipated future charging locations.

4. Siting Requirements and Sample Configurations
If you opt to install charging equipment in a parking lot or other location in California that will be
available for public and common use 10, then you will need to comply with ADA accessibility and signage
requirements. These requirements are covered in the sub-sections below.

9

Department of Energy, Clean Cities. 2015. Costs Associated with Non-Residential Electric Vehicle Supply Equipment.
http://www.afdc.energy.gov/uploads/publication/evse_cost_report_2015.pdf
10 Exceptions to ADA requirements are made for EV charging stations that are not made available to the public and are intended
for use by a designated vehicle or driver. Examples include, but are not limited to, EV charging stations serving public or private
fleet vehicles and/or assigned to an employee.
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Accessibility Requirements

If the charging equipment is installed in a parking lot and will be made available for use by the public,
then it will need to be designed so that it meets the California requirements for ADA accessibility.
Table 3 shows the number of each type of accessible space that is required based on the total number
of chargers at a location, according to the 2016 California Building Code. These new requirements go
into effect on January 1st, 2017 and encompass three types of ADA access:





Ambulatory parking spaces designed for people with disabilities who do not require
wheelchairs, but may use other mobility aids
Standard accessible spaces designed for people who use wheelchairs but can operate vehicles
Van accessible spaces for vehicles carrying people who use wheelchairs who cannot operate
their own vehicles.

Table 3. Number of accessible chargers required at installations of new public charging spaces 11

Total
chargers

Minimum required van
accessible chargers

1-4

1

Minimum required
standard accessible
chargers
0

5-25

1*

1

0

26-50

1*

1*

1

51-75

1*

2*

2

76-100

1*
1, plus 1 for each 300
over 100*

3*
3, plus 1 for each 60 over
100*

3
3, plus 1 for each 50
over 100

101+

Minimum required
ambulatory chargers
0

* Indicates a case where at least one charger is required to be identified with an international symbol of
accessibility and restricted to vehicles with an ADA accessible parking placard.

4.2

Signage

If charging stations will be made available for use by the public or are located at facilities open to public
travel, then appropriate signage needs to be installed. The California Vehicle Code (CVC) requires that an
off-street PEV charging spot be properly identified with signage, 12 and the California Manual on Uniform
Traffic Control Devices (MUTCD), which creates consistent standards for signage on public roads,
contains several signs and markings to designate spaces for PEV chargers. 13 These include:

11

California Building Standards Commission, 2016 California Building Standards Code; Section 11B-228.3 describes the number
of accessible chargers required and Section 11B-812 describes spatial requirements for accessible chargers.
12 California Vehicle Code §22511.1(a).
13 California Department of Transportation (Caltrans), California Manual on Uniform Traffic Control Devices, Section 2I.03;
summarized in Caltrans Policy Directive 13-01.
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General service signs to indicate the location of chargers (Figure 3), which can be combined with
directional arrows to guide drivers to chargers
Parking signs to designate restrictions or time limits on charging spaces (Figure 4)
Pavement markings to designate restrictions on charging spaces (Figure 5).

None of these signs are required by the MUTCD, but they should be used wherever applicable to provide
consistency for drivers in search of charging. General service signs should be used at all charging
stations, and parking signs and pavement markings should be used where applicable.
Figure 3. General service sign for chargers and additional signage to indicate DC fast chargers

Figure 4. Parking signs to place restrictions or time limits on charging spaces
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Figure 5. Pavement markings indicating restrictions on charging spaces

4.3

Configurations

There are many possible configurations for electric vehicle charging stations, depending on where they
are sited and who are using them. Public access stations that must comply with the ADA accessibility
mentioned in the previous section need to meet certain requirements. Figure 6, Figure 7, and Figure 8
below present some sample configurations of ADA compliant public access charging stations.

12

Tahoe-Truckee PEV Toolkit for Charging Destinations

May 2017

Figure 6. Possible configuration for 2 EV charge ports 14

Figure 7. Possible configuration for 3 EV charge ports 15

14

Configuration presented by Dennis J. Corelis (California Deputy State Architect) at the May 24th, 2016 PEV Collaborative
Webinar. Available online < http://www.pevcollaborative.org/sites/all/themes/pev/files/PEVC_presentation_160524.pdf>

15

California Building Standards Commission, 2016 California Building Standards Code, Section 11B-812, Figure 11B-812.9
Surface Marking.
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Figure 8. Possible configuration for 5 EV charge ports 16

4.4

Weather considerations

When deciding on charging station hardware and site configurations, it is important to consider weather
impacts. Accumulated snow can obstruct access to charging stations, especially ADA access. A good
example of this is shown in Figure 9 below.
In addition, snow plows can damage cords
if they are not stored properly. Snow and
ice can also encase the cable if it is lying on
the ground or otherwise exposed. One way
of minimizing these impacts is to locate
chargers next to existing structures with
roof overhangs or choose charging station
hardware that comes with cable
management systems or with suspended
cables.

Figure 9. Charging station whose ADA accessibility has been
impacted by snow accumulation (source: PlugShare)

Site design can also impact snow removal.
The use of bollards and curbing to protect
charging hardware from vehicular impacts
is recommended because they still provide accessibility and reasonably convenient snow removal.

16

Configuration presented by Dennis J. Corelis (California Deputy State Architect) at the May 24th, 2016 PEV Collaborative
Webinar. Available online < http://www.pevcollaborative.org/sites/all/themes/pev/files/PEVC_presentation_160524.pdf>
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Wheel stops are not recommended for areas that have heavy snow accumulations, as they can be
problematic for snow removal.

5.

Available funding and financing

There are many incentives and financing options to help defray the costs of deploying charging
infrastructure. These incentives vary at the federal, state, and local levels. Table 4 provides an overview
of the incentives available to local tourist destinations and businesses for PEV charging infrastructure
deployment.
Table 4. Funding opportunities for installation of PEV charging infrastructure
Government
Entity

Incentive
Program

Funder

Available to

Available
through

Incentive available

Federal

Alternative
Fuel
Infrastructure
Tax Credit

Federal (IRS)

Individuals,
businesses,
fleet owners,
employers

Dec 2016,
may be
extended 17

State of
California

Electric vehicle fueling
equipment installed between
January 1, 2015 and December
31, 2016, is eligible for a tax
credit of 30% of the cost, not to
exceed $30,000 for businesses
and $1,000 for residential
consumers. Permitting and
inspection fees are not included
in covered expenses.

EVSE Loan and
Rebate
Program California
Capital Access
Program
(CalCAP)

California
Energy
Commission
(CEC)

Small
businesses in
CA

Not
specified

Provides loans for up to $500,000
for the design, development,
purchase, and installation of
electric vehicle charging stations
at small business locations in
California with 1,000 or fewer
employees. 18

California
local
governments

PropertyAssessed
Clean Energy
(PACE)
financing for
residential
EVSE

Varies by
County

Eligible
property
owners in
Placer and El
Dorado, and
Nevada
Counties

Not
specified

PACE financing allows property
owners to borrow funds to pay for
energy improvements, including
purchasing and installing electric
vehicle chargers. The borrower
repays over a defined period of
time through a special assessment
on the property.

17

This incentive expired December 31, 2016, but may be extended or renewed depending on the next federal tax filing. For up
to date information, please see <http://www.afdc.energy.gov/laws/10513>.
18 More information about the CalCAP Program for the Electric Vehicle Charging Station Financing Program can be found online
at http://www.treasurer.ca.gov/cpcfa/calcap/evcs/index.asp.
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Government
Entity

Incentive
Program

Funder

Available to

Available
through

Incentive available

California –
local air
districts

Motor Vehicle
Registration
Fee Program

El Dorado and
Northern
Sierra Air
Quality
Management
Districts

Local
government,
businesses,
individuals,
and non-profit
organizations
in CA

Not
specified

Funding is available for projects
that reduce air pollution from onand off-road vehicles. Eligible
projects include purchasing
alternative fueling vehicles and
developing alternative fueling
infrastructure.

n/a

Tesla/Clipper
Creek
Destination
Charging
Program

Tesla

Eligible
partners such
as hotels,
restaurants,
and
destinations

Not
specified

Qualified properties can receive
two connectors (one Tesla and
one Clipper Creek for non-Tesla
EVs) free of charge as long as they
are installed in visible or
convenient locations. Participants
may also qualify for free
installation. For more
information, visit
<www.tesla.com/destinationcharging>.

There may also be opportunities to partner with other charging infrastructure providers, such as
ChargePoint and EVgo. ChargePoint offers financing for charging equipment with low fixed monthly
payments. 19

6.

Best practices for outreach, marketing, and management

Below is a list of best practices and tips for charging infrastructure hosts that are relevant to tourist
destinations in the Tahoe-Truckee region.
Marketing and Outreach
 Once charger is installed, be sure it is listed publicly on PlugShare or the Alternative Fuel Data
Center websites so PEV drivers can easily see where the charger is located.
 Communicate PEV charging amenities to visitors in person, online, and on printed materials.
o Create a dedicated webpage that lists the locations of PEV charging stations. A good
example is Marriott’s Electric Vehicle Charging Stations webpage.
o Communicate availability of electric vehicle charging stations through a press release
like this one from Squaw Valley resorts.
 Include an icon for charging station locations on visitor maps.

19

http://www.chargepoint.com/financing/
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Management
 Train appropriate staff on where the chargers are located and how to use them.
 Identify staff who can periodically check the charging station(s) to makes sure cords are properly
wound up, so guests don’t trip on them and other vehicles don’t drive over them.
 Periodically check user comments of your charging station on PlugShare to address any issues
guest and drivers are experiencing.
 Provide appropriate signage indicating “Electric Vehicle Only” parking spaces, as well as a sign or
information panel of relevant charging etiquette and user instructions.

7.

Relevant Resources




U.S. Department of Energy (DOE) Plug-in Electric Vehicle Handbook for Public Charging Station
Hosts: published in 2012, this handbook covers PEV and charging basics, charging station
locations and hosts, ownership and payment models, and installing and maintain charging
stations.
New York State Energy Research and Development Authority (NYSERDA) Siting and Design
Guidelines for EVSE : published in 2012 with the Transportation and Climate Initiative, the
purpose of these design guidelines is to identify and diagram key siting and design issues that
are relevant to local governments as well as developers, homeowners, businesses, utility
providers and other organizations interested in best practices for PEV charging implementation.

Permitting weblinks and contact info for local jurisdictions:










Tahoe Regional Planning Agency Permitting, 128 Market Street Stateline NV, (775) 588-4547
City of South Lake Tahoe Building Permits, 1052 Tata Lane, South Lake Tahoe CA 96150, (530)
542-6010
Town of Truckee Permits/ Open Counter, 10183 Truckee Airport Road, Truckee, CA 96161, (530)
582-7820
El Dorado County Building Services, 924 B Emerald Bay Road, South Lake Tahoe CA 96150, (530)
573-3330
Placer County Building Services, 775 North Lake Blvd., Tahoe City CA 96145, (530) 581-6280
Nevada County Building Department, 950 Maidu Avenue Suite 170 Nevada City CA 95959, (530)
265-1222
Washoe County EZ Permit, 1001 E Ninth Street, Reno NV 89520, (775) 328-2020
Douglas County Community Development, 1594 Esmeralda Ave., Minden NV 89423, (775) 7826230
Carson City Building Division, 108 E. Proctor Street, Carson City NV 89701, (775) 887-2310
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LEGAL NOTICE

This document was prepared as a result of work sponsored by the California Energy Commission. It
does not necessarily represent the views of the Energy Commission, its employees, or the State of
California. The Energy Commission, the State of California, its employees, contractors, and
subcontractors make no warranty, express or implied, and assume no legal liability for the
information in this document; nor does any party represent that the use of this information will not
infringe upon privately owned rights.
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Introduction
Purpose and Content of this Guide

This toolkit provides an overview of the key considerations for local governments who are seeking to
support the deployment of plug-in electric vehicle (PEV) charging infrastructure. To the extent feasible,
the information presented in this toolkit is specific to the Tahoe-Truckee region. Where appropriate, the
recommendations and information has been tailored to local conditions based on research and
stakeholder outreach. The document introduces the following concepts and provides guidance and best
practices for local governments. The information presented is intended to serve multiple goals, including
helping local governments initiate action to support the regional deployment of PEVs and charging
infrastructure, and provide supporting information in areas where local governments seek to expand
their reach.
The document is structured as follows:












Definitions: Provides an introduction of the various PEV and charging infrastructure
technologies available on the market today that are referenced throughout this toolkit.
Charging Infrastructure at New Developments: Outlines how local governments can use
incentives and policy to promote the deployment of charging infrastructure at new
developments in their jurisdiction.
Installing Charging Stations: Introduces the nuts-and-bolts of installing a station, including basic
requirements, reviews sample configurations, installation costs ranges, and funding or financing
opportunities.
Managing Charging Stations: This section captures what to expect after the station has been
installed and is operational; it explores ownership structures, fees, time limits, and enforcement
protocols.
Permitting Considerations: Local governments interact directly with installers and utilities
through the permitting process. This section provides recommendation to streamline the
permitting process while making sure installations are safe and consumer protections are
robust.
Resources: Provides a list of websites and publications that local governments can reference for
guidance in addition to this toolkit.
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Benefits of Regional Charging Network

By supporting the development of a robust regional PEV charging network, local governments can help
the Tahoe-Truckee region become a PEV destination and corridor. This is a great opportunity to
demonstrate leadership in an emerging industry while also improving local air quality and reducing
greenhouse gas emissions. Hosting charging stations or making it easier for others to do so will help
support the deployment of more PEVs in the region by reducing driver range anxiety. Making it easier
and more convenient for people to own PEVs also helps households save money on gasoline. A UC
Berkeley study found that on average, a dollar saved at the gas pump and spent on other goods and
services that households want creates sixteen time more jobs. 1 By taking steps to become “PEV ready”
local governments in the Tahoe-Truckee region can help attract and retain the increasing number of
residents, second homeowners, and visitors who drive PEVs.

2.
2.1

Definitions
Vehicle Types

PEVs include both plug-in hybrid electric vehicles (PHEVs) and battery electric vehicles (BEVs). PHEVs
have both a battery-powered motor and an internal combustion engine (that uses gasoline) capable of
powering the wheels; BEVs are powered exclusively by a battery-powered motor and do not use
gasoline. The figure below shows the Nissan LEAF, a BEV and a Chevrolet Volt, a PHEV.

1

Roland-Holst, David. September 2012. Plug-in Electric Vehicle Deployment in California: An Economic Assessment. Retrieved
from https://are.berkeley.edu/~dwrh/CERES_Web/Docs/ETC_PEV_RH_Final120920.pdf.
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Charging Infrastructure Types

Electric vehicle charging infrastructure is typically differentiated by the maximum amount of power that
can be delivered to the vehicle’s battery. This determines the time that it takes to charge the vehicle’s
battery. Table 1 below provides a summary of the three types of charging that will be discussed in this
toolkit. The charging equipment is referred to as electric vehicle supply equipment (EVSE), and each
EVSE has at least one (but often more than one) charge port or plug.
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Table 1. Electric Vehicle Supply Equipment Types
Level 1
Alternating Current
Description

Level 2
Alternating Current

Uses a standard plug 120 volt (V), single
phase service with a
three prong electrical
outlet at 15-20
amperage (A)

• Used specifically for
PEV charging
• ~ 240 V AC split phase
service that is less
than or equal to 80 A.

J1772 charge port

J1772 charge port

Residential or workplace
charging
Low power delivery
lengthens charging time

Residential, workplace,
or opportunity charging
Requires additional
infrastructure and wiring

2 to 5 miles of range per
1 hour of charging

10 to 25 miles of range
per 1 hour of charging

Depending on the
vehicle battery size,
PHEVs can be fully
charged in 2-7 hours and
BEVs in 14-20+ hours
• Charging outlets
should have ground
fault interrupters
installed and a 15
minimum branch
circuit protection.
• Requires no new
electrical service for a
building operating on
an existing circuit.

Depending on the
vehicle battery size,
PHEVs can be fully
charged in 1-3 hours and
BEVs in 4-8 hours
• Requires additional
grounding, personal
protection system
features, a no-load
make/break interlock
connection, and a
safety breakaway for
the cable and
connector.
• If 240 V service is not
already installed at
the charging site, a
new service drop will
be required from the
utility.

Level 2 & 3
Direct Current
(aka DC fast charging)
• Used specifically for BEV
charging
• Typically requires a dedicated
circuit of 20-100 A, with a 480 V
service connection.

Connector
type(s)

Use
Limitations

Time to
charge

Infrastructure
required

J1772
CHAdeMO Tesla
combo
combo
Rapid charging along major travel
corridors
Can only be used by BEVs
currently. Provides power much
faster than the AC counterparts,
but are more expensive to build
and operate due to the necessary
equipment and electrical
upgrades
50 to 70 miles of range per 20
minutes of charging
Depending on the vehicle battery
size, BEVs can be fully charged in
30-60 minutes.
• Requires a three phase DC
power supply with 480 V
service.
• Requires additional grounding,
personal protection system
features, a no-load make/break
interlock connection, and a
safety breakaway for the cable
and connector.
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Charging types
•
•
•

•

3.

Residential charging occurs at home and can occur at Level 1 or Level 2.
Workplace charging would typically be provided by an employer to employees via on-site
charging facilities. Workplace charging would typically occur at Level 1 and Level 2.
Opportunity charging is a broad category that captures non-residential and non-workplace
charging. It can occur at retail locations, shopping centers, gas stations, or other areas where the
amount of time a person typically spends parked is similar to the amount of time needed to
charge. Level 1, Level 2, and DC Fast Charging are suitable for opportunity charging, depending
on the location and type of site host.
Fleet charging refers to the charging of electric vehicles in a commercial or government fleet,
which is assumed to occur at some fleet-owned location.

Charging Infrastructure at New Developments

Local governments have an important role to play in the development of public and private PEV charging
infrastructure due to their authority over zoning, parking, signage, building codes, and permitting and
inspection processes. Local governments can use their authority to regulate and approve new
development projects to ensure that ample charging opportunities are available. There are many ways
to go about this. The most common is to require pre-wiring, which is when builders run electrical
conduit that can power charging equipment to locations where vehicles will be parked. Since no
chargers are installed, pre-wiring in and of itself does not create new charging opportunities, but it
dramatically reduces the costs of installing chargers in the future. Local governments can also go a step
further and require charging equipment to be installed, or they can take a softer approach and offer
incentives or adopt policies that encourage charger installations.
There are a number of mechanisms through which local governments can require or encourage
charging. These mechanisms are discussed below as well as issues to be considered when determining
how best to foster more charging opportunities. There is no one “right” way to create new charging
opportunities at private developments, but taking action now sets a precedent that local governments
can expand upon as charging demand or development patterns shift.

3.1

Mechanisms to require charging stations or pre-wiring

3.1.1
Building Codes
Building codes set standards for new construction, and they are the most common mechanism through
which local governments can require pre-wiring or charging. The 2016 Green Building Standards Code
(CalGreen), effective as of January 1st, 2017, requires that all new developments include pre-wiring for
Level 2 (208/240V) charging, so any local government that adopts the state building code by reference
will have pre-wiring requirements in place. Specifically, CalGreen’s mandatory requirements specify that
new single-family homes and townhomes with attached garages must pre-wire locations where vehicles
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will be parked, and that multifamily developments with 17 or more units must pre-wire at least three
percent of total parking spaces. 2 At non-residential developments, pre-wiring is required for a portion
of total parking spaces, as summarized in Table 2.
Table 2. CalGreen non-residential EV pre-wiring requirements 3
Number of Required EV
Charging Spaces

Total Number of Parking
Spaces
0-9

0

10-25

1

26-50

2

51-75

4

76-100

5

101-150

7

151-200

10

201 and over

6 percent of total

Local governments can take additional action to exceed the mandatory requirements in CalGreen by
mandating pre-wiring for a greater proportion of spaces or requiring actual charger installations in lieu
of pre-wiring. This could be achieved by adopting all or part of the voluntary tier 1 or tier 2 sections of
GalGreen through an ordinance amending the local municipal code.
3.1.2
Parking Requirements and Zoning Development Standards
Local governments specify how much parking should be provided at different locations and/or land uses
in their zoning ordinances, development guidelines and standards, or accompanying parking codes, and
as such these documents can also include charging requirements or incentives. Local governments with
minimum parking requirements in place may also wish to consider whether PEV parking should count
toward overall parking requirements. Allowing PEV parking to count toward parking requirements is
recommended, which would incentivize developers to provide PEV parking without increasing the total
number of spaces required.
Zoning ordinances and development regulations are similar to building codes in that they can be used to
specify in detail how much charging or pre-wiring should be provided, and where. However, there are
two key differences between zoning ordinances and parking codes that allow local governments more
flexibility in determining how to best create more charging opportunities:

2

California Building Standards Commission, 2016 California Green Building Standards Code (GalGreen), California Code of
Regulations, Title 24, Part 11, Chapter 4, Section 4.106.4.
http://codes.iccsafe.org/app/book/toc/2016/California/Green/index.html.
3 CalGreen, Chapter 5, Section 5.106.5.3
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Zoning ordinances can be used to increase charging opportunities in high priority locations:
Whereas building codes usually categorize land uses broadly (e.g., residential and nonresidential), zoning ordinances can be more nuanced, distinguishing between residential
districts of different densities, non-residential districts with differing types and mixes of uses, or
high-activity areas such as downtowns and transit stations. This means that zoning ordinances
offer more flexibility to focus new infrastructure in the places where it matters the most, such as
downtowns and activity centers with high turnover that are good candidates for opportunity
charging or employment centers that need more workplace charging opportunities.
Zoning ordinances offer more flexibility in how to implement new charging infrastructure: A
zoning ordinance that requires pre-wiring would have the same effect as the CalGreen update
discussed above. However, a local government could require actual charger installations at new
developments in specific areas through its zoning ordinance or development standards, 4 or offer
developers incentives such as density bonuses in exchange for providing increased charging
opportunities. For instance, through its Planning Regulations, the City of Emeryville requires that
at least 3% of parking spaces in parking facilities containing 17 or more spaces serving multi-unit
residential and lodging uses shall be electric vehicle charging stations. Such spaces may be
counted towards parking requirements. For all other uses, EV charging stations are eligible for
development bonuses. 5

3.1.3 Policies
Local governments can include policies and goals in
general plans, climate action plans, or similar
documents that require or encourage electric vehicle
charging. These plans are broader and less detailed
than building codes and zoning ordinances, so
policies calling for increased charging opportunities
typically do not contain specific details on where
chargers are needed or on how much charging
should be provided. However, even voluntary or
vague policies can provide a basis for local
governments to negotiate with developers to install
chargers during discretionary review, as well as set
the stage for more detailed implementation through
building codes or zoning ordinances.

Examples of Local Government PEV Policies & Goals

 TRPA 2016 Regional Transportation Plan “Facilitate the
use of electric vehicles and zero emission vehicles by
individuals and in public and private fleets by supporting
increased deployment of vehicle charging and
alternative fuel infrastructure within the Region and
surrounding areas, and supporting incentives and
education of residents, businesses, and visitors related
to the use of electric and zero emission vehicles.”

 The City of Cupertino’s Climate Action Plan includes a
goal to encourage community-wide use of alternative
fuel vehicles through expansion of alternative vehicle
refueling infrastructure. Specific actions include
developing a siting plan, pre-wiring requirements, and
public outreach program.

4

Technically, it would be possible to require charger installations in lieu of pre-wiring through a local update to the building
code, but this requirement would likely only make sense in areas with high charging need, so it will be more feasible to
implement through a zoning ordinance that better allows local governments to focus on these high-need areas.
5 City of Emeryville Planning Regulations, Emeryville Municipal Code Title 9 Ordinance No. 13-001.
http://www.emeryville.org/DocumentCenter/View/814.
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3.1.4
Considerations
The following considerations can help local governments determine the most appropriate way to create
opportunities for new charging infrastructure.
What is getting updated next? The number of EVs on the road is growing rapidly, and the best
opportunity to get EV-ready is almost always the most imminent one. Unless local decision-makers have
specifically directed staff to update plans, ordinances, or codes to increase charging opportunities, any
changes to these documents will likely take place in the context of a comprehensive update, which is a
complex process that happens relatively infrequently. Local governments should watch for opportunities
to incorporate policy language, incentives, or requirements into all updates to plans, ordinances, and
codes—including adopting and enforcing the 2016 update to the building code with its pre-wiring
requirements. Even if short-term actions do not include firm requirements or detailed language, they
can still set the stage for stronger changes in the future.
How much new development will there be? All of the mechanisms discussed above apply only to new
development; apart from funding property owners to install chargers local governments have little
authority to create charging infrastructure at existing development. Making detailed changes to a
building code or zoning ordinance to exceed current pre-wiring requirements or focus charging in highneed areas will only be worthwhile if there is enough new development at which to implement these
changes. Otherwise, it may be easier and equally effective to enact policies encouraging charger
installations that provide a basis for negotiating with developers when opportunities arise.
Are there high-priority charging locations? If so, a zoning ordinance is likely the best mechanism to
create more charging infrastructure at these locations.

4.
4.1

Installing Charging Stations
General Requirements

The State of California has created requirements for pre-wiring charging spaces in new development,
indicating chargers with signage, and providing chargers that are accessible for disabled people. Table 2
summarizes these requirements as they apply to charging spaces in new development and newlyconstructed charging stations and lists the source of each requirement.
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Table 3. Summary of requirements for charging spaces and stations in new development
One- and twofamily residential
1

Multi-family
residential
3% of all spaces;
at least 1

Approx. 1 in every
20

CalGreen 6

Listed raceway to
accommodate a
208/240-volt
branch circuit
N/A

Listed raceway to
accommodate a
208/240-volt
branch circuit
9’ x 18’

Listed raceway to
accommodate a
208/240-volt branch
circuit
N/A

CalGreen (basic pre-wiring
requirements); California
Electrical Code, Article 625
(detailed requirements)
CalGreen

Signage
required?

No

Yes

Yes

CalGreen (requirements);
MUTCD 7 (allowable signage)

Number of
accessible
spaces
required

None

1 in every 25 prewired spaces; at
least 1.

Approx. 1 in every 15
chargers

CalGreen (spaces), California
Building Code 8 (chargers)

Number or
pre-wired
spaces
required
Electrical
requirements
Dimensions

Nonresidential

Source

The requirements summarized above can be detailed and highly technical, particularly the electrical
requirements involved in charger installation, and we do not discuss them in depth here. However, we
summarize two aspects of particular concern to installers: signage and Americans with Disabilities Act
(ADA) accessibility. Installers should always refer to source documents when conducting installations.

4.2

Signage

Surface street directional signage serves two important functions. It directs PEV users to the nearest
public charging infrastructure locations and educates non-PEV drivers about the availability of charging
infrastructure in their community, allowing them to consider how a PEV might work for them. This
important outreach element also enables the community to show its support for PEVs.

6

California Building Standards Commission, 2016 California Green Building Standards Code (GalGreen); see Section 4.106.4 for
residential requirements and Section 5.106.5.3 for non-residential requirements.
7 California Department of Transportation (Caltrans), California Manual on Uniform Traffic Control Devices, Section 2I.03;
summarized in Caltrans Policy Directive 13-01.
8 California Building Standards Commission, 2016 California Building Standards Code; Section 11B-228.3 describes the number
of accessible chargers required and Section 11B-812 describes spatial requirements for accessible chargers.
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The California Vehicle Code (CVC) requires that an off-street PEV charging spot be properly identified
with signage. 9 The California Manual on Uniform
Traffic Control Devices (MUTCD), which creates
Federally Designated Alternative Fuel Corridors
The Federal Highway Administration (FHWA) is
consistent standards for signage on public roads,
establishing a national network of alternative fueling
contains several signs and markings to designate
and charging infrastructure for electric, natural gas
10
spaces for EV chargers, including:






General service signs to indicate the
location of chargers (Figure 1), which can
be combined with directional arrows to
guide drivers to chargers
Parking signs to designate restrictions or
time limits on charging spaces (Figure 2)
Pavement markings to designate
restrictions on charging spaces (Figure 3).

(LNG and CNG), hydrogen, and propane fuel vehicles
across the country. The corridor designations were
divided into two categories.
•

Signage-ready corridors currently have sufficient
facilities to warrant signage along the corridor.

•

Signage-pending corridors currently have
demonstrated plans for future operational
infrastructure.

FHWA will work with state and local agencies in these
areas to identify existing barriers related to the
installation of facilities.

None of these signs are required by the MUTCD, but they should be used wherever applicable to provide
consistency for drivers in search of charging. General service signs should be used at all charging
stations, and parking signs and pavement markings should be used where applicable (see the following
section for a discussion of time limits and enforcement).

Figure 1. General service sign for chargers and additional signage to indicate DC fast chargers

9

California Vehicle Code §22511.1(a).
California Department of Transportation (Caltrans), California Manual on Uniform Traffic Control Devices, Section 2I.03;
summarized in Caltrans Policy Directive 13-01.
10
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Figure 2. Parking signs to place restrictions or time limits on charging spaces

Figure 3. Pavement markings indicating restrictions on charging spaces

Although not required, some charging station hosts choose to install educational signage. As shown
below, the Truckee-Donner Public Utility district designed a sign that describes the environmental
benefits for supporting PEVs.

13

Tahoe-Truckee Local Government PEV Toolkit

4.3

May 2017

ADA accessibility

Under the California Building Code, a portion of all chargers at multi-family buildings and non-residential
developments are required to be accessible to people with disabilities. It is important to take these
requirements into account when planning to install chargers because they impact the spatial
requirements, and potentially the cost, of installations. The first new charger constructed is required to
be accessible and be significantly wider than a typical parking space, not including space for adjacent
access aisles. Property owners may have to sacrifice multiple regular parking spaces to build the first
charging space.
Accessibility requirements for pre-wired charging spaces at new multi-family developments: CalGreen
requires that multi-family residential developments with 17 or more parking spaces shall have three
percent of parking spaces, but in no case less than one space, pre-wired for a level 2 charger. One in
every 25 of these spaces, and at least one, are required to have an adjacent access aisle that is eight feet
wide, though this width can be reduced to five feet if the space is over 12 feet wide. These spaces are
also required to be relatively flat. 11
Accessibility requirements for new public charger installations: The California Building Code requires
roughly 1 of every 15 newly-installed chargers at public locations to be accessible. There are three
different design standards for accessible parking spaces:
 Ambulatory parking spaces designed for people with disabilities who do not require wheelchairs, but
may use other mobility aids.
 Standard accessible spaces designed for people who use wheelchairs but can operate vehicles.
11

California Building Standards Commission, 2016 California Green Building Standards Code (GalGreen), Section 4.106.4.2.2.
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Van accessible spaces for vehicles carrying people who use wheelchairs who cannot operate their
own vehicles.

Table 4 shows the number of each type of accessible space that is required based on the total number
of chargers at a location.
Table 4. Number of accessible chargers required at installations of new public charging spaces 12
Total
chargers
1-4

Minimum required van
accessible chargers
1

Minimum required standard
accessible chargers
0

Minimum required
ambulatory chargers
0

5-25

1*

1

0

26-50

1*

1*

1

51-75

1*

2*

2

76-100

1*

3*

3

101+

1, plus 1 for each 300 over
100*

3, plus 1 for each 60 over
100*

3, plus 1 for each 50 over 100

* Indicates a case where at least one charger is required to be identified with an international symbol of
accessibility and restricted to vehicles with an ADA accessible parking placard.

The Building Code describes in detail the site configuration requirements for accessible charging, 13
which include:
•
•
•
•
•

level ground with a slope of less than 1:48
vertical clearance of at least 98”
location along an accessible route to the associated facility
minimum widths of 144” (van accessible), 108” (standard accessible), 120” (ambulatory), 204”
(drive-up) 14
accompanying access aisles at least 60” wide

In some cases, charging spaces differ from most accessible parking spaces in that they are not required
to be restricted to vehicles with an accessible parking permit. The Office of Planning and Research
advises indicating accessible spaces that can be used by other vehicles with a sign stating, “Designed for
Disabled Access - Use Last.” 15

12

California Building Standards Commission, 2016 California Building Standards Code, Section 11B-812.
California Building Standards Commission, 2016 California Building Standards Code, Section 11B-228.3
14 A drive-up EVCS is an EVCS in which use is limited to 30 minutes maximum and is provided at a location where the PEV
approaches in the forward direction, stops in the vehicle space, charges the vehicle, and proceeds forward to depart the vehicle
space. California Energy Commission, Accessibility Requirements for Electric Vehicle Charging Infrastructure.
15 Governor’s Office of Planning and Research, Plug-In Electric Vehicles: Universal Charging Access Guidelines and Best
Practices, https://www.opr.ca.gov/docs/PEV_Access_Guidelines.pdf.
13
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Configurations

There are many possible configurations for electric vehicle charging stations, depending on where they
are sited and who they will be used by. Public access stations that must comply with the ADA
accessibility mentioned in the previous section and need to meet certain requirements. Figure 4, Figure
5 and Figure 6 below present some sample configurations of ADA compliant public access charging
stations, and Figure 7 shows a local Truckee charging station configuration.
Figure 4. Possible configuration for 2 EV charge ports 16

16

Configuration presented by Dennis J. Corelis (California Deputy State Architect) at the May 24th 2016 PEV Collaborative
Webinar. Available online < http://www.pevcollaborative.org/sites/all/themes/pev/files/PEVC_presentation_160524.pdf>
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Figure 5. Possible configuration for 3 EV charge ports 17

Figure 6. Possible configuration for 5 EV charge ports 18

17

California Building Standards Commission, 2016 California Building Standards Code, Section 11B-812, Figure 11B-812.9
Surface Marking.
18 Configuration presented by Dennis J. Corelis (California Deputy State Architect) at the May 24th 2016 PEV Collaborative
Webinar. Available online at: http://www.pevcollaborative.org/sites/all/themes/pev/files/PEVC_presentation_160524.pdf
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Figure 7. TDPUD PEV Charging Configuration in Truckee

4.5

Weather considerations

When deciding on charging station hardware and site configurations, it is important to consider weather
impacts. Accumulated snow can obstruct access to charging stations, especially ADA access. A good
example of this is shown in below.
In addition, snow plows can damage cords
if they are not stored properly. Snow and
ice can also encase the cable if it is lying on
the ground or otherwise exposed. One way
of minimizing these impacts is to choose
charging station hardware that comes with
cable management systems or with
suspended cables.

Figure 8. Charging station whose accessibility has been impacted
by snow accumulation (source: PlugShare)

Site design can also impact snow removal.
The use of bollards and curbing to protect
charging hardware from vehicular impacts
is recommended because they still provide
accessibility and reasonably convenient

18
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snow removal. Wheel stops are not recommended for areas that have heavy snow accumulations, as
they can be problematic for snow removal.

4.6

Installation Costs

Charging infrastructure costs are primarily comprised of hardware, permitting, and installation. Total
costs vary by charging level, site characteristics, and equipment features. However, in workplace
charging, fleet charging, and opportunity charging, there may be significant costs attributable to
trenching and concrete, as well as ensuring ADA accessibility.
Table 5 below summarizes the expected costs of Level 1, Level 2, and DC fast charging installations in
non-residential applications.
Table 5. Cost ranges for single port electric vehicle charging stations in non-residential applications 19
Cost Element

Level 1

Level 2

DC fast charge

Low

High

Low

High

Low

High

Hardware

$300

$1,500

$400

$6,500

$10,000

$40,000

Permitting

$100

$500

$100

$1,000

$500

$1,000

Installation

$0*

$3,000

$600

$12,700

$8,500

$51,000

$400

$5,000

$1,100

$20,200

$19,000

$92,000

Total

* The $0 installation cost assumes the site host is offering an outlet for PEV users to plug in their Level 1

The values presented in the table above are based single charge ports being installed at each location. It
is also worth noting that the marginal cost of the next charger installations—for each level of charging
infrastructure shown in the table above – is a fraction of the total installed cost listed. The charging
equipment hardware is the only cost element that does not yield some benefit with increased number
of installations. This is particularly relevant because the hardware represents a small fraction of the
overall cost for both Level 1 and Level 2 equipment. Even for DC fast charging equipment, there is
potentially significant savings with about 25-60% of the installed cost represented by the hardware.
Factors that affect the cost of electric vehicle charging infrastructure include:





Type of mounting: Charging hardware are available as wall mounted or pedestal mounted units.
Pedestal mounted units typically costs $500-$700 more than their wall mounted counterparts
due to material, manufacturing, and install construction costs.
Technological Features: The simplest units provide a charging port and electricity, however
there are many amenities and features that can be included in hardware and subscriptions such
as data collection, usage monitoring, user communication, and billing options.

19 Cost

ranges are based on data from U.S. Department of Energy. 2015. Costs Associated With Non-Residential Electric Vehicle
Supply Equipment and EPRI. 2013. Electric Vehicle Supply Equipment Installed Cost Analysis.
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Location: The further away the charging station is from the electrical panel, the higher the
installation costs. This is due to the need to trench or bore long distances to lay electrical supply
conduit from electrical panel to the charging location. A 2013 EPRI study found that L2 sites that
that required special work such as trenching or boring were about 25% more costly. 20
Electrical needs: In most cases, charging stations need a dedicated circuit for each EVSE unit on
the electrical panel, sufficient electrical capacity from the utility connection the electrical panel,
and sufficient electrical capacity at the panel. If the selected site does not meet these three key
electrical needs, then electrical upgrades are required. The most common electrical upgrade for
installing a L2 electric vehicle charging station is a re-organization of the panel to create space
for a 40 amp circuit. However, more significant electrical work such as upgrading transformers
is more expensive.

Another consideration is ADA compliance with regards to parking spaces for people with disabilities.
These spaces may be underutilized with minimal potential to recoup the costs of the charging
Clean Cities’ Tips for Minimizing PEV Charging Station Costs
EVSE Unit Selection
 Choose the EVSE unit with the minimum level of features that you will need.
 Choose a wall mounted EVSE unit, if possible, so that trenching or boring is not needed.
 Choose a dual port EVSE unit to minimize installation costs per charge port.
 Determine the electrical load available at your site and choose the quantity and level of EVSE units
to fit within that available electrical capacity.
Location
 Place the EVSE unit close to the electrical service to minimize the need for trenching/boring and
the costs of potential electrical upgrades.
 Instead of locating the EVSE at a highly visible parking spot a great distance from the electrical
panel, use signage to direct PEV drivers to the EVSE unit.
 If trenching is needed, minimize the trenching distance.
 Choose a location that already has space on the electrical panel with a dedicated circuit.
Long Term Planning
 Contact your utility early in the planning stages to discuss electricity consumption and demand
charges as well as electrical service needs. Avoid utility demand charges by balancing charging
time windows with other electricity usage and working closely with your utility.
 Consider the quantity and location of EVSE that you plan to install over the next 10-20 years when
installing your first unit. Upgrade your electrical service for your anticipated long term EVSE load
and run conduit to your anticipated future EVSE locations. This will minimize the cost of installing
future units.
 Consider the electricity infrastructure for EVSE when building a new facility. It is less expensive to
install extra panels and conduit capacity during initial construction than to modify the site later.
Additional information available from the DOE Clean Cities report on the Costs Associated with NonResidential Electric Vehicle Supply Equipment

20

EPRI 2013
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equipment installation. One solution has been to provide a charging space that is wide enough to
accommodate access for a person with a disability but not having a sign indicating the spot as disabled
parking. This solution, even though indicating PEV use, would still allow disabled people to use this
space.

4.7

Funding and Financing Installations

There are many incentives and financing options to help defray the costs of deploying charging
infrastructure. Similar to vehicle purchasing, these incentives vary at the federal, state, and local levels.
Table 6 provides an overview of the incentives available to local governments for PEV charging
infrastructure deployment.
Table 6. Funding opportunities for local government installation of PEV charging infrastructure
Government
Entity

Incentive
Program

Funder

Available to

Incentive available

Federal

Low and Zero
Emission Vehicle
Research,
Demonstration,
and Deployment
Funding

Federal Transit
Administration

Local, state, and
federal government
entities; public
transportation
providers; private
and non-profit
organizations; and
higher education
institutions

Financial assistance is available for
research, demonstration, and
deployment projects involving low or
zero emission public transportation
vehicles. Funding may cover up to 80%
of project costs, with a required 20%
non-federal cost share requirement.
Eligible vehicles must be designated
for public transportation use and
significantly reduce energy
consumption or harmful emissions
compared to a comparable standard
vehicle.

State of
California

Alternative and
Renewable Fuel
and Vehicle
Technology
Program
(ARFVTP)

California Energy
Commission

Public entities,
businesses,
workforce training
partners, fleet
owners and
consumers

Competitive grant program that
provides funding for EVSE
infrastructure, light duty PEV
deployment, workforce training and
development, and regional PEV
readiness plans.
The 2016-2017 investment plan
includes $17 million for the
deployment EVSE infrastructure. 21

21

California Energy Commission. May 2016. 2016-2017 Investment Place Update for the Alternative and Renewable Fuel and
Vehicle Technology Program. Retrieved from http://www.energy.ca.gov/2015publications/CEC-600-2015-014/CEC-600-2015014-CMF.pdf
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Government
Entity

Incentive
Program

Funder

Available to

Incentive available

California –
local air
districts

Motor Vehicle
Registration Fee
Program

El Dorado and
Northern Sierra
Air Quality
Management
Districts

Local government,
businesses,
individuals, and
non-profit
organizations in CA

Funding is available for projects that
reduce air pollution from on- and offroad vehicles. Eligible projects include
purchasing alternative fueling vehicles
and developing alternative fueling
infrastructure.

Please note that the federal Alternative Fuel Infrastructure Tax Credit is not included in the table above,
as local governments are not tax liable entities therefore this incentive is irrelevant.

5.
5.1

Managing Charging Stations
Ownership Structures

Charging infrastructure ownership can be retained by the station provider or transferred to the charging
site host or another third party. The traditional sale method would make the host, whether residential
or commercial, the owner and operator of the charging equipment and responsible for the operation
and maintenance of the equipment. Under some contracts, the charging station provider may retain
ownership of the charging equipment and provide compensation to the host for the use of the site. The
charging station provider then may be responsible for the maintenance and operation of the equipment.
Some charging infrastructure business models relate
Electric Vehicle Service Providers can offer a
to providing charging at no cost to the driver. Access
variety of services along the charging
fees, whether through the subscription method or pay
infrastructure value chain, including
procurement, installation, management,
per use generate revenue (discussed in more detail
ownership, and network services. Some
below), are expected to be charged at most publicly
common EVSPs include (in alphabetical order):
available charging sites. This revenue may be shared
CarCharging/BLINK, Chargepoint, Electric Trees,
with the charging site host; some ownership models
eVgo, Greenlots, SemaConnect, and Tesla.
will provide a percentage split with the host based
upon negotiated terms with the charging station
provider. This method encourages the host to maximize the utilization of the equipment. Other
contracts may provide a fixed rate to the host, and is typically designed to compensate for the host’s
identified costs associated with hosting the charging infrastructure and/or rent for the parking space.
The balance of any revenue then would be retained by the charging station provider.
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Fees

Often, owners of charging spaces contract with electric vehicle service providers or third party operators
who install, operate, and set the fees on charging equipment. However, when owners do have the
ability to set fees—either explicitly or implicitly through their choice of operator—they face conflicting
goals. Owners often need to recoup the costs of installing, maintaining, operating chargers, and may
also wish to price charging in order to encourage turnover so chargers are available to those who need
them most, both of which push operators toward charging higher fees. On the other hand, pricing
charging so that driving an electric vehicle is cheaper on a per-mile basis than a gasoline-powered
vehicle creates an incentive for people to purchase electric vehicles or charge plug-in hybrids so that
they use more electricity and less gasoline.
When access fees are assessed, they may be set on a fixed fee, a fixed rate or a pay per energy
consumed basis.







Fixed fee would mean that each connect has a set cost. It would not matter how long the
connection is made or how much energy is charged into the battery, since the set connection
fee is charged. The fixed fee may be assessed by an employer in a workplace setting or when
charging is provided as part of a parking lot fee. It may be expected that the owner will be
parked for a significant period of time in this location.
A fixed rate fee may be charged if high utilization and turnover of vehicles is desired. Fees may
be charged per hour or other intervals for AC Level 2 charging and a per minute basis for DC fast
charging. It would be desirable for the PEV driver to be aware of the time the vehicle is charging
to maximize the charge with the convenience of gaining range.
A pay per energy consumed basis would require measuring the energy delivered and charging a
rate based upon the cost of electricity to the host. A multiplier on this cost may be applied to
recover other operational costs.

Membership or subscription programs may offer the same type of services. A fixed rate may be charged
to the driver on a monthly basis for an unlimited number of connects or time connected at publicly
available charging infrastructure. Discounts on the fixed rate may be provided by the membership
program for a tiered membership fee. In most cases, a pay per use is generally available although
restrictions may apply based upon the membership program.

5.3

Considerations

Over the long term, infrastructure owners should pilot innovative agreements with utilities and
infrastructure to make charging cost-competitive with driving a gasoline-powered vehicle. Over the
short term, however, infrastructure owners may need to establish higher fees in order to recoup costs
and encourage turnover. Various regional Infrastructure owners should consider adopting the same fee,
particularly in high-demand locations, to create consistency throughout the region. With these types of
fees, vehicles are less likely to remain parked after their charge is complete and other drivers are drawn
to spaces that they know are more likely to be available. Local governments looking to adopt a PEV
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charging fee may need or want to conduct a study to demonstrate that the fee is necessary to cover
their costs and/or create a revenue-sharing agreement with private infrastructure operators.

5.4

Time limits

Time limits can help ensure turnover at chargers so that they are available to drivers who need them.
Otherwise, PEV owners may keep their vehicles at chargers after a charge is complete in order not to
interrupt their business. When setting time limits, charging station owners should consider how much of
a charge vehicles parked at a given location will likely need. In the Tahoe-Truckee region, time limits
mostly apply in commercial areas, and the type of trips that drivers take to these areas—for shopping,
eating out, or socializing—tend to be relatively short, so most drivers traveling from their homes should
be able to recharge from their trips in under 2 hours. However, drivers running a series of errands may
be looking for a more significant charge time. The time needed to achieve a significant charge is shown
in Table 7.
Table 7. Time needed to achieve a significant charge, by charging type
Charger type

Time needed to achieve a significant charge

Level 1

4—6 hours

Level 2

1—2 hours

DC Fast

15—45 minutes

Consistency with time limits for regular parking may also influence time limits on charging. Having
longer time limits at charging spaces than at regular parking spaces may enable more EV drivers to
achieve a significant charge and create incentives for PEV ownership, but it can also make enforcement
challenging.

5.5

Enforcement

The California Vehicle Code allows the owner of a space to
remove a vehicle if it occupies a space in violation of posted
regulations, 22 including signs designating spaces for charging
vehicles or time limits on charging spaces. In order for signs to be
enforceable, governments in the Tahoe-Truckee region must
specify time limits, penalties, and provide all of the necessary
definitions through a local ordinance.

Parking Enforcement Example
The City of Roseville has adopted
an ordinance approving changes to
their Municipal Code to include
electric vehicle parking
enforcement.

Enforcement is key to making sure that chargers are available for drivers who need them, but it can be
challenging, potentially requiring increased funding for parking agents as well as education to ensure

22

California Vehicle Code §22511.1(a).
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that agents can differentiate a charging vehicle from a non-charging one in the absence of any universal
standard for indicating a vehicle’s state of charge. Instead of devoting resources to effective
enforcement of time limits, it may be more effective to charge fees that escalate steeply after a certain
time to encourage turnover at stations.

6.

Streamlining the Permit Process

A key step in the installation of PEV charging equipment is obtaining city or county permits and passing
inspection. Because regional infrastructure has been expanding rapidly, there are many opportunities to
streamline permitting and inspection procedures and harmonize processes between jurisdictions.
Making the permitting process easy, affordable, and less time consuming can help speed the roll out of
charging infrastructure and make installations more straightforward.
Recognizing the important role of permitting in the deployment of charging infrastructure, California
legislators passed a law in 2015 requiring local governments to streamline the permitting process. 23 AB
1236 requires communities with populations greater than 200,000 to adopt ordinances that expedite
the permitting process for PEV charging stations by September 30, 2016. All other jurisdictions must
adopt an ordinance by September 30, 2017.
The required ordinance must include several streamlining elements. Local governments must provide a
permitting checklist; installation projects that meet all requirements on the checklist must be eligible for
expedited review. Cities and counties can use the latest version of the “Plug-In Electric Vehicle
Infrastructure Permitting Checklist” from the Zero-Emission Vehicles in California: Community Readiness
Guidebook published by the Governor’s Office of Planning and Research (OPR) 24; they can also modify
the standards based on “unique climactic, geological, seismological, or topographical conditions.” In
addition to developing streamlined procedures, permitting offices must provide the permitting materials
on the government’s website and must allow for electronic submittal of the application materials online.
The forthcoming Tahoe-Truckee PEV Readiness Plan includes a goal to support and help coordinate the
development of a model streamlined permitting process, useful for the local jurisdictions in the TahoeTruckee Region. Achieving this goal will depend on the gain of sufficient resources.

6.1

Staff expertise and training

By training permitting and inspection staff to be able to specifically handle PEV charging station projects,
local jurisdictions can streamline the installation process and improve the deployment of infrastructure
in the area. If no electrical panel upgrades or additions are required, installations at single-family
residences can be relatively simple and often do not require significant review by permitting staff; in

23

Full text of chaptered Assembly Bill 1236 available at the California Legislative Information webpage:
https://leginfo.legislature.ca.gov/faces/billVersionsCompareClient.xhtml?bill_id=201520160AB1236
24 Materials available from the Governor’s Office of Planning and Research at: https://www.opr.ca.gov/s_zeroemissionvehicles.php
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areas where most or all projects are straightforward residential projects, training may not be necessary
or cost-effective. However, installation of commercial or public stations or stations at multi-family
dwellings are more complex and require more oversight and review; and until more projects are
implemented, most jurisdictions and installers do not have extensive, if any, experience with these more
complicated and varied types of installations. Jurisdictions seeing or anticipating significant
implementation of these types of projects may benefit the most by training their staff and by offering a
list of professional electricians qualified to assist with PEV charging station installations.
There are institutions that provide training in PEV charging station installations. The Electric Vehicle
Infrastructure Training Program (EVITP) offers courses that train and certify electricians throughout the
area to install stations; it has developed a 6- to 8-hour course curriculum especially tailored for local
government staff and stakeholders, sometimes working with local governments to tailor classes to local
needs and constraints. Alternatively, there may be local staff from jurisdictions with experience from
working on various types of projects who can provide a peer training workshop. Additionally, Clean
Cities produced a series of YouTube training videos on residential electric vehicle supply equipment
installation. Key information for training includes:







6.2

Battery types, specifications, and charging characteristics
National and California code requirements for EVSE
Utility interconnect, notification, policies and requirements
Brand- and model-specific installation instructions for Level 1 and 2 EVSE and hands-on
installation demonstrations.
Service-level site assessments, load calculations, and upgrade implementation

Required information

Different permitting and inspection offices have different requirements for PEV charging station
projects. Jurisdictions require some or all of the following:








Permit application
Plan for installation
Line drawing
Electrical load calculation
Permit and inspection fee
Inspection

Requirements vary depending on each jurisdiction’s process. Some permitting offices do not require site
plans, especially for installations at single-family detached residences. Permitting commercial or public
stations are often more complex than residential installations and may require significant back and forth
between the installer and permitting staff. CALGreen, the green building code of the California Building
Standards Code (Title 24, Part 11), requires new construction to be pre-wired for electric vehicle
charging, which includes providing a service panel and conduit that can support the electrical load
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necessary for Level 2 charging. 25 Pre-wiring greatly simplifies installations, so additional streamlining
may be possible for charger installations in new construction.
In addition to variations in the application materials required for different local governments, the
permitting and inspection fees vary widely. Some jurisdictions may require fees less than $100 while
others in the northern California region charge over $300. Even within a city or county, fees may vary if
they do not charge a fixed fee for PEV charger installations; some fees depend on the project size or
value.
In some places, permit applications can be submitted online while some must be handled in-person in
other jurisdictions. It should be noted that AB 1236 requires jurisdictions to provide permit materials
and allow submission of applications online:
The checklist and required permitting documentation shall be published on a publicly accessible
Internet Web site, if the city, county, or city and county has an Internet Web site, and the city, county,
or city and county shall allow for electronic submittal of a permit application and associated
documentation, and shall authorize the electronic signature on all forms, applications, and other
documentation in lieu of a wet signature by an applicant. 26
If an electrical panel needs to be upgraded or a new panel is being added, the installer also needs to
work with the electrical service provider to meet all of the utility requirements, which may include
submitting an application, communicating with a utility representative, and scheduling an inspection.
These steps may add significant time to the project, depending on the complexity of the service change.
Depending on where the charging station is sited, a permit from the Tahoe Regional Planning Agency
(TRPA) may also be required:







If the charging station is going to be installed on existing impervious surface and/or if grading
under 7 cubic yards is needed, TRPA requests that applicants submit a qualified exempt
application (for no fee). 27
If grading or trenching over 7 cubic yards is needed for the installation, a grading permit is
required. Grading permits are approved through TRPA and the fee is approximately $501 (as of
December, 2016). Grading permits are only issued in the grading season which is from May 1
through October 15.
If they are adding coverage on an undeveloped site, more permitting is involved.

25

More information available from the State Department of Housing and Community Development’s 2014 Report to the
Legislature: Status of the California Green Building Standards Code (Sept 2014), available for download at:
http://www.hcd.ca.gov/codes/calgreen/docs/calgreen-report-to-legislature-2014.pdf
26 Text of chaptered Assembly Bill 1236 available at the California Legislative Information webpage:
https://leginfo.legislature.ca.gov/faces/billVersionsCompareClient.xhtml?bill_id=201520160AB1236
27 Qualified exempt applications can be emailed to Alyson Borawski aborawski@trpa.org. For more information please see
http://www.trpa.org/wp-content/uploads/Exempt-Qualified_Exempt_Activity_Application_2-26-16.pdf
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To provide permitting consistency between jurisdictions within the Tahoe Truckee Region, it is
recommended that guidelines are developed for local governments on PEV charging systems for singlefamily residences and for multi-family residences and commercial properties. 28 Cities and counties
should consider adopting the guidelines described below.









Provide information about the PEV charging system, including level of equipment (Level 1 or 2),
equipment certification by nationally recognized testing laboratory, in compliance with UL 2202
(Standard for PEV Charging System Equipment)
Conduct load calculations to determine if existing electrical service panel is adequate or if an
upgrade is required
Upgrade panel and wiring in conformance with the California Electrical Code (Part 3 of the
California Building Standards Code) 29
Determine if an additional electrical meter must be installed for an EV charging utility rate
Identify charging equipment location and install according to manufacturer specifications
Provide manufacturer installation guidelines to inspector on site

In addition to these guidelines for single-family residences, multi-family and commercial installations
need to consider the following:






6.3

At least one ADA accessible space must be provided, although it will not count towards
minimum ADA counts since the non-disabled users can charge in those spots
Property owners or Homeowners’ Associations must approve of installations
Lighting, shelter, and flood zones must be considered
Approvals from the city or county engineering and fire departments may be required

Guidance

To prepare for a future of increased PEV adoption and mandated procedures, local governments may
need to examine their current permitting and inspection practices and update their processes to
improve convenience and support increased installations. However, they must balance efforts to
simplify permitting and inspection while maintaining quality and safety standards.
The following practices can help jurisdictions increase efficiency while meeting standards and state
requirements:



Prepare combined informational materials providing all guidance on the permitting and
inspection processes specific for residential, multi-family dwelling, and non-residential charging
equipment installations

28

The guidelines can be downloaded from the East Bay Chapter of the International Code Council (ICC) at:
http://www.eastbayicc.org/index.php/tucc
29 Note that 2016 California Building Standards Code is effective January 1, 2017. The current codes are available to view on the
California Building Standards Commission website at: http://www.bsc.ca.gov/Codes.aspx
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Prepare all guidance, including permitting and inspection checklist, and application materials for
online submission to meet state law requirements



Work with other local governments to make permitting and inspection procedures consistent
between jurisdictions by using consistent guidelines or other agreed-upon standards



Consider streamlining permitting for installations in single-family residences by reducing
application material requirements; for example, eliminate site plan requirements and require
installer to provide manufacturer specifications and approved equipment testing certification at
the time of inspection, limit to one inspection, and set a fixed fee



Work with local utilities to create a notification protocol for new charging equipment through
the permitting process



Train permitting and inspection officials in EV charging equipment installation

Additionally, utilities can support permitting and inspections with the following:




Assign utility representatives with relevant experience to review and approve PEV charging
installation projects
Work with local government permitting offices to create a notification protocol for new charging
equipment

While developing or adopting standardized permitting processes, local governments may also want to
consider surveying charging station owners and installers to identify additional barriers and
opportunities for improvement and to ensure that officials are designing processes that consider the
needs of installers and consumers in addition to the needs and limitations of the government staff.

7.
7.1

Resources
Guidebooks and Toolkits





U.S. Department of Energy (DOE) Plug-in Electric Vehicle Handbook for Public Charging Station
Hosts: published in 2012, this handbook covers PEV and charging basics, charging station
locations and hosts, ownership and payment models, and installing and maintain charging
stations.
U.S. DOE Clean Cities Workplace Charging Challenge Employer Workshop Toolkit provides best
practices for planning, organizing, and executing successful and educational workplace charging
events. Includes employer workshop and outreach templates, as well as examples of workplace
charging events.
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The California Plug-In Electric Vehicle Collaborative’ s Community Toolkit for Plug-In Electric
Vehicle Readiness highlights actions communities can take to get ready for PEVs and offers
tangible best practices examples and case studies from communities and stakeholders
throughout California and abroad
Ready, Set, Charge, California! A Guide to EV-Ready Communities provides public agencies
throughout California with guidance on how to advance community PEV readiness. This guide
provides standardized policies, ordinances and best-practices, providing a consistent framework
for deployment of PEVs and charging infrastructure including information on signage, ADA
compliance, permitting and other key matters.
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1. Introduction
This toolkit was developed as part of the Tahoe-Truckee Plug-in Electric Vehicle (PEV) Readiness Project
led by the Tahoe Regional Planning Agency. It provides an overview of the key considerations for fleet
managers who are seeking to incorporate PEVs and charging infrastructure into their operations. This
document is limited exclusively to light-duty vehicles and the charging infrastructure required to support
these vehicles. There are many reasons why fleet managers might deploy PEVs–to reduce operating
costs, enhance energy security, reduce exposure to volatile fuel prices, reduce regional greenhouse gas
and air pollutant emissions, or outwardly demonstrate their commitment to environmental
sustainability. Furthermore, government mandates and regulations increasingly require fleets to
consider incorporating alternative fuel vehicles, like electric vehicles into their fleet. For instance,
Governor Brown issued an Executive Order in 2012 ordering that the state’s vehicle fleet increase the
number of its zero-emission vehicles (including electric vehicles) so that at least 10 percent of fleet
purchases of light-duty vehicles be zero-emission by 2015 and at least 25 percent of fleet purchases of
light-duty vehicles be zero-emission by 2020. 1
With the introduction of any new technology, there are questions and concerns that need to be
addressed. This toolkit aims to help fleet managers address these questions by providing tips, resources,
and best practices where applicable. To the extent feasible, the information presented in this toolkit is
specific to the Tahoe-Truckee region, with recommendations and information tailored to local
conditions based on research and stakeholder outreach.
The toolkit is structured as follows:
 Technology overview: Introduces the various PEV and charging infrastructure technologies available
on the market today that are referenced throughout this toolkit.
 Deploying PEVs: Provides key considerations managers should think about when deciding if and what
type of PEV is right for their fleet. This includes typical driving patterns, factors that affect the range
of PEVs, total cost of ownership comparisons, and on-going maintenance.
 Choosing the right charging infrastructure: Discusses fleet manager considerations for choosing and
siting charging infrastructure. This includes estimates for charging infrastructure costs and guidance
on accessibility and signage.
 Funding opportunities: Lists incentive and grant programs available to help off-set or fund the cost of
deploying of PEVs and charging infrastructure in fleet applications.
 Best practices: Includes information on minimizing the cost of installing new charging infrastructure,
driver training, tracking vehicle performance, and using charging schedules.
 Resources: Outlines websites and publications that fleet managers can use for additional guidance.

1

Executive Order B-16-12, available online at https://www.gov.ca.gov/news.php?id=17472
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2. Technology Overview
2.1. Current Offerings and Market Outlook
PEVs include both plug-in hybrid electric vehicles (PHEVs) and battery electric vehicles (BEVs). PHEVs
have both a battery-powered motor and an internal combustion engine (that uses gasoline) capable of
powering the wheels. BEVs are powered exclusively by a battery-powered motor and do not use
gasoline. The figure below shows the Nissan LEAF, a BEV, and a Chevrolet Volt, a PHEV.
Today, there are upwards of 30 lightduty PEV offerings to choose from, and
the market continues to expand as
automobile manufacturers roll out
additional models. Table 1 below lists
most of the currently available light duty
PEVs, as well as several that are
expected to be available within the next
12-18 months. The table also includes
the expected all-electric range in miles
for each vehicle. Over the past several
years, technological advancements
(largely in in batteries) have extended
the electric range significantly.
Table 1. Available PEV Models and Corresponding Electric Range
PEV
Architecture
BEV
BEV
BEV
BEV

Light Duty Vehicle Make & Mode

Tesla Model S, Tesla Model X, Tesla Model 31
Chevrolet Bolt
Nissan Leaf, Kia Soul, Mercedes Benz B-Class, Fiat 500e
BMW i3, Chevy Spark, VW eGolf, Ford Focus, Honda Fit, Mitsubishi iMiev,
Smart ForTwo
PHEV
Chevy Volt
PHEV
Cadillac ELR, Audi A3e, Hyundai Sonata
PHEV
BMW X5 & i8, Porsche Cayenne, Volvo XC90
PHEV
Ford C-Max Energi, Ford Fusion Energi, Toyota Prius Prime, Mitsubishi
Outlander2
1
Tesla reports that the Model 3 will start to ship in 2017.
2
Mitsubishi reports that the Outlander SUV will start to ship in mid-2017.

Est. Electric
Range (miles)
230-260
200
84-107
62-83
53
27-37
13-20
20-22

In the Tahoe-Truckee region, most fleet managers consider all-wheel drive (AWD) or four-wheel drive
(4WD) capability a necessary vehicle specification due to the need to drive in snowy or off-road
4
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conditions. Currently there are very limited
PEV offerings with AWD, and for those that
do have it - such as the Tesla Model X and
other luxury PHEVs from BMW and Volvo –
the price point is simply too high for fleet
managers to justify. The good news is that
over the next few years, we will see greater
diversification in PEV offerings at more
affordable price points. Tesla’s Models 3 will
be priced around $35,000—$$40,000 before
incentives and will get more than 200 miles
of range. Mitsubishi is planning to roll out
Figure 1. Mitsubishi Outlander PHEV with AWD, scheduled to be
their Outlander PHEV in mid-2017, a crossavailable in the U.S. in mid-2017 (Photo credit: insideevs.com)
over SUV that gets around 20-30 miles of allelectric range (with a back-up gas engine). This model has been very successful in Europe, where it has
been the best-selling PHEVs on the market.

Although this toolkit is focused on light-duty PEVs, the electric vehicle market is expanding rapidly and
within a few years there will be a larger selection of vehicles, presumably including more AWD vehicles
and even pick-up trucks. Ford announced in December that it has big plans to build over ten new
hybrids, PHEVs, and BEVs by 2020. 2 Ford executives have also noted that they are working on a plug-in
hybrid F-150 for 2020. Tesla has hinted at an electric pick-up truck but has not released any firm details.
Workhorse, an Ohio-based manufacturer, just recently announced their first plug-in hybrid pick-up truck
offering called the W-15. They are promising an all-electric range of 80 miles (with back up gasoline
engine), a price point less than $50,000 before incentives, and production starting no later than 2018.
Duke Energy, the city of Orlando and the city of Portland have all signed nonbinding letters of interest to
purchase the W-15. 3

2.2. Charging Infrastructure Types

Keeping up to date on the latest PEVs:
• Alternative Fuels Data Center:
Availability of Hybrid and Plug-in
Electric Vehicles, and Plug-in America
• For news and technology updates:
Green Car Reports and Hybrid Car News

Electric vehicle charging infrastructure is typically
differentiated by the maximum amount of power that can be
delivered to the vehicle’s battery. This determines the time
that it takes to charge the vehicle’s battery. Table 2 below
provides a summary of the three types of charging that will be
discussed in this toolkit. The charging equipment is referred to as electric vehicle supply equipment
(EVSE), and each EVSE has at least one (but often more than one) charge port or plug.
2

http://www.businessinsider.com/15-electric-cars-that-will-be-here-by-2020-2016-6/#mercedes-benz-is-aiming-to-launch-atleast-one-new-electric-car-by-2018-11
3 http://www.hybridcars.com/workhorse-group-plans-a-phev-pickup-truck-with-80-mile-electric-range/
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Table 2. Electric Vehicle Supply Equipment Types
Level 1 AC
Uses a standard plug - 120
volt (V), single phase service
with a three-prong electrical
outlet at 15-20 amperage (A)

Level 2 AC
• Used specifically for PEV
charging
• ~ 240 V AC split phase
service that is less than or
equal to 80 A.

DC Fast Charging
• Used specifically for BEV charging
• Typically requires a dedicated circuit
of 20-100 A, with a 480 V service
connection.

J1772 charge port

J1772 charge port

Limitations

Low power delivery
lengthens charging time

Requires additional
infrastructure and wiring

Time to
charge

2—5 miles of range per hr. of
charging. Depending on the
vehicle battery size, PHEVs
can be fully charged in 2-7 h
and BEVs in 14-20+ h.
• Charging outlets should
have ground fault
interrupters installed and
a 15 minimum branch
circuit protection.
• Requires no new electrical
service for a building
operating on an existing
circuit.

10—25 miles of range per hr.
of charging. Depending on
the vehicle battery size,
PHEVs can be fully charged in
1-3 h and BEVs in 4-8 h
• Requires additional
grounding, personal
protection system
features, a no-load
make/break interlock
connection, and a safety
breakaway for the cable
and connector.
• If 240 V service is not
already installed at the
charging site, a new
service drop will be
required from the utility.

J1772
CHAdeMO
Tesla
combo
combo
Can only be used by BEVs currently.
Provides power much faster than the
AC counterparts, but are more
expensive to build and operate due to
the necessary equipment and electrical
upgrades
50—70 mi of range per 20 min of
charging
Depending on the vehicle battery size,
BEVs can be fully charged in 30-60 mins

Description

Connector
type(s)

Infrastructure
required

• Requires a three phase DC power
supply with 480 V service.
• Requires additional grounding,
personal protection system features,
a no-load make/break interlock
connection, and a safety breakaway
for the cable and connector.

3. Deploying PEVs
The first step in deploying PEVs is to map out how current fleet vehicles are being used to see if PEVs
would be suitable replacements. It is important to understand vehicle use patterns such as daily
mileage, typical terrain, weather, and where the vehicle is housed or parked when it’s not in use. The
following section provides key considerations that fleet managers should think about when deciding if
and what type of light-duty PEVs are well suited for their fleet.
As cost effectiveness is often the highest priority of fleet managers, we have included information on
the cost differential of owning a PEV compared to a conventional gasoline powered vehicle. Although
6
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the initial purchase price of a PEV is higher, savings on fuel and maintenance can make them financially
attractive over a vehicle’s lifetime. Our analysis takes a total cost of ownership approach that is tailored
to the Tahoe-Truckee region.

3.1. Typical driving patterns
Understanding the duty-cycle of vehicles targeted for replacement is an important first step in
determining the suitability of PEVs. Fleet managers should consider the following questions pertaining
to typical vehicle use patterns:
 How many miles are driven per day? If the vehicle has a low daily mileage then an all-electric BEV
will be a suitable replacement. For vehicles that are typically driven longer distances or have
unpredictable mileage patterns, a PHEV with a back-up gasoline engine may be a better option.
 How many trips are taken per day? The number and frequency of daily trips may impact the ability
to recharge a vehicle’s battery. This may be less of a concern with extended range vehicles such as
the Chevrolet Bolt, which can travel around 200 miles when fully charged. For PHEVs, maximizing the
use of the electric engine by keeping the battery charged up before the next trip ensures that the ongoing cost savings of driving electric are realized.

3.2. Factors that affect electric vehicle range
Similar to gasoline powered vehicles, there are many factors that can affect the fuel efficiency of PEVs.
The distance a vehicle can be driven using only an electric motor (i.e., all-electric range) can vary
significantly based on driving conditions and driver habits. Of particular importance in the TahoeTruckee region is weather and terrain.



Weather: Extreme cold temperatures can reduce PEV range capability by 20-40 percent. 4
Heating the cabin of the vehicle draws more auxiliary power from the battery so it has less
energy to devote to propulsion. When batteries are cold, they also don’t provide as much power
as warm ones. Many PEVs have thermal management systems to keep the battery at an optimal
temperature, however warming the battery uses power that reduces range.
Like conventional vehicles, precautions will need to be taken to allow the vehicles to start and
function normally. This may include keeping vehicles in garages and using good battery thermal
management systems. Allowing the battery to remain plugged in to even a Level 1 charger will
keep the battery warm and will be critical to normal function. Further, fleets may want to
consider alternative options to increase the cabin temperature, such as the use of seat heaters.
Direct seat heating helps mitigate the losses of battery life, as it is more efficient than heating

4

FleetCarma, 2013, ‘Electric Vehicle Range for the Nissan Leaf and Chevrolet Volt in Cold Weather,’
http://www.fleetcarma.com/nissan-leaf-chevrolet-volt-cold-weather-range-loss-electric-vehicle/. The Chevrolet Volt turns on
the gasoline engine intermittently at temperatures below 25°F (-4°C), so trips with ambient temperatures below that threshold
were excluded
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the entire vehicle’s cabin. However, this too will draw power from the battery and decrease
battery range depending on the driver and/or passenger settings. By pre-starting these vehicles
while attached to a charger, drivers can allow the vehicle cabin to warm and the windshield to
defog before operating the vehicle on a reduced range.

Cold Weather Performance of Electric Vehicles
Two things happen when a vehicle system is cold: 1) it will lead to an increase in auxiliary power
consumption as drivers increase energy demand to heat the passenger cabin and to operate the
defogger, and 2) vehicle components will become less efficient from increases in internal friction
as an engine or battery gets colder. The greatest impact on range in cold weather usually comes
from auxiliary loads, such as cabin heaters and fans and component heaters (i.e., battery heaters).
Conventional vehicles use waste heat to help warm the cabin, but because all-electric vehicles do
not generate sufficient waste heat, an electric heater must be used. Cabin heating therefore
reduces the battery charge and potential range of a PEV. For some PEVs, a pre-heating setting is
available to allow the battery and cabin heaters to run while still plugged in, preventing any initial
loss in range to heat the vehicle. PHEVs can heat the cabin from engine rather than battery
thereby minimizing battery efficiency loses at the expense of gasoline.
Based on findings of the AAA Automotive Research Center, PEV battery range on a limited number
of sample vehicles was reduced by nearly 60% at -7°C (20°F), largely due to the vehicles auxiliary
loads. Another report by researchers at Carnegie Mellon University found similar results.
FleetCarma, a vehicle monitoring service for major auto manufacturers, aggregated data from
Chevrolet Volt and Nissan Leaf drivers to assess the range impact at temperatures between -25°C
(-15°F) and 35°C (100°F).



Terrain: Driving up hills requires more energy and therefore draws more power from the battery
than driving on flat terrain. PEVs do have regenerative braking that recovers some of the energy
used to climb hills, but there is still an effect on range.
Fleet managers will have to consider over-sizing the battery in the case of purchasing battery
electric vehicle (BEV). In the case of PHEVs, fleet managers will not have to worry about range,
8
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as they have a gasoline engine. However, they can seek to maximize electricity consumption by
identifying and maximizes the opportunities to charge the battery.



Driving habits: Speeding on highways, accelerating too fast, and abruptly braking can also affect
the range of PEVs. Range is maximized when drivers maintain constant speeds and brake slowly
to take advantage of the full energy saving capability of the regenerative braking system.

Another important aspect to consider is where the vehicle is typically parked, as this will impact the type
of charging equipment needed and the frequency of charging sessions. This will be addressed in Section
4—Choosing the Right Infrastructure.

3.2.1. Total Cost of Vehicle Ownership
Fleet purchasing decisions are often based on the upfront cost of vehicles. Although the purchase price
of PEVs are more expensive than conventional vehicles, they often have a lower total cost of ownership
(TCO) when looking at the costs incurred throughout a vehicle’s useful life. Conducting TCO analyses
that compare PEVs and conventional vehicles is a valuable exercise that can help fleet managers
understand if PEVs are a cost-effective solution for their fleet application and help influence
procurement decisions.
To demonstrate the cost-effectiveness of PEVs, we conducted some illustrative analyses that compare
the lifetime vehicle costs of a Nissan LEAF (BEV), a Chevrolet Volt (PHEV), and a Ford Focus (conventional
gasoline vehicle). We ran different scenarios, varying by annual vehicle mileage, the general or time-ofuse electricity rates from local utilities (Liberty Utilities, NV Energy, and Tahoe-Truckee Public Utility
District), gasoline prices, and electric miles traveled for PHEVs.
ICF notes that we did not consider the cost of charging infrastructure in this analysis because this
introduces another variable with a broad range of potential costs. These include the level of charging
(Level 1 vs Level 2 vs DC fast charging), location of charging, potential electrical upgrades, type of
equipment installed, networking fees, accessibility, etc. The number of variables yields too many
combinations to consider for an illustrative analysis. Fleets, however, will have to consider the costs of
vehicle charging infrastructure, as outlined elsewhere in this document.
The results of each of these scenarios are summarized in the figure below. The TCO assumptions are
included after the figure.
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Total Cost of Ownership Comparison - Tahoe Truckee Region
Range of
expected costs

2016 Nissan Leaf BEV

Expected mean

2016 Chevy Volt PHEV

Expected
minimum

2016 Ford Focus

Expected
maximum
$35,000

$40,000

$45,000

$50,000
$55,000
Lifetime Cost

$60,000

$65,000

ICF used the following assumptions in our TCO estimates:







Vehicle miles traveled: 8,000—12,000 miles annually
Gasoline price: $2.50—$4.00/gallon
For the Volt PHEV, we assumed 40—80% of miles are traveled using electricity.
Annual insurance costs: 5 Conventional vehicle—$1,294, PHEV—$1,273, and BEV—$1,165
Maintenance costs 6: Conventional vehicle—5.99¢/mi, PHEV—4.93¢/mi, and BEV—4.45¢/mi
Electricity rates are shown in the table below.

Table 3. Electricity Rates
Electricity Price
($/kWh)

Utility

Electricity Rate

Source

Liberty
Liberty
NV Energy

A-1 Small General Service
TOU A-1 Small General Service - Off-peak
General Service Standard Rate

$0.14056
$0.11373
$0.07525

Liberty utilities
Liberty Utilities
NV Energy

NV Energy

Optional General Service EV TOU Rate

$0.03962

NV Energy

TDPUD

Small Commercial Rate

$0.15900

Truckee Donner Public Utility District

There are many TCO calculators available for fleet managers to use to conduct their own analysis,
including:
 The Department of Energy (DOE) Alternative Fuels Data Center website provides a Vehicle Cost
Calculator. This tool uses basic information about driving habits to calculate total cost of ownership
5

Insurance rates based on zip code look up at Edmunds.com. A 10% discount to BEVs was applied based on a Farmers
Insurance discount.
6 Raustad and Fairey, Electric Vehicle Life Cycle Cost Assessment, 2014. Available online at:
http://fsec.ucf.edu/en/publications/pdf/FSEC-CR-1984-14.pdf
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and emissions for makes and models of most vehicles, including BEVs and PHEVs. Users can modify
assumptions such as the price of gasoline. However, it is not possible to modify the price of electricity
so this tool is not useful if you want to take time-of-use rates into considerations.
 BeFrugal.com’s Electric Car Calculator is similar to DOE’s tool, as it allows you to compare multiple
vehicles in terms of annual and lifetime vehicle costs and environmental impact. You can modify the
price of gasoline and electricity in this tool, which allows for a more regionally-specific analysis and
the benefit of charging on a time-of-use rate.
 To analyze the impact of a whole fleet, Argonne National Laboratory’s Alternative Fuel Life-Cycle
Environmental and Economic Transportation (AFLEET) Tool may be a good choice. This tool that
estimates petroleum use, greenhouse gas emissions, air pollutant emissions, and cost of ownership
of light-duty and heavy-duty vehicles, including PEVs, using simple spreadsheet inputs.

3.2.2. Ongoing maintenance
Compared to conventional vehicles, BEVs (and PHEVs, but to a lesser extent) have fewer on-going
maintenance concerns and expenses. Electric motors have fewer moving parts - there is no oil that
needs be changed, transmissions to repair, and brake pads don’t need to be replaced as often because
of regenerative braking. The battery, motor, and associated electronics of electric vehicles require little
to no regular maintenance. Studies suggest the total maintenance costs of BEVs may be one third less
than a conventional gasoline vehicle of similar size and use pattern.
Like all vehicles and other fleet assets, PEVs should be on a preventative maintenance schedule tailored
to their needs, as directed by the vehicle manufacturer. They will need periodic inspections to ensure
that brakes, tires, suspension, and overall safety of the vehicle meet applicable standards. Any problems
should be reported to vehicle dealership for maintenance and repair—this is a barrier in the TahoeTruckee region with no dedicated PEV dealerships. Fleet managers will have to consider carefully
maintenance considerations during the procurement process and work with dealers or vendors to
ensure they have a strategy for preventative maintenance in place. Currently, it is unclear if vehicle
manufacturers are offering training to fleet mechanics to diagnose or repair electric drive systems. If this
changes, then fleet managers will need to provide appropriate electric vehicle training to their
mechanics or outsource the services to dealerships.
Long-term battery performance is often a concern of fleet managers. Batteries can lose capacity over
time. To alleviate these concerns, the majority of manufacturers are offering vehicle warranties. Nissan
has a 96-month/100,000-mile battery warranty standard with the purchase of a new LEAF. Chevrolet has
a similar program for their new Bolt BEV, offering an eight year or 100,000 mile battery warranty. These
warranties will likely cover the expected lifetime of a PEV in a fleet application.
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4. Choosing the Right Charging Infrastructure
There is a variety of electric vehicle charging equipment available today and costs can vary depending on
the charging level required, desired amenities and installation location. The following section discusses
fleet manager considerations for choosing charging infrastructure and presents a range of cost
estimates.

4.1. What type of charging equipment is needed
Most fleets use either Level 1 or Level 2 charging equipment, as the more powerful DC fast chargers are
typically not needed and are much more expensive to install.
Level 1 chargers use a standard 120 volt three-prong plug with a single phase service at 15-20
amperage. The low power delivery lengthens the time required to charge – typically an hour of charging
on a Level 1 will give vehicles 2 to 5 miles of electric range. Therefore, Level 1 chargers are most suitable
for PHEVs that have smaller batteries or BEVs that are routinely parked overnight or for at least four or
more consecutive hours each day.
Level 2 chargers use a 240 volt plug with a split phase service at less than or equal to 80 amperage. They
provide more charging power to vehicles in a shorter time then Level 1 chargers, delivering between 10
and 25 hours of electric range per hour plugged in. Level 2 chargers are needed for BEVs who are
routinely parked for only a few hours at a time, and for BEVs with larger batteries (like the 200 mile
Chevy Bolt, which would take over 30 hours to get a full charge on a Level 1).
The costs of both Level 1 and Level 2 charging equipment can vary widely based on the service and
networking capabilities. The most basic chargers are usually adequate for fleet charging applications and
employee parking where fee collection is not required. These units are essentially just plugs that
connect the vehicle to charger. However, some types of basic chargers come with keypads to allow for
access control.
More sophisticated charging equipment, often called “smart chargers”, is more expensive than basic
chargers because they allow for data capture and analytics and the option to collect fees for charging.
Commonly available features in smart charging equipment includes: verification of the user by RFID
card, point-of-sale using credit cards, display of fee rates, text or email notification of a completed
session, plug-out notification, internet location of charging unit with rates, in-use status, and reservation
capabilities. Data capture and analytics commonly include: date, location, electricity used for each
charging session, monthly reports, and fee totals.

4.2. Determining the right location
The location of charging equipment can impact utilization and installation costs. Placing chargers in
locations convenient to drivers is important. While BEVs have to be charged to be driven, PHEVs do not,
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since their gasoline engines can be used. If chargers are burdensome to access, PHEVs drivers might not
charge as often, which limits the emissions benefits and cost savings associated with driving electric.
The most cost-effective charging installations are those in close proximity to an existing electrical panel
that has the capacity to handle the additional load required for vehicle charging. The California
Department of General Services recommends that the following factors should be accounted for when
choosing a location for charging equipment: 7
 Existing electrical panel distribution voltage – Does the existing voltage meet the requirement of the
desired charging station? If not, can transformers be added to obtain the desired voltage?
 Existing panel capacity evaluation – The sum of the proposed charging equipment full load amperage
and existing loads may overload the existing electrical distribution equipment. Load testing can
potentially determine if the panel will exceed the capacity.
 Distance between the electrical panel and charger location – the length of the conductors will affect
installation design and material costs. Factors such as conduit size, conductor sizing, trenching, circuit
voltage drop and other requirements will need to be assessed, especially if additional future charging
equipment is planned.
 Networking access – If “smart” chargers are planned, strong reception of cellular phone signals or
wired phone lines are needed.
 Lighting – charging locations should have illumination levels that meet or exceed the minimum
necessary for operation of the equipment.

4.3. Charging infrastructure cost estimates
Charging infrastructure costs are
primarily comprised of hardware,
permitting, and installation. As
noted previously, the costs vary by
charging level, site characteristics,
and equipment features.
Table 4 below summarizes the
expected costs of Level 1 and Level
2 charging installations in nonresidential applications.

7

California Department of General Services. 2014. Electric Vehicle Supply Equipment Guidance Document. Retrieved from
https://www.documents.dgs.ca.gov/green/EVSE.pdf.
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Table 4. Cost ranges for single port electric vehicle charging stations in non-residential applications 8
Cost Element

Level 1

Level 2

Low

High

Low

High

Hardware

$300

$1,500

$400

$6,500

Permitting

$100

$500

$100

$1,000

Installation

$0*

$3,000

$600

$12,700

Total

$400

$5,000

$1,100

$20,200

* The $0 installation cost assumes a standard outlet for PEV users to plug in their Level 1

The values presented in the table above are based on single charge ports being installed at each
location. It is worth noting that the marginal cost of the next charger installations—for each level of
charging infrastructure shown in the table above–is a fraction of the total installed cost listed. The
charging equipment hardware is the only cost element that does not yield some benefit with increased
number of installations. This is particularly relevant because the hardware represents a small fraction of
the overall cost for both Level 1 and Level 2 equipment.

4.4. Considerations for Charging Available to the Public
If fleets opt to make charging equipment in a parking lot or other location that will be available for use
by the general public, then fleets will need to make arrangements for ADA accessibility and consider
signage. These issues are covered in the sub-sections below.

4.4.1. Accessibility Requirements
If the charging equipment is installed in a parking lot and will be made available for use by the public,
then it will need to be designed so that it meets the California requirements for ADA accessibility.
Table 5 shows the number of each type of accessible space that is required based on the total number
of chargers at a location, according to the 2016 California Building Code. These new requirements go
into effect on January 1st, 2017 and encompass three types of ADA access:
 Ambulatory parking spaces designed for people with disabilities who do not require wheelchairs, but
may use other mobility aids;
 Standard accessible spaces designed for people who use wheelchairs but can operate vehicles; and
 Van accessible spaces for vehicles carrying people who use wheelchairs who cannot operate their
own vehicles.

8 Cost

ranges are based on data from U.S. Department of Energy. 2015. Costs Associated with Non-Residential Electric Vehicle
Supply Equipment and EPRI. 2013. Electric Vehicle Supply Equipment Installed Cost Analysis.
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Table 5. Number of accessible chargers required at installations of new public charging spaces 9

Total
chargers

Minimum required van
accessible chargers

1-4

1

Minimum required
standard accessible
chargers
0

5-25

1*

1

0

26-50

1*

1*

1

51-75

1*

2*

2

76-100

1*
1, plus 1 for each 300
over 100*

3*
3, plus 1 for each 60 over
100*

3
3, plus 1 for each 50
over 100

101+

Minimum required
ambulatory chargers
0

* Indicates a case where at least one charger is required to be identified with an international symbol of
accessibility and restricted to vehicles with an ADA accessible parking placard.

4.4.2. Signage
If charging stations will be made available for use by the public or are located at facilities open to public
travel, then appropriate signage needs to be installed. The California Vehicle Code (CVC) requires that an
off-street PEV charging spot be properly identified with signage, 10 and the California Manual on Uniform
Traffic Control Devices (MUTCD), which creates consistent standards for signage on public roads,
contains several signs and markings to designate spaces for EV chargers. 11 These include:
 General service signs to indicate the location of chargers (Figure 2), which can be combined with
directional arrows to guide drivers to chargers;
 Parking signs to designate restrictions or time limits on charging spaces (Figure 3); and
 Pavement markings to designate restrictions on charging spaces (Figure 4).
None of these signs are required by the MUTCD, but they should be used wherever applicable to provide
consistency for drivers in search of charging. General service signs should be used at all charging
stations, and parking signs and pavement markings should be used where applicable (see the following
section for a discussion of time limits and enforcement).

9

California Building Standards Commission, 2016 California Building Standards Code; Section 11B-228.3 describes the number
of accessible chargers required and Section 11B-812 describes spatial requirements for accessible chargers.
10 California Vehicle Code §22511.1(a).
11 California Department of Transportation (Caltrans), California Manual on Uniform Traffic Control Devices, Section 2I.03;
summarized in Caltrans Policy Directive 13-01.
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Figure 2. General service sign for chargers and additional signage to indicate DC fast chargers

Figure 3. Parking signs to place restrictions or time limits on charging spaces

Figure 4. Pavement markings indicating restrictions on charging spaces
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5. Incentives and Funding Opportunities
There are various government sponsored incentive and grant programs available to help off-set or fund
the cost of deploying PEVs and charging infrastructure in fleet applications.
 At the federal level, tax liable entities can receive a Plug-In Electric Drive Vehicle Tax Credit for the
purchase or lease of new PEV for $2,500-$7,500, depending upon battery capacity.
 Fleets in California can also apply for the Clean
Case Study: El Dorado County
Vehicle Rebate Program (CVRP) incentive,
El Dorado County has successfully leveraged multiple
administered by the California Air Resourced
funding
streams to support their PEV program. By
Board (CARB). CVRP provides rebates of
working
with the local air district and transportation
$1,500-$2,500 12 for the lease or purchase of
planning agency, the County could obtain $250,000
new, ARB-certified PEVs. Public fleets are
in CMAQ funds to cover the incremental cost of
limited to 30 rebates per calendar year;
purchasing PEVs (compared to their gasolinepowered equivalent) and for the installation of
traditional rental car fleets and car sharing
charging infrastructure. The El Dorado County Air
fleets are restricted to 20 rebates per calendar
Quality Management has also leveraged State
year. Private fleets are limited to two rebates
funding through the CEC’s ARFVTP program. For this
per year.
grant, they were awarded $60,450 to install 15
 Over the lifetime of the vehicle, California
charging stations along the highway 50 corridor.
fleets who own PEVs can save on insurance
discounts. Farmers Insurance provides a discount of up to 10% on all major insurance coverage for
PEV owners. AAA offers up to a 5% discount.
 In Nevada, PEVs are exempted from Nevada's emissions testing requirements, which can provide
additional savings.
 Liberty Utilities and NV Energy provide reduced electricity prices for charging that occurs during offpeak hours through Time-of-Use and EV specific rates. Compared to general service rates, these
reduced rates can provide a 19 to 47 percent savings for each kWh consumed during off-peak hours.
 Local government fleets can leverage federal funding to deploy PEVs and charging infrastructure via
the Congestion Mitigation and Air Quality Program (CMAQ), which can be granted through regional
metropolitan or transportation planning organizations. This is an annual grant funding process, with
selection based on the cost effectiveness on reducing emissions.

12

Except for rental, public and car share fleets, no single entity is eligible to receive more than two CVRP rebates either via
direct purchase and/or lease as of January 1, 2015. All rebates issued prior to this date do not count toward the two rebate
limit. Public fleets are limited to 30 rebates per calendar year.
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 In some California counties such as El Dorado
Case Study: Nevada County
and Nevada, funding for PEVs and charging
Nevada County was able to fund the installation of
infrastructure may be available through local
two new charging stations at their office building by
air quality districts via funds generated from
applying for the Northern Sierra Air Quality
DMV fees. These programs typically have an
Management District’s emissions reduction funding
opportunity. The district is actively seeking more
annual grant funding process and selection
applicants for their annual grant funding process.
based on the cost effectiveness of reducing
emissions.
 The Nevada State Energy Program (SEP) Formula Grant is an annual source of federal funds from the
U.S. Department of Energy that is used to fund and promote a variety of energy efficiency and
renewable energy projects throughout Nevada. SEP formula grants funded the purchase and
installation of a charging station at the Carson City Community Center in 2013, and is currently being
used to help finance the Nevada Electric Highway Joint Initiative.
 The California Energy Commission’s Alternative and Renewable Fuel and Vehicle Technology
Program (ARFVTP) is a competitive grant program that provides funding for charging infrastructure,
light duty PEV deployment, workforce training and development, and regional PEV readiness plans.
ARFVTP has funded the installation of over 6,000 charging stations in California to date, with another
1,433 planned.
 By opting-in to California’s Low Carbon Fuel Standard (LCFS), entities, including fleets, providing
electricity as a vehicle fuel can earn LCFS credits. These credits can then be sold on the LCFS market
to generate revenue that can help fund PEV programs. The amount of revenue earned per LCFS credit
depends on the carbon intensity of the electricity used and the market price of credits at the time
they are being sold. For example, electricity consumed at the California state average carbon
intensity could generate between four and fifteen cents in revenue per kilowatt-hour, based on
market prices ranges between $50 and $200 per LCFS credit.
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6. Best Practices
6.1. Minimizing the cost of installing new charging infrastructure
PEV charging infrastructure can be overly expensive if it is not sited optimally. Below is a list of tips for
minimizing PEV charging station costs, as recommended by the Department of Energy (DOE) Clean Cities
program. 13
When choosing which type of charging equipment to purchase:





Choose charging equipment with the minimum level of features that you will need.
Choose a wall mounted unit, if possible, so that trenching or boring is not needed.
Choose a dual port unit to minimize installation costs per charge port.
Determine the electrical load available at your site and choose the quantity and level of equipment to
fit within that available electrical capacity.

When looking at possible locations for charging equipment:
 Place the charging equipment close to the electrical service to minimize the need for
trenching/boring and the costs of potential electrical upgrades.
 Instead of locating the charging station at a highly visible parking spot a great distance from the
electrical panel, use signage to direct PEV drivers to the charger.
 If trenching is needed, minimize the trenching distance.
 Choose a location that already has space on the electrical panel with a dedicated circuit.
It is also important to consider long term PEV fleet planning. Fleet managers should consider the
quantity and location of charging stations that they plan to install over the next 5—15 years before they
install their first charging unit. Taking a “dig once” approach can help minimize the cost of installing
future units–this includes upgrading the electrical service for the estimated future charging load and
running conduit to the anticipated future charging locations.

13 Department of Energy, Clean Cities. 2015. Costs Associated with Non-Residential Electric Vehicle Supply Equipment.
http://www.afdc.energy.gov/uploads/publication/evse_cost_report_2015.pdf
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6.2. Driver training
Introducing a new technology that changes the way drivers
PEV Driver Orientation Checklist
typically behave can be challenging for fleet managers.
The Bay Area Climate Collaborative
Drivers who have had no previous experience with PEVs will
developed a PEV Orientation Checklist that
have questions about how far they can travel and may
fleet managers can use as a template. For
express concerns over range anxiety. For PEVs to be
more information, see Appendix C of the
successfully integrated, fleet managers will need to ensure
Ready, Set Charge Fleets Guidebook
that drivers are familiarized with vehicle features and
charging infrastructure, as well as the driving habits for optimal PEV performance and safety. There are
a variety of ways this can be accomplished. If the vehicle is being assigned to one or just a few people,
then the fleet manager should review the vehicle and charger features with the driver before the keys
are handed over. Keeping a frequently asked questions document in the vehicle with contact
information is also a good back-up if any questions or issues arise after the initial orientation. For
general pool vehicles, fleet managers should provide group workshops or training sessions. It should be
required that new drivers attend training before reserving a vehicle for the first time. The City of Seattle
developed a short training video in lieu of a mandatory workshop, which is also helpful for drivers if they
need to refresh themselves on specific vehicle features.
Management can also adopt policies that encourage the use of PEVs over gasoline powered vehicle
whenever possible. The City of Seattle established PEVs as the default choice and only when these
vehicles are not suitable can users opt for a different vehicle. The City of Houston implemented a
tracking process that tries to identify users that check out gasoline powered vehicles for trips that could
have been completed with a PEV. They then conduct targeted education of drivers to encourage them
to use the PEVs.

6.3. Tracking vehicle performance and charging behavior
Tracking vehicles and charging behavior can be a valuable tool for fleet managers to compare how PEVs
are performing and also identify and remedy issues that may arise with introducing a new technology to
drivers. For a simple tracking mechanism, drivers could record the mileage and energy use data provided
by most PEVs at the end of each trip. This data can help fleet managers understand utilization and
efficiency patterns of PEVs. More in-depth data collection can be accomplished through automated data
collection systems offered by fleet management software or charging equipment suppliers. “Smart”
charging units can report on many key variables of interest to fleet managers including the date, time,
location, and electricity used for each charging sessions. Such data can provide valuable information on
energy use and charging infrastructure utilization. Through gathering this type of data, it is also possible
identify drivers who are not plugging in the vehicles properly and conduct follow-up education to ensure
vehicles and equipment are being used correctly.
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6.4. Implementing a charging schedule
Planning when and where PEVs will be charged can help substantially reduce the cost of fueling with
electricity. Before installing charging infrastructure, contact the local utility to discuss the existing
electricity consumption at the proposed sites, the estimated demand that will be added by charging
PEVs, and how that might affect demand charges. Working closely with the utility on these matters will
help fleet managers develop a charging schedule that balances PEV charging with other electricity usage.
Charging schedules can also ensure that vehicles are pulling electricity from the grid at times that are
most cost effective, such as off-peak hours on a time-of-use rate. This can be accomplished easily
through either charging equipment or vehicle that allow users to set pre-determined times for when
they want the vehicles to start and end charging sessions. Most PEVs now have companion applications
for smart phones that allow users to set charging schedules, even with the most basic charging
equipment.
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7. Resources
 U.S. Department of Energy (DOE) Clean Cities Plug-in Electric Vehicle Handbook for Fleet Managers:
published in 2012, this guidebook describes the basics of PEV technology, PEV benefits for fleets, how
to select the right PEV, charging a PEV, and PEV maintenance.
 The California Plug-In Electric Vehicle Collaborative’ s Community Toolkit for Plug-In Electric Vehicle
Readiness highlights actions communities can take to get ready for PEVs and offers tangible best
practices examples and case studies from communities and stakeholders throughout California and
abroad
 Ready, Set, Charge, Fleets! PEV Fleet Deployment Strategies (2015) provides details on PEV fleet
deployment strategies for fleet managers that are interested in transitioning to electric vehicles. The
Guide includes total cost of ownership assessment, duty-cycle considerations, infrastructure siting,
and numerous other substantive and practical considerations for deployment of PEV in public and
private fleets.
 The California Department of General Services published an Electric Vehicle Supply Equipment
Guidance Document in 2014. It was developed to assist facility and fleet managers in the planning,
budgeting, installation, and data collection of electric vehicle charging stations at state-owned
buildings, parking garages and surface lots.
 The US Federal Highway Administration and the Oregon Department of Transportation developed an
online toolkit to provide a library of curated resources related to innovative finance mechanisms for
alternative fuel vehicles, along with case studies, plans, and guides.
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1. Introduction
This toolkit was developed as part of the Tahoe-Truckee Plug-in Electric Vehicle (PEV) Readiness Project
led by the Tahoe Regional Planning Agency. It provides an overview of the key considerations for
utilities who are seeking to develop a strategy related to transportation electrification.
▪

▪

Integrate Transportation Electrification across Utility Operations:
–

Establish notification protocol for installation of residential charging infrastructure.

–

Consider rate structures for EV charging that are consistent with utility cost recovery.

–

Understand grid impacts of EVs in service territory: Initial assessment of potential impacts on
existing distribution assets (including substations, circuits/feeders, etc.); track market to the
extent feasible (vehicles deployed, visitors / 2nd home owners to the region); and utilization of
charging infrastructure.

–

Incentivize charging: discuss opportunities to recover costs, obtain LCFS credits, etc.

–

Integrate electric vehicles into long-term planning (such as integrating renewables and two-way
communication between vehicle-grid).

Active Outreach and Awareness:
–

Utility as a trusted advisor and arbiter of EV information (education and awareness role).

–

Engage with other stakeholders.

2. Integrate Transportation Electrification across Utility
Operations
The widespread deployment of PEVs presents an unprecedented opportunity for electric utilities to
increase asset utilization through increased electricity use, and has the potential to reduce electricity
rates. One of the primary concerns associated with PEV deployment is the potential negative impact
from increased load on the local electric grid. The degree of the impact depends on parameters such as
PEV penetration rates, the current condition of local distribution infrastructure, and strategies used by
the local utility to manage additional load. Utilities across the country have implemented a wide variety
of pilot projects and assessments to better understand consumer PEV usage patterns and how certain
management tools, such as smart meters, may help mitigate impacts on the grid. Using tariff structures
and incentives, utilities are actively seeking solutions that maximize PEV charging to periods of lower
electrical demand, such as off-peak hours.

2.1. Establish notification protocol
One of the primary causes for concern for PEVs is clustering of the load associated with PEV charging.
Utilities generally have a transformer replacement program to target regularly transformers that have
reached the end of their useful life or have been identified as grossly overloaded. However, the
adoption of PEVs may occur faster in some areas, thereby causing gaps in the information that utilities
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would generally use to inform their replacement programs. Some replacements occur because a
transformer fails while in service; utility notification protocols can help avoid transformer failure. For
utilities to minimize the potential grid impacts of charging PEVs, they need to know where the vehicles
are being deployed and how they are being charged (e.g., Level 1 vs. Level 2). This information allows
the utility to evaluate if the local distribution system is adequate to serve PEV charging needs. For
commercial installations that require electrical inspectors and permitting (e.g., Tesla deploying its row of
SuperChargers in Truckee), there is less risk associated with utility notification because the entities
involved are more accustomed to dealing with utilities. However, with residential installations, utility
notification protocols that can adequately manage significant volumes of residential notifications
through the use of automated processes are non-existent.
The typical residential installation will have three parties: 1) the homeowner and PEV driver, 2) the
contractor, and 3) the electrical inspector. The electrical inspector is there to protect the interests of the
homeowner on behalf of the local government. Contractors engaged in the installation of EVSE have
generally been trained to encourage the homeowner to contact his/her local utility and notify them of
the installation. Even if homeowners do not contact their utility expressly to notify them of an EVSE
installation, most homeowners likely will take advantage of special PEV rates offered by utilities. Despite
these various opportunities to notify the utility, there is still considerable anecdotal evidence of
homeowners who have chosen to forgo utility notification after installing EVSE and charging a PEV. Even
at low rates of non-notification, this has the potential to become a significant problem.
In California, advance notification began on an ad hoc basis, but in July 2011 the CPUC directed utilities
to conduct an assessment of early notification efforts and evaluate opportunities to formalize the
process. In a joint report with SCE regarding PEV notification,1 PG&E identified the following
requirements for notification data needs to meet its needs:
▪ Comprehensiveness: To ensure grid reliability, safety and stability, PG&E would require data to be as
comprehensive as possible to properly anticipate areas where transformer loading is nearing failure.
This would include data for charging locations for not only new PEVs, but used PEVs or use resulting
from a change of address. PG&E estimated it had captured 80% of new PEVs sold in the service
territory using existing notification processes.
▪ Granularity: The location information should be as specific as possible, ideally with a street-level
address as opposed to a zip code or city block. The data should also include charging levels to
evaluate potential demand and impact on circuits. Though privacy and confidentiality concerns exist,
PG&E expressed commitment to protecting customer data in compliance with applicable regulations
and laws. Currently, OEMs are sharing notification data at the street address level, but may require
PG&E to pay for supplemental reports including delivery date to customer.
▪ Timeliness: Utilities would prefer notification of new EVSE prior to the installation to identify
potential distribution infrastructure problems resulting from incremental coincident peak loading.

1

Southern California Edison Company, “Joint IOU assessment report for PEV notification,” December 2011, p. 14, available
online at: http://docs.cpuc.ca.gov/efile/REPORT/156710.pdf.
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Currently, a reporting period from OEMs and other third parties has not been standardized and
should be addressed.
▪ Scalability: As the PEV market becomes more mature, utilities have expressed concern about the
amount of manual activities required to collect data, and that unless they could become automated
in some way, the process would not scale well with increased PEV adoption. Notification sources
could provide data in a standardized way that would allow it to be automated. Currently, reports
provided by OEMs are based on internal processes and will require additional automation to be able
to be useful at higher PEV adoption rates.
▪ Costs: Utilities have also expressed concern about potential internal and external costs for obtaining
notification data, including the costs to secure notification commitments from third parties and
analysts to compile the data. Though costs are currently relatively low, there is a potential for costs
to increase in the future and options to mitigate notification costs will be evaluated.
According to the same report, 2 the primary methods PG&E uses to collect PEV data in its service
territory include data provided by OEMs, such as General Motors and Nissan. GM’s regional manager for
California provides data to PG&E on a biweekly basis and Nissan shares data on a quarterly basis
through its third-party analytics firm, Oceanus.
There is also legislation in place to ensure that utilities are able to obtain data directly from the DMV.
Senate Bill 859 (SB 859, Padilla, Statutes of 2011), sponsored by the California Electric Transportation
Coalition (CalETC), LADWP and SMUD, authorizes California utilities to obtain PEV registration data from
the DMV; however, the law also imposes restrictions on how to use DMV data to protect consumer
privacy.3

2.2. Consider rate structure for PEV charging
Utility rate structures are one of several key decision factors for potential PEV consumers, and can
represent the difference between a consumer accruing a return on their investment or realizing a net
loss. The most significant savings for PEV drivers are from a reduction in fuel expenditures. Utilities
should continue to evaluate their rate structures in the context of the potential impact on PEV
consumers. These include an analysis of secondary meter options, alternatives to the traditional tiered
rate structure, and options for existing or future of TOU rates. For example, SDG&E’s VGI Pilot Program
application with the CPUC (filed April 11, 2014, A.14-04-014) features a dynamic rate for workplace and
MDU settings that reflects grid conditions and the changing cost of energy throughout the day.
Some utilities have opted to charge higher rates during times of peak demand and lower rates during
off-peak hours through time of use (TOU) tariff structures. Historically, TOU tariffs have motivated
consumers to use electricity during off-peak hours to prevent high utility bills. Technological solutions to

2

Pacific Gas & Electric Company, “Filing of Information in Response to Administrative Law Judge’s Ruling,” March 2011, p. 4,
available online at: http://docs.cpuc.ca.gov/efile/RESP/166108.pdf.
3 Senate Bill No. 859, Chapter 346, Padilla, Vehicles: records, confidentiality. Available Online: http://leginfo.ca.gov/pub/1112/bill/sen/sb_0851-0900/sb_859_bill_20110926_chaptered.pdf
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reduce grid impacts and minimize costs for consumers include smart charging technologies, which track
daily usage patterns and restrict charging to periods when surplus electricity is available.
Currently, many different time-variant structures exist and each has advantages and disadvantages.
Since many utilities are just beginning to experiment with demand management, different regions may
find different combinations more beneficial. Some of these time-variant structures include:
▪

Whole-house Time of Use with One Rate: This rate has both the house and the PEV on the same
rate with one meter. This type of rate encourages electricity consumption during off-peak hours.
One of the primary benefits of this rate is that it avoids the need and costs associated with a second
meter. The primary requirement to achieve lower bills on this type of rate is that customers need to
adjust their typical behavior to minimize the amount of electricity consumed during peak hours and
maximize the amount of electricity consumed during off-peak hours.

▪

Fixed fee/fixed fee off-peak: This rate requires PEV owners to pay a flat monthly fee for unlimited
charging (the time could be restricted, such as limiting to off-peak charging). Though this rate is
easy to use for both the utility and the customer and doesn’t require the use of a second meter, the
rate may not necessarily encourage use during off-peak periods.

▪

Two-meter house with high-differential pricing: This rate has the house and the PEV on the
different rates with one meter for the house usage and another meter for the PEV consumption.
This encourages electricity consumption during off-peak hours for the PEV and allows the house to
be on a normal residential rate, such as a flat rate. One of the primary benefits is that it allows the
residents of the house to continue consuming as before without any disincentive to consume during
peak hours. The primary requirement to achieve lower bills on this type of rate is that customers
need to adjust only their PEV charging times to maximize the amount of electricity consumed during
off-peak hours. The disadvantage of this rate structure is the need and costs associated with
installing a second meter.

▪

Sub-metering off PEV charging circuit with high-differential pricing: This rate is similar to the twometer house rate, except the PEV charging circuit is sub-metered and simply subtracted from main
meter use. The advantages of this rate are that it is appropriate for MDUs, potentially less expensive
for customers, and allows for differential pricing. However, these rates are typically experimental at
this time, and may not be available at all.

▪

Demand response (can be combined with options above): In this rate structure, the utility enters
into a contract with a user or an aggregator to control the power flow to PEV during high load times
or provide a financial incentive for reduced charging level. This feature may be especially useful for
local grids near 100% capacity and for providing other grid services to the utility. However, poorly
implemented demand response programs by the utility or aggregator could inconvenience PEV
drivers if the battery is not charged to the desired level when needed.

2.3. Understand grid impacts of PEVs
One of the key concerns about electrification of the transportation sector is the potential impact to the
electric grid. If vehicle charging occurs coincident with peak demands, increased loads will drive a need
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for new investment in generation, transmission and distribution capacity. If charging can be managed to
occur primarily in off-peak periods, much of the load will potentially be served with existing
infrastructure such that impacts on the electric grid will be significantly reduced and there will be a
potential for significant grid benefits.

Impacts on Distribution Assets
The residential charging of PEVs is most likely to impact utility distribution assets, including substation,
substation transformer, feeder, and circuits. As utilities seek to understand the potential impacts of PEV
charging on distribution impacts, they should consider the following key parameters:
▪ PEV deployment: Current and forecasted population, differentiated by vehicle architecture (PHEV vs
BEV; to the extent feasible)
▪ Vehicle energy consumption: Understanding how vehicles are driven (distance, efficiency, etc.) and
the associated energy consumption in units of kWh.
▪ Load shapes: Seek to understand where and when PEV drivers are charging; how they may charge
with intervention (e.g., TOU rates or managed charging).
▪ Consider rates: residential charging, TOU charging, non-residential charging (on a commercial circuit),
etc.
With regard to the distribution assets, utilities will need to catalogue capacity rating, utilization, peak
loads, number of customers (residential and commercial), and forecasted growth (absent PEVs). The
consideration of these parameters should enable a utility to understand the near- to long-term impacts
on critical distribution assets.

PEV Clustering
PEVs, like hybrid electric vehicles and rooftop solar photovoltaics (PV), will cluster in certain areas.
Clustering presents a potential challenge for the utility distribution system, as a few PEVs charging
coincident with the distribution peak could exceed the rated capacity of installed equipment. To account
for clustering, we allocated the forecasted PEV adoption to ZIP+4 zones with weightings based on
historical hybrid electric vehicle adoption.

Tracking Market
The electric vehicle market is changing rapidly, whether it be vehicle offerings or advances in charging
infrastructure. These are markets that utilities are not necessarily naturally accustomed to tracking.
However, with the potential opportunity and disruption to the utility business that PEVs represent, it is
critical that utilities take a more active approach to understanding and tracking vehicle and
infrastructure markets. ICF recommends that utility track metrics such as the number and type of
electric vehicles deployed, number of visitors to the region and second home owners that drive electric
vehicles, characteristics of residential charging, and the characteristics of non-residential charging
(including workplace and public charging at Level 2, and DC fast charging).
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2.4. Maximize use of existing incentives
California’s Low Carbon Fuel Standard (LCFS) provides utilities with an opportunity to earn credits for
selling electricity as a transportation fuel. Per the LCFS regulation, however, utilities must use LCFS
credit proceeds to benefit current PEV drivers; furthermore, IOUs must seek CPUC approval for their
plans regarding the use of LCFS credit proceeds. A variety of proposals have been put forth to the CPUC
– including vehicle buy-down programs and rate reductions (see table below). As the market for PEVs
evolves and the LCFS credit market matures, utilities should be encouraged to continue to explore
opportunities to find innovative mechanisms to spur adoption using LCFS credits that are in line with
CARB’s LCFS Program requirements. The LCFS program is an excellent opportunity for utilities to explore
creative ways to engage consumers.
Utility
Pacific Gas & Electric

Description of Proposal to CPUC
• On-bill credit to PHEV and BEV drivers; credits based on vehicle battery
size.
• Provide information about availability of credit to customers

San Diego Gas & Electric

• Return credits to drivers under the manner in which they were
generated
• Provide information about availability of credit on website featuring
the credit as an additional benefit for PEV drivers

Southern California Edison

• Propose a Clean Fuel Reward offered to PEV adopters through dealers
at the time of vehicle purchase
• Provisions for new and used-vehicles (purchase or lease)

Sacramento Municipal Utility
District

• Propose a Clean Fuel Reward at the time of vehicle purchase

Los Angeles Department of Water
and Power

• Provide rebates for PEV charging infrastructure

• Support public charging infrastructure investment

2.5. Integrate electric vehicles into long-term planning
Utilities regularly produce Integrated Resource Plans (IRPs); IRPs are electricity system planning
documents that lay out the resource needs, policy goals, physical and operational constraints, and
general priorities or proposed resource choices of an electric utility, including customer-side preferred
resources. IRPs also outline how utilities can align with GHG emission reduction targets and achieve
other targets e.g., a Renewable Portfolio Standard of 50% by 2030. Most recently, SB 350 requires the
California Energy Commission to produce guidelines for and to review the IRPs of publicly owned utilities
(POUs). Investor owned utilities (IOUs) conducted comparable integrated resource planning processes,
and present these to the California Public Utilities Commission (CPUC). As utilities develop their IRPs, it is
increasingly important that they consider the impacts of electric vehicle charging.
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3. Active Outreach and Awareness
The introduction of new technologies like PEVs requires careful coordination and continuous outreach
to consumers to deliver high-level messaging at the local and regional levels to highlight PEV availability
and benefits, including total cost of ownership as well as environmental, health, and community
benefits. Furthermore, it is important to communicate on a frequent basis the direct financial and
nonfinancial benefits to drivers including tax credits, grants, and the PEV driving experience (e.g. fast
acceleration and quiet vehicle operation) and the differences associated with fueling from the grid
rather than from a gas station.

3.1. Utility as Trusted Advisor in the PEV Market
Utilities have a critical role to play when communicating with consumers about the benefits of PEVs. As
PEVs can be part of greater customer engagement about their energy consumption, utilities should
expand their advisory role in this area. Utilities have a 30-plus year history of serving as trusted advisors
with other end-users, including in the deployment of energy efficient technologies (e.g., air conditioners,
lighting, refrigerators, etc.). Furthermore, the Electric Power Research Institute (EPRI) reports that a
synthesis of multiple surveys of potential PEV drivers indicates that there is a strong belief that it is the
utility’s role to develop charging infrastructure and educate consumers.4
Most utilities in California are already engaged in initiatives related to PEV deployment – including
through coordination with Clean Cities groups, involvement with the California Plug-in Electric Vehicle
Collaborative, or with other local/regional efforts. Continuing engagement in these types of initiatives is
critical to the success of PEV adoption. Furthermore, it helps bolster the case for utilities to serve as a
trusted advisor. Utilities should continue involvement with existing initiatives and identify new
opportunities where available.
While many utilities5 are educating customers about PEVs, ICF notes that when the California Public
Utilities Commission (CPUC) previously ruled (Phase 2 of Rulemaking 09-08-009) that investor owned
utilities (IOUs) cannot own electric vehicle charging infrastructure at customers’ facilities (which has
since been revisited and reconsidered), it also limited the scope of education and outreach activities by
IOUs. More specifically, the ruling prohibited "mass marketing" and a requirement "to target customers
with an interest in Electric Vehicle" (rather than the broader segment of automobile intenders). This
ruling effectively prevents IOUs from engaging in broader educational initiatives aimed at the general
public regarding PEVs and the benefits of fueling vehicles from the grid.

4

Multiple EPRI reports including: a) Characterizing Consumers’ Interest in and Infrastructure Expectations for Electric Vehicles:
Research Design and Survey Results (2010), b) Southern Company Electric Vehicle Survey: Consumer Expectations for Electric
Vehicles (2011), c) TVA Electric Vehicle Survey: Consumer Expectations for Electric Vehicles (2011), and d) Texas Plugs In:
Houston and San Antonio Residents' Expectations of and Purchase Intentions for Plug-In Electric Vehicles (2012).
5 It is worth noting that as part of the requirements for utilities earning credits under California’s LCFS (participation in the LCFS
program is voluntary), utilities must commit to educating the “public on the benefits of EV transportation (including
environmental benefits and costs of EV charging as compared to gasoline).” The regulation suggests public meetings, EV
dealership flyers, utility customer bill inserts, radio and/or television advertisements, and webpage content.
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In addition to the information utilities already provide (e.g., PEV rates, environmental and societal
benefits), utilities could provide critical and reliable tools about PEVs (e.g., to help customers
understand the total cost of ownership or choose the charging level needed based on their driving
behavior). As noted in the Ernst & Young report, when utilities decide where they want to sit in the
emerging ecosystem (and in the case of IOUs, where they are allowed to sit), a stable value chain is likely
to emerge. As such, the long-term success of (light-duty) vehicle electrification depends on meaningful
utility engagement. Plus, considering that a typical call to a utility’s call center about PEVs may lead to a
conversation about rates, metering, billing, information resources, PEVs at homes with solar energy and
other related topics, the utility is ideally suited as the “first stop” for a PEV inquiry.

3.2. Engage with PEV ecosystem partners
Outside of existing initiatives, utilities should continue to seek opportunities to engage with PEV
ecosystem partners to educate consumers about the benefits of PEV ownership. These include
engagement with automobile manufacturers (OEMs), dealers, and private and public fleets, government
agencies, and PEV charging industry market participants.
There are a range of utilities that have engaged ecosystem partners through consumer education; some
examples are outlined here:
▪ Georgia Power developed the “Get Current Drive Electric” campaign, a combination of online
information, media campaign, and informational resources for residents and businesses/employers.
▪ Hawaii Electric has a “Go EV” program highlighting reduced rates, petroleum displacement,
▪ California utilities can also borrow from the PEV Collaborative’s “Best.Drive.Ever” campaign, which
provides ride-and-drive events, focusing on communicating directly with consumers about why
electric vehicles make sense.

10

