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Disclaimer

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 Commission, the State of California, its employees,
contractors, and subcontractors make no warranty, expressed 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.

This report was also prepared as a result of work sponsored, paid for, in whole or in part, by a
U.S. Department of Energy (DOE) Award to the South Coast Air Quality Management District
(AQMD). The opinions, findings, conclusions, and recommendations are those of the author and
do not necessarily represent the views of AQMD or the DOE. The AQMD and DOE, their
officers, employees, contractors, and subcontractors make no warranty, expressed or implied,
and assume no legal liability for the information in this report. The AQMD and DOE have not
approved or disapproved this report, nor have the AQMD or DOE passed upon the accuracy or
adequacy of the information contained herein.
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Executive Summary

The Bay Area Air Quality Management District (BAAQMD) in partnership with the Metropolitan
Transportation Commission (MTC), Association of Bay Area Governments (ABAG) and other
stakeholders is developing a Plug-in Electric Vehicle (PEV) Readiness Plan (the Plan) as part of
a grant awarded by the United States Department of Energy (DOE) under a solicitation released
in 2011 (DE-FOA-0000451). BAAQMD is also administering two (2) grants awarded by the
California Energy Commission (CEC) for regional PEV readiness (PON-10-602); one for the
Bay Area and the other for the Monterey Bay area.

This document is one of two highlighting the results of the first phase of PEV readiness planning
for the Bay Area and Monterey Bay Region (the Region) — the other is a Best Practices
Document provided to local governments. This document provides an introduction to the PEV
ecosystem, with a goal of identifying the key planning elements that require further research,
analysis, and planning to help the Region achieve the goal of being PEV Ready.

Although there is some overlap in the efforts required by each of the grants received, there are
distinct elements for each award. For instance, this document and the aforementioned Best
Practices Document have been produced to fulfill obligations associated with the DOE grant.
While the approach taken here will ultimately yield a comprehensive Bay Area and Monterey
Bay PEV Readiness Plan, this document only identifies gaps and deficiencies that need to be
addressed in the Region as defined by the DOE. Therefore, this document, in its approach,
options, and methodologies is geared to address gaps and deficiencies in that context. It is
anticipated that significant additional work on other elements of readiness will occur as part the
CEC readiness planning process in 2013. For reference and comparison, a sample plan
outlining the elements of readiness from the original DOE solicitation has been included as an
appendix for readers to familiarize themselves with the scope of this initial effort.

This document, and the Plan that it informs, focuses on actionable steps for local and regional
governments to help them move towards PEV readiness. These include identifying key
locations for siting public PEV charging infrastructure; creating guidelines for installing chargers
at challenging locations such as parking garages and multi-unit dwellings; and changing
permitting processes, zoning ordinances, and building codes in order to remove key barriers to
PEV deployment.

This document and others produced as part of the Region’s initial planning efforts are not
focused on aspects of PEV adoption and deployment which are largely outside of the control of
local and regional agencies. The most prominent example of this is vehicle price: The upfront
cost (i.e., the purchase price) of PEVs is higher than conventional vehicles. Although this is
perhaps the most significant barrier to mass adoption of PEVS, it is not the focus of readiness
planning efforts because local and regional agencies have limited capacity to affect significant
change. This document provides background on this and other key market-related issues, but
neither it nor the Plan which it informs focuses on identifying solutions to these issues.

This document is presented with three parts and 12 sections that align to a large extent with the
segments that will constitute the final Bay Area and Monterey Bay Region PEV Readiness Plan.

ICF International 1 BAQQMD
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Each section identifies the most significant gaps and deficiencies in the Region with respect to
key issues, as well as the proposed solutions to close the gaps and correct the deficiencies.
Part A provides an overview of the current PEV market in the U.S., including available
technologies and key barriers to deployment, and examines current and upcoming regional
efforts in the Bay Area and Monterey Bay Region to collect improved data on PEV ownership
and to create plans for siting charging infrastructure in these regions. Part B discusses key
issues for local governments related to permitting processes, zoning ordinances, parking
regulations, and building codes. The proposed solutions for local and regional governments to
address the gaps identified in Parts A and B make up the key elements that will be addressed in
the Plan. Part C discusses key gaps in training, education, and minimizing impacts on utilities.

In each area examined in this document (Section 5 through Section 12), best practices and
mechanisms for their adoption need to be transferred between local governments. In certain
jurisdictions this is projected to require funding, however, firm costs and funding mechanisms for
these efforts have not been identified at the time of the drafting of this document. As part of the
final Plan, these issues, sources of funding and other strategies to ensure best practices
adoption will be discussed in detail for each individual segment of the plan.

The responsibility for implementing the solutions to many of the issues identified in this
document is outside the jurisdiction of local and regional governments, so this document
focuses on creating informational resources and on identifying solutions that may be addressed
through the CEC grant or in collaborations with utilities and other stakeholders. Specifically, as
part of the review process for this document, a number of issues were raised by various
reviewers that will require further investigation, including:

B |[ntegrating PEV readiness into the Sustainable Community Strategies (per Senate Bill 375)
for the Region;

B Accelerating PEV adoption in the Region, particularly in fleets (private and public);
B Attracting PEV manufacturing, production, infrastructure, and services;

B Other infrastructure issues such as mapping and reservations and accessibility to all EVSE;
and,

B Other vehicle issues such as reducing upfront costs (e.g., via battery leasing).

These issues will be examined in terms of the scope of work required by the CEC grant and
where possible addressed within that framework. Issues lying outside of that process will be
flagged and appropriate actions recommended to address these additional items provided
where possible.

The following table identifies the area of focus required by the DOE, issues believed to be
addressed for the Region and gaps and deficiencies requiring additional planning:
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Stakeholders and Partnerships

2 Need for PEV Readiness Plan

Key Technical Characteristics of
PEV and Infrastructure

4 PEV Ownership and Barriers

Current Deployment of PEVs in
the Region

Siting, Locating and Maintaining
Infrastructure in the Region

Part A: Introduction and Overview of Deployment

m Issues addressed Gaps and deficiencies PIannlng Concepts & Proposed Solutions

Placeholder to be included in final plan
Placeholder to be included in final plan

Review of technical characteristics of vehicles and
infrastructure; serves as a primer for general
audience

Review of the current state-of-knowledge regarding
PEV ownership and identifies the barriers to more
significant deployment of PEVs.

¢ Current demand for PEVs in the Region is strong
based on industry-reported data and CVRP

o First draft of light-duty vehicle projections out to
2025 presented.

o Significant amount of data available from
BAAQMD (via ECOtality) regarding charging and
driving behavior.

o Data is available from BAAQMD to estimate
deployment of vehicles in private & public fleets.

o The Region has several active projects to deploy
EVSE - at least 5,000 residential and non-
residential Level 2 EVSE and 90+ DC fast
chargers are estimated to be deployed over the
next several years

o |t will be important to focus on multi-unit dwellings
in the Region because of high population density.

o Environmental justice considerations will need
attention to ensure equitable& ubiquitous access
to EVSE for potential PEV drivers in the Region

o Clear guidance and "best practices" available for
standard EVSE installations in single-family
homes.

o Limited information available on location,
socioeconomic characteristics, driving and
charging behavior of early PEV adopters

o Need to develop usage patterns to
improve understanding of driver behavior
in the region.

o Most data available are BEVs; limited
PHEYV data in the Region.

o A siting analysis has not been performed
for the Region.

o Parking garages are a good place for
EVSE, but, limited electrical capacity and
potential demand charges present
significant challenges.

o There is potential for EVSE saturation in
the Region, which would increase the risk
of stranded assets.

o With a focus on deploying EVSE, a more
substantive focus on networking EVSE
and integrating EVSE with smart grid
technologies is needed.

N/A

N/A

N/A

o Work with stakeholders to collect
information on PEVs in the Region,
including the location, socioeconomic
characteristics, and driving and charging
behavior of early adopters of PEVs.

e Develop usage patterns for PEVs in the
Region using available data.

e Expand, improve, and refine estimates of
PEV adoption in the Region.

e Develop reporting protocol for publicly
funded chargers that require grantees to
report usage data in a consistent format.

e Compile best practices on EVSE
deployment at multi-unit dwellings.

¢ Conduct a siting analysis to identify areas
of focus for EVSE deployment.

e Explore solutions to manage electricity
demand from EVSE at public parking
garages.

e Explore potential for Level 1 charging.
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Part B. Guidelines for Local Governments: EVSE Deployment in the Bay Area and Monterey Bay Region

m Issues addressed Gaps and deficiencies Planning Concepts & Proposed Solutions

7 Building Codes

Construction, Permitting, and
8 Inspection Procedures for
Infrastructure

Zoning, Parking, and Local
Ordinances

©

o Example building codes and "best practices are
available.

o A significant percentage of jurisdictions in the
Region can provide permits with several days
(~48 hours).

o A significant percentage of jurisdictions can
provide permits for less than $250.

o There are model ordinances within the Region
and from other regions that have been developed
to facilitate publicly available charging
infrastructure installation, access, and ADA
compliance.

Limited information available from
agencies regarding readiness in this area.
For the data that we do have, most
agencies have not started or have only just
started to consider how to adapt building
code requirements for EVSE.

No agencies have adopted unique building
code requirements for new construction.

Current costs and turnaround times for
EVSE installation permits vary widely
between local governments.

There are limited guidelines available to
agencies outside of residential charging

Lack of clarity regarding the specific steps
and costs associated with streamlining the
process for construction, permitting, and
inspection.

Local agencies need to identify potentially
onerous zoning ordinances or inconsistent
parking requirements that make it more
difficult to install EVSE in certain places.

Little available data regarding readiness
from local agencies regarding this aspect
of the PEV ecosystem. Of the agencies
from which we have data, about 1/5 are
involved in creating zoning and parking
ordinances, while 79% are not.

o Update building codes to encourage
EVSE. Currently, building codes vary
widely in their approach to EVSE, which
creates uncertainty for potential PEV
owners.

o Streamline permitting procedures for
EVSE. For standard installations, charging
permit fees between $100 to $250 and
issuing permits within 24 to 48 hours is
considered to be a best practice.

o Coordinate effort to get dealer, customer,
utility provider, and local jurisdictions on
the same page regarding procedures.

o Qutline plan to educate local officials and
other stakeholders, overlap with Section 10
of the Plan.

o Develop guidance on how PEV charging
stations count toward parking
requirements.

o Develop separate parking requirements for
PEV charging stations that require
developers to set aside parking spaces for
EVs or to provide infrastructure to support
a minimum number of charging stations.

o Normalize parking and zoning ordinances
across the Region

¢ Develop model ordinance for new
construction
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Stakeholder Training and
Education

Consumer Education for PEV

Minimizing Grid and Utility
Impacts

Part C: Other Areas Requiring Planning for EVSE Deployment

m Issues addressed Gaps and deficiencies Planning Concepts & Proposed Solutions

o Stakeholders such as electricians, permitting
agencies, building inspectors, and first
responders need to receive training &
education required to ensure public safety and
minimize barriers to widespread adoption of
PEVs.

Training and education are low-cost, high-
reward investments that local and regional
agencies can make to help support the
deployment of PEVs and EVSE.

There are many incentives available for PEVs
and EVSE deployment. Local and regional
agencies need work together with the private
sector to communicate the benefits of PEVs

The economic and environmental benefits of
using electricity to displace gasoline in the
transportation sector are dependent on a
reliable and clean electrical grid.

The adoption of PEVs may cause challenges
in some areas and will require careful
planning by utilities. However, current
estimates indicate that the existing
infrastructure is sufficient to support the near-
term deployment of PEVs.

Many utilities, including PG&E in the Region,
are offering attractive vehicle charging pricing
and incentives for PEV buyers.

e There is an opportunity to integrate renewable
energy with PEV charging infrastructure and
reduce the environmental impact of driving.

¢ Anecdotal evidence suggests that some initial
PEV deployments, and associated EVSE
installations, are being performed without the
assistance of an electrician and without the
required permit.

o As more local and regional agencies seek to
educate themselves about the PEV
ecosystem, a more coordinated effort will be
required by prioritizing the most likely early-
and mid-adopter regions.

e The sheer volume of stakeholders has led to a
lack of centralized resource for consumers
and stakeholders.

e There is an opportunity to communicate the
lessons learned from existing regional efforts.

e There is a risk of clustered PEV charging,
which is highly dependent on local conditions,
beyond those addressed by macro-level
transmission and load impact assessments.

o The risks for congestion and capacity
constraints are very small in the near-term;
however, as PEV adoption increases in the
Region, these issues will require ongoing
consideration.

o Utility notification is a salient issue that
requires careful consideration.

e Develop a schedule for PEV-related
stakeholder training and outreach that
combines information on workshops and
technical training courses offered by
organizations throughout the Region.

e Conduct outreach to dealers to understand
how they are informing new buyers of the
processes regarding EVSE acquisition.

o |dentify sources of funding for increased PEV
education and training.

e Create a centralized resource for information
on PEVs that summarizes information from a
variety of sources on purchasing PEVs,
installing EVSE, and locating public charging
stations.

o Create standard, mandatory utility notification
protocols to enable utilities to plan for
distribution infrastructure upgrades & repairs.

o |dentify effective pricing structures for PEV
charging to discourage PEV owners from
charging during hours of peak demand.

e Analyze PEV impacts when upgrading electric
distribution infrastructure to ensure that new
infrastructure is adequate to handle
anticipated levels of demand.

e Implement smart grid technology that
automatically manages demand from EVSE

e Ensure that electricity consumers are well
informed about PEV facts, electricity rates,
and incentives.
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Part A: Introduction and Overview of Deployment

1. Stakeholders and Partnerships in the Bay Area and Monterey
Bay Region
This section of the Plan will:

B Document a substantial partnership with relevant stakeholders;
B Give a clear description of the role and responsibilities of each stakeholder; and,

B Outline a plan for continuing the engagement and participation of the stakeholders, as
appropriate, throughout the implementation of the Plan.

2. PEV Regional Planning: Filling a Need

This section will document the need for the Plan based on ongoing efforts in the Region and will
include an analysis of barriers to the implementation of PEVs and infrastructure in the Region
and a discussion of steps to reduce or eliminate the identified barriers. This section will also
include the gaps, deficiencies and barriers identified in the planning process funded by the DOE
grant (i.e., the contents of this document), and those that will be addressed in more detail as
part of the planning process funded by the CEC grant.
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3. Key Technical Characteristics of PEVs and Infrastructure
3.1. Vehicles

Electricity is used as transportation fuel in three types of vehicles: hybrid electric vehicles (HEV),
which are powered by both an internal combustion engine (ICE) and an electric motor; plug-in
hybrid electric vehicles (PHEV), which have larger battery packs than HEVs and are designed to
plug into the electrical grid to charge the vehicle; and battery electric vehicles (BEV) , which are
powered solely by energy from the battery. In the context of this report, we refer to vehicles that
use electricity from the grid as plug-in electric vehicles (PEV), a term that includes both PHEVs
and BEVs."

The battery technology used in PEVs has been in development for over a decade; however,
limitations on stability, energy capacity, energy density, and the cost of producing the battery
have been barriers to widespread deployment in vehicles. Despite the latest advances in
rechargeable battery technology, most recently using lithium-ion technology, the energy
densities of batteries are still about two orders of magnitude less when compared to common
liquid fuels used in ICEs.

Prior to 2012, PEVs were limited to niche markets, introduced in demonstration programs,
converted by aftermarket companies, or legacy PEVs from the deployment in the 1990s. More
recently, the number of vehicle offerings is steadily increasing. For instance, both the Nissan
LEAF (BEV) and the Chevrolet Volt (PHEV) have been available since early 2011 and in 2012
new entrants into the vehicle marketplace included the Toyota Plug-In Prius (PHEV), Tesla
Model S (BEV), and Ford Focus Electric (BEV).?

Review of PEV Drivetrain Architecture

Most PHEVs are designed to provide an all-electric driving range of 10 to 40 miles. When the
battery state of charge falls to a predetermined limit, the system automatically switches to the
ICE. Battery-related costs tend to be lower for PHEVs as compared to BEVs because of the
smaller battery size, but this is partially offset by the additional expense of outfitting a vehicle
with two powertrains (electric and ICE). PHEVs can have two types of drivetrain architectures,
characterized as series or parallel configurations. The series PHEV is designed for electric
motor propulsion only, with the ICE acting as a backup generator. Currently, the only series
PHEV on the market is the Chevrolet Volt. The parallel PHEV is based on a conventional HEV
architecture and has two powertrains, one with the electric motor and one with the ICE. The
parallel PHEV is equipped with additional battery capacity and a higher power electric system to
extend the electric motor propulsion system range. Parallel PHEV models based on aftermarket
conversions of the Prius have been available, but most original equipment manufacturers
(OEM) models in the near future are expected to produce parallel PHEVs as well.

' The general term PEV also includes low-speed vehicles or neighborhood electric vehicles (NEVs), which are small, lightweight vehicles limited to roads with
posted speed limits of 25 miles per hour or less. However, they are not discussed in this report.
2 The Renault Fluence ZE entered in the global PEV market in 2012, however, it is not available in the U.S.
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BEVs operate solely on an electric powertrain and therefore are equipped with more batteries to
extend the operating range. This is a very simple architecture where the battery drives the
electric motor to propel the vehicle. This simplified architecture may make BEVs less expensive
than the comparable PHEVs in some cases, but given the greater need for electricity, BEVs
also typically have a heavier reliance on infrastructure with faster charging times. Figure 1 below
illustrates the variations between PEVs as compared to conventional ICEs.

Figure 1. Simplified explanation of power flows for different vehicle types?
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Most new PEVs use lithium-ion batteries, the same chemistry used in cell phone and laptop
batteries. Lithium-ion batteries are rechargeable, relatively lightweight, and have high energy
content. Other battery chemistries used in vehicles include lead acid and nickel-metal-hydride.

ﬁ

Battery Technology

As noted previously, the cost of batteries is a major factor in the higher price of PEVs as
compared to conventional vehicles, creating a significant barrier to deployment. Advances in
battery technology are commonly cited as a prerequisite for widespread adoption of PEVs to
help improve vehicle range, decrease cost (and potentially price), and ensure reliability.

In a study for the European Commission, ICF assessed the current status of battery
technology.” Based on ICF estimates, the current unsubsidized PEV battery cell cost is
approximately $550/kWh, a figure widely acknowledged by OEMs. Due to better economies of
scale in 2012, cell costs are predicted to decline to $450-500/kWh, resulting in total battery
costs in the $700-750/kWh range. The cost of the total battery includes raw materials and
components that are around $250/kWh and these costs will fluctuate as a function of lithium
supply and demand moving forward.

3 Monica Ralston and Nick Nigro, “Plug-In Electric Vehicles: Literature Review,” Center for Climate and Energy Solutions, July 2011,
http://www.c2es.org/docUploads/PEV-Literature-Review.pdf.

4 Duleep, KG et al. Impacts of Electric Vehicle, Deliverable 2: Assessment of electric vehicle and battery technology, April 2011. Available online at:
http://ec.europa.eu/clima/policies/transport/vehicles/docs/d2_en.pdf
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Over time, battery costs will decrease as a result of technology advancements and greater
demand for the product. The use of lithium-sulfur chemistry in next generation batteries, for
example, may increase the energy density of the battery pack. Costs of second generation
batteries are likely to fall to around $300/kWh by 2025 as knowledge, scale of production, and
the market increases. These reductions in cost are essential to realize a sustainable future for
PEVs, as battery technology is regarded as the key cost-driver for the mass adoption of PEVSs.
Battery technology advancements will also help address the range limitations of current
generation PEVs as well as potential safety hazards (e.g., fire hazards).

A wide variety of new concepts are being explored with the potential to double or triple battery
energy density. While many problems and issues remain before successful commercialization,
lithium-sulfur systems, solid-state batteries, and the use of silicon anodes in lithium batteries
may emerge over as solutions to power PEV the next decade. Some examples of current
research include:

B BASF Battery Solutions and Sion Power are collaborating to increase energy density and
battery life of lithium-sulfur systems. The consortium has been awarded a DOE Defense
Advanced Research Projects Agency (DARPA) grant to develop a commercial battery by
2016.°

B Panasonic is working with Tesla to develop a new generation of silicon anode-based
batteries. First generation systems may become available in 2017 that improve energy
density by 30% relative to current cells.

B Toyota demonstrated a prototype solid-state battery in 2010 and may introduce this
technology into a vehicle by 2020.° The chemistry of solid-state batteries can be similar to
lithium-ion but with a solid electrolyte instead of a liquid, meaning a smaller and lighter
battery.

These improvements are expected to lead to increased ranges for PEV in the long-term that
should be considered in the long-term planning for PEV deployment.

3.2. Charging Infrastructure

Charging Technology Overview

Electric Vehicle Supply Equipment (EVSE) standards are set by the Society of Automotive
Engineers (SAE) and are differentiated by the maximum amount of power provided to a PEV
battery. Two primary types of EVSE provide either alternating current (AC) or direct current (DC)
electricity to PEVs. Current SAE standards are as follows:

B Level 1 AC — These chargers use standard 120 volt (V), single phase service with a three
prong electrical outlet at 15-20 amperage (A). At this standard, the National Electric Code

5 Sion Power, “Sion Power Receives DOE grant to Enhance Lithium Sulfur Batteries,” November 2009,
http://sionpower.com/pdffarticles/Sion%20Power%20DOE%20Press%20Release_11-10-09.pdf.

6 Nikkei Electronics, “Toyota Announces 4-layer All-solid-state Battery,” accessed on April 20, 2012,
http://techon.nikkeibp.co.jp/english/NEWS EN/20101122/187553/.
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(NEC) allows cord-and-plug connections to be up to 25 meters in length; however, more
stringent local codes may also apply. Level 1 charging outlets should have ground fault
interrupters installed and a 15 A minimum branch circuit protection. Level 1 charging
requires no new electrical service for a building operating on an existing circuit. The main
drawback of Level 1 charging is the time required to recharge the PEV. At 15 A and 85%
electrical transfer efficiency, the power delivered is 1.4kW this leads to longer charging times
(up to 20 hours for certain BEVS).

B |Level 2 AC — These chargers are used specifically for PEV charging and are rated at less
than or equal to 240 V AC, and less than or equal to 80 A. Level 2 EVSE 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. With a 40 A, 240 V
service power can be delivered at 7.5 kW which shortens charging time considerably for
PEV. These chargers use a standard SAE approved J1772 connector, as shown in Figure 3
below.

B lLevel1& 2DC-Level1l& 2 DC chargers, also known as DC fast chargers, provide power
much faster than the AC counterparts. However, DC fast chargers are more expensive to
build and operate due to the equipment and electrical upgrades necessary to operate them.
Thus, they are less common than Level 2 AC chargers, and will not likely be used for
residential applications. Few PEVs are currently equipped with compatible hardware for DC
charging, but certain models such as the Nissan LEAF and Mitsubishi iMIEV do come with
"fast charging" as an option (see below). At the time of this publication, SAE has not
approved the DC charging standard for the Level 1 & 2 DC coupler and connector. Most
analysts assumed the CHAdeMO protocol, developed by the Tokyo Electric Power
Company (TEPCO) and promoted by its partners in the CHAdeMO Association (includes
Nissan, Mitsubishi, Subaru, and Toyota) would also be adopted by the SAE for DC fast
charging. However, in October 2011 other major OEMs, including Ford, GM, BMW, Daimler
AG, and Volkswagen, announced their support for the HomePlug GreenPHY protocol for
fast charging. Pictures of both connector prototypes are included in Figure 3.

Manufacturers may include a DC fast charge connection in addition to Level 1 or Level 2 AC
charging connections on PEVs, giving owners the option of quickly recharging their
vehicles.” In addition, some EVSE units are equipped with a combination of these types to
accommodate different vehicles and consumer needs.

B Proposed Level 3 - A Level 3 AC and DC standard for much higher-power charging
applications is also under development by the SAE.

B Battery Switching: Another charging strategy that warrants consideration is battery
switching. Rather than relying solely on charging a battery using the various levels of EVSE
described above, a consumer would also have option of switching the battery out of the
vehicle via a network of automated stations. In this scenario, the ownership of the battery

7S Chhaya and M. Alexander, “Plug-In Electric Vehicle Infrastructure Installation Guidelines Volume 1: Multi-Family Dwellings,” EPRI 1017682, September 2009.
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and vehicle is typically separated. For instance, the consumer may own the vehicle and
lease the battery. This may be attractive economically because it can reduce the upfront
costs associated with PEVs and still maintain price competitiveness through a lease price
that is comparable to the cost of gasoline. The main barrier to battery switching is vehicle
design: in order for battery switching to be successful, there must be some level of
standardization regarding the placement of the battery and ensuring switch-capabilities.
Better Place (a Palo Alto-based company) is currently the only vendor proposing a battery
switching strategy in the United States. Although their focus to date has been outside of the
United States e.g., Israel, Denmark, and Japan, they are actively involved in the Bay Area
on a demonstration project for battery switch capable PEVs in the regions taxi fleet, as
described in more detail below.

Figure 2. (L to R): J1772 standard connector for Level 2 AC,® CHAdeMO plug for DC fast charging,® and the HomePlug
GreenPHY plug for DC fast charging®
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Charging Times

One of the common questions asked about PEVs is: How long do they take to charge? The
simple answer is: It depends. One of the key aspects to understand about PEVs is the battery
pack: The battery capacity is the amount of electrical charge a battery can store. Maximum
capacity can only be reached, however, under optimal discharge conditions that account for the
magnitude of the current, the allowable terminal voltage of the battery, and other external
conditions such as temperature. PEV manufacturers have optimized battery packs to provide
maximum capacity through devices such as battery thermal management systems. Thermal
management systems maintain a constant temperature around the battery pack to prevent
potential impacts from extreme hot or cold temperatures. PEV charging times are also impacted
by extremely hot temperatures. For example, with an external temperature of 120-130°F, DC
fast charging will take longer than the average 30 minutes.™

In addition to temperature, vehicle charging time is heavily dependent on the current type (AC or
DC), electric potential difference (V), current (A), maximum power (kW), and the on-board

8 Wikipedia, “SAE J1772,” accessed on April 20, 2012, http://en.wikipedia.org/wiki/J1772. Additional information is available online at
http://standards.sae.org/j1772 201202/

9 Yazaki, “Connector on the side of a DC charging stand for EV (conforming to CHAdeMO specifications),” accessed on April 20, 2012, http://charge.yazaki-
group.com/english/product/quick_outlet.html.

10 Eurocarblog.com, “Audi, BMW, Daimler, Ford, GM, Porsche and Volkswagen to unveil combined charging system,” accessed on April 20, 2012,
http://www.eurocarblog.com/tag/homeplug+green+phy.

" Interview with David Peterson, Nissan North America, Inc., March 2012.
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charging capabilities of the vehicle. The most important determination of charging time is
generally the charging capabilities of the vehicle. For example, the Chevy Volt and Nissan LEAF
both include a 3.3 kW on-board charger. This means that even with a Level 2 AC charger
capable of delivering power at 6 or 7 kW, the on-board system will limit power to the battery at
3.3 kW. The Tesla charging system has a capacity of 10 to 20 kW. According to Nissan, the
2013 LEAF will include a 6.6 kW charger, which will reduce the charging time by half.*

The times needed to replenish a battery halfway and fully for the Toyota Prius Plug-in, Chevy
Volt, Nissan LEAF, and Tesla Roadster are shown in Table 1 below. Charging times on Level 1
EVSE are primarily suitable for small battery vehicles, such as the Volt, which require over 7
hours to fully charge. Estimated charge times using DC fast charging for the Volt, LEAF, and
Roadster are included, despite not being equipped with the appropriate hardware, and are
meant for demonstrative purposes only. For DC fast charging, calculations assume the battery
is only charged to 80% and the remaining 20% is completed by charging at a slower rate. If left
connected at high power, the time to fully charge the battery will increase above an hour due to
the nature of direct DC fast charging. Furthermore, some industry observers have voiced
concerns about the effects of fast charging on battery life due to potential over-heating and
over-voltage; however, Nissan reports that proper cooling and voltage can allay these effects.*?
Idaho National Laboratory (INL) is conducting research into DC fast charging; they have started
a fast charging demonstration, with one Nissan LEAF charging on Level 2 EVSE and one LEAF
recharging using a DC fast charger. The results of this research are anticipated for publication in
approximately one year.'*

Table 1. Estimated charging times using various EVSE (hours:minutes)

Vehicle

Charge
| 44KWh | 16KkWh | 24kWh | 53kWh
35w | 1041w | 31.6KWh | 424Wh

Level 1 Half 1:34 3:42 7:42 15:08
1.4 kwW Full 3:08 7:25 15:25 30:17
Level 2 Half 0:40 1:34 3:16 2:49
7.5 kW Full 1:20 3:09 6:32 5:39
DC Fast Half 0:02 0:06 0:12 0:25
50 kw Full 0:05 0:47 1:39 1:08
DC Fast Half 0:01 0:02 0:04 0:08
150 kw Full 0:02 0:41 1:25 0:41

Note: For the sake of comparison, the estimated time for a battery switch is less
than 5 minutes.

12 Interview with David Peterson, Nissan North America, Inc., March 2012.
13 Mark Perry, Nissan, EVS26, May 6-9, 2012. Los Angeles, CA.
14 Sheehy, P. and Myers, E. Personal communication with Jim Francfort at INL, May 2012.
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4. PEV Ownership and Barriers
4.1. PEV Ownership Costs

Consumers’ willingness to pay for new technology, as well as the extent to which they value
their convenience will play a large role in PEV deployment. Consumer surveys indicate the
manufacturer’s suggested retail price (MSRP) of a PEV is of paramount importance, with nearly
70% claiming it is the most important factor in deciding their purchase.* Additionally,
consumers expect PEVs to be cost-competitive with similar ICE vehicle models, with a majority
desiring a sticker price under $30,000." While consumers do acknowledge the higher cost of
PEVs and are willing to pay more, the price differential between a PEV and a conventional
vehicle or even a HEV remains too high. Incentives for PEV purchases are one policy
mechanism to counter the current price gap.

The difference between the MSRP for a PEV and that of a comparable (i.e., similarly equipped)
conventional vehicle is typically referred to as the incremental cost. While most PEVs do not
have perfectly analogous comparison vehicles, Table 2 shows a general comparison between
similar vehicles.

Table 2. MSRP Comparisons: PEVs vs. Conventional Vehicles

PEVs Conventlonal Vehicles Price Tax Credlt Price

after credits
Nissan LEAF SV $35,200 = Nissan Versa SL $18,490 $16,710 $7,500 = $2,500 $6,710
Chevrolet Volt $39,145 | Chevrolet Cruze ECO  $19,325 $19,820 $7,500 = $1,500 $10,820
Toyota Prius Plug-In ~~ $32,000 = Toyota Prius HEV $24,000 $8,000 $2,500 = $1,500 $4,000

Industry observers generally agree the incremental cost of PEVS is expected to decrease over
time, but there is considerable disagreement as to how much the pricing will change. Most
discussions of vehicle costs focus on the expected decrease in battery costs, explained above.
The focus on battery costs obscures the point regarding vehicle pricing: the retail price of the
vehicles, especially in the earlier models, is not necessarily correlated with the manufacturer’s
cost to produce the vehicle. In other words, it is possible that both Nissan and Chevrolet are
selling the LEAF and Volt as loss leaders to gain market share for their respective PEVs, which
in turn would yield increased production and decreased manufacturing costs. In this scenario,
OEMs would hope to recoup initial losses in later years without changing the price of the
vehicle. For instance, the price of the Toyota Prius HEV has been essentially flat in the last
decade (Figure 3), with a range of less than $3,000 when adjusted for inflation, despite declining
battery costs.

15 Deloitte Touche Tohmatsu Ltd, “Gaining Traction: A Customer View of Electric Vehicle Mass Adoption in the U.S. Automotive Market,”2010.
16 Deloitte Touche Tohmatsu Ltd, “Gaining Traction: A Customer View of Electric Vehicle Mass Adoption in the U.S. Automotive Market,”2010.

ICF International 13 BAAQMD
August 2012



Bay Area and Monterey Bay Regions
PEV Planning Concepts Document PEV Ownership and Barriers

Figure 3. MSRP for Toyota Prius ($2010)
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There are many factors that will affect pricing for PEVs beyond battery costs. It is likely that
conventional vehicles will become more expensive as manufacturers develop offerings to
comply with more stringent fuel economy and emissions standards. Although the price increase
for conventional vehicles will decrease the comparable upfront cost for PEV ownership, the
increased fuel economy of new vehicles may reduce the long-term cost savings realized from
PEV operation. Another source of savings could be in reduced maintenance costs. Due to PEV
use of regenerative braking, brakes may never need to be replaced and if the PEV does not
have an ICE, oil changes are not required. Based on an interview with Ford, PEV owners may
save approximately $200-$300 dollars per year in reduced and avoided maintenance costs.’

The potential fuel cost savings resulting from substituting electricity for gasoline are also
significant but depend on the utility rate structures in a given region. For example, studies
estimate PEV operational cost based on fixed prices of electricity (e.g., $0.10-$0.12/kWh). This
methodology assumes consumers will either not be subject to additional charges as a result of
increasing their residential load or that charging infrastructure will be sufficiently “smart” to avoid
charging at peak times when electricity rates are highest. Conversely, the use of electricity as a
transportation fuel reduces consumer exposure to volatility in the gasoline or diesel markets.
Generally, analysts forecast a lower rate of price increase for electricity than for gasoline in the
near-, mid-, and long-term.*®

Tax credits, rebates, and other incentives can reduce the initial purchase cost of PEVSs.
Incentives available at the national, state, corporate and local level, can also help to reduce the
upfront costs. DOE’s Alternative Fuels and Advanced Vehicles Data Center’s Laws and

17 Interview with Stephanie Janczak, Barbara Rogers, and Mike Tinsky, Ford Motor Company, April 2012.
18 U.S. Energy Information Administration, “Annual Energy Outlook 2011: Table 3,” accessed April 24, 2012, http://www.eia.gov/forecasts/aeo/data.cfm#fenprisec.
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Incentives website provides current information®® as does the California Air Resources Board's
(ARB) Drive Clean site.”

4.2. PEV Consumer Demographics

Public surveys generally reinforce the notion that nationwide, public support exists for PEVSs;
however, this support has not translated into definitive market success yet. Surveys by Pike
Research indicate the appeal of PEVs cuts across various demographic segments, with
consumers under 30 years old or with higher education levels demonstrating higher tendencies
for early adoption.?! The results of a Deloitte survey portrayed the majority of PEV buyers as
male with above average income and living in urban or suburban settings.?* Another indicator is
previous HEV ownership. In an Electric Power Research Institute (EPRI) survey, HEV owners
are more than twice as likely to say they “definitely” intend to purchase or lease a PEV vehicle.
2% Survey results obtained through Pacific Gas & Electric’'s (PG&E) Consumer EV Billing
Program in California concluded that PEV consumers in early adopter regions are defined by
smaller household sizes, an above average humber of vehicles per household, above average
median income, home ownership, and an increased likelihood of driving to work.?*

These survey data are bolstered by data gleaned from interviews conducted by ICF with GM,
Nissan, and Ford:

B GM characterized Chevrolet Volt buyers in two major categories. The first are 50+ year old,
technology savvy, above average median household income and image conscious. GM
noted that buyers are less concerned about environmental issues and more interested in the
technology. The second group includes 30-40+ year old males that are more
environmentally- conscious and image-conscious. For both groups, GM indicated
approximately 90% of the consumers are male. Based on a variety of vehicle survey data,
women do not tend to be early adopters and are more concerned with the reliability and
dependability of vehicles.”®

B Nissan characterized the average consumer of the Nissan LEAF to have an above average
median income, well-educated, and male, with an average age of 49-55. Nissan expects this
demographic to change over time.?

B The primary consumer of the Ford Focus BEV has an annual household income between
$120,000 and $140,000, is environmentally-conscious, is interested in reducing operating
costs, and has a desire to access to HOV lanes (where available).?’

19 Alternative Fuels & Advanced Vehicles Data Center, “Federal & State Incentives and Laws: State of Pennsylvania,” U.S. Department of Energy, accessed on
April 20, 2012, http://www.afdc.energy.gov/afdc/laws/.

2 DriveClean, A buying guide for clean and efficient vehicles, CARB. http://www.driveclean.ca.gov.

2t Charul Vyas and Clint Wheelock, “Energy & Environment Consumer Survey: Consumer Attitudes and Awareness about 13 Clean Energy Concepts,” Pike
Research, 2012, 2.

2 Deloitte Touche Tohmatsu Ltd, “Gaining Traction: A Customer View of Electric Vehicle Mass Adoption in the U.S. Automotive Market,” 2010, 6.

2 Electric Power Research Institute and Southern California Edison, “Characterizing Consumers’ Interest in and Infrastructure Expectations for Electric Vehicles:
Research Design and Survey Results,” May 2010, 3-2.

2 Pacific Gas & Electric Company, “Electric Vehicle Penetration Study Using Linear Discriminant Analysis,” June 2011, 4.

% Interview with Britta Gross, General Motors Company (GM), March 2012.

% |nterview with David Peterson, Nissan North America, Inc., March 2012.

27 |nterview with Stephanie Janczak, Barbara Rogers, and Mike Tinsky, Ford Motor Company, April 2012.
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Although the demographics of early adopters are well-known, in the mid- to long-term PEVs
should become more appealing to a broad range of consumers. PEV education efforts, such as
“ride-and-drive” events, will provide significant benefits as the general public becomes more
knowledgeable about the technology. Additionally, the Metropolitan Transportation Commission
(MTC) and the Bay Area Air Quality Management District (BAAQMD) are in the early stages of
launching a regional Go EV Campaign, which is designed to provide outreach and education
regarding the benefits of PEVs — this campaign is discussed in more detail in Section 11.

4.3. PEV Consumer Behavioral Characteristics
Vehicles

Among the key decisions and considerations of potential PEV consumers are vehicle financing
and convenience. Regarding convenience, some PEVs may require drivers to adjust travel
patterns or commuting behaviors compared to conventional vehicles, such as travel distance
and driving behavior modifications to increase battery life. Researchers have noted a significant
difference between PEV drivers and non-PEV drivers - PEV drivers tend to commute shorter
distances and integrate regular charging and limited vehicle range into their routine driving
pattern.?®

One concern which is widely believed to influence consumer behavior and willingness to use
PEVs is known in the PEV industry as “range anxiety.” Range anxiety describes a condition in
which the consumer is hesitant to adopt a PEV due to concerns about being stranded without
access to charging infrastructure or being unable to complete a trip given the constraints of the
vehicle. This concern has been addressed to some extent with the introduction of PHEVS, such
as the Chevrolet Volt and the Toyota Prius Plug-In, which have an engine fueled by gasoline to
supplement the electric motor. To some extent, range anxiety is a phenomenon primarily
associated with consumers with limited exposure to PEVs. Many studies, including initial results
from the United States Department of Energy’s (DOE) The EV Project, have shown PEV drivers
are more comfortable and likely to drive further before charging after an initial driving period
following first owning an electric vehicle. Apart from general familiarity gained by driving the
vehicles, other ways to reduce or eliminate range anxiety may include increased availability of
charging infrastructure, particularly in public places or with fast charging capabilities, and
increased vehicle range through improved battery technology.

In a University of California Davis trial study, the BMW MINI E, a plug-in electric version of the
Mini Cooper, was leased to consumers in New York City and Los Angeles. Researchers tracked
how consumers responded to and adjusted to the vehicle’s range. The research revealed
participant adjustments which included using a conventional vehicle for longer trips, trip
chaining, avoiding unnecessary trips, using GPS tools to track vehicle distance, and turning off

2 Deloitte Touche Tohmatsu Ltd, “Gaining Traction: A Customer View of Electric Vehicle Mass Adoption in the U.S. Automotive Market,” 2010.
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in-car climate controls to increase range.?® The most frequent adaptation was to simply use a
second, conventional vehicle, as cited by 94% of the MINI E users.*

Charging

It is unclear which level charging consumers will ultimately prefer. Level 1 charging is readily
available and inexpensive, but may not be practical, particularly for BEVs where vehicles are not
parked for extended periods of time. A Level 2 EVSE could potentially charge a vehicle in half
the time of a Level 1 charger, but requires a dedicated space to install the EVSE and is more
expensive. Each type of PEV has different needs. For example, the Toyota Prius Plug-in and
Chevrolet Volt would not require a Level 2 EVSE to complete a charge overnight. However, the
Nissan LEAF would need a Level 2 charger to completely charge a depleted battery within
seven hours.

The University of California Davis MINI E Consumer Study supplied a residential Level 2
charger and a Level 1 “convenience charger” for use outside of the home. The Level 2 charger
completed the charge in approximately three to five hours, while the convenience charger
required nearly 26.5 hours to fully charge a depleted battery. The study concluded PEV
consumers were content with the Level 2 charging speed and preferred a fully charged vehicle
by the morning. One criticism among drivers was the inconvenience of “topping-off” the battery
between activities using public infrastructure.®* Wider implementation of public DC fast charging
or even Level 2 charging availability is likely to have an influence on PEV adoption, as two in
five HEV owners and one in three ICE vehicle owners say the capability will “definitely” influence
their PEV acquisition decision.

Consumer willingness to purchase EVSE depends in large part on the price of the infrastructure.
As charger speed and “intelligence” increase, the expense of the installation rises
commensurately. Currently, a residential Level 2 EVSE is estimated to cost approximately
$2,000, including installation, however, survey results show only 28% of respondents would pay
over $500 for the capability, with the average respondent willing to pay up to $400.*® Consumer
willingness to add additional expense to the purchase of the vehicle presents a significant
barrier to the mass deployment of Level 2 EVSE.

Tony Posawatz, formerly the Vehicle Line Director for the Volt and Global Electric Vehicle
Development at GM (now the CEO of Fisker Automotive), indicated in a presentation that GM
has been surprised that “most” Volt drivers have opted for Level 1 charging over Level 2
charging at home. He noted that it takes longer to charge, but that consumers believe the

chargers work “well enough” and “suffice for overnight charging”.*

2 Tom Turrentine, Dahlia Garas, Andy Lentz, and Justin Woodjack, “The UC Davis MINI E Consumer Study,” UC Davis Plug-In Hybrid & Electric Vehicle
Research Center, May 2011.

% bid.

3 Ibid.

%2 EPRI and SCE, “Characterizing Consumers’ Interest in and Infrastructure Expectations for Electric Vehicles: Research Design and Survey Results,” May 2010/

3 Charul Vyas et al., “Executive Summary: Electric Vehicle Consumer Survey,” Pike Research, 2012.

% Ernst & Young, Cleantech matters: moment of truth for transportation electrification, 2011 Global Ignition Sessions Report, 2011.
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Nissan Leafs have been deployed in greater numbers than the Chevrolet Volt in the Bay Area;
however, with more competitive PHEV offerings likely available in the near-term e.g., the Toyota
Prius Plug-In, the role of Level 1 charging — for both residential applications and public
applications — will become clearer over time.

4.4. Potential Consumer Barriers to Expanded PEV Adoption

Despite a recent survey by Accenture finding that 57% of Americans would consider purchasing
a PEV for their next vehicle,® consumers’ expectations regarding price, range, and charging
time are in many cases not met by PEVs available today.*® These barriers make converting
potential consumers into actual purchasers a significant challenge. As discussed in more detail
previously, vehicle price is the primary barrier to widespread PEV adoption in the near-term.
Even with incentives, the initial cost of PEVs remains considerably higher than HEVs and ICE
vehicles. In the 2011 Los Angeles EV market survey, for example, over 80% of respondents
said price is an important factor in the decision to purchase a PEV, and 71% believe that “EVs
cost too much for what they offer.”’

Consumers’ unwillingness or hesitancy to pay for the additional upfront cost of PEVs is coupled
with an undervaluation of fuel savings. Ideally, consumers would have an idea of the payback
period — the period of time required for the consumer to recoup their investment — for the
purchase of a PEV or understand the total cost of ownership. These values are dependent on
variables such as the price of gasoline, the price of electricity, the price of the vehicle, and the
availability of purchasing incentives. The calculation of the payback period or total cost of
ownership can be relatively straightforward; however, most consumers are not going to conduct
this type of analysis when purchasing a vehicle. Rather, research has shown consumers
generally under-value future fuel savings and only capture the potential benefits of more fuel
efficient vehicles over a period of two to four years, when actual ownership is two to three times
longer than that.* In other words, even if the present value of fuel savings over a vehicle’s
lifetime outweighs the difference in initial cost, it may not be enough to convince consumers to
pay more upfront.*

Apart from pricing, the other main barriers to PEV deployment are vehicle range and charging
logistics, which are more salient issues in the context of BEV deployment. Consumers concerns
about vehicle range vary, but include issues such as “range anxiety” (i.e., the fear of being
stranded due to a depleted battery), uncertainty with respect to the time necessary to charge
PEVs, and EVSE accessibility. According to the Los Angeles EV market survey, 56% of
consumers in the area reported that they would not buy a PEV if they could not charge at
night.** Data from Nissan indicates that the average LEAF owner typically charges his/her
vehicle at home overnight during a once-daily charging session. Most stakeholders put an
emphasis on residential charging for access to EVSE, with special attention to MUDs where

3 Accenture, “Plug-in electric vehicles: Changing perceptions, hedging bets,” 2011.

3% Deloitte, “Gaining Traction: Will Consumers ride the electric vehicle wave?” Deloitte Global Services Ltd., 2011.

37 Dr. Jeffrey Dubin, et.al, “Realizing the Potential of the LA EV Market,” University of California Los Angeles Luskin Center for Innovation, May 2011.
3 D. Greene and S. Plotkin, “Reducing Greenhouse Gas Emissions from U.S. Transportation,” Pew Center on Global Climate Change, 2011.

¥ |ndiana University, “Plug-in Electric Vehicles: A Practical Plan for Progress,” Indiana University, 2011.

40 Dr. Jeffrey Dubin, et.al., “Realizing the Potential of the LA EV Market,” University of California Los Angeles Luskin Center for Innovation, May 2011.
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PEV users may face additional challenges, followed by the development of workplace
charging.** As the market for PEVs grows, the placement and quantity of EVSE both influences
and is influenced by PEV growth.

Recent research from Ford Motor Company *? and the University of Delaware*® highlight some
of the barriers PEVs, patrticularly BEVs, will face. Researchers initially sought to answer what
percentage of trips or vehicle miles traveled (VMT) could be electrified, and then changed the
question to “how many days per year would a driver be inconvenienced by the limitations of a
PEV?” Although similar, these questions are fundamentally different. The first question can be
addressed by examining national statistic ensembles; however, the second question requires
more detailed data on a per driver basis. Ultimately, both research studies highlighted how
driver behavior would impact the right PEV technology for each consumer. For instance, the
researchers at Ford estimated the cost of batteries as a function of customers’ demand cost and
high functionality of vehicles. In other words, if there were no restrictions on battery technology,
then meeting consumer demand with battery technology would require an estimated cost of
around $100/kWh, a value Ford describes as “impossibly low”. Both studies highlight the
potential of PHEVs to satisfy individual consumers’ demands and the challenges that BEVs
might face with the average consumer.

A variety of strategies can be employed to overcome pricing, range concerns, and the
availability of EVSE. For vehicle pricing, the most common strategy to overcome high initial
costs of PEVs is to provide consumers with purchasing incentives. As noted previously, there is
a federal incentive for qualified vehicle purchases, and there are many states and other entities
that provide additional incentives. These credits and rebates help defray the additional cost of
the vehicle, and also have a secondary benefit of improving the consumer’s consideration of
potential savings through total cost of ownership or payback period estimates. These incentives
are often a key aspect of vehicle purchasing; for example, Nissan has observed higher sales in
states with more aggressive incentives.** As incentives are developed, the structure of policy
should be informed by the needs of the individual region. The Ford and University of Delaware
studies may help policies be more effective and useful for regional agencies, such as BAAQMD
and MTC, by understanding the demand for PHEVs or BEVs in a given region, rather than
estimating demand strictly from an average origin-destination trip activity.

Technological advances in batteries may also help reduce vehicle pricing, improve vehicle
range, and reduce the time it takes to charge vehicles; however, this should be considered a
long-term strategy. Battery technology currently in development cannot provide PEVs with the
attributes that satisfy all driver behavior (e.g., range and power) at an affordable price.*®
Although a breakthrough in battery technology is conceivable, the more likely scenario is a
gradual improvement of battery technology in the near-term, yielding small improvements in
battery characteristics (e.g., performance, lifetime, and cost). For instance, the average cost of

41 Interview with David Peterson, Nissan North America, Inc., March 2012.

42 Mike Tamor, et al. “An Analytic Method for Estimation of Electric Vehicle Range Requirements, Electrification Potential and Prospective Market Size”
43 Nathaniel Pearre, et al. “Electric vehicles: How much range is required for a day’s driving?”, Transportation Research Part C, 19, 1171-1184, 2011.
4 Interview with David Peterson, Nissan North America, Inc., March 2012.

45 Interview with Britta Gross, General Motors Company (GM), March 2012.
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batteries has decreased from an estimate of about $1,000/kWh in 2008 to an estimated
$750/kWh in 2012. Ultimately, regional agencies should make near-term plans assuming
gradual changes rather than deploying resources that are dependent on disruptive technological
change.

Given the status of battery and PEV technology that is readily available, strategically located
charging infrastructure will play a central role in alleviating range anxiety and uncertainty about
EVSE accessibility. Careful planning for the location of that equipment may successfully
encourage PEV sales. An important role for regional agencies in the Bay Area and Monterey
Bay Region will be to assess how best to provide charging for PEV drivers without dedicated,
off-street parking. The recommendations generated from the Readiness Plan will provide an
excellent foundation for which to develop the publicly-accessible EVSE strategy for the Bay
Area and Monterey Bay Region.

Another strategy that has been employed in other regions (i.e., outside of the United States) is
financial separation of the battery from the vehicle. For instance, the consumer might purchase
the vehicle and lease the battery on a monthly basis. This strategy helps reduce the upfront cost
of the vehicle and makes the price competitive with comparable conventional vehicles.

Range anxiety and unfamiliarity with EVSE may also dissipate as consumers gain experience
with PEVs and become more comfortable with the technology. For instance, in a demonstration
study by the Technology Strategy Board in the United Kingdom, researchers found that the
percentage of drivers who were more concerned about reaching their destination with a PEV
than in their normal car dropped from 100% to 65% after just three months of PEV use. The
researchers attribute this change to an improved understanding of the vehicle capabilities,
driving techniques or behavior, and modifications to trip planning.*® To help improve consumer
understanding of PEV performance prior to vehicle purchase, GM encourages “ride-and-drive”
events to allow potential consumers to test drive PEVs and become more familiar with the
vehicles.”’

46 Andrew Everett, et al., “Initial Findings from the Ultra-Low Carbon Vehicle Demonstrator Programme”, 2011.
47 Interview with Britta Gross, General Motors Company (GM), March 2012.
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5. Current Deployment of PEVs in the Bay Area and Monterey Bay
Region

5.1. Overview of Current Deployment

Consumer demand for PEVs in the Region has been strong to date. Research from Nissan
indicates that the San Francisco Bay Area has the highest rate of Leaf adoption in the country
on a per household basis. Based on data from the Clean Vehicle Rebate Project (CVRP), nearly
2,500 zero emission vehicles (ZEVs) have been deployed in the Region through April 2012.
Most of these vehicles (2,100) are characterized as light-duty BEVs; whereas PHEVs accounted
for another 300 vehicles. The remaining 100 ZEVs include about commercial vehicles,
motorcycles, and NEVs. The sales of PHEVs have most likely increased significantly in the
Region since these numbers released, with more than 6,700 and 4,100 Volts and Plug-in
Priuses sold nationwide since these numbers were reported for the CVRP. The Region’s strong
market for PEVs is also demonstrated in the percentage of rebates issued: the Region accounts
for about 22% of all vehicles in California, however, the Region accounted for 41% of light-duty
ZEV rebates and 36% of PHEV rebates as of April 2012.

ICF estimates for PEV penetration indicate that there will be moderate growth of PEV sales over
the next several years, however, as regulatory drivers such as the Zero Emission Vehicle (ZEV)
Program and Low Emission Vehicle (LEV) Il Program — both part of California’s Advanced
Clean Cars Program — become more important during the release of model year (MY) 2017
vehicles, ICF anticipates a significant increase in PHEV deployment.

Figure 4. Forecasted Baseline PHEV and BEV Populations (in the light-duty sector) for the Bay Area%
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48 These forecasts will be modified in subsequent documents to include PEV forecasts for the Monterey Bay Region.
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ICF developed the penetration scenarios in Figure 4 based on the following inputs and
assumptions:

B |CF accounted for PEVs that would be deployed to meet the requirements of the ZEV
Program, which requires automobile manufacturers to introduce zero tailpipe emission
vehicles in volumes that increase over time. The program is implemented using credits,
which vary depending on factors such as emission control technology and vehicle range.
ICF used what ARB documentation describes as the most likely compliance scenario,*® a
mix of transitional zero emission vehicles (TZEVs), BEV, and hydrogen fuel cell vehicles
(FCVs). To develop the baseline, ICF assumed that TZEVs would all be PHEVs.*

B Based on EMFAC and sales data from the California New Car Dealers Association
(CNCDA), we estimated that the Bay Area accounts for approximately 21% of vehicle sales
in California.

B |CF also used internal analyses of other national- and state-level forecasts of PEV
populations, and trends in hybrid-electric vehicle penetration in California and the Bay Area.

These estimates should be considered as equivalent to a regulatory baseline for PEVs in the
Bay Area. In subsequent documentation, ICF will provide PEV market forecasts based on
additional research and modeling.

5.2. Gaps and Deficiencies

The previous subsection provided an overview of current deployment of vehicles and forecasts
of PEV adoption in the Region out to 2025. As the current leader in PEV adoption, the
consumer market in the Region has already demonstrated significant potential for the early
adoption of PEVs, with the potential for significant and steady increases in consumer interest
over the next several years. In that regard, there are limited gaps in terms of planning for vehicle
deployment; however, for planning purposes, the following issues have been identified as
potential gaps or deficiencies in the Bay Area and Monterey Bay Region:

Lack of PHEV Charging Behavior Data

One of the major benefits of The EV Project is the partnership between ECOtality and Nissan,
enabling the collection of valuable data regarding charging behavior. As part of the project,
consumers who get a rebate for residential EVSE agree to participate in the EV Project and
provide charging data e.g., time of day, time connected to charger, and energy delivered to the
vehicle. However, the EV Project, as of March 2012, has not registered any Chevrolet Volts — or
other PHEVs — as part of the program in the San Francisco Bay Area. Although the deployment
of Nissan Leafs and associated charging behavior of drivers will provide valuable lessons
learned, the differences between how PHEV and BEV owners drive and charge their vehicles.

49 Appendix B, Draft Environmental Analysis for the Advanced Clean Cars Program, CARB, December 2011. We also drew from an ARB Staff Presentation
dated November 16, 2010 entitled “ZEV Regulation 2010, Staff Proposal”, available online at:
http://www.arb.ca.gov/msprog/zevprog/2011zevreg/11 16 10pres.pdf

5 Appendix B, Draft Environmental Analysis for the Advanced Clean Cars Program, CARB, December 2011. We also drew from an ARB Staff Presentation
dated November 16, 2010 entitled “ZEV Regulation 2010, Staff Proposal”, available online at:
http://www.arb.ca.gov/msprog/zevprog/2011zevreg/11_16_10pres.pdf
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Data for vehicles outside of The EV Project will also be available from the BAAQMD’s program;
however, as the majority of infrastructure under that effort is still in the installation phase is
expected that these data will not become available until 2013.

Medium- and Heavy-Duty Vehicles

The success of PEVs in the marketplace largely depends on the penetration of PEVs in the
mass consumer market for light-duty vehicles; however, energy and environmental goals — such
as GHG emission reductions, air quality improvement, and petroleum displacement — require
the uptake of the PEVs in medium- and heavy-duty (MD and HD, respectively) sectors as well.
Based on an initial review of the literature, PEVs in the MD and HD sector are being deployed;
however, there is little guidance available or lessons learned regarding the supporting charging
infrastructure that have been shared.

As part of a U.S. DOE program funded by ARRA, two medium-duty truck projects were
implemented across the country with vehicle deployments in the Bay Area:

B Smith Electric Vehicles Project: Smith Electric Vehicles will build and deploy 500 all-
electric medium-duty trucks. The trucks will be deployed in diverse climates across the
country. As of April 2012, eight vehicles were deployed in Alameda County (Fremont,
Oakland, and San Ramon) and ten were deployed in Santa Clara County (Milpitas and San
Jose).

B EV Delivery Truck Demonstration Project: Navistar will build and deploy 950 all-electric
medium-duty trucks and as of April 2012, vehicles have been deployed in San Leandro (1),
Stockton (2), Davis (1), and Woodland (1).

It is unclear to what extent these medium-duty trucks have on-site EVSE capabilities or what
infrastructure and site adjustments were made to accommodate the vehicles.

The California Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project (HVIP)
provides rebates towards the purchase price of medium- and heavy-duty hybrid-electric and
electric vehicles. Most of the vehicles that have been deployed to date (i.e., more than 90%) are
hybrid electric vehicles, however, ICF and BAAQMD will reach out to ARB (the project sponsor)
and CALSTART, who implements the project, to determine if there are data available from
deployments in California, or preferably the Region.

According to an infrastructure planning checklist for medium- and heavy-duty trucks prepared by
CALSTART, the primary steps for integrating Level 1 or Level 2 EVSE include®:

B Determine potential EVSE locations on-site based on proximity to existing electric utility
equipment, traffic, pedestrian flow, parking availability and ADA compliance issues.

B Estimate the electrical load at the site. For Level 2 EVSE each truck could potentially add
between 12 — 19.2 kW of load per vehicle. Also estimate the EVSE requirements from
vehicle and charger manufacturers and the number of EVSE units required.

51 CALSTART, “Detailed Infrastructure Planning Checklist for E-Truck Fleets.” Available online at http://www.calstart.org/Libraries/E-
Truck_Task_Force_Documents/E-TTF_Infrastructure_Guidelines_for_Fleets_with_checklist.sflb.ashx.
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B Contact EVSE suppliers to obtain a quote.

B Contact the utility to assess the existing electricity supply and if service upgrades would be
required. The upgrades could include extra circuits and sub-panel improvement. Consumers
should also review metering requirements, such as a time-of-use meters and/or demand
charges, which could add cost for service.

B Contact the applicable permitting agencies to obtain requirements for building and use
permits.

B Hire a prime contractor and verify credentials to ensure compliance.

Other EVSE considerations for medium- and heavy-duty trucks include the purchase of a
demand response charging system which would provide interactions between the utility and the
fleet to manage grid load, particularly during peak hours. Another option would be a Load
Management System, which would allow fleets to sequence automatically and optimize multiple
chargers.

5.3. Concepts and Proposed Solutions

With more than 700 chargers deployed as part of the EVSE Home Charger Rebate Program, no
Volts have been registered as part of the EV Project in the Bay Area as of March 2012. The
Chevrolet Volt sales rose significantly in March 2012, with 25% of these vehicles sold in
California according to Chevrolet. This jump in sales (more than double the previous month’s
sales nationwide) was likely attributable to sustained higher gas prices, and to California’s
decision to make the vehicle eligible for HOV lane access. Surprisingly, March also saw the
introduction of the Toyota Prius Plug-In, which sold just fewer than 900 units nationwide in its
first full month of availability.

Moving forward, it will be important for local and regional agencies, and local utilities in the Bay
Area to have robust estimates of PEVs being deployed. The driving and charging behavior of
the first adopters of BEVs and PHEVs will help inform the planning and investment decisions of
local and regional agencies as they seek to support the ongoing deployment of PEVs, while
ensuring a positive experience for existing drivers. The San Francisco Bay Area and Monterey
Bay Region can address the lack of data availability regarding PHEVs (e.g., Volts and Prius
Plug-ins) through several options:

B Conduct surveys of and outreach to OEMs and Dealers: OEMs and dealers are closely
watching the deployment of PEVs in the marketplace. To the extent possible, regional
agencies can survey and conduct targeted outreach to OEMs and dealers to develop
estimates of the PEVs being deployed in the Bay Area.

B Expand, improve and refine estimates of PEV adoption in the Region. The initial
forecasts presented in this document are focused on private light-duty PEV ownership. For
the Plan, ICF will expand these forecasts to include private fleet PEV adoption, public fleet
PEV adoption. ICF will also improve and refine estimates for PEV adoption in the Region
based on the most recent market research, taking into account updates, for instance, to
parameters such as gasoline prices, new vehicle sales, vehicle offerings, and economic
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growth. Additional data from automotive manufacturers and fleets will be gathered where
available. It is anticipated that the data from employer and fleet surveys currently being
conducted by the BAAQMD and information available from the Clean Cities Coalitions will
be able to provide additional information on current fleet users and their deployment of
vehicles and EVSE.

B Develop usage patterns for PEVs in the Region using available data. ICF and BAAQMD
will use charging data from EVSE deployed as part of The EV Project dating from March
2011, with data including vehicles by zip code and city, miles driven, and energy (kWh)
consumed, as well as charging events by zip code and city, and hourly electricity demand.
These data will be used to develop a better understanding of usage patterns. These data
will also be used to support EVSE siting and location analysis (see Section 6) for the
Region. The Plan will also identify how this and additional data could be gathered for future
iterations of the planning document. The charger specific issues (multiunit dwellings,
workplace charging, publicly accessible charging and the charging business model)
identified in this portion of the analysis are described in greater detail in the next section.

B |[nterface with utilities: In most cases, the first adopters of PEVs will also install a
residential charger. Although Chevrolet has observed that nearly 50% of its drivers are
opting for Level 1 charging, and technically, this may not require a service upgrade or
installation of equipment, the local utility (most likely PG&E) would desire to know which
homes have PEVs charging on a frequent basis. In the case of PG&E, drivers may opt into a
special time of use rate that makes it cheaper to charge vehicles during hours when demand
for electricity is lower. See Section 12 for more information.
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6. Siting, Locating, and Maintaining Infrastructure in the Bay Area
and Monterey Bay Region

PEVs rely on charging to extend their range (PHEVs and BEVs) and as their main source of
propulsion energy (BEVs). Charging infrastructure is a key component of PEV deployment and
is a source of constant debate regarding:

B Location: Where should chargers be located? Options are generally characterized as (in the
home, at the workplace, public versus private)

B Quantity: How many are needed to support PEV drivers?

B Level of charging: What voltage and power levels are necessary for useful PEV charging at
the various locations — Level 1, Level 2, or DC fast charging?

B |nvestment: Who pays for and maintains public and private infrastructure?
B Payment: How much should individuals pay for "a charge"?

To answer some of these questions, this section provides an overview of the current makeup
and state of the charging infrastructure in the region.

6.1. Introduction and Overview

The global roll out of PEVs presents a significant opportunity for the charging/EVSE industry —
an industry that includes an array of services beyond EVSE hardware. Pike Research, for
instance, has forecasted that the market for charging equipment alone will be worth up to $4.3
billion in 2017; this excludes services such as charging network management software, smart
grid energy management, battery recycling, integrated renewable energy technologies and
battery second-life applications. In a recent survey, Ernst & Young examined the business
strategies of 143 charging/EVSE companies; the results of their survey identified 18 business
activities and characterized five strategy variants.>® In their thorough review and synthesis of
charging strategies, one of their observations is a common issue that analysts have identified:
the value proposition for potential hosts of charging stations e.g., parking lot owners, is unclear.
Similarly, in a moderated discussion hosted by Ernst & Young regarding the market for PEV
charging infrastructure, Detroit participants noted that there is a “need to fill gaps between who
manages, owns and pays for the charging station.” These observations are buoyed by local
anecdotal evidence from City CarShare, which has played an active role in the deployment of
infrastructure to support an expanding number of PEVs in its fleet.

With a strong consumer market for vehicles, the Bay Area PEV readiness planning should focus
much of its efforts on ensuring that the infrastructure is in place to support PEV deployment. To
date, the Region has properly focused on ensuring that early adopters have a positive
experience for charging vehicles at home. EPRI has prepared a convenient graphic to illustrate
the priorities for likely charging scenarios, as shown in the so-called charging pyramid in Figure

52 Ernst & Young, Beyond the plug: finding value in the emerging electric vehicle charging ecosystem, 2011.
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Public

5. Residential charging is the most important
aspect of EVSE deployment; however, as the Bay
Area advances in its PEV readiness planning,
workplace or retail charging and publicly accessible
charging should also be addressed systematically.
It is also important to note that over a third of
housing units in the Bay Area are multi-unit
dwellings (MUDs), and face a similar set of barriers
to those associated with workplace and public
charging. Fortunately, Bay Area agencies and
stakeholders have initiated the deployment of
nonresidential charging and are also examining
paths to installing EVSE in MUDs, and these =Rl
efforts will yield valuable lessons learned over the
next several years.
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Figure 5. The EPRI Charging Pyramid

Priority Issues for the Region

While there is still work to be done in certain parts of the Region, lessons learned from existing
residential EVSE deployments will generally fill the knowledge gaps that most local agencies
may have with regard to residential deployment. The focus on nonresidential issues is not
meant to deprioritize the necessity of residential EVSE deployment; rather it reflects that PEV
readiness in many parts of the Region is sufficiently advanced to expedite the ability of other
areas to achieve similar levels of readiness. The following issues specific to infrastructure
deployment will be discussed in significant detail in the subsequent plan segments; they are
introduced here to familiarize the reader with them as core issues discussed throughout the
Plan.

Multi-Unit Dwellings: Charging Opportunities

Consumers living in apartment buildings and other MUDs will face more significant barriers in
the process of installing EVSE. The barriers arise from questions about EVSE ownership and
the potential cost implications, and about how EVSE would be metered and managed to pass
costs on to PEV owners. It is conceivable that DC fast charging stations and battery switch
stations could be considered part of the solution for MUDs. Furthermore, MUD charging may
have significant similarities with workplace charging and public charging as they may require
authentication, point-of-sale, or integrated metering to allocate costs to tenants, and
management tools.

Small but important steps, such as the recent promulgation of Senate Bill 880 (SB 880, Corbett,
Statues of 2012) which voids any policies or provisions that prohibit or restrict the installation
or use of EVSE in a common interest development, are important policy signals for charging at

5 Senate Bill 880 (Corbett), Common interest developments: electric vehicle charging stations. Available online at: http:/leginfo.ca.gov/pub/11-
12/bill/sen/sb_0851-0900/sb_880 bill 20120229 chaptered.pdf
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MUDs. Unfortunately, the interpretation of the bill is also being utilized as a barrier to EVSE
deployment, with some HOAs requiring PEV owners to pay for, install, and remove EVSE.

Further research, more concrete actions, and lessons learned will need to be assembled for the
Region to maintain its leadership position in PEV readiness.

Workplace Charging

Although initial data confirms the general view that most (light-duty PEVs) will be charged at
home, it will be important to expand charging infrastructure beyond residences to achieve
widespread adoption of PEVs. Furthermore, opportunities to charge outside of the residence will
help increase the so-called “all-electric” miles for PHEVs and mitigate potential range limitations
for BEVs. Workplace charging has garnered patrticular interest from stakeholders to fill the gap
which will increase the all-electric range for PHEVs or extend the range for BEVs because of the
amount of time that a vehicle will likely spend parked at a place of work. Furthermore, due to the
time vehicles spend parked at workplaces, Level 1 EVSE may be a viable and lower-cost
solution that also decreases load impacts. It is also important to note that there is a strong
interest in the integration of renewable energy technologies (e.g., solar) with workplace
installation to defray the costs of electricity (especially during peak hours).

Publicly Accessible Charging

Similar to workplace charging, publicly accessible charging will be an important part of the
supporting infrastructure for PEVs as they reach increased levels of penetration. In the Bay
Area, the City and County of San Francisco has established itself as a leader of deploying
EVSE in municipally owned parking garages. However, beyond this jurisdiction’s expedited
deployment, there are still many barriers that prevent the deployment of publicly accessible
EVSE. Many of these barriers are addressed in the current guidance being produced as
patents planning effort, however, mechanisms and incentives for implementation still need to be
determined.

Charging Business Model

The focus of deployment efforts to date has largely been getting hardware in the ground and
giving early adopters sufficient access to EVSE, particularly at residences. As the focus of
EVSE deployment shifts toward installing chargers at nonresidential properties and MUDs, the
issues of maintenance and financial management of EVSE will need to be addressed. With
most EVSE providers currently offering charging freely at public stations, the long-term viability
of the charging business is unclear and requires consideration. Anecdotally, vendors have
stated that the end-to-end ownership business model shows promise; however, no data were
available to demonstrate this at the time of writing of this document. This issue will be further
explored as part of the Plan.

Current Deployment in the Region

As a result of consumer interest, regional agencies and EVSE providers have responded to the
range anxiety issue and the need for public infrastructure with a variety of deployment projects,
as highlighted in Table 3 below.
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Project Title

EVSE Home Charger Rebate Program

DC Fast Charger Program

ChargePoint America

Bay Area EV Corridor Project

Update Existing EV Infrastructure

Local Government EV Projects

eFleet: Car Sharing Electrified

Bay Area Electric Vehicle Taxi Corridor
Program

Tribal Community Sustainable Transportation

Businesses Deploying EV Infrastructure

Electric Vehicle Charging Station Project

CEC - California Energy Commission; DOE — U.S. Department of Energy; SFCTA — San Francisco County Transportation Authority; SFMTA — San Francisco

Municipal Transportation Agency

Table 3. Overview of EVSE Deployment in the Region

Residential
Level 2

Lead & Support Agencies

ECOtality, Coulomb,
AeroVironment, Clipper Creek

ECOtality, AeroVironment

Coulomb Technologies
EV Communities Alliance.
ABAG, BAAQMD

Local Cities/Counties

Clipper Creek

Multiple

City CarShare
SFCTA

Better Place, SFMTA

Kashia Band of Pomo Indians

Best Buy, McDonald’s, Etc.

NRG (settlement w/ CPUC)

BAAQMD

BAAQMD

DOE

CEC

BAAQMD

CEC

BAAQMD

MTC
MTC
BAAQMD
MTC

MTC

BAAQMD

NRG

$2.20

$0.61

n/a

$1.49

$0.40

$2.30
$0.15
$2.80

$1.70
$0.03

$7.0

$0.37

$0.34

Total

2,750

Chargers

1,100

335

230

50

24

battery switch

6

178

1,650
(minimum)

to be included in Plan

Nonresidential DC Fast
Level 2

30

55
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The EV Project: The EV Project, managed nationwide by ECOtality, was funded by the US
DOE as part of the American Recovery and Reinvestment Act (ARRA), receiving a total of $115
million of awards. ECOtality is managing the installation of 15,000 commercial and residential
charging stations in more than 15 regions across the United States. Through March 2012,
ECOtality reports™ that 891 residential Level 2 chargers and 12 publicly available Level 2
chargers have been installed in the San Francisco Bay Area with 1,210 Nissan Leafs enrolled to
date. To date the program has focused on residential installations; however, there are plans to
deploy more publicly available chargers in the near future for the San Francisco Bay Area.

BAAQMD EVSE Deployment Programs: The BAAQMD is a local source for over $6 million in
support for EVSE deployment in the Bay Area. This funding has been deployed in two phases:
Phase 1 is a $1 million program for a publicly accessible EVSE charging network which includes
over 200 Level 2 and 6 DC fast charge EVSE and one battery switch station. Phase 2 provides
an additional $5 million to install 2,750 residential level 2 and 50 DC fast charge EVSE.
ECOtality is one of the contractors for the BAAQMD’s EVSE Home Charger Rebate program
and DC Fast Charger Program. Of the 2,750 residential chargers slated to be deployed in
Phase 2 by the BAAQMD 1,500 will be Blink Home Chargers with Ecotality deploying an
additional 30 DC fast chargers (20 of which will be Blink DC Fast Chargers). Through February
2012, 423 EVSE have been installed through this program.* The other project partners for the
Home Charger Rebate program include Coulomb Technologies who are tasked with installing
500 residential chargers, (see more information on Coulomb below), AeroVironment (500
residential chargers), and Clipper Creek (250 residential chargers). AeroVironment were also
selected by the Air District to support the DC Fast Charger Program and will install the
remaining 10 DC fast chargers in the Bay Area region.

ChargePoint America: This is a $37 million project, with $15 million from American Recovery
and Reinvestment Act (ARRA) funds, administered by Coulomb Technologies focusing on the
deployment of infrastructure in 10 regions throughout the United States, including the San
Francisco Bay Area. As part of the program, the City of San Francisco has installed 80 Level 2
chargers in municipally-owned garages throughout the city. The ChargePoint America program
has also sponsored the deployment of chargers at locations such as the Oakland International
Airport, where 8 Level 2 chargers are deployed in the Premier Parking Lot. The Monterey Bay
Region also received five (5) Level 2 EVSE as part of Chargepoint America, with the
infrastructure deployed in Scotts Valley, Capitola, Aptos, and Santa Cruz.

The California Energy Commission has also funded two projects that are focusing on the
deployment of EVSE in the Bay Area. The first is called the Bay Area EV Corridor Project and
is being implemented by the Association of Bay Area Governments and EV Communities
Alliance. This project also includes deployment of EVSE in the Monterey Bay Region, with an
estimated 44 dual outlet EVSE deployed in the Monterey Bay Region, managed in coordination
with the Monterey Bay Electric Vehicle Alliance (MBEVA) and Ecology Action. The second

% The EV Project Q1 2012 Summary
55 Not all of the EVSE deployed as part of ECOtality’s EV Project in the Bay Area are part of the Air District's Home Charger Rebate Program, hence the
difference in number of EVSE installed.
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project is a statewide effort managed by Clipper Creek to update the infrastructure that was in
place from the initial deployment of PEVs from the late 1990s.

The Bay Area Metropolitan Transportation Commission (MTC) has also assumed a proactive
role in the deployment of PEVs and charging infrastructure as part of the Climate Initiatives
Program. MTC awarded nearly $12 million to four projects:

B San Francisco’s Municipal Transportation Agency (SFMTA) partnered with the City of San
Jose and Better Place for the Bay Area EV Taxi Corridor Program, a zero emission
electric taxi project to demonstrate 61 electric taxis with battery switch capabilities, 25
electric neighborhood taxis, and install four battery switching stations. The project received
about $7 million. Better Place has advanced its project and has the first two sites identified
and is nearing the finalization of the permitting process for each site — one in the North
Beach neighborhood of San Francisco (near the intersection of Davis St and Broadway) and
the other at San Francisco International Airport.

B The Local Government EV Fleet Project is administered by eight local governments (led
by Alameda County) that are in the process of procuring 90 PEVs for municipal fleets and
90 Level 2 chargers accessible to both the government fleets and, in some cases, the
public. The local government agencies plan to deploy 78 light-duty PHEVs and BEVs and 12
vans or shuttles. The project received $2.8 million. As of March 2012, the project partners
were on the verge of issuing a bid for procurement of the first round of vehicles and
chargers.

B City CarShare is leading a Car Sharing Electrified Project to deploy 29 PEVs, which will
be a mix of PHEVs and BEVs, and install 24 Level 2 chargers. The project received $1.7
million. City CarShare has also established itself as a leader in the Bay Area with regard to
EVSE deployment in a carshare fleet. Despite delays in the deployment of PEVs as part of
the MTC grant (due to Buy America provisions in the funding), City CarShare is
implementing its eFleet Program. Today, they have 7 PEVs in their fleet with plans to
expand to 30 PEVs over the next 24 months, and achieve 50% penetration of alternative
fuel vehicles by 2015. With a total fleet of about 400 vehicles, they have the potential to
deploy 200 PEVs in the Bay Area. For each PEV currently deployed they have at least one
dedicated EVSE; and in several cases, they have installed two EVSE (for two vehicles), with
the second charger available for public use.

B The Kashia Band Pomo Tribal Government of the Stewarts Point Rancheria received about
$370,000 to deploy four PEVs — two sedans and two vans — and six charging stations.

Monterey Bay Unified Pollution Control District (MBUPCD): The MBUPCD has played an
active role in the deployment of EVSE in the Monterey Bay Region. They have funded projects
such as the following:

B A grant to the Association of Monterey Bay Association of Governments (AMBAG) to install
four ECOtality Blink stations. This grant also includes funding for public outreach and policy
analysis.
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B A grant to the Transportation Agency of Monterey County to install seven Level 2 EVSE in
the tri-county Monterey Bay Region.

B A grant the Santa Cruz County Regional Transportation Commission to install one DC fast
charging station.

B A grant to the City of Santa Cruz to install EVSE in public parking garages in downtown
Santa Cruz, providing a total of about 10 Level 2 EVSE.

NRG Settlement: The most recent development related to the deployment of charging
infrastructure that will affect the San Francisco Bay Area is the settlement between NRG Energy
Inc. and the California Public Utilities Commission (CPUC) stemming from the California energy
crisis in 2000 and 2001. Of the $122.5 million settlement, NRG will spend $102.5 million to fund
the installation of EVSE throughout California over a period of four years. More specifically, the
settlement will fund:

B 200 Freedom Stations will be deployed statewide, with 55 of these deployed in the Bay
Area. Each Freedom Station will consist of at least one DC fast charger and one Level 2
EVSE.*® On top of the $50.5 million earmarked for stations, another $3 million is earmarked
for the fixed operating costs of these stations e.g., electricity demand charges, meter
charges, and maintenance, over a five year period.

B 10,000 Make-Ready Stubs and 1,000 Make-Ready Arrays,’ collectively referred to as
Make-Readies, are to be deployed statewide at a cost of $40 million; unlike the Freedom
Stations, Make-Readies are not intended to be available to the general public. At least 1,650
of these Make Ready Stubs will be deployed in the Bay Area, with an additional 4,000 stubs
to be deployed at NRG’s discretion. The bulk of this money will go towards wiring homes,
and preparing workplaces, multi-family buildings, hospitals, and schools for EVSE. ICF
anticipates that NRG will target Bay Area with more than the minimum number of
installations, since the area has such as high density of the population living in multi-unit
dwellings. NRG will not own this equipment, the property owners will, but the company will
have exclusive rights for 18 months to sell equipment and related services to the property
owners. After 18 months, the locations are open to competition.

B The Technology Demonstration Program with $5 million, with potential projects focusing
on: stationary battery storage systems to reduce peak electricity demand from Freedom
Stations, the installation of Extreme Freedom Stations (i.e., Level 3 DC public chargers
exceeding 80 kW), smart charging technology, or a vehicle-to-grid demonstration project.

B The EV Opportunity Program with $4 million for projects than enhance social benefits of
PEVs and create opportunities for residents of under-served communities. The eligible
projects include the deployment of EVSE for PEV carsharing projects, a PEV job training
program, or other projects that will help under-served communities.

% Per the terms of the settlement, NRG also has the option of deploying two DC fast chargers at Freedom Stations.
57 Note that an array can have no more than 10 stubs, which means that there must be at least 1,000 unique locations across the state.

ICF International 32 BAAQMD
August 2012



Bay Area and Monterey Bay Regions Siting, Locating, and Maintaining Infrastructure in the Bay
PEV Planning Concepts Document Area and Monterey Bay Region

To address equity concerns, both the Freedom Station and Make-Readies deployment have
provisions regarding the siting of infrastructure in low- and middle-income areas. For instance,
20% of the Freedom Stations must be installed in an area in which the median income is in the
lowest third. It is also anticipated that significant coordination on the siting of this infrastructure
will occur between NRG and BAAQMD as part of this planning effort.

Sustainable Community Strategy: Regional agencies in the Bay Area have also
demonstrated their long-term commitment to supporting the electrification of the transportation
sector as a critical strategy to meet the region’s climate change goals. Most notably, on May 18,
MTC and ABAG approved the Plan Bay Area Preferred Land Use and Transportation
Investment Strategy>®, which outlines the Bay Area’s strategy to meet the per capita GHG
reduction targets of SB 375, with spending upwards of $275 billion out to 2035. While most of
these investments are transit-oriented or for the expansion of roads and bridges; however, there
are two key aspects of the Plan Bay Area that will promote the deployment of PEVs and EVSE
out to 2035:

B Regional Public Charger Network: With PHEVs likely to be deployed in significant numbers
in the Bay Area, this strategy makes targeted investments to help increase the opportunity
to increase the number of so-called electric miles for PHEVs. The initial plan is to dedicate
approximately $240 million over the span of 15 years to support this program.

B Vehicle Buyback & PEV Incentives Program: This program couples fleet turnover with the
deployment of PEVs. The vehicle buyback program is designed as a trade-in for older
vehicles that are below a certain fuel economy threshold, with the eligibility restricted to
consumers purchasing a PHEV or BEV. The incentive amount varies with the fuel economy
of the vehicle being traded in (measured in mpg) as well as the vehicle type being
purchased (i.e., PHEV or BEV). The initial plan allocates $180 million for this strategy over
the span of 15 years.

Siting and Locating Stations
Residential installations

A major focus of PEV infrastructure deployment to date has been residential EVSE. For
instance, The EV Project to date has deployed about half (or 4,600) of its target residential
Level 2 EVSE and only a third (or 1,500) of its target publicly available units.>® As of December
2011, 96% of the “charging events” recorded as part of The EV Project have occurred at
residential Level 2 EVSE; in the Bay Area, this percentage jumps to 99.6%.% The focus on
residential deployment of EVSE is unsurprising — stakeholders, particularly OEMs, have been
particularly vocal about emphasizing the need ensure that the home charging experience is
positive. Additionally, guidelines and best practices are readily available for all parties (vehicle
owner, utility, dealer, installers and local governments) relating to the installation of EVSE in
single family residences (California Plug in Electric Vehicle Collaborative guidelines, etc.)

% Preferred Land Use and Transportation Investment Strategy for Plan Bay Area, May 2012, available online at: www.onebayarea.org
% Conversation with Steve Schey, ECOtality, April 11, 2012.
80 ECOtality, Q4 2011 Report, The EV Project, February 2012.
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However, as a result, the structure of the market for publicly accessible EVSE is still relatively
unknown at this point.

Multi-unit dwelling installations

The population density in the Bay Area requires the consideration of deploying EVSE in multi-
unit dwellings (MUDs). The San Francisco Department of Environment recently initiated
MultiCharge SF in partnership with Coulomb Technologies to bring charging infrastructure to
multi-family buildings in San Francisco, where two thirds of residences reside in MUDs (see
Table 4 below). The project will help develop a knowledge base and best practices for EVSE
deployment in MUDs by covering the costs of charging equipment and subsidizing the costs of
installation significantly.

Table 4. Population and MUD Residents in Bay Area Counties

. % Population

Alameda 1,500,000 38%
Contra Costa 1,100,000 24%
Santa Clara 1,800,000 32%
San Francisco 900,000 67%
San Mateo 750,000 33%

The MultiCharge SF project will help address some of the issues associated with deploying
EVSE at MUDs. However, other jurisdictions outside of San Francisco will likely have to deal
with the challenges of deploying EVSE at MUDs (see Table 5 below for a list of common
challenges). The deployment of PEVs today will require many jurisdictions in the Bay Area and
Monterey Bay Region to grapple with these challenges before the lessons learned from the
MultiCharge SF project are fully understood.

Table 5. Common Factors that Impact EVSE Installation at MUDs

o Availability of capacity in the electrical panel
o Availability of space for additional meters in the meter rooms
o Distances between utility meters, parking spaces, and unit electrical panels

Physical Challenges

o Restrictive facility configurations (master meter, remote parking, etc.)

o Cost allocation to residents (based on usage, equipment, parking, shared service
areas)

Inability to take advantage of off-peaking charging rates

HOA fee structures

Cost of Installation and Operation

Differences in ownership

Differences between actors who make the investment versus those that reap benefit
Agreements between property owners and residents / renters

Deeded parking spaces assigned to individual residents

Codes, Covenants, and Legalities

Outside of single-family residences and MUDs, non-residential charging locations are being
considered. For the purposes of this document, we distinguish between two types of non-
residential charging: a) workplace charging and b) publicly accessible installations. It is
conceivable that the former, workplace charging, may be publicly available, however, the
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following sections distinguish between these because of the different policies that can be
implemented to target them individually. It has also been suggested that a combination of DC
fast charge EVSE and workplace charging can act as a solution to the MUD issues, especially
for PHEV where a lower cost Level 1 EVSE solution is used for home charging.

Workplace charging installations

After residences, the workplace is where vehicles spend the most time parked. The Business
Council on Climate Change and the Bay Area Council, in coordination with the San Francisco
Department of Environment, have developed a guide outlining a step-by-step process for
businesses to become EV-ready.®* Additional guidance on workplace PEV readiness is also
being developed by CALSTART under a grant provided by the BAAQMD and South Coast Air
Quality Management District (SCAQMD).

Publicly accessible installations

With regard to siting chargers in publicly available spaces, stakeholders (e.g., regional
agencies) have used an array of parameters to develop a strategy for siting publicly available
EVSE. The first movers in these exercises have been aided by ECOtality as part of “The EV
Project.” The parameters considered generally include land use, origin-destination modeling
(e.g., using travel models), corridor planning, links to transit trips, off-street parking availability
and accessibility, carsharing potential, and surveys of PEV drivers.

City CarShare (CCS), a San Francisco based organization, has approached the deployment of
PEVs and supporting infrastructure by considering the following:

B Co-location: CCS prefers to co-locate PEVs with other vehicles in their fleet. All vehicles in
CCS’s fleet — all CCS pods (i.e., vehicles) are selected based on proximity to transit,
membership density, and the cost of parking.

B Even distribution: City CarShare sought an even distribution of PEVs around their service
area rather than having them clumped in a single area.

B Parking garages: Based on their initial research, City CarShare discovered that putting the
charging stations in surface lots would be cost prohibitive and may require environmental
impact reports due to trenching for the wiring. Also surface parking lots typically do not have
sufficient electrical service to support multiple charging stations without additional meters,
transformers, and other equipment. As a result, they focused on underground parking
garages and parking structures where charging stations could be mounted on walls using
surface conduit.

B Contractual agreements: The three considerations outlined previously — co-locating PEVs
with existing CCS vehicles in an evenly distributed fashion in areas with parking garages —
help narrow the potential locations for the deployment of PEVs in CCS’s fleet. The final step
of their siting consideration is the willingness of property owners and/or parking

61 Electrify Your Business: Moving Forward with Electric Vehicles, A Bay Area Business Guide, Business Council on Climate Change and Bay Area Council, April
2011. Available online at: http://www.bc3sfbay.org/uploads/5/3/3/9/5339154/electrify_your_business.pdf
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management companies to enter into an extended term agreement. CCS seeks agreements
with 3-year terms, with the EVSE connected to existing power panels, whereby CCS
reimburse the property owner or parking management company for electricity while retaining
ownership of the charging stations.

Environmental Justice Considerations

As the deployment of PEVs expands beyond early adopters — who tend to be older and
wealthier consumers (see previous section on consumers) — it will be important to ensure that
EVSE is sited and located in all of the communities of the Bay Area and Monterey Bay Region.
As noted previously, the settlement between NRG and the CPUC includes provisions that NRG
install at least 20% of Freedom Stations (i.e., DC fast charge stations) in regions with median
incomes are in the lowest third of Public Use Microdata Areas in the region. For the Make-
Ready Arrays, NRG is required to ensure that they are available to Californians of all income
levels, and are required to consult with state and local government agencies to identify sites,
and will use “best and commercially reasonable efforts” to deploy infrastructure at mixed-income
housing. Based on ICF’s review, there are not similar provisions in other siting analyses;
however, it is conceivable that the EVSE deployed as part of the NRG settlement will satisfy
much of the early demand in EJ communities. Regardless, local and regional agencies will need
to monitor progress in EJ communities to ensure equitable distri