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Ready to Roll! Southeastern Pennsylvania’s Regional Electric Vehicle Action Plan is presented
in two volumes, and is accompanied by an online information clearinghouse. Volume I,
available for download at no charge via www.dvrpc.org, includes the regional readiness plan,
comprised of:

o Projections for EV deployment by individuals and fleets;

¢ Projections for residential, workplace, private access, and public access EVSE
deployment;

e Projected opportunities for EVSE integration with the smart grid;

o Estimates for potential costs associated with EVs and EVSE, as well as funding
opportunities to offset these costs;

o Barriers to EV and EVSE deployment in the region and recommendations to overcome
these barriers; and

o An overview of stakeholders and partners involved in the preparation of the readiness
plan, including a discussion of the roles and responsibilities of each stakeholder.

Volume Il (this volume) provides an in-depth overview of electric vehicle technology, detailed
analysis of projected electric vehicle sales and usage in southeastern Pennsylvania, as well as
further discussion of the policies and recommendations covered in Volume |.
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1 Electric Vehicle (EV) and Infrastructure
Overview

Electric vehicles (EVs) support three domestic goals: greenhouse gas (GHG) emissions
reduction, energy security and independence, and economic development. With regard to GHG
emissions reduction, EVs are considered zero- to low-emission vehicles because they produce
low levels of tailpipe emissions (if any) per mile, as compared to a conventional vehicle powered
by an internal combustion engine (ICE). One analysis indicates that many but not all regions of
the United States would experience decreased pollution as a result of EV deployment.
Specifically, 61 percent of the U.S. population would experience decreased ozone levels as a
result of a “medium” EV deployment of 50 percent of new car sales by 2035."

The life-cycle emissions reduction associated with an EV as compared to a conventional vehicle
depends on the sources of electricity used to charge the battery. EVs using electricity produced
from renewable energy sources (e.g., hydroelectric, wind, and solar) provide greater emissions
reductions than EVs using electricity produced from fossil fuels. Southeastern Pennsylvania is
ranked among the best regions in the country for EV deployment because of the relatively clean
mix of resources used to generate electricity use in the region.?

With regard to energy security, most U.S. electricity is produced from a mix of domestic coal,
nuclear energy, natural gas, and renewable resources, all of which can be sourced
domestically. Because EVs can operate solely on electric power, they can help reduce U.S.
reliance on imported petroleum, thus increasing energy security.

With regard to economic development, EVs present many opportunities to contribute to job
growth in the United States. Advanced lithium-ion batteries, the primary battery type used in
EVs, provide an opportunity for the country to revitalize its manufacturing base. While the United
States commanded only two percent of the global advanced battery industry in 2008, a
Deutsche Bank study shows that the nation is responsible for upwards of 16 percent of the
world’s lithium-ion battery manufacturing capacity and is projected to contain 40 percent of
global capacity by 2015.% One report predicts that this battery manufacturing and other EV-
related industrial developments may result in a net employment gain of 130,000 to 350,000 jobs
in the United States by 2030.* A study of EV deployment in California determined that light-duty
vehicle (LDV) electrification could contribute up to 100,000 additional jobs in the state by 2030,

' Charles Zhu, “Plug-in Electric Vehicle Market Overview,” accessed June 2013, http://www.c2es.org/docUploads/pev-market’
size.pdf.

% Don Anair and Amine Mahmassani, “State of Charge: Electric Vehicles’ Global Warming Emissions and Fuel-Cost Savings across
the United States,” Union of Concerned Scientists, accessed June 2013,
http://www.ucsusa.org/assets/documents/clean_vehicles/electric-car-global-warming-emissions-report.pdf, 19-20.

*DOE, “The Recovery Act: Transforming America’s Transportation Sector — Batteries and Electric Vehicles,” accessed June 2013,
http://www.whitehouse.gov/files/documents/Battery-and-Electric-Vehicle-Report-FINAL.pdf.

* Thomas Becker, “UC Berkeley Study Finds Separate Battery Ownership Accelerates Mass-Market Adoption of Electric Cars,”
accessed June 2013, http://www.prweb.com/releases/UCBerkeley/Electricvehiclestudy/prweb2628184.htm.

Volume II: Technology Overview, Detailed Analyses, and Appendices



http://www.prweb.com/releases/UCBerkeley/Electricvehiclestudy/prweb2628184.htm
http://www.whitehouse.gov/files/documents/Battery-and-Electric-Vehicle-Report-FINAL.pdf
http://www.ucsusa.org/assets/documents/clean_vehicles/electric-car-global-warming-emissions-report.pdf
http://www.c2es.org/docUploads/pev-market

assuming EV deployment is accelerated to 45 percent of the new LDV fleet by 2030.°
Additionally, a New York State Energy Research and Development Authority (NYSERDA) study
assessed the economic impacts associated with large-scale EV deployment in New York State.
Under a scenario in which EVs achieve approximately 40 percent of new car sales by 2025,
NYSERDA estimated that New York would benefit by $4.45 to $10.75 billion per year and
experience net job creation between 19,800 and 59,800.°

Deploying EVs and electric vehicle supply equipment (EVSE) in southeastern Pennsylvania will
require stakeholder involvement. Federal, state, and local decision-makers are well positioned
to establish a regulatory environment conducive for EV and EVSE deployment. Utilities and
regulatory authorities, such as public utility commissions (PUCs), are necessary to distribute
electricity to EV owners, EVSE owners and operators, and other energy suppliers. Property
owners can install both public and private charging infrastructure. EV and EVSE manufacturers,
retailers, distributors, and installers are necessary to ensure that the technology is available,
affordable, deployed, and maintained. Finally, education and advocacy groups, such as Clean
Cities coalitions, have the informational resources and connections to educate fleet managers
and the general public about the technology so more people are aware of its benefits.

The Delaware Regional Valley Planning Commission (DVRPC) led a year-long effort with
stakeholders to create Ready to Rolll. DVRPC established close partnerships with a variety of
stakeholders, including the City of Philadelphia’s Mayor’s Office of Sustainability, PECO Energy
Company (PECO), and Greater Philadelphia Clean Cities (GPCC), as well as other
stakeholders that were engaged through the DVRPC EV Advisory Group. As discussed in
Volume |, the City of Philadelphia’s Mayor’s Office of Sustainability provided DVRPC with data
to aid the planning process and coordinate with decision-makers in various city agencies, such
as the Streets Department and Office of Fleet Management, and identified opportunities to
streamline the permitting process for EVSE installation. PECO has created partnership
programs with federal, state, and local governments and organizations to advance early
adoption of EVSE and EVs in its southeastern Pennsylvania service territory. PECO served as a
liasison between DVRPC, its partners, and the Pennsylvania Public Utility Commission (PA PUC)
to provide valuable data throughout the project. GPCC has played an active role in EV
deployment in the region and received two Electric Vehicle Infrastructure Grants from the
Pennsylvania Department of Environmental Protection (PA DEP). GPCC recruited additional
partners and stakeholders, performed outreach to fleets, and assisted in data collection for the
project. DVRPC and ICF International (ICF) conducted in-depth telephone interviews with
representatives of original equipment manufacturers (OEMs) Nissan, General Motors (GM),
Ford, and Tesla Motors.

® David Roland-Holst, “Plug-in Electric Vehicle Deployment in California: An Economic Assessment,” accessed June 2013,
http://are.berkeley.edu/~dwrh/CERES_Web/Docs/ETC_PEV_RH_Final120920.pdf.

5 NYSERDA and EPRI, “Transportation Electrification in New York State,”, accessed June 2013,
http://www.nyserda.ny.gov/en/Publications/Research-and-Development/~/media/Files/Publications/Research/Transportation/epri
phev.ashx
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The subsequent sections address key technical characteristics of EVs; review EV owner
characteristics and behaviors in early adopter regions; summarize existing EV market research;
provide ordinance, development, and enforcement guidance; and evaluate utility tariff
structures.

1.1 EV Characteristics
Electricity is used as transportation fuel in three types of vehicles:

» Hybrid electric vehicles (HEVs), which use both an ICE and an electric motor for
propulsion. A current example is the Toyota Prius.

e All-electric vehicles (AEVs), which only use an electric motor for propulsion and have a
battery that charges solely by plugging into an external source (e.g., the electrical grid). A
current example is the Nissan LEAF.

¢ Plug-in hybrid electric vehicles (PHEVs), which use both an ICE and an electric motor
with a battery that recharges by plugging into an external source. A PHEV operates as an
AEV until the battery has been discharged, at which time the vehicle continues to operate
as an HEV. A current example is the Toyota Prius Plug-in.

* Extended-range electric vehicles (EREV), which are a subset of PHEVs. Like PHEVSs,
EREVs use both an ICE and an electric motor with a battery that recharges by plugging
into an external source. However, once the battery of an EREV has been discharged, the
vehicle’s ICE powers an electric generator to add ‘extended-range’ driving. A current
example is the Chevrolet Volt. It is also considered by some industry observers to be a
marketing term for this subset of PHEVSs.

This report uses the term EV to refer to vehicles that use electricity from an external source—
PHEVs, AEVs, and EREVs.

Until very recently, EVs were limited to niche market sales, demonstration programs,
aftermarket conversions, or legacy vehicles from deployment in the 1990s. In the past few
years, however, the number of commercially available EV models has increased. For instance,
both the Nissan LEAF and the Chevrolet Volt have been available since early 2011, and Ford,
Mitsubishi, Tesla, and Toyota have introduced additional new EV models as of early 2013.7

1.2 Review of EV Architecture

While both PHEVs and AEVs use an electric motor for propulsion, the two vehicle types have
different architectures. Most PHEVs provide an all-electric driving range of 10 to 40 miles per
charge (meaning that they can travel 10 to 40 miles using only battery power). As mentioned
above, when the battery’s charge falls to a predetermined level, the system switches to the ICE.
PHEVs have lower battery costs than AEVs because of the smaller battery, but this is offset by
the expense of outfitting a vehicle with two powertrains (electric and internal combustion).

" See Section 5 for a summary of EVs currently available in the Greater Philadelphia market.
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PHEVs have either a series or parallel configuration. The series PHEV is designed for electric
motor propulsion only, with the ICE acting as a backup generator. As of June 2013, the only
commercially available series PHEV on the market is the Chevrolet Volt. The parallel PHEV has
two powertrains (electric and internal combustion), like an HEV, with additional battery capacity
and a higher power electric system to extend its electric range. Ford and Toyota currently offer
parallel PHEV models, and most OEMs other than Chevrolet and Cadillac are expected to use
the parallel configuration.

AEVs operate solely on an electric powertrain and are therefore equipped with large battery
packs. Mainstream AEVs typically have a driving range of less than 100 miles per charge.®
AEVs may be less expensive than comparable PHEVs, but they cannot be operated if they are
not charged, and therefore require the availability of charging infrastructure. Figure 1 (below)
illustrates the different drivetrain configurations of EVs and conventional vehicles.

Figure 1. Simplified Explanation of Different Drivetrain Configurations®

Conventional TteTal CombURT A —
Internal Combustion :

Engine Powerflow

G
Internal Combustion

(Plug-in) Hybrid Engine —
Electric Parallel

Powerflow
(e.g“ ToyOta Pnus’ MM
(Plug-in) Hybrid
Electric Series Internal Calmbusllun Battery transmission
oo\ — |\

(e.g., Chevrolet Volt)

Battery Electric

Source: Monica Ralston and Nick Nigro, “Plug-In Electric Vehicles: Literature Review,” accessed June 2013,
http://www.c2es.org/docUploads/PEV-Literature-Review.pdf, p. 8.

1.3 Battery Technology and Cost Review

The current generation of EVs uses 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. Older battery chemistries used in EVs include lead acid and nickel metal
hydride.

EV battery technology has been in development for over a decade, but several factors have
prevented widespread deployment, including limitations in battery stability, energy capacity, and
energy density. Despite recent advances in rechargeable lithium-ion battery technology,

® EPA and DOE, “Electric Vehicles: Compare Side-by-Side,” accessed June 2013, http://www.fueleconomy.gov/feg/evsbs.shtml.
° Note that there are more drive train configurations, particularly for the parallel hybrid.
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gasoline provides a car with about 50 to 100 times as much useful energy'® per pound as do the
batteries used in current EVs.

Researchers are exploring ways to double or triple battery energy density through technologies
such as lithium-sulfur systems, solid-state batteries, and silicon anodes in lithium batteries.
These technologies may begin to appear in vehicles over the next decade as a result of
extensive research funded by U.S. Department of Energy (DOE) grants. Toyota demonstrated a
prototype solid-state battery in 2010 and may introduce this technology into a vehicle by 2020."
Solid-state batteries are similar to lithium-ion batteries, but they use a solid electrolyte (as
supposed to the liquid electrolyte used in lithium-ion batteries). This results in a smaller, lighter
battery. Panasonic is working with Tesla to develop a new generation of silicon anode-based
batteries. Its Generation 1B battery systems, which may become available in 2017, will improve
energy density by 30 percent relative to current cells.'?

In addition to limitations in battery stability, energy capacity, and energy density, the current cost
of battery production presents a significant barrier to EV deployment. As of 2012, the
unsubsidized cost of an EV battery was approximately $750 to $800 per kilowatt-hour (kWh)."
Nissan estimates its battery costs to be approximately $500 per kWh, but the company receives
subsidies toward capital equipment and manufacturing plant construction (capital costs are
approximately 10 to 12 percent of total battery costs)." Because nearly 72 percent of the
remaining costs associated with battery production (e.g., materials, purchased items, labor, and
variable overhead) are considered variable costs, economies of scale are expected to bring the
cost of the cell down as production of LEAFs, Volts, and other EVs increases. DOE also
estimates that if a battery plant expands production from 10,000 to 100,000 units per year, it can
reduce battery costs by 30 to 40 percent.'® Costs of battery cells may therefore fall to $300 per
kWh by 2025, as knowledge, scale of production, and size of the market increases.

Over time, battery costs are also expected to decrease in conjunction with performance
increases as a result of technology advancements. For example, the use of lithium-sulfur
chemistry in next-generation batteries may increase the energy density of the battery pack and
improve the driving range of EVs, while also diminishing potential safety hazards. Advances in
battery technology are commonly cited as a prerequisite for widespread adoption of EVs
because they will assist in decreasing vehicle cost, improving electric drive range, and ensuring
vehicle reliability.

"% Between 70 and 75 percent of the energy in gasoline is lost between the engine and the wheels (as heat, friction, driving pumps,
etc.). EVs are inherently much more efficient and lose only about 20 percent of the electrical energy between the battery and the
wheels.

" Nikkei Electronics, “Toyota Announces 4-layer All-solid-state Battery,” accessed June 2013,
http://techon.nikkeibp.co.jp/english/NEWS_EN/20101122/187553/.

"2 Generation 1A battery systems are the initial batteries being currently produced. Generation 1B has the same chemistry as
Generation 1A but with improved designs.

¥ K.G. Duleep et al., “Assessment of Electric Vehicle and Battery Technology,” ICF and Ecological Institute, 2011, 5.

“K.G. Duleep et al., “Assessment of Electric Vehicle and Battery Technology,” 11.

" DOE, “The Recovery Act: Transforming America’s Transportation Sector — Batteries and Electric Vehicles.”

' K.G. Duleep, “Technical Analysis for Alternative & Renewable Fuel & Vehicle Technology Program,” 46.
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1.4 Overview of EV Ownership Costs
Primary EV ownership costs include the purchase price and operation and maintenance costs.

Consumers’ willingness to pay for new technology currently plays a large role in EV deployment.
Nearly 70 percent of consumer survey respondents consider the manufacturer’'s suggested
retail price (MSRP) to be the most important factor in their vehicle purchase decision."
Consumers expect EVs to be cost competitive with similar ICE models, with a majority desiring
a sticker price under $30,000.

Consumers’ willingness to pay a premium for EVs depends on how much they value the
features and benefits associated with the vehicles, as compared to ICE models. As of March
2013, for many consumers, the additional willingness to pay does not equal the difference in
price (incremental cost) between an EV and a comparable ICE or HEV model."® Table 1
provides a comparison of EV and similar ICE counterpart MSRP. Incentives for EV purchases
can help address this price gap (for further discussion of EV incentives, see Section 9).

Table 1. Comparison of EV and Comparable Conventional Vehicle MSRP

Price Price
Federal @Difference @l Difference
Conventional Tax Without with Tax
| MSRP J Counterpart i MSRP [l Credit Credit Credit
Chevrolet Chevrolet Cruze
Volt $39,995 ECO $21,685 $7,500 $18,310 $10,810
Ford Focus Ford Focus
Electric $39,200 Titanium $24,200 $7,500 $15,000 $7,500
Nissan
LEAF S $28,800 Nissan Versa SL $18,590 $7,500 $10,210 $2,710
Toyota Prius Toyota Prius
PHEV $32,000 Three $25,765 $2,500 $6,235 $3,735

Source: Chevrolet, 2013; Ford Motor Company, 2013; Nissan USA, 2013; Toyota, 2013.

Industry observers generally agree that the production cost of EVs will decrease over time, but
they disagree as to how much vehicle pricing will change. The retail price of the EVs, especially
for early models, does not necessarily correlate directly with the manufacturer’s cost to produce
the vehicle. It is possible that Nissan and Chevrolet are willing to sell their EV models (LEAF
and Volt, respectively) at a loss initially in order to gain market share for the vehicles. The OEMs
may hope that increased sales will lead to decreased unit production costs, which will enable
the companies to recoup any initial losses in later years without changing the price of the
vehicle.

"7 Deloitte Consulting, “Gaining Traction: A Customer View of Electric Vehicle Mass Adoption in the U.S. Automotive Market,”
accessed June 2013,
http://www.deloitte.com.br/publicacoes/2007/MFG.Gaining_Traction_customer_view_of_electric_vehicle_mass_adoption.pdf, 14.
'® Deloitte Consulting, “Gaining Traction: A Customer View of Electric Vehicle Mass Adoption in the U.S. Automotive Market,” 14.
"9 Deloitte Consulting, “Gaining Traction: A Customer View of Electric Vehicle Mass Adoption in the U.S. Automotive Market,” 14.
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It is possible that the incremental cost of EVs as compared to conventional vehicles will also
change even if EV purchase prices remain constant. Conventional vehicles will likely become
more expensive, as manufacturers comply with more stringent fuel economy and emissions
standards.?’ The price increase for conventional vehicles will decrease the incremental cost for
EVs.

Once individuals have purchased their vehicles, they incur vehicle operation (i.e., fuel) and
maintenance costs. As illustrated in Table 2, EVs have significantly lower fuel costs as
compared to similar conventional vehicles. However, the cost savings realized from EV
operation (approximately $0.10 per mile for AEVs, as compared to conventional vehicles) may
decrease as manufacturers improve the fuel economy of conventional vehicles.

Table 2. Comparison of EV and Comparable Conventional Vehicle Cost Per Mile %'

EV Cost Conventional Cost Cost
to Drive Cost to Drive[ll Differential |l Differential
Electric Vehicle 25 Miles | Counterpart 25 Miles per 25 miles per Mile
Chevrolet
Chevrolet Volt $1.05 Cruze ECO $2.91 $1.86 $0.074
: Ford Focus
Ford Focus Electric $0.96 Titanium $2.91 $1.95 $0.078
Nissan LEAF $1.02 N'Ssagl_v e $2.58 $1.56 $0.0624
Toyota Prius PHEV.  $1.47 TW?;:;‘“S $1.80 $0.33 $0.013

Source: EPA and DOE, “Compare Side-by-Side,” accessed June 2013,
http://www.fueleconomy.gov/feg/Find.do?action=sbhsSelect.
The fuel cost savings from substituting electricity for gasoline are dependent upon the cost
structure for electricity in a given region. Studies often estimate EV fuel costs based on fixed
electricity prices (e.g., $0.10 to $0.12 per kWh). The price of electricity in the Northeast is
typically high relative to the rest of the nation—New England states have average prices ranging
from $0.13 to $0.20 per kWh.?? Consumers may receive varying rates depending on their
residential load and charging patterns. Although they might incur additional charges by
increasing their residential loads, they might also be able to charge their EVs at off-peak times
in areas with lower overnight electricity rates. Thus, electricity costs might be lower or higher
than estimated. In addition, analysts forecast a lower rate of inflation for electricity than for

% EPA and NHTSA, "2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel
Economy Standards," 40 CFR Parts 85, 86 and 600; 49 CFR Parts 523, 531, 533, 5636 and 537, August 28, 2012.

2! Estimates are for the following 2013 vehicle models: LEAF (automatic) and Nissan Versa (1.8L, 4 cyl, automatic — variable gear
ratios; Chevrolet Volt (1.4 L, 4 cyl, automatic) and Chevrolet Cruze Eco (1.4L, 4 cyl, automatic); Ford Focus Electric (front-wheel
drive (FWD) — variable gear ratios) and Ford Focus (FWD, 2.0L, 4 cyl, automatic); Toyota Prius Plug-in Hybrid (1.8L, 4 cyl,
automatic — variable gear ratios) and Toyota Prius Three (1.8L, 4 cyl, automatic - variable gear ratios).

?2 Charles Zhu and Nick Nigro, “Plug-In Electric Vehicle Deployment in the Northeast: A Market Overview and Literature Review,”
accessed June 2013, http://www.georgetownclimate.org/sites/default/files/TCI-EV-Lit-Review-1.pdf.
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gasoline.?® The use of electricity as a transportation fuel reduces consumer exposure to volatility
in the petroleum markets. For a detailed discussion of utility rate structures, see Section 10.

Another potential source of savings associated with EVs is reduced vehicle maintenance costs.
EVs typically have regenerative braking, which requires significantly less maintenance (e.g.,
brake pad replacements) than normal braking. EVs without an ICE also do not require oil
changes. Based on an interview with Ford representatives, EV owners save approximately $200
to $300 per year in avoided maintenance costs.?*

1.5 Vehicle Technology and Regulatory Trends in the Near, Mid, and Long

Term
President Obama has called for an “all-of-the-above” strategy to promote energy independence,
including reducing energy consumption and increasing domestic energy production. Although
EV deployment would help achieve the goal of energy independence, other vehicle and fuel
policies and technologies have also been deployed to help meet this goal:

¢ In the near term, OEMs can install fuel-saving technology to increase the fuel efficiency of
conventional ICE vehicles;

¢ In the midterm, natural gas—increasingly abundant both nationally and in Pennsylvania—
could support deployment of natural gas vehicles (NGVs); and

¢ In the long term, hydrogen fuel cells and other technologies could provide a breakthrough
innovation that surpasses battery innovations.

This section presents an overview of the regulatory landscape and potential competitors and
alternatives to EV deployment in the near, mid, and long term.

1.5.1 Near-Term Outlook

In the near term, EVs will primarily face competition from conventional fuel-saving technologies.
Development in vehicle technologies will likely be driven by the Corporate Average Fuel
Economy (CAFE) and GHG standards established by the National Highway Traffic Safety
Administration (NHTSA) and the U.S. Environmental Protection Agency (EPA).

In the CAFE and GHG standards for vehicle model years (MY) 2012 to 2016, NHTSA and EPA
increased the average fleet fuel economy requirements by approximately five percent per year.
For MY 2016, the CAFE standards are estimated to increase fleet-average fuel economy to an
average of 34.1 miles per gallon (mpg).

The CAFE standards use a formula based on a vehicle’s footprint or area, which is determined
by multiplying the track width by the wheelbase. A vehicle with a smaller footprint must meet a
higher fuel economy than a vehicle with a larger footprint. Figure 2 illustrates the increasing

ZEIA, “Annual Energy Outlook 2013: Table 3. Energy Prices by Sector and Source - United States,” accessed June 2013,
http://www.eia.gov/forecasts/aeo/data.cfm#enprisec.
? Stephanie Janczak, Barbara Rogers, and Mike Tinsky (Ford Motor Company), phone interview, April 9, 2012.

Volume II: Technology Overview, Detailed Analyses, and Appendices


http://www.eia.gov/forecasts/aeo/data.cfm#enprisec
http:costs.24
http:gasoline.23

Ready to Rolll Southeastern Pennsylvania’s Regional Electric Vehicle Action Plan

stringency of the standards for LDVs from MY 2012 to 2025. The CAFE targets illustrated by
these curves are designed so they do not favor small vehicles over large vehicles in order to
maintain a variety of vehicle sizes and not limit consumer choice.

Figure 2. LDV CAFE Targets for MYs 2012-2025
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Source: EPA and NHTSA, "2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average

Fuel Economy Standards," 40 CFR Parts 85, 86 and 600; 49 CFR Parts 523, 531, 533, 536 and 537, August 28, 2012.
The CAFE and GHG standards for MY 2017 to 2025 were finalized in August 2012. NHTSA and
EPA estimate that the CAFE standards will require a LDV and a light-duty truck combined
average of approximately 41 mpg in MY 2021 and approximately 49 mpg in MY 2025. EPA
projects its GHG standards, which are harmonized with NHTSA’s CAFE standards, to limit
emissions of carbon dioxide (CO;) to163 grams per mile in MY 2025. The regulations do include
some flexibility (e.g., credits for technologies like active aerodynamics). Furthermore, NHTSA
and EPA will conduct a midterm review in 2017, during which OEMs are expected to advocate
for a reduction in the stringency of the 2025 standards.

In the near term, OEMs will likely minimize compliance costs by implementing “conventional”
fuel-saving technologies to meet the CAFE standards. OEMs have already introduced
inexpensive technologies, such as low-friction lubricants, and well-known technologies, such as
turbocharging, into their vehicles.

Table 3 (below) lists several technologies that, when combined, could improve fuel economy by
over 20 percent by 2020, as well as additional innovations that could provide up to 16 percent
additional improvement in fuel economy by 2025. These technologies may allow OEMs to
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achieve compliance for ICE vehicles, while researching and developing more advanced fuel
economy technologies. Note that improvements may not necessarily be additive.

Table 3. Estimates of Fuel Economy Improvements by Select Conventional Technologies

2016-2020

Fuel Economy

Technology Improvement (%)
Weight Reduction 2t04.6
Drag Reduction 1.0

Tire Rolling Resistance 1.0

Idle Stop 2.5
Engine Friction Reduction 1.0
Gasoline Direct Injection Turbo Downsize 13.0
Electric Power Steering 1.5

Total 10 to 22

2021-2025

Fuel Economy

Technology Improvement (%)
Weight Reduction 3.3106.6
Drag Reduction 1.0

Tire Rolling Resistance 1.0
Engine Friction Reduction 1.0

2" Generation Gasoline Direct Injection Turbo 5.0
Camless Valves 4.0

Total 11 to 16

Source: H-D Systems, "Major OEM 2020-2025 CAFE and GHG Compliance Strategies," March 2012.

Table 4 documents the additional costs associated with implementing fuel-saving technologies
that may be used in MY 2017 to 2025 vehicles. NHTSA and EPA estimated these figures to
determine the feasibility of OEMs achieving the CAFE standards. All technologies included in
the table are currently available, and every OEM produces at least one vehicle that uses one or
more of the technologies. Mainstream adoption of these technologies is expected in the near to
midterm.
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Table 4. Estimated Increased Costs for a Midsize Sedan with V6 Engine in 2009 *°

2017 2018 2019 2020 2021 2022 2023 2024 2025
Technology $ICar $ICar $/Car $/Car $/Car $/Car $/Car $/Car $/Car

Low-Friction Lube

Low-Rolling Resistance Tires 6to72 ©6to72 6to60 ©6to60 6toS50 6to48 6Gtod7 6tod6 6to43
8-speed from 6-speed Transmission 80 78 71 70 69 68 67 66 65
Bl Ergine FricionIReduEton 87 to 87 to 84 to 84 to 84 to 84 to 84 to 84 to 84 to
= 182 182 182 182 182 182 182 182 175
% Cylinder Deactivation 192 189 173 170 167 165 162 160 157
§ ldle-Stop 394 to 385 to 348 to 340 to 332 to 324 to 317 to 310 to 303 to
2 446 436 395 385 376 368 359 351 343
E Gasoline Direct Injection 413 407 370 364 359 353 348 343 338
'-E Turbocharging 877 864 785 773 761 749 738 727 716
2 Conversion to Diesel 2936to 2,893to0 2,627to 2,587to 2,547to 2509to 2,471to 2,433to 2,397 to
8 3,596 3,544 3,218 3,169 3,120 3,073 3,026 2,980 2,936
Mild Hybrid 3,116to 3,053to 2,554to 2,496to 2,440to 2,386to 2,334to 2,283to 2,234 to
3,944 3,864 3,233 3,160 3,089 3,021 2,954 2,890 2,827
Full Hybrid 4947t0 4,881to 4,111to 4,049to 3,989to 3,930to 3,872to 3,815t0 3,759to
5,352 5,281 4,448 4,381 4,315 4,251 4,188 4,127 4,067
" PHEV 20-mile range* 12,296 11,084 10,333 9,356 9,302 9,248 9,195 9,144 7,605
§ 'g PHEV 40-mile range* 15,900 13,100 12,349 10,969 10,914 10,860 10,807 10,756 8,894
ui:’ g AEV 75-mile range* 17,773 15,280 15,256 13,258 13,236 13,214 13,200 13,187 9,782
& AEV 150-mile range* 26,983 23,106 23,083 19,977 19,955 19,934 19,920 19,907 14,716

Source: EPA and NHTSA, “DRAFT: Rulemaking for 2017-2025 Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards,”
2011, 3-74 - 3-136.

® Expressed as U.S. dollars per vehicle. Does not include costs associated with EVSE.
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At present, the fuel-savings technologies that OEMs incorporate into a conventional powertrain
vehicle costs less than $1,000 per technology. The most expensive technologies—turbocharging
and gasoline direct injection—are also typically the most effective. Turbocharging technology
consists of a fan that harnesses power from engine exhaust and forces compressed air into the
cylinder. This compressed air injects additional fuel, producing more power. Turbocharging
allows the vehicle to use a smaller engine without sacrificing performance. For instance, a
turbocharged four-cylinder engine is estimated to have the same horsepower as a naturally
aspirated six-cylinder engine. Turbocharging currently costs approximately $700 to $900 per
vehicle and increases fuel economy by seven to eight percent.?®

Combining a turbocharged engine with gasoline direct injection (GDI) further increases the
vehicle’s fuel efficiency. A typical ICE mixes gasoline with air in a port and pumps that air/fuel
mixture into the cylinder. GDI systems, by comparison, inject fuel directly into the cylinder to
control the timing and shape of the fuel mist. This allows higher compression ratios and more
efficient fuel intake, which deliver higher performance with lower fuel consumption. As Table 3
notes, combining GDI and turbocharging could result in a 13 percent fuel economy improvement
and a combined cost of approximately $1,300 per engine.

Using a diesel engine rather than a gasoline engine adds up to $3,600 to the vehicle costs.
Diesel engines are inherently more fuel efficient than conventional gasoline engines, and diesel
fuel has higher energy density than gasoline. However, despite these benefits, diesel has four
main barriers to market success. First, although diesel-powered vehicles typically have a higher
fuel economy than gasoline vehicles, diesel fuel has greater carbon content on a volumetric
basis than gasoline (resulting in approximately 15 percent greater GHG emissions) and thus is
less attractive in the context of GHG standards. Second, compliance with nitrogen oxide (NOx)
emissions regulations requires installation of expensive emissions reductions technologies.?
Third, because diesel vehicles were plagued with performance and reliability issues in the
1980s, diesel has low consumer acceptance.?® Fourth, the historically lower price of gasoline as
compared to diesel has discouraged installation of diesel fueling infrastructure. As a result, the
market share for diesel vehicles has consistently hovered around one percent of the total LDV
market.?® * Currently, only German OEMs offer diesel vehicles in the United States, but more
offerings may emerge in the next few years from U.S. manufacturers, including Chevrolet and
Jeep. Diesel trucks, on the other hand, have dominated the heavy-duty market in the United
States, and that trend will continue through the midterm. With future advances in gasoline
engine technologies, diesel vehicles may not be cost competitive with other LDVs in the United
States.

% DOE and EPA, “Engine Technologies,” accessed June 2013, http://www.fueleconomy.gov/feg/tech_engine_more.shtml#dfi.
7U.S. Tier 2 emissions fleet average requirement of bin 5 require roughly 45 to 65 percent more NOx reduction compared to the
Euro VI standards. EPA and NHTSA. “Rulemaking for 2017-2025 Light-Duty Vehicle Greenhouse Gas Emission Standards and
Corporate Average Fuel Economy Standards,” 3-94.

28 EIA, “Light-Duty Diesel Vehicles: Efficiency and Emissions Attributes and Market Issues,” accessed June 2013,
http://www.eia.gov/oiaf/servicerpt/lightduty/execsummary.html.

P EIA, “Light-Duty Diesel Vehicles: Efficiency and Emissions Attributes and Market Issues.”

% NHTSA, “New Passenger Car Fleet Average Characteristics,” accessed June 2013,
http://www.nhtsa.gov/cars/rules/CAFE/NewPassengerCarFleet.htm.
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Another option for improving fuel economy in the near term is increasing the use of HEVs. This
report groups HEV architectures into two general systems: mild hybrids and full hybrids, which
add up to $4,000 and $5,400 to the base price of a conventional vehicle, respectively. An
example of a mild hybrid is the Honda Civic’s Integrated Motor Assist system. The Integrated
Motor Assist system comprises an electric motor that connects to the engine’s crankshaft and to
the transmission through a torque converter or clutch. It provides sufficient torque for brake
energy recovery. The motor also acts as the starter for the engine. However, unlike a full hybrid,
a mild hybrid’s motor cannot launch a vehicle on its own. An example of a full hybrid is the
Toyota Prius. A full hybrid can operate on gasoline, a combination of gasoline and electricity, or
on electricity alone for limited periods of time and can launch itself with only electric power.
Supplementing gasoline with electricity recovered from vehicle operations allows the
manufacturer to use a smaller ICE. Both types of HEVs provide emissions reduction benefits
relative to comparable conventional ICE vehicles. Mild hybrids can reduce CO, emissions by 20
to 30 percent, and full hybrids can reduce CO, emissions by 20 to 35 percent.*' With these
reductions, OEMs can comply with the GHG and CAFE regulations in the near to midterm, while
keeping vehicle costs low relative to PHEVs and AEVs.

Because OEMs have a number of fuel-saving technologies they can use in the near term to
comply with CAFE and GHG standards, experts do not expect a large increase in the market
share of EVs in the near term. OEMs require, on average, a five-year lead time to design,
develop, and test a new model, and OEM plans have already been determined through 2016.
OEMs will add mature technologies into a vehicle’s redesign cycle, gradually adding more
advanced technologies to minimize costs and disruptions to the redesign cycle. As a result of
this design cycle, the market share of new EVs will likely not increase dramatically in the near
term.

CAFE and GHG standards could also have an indirect negative effect on EV deployment by
affecting consumer buying patterns. Although NHTSA and EPA expect the standards to result in
net cost savings for consumers due to lower fuel use, they do expect the average LDV purchase
price to increase by $154 to $287 for MY 2017 and $1,461 to $1,836 for MY 2025.% The
increase in purchase price may encourage consumers to purchase a new vehicle before the
regulations take effect. If consumers worry about the reliability of new EV technology and
choose to purchase more familiar technology, EV market penetration may suffer. Alternatively,
consumers may choose to purchase less expensive used vehicles or delay purchase of a new
vehicle. As illustrated in Table 1 above, the price of an EV approaches double that of a
comparable ICE without tax credits or other incentives. Although EVs save about $2 in fuel
costs per 25-mile trip, these savings may not make up the price difference for many drivers, and
cost-sensitive consumers may purchase less expensive used or new conventional vehicles.

¥ EPA and NHTSA, “Rulemaking for 2017-2025 Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average
Fuel Economy Standards,” 3-114 - 3-116.

*2 EPA and NHTSA, "2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel
Economy Standards," accessed June 2013, http://www.nhtsa.gov/staticfiles/rulemaking/pdf/cafe/2017-25_CAFE_Final_Rule.pdf,
1015 and 1503-1505.
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The future sustainability and growth of EV sales is uncertain. For instance, Nissan fell short of
its goal of 20,000 LEAF sales in 2012—the company recorded only 9,819 sales.** ** Thus, OEMs
will likely continue to focus on designing vehicles with conventional fuel-saving technologies,
supplemented by low-volume EV production. Increasing fuel economy of conventional vehicles
may pose significant competition to EV deployment.

1.5.2 Midterm Outlook

In the midterm, CAFE and GHG standards will continue to influence vehicle technology
development. In addition, regulations and incentives that encourage natural gas development
could influence the vehicle market, and EVs could face competition from NGVs.

In the MY 2017 to 2025 GHG and CAFE standards, EPA adopted temporary manufacturer
incentives to encourage AEVs, PHEV, NGVs, and fuel cell vehicles (FCVs). These incentives
build upon the MY 2012 to 2016 multiplier incentive, which allows OEMs to count EVs, FCVs,
and NGVs as more than one vehicle in CAFE fleet calculations. For MY 2012 to 2016, the
multipliers are 2.0 for AEVs and FCVs, 1.2 for PHEVs, and 0 for NGVs. For MY 2017 to 2021,
the multipliers range from 1.3 to 2.0, as summarized in Table 5 (below). EPA will not offer
multiplier incentives after 2021.

Table 5. Vehicle Multiplier Credits for Model Year 2012-2021

2012-2016 2.00 1.20

2017-2019 2.00 1.60 1.6
2020 1.75 1.45 1.45
2021 1.50 1.30 1.30

Source: US EPA and NHTSA, "2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate
Average Fuel Economy Standards," 669, 680.

Natural gas presents many opportunities as a fuel for vehicles. It is both abundant and

inexpensive in the United States. Because of the abundant supply, natural gas prices have

dropped significantly during the years immediately preceding this study’s publication. Prices will

likely remain low in the foreseeable future.®

Pennsylvania, in particular, may benefit from NGV deployment because it has a large supply of
natural gas. According to the U.S. Energy Information Administration (EIA), Pennsylvania’s
natural gas production increased from approximately 500 thousand cubic feet per day (Mcfd) to
3,500 Mcfd between 2008 and 2011 due to horizontal drilling with hydraulic fracturing in the
Marcellus, Utica, and Geneseo/Burket shale formations.*® The Pennsylvania Department of
Conservation and Natural Resources estimates that the Marcellus Shale contains between two

% Craln Communications, Inc., "U.S. I|ght -vehicle sales by nameplate, December and YTD 2012," Automotive News, June 6, 2013.
Llndsay Chappell, “A big bet on EVs,” accessed June 2013,
http /lwww.autonews.com/apps/pbcs.dll/article?AlD=/20121008/OEM01/310089981/a-big-bet-on-evs.
® EPA and NHTSA, "2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel
Economy Standards," 678-9.
% EIA, “Horizontal drilling boosts Pennsylvania’s natural gas production,” accessed June 2013,
http://www.eia.gov/todayinenergy/detail.cfm?id=6390.
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trillion cubic feet (Tcf) and 500 Tcf of natural gas,*” and the State of Pennsylvania has issued
close to 12,000 well permits in the Marcellus Shale formation alone.*® A study by Penn State
University estimates that during 2010, natural gas drilling and production in the Marcellus Shale
added $11.2 billion to the regional economy and created 140,000 jobs. The study forecasts that
by 2020, Marcellus Shale will have added $20.2 billion to the regional economy and created
256,000 jobs.* However, because of the increase in supply and resulting decrease in natural
gas prices, drilling companies have reduced operations in Pennsylvania. Drilling began on 618
new natural gas wells between January and April 2012. This represents a decline from the
previous year, when drilling began on over 700 new natural gas wells in that same timeframe.*°
Promoting NGV deployment could help stimulate the demand for natural gas production in
Pennsylvania and provide benefits for the Commonwealth’s economy.

EPA estimates that natural gas may reduce tailpipe GHG emissions by approximately 20
percent relative to gasoline.*’ However, it is critical to note that natural gas primarily consists of
methane, which is a GHG with a 100-year global warming potential that is 21 times that of
CO0,.*? Thus, even a small leak of natural gas into the atmosphere during extraction,
transmission, fueling, or storage (in or out of the vehicle) significantly reduces and can even
outweigh its other GHG benefits.

Although natural gas is a fossil fuel, NGVs can also be fueled with methane captured from
landfills and animal waste, or methane purposely made from other biological sources. This so-
called biogas can provide a renewable source of fuel for NGVs.

Another benefit of natural gas is its well-developed distribution infrastructure in the United
States. Approximately 300,000 miles of interstate pipelines and 1.2 million miles of distribution
lines exist throughout the nation.*®* Where no distribution lines exist, trucks can transport natural
gas to fueling locations. Many homes have access to natural gas, which could enable home
vehicle refueling. BRC FuelMaker offers a home refueling option for LDVs. However, sales of
these devices have been low. Honda, which once promoted the $4,500 unit, now recommends
that owners of its NGV (the Civic GX) avoid refueling at home because of concerns regarding
moisture and contaminants, which may void the vehicle’s warranty.** NGV deployment would

7 Pennsylvania Department of Conservation and Natural Resources, “Marcellus Shale,” accessed June 2013,
http://www.dcnr.state.pa.us/topogeo/econresource/oilandgas/marcellus/marcellus_fag/marcellus_shale/index.htm.

* pennsylvania Department of Conservation and Natural Resources, “Marcellus Shale.”

* Timothy J. Considine, Robert W. Watson, and Seth Blumsack, "The Pennsylvania Marcellus Shale Natural Gas Industry: Status,
Economic Impacts and Future Potential," accessed June 2013, http://marcelluscoalition.org/wp-content/uploads/2011/07/Final-20110]
PA-Marcellus-Economic-Impacts.pdf, 31.

“° EIA, “Horizontal drilling boosts Pennsylvania’s natural gas production,” accessed June 2013,
http://www.eia.gov/todayinenergy/detail.cfm?id=6390.

“ EPA and NHTSA, "2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel
Economy Standards," 677.

“2 EPA, “Methane Emissions,” accessed June 2013, http://www.epa.gov/climatechange/ghgemissions/gases/ch4.html.

** NGVAmerica. "Available NGV Aftermarket Conversion Systems," accessed June 2013,
http://www.ngvc.org/pdfs/Available_Vehicles_and_Engines.pdf.

** American Honda Motor Company, Inc., “Frequently Asked Questions,” accessed June 2013, http://automobiles.honda.com/civicl’
natural-gas/fag.aspx.
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therefore benefit from additional public fueling infrastructure. As of June 2013, there were 660
public natural gas fueling stations in the United States and 24 public stations in Pennsylvania.*’

A hurdle to widespread light-duty NGV deployment is lack of demand and vehicle cost. In the
United States, sales average only a few thousand vehicles per year, or about 0.02 percent of
the total vehicle market. Only one compact car, the Civic GX, is marketed directly by an OEM.
Honda sells approximately 1,500 to 2,000 units of the Civic GX per year.* If sales do not
increase, experts anticipate that Honda will stop producing the vehicle by 2015. Ford introduced
a compressed natural gas (CNG) version of its Transit Connect in 2011 and announced over
120 orders in Los Angeles and Chicago.*’ Toyota expressed interest in CNG and showed a
concept vehicle at the 2008 Los Angeles Auto Show. However, there is no indication that the
concept vehicle will be produced. Overall, OEMs have not indicated support for the natural gas
market in terms of LDV offerings. Aftermarket converters will likely offer most of the light-duty
NGV products in the near to midterm.

Several aftermarket conversion companies specialize in CNG vehicle retrofits.*® In the light-duty
market, conversions typically occur on larger vehicles because smaller vehicles sacrifice trunk
space for the CNG fuel tank. Most conversions occur on large pickup trucks and cargo vans,
such as the Ford F-Series, Chevrolet Silverado, and Dodge Grand Caravan. Conversion
systems must achieve EPA and/or California Air Resources Board (CARB) certification, which
requires time and money. However, in 2011, EPA revised regulations to allow conversions of
vehicles older than two years to demonstrate compliance through test data of exhaust and
evaporative emissions only without certification.*® This allowance may help reduce the cost of
conversion certifications and, as a result, vehicle conversion.

Light-duty NGVs currently cost approximately $7,000 to 15,000 more than their gasoline
counterparts; the MY 2012 Civic GX base model starts at $26,305, approximately $2,000 more
than the Civic Hybrid and $10,000 more than the base gasoline-version Civic DX.*® There are
state incentives that may reduce those incremental costs. For example, Pennsylvania’s
Alternative Fuels Incentive Grant (AFIG) Program offers a $1,000 tax rebate for qualified CNG
vehicles.”’

Medium- and heavy-duty vehicles (e.g., transit buses, delivery trucks, and tractor trailers) can
also use CNG and liquefied natural gas (LNG) technology. In 2011, an estimated 52,000

5 CNGPrices.com, “Compressed Natural Gas (CNG) stations and prices for Pennsylvania (PA),” accessed June 2013,
http://www.cngprices.com/stations/CNG/PA.

6 AOL Autos, “Exclusive: Honda Confirms Next-Gen Civic GX Natural Gas Vehicle,” accessed June 2013,
http://translogic.aolautos.com/2010/09/15/exclusive-honda-confirms-next-gen-civic-gx-natural-gas-vehicle/.

" Ford Motor Company, “A Taxi Trend: Ford Transit Connect Compressed Natural Gas Taxis Heading to Los Angeles and
Chicago,” accessed June 2013, http://media.ford.com/article_display.cfm?article_id=34802.

8 NGVAmerica, "Available NGV Aftermarket Conversion Systems," accessed June 2013,
http://www.ngvc.org/pdfs/Available_Vehicles_and_Engines.pdf.

“° EPA, "EPA Announces Final Rulemaking for Clean Alternative Fuel Vehicle and Engine Conversions,” accessed June 2013,
http://www.epa.gov/otag/consumer/fuels/altfuels/documents/420f12058.pdf, 4.

% American Honda Motor Company, Inc., “Options & Pricing,” accessed June 2013, http://automobiles.honda.com/civic!"
sedan/price.aspx.

" PA DEP, “Alternative Fuels Incentive Grant Program: Alternative Fuel Vehicle Rebates,” accessed June 2013,
http://www.portal.state.pa.us/portal/server.pt/community/alternative_fuels_incentive_grant/10492/alternative_fuel_vehicles/553206.
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medium- and heavy-duty CNG and LNG trucks were on the road in the United States.*? Natural
gas vehicles can have a shorter range per fueling event when compared to a diesel fueled
vehicle due to a combination of lower fuel economy and onboard fuel storage limitations.
However, heavy duty natural gas engines do not require complex and expensive after-treatment
emissions reduction technologies to meet stringent standards, such as diesel particulate filters
and selective catalytic reduction catalysts. Heavy-duty natural gas trucks and buses typically
cost $50,000 to $100,000 more than their diesel counterparts, depending on vehicle size and
range requirements.>* However, PA DEP provides grants to reimburse purchases or retrofits of
heavy-duty NGVs, with up to $20 million through 2015.5* DVRPC, together with several of the
partners involved in the development of this plan, is managing the Pennsylvania Partnership to
Promote Natural Gas Vehicles. This project, supported by DOE Clean Cities funding, will focus
on CNG refuse and recycling vehicles, as well as school buses.

Natural gas provides a viable midterm solution to GHG emissions reductions because it is an
inexpensive and abundant fuel with a well-developed distribution infrastructure. The market for
NGVs is relatively small in the near and midterm, but product offerings could increase with
supportive regulations and temporary incentives. Natural gas technology could also serve as a
bridge to hydrogen FCV deployment.

1.5.3 Long-Term Outlook

In the long term, FCVs could present competition for EVs. One of the primary drivers for FCVs
today is the potential compliance pathway for zero emission vehicle (ZEV) regulations in
California.

There are currently several major challenges to deploying FCVs. For example, OEMs have
stated that significant technological and economic gaps exist in the distribution of hydrogen from
production facilities to fueling stations.** *® In order for FCVs to compete, expanded hydrogen
distribution infrastructure will be necessary. Federal and state programs, together with the
private sector, could provide the necessary investment.

Currently, hydrogen is distributed either as a compressed gas in cylinders or in liquefied form in
tanker trucks. Compressed gas is space inefficient, requiring a large truck to carry 50 to 100 kg
of hydrogen. Liquefaction and cryogenic storage are energy inefficient and expensive;
approximately one-third of the energy content of hydrogen is used in the liquefaction process.
Because of these challenges, most hydrogen is produced in large facilities close to the where it
is used. This approach works well for large commercial chemical applications, where the fuel is

2 EIA, “How many alternative fuel and hybrid vehicles are there in the U.S.?,” accessed June 2013,
http://www.eia.gov/tools/fags/faq.cfm?id=93&t=4.

° Baytech (CNG Aftermarket Converter), phone interview, 2009.

% PA DEP, “Natural Gas Vehicle Program,” accessed June 2013,
http://www.portal.state.pa.us/portal/server.pt/community/act_13/20789/natural_gas_vehicle_program/1157504.

% USA Today, “Automakers take fresh look at hydrogen fuel cells,” accessed June 2013,
http://www.usatoday.com/story/driveon/2012/10/02/hydrogen-fuel-cells-2015/1605229/.

% Angela G. Keane and Alan Ohnsman, “Fuel-Cell Frenzy Looks to Convert Obama Favoring Plug-Ins,” accessed June 2013,
http://www.businessweek.com/news/2012-06-20/fuel-cell-frenzy-looks-to-convert-obama-favoring-plug-ins#p1.
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consumed at a single facility. However, it is not well suited for distributed consumption at local
fueling sites.

One method of hydrogen production—steam methane reforming using natural gas as a
feedstock fuel-shows promise for overcoming this distribution challenge. In this process, natural
gas feedstock converts to hydrogen on site through high-temperature mixing with vaporized
water, resulting in hydrogen and carbon dioxide. Further purification removes contaminants
(e.g., sulfur) from the fuel to prevent damage to the FCV. However, gaps exist in several
components of the on-site production cycle. EPA believes that investments in a natural gas
infrastructure could lay the framework for the infrastructure necessary for on-site hydrogen
production.®” Future fueling stations could produce hydrogen using natural gas that is already
being delivered to the site.

An alternative option to balance production and distribution costs may be developing a network
of small- to medium-scale production facilities close to the network of hydrogen stations. Such a
network would reduce the burden of downstream distribution, while avoiding the costs of on-site
production. However, it may be limited by production-level capacity. Large centralized facilities
can produce approximately one million kg of hydrogen per day. In contrast, distributed facilities
would produce only 5,000 to 50,000 kg of the fuel daily. This low-volume production could
support the nascent hydrogen fuel market to 2020, but it would not be enough to support a large
population of FCVs.

Vehicle production cost also presents a barrier to FCV deployment. The current production cost
of an FCV in production volumes of 100 to 200 vehicles per year is estimated at approximately
$100,000 (of which the fuel cell system alone accounts for about half the cost).?® If
manufacturers produce these vehicles at volumes of 10,000 to 20,000 a year, typical scale
elasticities of -0.2 for the fuel cell system suggest vehicle prices in the $50,000 range. This price
would still be too expensive for the mass market, even with the currently available federal tax
credit. In addition, current fuel cell systems cannot last the life of a vehicle (typically 15 years),
and the cost of replacement is very high. Hence, market entry requires substantial cost
reduction for fuel cell production.>®

An additional challenge is on-board storage of hydrogen. Historically, vehicles stored hydrogen
in high-pressure tanks at 350 bar pressure. This limited storage to about three kg of hydrogen,
which provides approximately 200 miles of range. Newer vehicles use 700 bar storage, which
allows storage of about five kg of hydrogen and increases vehicle range to approximately 350 to
400 miles. However, the carbon fiber-wrapped tanks to store five kg of hydrogen at 700 bar
storage currently cost about $15,000 per vehicle and will be expensive even in high-volume
production. Reducing the price of FCVs will require improvements in on-board hydrogen
storage.

" EPA and NHTSA, “2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel
Economy Standards," 679.

8 |CF, "Hydrogen Fuel Cell Vehicles: Latest Developments and Product Plans," August 2012.

% |CF, "Hydrogen Fuel Cell Vehicles: Latest Developments and Product Plans.”
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OEMs have made improvements in all aspects of fuel cell technology, including size, durability,
and cost, and they anticipate that they will have made sufficient progress on these issues to
allow for low-scale production in 2015 to 2016. For example, Toyota plans to release a fuel-cell
sedan in 2015.%°

OEMs believe that FCV technology is the most economically feasible zero-emission technology
for larger vehicles (EV battery size and weight pose disadvantages for larger applications). In
the long term, OEMs like Toyota expect to produce AEVs for compact cars, PHEVs for midsize
vehicles, and FCVs for light-duty to heavy-duty trucks.®'

This overview of the near- to long-term outlook for clean vehicle technologies demonstrates that
EVs are not the only pathway to a cleaner environment and petroleum independence. Other
fuels and technologies, such as natural gas and fuel cells, could also provide viable solutions.
The auto industry will continue to innovate and reduce the production costs of advanced
technologies like batteries and fuel cells. In particular, if OEMs decrease production costs, and
fuel producers and distributors expand the hydrogen fueling infrastructure, FCVs may
experience increased market penetration in the long term.

This overview also highlights the role of policy and regulations in the commercial success of
emerging technologies. The GHG and CAFE regulations have already encouraged use of
conventional ICE technologies to increase fuel economy and will likely require deployment of
EVs for compliance in the midterm. In the long term, the CAFE and GHG regulation vehicle
multiplier incentives could generate competition between EV and FCV technology. The
Commonwealth of Pennsylvania may add to these incentives by providing temporary tax credits
and rebates for NGVs, which could increase natural gas demand and benefit the Pennsylvania
economy.

% Alisa Priddle, “Toyota to start selling hydrogen fuel-cell car in 2015,” accessed June 2013,
http://content.usatoday.com/communities/driveon/post/2012/08/toyota-to-start-selling-hydrogen-fuel-cell-car-in(
2015/1#.UbD5EefV9c8.

o Toyota Motor Corp, “Toyota's Strategy for Environmental Technologies,” accessed June 2013, http://www.toyota!
global.com/innovation/environmental_technology/strategy_environmental_tech.html.
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2 Charging Technology Overview

Drivers fuel conventional vehicles by pumping gasoline into the vehicle’s tank at a gas station.
The gasoline powers the vehicle’s ICE. Alternatively, drivers fuel EVs by plugging them into
EVSE to charge the battery. The battery powers the EV’s electric motor. EVSE consists of EV
connector plugs, power outlets, grounding conductors, and any other apparatus that delivers
energy to the vehicle. “Charging station” is another term for EVSE.

Several factors constrain the charging process, including the limited rate at which the chemical
reactions that charge the battery take place and constraint on the amount of electricity that flows
into the charging device from the electricity grid or other source of electricity. Because the time
needed to charge an EV is measured in hours, not minutes, the charging of an EV is
fundamentally different from fueling a conventional gasoline-fueled vehicle. Experience to date
indicates that most drivers will charge EVs primarily at home and at dedicated workplace
charging facilities. They will also likely use EVs in applications where they will not have to
regularly rely on publicly shared charging stations.

The provision of publicly shared EVSE is a topic of great concern within the EV community. The
ability to charge away from home or work requires public EVSE that is well integrated into city,
suburban, and rural infrastructure. Of the two types of EVs, AEVs will rely more heavily on
public EVSE because of their complete reliance on electricity. Although availability of public
EVSE will also encourage PHEV deployment, PHEVs operate on gasoline as a supplemental or
backup fuel and are therefore less likely to make use of public EVSE. Though the cost of
purchasing and installing EVSE is low compared to conventional retail stations, it is high relative
to the return on investment from selling electricity. Additionally, EVSE have less throughput than
a retail station.

In addition to the physical limitations of current EV technology, consumer concerns also affect
the need for EVSE. As the market for EVs grows, the location and number of EVSE influences
the growth. Range anxiety, or the fear of being stranded in an EV when its battery is fully
discharged, is a significant consumer concern. Consumer uncertainty about how to use EVSE to
charge EVs is another significant barrier. Range anxiety and EVSE unfamiliarity may fade as
consumers are educated, but they remain obstacles to purchasing EVs. Readily available
charging infrastructure could encourage EV sales by alleviating range anxiety, while increased
sales will likely cause EV stakeholders to build more EVSE.

Numerous research studies identify the current and future EVSE requirements for EVs. For
example:

e SFEnvironment’s Workshop—“EV Chargers in Multifamily Buildings™-addressed concerns
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about EVSE accessibility in multiunit dwellings (MUDs) in San Francisco, California.®? Like
San Francisco, the Philadelphia region has a significant portion of residents residing in
MUDs. DVRPC hosted a “Garage Free Summit” in February 2012 to discuss these issues.
A summary of the event may be found in Appendix D.

» The University of California, Davis, conducted EVSE consumer behavior research and
published the results in “Households’ Plug-In Hybrid Electric Vehicle Recharging
Behavior® and “The UC Davis MINI E Consumer Study.”®*

¢ Funded through a DOE grant, ECOtality and its partners developed The EV Project, which
installed public and private EVSE and provided financial assistance for installation costs in
cities across the country. This project generated data on consumer EVSE usage patterns.
In August 2012, ECOtality added the Greater Philadelphia region to its EV Project target
regions.®® ECOtality’s experience with EV and EVSE deployment informs various aspects
of this plan.

The following sections provide information about EVSE technology.

2.1 EVSE Types

EVSE technologies differ by the maximum power and the type of current that they provide. SAE
International sets standards for EVSE technologies based on their power—Level 1 or Level 2—
and current type—alternating current (AC) or direct current (DC). The primary EVSE types used
in the United States are:

e Level 1 AC — These chargers use standard 120 volt (V), single-phase service at 15 to 20
amperes (A). They can plug in to a standard three-prong electrical outlet and do not
require any electrical service upgrades. The National Electric Code (NEC) allows
connections with cords not exceeding 25 meters in length; 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 EVSE is often included or sold with EVs. The
main drawback of Level 1 EVSE is the time required to charge the EV (see Table 6 for
example vehicle charging times).®’

e Level 2 AC — These chargers use 208 to 240V and up to 80 A, allowing for quicker vehicle
charging (see Table 6 for example vehicle charging times). They use the SAE-approved
J1772 connector and may require additional grounding, personal protection system

%2 San Francisco Department of the Environment, "EV Chargers in Multifamily Buildings,” accessed June 2013,
http://www.sfenvironment.org/sites/default/files/agenda/attach/electric_vehicle_multicharge_update_presentation.pdf

% Jamie Davies-Shawhyde and Kenneth Kurani, “Households’ Plug-In Hybrid Electric Vehicle Recharging Behavior: Observed
Variation in Households’ Use of a 5kWh Blended PHEV-Conversion,” accessed June 2013,
http://pubs.its.ucdavis.edu/download_pdf.php?id=1424.

® Thomas Turrentine et al., “The UC Davis MINI E Consumer Study,” accessed June 2013,
http://pubs.its.ucdavis.edu/download_pdf.php?id=1470.

% ECOtality, “EV Project Offers Free Blink(R) Chargers to EV Drivers and Commercial Host Sites in Philadelphia,” accessed June
2013, http://investor.ecotality.com/releasedetail.cim?ReleaselD=697219.

% M. Rawson and S. Kateley, "Electric Vehicle Charging Equipment Design and Health and Safety Codes," California Energy
Commission, August 1998.

¢ SAE International, “SAE Charging Configurations and Ratings Terminology,” accessed June 2013,
http://www.sae.org/smartgrid/chargingspeeds.pdf.

Volume II: Technology Overview, Detailed Analyses, and Appendices



http://www.sae.org/smartgrid/chargingspeeds.pdf
http://investor.ecotality.com/releasedetail.cfm?ReleaseID=697219
http://pubs.its.ucdavis.edu/download_pdf.php?id=1470
http://pubs.its.ucdavis.edu/download_pdf.php?id=1424
http://www.sfenvironment.org/sites/default/files/agenda/attach/electric_vehicle_multicharge_update_presentation.pdf
http:times).67
http:apply.66
http:regions.65
http:California.62

Ready to Roll! Southeastern Pennsylvania’s Regional Electric Vehicle Action Plan

features, no-load make/break interlock connection, and a safety breakaway for the cable
and connector. If 208/240V service does not exist at the site, the utility must provide a
service upgrade.

Table 6. Charging Levels included in SAE Standards

Estimated Time for
Nissan LEAF to

Estimated Time for
Max Chevrolet Volt to

Electric
Potential

Difference Power achieve full charge |l achieve full charge
(V) current (A) [l (kw) (hrs)®® (hrs)®®
Level 1 AC 120 15 to 20 141019 10
Level 2 AC 208/240 up to 80 19.2 4 7

Source: SAE International, “SAE Charging Configurations and Ratings Terminology,” accessed June 2013,
http://www.sae.org/smartgrid/chargingspeeds.pdf; Chevrolet, 2013; Nissan, 2013.

¢ DC fast chargers — These chargers provide electricity converted from a 480V AC input
and enable rapid vehicle charging. A DC fast charger can add 60 to 80 miles of range to an
EV in approximately 20 minutes, making it well suited for heavy traffic corridors and public
locations.”® However, DC fast chargers cost significantly more to build and operate than
Level 1 or Level 2 chargers, making the business model tenuous at best. These costs,
including installation, equipment, and electrical upgrades, can range from $17,000 to
$42,000, as discussed in Section 6.2. Some manufacturers are concerned that fast
charging may shorten the life of batteries or present a safety hazard. In addition, some
observers are concerned that fast chargers will put additional load on electrical grids at
peak usage times.

Standards for DC fast-charging technology are still evolving at the time of this publication. In
2012, SAE International finalized the J1772 Revision Number B standard for the DC fast-
charging coupler, which revises the J1772 connector standard by adding an additional
connection.”’ The new J1772 is called a “Combo” connector, capable of charging with Level 1
and 2 AC chargers as well.

2.2 EV Charging Times

Generally, an EV’s battery size, on-board charging system, and characteristics of the EVSE
system determine charging time. However, other factors, including ambient temperature, may
also influence charging time.

The Chevy Volt and Nissan LEAF both include a 3.3 kilowatt (kW) on-board charger. This
means that, even though a Level 2 AC charger can deliver power at six or seven kW, the EV’s

%8 Chevrolet, “2013 Chevy Volt,” accessed June 2013, http://www.chevrolet.com/volt-electric-car.html.

% Nissan, “Charging at Home,” accessed June 2013, http://www.nissanusa.com/leaf-electric-car/home-charging.

" DOE, “Plug-In Electric Vehicle Handbook for Public Charging Station Hosts,” accessed June 2013,
http://www.afdc.energy.gov/pdfs/51227.pdf.

" SAE International, “SAE Electric Vehicle and Plug in Hybrid Electric Vehicle Conductive Charge Coupler,” accessed June 2013,
http://standards.sae.org/j1772_201210/.
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on-board system limits the rate of delivery to 3.3 kW. The Tesla Roadster can charge at a rate
of 10 to 20 kW and, according to Nissan, future Nissan LEAF models will include a 6.6 kW on[J
board charger, which could cut its current charging time in half.”

Beyond an EV'’s charging capabilities, extreme temperatures can impact charging times, even
though EVs do have thermal management systems that reduce the effects of hot or cold
temperatures on the battery pack.” For example, an external temperature of 120 to 130
degrees °F can increase the charging time for DC fast charging from an average of 20 minutes
to over 30 minutes.”

Table 7 presents estimated charging times for EVs currently on the market. In general, Level 1
EVSE works best for vehicles with small batteries, such as the Volt and Prius, which require
fewer than eight hours to fully charge. On the other end of the spectrum, light- and medium-duty
truck EVs will take over 20 hours to fully charge with Level 1 EVSE. A vehicle’s charging rate is
generally limited by the on-board charger. For example, a Nissan LEAF is limited by its 3.3 kW
on-board charger and would take six hours and 32 minutes to charge, even if the Level 2
charger had a faster charging rate of 7.5 kW. Alternatively, a Tesla Roadster with a larger on(]
board charger could theoretically charge at a higher speed but may be limited by the speed of
the EVSE at 7.5 kW, resulting in a total charging time of five hours and 39 minutes.

Table 7. Estimated Charging Times by EV Model

Maximum Vehicle Estimated Estimated
Charge Rate jlUsable/Ma Charge Time Charge Time
. of On-board Capacit with Level 1 AC |l with Level 2 AC
Charger (kW) |l (kWh) (1.4 kW) (7.5 kW)
Nissan LEAF (AEV) 3.3 21.6/24 15 hrs, 25 min 6 hrs, 32 min"®
Tesla Roadster (AEV) 10-20 42.4/53 30 hrs, 17 min 5 hrs, 39 min’’
Chevrolet Volt (PHEV) 3.3 10.4/16 7 hrs, 25 min 3 hrs, 9 min
Toyota Prius Plug-in (PHEV) 3.3 3.5/4.4 3 hrs, 8 min 1 hr, 20 min

Source: Vehicle usable/max capacity calculations from ICF International, 2013; Chevrolet, 2013; Nissan, 2013; Tesla Motors,
2013; Toyota, 2013.

2.3 Strategies and Technologies to Accommodate Increasing Electricity
Demand Due to EV Charging

As EVs become more common, the additional electricity demand from EV charging may require

utilities to upgrade distribution infrastructure. Utilities may also choose to implement new load

management strategies and technologies, such as dynamic pricing and smart grid technology.

2 David Peterson (Nissan North America), phone interview, March 30, 2012.

78 Sustainable Transportation Strategies, “Siting Electric Vehicle Charging Stations,” accessed June 2013,
http://www.sustainabletransportationstrategies.com/wp-content/uploads/2012/05/Siting-EV-Charging-Stations-Version-1.0.pdf, 29.
™ David Peterson (Nissan North America), phone interview, March 30, 2012.

® Even though Level 2 charging allows up to 7.5 kW, it is limited by the On-board charger which in most cases is 3.3 kW.

® Even though Level 2 charging allows up to 7.5 kW, it is limited by the On-board charger which in most cases is 3.3 kW.

" With the Tesla, limited by a 7.5kW charger, would take a longer period of time.
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Electricity demand changes throughout the day. Residential demand often peaks in the early
evening, when people return home from work or school and begin to cook, watch television,
adjust the heating and air conditioning, and use other electric devices. Charging EVs during
these peak hours could strain the electric distribution grid by increasing peak electricity demand.
Fully recharging an EV uses the equivalent of about a day’s worth of electricity usage for a
single-family home.

A dynamic pricing strategy could help to manage the additional load associated with EV
charging. Dynamic pricing refers to assigning different rates based on time-of-use (TOU). For
example, a utility could charge a higher rate during peak hours and a lower rate during off-peak
hours (e.g., between 11 p.m. and 7 a.m.). This would encourage electricity usage during off-
peak hours to level out demand. EV controls typically allow the user to program the vehicle’s
charging system to delay charging until a specified time, allowing the user to take advantage of
off-peak rates.

PA PUC recently approved a PECO proposal for an initial dynamic pricing and customer testing
program. This program will serve as a first step toward developing a tariff structure to encourage
off-peak EV charging. It can provide a model for other electricity distribution companies that
serve customers in southeastern Pennsylvania, none of which currently offer a tariff specific to
EV owners.

Utilities outside of the region are also exploring electricity rate strategies to encourage off-peak
charging. Section 10 provides examples of utility pilot programs, utility tariff options, and utility
grid impact analysis, such as:

¢ The Edison Electric Institute (EEI) report, “The Utility Guide to Plug-in Electric Vehicle
Readiness,” provides an overview of topics relevant to utilities in southeastern
Pennsylvania, including PECO."®

* Researchers from the University of California, Davis, published a paper titled “Electricity
Grid: Impacts of Plug-In Electric Vehicle Charging,” which analyzed projected grid impacts
from EV charging.” In the paper, the authors encourage decision-makers to consider the
deployment of EVs on a regional basis and ensure that appropriate technology and policy
incentives were implemented to maximize the benefit of EVs.

In addition to dynamic pricing, smart grid technology presents another opportunity to mitigate
grid impacts from EV charging. A smart grid is an electric grid in which computers control the
delivery of electricity. A smart grid would facilitate the use of two technologies currently in
development: smart grid communication technology and vehicle-to-grid (V2G) technology.

"® EEI, "The Utility Guide to Plug-in Electric Vehicle Readiness,” accessed June 2013,
http://www.eei.org/ourissues/EnergyEfficiency/Documents/EVReadinessGuide_web_final.pdf, 34.

7 Christopher Yang and Ryan McCarthy, "Electricity Grid Impacts of Plug-In Electric Vehicle Charging," accessed June 2013,
http://pubs.its.ucdavis.edu/download_pdf.php?id=1290, 19.
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Smart grid communication technology enables two-way communication between the grid and an
EV. Smart grid communication technology can control the timing of EV charging to avoid
infrastructure overloads and lower electricity costs. For instance, during periods of high demand,
the smart grid could temporarily withhold delivery of electricity to the EV. If a utility offered
dynamic pricing, an EV owner could program the vehicle to charge only when electricity rates
fell below a specified threshold. Integrating smart grid communication technologies into the
electric grid would benefit both EV owners and electricity suppliers by improving the efficiency of
the power market.

One example of smart grid communication technology is under development in Denmark. A
consortium comprising utilities, corporations, the Danish Technical University, and the Danish
Energy Association has been working on the "Electric vehicles in a Distributed and Integrated
market using Sustainable energy and Open Networks" (EDISON) project.?* EDISON creates
software and hardware standards for smart grid EV integration. For example, for software,
communication protocols must allow data transfer between EVs, EVSE, EV owners, and
utilities; for hardware, EVSE must provide a physical connection between the grid and the EV.
EDISON’s architecture connects the EV to the EVSE and the EVSE to the utility. The EV owner
communicates to the utility through a mobile application or website, specifying when the EV
should charge, based on the electricity rate.

V2G allows an EV with surplus energy stored in its battery to act as a mini-power plant and
provide electricity back to the grid. This electricity can either reduce the need to generate
electricity in peak hours (known as peak-shaving) and control minor fluctuations in power quality
(known as regulation). Some observers expect V2G to become more significant as the number
of EVs increases, especially when deployment is concentrated in a particular region.®' A large
population of EVs with stored energy could provide a significant amount of electricity back to the
grid.

The peak-load leveling effect of smart grid technology (and dynamic pricing) has multiple
benefits. In addition to preventing strain on distribution infrastructure and lowering electricity
costs for consumers, peak-load leveling could facilitate greater investment in renewable energy
sources like wind and hydroelectric facilities. Reducing the peak load could make it possible for
renewable energy to meet the electricity demand, displacing electricity production from fossil
fuels.

However, several technical issues need to be resolved before widespread deployment of smart
grid technology can take place. This is especially true in the case of V2G technology.
Discharging stored energy could strain the vehicle battery, reducing battery life and voiding
warranties. It could also create safety concerns by overheating the battery and causing a fire.
Finally, it is not clear to what extent vehicle manufacturers and owners will choose to participate
in such programs.

% Danish Energy Association, “About the Edison Project,” accessed June 2013, http://www.edison-net.dk/About_Edison.aspx.
® The flip side to the peak-load leveling coin would be valley filling where the EV is charged during periods of low demand, thus
evening out the load on the grid.
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Utilities, including PECO, have already begun implementing tariff structures to shift electricity
demand to off-peak hours. Although it requires additional development, smart grid technology
could also provide load management benefits. Understanding these potential benefits of
dynamic pricing and smart grid technology will help utilities, like PECO, plan for the additional
electricity demand that could come with EV charging.

Utilities might consider installing and using smart grid technologies, taking advantage of
opportunities to gather granular data on EVSE and vehicle usage patterns and integrate with
future V2G technology opportunities.
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3 EV Consumer Overview

This section summarizes EV consumer demographics and behaviors based on survey data and
discussions with OEMs and researchers.

3.1 EV Consumer Demographics

The results of various consumer surveys suggest that early EV adopters tend to have similar
characteristics. The results of a Pike Research survey indicate that individuals under the age of
30 or with higher education demonstrate higher interest in EVs.2? A Deloitte survey determined
that the majority of EV buyers are males with above-average income who live in urban or
suburban settings.® Survey results obtained through Pacific Gas & Electric’s Consumer EV
Billing Program in California indicate that many EV consumers in early adopter regions have the
following characteristics: above-average median income, home ownership, smaller household
sizes, an above average number of vehicles per household, and an increased likelihood of
driving to work.®*

These survey data correspond to interviews DVRPC and ICF conducted with three major
OEMs: GM, Ford, and Nissan. GM characterized Chevrolet Volt buyers in two major categories.
The first category includes older (50 or more years old), technologically savvy, image-conscious
individuals with above-average household income. GM noted that these buyers are less
concerned about environmental issues and more interested in the technology itself. The second
group includes 30 to 40 year-old males who are more environmentally conscious and also
image conscious. For both groups, GM determined that approximately 90 percent of the
consumers are male. A variety of vehicle survey data suggest that women, who tend to be more
concerned with vehicle reliability and dependability than men are, tend not to be EV early
adopters.® Nissan described the average Nissan LEAF consumer as a well-educated male over
the age of 55 with an above average income, although Nissan expects this demographic to
change over time.® The average consumer of the Ford Focus AEV has an annual household
income between $120,000 and $140,000, is environmentally conscious and interested in
reducing operating costs, and desires access to high-occupancy vehicle (HOV) lanes (where
available).?’

In addition to these characteristics, previous HEV ownership also provides an indicator of EV
adoption. In an Electric Power Research Institute (EPRI) survey, HEV owners were more than

® pike Research, “Executive Summary: Electric Vehicle Consumer Survey,” accessed June 2013,
http://www.pikeresearch.com/wordpress/wp-content/uploads/2011/12/EVCS-11-Executive-Summary.pdf, 2.

% Deloitte Consulting, “Gaining traction: A customer view of electric vehicle mass adoption in the U.S. automotive market,” accessed
June 2013,
http://www.deloitte.com.br/publicacoes/2007/MFG.Gaining_Traction_customer_view_of_electric_vehicle_mass_adoption.pdf, 6.
® pacific Gas & Electric Company, "Electric Vehicle Penetration Study Using Linear Discriminant Analysis,” accessed June 2013,
http://www.energy.ca.gov/2012_energypolicy/documents/2012-02-23_workshop/comments/Pacific_Gas_and_Electric!
Electric_Vehicles_Penetration_Study_2012-03-01_TN-63900.pdf, 4.

% Britta Gross (General Motors Company), phone interview, March 16, 2012.

® David Peterson (Nissan North America), phone interview, March 30, 2012.

87 Stephanie Janczak, Barbara Rogers, and Mike Tinsky (Ford Motor Comopany), phone interview, April 9, 2012.
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twice as likely to respond that they “definitely” intend to purchase or lease an EV vehicle,
compared to non-HEV owners.®

3.2 EV Consumer Behavior
Existing research on the behavior of EV consumers focuses on driving and charging patterns.
This section presents information on these two behaviors.

3.21 Driving

Some EVs may require vehicle owners to adjust their driving habits to adapt to a lower vehicle
range and to integrate charging into their routines. Researchers have noted that EV owners
typically have a shorter-than-average commute and adjust their trips to reduce fuel
consumption.® This “eco-driving” behavior may reduce energy consumption and emissions
beyond the reductions inherent in switching from a conventional vehicle to an EV.

In a University of California, Davis trial study, consumers in New York City and Los Angeles
leased the BMW MINI E, an electric version of the MINI Cooper. Researchers tracked how the
consumers adapted to limited vehicle range. The consumers employed a variety of methods,
such as using a conventional vehicle for longer trips, trip chaining (i.e., combining multiple
errands into one trip), avoiding unnecessary trips, using Global Positioning System (GPS) tools
to track vehicle distance, and turning off in-car climate controls to increase range. The most
frequent adaptation was to simply use a second, conventional vehicle—94 percent of the MINI E
users used this method.*

3.2.2 Charging

Each EV driver has different needs. For example, the Toyota Prius Plug-In and Chevrolet Volt
can charge completely overnight using Level 1 EVSE. The Nissan LEAF, on the other hand,
needs Level 2 EVSE to completely charge a depleted battery within seven hours. That said, up
to 15 percent of LEAF owners use Level 1 EVSE at home, presumably because they can
achieve sufficient range with a partial charge, or they can access EVSE outside the home.®’

The University of California, Davis MINI E Consumer Study supplied its participants with a
residential Level 2 charging station and a Level 1 “convenience charger” for use outside the
home. The Level 2 charging station completed a charge in three to five hours, while the Level 1
convenience charger required nearly 26.5 hours. The study concluded that EV consumers
preferred the Level 2 EVSE, which fully charged their vehicles by morning and avoided the need
to “top-off’ the battery between activities using public EVSE.%

® EPRI and Southern California Edison, “Characterizing Consumers' Interest in and Infrastructure Expectations for Electric Vehicles:
Research Design and Survey Results,” accessed June 2013,
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000000001021285, 3-2.

# Deloitte Consulting, “Gaining traction: A customer view of electric vehicle mass adoption in the U.S. automotive market,” 6.

® Thomas Turrentine et al., “The UC Davis MINI E Consumer Study,” 52-4.

°" David Peterson (Nissan North America), phone interview, March 30, 2012.

%2 Thomas Turrentine et al., “The UC Davis MINI E Consumer Study,” 62.
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Instead of Level 1 or Level 2 EVSE, consumers might prefer to use DC fast charging in the
future, particularly for AEVs. Wider implementation of public DC fast charging will likely
influence EV adoption: two in five HEV owners and one in three ICE vehicle owners say that
public DC fast-charging capabilities would “definitely” influence their EV acquisition decision.®?

Consumer willingness to pay influences the EVSE purchase decision. A Pike Research survey
showed that only 28 percent of respondents would be willing to pay over $500 for EVSE, with
the average respondent willing to pay up to $400.%* This willingness to pay may vary with the
proximity and availability of public and workplace infrastructure. This research suggests that
most consumers will opt for Level 1 EVSE because the equipment and installation costs for
Level 1 EVSE are minimal.?® The costs rise for Level 2 and DC fast charging. According to the
Georgetown Climate Center, residential Level 2 EVSE costs approximately $2,000, including
installation.%

Multiple types of EVSE exist at this time (for a discussion of EVSE types, see Section 2). Itis
unclear which level of charging consumers will prefer in the long term. Level 1 EVSE is readily
available and inexpensive but may not meet the needs of all EV drivers. Level 2 EVSE may
charge a vehicle in half the time of Level 1 EVSE but is more expensive and carries additional
installation requirements. DC fast charging has not yet become readily available but shows
potential to meet the charging needs of future EV drivers.

® EPRI and Southern California Edison, "Characterizing Consumers' Interest in and Infrastructure Expectations for Electric Vehicles:
Research Design and Survey Results,” 3-2.

% Pike Research, “Executive Summary: Electric Vehicle Consumer Survey,” 3.

o Technically speaking, Level 1 charging only requires an extension cord that can plug into a standard outlet.

% Charles Zhu and Nick Nigro, “Plug-in Electric Vehicle Deployment in the Northeast: A Market Overview and Literature Review,” 8.
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4 EV Market Segment Overview

Significant gaps remain in EV market segment data, particularly for the northeastern United
States. OEMs currently rely on data from sources like R.L. Polk & Co. to determine which
markets to target for certain vehicles.”” Those data remain proprietary and are not available for
this report. However, OEMs and EVSE network providers, such as ECOtality and ChargePoint
(formerly Coulomb Technologies), have shared information to improve the project team’s
understanding of EV market segments.

The following sections describe the three main vehicle market segments: personal vehicles,
commercial fleets, and government fleets. This market segment review focuses on observations
from OEMs and market surveys, as opposed to forecasts and predictions.

4.1 Personal Vehicles

Public support for EVs does exist in the United States. At the end of 2011, approximately 40
percent of Pike Research survey respondents indicated that they are “extremely” or “very”
interested in purchasing an EV.% Although this support has not yet translated into market
success for the vehicles, EVs will likely become more appealing to a broad range of consumers
in the mid to long term. In addition to exposure to EVs on the roads, EV education efforts, such
as “ride-and-drive” events, will help the general public become more familiar with the
technology. Familiarity will likely increase EV adoption.

As detailed in Section 5, the project team has developed three EV consumer profiles for this
report: early adopters, likely adopters (also referred to as mid-adopters), and unlikely adopters
(also referred to as late adopters). Early adopters will dominate EV purchases for the next
several years. In the 2015 to 2020 timeframe, mid-adopters (including likely and possible
adopters) are expected to enter the EV market. Late adopters (also referred to by the industry
as unlikely adopters) will probably not begin purchasing EVs until 2020 and beyond.

Generally, EV interest among consumers increases as fuel prices increase. According to a
Deloitte survey, if the price of gasoline increased from $3.50 per gallon to $5 per gallon, the
respondents who reported being more likely to purchase an EV increased from 30 percent to 78
percent.%

However, high fuel price alone will not drive EV sales. Consumers will be more likely to
purchase EVs if upfront vehicle prices drop, driving range increases, and charging speed
improves. With regard to upfront cost and cost of ownership, the decreasing price of fuel-
efficient vehicles like HEVs and subcompact cars, as well as the recent stabilization of gasoline
prices, may reduce the expected cost savings associated with EV ownership.

¥ Britta Gross (General Motors Company), phone interview, March 16, 2012.

% Pike Research, “Consumer Interest in Plug-in Electric Vehicles Declines to 40%,” accessed June 2013,
http://www.pikeresearch.com/newsroom/consumer-interest-in-plug-in-electric-vehicles-declines-to-40.

% Charles Zhu and Nick Nigro, “Plug-in Electric Vehicle Deployment in the Northeast: A Market Overview and Literature Review,”
14.
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4.2 Commercial Fleets

Commercial fleet vehicles (e.g., taxis, delivery trucks, and transit buses) comprise less than
three percent of the nation’s total vehicle fleet but travel more miles per vehicle than the
average passenger vehicle.'®

Fleet managers tend to focus on total cost of ownership, and their vehicles tend to have high
fuel consumption patterns, regular routes, and centralized refueling locations. For these
reasons, EV technology may be well suited for many fleet applications.'" Fleet managers may
appreciate the potential for fuel savings. The Electric Drive Transportation Association (EDTA)
reports that fleet managers express willingness to spend an additional 10 to 14 percent for an
HEV or EV because of projected fuel savings.'® As another benefit, EVs produce less noise
than conventional fleet vehicles and would thus disturb neighbors less than conventional fleet
vehicles. This is a particularly important consideration for urban delivery vehicles.

While small, light-duty passenger EVs have attracted the most media attention, EV technologies
have been deployed for light trucks as well as medium- and heavy-duty vehicles. Limited data
exist on the benefits of medium- and heavy-duty EVs in fleets. However, urban fleets typically
have recurring routes with return-to-base operations that would allow for recharging. They also
tend to operate on a stop-and-go duty cycle. Thus, EV technology could be a good fit for their
needs. Examples of currently available fleet vehicles range from the Smith Electric delivery truck
to the Proterra commuter bus.

Managers of commercial fleets have an opportunity to accelerate EV deployment. The American
Recovery and Reinvestment Act (ARRA) of 2009 provided grants to facilitate the small-scale
deployment of medium-size electric trucks in limited markets. A pilot project funded by an ARRA
grant deployed all-electric delivery trucks produced by Smith Electric Vehicles. The project
resulted in the electrification of commercial delivery fleets, such as those used by Duane Reade
pharmacies in New York City."® General Electric also announced plans to purchase 25,000 EVs
by 2015 for its global fleet.'

4.3 Government Fleets

EVs can provide fuel cost savings that may benefit federal, state, and local government fleets.
Executive Order 13514, signed by President Obama in 2009, orders federal agencies to reduce
fuel consumption by two percent each year from a 2005 baseline through 2020 for a total
reduction of 30 percent. EVs will likely make up part of the strategy to comply with this mandate,

10 Research and Innovative Technology Administration, “Table 1-11: Number of U.S. Aircraft, Vehicles, Vessels, and Other

Conveyances,” accessed June 2013,
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/table_01_11.html.

'%" Charles Zhu and Nick Nigro, “Plug-in Electric Vehicle Deployment in the Northeast: A Market Overview and Literature Review,”
11.
"% pike Research, “Consumer Interest in Plug-in Electric Vehicles Declines to 40%.”

193 Smith Electric Vehicles, “All-Electric Smith Newton Expands Eco-Friendly Presence in New York City,” accessed June 2013,
http://www.smithelectric.com/all-electric-smith-newton-expands-eco-friendly-presence-in-new-york-city/.

"% General Electric Company, “GE Announces Largest Single Electric Vehicle Commitment, Commits to Convert Half of Global
Fleet by 2015,” accessed June 2013, http://www.genewscenter.com/Content/detail.aspx?NewsAreald=2&ReleaselD=11440.
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according to the Federal Fleet Management Guidance of 2010.'% In 2012, the General Services
Administration (GSA) purchased over 100 EVs as part of a pilot program and leased the EVs to
20 federal agencies. GSA anticipated that federal agencies would save nearly $116,000 in fuel
costs annually by using the EVs.'%

Public fleets in the Northeast have taken steps to deploy EVs. New York City, for example, has
the nation’s largest HEV fleet and is working to build the nation’s largest EV fleet. In 2011, 430
out of New York City’s 26,000 fleet vehicles were EVs;'" the vehicles were used by
departments as diverse as the New York Police Department and the Department of Corrections.
Moreover, the city is working to accelerate EV penetration within its 13,000 yellow taxi fleet
vehicles. Beginning in the spring of 2013, Nissan plans to provide six LEAFs and will support
charging stations for a pilot program in preparation for a much larger deployment of all-electric
taxis.®®

The City of Philadelphia can bolster EV and EVSE deployment through the acquisition and use
of EVs in various public fleets. The city has worked with PhillyCarShare to encourage car
sharing among city employees and reduce the size of the municipal fleet.'® The high initial cost
of current EVs makes it difficult for cash-strapped public sector fleet managers to justify
purchasing the vehicles. However, an increase in the number of EVs on the streets due to
public fleet investments will increase resident exposure and familiarity to the technology, which
may spur residents to invest in EVs themselves.

4.4 Local Fleet Survey

As discussed above, public and private entities operate vehicle fleets in southeastern
Pennsylvania. Some of these fleets are varied and include a range of vehicle types, from
passenger cars to large trucks. Others include mostly a single class of vehicle. The vehicles
themselves may operate largely on predictable, dedicated routes, or their activity may be varied
and unpredictable. To understand better the congruity between the needs of fleet operators and
the characteristics of EVs, DVRPC and GPCC interviewed a sample of fleet managers
representing a cross-section of vehicle fleets in southeastern Pennsylvania.

DVRPC and GPCC surveyed managers through face-to-face meetings and phone interviews
and collected fleet profile information, type and size of fleet, and perceptions of EVs and EVSE.
Table 8 below represents the responses DVRPC and GPCC received from interviews with fleet
managers.

"% The White House, "Executive Order 13514—Federal Leadership in Environmental, Energy, and Economic Performance,”
accessed June 2013, http://www1.eere.energy.gov/femp/pdfs/eo13514.pdf, 52118.

1% Government Fleet, “Federal GSA’s EV Pilot Program Expects to Save $116K in Fuel Costs,” accessed June 2013,
http://www.government-fleet.com/channel/green-fleet/news/story/2012/06/federal-gsa-s-ev-pilot-program-expects-to-save-116k-in(
fuel-costs.aspx.

% Mayor’s Office of Long-Term Planning & Sustainability, “PlaNYC: Progress Report 2012,” accessed June 2013,
http://nytelecom.vo.llnwd.net/o15/agencies/planyc2030/pdf/PlaNYC_Progress_Report_2012_Web.pdf, 20.

"% New York City Taxi and Limousine Commission, "Call for Participants in Electric Taxi Pilot Program,” accessed June 2013,
http://www.nyc.gov/html/tic/downloads/pdf/industry_notice_11_26.pdf.

% 'phillyCarShare, "City of Philadelphia Fleet Management Program,” accessed June 2013,
http://www.mayorsinnovation.org/pdf/PhiladelphiaFleetManagement.pdf, 1.
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All of the fleet managers indicated that their primary concern and the predominant barrier to EV-
fleet integration was the incremental price of EVs compared to conventional ICE vehicles. This
concern was closely followed by the limited types of EV available on the market, as LDVs are
not necessarily the best fit for many fleet applications.

4.5 Detailed Findings

All fleet managers that participated in the survey seemed to have some familiarity with EVs, and
all fleet managers expressed some level of interest in EVs. GPCC reports that each fleet
interviewee attended at least one regional workshop or seminar on EVs and EVSE.
Interviewees were attracted to the EVs due to their reduced environmental impacts, and private
fleet managers noted that the vehicles could play a central role in meeting corporate
sustainability objectives.

However, each raised specific concerns. Fleet managers most commonly cited the up-front cost
of EVs as a barrier. For example, PhillyCarShare, which operates 21 Chevrolet Volts as part of
the carshare fleet, expressed concern about the payback period for these vehicles within a
carshare context. Despite fuel cost savings, PhillyCarShare has had to increase the hourly rate
for EVs as compared to other vehicle options in the fleet to account for a higher vehicle
purchase price. Because most customers seek out the lowest hourly rate, this strategy has been
problematic. Unlike other vehicles, EVs are also harder to relocate from one parking station to
another due to the cost of moving EVSE. Enterprise Holdings, the owner of PhillyCarShare,
indicates that in traditional rental car scenarios, they do see customers willing to pay a premium
rental cost for EVs. They expect this willingness may be due to fuel savings associated with
EVs, which benefit the customer directly as opposed to the carshare fleet owner. Enterprise
Holdings indicated that because of these issues, the premium price on the Volt would work
better in the regular rental car model.

In certain locations, grants and incentives can reduce the upfront capital investment associated
with EVs. For example, United Parcel Service (UPS) purchased 130 EVs in California, where
financial incentives offset nearly the entire incremental cost."'® Another firm cited concerns
about EV resale value uncertainty, which is an important consideration for many fleets.

"% Mike Britt (UPS), phone interview, September 11, 2012.
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Table 8. Overview of DVRPC Fleet Survey Participant Profiles and EV Concerns/Considerations
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Source: DVRPC, 2013.
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The accounting practices of some companies limit their ability to include fuel savings as part of
their decision-making process for purchasing new vehicles for their fleets, restricting amortizing
the higher costs of EVs through fuel savings. One of the surveyed firms explained that the costs
of vehicle acquisition were included in a local unit’'s budget, whereas fuel costs were part of a
fleet-wide operating budget. Thus, local fleet managers making the fleet purchase decisions
were motivated to consider only initial vehicle costs, not long-term fuel costs. In cases where
fuel cost, vehicle price, and maintenance cost are considered as part of a total cost of
ownership platform, it is easier to develop a business case for the purchase of EVs into a fleet.

Infrastructure and fueling costs can also pose barriers to adoption. For some firms, charging
vehicles at night would not significantly increase peak electricity costs because the charging is
occurring when other operations using electricity are closed or operating at reduced levels.
However, for a firm like UPS, peak charging time for EVs—from about 7 p.m. to 4 a.m.—coincides
with peak operations at warehouse and processing sites. As a result, new electricity
infrastructure would be required and capacity charges would likely increase.

Many surveyed fleet managers also indicated that available EV models did not match fleet
needs. In most instances, these fleets identified overall size, payload capacity, and other
desired characteristics as a priority for purchasing decisions. In these instances, newer versions
of vehicle models currently in use tend to be purchased to replace older models, and EV
equivalents are limited. Some companies, such as UPS, have very specific needs and make
specific component choices for their vehicles. This includes UPS’s EVs, which restrict batteries
used by certain manufacturers due to safety concerns.

Though most fleet managers interviewed believed that the operational range of EVs could work
for their fleets, some have less predictable day-to-day routes and expressed concerns about
vehicle range in a region without widespread EVSE availability. Some also expressed concern
about the lengthy charging time of EVs.
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5 EV and EVSE Deployment in Southeastern
Pennsylvania

Mass-market EVs have been on the road since late 2010, and nearly 60,000 EVs were on the
road across the United States by the end of 2012. EV sales are currently concentrated in
California, but southeastern Pennsylvania is well suited for widespread EV deployment given its
high population density, urbanization, short commuting distances, and relatively high median
income.

This section discusses the current EV availability and deployment in southeastern
Pennsylvania. It also presents an analysis of EV demand and deployment potential for the
region. This analysis uses a variety of data, including the following:

» Survey data on characteristics of EV owners;

* Demographic data from the American Community Survey (ACS), an ongoing statistical
survey that samples a percentage of the population every year;'"

 Vehicle registration data from the Pennsylvania Department of Transportation (PennDOT),
which include data on HEVs, EV ownership, and total vehicle ownership;

¢ Data on current or planned EVSE locations from PennDOT;

» Household travel data from DVRPC’s 2000 household survey (the most recent available);
e Employment density data from DVRPC;

» Travel modeling and traffic count data from DVRPC; and

¢ Qil pricing forecasts developed by EIA as part of the Reference Case in the Annual Energy
Outlook 2012.

Finally, the section describes a tool for regional consumers to estimate the cost of EV ownership
in southeastern Pennsylvania and summarizes incentives or initiatives that could spur
deployment in the region.

5.1 Current EV Availability in Southeastern Pennsylvania

Using available information, survey data, and forecasting results, Table 9 (below) presents the
EVs that are currently available or that may soon become available in southeastern
Pennsylvania.

" The ACS five-year estimates for years 2006 to 2010 provided the most reliable and robust dataset for this exercise.
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Table 9. Prospectus of Current and Future EVs Available in Southeastern Pennsylvania

Electric
A e I
Introduction m kWh miles
Cadillac ELR 2016 N/A N/A N/A
Cadillac XTS 2016 N/A N/A N/A N/A N/A
Chevrolet Impala 2016 14L1-4 55 16 40 N/A
Chevrolet Volt 2010 1.4L -4 55 16 40 $39,995
PHEV Dodge Ram 2016 N/A N/A 12.9 N/A N/A
S Ford C-MAX Energi 2012 2.0L I-4 N/A 7.6 21 $33,345
Ford Fusion Energi 2013 2.0L -4 35 7.6 21 $38,700
Hyundai Elantra 2015+ 1.6L -4 15 1 20-25 N/A
Toyota Prius Plug-in 2012 1.8L 14 60 4.4 41562 $32,000
VW Golf 2015 1.4L 1-4 N/A N/A 15 N/A
Audi A3 2015 N/A N/A N/A N/A
Audi E-Tron 2013 N/A 53 150 N/A
Chevrolet Spark 2013 N/A N/A 80 $26,685
Fiat 500e 2013 83 24 N/A $31,800
Ford Focus Electric 2012 100 23 105 $39,200
Honda Fit EV 2013 100 20 82 $37,415
Hyundai/Kia B-Class 2015 N/A 16.4 N/A N/A
Infiniti EV 2015 N/A N/A N/A N/A
AEVs Mitsubishi i-MiEV 2011 49 16 50-70 $29,125
Nissan LEAF 2010 N/A N/A 70-105 $28,800
Tesla Model S 2012 N/A 4085  160-300 $gg§883°
Tesla Model X 2014 N/A  60-85  200-270 $§3’79,883°
Toyota iQ 2013 N/A N/A 50 N/A
Toyota RAV4 2013 N/A 50 80-120 N/A
VW Golf (Blue-E) 2016 85 26.5 93 N/A

Source: American Honda Motor Company, Inc., 2013; Chevrolet, 2013; Chrysler Group, 2013; Ford Motor Company, 2013; ICF,
2013; Mitsubishi Motors, 2013; Nissan, 2013; Tesla Motors, 2013; Toyota, 2013.

The project team also conducted a survey of dealerships in southeastern Pennsylvania that

currently sell and service EVs. Table 10 lists the locations of these dealerships (as of February

2013)."2

12 At the time of publication, not all vehicles included in Table 9 are commercially available. Therefore, Table 10 includes only

dealers of the three EV models available in the region. As additional models become available, this list is expected to change.
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Table 10. Southeastern Pennsylvania Dealerships Selling and Servicing EVs

Name of Dealership Location (street address, city, state
Chevrolet Volt
Armen Chevrolet-Saab of Ardmore 125 E Lancaster, Ardmore, PA 19003

Bryner Chevrolet

Carfagno Chevrolet
Chapman Chevrolet

Del Chevrolet, Inc.

Gordon Chevrolet

Lafferty Chevrolet Company
Reedman-Toll Auto World
Spencer Chevrolet

Nissan LEAF

Ardmore Nissan

Chapman Nissan

Concordville Nissan

Conicelli Nissan

Exton Nissan

Faulkner Nissan

Fred Beans Nissan of Doylestown
Fred Beans Nissan of Limerick
Loughead Nissan
Montgomeryville Nissan

Nissan of Devon

O'Neil Nissan

Peruzzi Nissan Automotive Group

Mitsubishi MiEV
Desimone Mitsubishi
Springfield Mitsubishi Pa

1750 The Fairway, Jenkintown, PA 19046

1230 E Ridge Pike, Plymouth Meeting, PA 19462
6925 Essington Avenue, Philadelphia, PA 19153
1644 Lancaster Ave, Paoli, PA 19301

6301 E Roosevelt Blvd, Philadelphia, PA 19149
829 W Street Road, Warminster, PA 18974

1700 East Lincoln Hwy, Langhorne, PA 19047
840 Baltimore Pike, Springfield, PA 19064

265 East Lancaster Avenue, Ardmore, PA 19003
6723 Essington Avenue, Philadelphia, PA 19153
452 Wilmington W Chester, Concordville, PA 19331
1222 W. Ridge Pike, Conshohocken, PA 19428
200 West Lincoln Highway, Exton, PA 19341

900 Old York Road, Jenkintown, PA 19046

4469 Swamp Road, Doylestown, PA 18902

55 Autopark Boulevard, Limerick, PA 19468

755 S Chester Rd., Swarthmore, PA 19081

Route 309 At Stump Road, Montgomeryville, PA 18936
459 W Lancaster Ave, Devon, PA 19333

849 W Street Road, Warminster, PA 18974

165 Lincoln Highway, Fairless Hills, PA 19030

6101 Frankford Avenue, Philadelphia, PA 19135
313 Baltimore Pike, Springfield, PA 19064

Source: DVRPC, 2013.

According to information gathered through the project team’s outreach, OEMs and certified
dealers have no plans to certify nondealers (i.e., facilities not directly affiliated with the OEMs)
for any EVs currently deployed in southeastern Pennsylvania.'"

5.2 Current EV Deployment in Southeastern Pennsylvania
According to data provided by PennDOT, there were 120 Chevrolet Volts and 18 Nissan LEAFs
registered in the five counties of southeastern Pennsylvania as of April 2012."*

"3 |CF confirmed this information from Ford and is awaiting confirmation with Nissan and Chevrolet.
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Several entities are leading the EV and EVSE deployment efforts in the region. PhillyCarShare
has deployed 21 Volts in Philadelphia, which use 18 new Level 2 EVSE as part of a $140,000
AFIG grant from PA DEP.""® PECO has also added two Chevrolet Volts to its fleet and installed
EVSE at its main office building in Center City and its facilities in West Conshohocken and
Berwyn. PECO intends to use the experience from these stations to learn how EVSE interact
with and impact the electric grid."’® PECO is also partnering with EPRI to study the use of EVs
in its service territory. In addition, ECOtality added Greater Philadelphia as a target region for
the DOE-funded EV Project in August 2012. The EV Project provides residents and business
owners interested in installing EVSE with free equipment and financial assistance to cover
installation costs.'"” DVRPC is collaborating with ECOtality, whose experience informs various
aspects of this plan. This section presents an overview of lessons learned through The EV
Project in southeastern Pennsylvania. As DVRPC and its partners continue to work toward the
deployment of EVs and EVSE in the region, other success stories are expected to emerge.

5.2.1 Lessons from The EV Project

ECOtality and its partners, Nissan USA, GM, DOE, and the Idaho National Laboratory, launched
the Greater Philadelphia portion of The EV Project on August 16, 2012. The EV Projectis a
nationwide initiative in which ECOtality, with assistance from DOE, offered incentives for the
installation of EVSE and focused on both residential and publicly accessible locations. The EV
Project was active in 21 cities in 11 states throughout the United States. As of March 11, 2013,
The EV Project has met its goal for residential charging units and is no longer accepting
applications.”"® DVRPC served on the steering committee for The EV Project in Greater
Philadelphia and provided preliminary results from DVRPC analysis to help orient organizers in
the region. DVRPC obtained “lessons learned” from The EV Project to identify installation
barriers and recommendations throughout southeastern Pennsylvania to better inform regional
EV planning.

In the Greater Philadelphia region, ECOtality provided EVSE, which connect to the Blink
Network, for free. It also provided up to $1,000 per unit to cover installation costs to
businesses.""® Similarly, ECOtality provided Blink EVSE for free and up to $400 to cover
installation costs to individuals wishing to install EVSE at their homes.'® ECOtality offered these
incentives in both southeastern Pennsylvania and southern New Jersey. At the close of the
project, ECOtality had installed 125 commercial EVSE units in Greater Philadelphia.’®' The

" DVRPC, 2013.

"5 See Appendix D. It is not clear whether these vehicles are included in the PennDOT figures.

"8 PECO, “PECO's work with EVs,” accessed June 2013,
https://www.peco.com/Environment/GreenVehicles/EletricVehicles/Pages/PECOsCommitment.aspx.

w ECOtality, “EV Project Offers Free Blink Chargers to EV Drivers and Commercial Host sites in Philadelphia.”
"8 ECOtality, “The EV Project,” accessed June 2013, http://www.theevproject.com.
"9 Marc Sobelman (ECOtality), e-mail message to author, March 27, 2013.

20 Marc Sobelman (ECOtality), e-mail message to author, March 27, 2013.

2! Marc Sobelman (ECOtality), e-mail message to author, March 27, 2013.
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majority of these chargers are publicly accessible, although some are restricted to certain users.
As of March 28, 2013, 310 residential chargers were installed in the region.'??

According to Marc Sobelman, Regional Manager for ECOtality, introducing EVs and EVSE to
the Greater Philadelphia region presented opportunities and challenges similar to those in other
EV Project regions. The largest challenge was overcoming site owner concerns about
installation costs. Most sites considered needed electric upgrades and long conduit runs, which
require cutting and boring of asphalt and cement, and would increase installation costs and thus
result in greater upfront costs to site owners. In most cases, the $1,000 subsidy for commercial
sites and $400 subsidy for residential sites would not cover the complete installation cost, and
the host was expected to fund the remainder.

In some cases, installation costs were reduced by encouraging site owners to revise the EVSE
installation location to one closer to existing electric infrastructure or areas requiring fewer
disturbances of existing sidewalks, curbs, and other hard infrastructure. Hosts, such as Temple
University and Parkway Corporation, benefited from such revisions. For some site owners,
additional incentives were also available to offset installation costs. PECO offered an additional
$1,000 for up to two EVSE units to cover installations by governments, institutions, and
nonprofits.'?®> Temple University, the University of Pennsylvania, the Children’s Hospital of
Philadelphia, and others took advantage of this incentive.

Mr. Sobelman commented that organizational bureaucracy also posed a barrier. Often the
individuals overseeing parking facilities and operations for organizations lacked the proper
authority within their organizational structure. While they could provide access to ECOtality[’
contracted electricians and answer technical questions, they were not able to make decisions
about EVSE installations. At some of these sites, host agreements could not be executed by the
end of the eligibility period.

Mr. Sobelman also noted that many site owners decided to take a “wait and see” approach to
EVSE installation. The relatively small population of plug-in electric vehicles in Greater
Philadelphia caused site owners to question the demand for EVSE and therefore the benefits of
installing such equipment at their sites.

In Greater Philadelphia, ECOtality encountered site hosts’ requirements for unionized
contractors. This particular requirement was more prevalent in Philadelphia than other EV
Project regions but was not a significant barrier. ECOtality contracted with five firms, four of
which were unionized, to perform installations in the area. The EV Project-certified contractors
also met the highest licensing and certification requirements required by any municipality in the
region, a condition of their certification by ECOtality, in order to prevent any challenges in
permitting and installation.

'22 Marc Sobelman (ECOtality), e-mail message to author, March 27, 2013.
'3 PECO, “PECO Smart Driver Rebate,” accessed June 2013,
https://www.peco.com/Savings/ProgramsandRebates/Business/Pages/SmartDriver.aspx.
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ECOtality encountered very few regulatory barriers to EVSE installation and proactively met
regulatory requirements, including unclear municipal regulations (e.g., Americans with
Disabilities Act [ADA]). In Montgomery County, a proposed publicly accessible EVSE site at
Montgomery County Community College encountered concerns about its effect on traffic. In
response, the site will be limited to students, faculty, and staff.'* ECOtality also reported that
varying permit fee schedules between municipalities did not prevent installations or significantly
increase installation costs.

ECOtality reported that the strong network of supporting organizations in Greater Philadelphia,
including DVRPC, PECO, and GPCC, eased the firm’s entry into this market. This network
helped ECOtality identify potential hosts, provided mapping of plug-in electric vehicle hotspots,
and, in the case of PECO, provided additional financial incentives.

At the time of publication, ECOtality had not provided details about the geographic distribution of
EV Project installations or specific characteristics of installation locations. In its continuing work
to support and monitor the adoption of alternative fuel vehicles, DVRPC will identify and analyze
data from the locations to better understand patterns of EV use and charging.

5.3 Estimated EV Demand in Southeastern Pennsylvania
The project team analyzed various household data and combined those data with existing
research regarding EV adoption to develop the following information:

» Consumer profiles. The project team analyzed household characteristics to estimate the
upper limit on the number of early, likely, and possible EV adopters in the region. The team
also considered vehicle circuit length to refine the estimates of potential adopters
developed in the household profile analysis.

* Potential EV demand. The project team developed estimates of EV demand in
southeastern Pennsylvania at the Census block group level using data on household
income, home ownership, dwelling type, and education from the five-year ACS and data on
HEV, EV, and total vehicle ownership from PennDOT.

« Potential for Public and Workplace EVSE. DVRPC also identified areas with the highest
potential for public and workplace installation of EVSE, using spatial data on employment,
roadway and interchange volume, and major destinations.

To estimate EV demand, the project team combined information about the characteristics of
current EV owners with assumptions about the importance of these characteristics moving
forward. For instance, surveys indicate that most EV owners own their home and live in a
single-family residence, which often provides access to a dedicated garage. In the future,
however, a confluence of factors (e.g., more affordable EVs and/or more EV offerings,
streamlined installation procedures, and increased deployment of public EVSE) will likely
decrease the importance of having access to a dedicated garage.

2% Marc Sobelman (ECOtality), e-mail message to author, February 12, 2013.
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The following sections describe the data and methodology used to estimate EV demand in
southeastern Pennsylvania, as well as the results of this analysis. Because of the small number
of EV owners in the study area, there are not sufficient data on the characteristics of EV buyers
to carry out an objective statistical analysis. Thus, the approach described here is inherently
subjective. However, it is grounded in existing research on EV buyers (see Section 5.3.2) and
on the project team’s knowledge of consumer vehicle purchasing patterns.

5.3.1 Background: Survey Research of EV Owners
Surveys of EV owners informed the analysis of EV demand in southeastern Pennsylvania.
Table 11 summarizes the information gathered through various surveys regarding the
characteristics of early EV adopters.
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1. California EV survey
vehicles: only LEAFs
region: California

2. Bay Area LEAF survey
vehicles: only LEAFs
region: SF Bay Area, CA

3. Tal et al, California
Survey
vehicles: mostly LEAFs
region: California

4. Chevrolet information

5. Nissan information

Source: California Center for Sustainable Energy, “California EV Owner Survey,” data collected in February 2012, accessed June 2013,

Table 11. Early EV Adopter Survey Statistics

[ Income |l Home Ownership Dwelling Type Vehicles Available Jll Hybrid ownership

54%, $150k +
25%, $100k-$150k
18%, $50k-$100k
3%, <$50k

n/a

46%, $150k +
37%, $100k-150k
16%, declined

Average income,
$170k

Household income,
$159k

n/a

n/a

96% own their home

n/a

Home value of $640k

91% in single-family w/
an attached garage

6% single-family,
detached garage

3% in apartment

<1% other

n/a

96%, single-family
house

n/a

n/a

n/a

n/a

34% HEV owners

32% owned a HEV
before they
purchased EV

11% replaced a HEV
w/ an EV

25% own HEV and EV

7% of buyers replaced
a Toyota Prius HEV
with the Volt

http:/fenergycenter.org/index.php/incentive-programs/clean-vehicle-rebate-project/vehicle-owner-survey; Bay Area Air Quality Management District, “Bay Area LEAF
Survey,” data analyzed by ECOtality and ICF, October 2012; Tal, G, Nicholas, MA, Woodjack, J, Scrivano, D, “Who Is Buying Electric Cars in California? Exploring
Household and Fleet Characteristics of New Plug- In Vehicle Owners,” accessed June 2013, https://sites.google.com/a/ucdavis.edu/gil-tal/evs-market; Cristi Landy,
Chevrolet, “The Customer Experience: Reaching Buyers Beyond Early Adopters,” accessed June 2013,

http://umtri.umich.edu/content/Crisit.Landy. GM.Marketing.PT.2012.pdf; Nissan EV Information, handout from EVS26.
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The existing research presented above has several shortcomings, including potential overlap in
the survey populations, as well as survey timing, which excluded key developments in the EV
market. Regarding population overlap, surveys [1]-[3] and [5] in Table 11 likely included some of
the same LEAF buyers. With respect to survey timing, survey [1], which was one of the most
extensive, took place in February 2012, shortly before the Chevrolet Volt qualified for HOV lane
access in California and the Toyota Prius Plug-In became available to consumers. Thus, the
survey gathered information about AEV buyers (i.e., LEAF buyers) but did not collect
information about PHEV buyers (e.g., Volt or Prius Plug-In buyers).

Since the introduction of the Volt and Prius Plug-In, the EV market has shifted toward PHEVs—
the Volt and Prius Plug-In now outsell the LEAF by a combined factor of 5 or 6 to 1. This shift
has implications for EV demand projections because different consumers purchase different
types of EVs. For example, drivers with garage access are more likely to purchase an AEV than
drivers with no garage. Garage access does not affect PHEV decisions as much.

Acknowledging the shortcomings of the research, the project team used the survey data to
identify common characteristics of EV owners: high income, current or previous HEV ownership,
single-family home ownership, access to at least one other vehicle, and high education level
(not shown in Table 11 above).

5.3.2 Consumer Profiles

5.3.2.1 Household Profiles

The project team defined four household profiles, or categories of EV consumers, and
determined how many households in southeastern Pennsylvania matched each profile. This
analysis helps to estimate the number of households that will purchase EVs in the region.

Based on the analysis of factors influencing EV adoption, the project team developed criteria for
the following household profiles: early adopters, likely adopters, possible adopters, and unlikely
adopters. The team prioritized “access to other vehicles” when defining the profiles, and
households with fewer than two cars immediately fell into the “unlikely adopters” category. The
criteria for each profile are provided below.

« Early Adopters: Early adopters have a high income that enables them to finance the
$5,000 to $25,000 incremental cost of EVs, and the $1,000 to $2,000 purchase and
installation cost of EVSE. Early adopters also live in single-family homes and own their
own home, given that installing EVSE at a MUD or finding a MUD that offers residential EV
charging stations can currently prove challenging.

e Likely Adopters: Likely adopters have similar characteristics to early adopters, but they
have slightly lower incomes.

¢ Possible Adopters: Possible adopters may hesitate to purchase an EV because of cost or
may wait for a more robust EVSE network to build up before purchasing an EV. These
households have varying income levels and dwelling types
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Unlikely Adopters: Unlikely adopters include households with fewer than two vehicles, income
less than $75,000, or income less than $100,000 and a rented home. Of all the household
profiles, unlikely adopters react most to vehicle pricing, due to household income. Depending on
future vehicle pricing (as a result of factors such as decreased battery cost, increased gasoline
prices, or innovative financing), higher income individuals in the unlikely adopters profile could
move into the possible adopter or likely adopter categories in the mid to long term. Table 12
reviews the characteristics of the four household profiles.

Table 12. Early, Likely, Possible, and Unlikely EV Adopter Characteristics

Characteristics

Income Rent or Own Dwelling Type  No. of Vehicles
Single Detached
Early Adopter $150K + Own , At least 2
Single Attached
$100 to Single Detached
: Own .
Likely Adopter $150K Single Attached At least 2
$100K + Rent Single Detached
$150K + Own Multifamily building
Possible $100K + Rent Single Attached
. At least 2
Adopter Single Detached
$75K to 100K Own ,
Single Attached

- = - Fewer than 2
Unlikely Adopter < $75K - - -
< $100K Rent - -
Source: DVRPC, 2013.

The project team used the DVRPC household travel survey'® to help quantify the potential
consumer market associated with each profile. The most recent household survey was
conducted in 2000 and includes information on 2,588 vehicles in five counties. The data were
based on 24-hour diaries and follow-up phone interviews with households. The DVRPC survey
requested information on each trip taken, which allowed researchers to calculate daily vehicle
circuit length, defined as the round trip distance (in miles) that each household vehicle traveled
on the survey day, regardless of driver.

The team determined how many DVRPC travel survey respondents fell within each EV adopter
category (including only the respondents that reported trip circuit lengths). Table 13 shows the
number of households, as well as the share of all respondents, in each category.

% DVRPC, “Transportation for the 21st Century Household Travel Survey: Travel Survey Results for the DVRPC Region,”
accessed June 2013, http://www.dvrpc.org/reports/01028.pdf.
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Table 13. Early, Likely, Possible, and Unlikely Adopters in Southeastern Pennsylvania
based on DVRPC Travel Survey

Percentage of Respondents
No. of Households Reporting Circuit Lengths

Early Adopter 114 4%
Likely Adopter 320 12%
Possible Adopters 417 16%
Unlikely Adopters 1,674 65%

Source: DVRPC, 2013.

This household profile analysis estimated the number of early, likely, possible, and unlikely EV
adopters in the region. Based on this analysis, early adopters are expected to represent
approximately four percent of the households in southeastern Pennsylvania, while likely
adopters and possible adopters are expected to comprise 12 percent and 16 percent,
respectively. The percentage of households represented by each profile aligns with other
market forecasts of near-term EV deployment.

5.3.2.2 Vehicle Circuit Lengths and Profiles

To further refine the characterization of consumer profiles, the project team also considered the
ability of EVs to meet a given driver's commuting needs. In other words, to what extent can EVs
available today and EVs forecast to be available to consumers fulfill their commuting needs?
Figure 3, below, indicates the distribution of the distance traveled by vehicles garaged in
southeastern Pennsylvania that are used to commute to work. The blue vertical arrows indicate
the distance each vehicle can travel on a single charge, according to the US EPA. The red
horizontal bars indicate what the literature indicates the range is in practice.

This chart shows, for instance, that on a typical day, 82 percent of all passenger vehicles used
in the region travel 40 miles or less (more or less within the all-electric range of the Chevrolet
Volt) and that 97 percent travel 70 miles or less (within the range of the Nissan LEAF). This
information is derived from DVRPC’s most recent household travel survey. Although this
information is more than a decade old, it is the most recent available (DVRPC expects the next
household travel survey to be completed in 2013). Given the relatively mature development of
southeastern Pennsylvania, DVRPC does not expect a dramatic shift in the pattern of
commuting.
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Figure 3. Percentage of Vehicles Traveling Specified Distances for Commuting
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Source: DVRPC, 2013.

The table below breaks down these data regarding vehicle circuit lengths further to refine the
estimates of early, likely, and possible EV adopters developed in the household profile analysis.
Table 14 shows the number of early adopter, likely adopter, and total respondents that reported
each vehicle circuit length range.

Table 14. Vehicle Circuit Lengths in Miles Derived from DVRPC Travel Survey

Percentage of Drivers Traveling Various
Vehicle Circuit Lengths (in miles)

Early Adopter ~ 43% 31% 16% 1%
Likely Adopter  40% 7% 4% 8%
Allrespondents  50% 2% 2% 6%

Source: DVRPC, 2013.
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As shown in Table 14, above, about 90 percent of early adopters and likely adopters have
vehicle circuit lengths less than 60 miles; this vehicle circuit length is within the range of AEVs
on the road today. Furthermore, about 75 percent of early adopters and likely adopters have
vehicle circuit lengths that could be traveled in all-electric mode in the Chevrolet Volt (with an
all-electric range of about 40 miles). Finally, about 40 percent of early adopters and likely
adopters have vehicle circuit lengths that are with the all-electric range of PHEVSs, such as the
Ford C-MAX Energi. Moreover, many of these vehicle circuit lengths could be satisfied using
PHEVs with an even lower all-electric range, such as the Toyota Prius Plug-in.

As previously mentioned, the household profile analysis estimated that early adopters represent
four percent of the total households. However, according to the circuit length analysis, about 10
percent of early adopters have circuit lengths greater than 60 miles. Most PHEVs can travel
between 10 and 40 miles per charge; most AEVs can travel 50 to 120 miles per charge.
Because some AEVs cannot cover 60 miles or more on one charge, the trip circuit length
analysis supports lowering the forecast for early adopters to account for the drivers that will not
be able to use EVs to meet their driving needs.

5.3.3 Potential EV Demand in Southeastern Pennsylvania

Based on the survey research conducted to date (see Table 11) and data availability, the project
team identified the following key characteristics to determine potential EV demand in
southeastern Pennsylvania:

e Income;

e Hybrid ownership;
e Home ownership;

* Dwelling type; and
o Education.

The project team gathered data on all of the parameters identified above at the census block
group level. The five Pennsylvania counties in the study area—Bucks, Chester, Delaware,
Montgomery, and Philadelphia—comprised 2,979 census block groups.

After identifying key parameters for analysis, the project team developed a framework to assign
scores to each census block group based on demographic and HEV ownership data. The
scores represent likelihood for EV demand, with higher scores indicating greater likelihood of
demand. The following sections explain the scoring process for each parameter.

5.3.3.1 Income
Income is currently a good indicator for EV ownership. The project team considered the income
brackets identified in Table 15.
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Table 15. Income Groupings Assessed in EV Demand Analysis

| Group [l Income Level (in USD)

$0 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 to $149,999
$150,000 to $199,999
$200,000+

o g A WODN -

Source: DVRPC, 2013.

Each census block group was scored based on the percentage of its population in each of these
income brackets. In other words, if a census block group had 100 percent of its residents in the
$200,000+ income bracket, it received the maximum score. The income score accounted for 60
percent of the total score used to assess potential demand.

5.3.3.2 HEV Ownership

At the request of DVRPC, and in accordance with all laws and regulations governing the
provision of such data, PennDOT provided relevant data on all passenger vehicles registered in
the five counties of southeastern Pennsylvania. Specifically, PennDOT provided data for the
data elements shown in Table 16 below.

Table 16. Data Elements for PennDOT Data on Passenger Vehicles Registered in
Southeastern Pennsylvania

Data Element Brief Description

Owner or Lessee, as appropriate. Address information was
Address - :
discarded once location was geocoded.

Make Code Vehicle Make (e.g., GM)
Model Code Vehicle Model (e.g., Volt)

Identifies fuel that is used in the vehicle (i.e., gasoline, diesel,

Fuel Type hybrid, propane, natural gas, electricity, or other)

VIN Vehicle Identification Number

Source  PennDOT, 2013.

This dataset, current as of mid-April 2012, provided information on 2,225,595 passenger
vehicles. DVRPC staff used indicators in the Fuel Type, Make Code, Model Code, and Vehicle
Identification Number (VIN) fields to identify the total number of HEVs and EVs in the region.
The project team determined that there were 18,674 HEVs or EVs in the region, of which 13,421
were Toyota Priuses. DVRPC geocoded the vehicle addresses and aggregated the data by
census block and census block group for subsequent analyses.
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HEV ownership typically correlates with income, as well as other factors (e.g., environmental
stewardship and gasoline price sensitivity), which also correspond with interest in EVs. The
project team used household HEV ownership to develop a score for each census block group
based on its percentile ranking in HEV ownership relative to all census block groups in the study
region. The groupings used in the analysis are shown in Table 17 below.

Table 17. HEV Ownership Groups Considered in EV Demand Analysis

Percentile of HEV
Group | ownership
60" percentile
80" percentile

90" percentile

95™ percentile

a A O N =

98™ percentile
Source: DVRPC, 2013.

HEV ownership accounted for 25 percent of the total score used to assess the potential EV
demand at the census block group level.

5.3.3.3 Home Ownership

Households that own their property are more likely to purchase an EV, according to market
research conducted by Nissan and Chevrolet and surveys conducted by the University of
California, Davis. Home ownership reduces both financial and nonfinancial barriers to EVSE
deployment. In the near term, home ownership will continue to be an important factor in EV
adoption.

Because home ownership correlates with income, the project team used this parameter to
distinguish among census block groups that already have high scores based on their income
profiles. The project team assigned additional points to each census block group that had a
higher-than-median income and higher-than-median home ownership for the region. This
parameter contributed five percent of the total potential score for a census block group.

5.3.3.4 Dwelling Type

Dwelling type plays a role in EV adoption because drivers generally charge their EVs at
home.'*® Dwelling type affects the ease with which drivers can install and access EVSE at
home.

Typically, single-family detached homes present the fewest barriers to EVSE deployment
because they often include a dedicated garage or parking spot. Consumers living in MUDs tend
to encounter more barriers to EVSE deployment, including homeowner association (HOA)
restrictions, high installation costs (installation at MUDs can require trenching or additional

126 Nearly all AEV buyers and approximately 50 percent of PHEV buyers install Level 2 EVSE at their homes
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metering), and limited space for or access to electric infrastructure.’®” However, barriers to EV
ownership for MUD residents are expected to diminish as regions streamline EVSE installation
procedures and deploy more public EVSE.

The dwelling type factor was incorporated in the analysis only for census block groups where
both income and percentage of single-family residences were above the median. Because the
project team expects barriers for EV deployment at MUDs to diminish, it weighted this
parameter at six percent of the total score.

5.3.3.5 Education

This analysis included education as a parameter for EV ownership to add granularity to the
geographic distribution of EVs in the region. Education was considered only for census block
groups with above-median income and above-median number of households with higher
education. This parameter accounted for three percent of the total maximum score.

5.3.3.6 Results

The project team used the aforementioned parameters to develop an EV score for each census
block group. The scores for each census block group are shown in Figure 4; note that the
scoring was normalized to a scale of 0 to 100.

The scores shown in Figure 4 below were used in conjunction with the EV forecasts (see
Section 5.4) to develop a map of likely EV ownership in the study region, as shown in Figure 5
below. These data were also used to develop estimates for the percentage of EVs in each
census block group by 2020, as shown in Figure 6.

2" R.L. Graham, et.al, “Wise Investment in Electric Vehicle Charging Infrastructure through Regional Planning,” presented at

EVS26, Los Angeles, CA, 2012.
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Figure 4. Areas With the Highest Potential for EV Ownership in Southeastern Pennsylvania
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Figure 5. Projected EV Distribution in Southeastern Pennsylvania, 2020
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Sources: DVRPC, 2012; PA DEP, 2012; PennDOT, 2012;
U.S. Census Bureau American Community Survey, 2006-2010 5-Year Estimates.
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Figure 6. Projected Percentage of Vehicles that are EVs, 2020
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These data can help policymakers and stakeholders in the region prepare for EV adoption. For
instance, as discussed in Section 10, PECO used these data to understand the potential utility
grid impacts of EV adoption in the study region. Similarly, EVSE providers can use these data
for planning purposes as they seek to deploy supporting charging infrastructure in the study
region. Finally, local governments can use these data to help understand where EV owners are
most likely to reside and to provide targeted support to expedite readiness in areas with high
potential. Generally, these data should be used to weight EV distribution in any forecasting
exercises relevant to the region.

5.3.4 Areas with Highest Potential for Public and Workplace EVSE

In section 5.3.2.2, the project team highlighted the importance of commuting distances as a
determinant for the suitability of EVs to meet a given driver's commuting needs. Another key
determinant regarding the long-term potential for EVs is the amount of time that a vehicle
remains parked at work. Although most EV drivers will likely charge their vehicles at home, the
availability of nonresidential EVSE—particularly workplace EVSE—will be a key aspect of EV
adoption moving forward. The opportunity to charge at work may provide additional security to
AEV owners or increase the number of all-electric miles traveled by PHEV owners. Figure 7
shows, for those vehicles used to commute to work, the percentage of vehicles that are parked
at work for at least the specified time."?® For instance, this chart shows that 90 percent of all
vehicles are parked for at least four hours (240 minutes) and that 80 percent are parked for at
least six hours (360 minutes). These data are derived from DVRPC’s household survey.

The figure below also includes the miles of all-electric range that Level 1 and Level 2 charging
at workplaces could potentially provide. For instance, an EV parked for 240 minutes (or four
hours) will be charged with enough electricity to travel 16 miles using Level 1 charging or 60
miles at Level 2 charging. This figure helps demonstrate the significant potential for workplace
charging in the study region. It also indicates that much of this charging can be met with less
expensive Level 1 charging.

'28 Note that for cars that are moved during the day (e.g., to buy lunch), the total of all time parked at work is indicated.

Volume II: Technology Overview, Detailed Analyses, and Appendices




Ready to Roll! Southeastern Pennsylvania’s Regional Electric Vehicle Action Plan

Figure 7. Percentage of Vehicles Parked at Work, for Specified Time Intervals
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Source: DVRPC, 2013.

DVRPC carried this analysis one step further and identified the areas with the highest potential
for public and workplace installation of EVSE using spatial data on employment, roadway and
interchange volume, and major destinations. DVRPC identified the areas of greatest
employment density within employment centers. It also identified high-volume transportation
roadways and intersections using travel modeling and traffic count data. Major destinations of
regional importance include airports, large general hospitals, major business parks, and major
shopping centers, as well as cultural establishments, including museums, major music venues,
casinos, large movie theaters, and sports stadiums. Figure 8 shows the locations of these
venues along with locations of current or planned EV charging stations (provided by PA DEP).
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Figure 8. Areas with Highest Potential for Public and Workplace Charging
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These maps are not intended to constrain the deployment of public and workplace EVSE.
Instead, they provide useful guidance for stakeholders and local governments seeking to
support EVs on the road by providing additional charging opportunities. As early EV adopters
seek more opportunities to charge in nonresidential locations, it will be important to have a
highly visible network of EVSE. This network will help expand the charging opportunities for
early adopters, while also sending the right market signals to likely EV adopters, i.e., that there
will be ample opportunity to charge their vehicles, thereby maximizing vehicle operations
savings, while mitigating any perceived inconvenience of limited range.

5.4 2012-2015 Projections of EV Deployment in Southeastern

Pennsylvania
This section builds upon the EV demand analysis to forecast future EV deployment in
southeastern Pennsylvania, based on sales data, an understanding of existing regulatory and
economic drivers, and existing EV deployment projections for other regions.

Prior to recent vehicle price cuts for the Nissan LEAF, sales of PHEVs such as the Toyota Prius
Plug-In, Chevrolet Volt, and Ford C-Max Energi were increasing more rapidly than sales of the
Nissan LEAF (an AEV). Other OEMs have also reduced lease pricing and are offering cashback
incentives to consumers for AEVs; however, it is unlikely that the near-term trend in AEV sales
out-performing PHEV sales will continue. For instance, in a recent survey of automobile
executives conducted by KPMG, nearly one third of respondents indicated that their firm’s
biggest investments over the next five years will be in plug-in hybrid technology, second only to
ICE downsizing."®® Based on these data, the project team assumed that PHEVs will outsell
AEVs through 2020.

In addition to sales data, the project team considered regulatory drivers, such as the federal
CAFE standards, when developing