FILED
January 20, 2017
Data Center
Missouri Public
Service Commission

Exhibit No: 500

Issue: Electric Vehicle Charging Pilot
Witness: Douglas Jester

Type of Exhibit: Rebuttal Testimony
Sponsoring Party: Sierra Club

Case No. ET-2016-0246

Date testimony prepared: Nov. 29, 2016

BEFORE THE PUBLIC SERVICE COMMISSION
OF THE STATE OF MISSOURI

In the Matter of the Application of Union
Electric Company d/b/a Ameren Missouri for
Approval of a Tariff Setting a Rate for
Electric Vehicle Charging Stations

File No. ET-2016-0246

REBUTTAL TESTIMONY OF DOUGLAS JESTER

ON BEHALF OF SIERRA CLUB

NOVEMBER 29, 2016

SIUva Eninit NS00
ated o1 Reporter_ MAA
File No&EL ~ 20l ~ 024,




TABLE OF CONTENTS
REBUTTAL TESTIMONY OF DOUGLAS JESTER

QUALIFICATIONS AND PURPOSE OF TESTIMONY ..o 1
AMEREN MISSOURI’S ELECTRIC VEHICLE CHARGING PROPOSAL ......cccovsrinvannes 5
THE COMMISSION SHOULD ACT TO ACCELERATE EV ADOPTION.......coimuvinnimnnns 7
UTILITY EV CHARGING PROGRAM STRUCTURE......cooinviniinnnrirmronisassnisniens 21

PROMOTING DEVELOPMENT OF A COMPETITIVE EV CHARGING MARKET ... 27

SPECIFIC VEHICLE CHARGING RECOMMENDATIONS.....cccveimnnnmmmnsnimmisenineies 31



10

11

12

13

14

15

16

17

18

19

20

21

QUALIFICATIONS AND PURPOSE OF TESTIMONY
State your name, business name and address.

My name is Douglas B. Jester. I am a principal of 5 Lakes Energy LLC, a Michigan
limited lability corporation, located at Suite 710, 115 W Allegan Street, Lansing,

Michigan 48933.
What is the purpose of your testimony?

In its Order' of 26 October 2016, this Commission suspended implementation of Ameren
Missouri’s proposed tariff for direct current fast charging of electric vehicles at public
stations in its service territory, pending additional testimony and briefing in this case. The
Commission subsequently ordered a procedural conference on 2 November 2016 to
establish the procedure to be followed in response to that Order. According to the
transcript of that procedural conference’, the Commission requested testimony and
briefing that would include “information about the Commission’s jurisdiction, whether or
not the Commission should regulate this type of activity, and policy reasons for and
against regulation.” I offer this testimony in response to both the Commission’s request
and in response to the direct testimony filed by Ameren Missouri in this case. I am
testifying that:

* the Commission should act to accelerate adoption of electric vehicles through

utility engagement in electric vehicle charging infrastructure,
* the Commission should take steps to ensure that vehicle charging will be well

integrated with the electric power system in order to maximize benefits, and

! Order Regarding Tariff, File No, ET-2016-0246 (filed October 26, 2016).
2 Transcript Volume 1 (Procedural Conference 11-2-2016), File No. Et-2016-0246 (filed November 21, 2016) at
page 9, line 21 through page 10, line 7.
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the Commission should take steps to enable development of a competitive

vehicle charging market, while supporting utility engagement in this market.

On whose behalf are you appearing in this case?

[ am testifying on behalf of the Sierra Club.

Summarize your experience in the field of electric utility regulation.

I have worked for more than 20 years in regulating the electricity industry and in related

fields. My work experience is summarized in my resume, attached as Schedule SC-1.

Have you testified before this Commission or as an expert in any other proceeding?

I have not testified before this Commission.

I have testified before the Michigan Public Service Commission in

Case U-17473 (Consumers Energy Plant Retirement Securitization)

Case U-17096-R (Indiana Michigan 2013 PSCR Reconciliation)

Case U-17301 (Consumers Energy Renewable Energy Plan 2013 Biennial
Review);

Case U-17302 (DTE Energy Renewable Energy Plan 2013 Biennial Review);
Case U-17317 (Consumers Energy 2014 PSCR Plan);

Case U-17319 (DTE Electric 2014 PSCR Plan);

Case U-17674 (WEPCO 2015 PSCR Plan);

Case U-17679 (Indiana-Michigan 2015 PSCR Plan);

Case U-17689 (DTE Electric Cost of Service and Rate Design);

Case U-17688 (Consumers Energy Cost of Service and Rate Design);
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. Case U-17698 (Indiana-Michigan Cost of Service and Rate Design);

. Case U-17762 (DTE Electric Energy Optimization Plan);

. Case U-17752 (Consumers Energy Community Solar);

. Case U-17735 (Consumers Energy General Rates);

. Case U-17767 (DTE General Rates);

. Case U-17792 (Consumers Energy Renewable Energy Plan Revision);

. Case U-17895 (UPPCO General Rates);

. Case U-17911 (UPPCO 2016 PSCR Plan);

. Case U-17990 (Consumers Energy General Rates); and

. Case U-18014 (DTE General Rates).

I have also testified before the Public Utility Commission of Nevada in

. Case 16-07001 (NV Energy 2017-2036 Integrated Resource Plan)

In the past, I have testified as an expert witness on behalf of the State of Michigan before
the Federal Energy Regulatory Commission in cases relating to the relicensing of hydro-
electric generation. 1 also have been listed as a witness on behalf of the State of
Michigan, prepared case files and submissions, and been deposed in cases before the
United States District Court for the Western District of Michigan and the Ingham County
Circuit Court of the State of Michigan, concerning electricity generation matters in which

the cases were settled before trial.
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Do you have specific qualifications in relation fo electric vehicle charging
infrastructure?

In 2010, I served as an active member of the Michigan Public Service Commission’s
electric vehicle charging collaborative.

In 2012, my colleagues and I at 5 Lakes Energy, on behalf of the Pew Charitable Trusts,
engaged stakeholders in a number of States in roundtable discussions about the
development of electric vehicle infrastructure and drafted a report about best practices,

which informed Pew’s subsequent work in this field.

In 2015 and 2016, my colleagues and I at S Lakes Energy produced integrated resource
planning tools for least-cost compliance with the Clean Power Plan in ten states. These
tools incorporate means to model the potential effects of various levels of electric vehicle

market penetration on the electricity system.

Most recently, I testified extensively before the Michigan Public Service Commission in
Case U-17990, concerning an electric vehicle charging infrastructure proposal by

Consumets Energy.

What schedules, if any, are attached to your testimony?

SC-1 Resume of Douglas B. Jester

SC-2  NRC on Overcoming Barriers to Deployment of Plugin EVs

What materials have you reviewed in preparation for your testimony?

I reviewed Ameren Missouri’s application in this case and subsequent submissions to the

docket. In addition, there is a substantial literature on electric vehicles and electrical
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vehicle charging that | have routinely read over the last several years. In addition, I cite

sources from my accumulated personal library on relevant subjects.

AMEREN MISSOURPS ELECTRIC YEHICLE CHARGING PROPOSAL

Please summarize Ameren Missouri’s proposal to develop electric vehicle charging
infrastructure?

On 15 August 2016, Ameren Missouri filed with the Commission an “Application for
Approval of a Tariff Authorizing a Pilot Program for FElectric Vehicle Charging
Stations.” By this application, secks authorization to install and operate electric vehicle
charging stations at five sites along I-70 between the City of St. Louis and the City of
Boonville, as well as a sixth site in Jefferson City. Each of these charging sites would be
available for use by the general public and would feature a combination of DC fast-
charging and Level 2 AC charging, which would allow access to every type of industry-
standard electric vehicle plug. Customers making use of these stations would pay
Commission-approved rates for these vehicle charging services.

Through this pilot program, Ameren Missouri addresses the currently unmet need for a
public network of easily accessible charging stations for vehicles traveling along the
castern half of Missouri’s I-70 corridor. Ameren Missouri also hopes to learn a number of
things relevant to future provision of electric vehicle charging stations, and to share those

learnings with the Commission and other utilities.
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work performance. Nitrous oxide is the primary precursor of ozone—also known as
smog—which causes respiratory distress including asthma exacerbations, may cause
structural alteration of lungs, and is increasingly understood to cause premature death.
Missouri is currently violating the 2008 and 2015 National Ambient Air Quality

Standards (“NAAQS”) for ozone.®

Fine particulate matter, another pollutant for which St. Louis is in nonattainmentg,
aggravates respiratory and cardiovascular problems and has been implicated in heart
disease, lung discase, and miscarriages. National studies'® suggest that these are
substantial, with premature deaths due to vehicle emissions exceeding those due to
vehicle crashes by more than 50%. Caiazzo et al.'' estimate that Missouri annually
suffers 1,192 premature deaths due to PM2.5 and ozone from vehicles. Vehicle
electrification along with cleaner electricity generation can ciearly reduce these emissions

and their health effects.
Q. How does vehicle electrification mitigate climate change?

A. Combusting fossil fuels in vehicles produces carbon dioxide and nitrous oxide, two
important greenhouse gases. In 2014, the US EPA'? found that 26,3% of greenhouse gas

emissions in the US in 2014 were from transportation fuels.”? In 2016, the US Energy

® 8t. Louis, in particular, has struggled to meet the 2008 and 2015 ozone standards. In the St. Louis area, the “design
vatue” for ozone levels from 2012-2014 was 78 parts per biltion (“ppb™), and from 2013-2015 was 71 ppb,
compared to 75 ppb for the 2008 standard and 70 ppb for the 20135 standard, respectively.

®U.S.EPA. (2015). Current Nonattainment Counties for All Criteria Pollutants.
http:/Awww.epa.goviairquality/ereenbook/ancl it

' See Caiazzo, Fabio et al. 2013. Air Pollution and Early Deaths in the United States. Atmospheric Environment 79:
198-208.

" Tbid., Table 5.

2 EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2014. April 15, 2016, available from
https://wwiw.epa.gov/sites/production/files/2016-04/documents/us-ghg-inventory-2016-main-text.pdf

" Missouri’s own carbon emissions are consistent with this nationwide finding. In 2013, the US Energy Information
Administration found that the state’s transportation sector accounted for 27% of the state’s carbon emissions, See
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Information Administration found that found that carbon emissions from the
transportation sector exceeded those from the power sector for the first time since 1979,
Thus, any comprehensive effort to mitigate climate change requires significant reductions

in fossil fuel use in vehicles.

All analyses of strategies to mitigate climate change that I have read conclude that
substantial reduction of greenhouse gas emissions from vehicles is a necessary step'”, and
that the most likely path to ..do_._s:o ;s vehlcle éleé.:trliﬁcz.i.t'i.{;n.'él. in Cémgiﬁation with
reductions in the carbon intensify of electric power production.!” Moreover, multiple
studies have shown that vehicle electrification reduces greenhouse gas emissions even
with current generation portfolios. For example, a recent report'® by the Union of
Concerned Scientists illustrates in the following map that electric vehicles charged in
Ameren Missouri’s service territory produce greenhouse gasses equivalent to those from
a gasoline vehicle that averages 36 miles per gallon, which is higher than the vast

majority of gasoline-powered vehicles':

U.S. Energy Information Administration. (2015). State Carbon Dioxide Emissions,
hitp://www.eia.gov/environment/emissions/state/

i Energy Information Administration, http://www eia.gov/totalenergy/data/monthly/pdf/mer.pdf.

¥ E.g., Williams, J.H. et al. 2012, The Technology Path to Deep Greenhouse Gas Emissions Cuts by 2050: The
Pivotal Role of Electricity. Science 335: no 6064, pp 53-59.

'® On-board energy storage can be in the form of voltaic energy in batteries or hydrogen for use in fuel cells, either
of which would be charged using electric power.

17 See for example, http://unsdsn.org/wp-content/uploads/2014/09/US-Deep-Decarbonization-Report.pdf, which
concludes that, in concert with other power sector trends, 80-95% of all passenger vehicle miles traveled must come
from vehicles that use primarily electricity.

¥ Union of Concerned Scientists, 2015. Cleaner Cars from Cradle to Grave. Available from
http://www.ucsusa.org/clean-vehicles/electric-vehicles/life-cycle-ev-emissions#. V4v X Al-cFJ8.

' DOE also has a calculator at hitp://www.afdc.energy.gov/vehicles/electric_emissions,php that compares emissions
from powering an electric vehicle to emissions from a comparable internal combustion vehicle, For Missouri, this
calculator shows that EVs pollute about 28% less CO2.
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FIGURE £5-1. Electric Vehicle Global Warming Pollution Ratings and Gasoline Vehicle Emissions Equivalents by
Electricity Grid Region
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With announced coal plant retirements and replacement generation coming from a
mixture of renewable and natural gas generation, the benefits of vehicle electrification in

Missouri will accelerate.

Because only 15 to 17 million passenger vehicles are sold each year nationally, it will
take about 15 years of exclusively electric vehicle purchases to largely replace the fleet
with electric vehicles. Ramping electric vehicle penetration of new sales to 100% by
2035 will require that the annual increment of electric vehicle share of sales average
almost 5% per year beginning immediately. Thus, if vehicle electrification is necessary
for mitigating climate change, then near-term acceleration of electric vehicle adoption is

necessary.

10
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How does vehicle electrification improve energy security?

Despite the effects of fuel efficiency standards and recent increases in US oil production,
the United States still imports approximately 25% of our oil consumption and is not
currently projected to ever reach oil self-sufficiency.*® Because of the potential disruption
to the US economy due to international oil supply interruptions, the US invests
substantially in a strategic oil reserve and large military presence in oil-producing
regions.”!

Since electricity can be produced using a wide variety of technologies and fuels, and in
practice all of these are largely domestic, vehicle electrification will reduce the United
States’ exposure to oil-related risks. As a result, the US Department of Energy found®
that “reliance on oil is the greatest immediate threat to US economic and national
security.... Vehicle efficiency has the greatest short- to mid-term impact on oil
consumption. Electrification will play a growing role in both efficiency and fuel

. . . 2
diversification.””’

How does vehicle electrification positively impact local and regional economies and

increase macroeconomic stability?

Transportation is the single largest energy use sector in the state of Missouri, and as such,

plays a significant role in Missouri’s economy.”* In 2012, statewide expenditures on

**EIA, 2016. Annual Energy Outlook 2016. Available from http:/www.eia.gov/forecasts/aeo/.

21 POD, 2014. 2014 Quadrennial Defense Review. Available from

http://archive.defense.gov/pubs/2014_Quadrennial Defense Review.pdf.

*2DOE, 201 1. Report on the First Quadrennial Technology Review. Available from

http://cms.doe.gov/sites/prod/files/ReportOnTheFirstQTR.pdf.

B M.R. Copulos, and A.J. Liska & R.K. Perrin (2010) The Hidden Cost of Qil Securing Foreign Qil: A Case for

Including Military Operations in the Climate Change Impact of Fuels
* Department of Economic Development, Division of Energy, Missouri Comprehensive State Energy Plan (2015) p.
99, available at https://energy.mo.gov/energy/docs/MCSEP.pdf

11
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transportation fuels totaled $15 billion,” the vast majority of which flowed out of the
state. This is because Missouri is not a major oil producer or refiner, and therefore all
gasoline used for {ransportation purposes is imported to the state.?® Using electricity as
fuel, which can be locally or regionally sourced, can reverse this trend. In addition,
numerous studies indicate that the fuel savings and maintenance cost savings associated
with driving an EV translate into real and local economic benefits.?” Just the opposite is
true for money spent in the petroleum sector; according to the US Energy Information

Administration, greater than 80% of the cost of gasoline immediately leaves the local

28
economy.

Oil price and supply shocks have been a significant contributing factor to economic
recessions. “All but one of the 11 postwar recessions were associated with an increase in
the price of oil, the single exception being the recession of 1960, Likewise, ail but one of
the 12 oil price episodes listed in Table 1 were accompanied by US recessions, the single
exception being the 2003 oil price increase associated with the Venezuelan unrest and
second Persian Gulf War.”® Further, these episodes have particularly acute effects on the
automobile industry as is suggested by the following table of real GDP growth (annual

rate} and contribution of autos to the overall GDP growth rate in five historical oil shock

. 30
episodes.

2 Id, at 101,

*Id. at 101.

*"} Todd et al, Creating the Clean Energy Economy: Analysis of Electric Vehicle Industry (2013); California
Etectric Transportation Coaliton, Plug in Electric Vehicle Development in California: An Economic Jobs

Assessment (2012).
BUs. Energy Information Administration, Gasoline and Diesel Fuel Update. www.gin.gov/petroleum/gasdiesel/

% Hamilton, J. 2013. Historical Oil Shocks. Tn Parker, R. E..and R. Whaples, 20 13. Handbook of Major Events in
Economic History. Preprint available from http://feconweb.ucsd.edu/~jhamilton/oil_history.pdf.

3 1bid.

12
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Period GDP growth rate Contribution of autos
1974:Q1-1975:Q1 -2.5% -0.5%
1979:(02-1980:Q2 -0.4% -0.8%
1981:Q2-1982:Q2 -1.5% -0.2%
1990:Q3-1991:Q3 -0.1% -0.3%
2007:Q4-2008:Q4 -0.7% -0.7%

Since the auto industry has accounted for 4.5% to 2.8% of GDP*' during this period,
contributions of this magnitude to GDP change by the auto industry illustrates substantial
auto industry recessions, and in some cases the recession was entirely in the auto industry
while the rest of the economy grew, as indicated by an auto industry contribution to the

recession that is larger than the size of the recession itself.

The principal mechanisms by which oil shocks cause recessions are through large shifts
in balance of payments for oil imports and large shifts in automobile product mix demand
that cannot be satisfied with existing capacity®. Vehicle electrification will contribute to
reduced oil imports, weakening the transmission of oil shocks to aggregate demand.
Electricity prices are more stable than oil prices, so vehicle electrification will reduce or
eliminate the effects of oil prices on product demand shifts. Thus, vehicle electrification

will increase macroeconomic stability for the United States and for Missouri.
How does accelerating electric vehicle adoption potentially benefit clectric utility
customers?

Electric vehicle charging will increase electricity sales, which if well integrated into the

electric power system can dilute the fixed costs of transmission and distribution and

*! Bureau of Economic Analysis, from http://bea.gov/industry/gdpbyind_data.htm,

32 Hamilton, J. 2013. Historical Qil Shocks. In Patker, R. E..and R. Whaples, 2013. Handbook of Major Events in
Economic History. Preprint available from hitp://econweb.ucsd.edw/~jhamilton/oil_history.pdf.

13
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lower electricity rates for all utility customers. An electric vehicle “can be recharged
while its owner is sleeping, eating, working, or doing anything other than driving.”?
Consequently, if electric vehicle charging is well-integrated into the near-future electric
power system, it can “fill valleys” in load without proportionally increasing overall
capacity requirements; this can reduce the average cost of power for all utility customers.
As variable renewable resources like wind and solar generation gain larger shares of
electric power generation, flexible electric vehicle charging can add value to the electric
power system by facilitating the integration of these resources and balancing electricity

generation with demand; this can stabilize power flows and reduce the average cost of

power,
How much will vehicle electrification contribute to utility sales?

According to EPA fuel economy labels** for electric vehicles, current model electric
vehicles use between 28 kWh and 54 kWh per 100 miles, with most models that have
significant sales using between 35 kWh and 42 kWh per 100 miles. I assume for this
illustrative calculation that future vehicles will average 40 kWh per 100 miles. According
to the Federal Highway Administration®, vehicle miles traveled in Missouri in 2014
totaled 70,909 millions. If this amount of vehicle travel had been fully electrified, then
electric vehicles would have consumed about 28.364 TWh. This would have been a
33.8% increase in electricity sales. Of course, this amount will scale with electric vehicle

adoption and will therefore develop only gradually.

P NRDC, 2016, Driving Out Pollution; How Utilities Can Accelerate the Market for Electric Vehicles at 6.
Available from: hitp
¥ These can be viewed at fueleconomy.gov.

3% Available from the Federal Highway Administration at
hitp:/Awwiw. fhwa.dot.gov/policyinformation/statistics/20 1 4/vm2.clim,

14
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How much would vehicle clectrification dilute fixed costs of transmission and
distribution?

Many details are important to such a calculation, However, for a rough approximation [
perused the annual reports of major Missouri utilities and determined that approximately
70% of electric utility revenue is to recover generation costs and about 30% is for
transmission, distribution, customer service, and administration. If non-generation costs
could remain unchanged and generation costs per kWh were unchanged as a result of
adding load to fully electrify vehicle travel in Missouri, then average rates would be
reduced by about 8%%. In the alternative, rates could be held constant if generation costs
per kWh were unchanged and the costs of transmission and distribution increased by as
much as 33%. It is likely that some additions to distribution system costs, in particular,
will be required if electric vehicles are ubiquitous but nonetheless likely that the net
effect will be significant dilution of fixed costs of transmission and distribution over
enlarged electricity sales.

Does vehicle electrification cancel the benefits of Demand-Side Management
programs?

No. Ameren Missouri’s 2013 Demand-Side Management Potential Study’’ estimated
economic potential electricity efficiency as 22.9% of baseline 2030 sales absent energy
cfficiency programs. This is roughly two-thirds the amount of electricity as would be
required to fully electrify vehicle travel in Ameren Missouri’s service territory. While

vehicle electrification likely will counterbalance electricity sales reductions through

*% This is calculated by multiplying the generation share of costs by the percentage increase in load, adding
unchanged transmission and distribution costs, and dividing the result by the increased load.
37 Available at https:/www.ameren.com/-/media/Missouri-Site/Files/environment/renewables/irp/irp-chapter8-

appendixb-voll.pdf?la=en.
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increased efficiency, this does not diminish the value to customers of greater energy
productivity in their businesses and residences. Vehicle electrification, while adding back
the sales reduced by demand-side management, creates new value for customers and
society as described earlier in my testimony.

How much can “valley-filling” by electric vehicle charging reduce the average cost

of power?

Pacific Notthwest National Laboratory’® found that nationally there is sufficient
generation capacity to charge almost all passenger vehicles through “valley-filling”.
Missouri currently has total generation capacity of about 22 GW, providing
approximately 88 TWh per year for a load factor of about 46%. If vehicle electrification
added 28 TWh generation per year and this load was accommodated by “valley-filling”,
then this load factor would rise to 60%. A 60% load factor is somewhat high for most
utilities but not unreasonable with the load-scheduling flexibility of electric vehicles.
Assuming consistent with the current generation portfolio that generation capacity
represents an average of 35% of total utility costs and that fuel and other variable costs
represent an average of about 35% of total utility costs, then a revision®™ of the
calculation I made above concerning the dilution of fixed costs suggests that vehicle
charging would increase utility sales by 33.8% but only increase utility costs by about
12% so that rates would be reduced by 10.6%. In the alternative, rates could be held

constant if the incremental costs of transmission, distribution, and generation capacity to

* Kintner-Meyer, M., K. Schneider, and R. Pratt, Impacts Assessment of Plug-in Hybrid Vehicles on Electric
Utilities and Regional U.S. Power Grids, Pacific Northwest National Laboratory, November 2007,
energyenvironment.pnnl.gov/ei/pdf/PHEV Feasibility Analysis Partl.pdf.

** In this case, multiplying only the variable costs of generation by the increased load, adding the unchanged costs of
distribution, transmission, and generation capacity, then dividing the result by the increased load.

16
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support electric vehicle charging were less than 41% of the current costs of transmission,
distribution, and generation capacity.

In Driving Out Pollution, a report by Natural Resources Defense Council, the authors
present the following graph illustrating a similar but more detailed analysis for San Diego

Gas and Electric, consistent with my results,

FIGURE |: SDG&E COST OF SERVICE BEFORE AND
AFTER WIDESPREAD ELECTRIC VEHICLE ADOPTION
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To what extent can clectrie vehicle charging buffer the variability of wind and solar
generation?

Two strategies for integrating electric vehicle charging with generation from renewables
have been the subject of recent studies. One strategy focuses on integration at a utility
customer site, usually combining solar generation with building loads and electric vehicle
charging. The other, more relevant here, focuses on integration at utility scale. Flectric

vehicles and the electric grid: A review of modeling approaches, impacts, and renewable

17
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energy integration® is a good summary of some of that work which concludes that
“[t]he existing literature is fairly unanimous and conclusive in its assessment that EVs
can increase the amount of renewable energy that can be brought online while reducing
the negative consequences for the grid.” This conclusion is based in part on a number of
studies that look at regional and national scale balancing and show that smart electric
vehicle charging allows significantly greater increases in renewable generation than the
amount of vehicle charging load. With 50% of US electricity genération from wind, the
required regulation services can be provided by electrification of just 3.2% of the vehicle
fleet and operating reserves can be provided by electrification of 38% of the vehicle
fleet.!! In short, vehicle electrification is a key enabler of very high penetration of

renewable generation and is nearly sufficient for that purpose.

Missouri is far from a level of renewables penetration wher¢ electric vehicle charging or
other new storage options are necessary for renewablé ijés.ource integration to the grid.
However, given the current power éector market treﬁds aﬁd re.i.nforcing policies that are
shifting the nation’s generation mix towards greater renewables penetration, it is prudent
to prepare for the strategic integration of these resources and explore other valuable grid
services that electric vehicles can provide. Thus, the Commission should be mindful of
this long-run benefit but remain focused on the rate reduction that electric vehicles offer

through dilution of fixed costs and load “valley-filling”.

*O Richardson, D, 2013, Electric vehicles and the electric grid: A review of modeling approaches, impacts, and

renewable energy integration.
4 Kempton, W and J Tomic. 2005. Vehicle-to-grid power implementation: from stabilizing the grid to supporting
large-scale renewable energy. Journal of Power Sources 144: pp 280-294,

18
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What is the market coordination problem between electric vehicle adoption and

electric vehicle infrastructure development?

A driver is reluctant to purchase an electric vehicle unless vehicle charging infrastructure
is generally available, since the absence of charging infrastructure limits the uses of an
electric vehicle and hence reduces its value to the driver. On the other hand, businesses
cannot see a business case for providing electric vehicle charging infrastructure if there
not enough electric vehicles in use to provide sufficient use and revenue to repay the
investment. This problem is common in network industries and has been studied in
contexts including but not limited to information technology hardware, software,
telecommunications, broadcasting, markets for information, banks and ATMSs, and
airlines.”” The universal effect of these coordination problems is that such a market grows
or changes more slowly than the market optimum, sometimes to the point that it never
develops. The particular form of this coordination problem present in the case of electric
vehicle charging is called “indirect network effects”. Indirect network effects arise
because a decision by one driver to buy an electric vehicle increases the demand for
vehicle charging infrastructure, supply of which attracts electric vehicle purchase(s) by
other driver(s), thus one purchase indirectly increases other purchase(s). In the case of

electric vehicle charging, there are indirect network effects on both sides of the market.

*> See Shy, Oz. 2001. The Economics of Network Industries. Cambridge University Press.

19
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Why is this market coordination problem best addressed through utility

engagement in accelerated development of charging infrastructure?

The Market for Electric Vehicles: Indirect Network Effects and Policy Design is a recent
paper® that specifically estimates the quantitative elements of this coordination problem.,
The authors estimate that a 10% increase in the number of non-residential charging
stations will increase EV sales by 8% and that a 10% increase in the number of EVs will
increase non-residential charging station deployment by 6%. Thus any non-market
“shock™ to the supply of either electric vehicles or charging stations will produce a
“virtuous circle” of feedback between the two markets that will significantly accelerate
electric vehicle adoption. They further show based on their parameter estimates that a
given financial subsidy to electric vehicle infrastructure will increase electric vehicle
sales by more than twice the amount of increase if the financial subsidy is offered for

electric vehicle purchase.

Schedule SC-2 is a 2015 report of The National Research Council Committee on
Overcoming Barriers to Electric Vehicle Deployment. After examining the case for
various entities to provide electric vehicle charging infrastructure in various settings, the

committee concluded with respect to electric utilities:

“The electric utility companies could emerge as a willing source of capital for
public charging stations. That conclusion reflects the prospect that a network of
public charging stations would induce more utility customers to purchase PEVs,
which would lead not only to electricity consumption at the public chargers, but
also to much greater consumption of electricity at residences served by the
utilities, If public charging infrastructure drives greater eVMT and greater
deployment of vehicles, capital and variable costs for public infrastructure might
be covered by the incremental revenue from additional electricity that PEV

#1Li, S. etal. 2016, The Market for Electric Vehicles: Indirect Network Effects and Policy Design. SSRN 2515037.
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drivers consume at home, where roughly 80 percent of PEV charging takes place
(Francfort 2011).”"

No entity other than the electric utility is able to benefit from the indirect network effects
of providing non-residential charging stations, especially in settings where additional
market failures prevail (which I discuss below). It is therefore uniquely possible for a
utility to strategically scale and equitably locate charging infrastructure during early
development of the electric vehicle market. Thus it is logical that, if the Commission is
moved by the benefits described above to accelerate the adoption of electric vehicles,
then the logical strategy is to support utility investment in electric vehicle charging
infrastructure.

Further, because the utility already has established connections to its customer base it is
also well positioned to provide education and outreach to both potential electric vehicle
drivers and charging site hosts. The benefit of increased electricity sales from electric
vehicle load should also incentivize the utility to leverage ifs existing customer
relationships to meaningfully engage potential electric vehicle drivers and site hosts on

the aforementioned benefits of vehicle electrification.

UTILITY EV CHARGING PROGRAM STRUCTURE
How should utility programs be structured in order to accelerate electric vehicle
adoption?
They must comprehensively meet the growing vehicle charging needs of electric vehicle
drivers,

What is necessary to comprehensively meet the vehicle charging needs of electric

* National Research Council, Overcoming Barriers to Deployment of Plug-In Electric Vehicles (2015) at 92.

Available from http://www.nap.edu/catalog/21725/overcoming-barriers-to-deployment-of-plug-in-electric-vehicles
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vehicle drivers?

This is shaped by the technical possibilities for vehicle charging and depends on the type
of electric vehicle and driving pattern of the driver. Chapter 2 of Schedule SC-2 is a
detailed discussion of charging technologies. I summarize the most salient points here.

The industry has developed standards and equipment for three types of charging.

AC Level 1 Charging standard is for charging equipment that plugs into a 120 V wall
outlet and delivers up to 12 amps to a SAE J1772 plug that connects into a socket in the
car. AC Level [ equipment is typically carried in the car and enables charging wherever
there is access to a “wall outlet”. At 12 amps, an AC Level 1 charger transfers energy at a
rate of 1.4 kW. Each hour of AC Level 1 charging adds range of 4 to 5 miles, depending

on vehicle efficiency and driving conditions.

AC Level 2 Charging standard is for charging equipment that uses 240V, split-phase
alternating current circuit and connects to the car through a SAE J1772 plug. AC Level 2
charging allows up to 80 amps of current, which would transfer up to 19 kW power but
the on-board chargers (which convert AC to DC power) in most vehicles cannot accept
that throughput. Moreover, most residential circuits and many small commercial circuits
cannot support that much current, so common installations are 40 amps or less. Each hour
of charging at maximum current for AC Level 2 could add approximately 60 miles to
vehicle range but vehicle and circuit limits make 20 to 30 miles per hour of charging

more representative.

DC Fast Charging has multiple, competing, incompatible “standards™—the Tesla
Supercharger, CHAdeMO, and Combined Charging System (CCS). Tesla superchargers

only work with Tesla vehicles. Other vehicles, if they accept fast charging, are
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compatible with one, but not both, of the CHAdeMO or CCS connection. Faster charging
is accomplished by connecting a high-amperage direct current directly to the vehicle
battery, unlike the AC chargers which go through an AC-DC conversion on-board the
vehicle, CHAdeMO fast chargers typically are able to transfer energy at the rate of 44
kW, which can add range to a typical compatible vehicle at a rate of more than 100 miles

per hour of charging.

It should be apparent that AC Level 1 and AC Level 2 charging is suitable for either quite
limited driving range or long-dwell vehicle parking. Fast charging is intended to support
longer distance (highway) travel but still requires a stop of sufficient duration that most
customers will require comfort and alternative activity while waiting for charging to
complete.

A significant number of plug-in electric vehicle models are produced or have been
announced, with a variety of specifications. A number of them are intended for only local
use and are pure_ly electric wi£h modest battery capacity and AC charging (Limited-range
BEV). Two approaches have been taken for vehiéles that are used for greater distances.
Plug-in hybrid vehig:les (PHEV) can be poxver¢d éleé&iéally bgt_a_lso have on-board
engines such that in shoft—range usage they function aé eiectric vehicles but for extended-
range usage they function more like a typical gasoline hybrid vehicle. Long-range battery
electric vehicles (Long-range BEV) rely exclusively on electricity but use large batteries
and fast charging to support extended-range travel. Most recently announced models are

battery electric vehicles with range of at least 80 miles.”

* hitps:/Awvww. fueleconomy.gov/feg/pdfs/suides/FEG2016.pdf, which does not yet list the Chevrolet Bolt that is
reported to have a range of about 200 miles.
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Given these technologies, the evolving paradigm for charging infrastructure to
comprehensively meet the needs of electric vehicle drivers is to supply AC Level | or AC
Level 2 charging in places where people naturally park for extended periods and DC Fast
Charging along travel corridors. The various charging and vehicle technology
combinations and the related effects of infrastructure are well summarized in Table 5-1 of
Schedule SC-2, reproduced here for ready reference.

TABLE 5-1 Ettect of Charging-Infrastructure Categorics on Mainstream PEV Owners by PEV Class”

Infrastructure Category PEV Class Effect of Infrastructure on Mainstream PEV Owners
Interstate Long-range BEV : Range extension, expaids market
DC fast chiarge Limited-range BEV Not practical for long !rips

Range-extended PHEV . NA -not equipped

Muuuml PI[EV RN :_ NA —_nof equiﬁpéd E .
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The typical electric vehicle is driven 4% of the time, is parked at home 50% of the time,
and is parked elsewhere 46% of the time."® In most cases, the majority of time parked

elsewhere is at the workplace.

Where should charging infrastructure be deployed in order to enable electric

vehicle adoption?

In order to enable electric vehicle adoption, each infrastructure category needs to be

available to all potential electric vehicle drivers,

In particular, AC charging at home is a “virtual necessity” and must potentially be

available before a potential electric vehicle driver will make an electric vehicle purchase.

Employers with employees who commute any significant distance will need workplace
charging. For extended range travel using battery electric vehicles, fast charging must be
available along enough routes to effectively connect most trip origin-destination

combinations.
What is your evaluation of Ameren Missouri’s proposal by these criteria?

Ameren Missouri’s proposal primarily addresses the need for fast charging along
extended travel routes. This is appropriate for a pilot project and is also the infrastructure
category for which the market coordination problem is most acute; DC fast charging
stations have “high upfront costs” and “require significant revenues for the owner-

operator to achieve profitability.”"’

*® Natural Resources Defense Council, Driving Out Pollution: How Utilities Can Accelerate the Market for Electric
Vehicles at Exhibit 2. Available from: https:/www.irdc.org/sites/default/files/driving-out-pollution-report.pdf.

" Nick Nigro et al. (2015) Strategic Planning to Implement Publicly Available EV Charging Stations: A Guide for
Businesses and Policymakers. Available from: hitp://www.c2es.org/docUploads/ev-charging-guide.pdf.
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While access to home charging is commonly understood as foundational for EV

ownership, access to direct current (“DC”) fast charging likewise influences consumer’s

choices and is therefore an important part of a comprehensive charging network. One

critical benefit of DC fast charging is that it enables inter-city and long-distance travel

that is otherwise impossible or impractical for all-electric vehicle drivers.*® Further,

consumer research indicates that a “lack of robust DC fast charging infrastructure is

seriously inhibiting the value, utility, and sales potential” of typical pure-battery electric

vehicles.*” Consequently, increased access to DC fast charging stations must be achieved

in order to build an effective EV infrastructure that will drive EV adoption.

The foundational vehicle charging infrastructure category is home charging. However,

residents of multifamily housing may not be able to control individual parking places or

the use of charging infrastructure and may therefore face an insurmountable market

failure. This may be an appropriate topic for future consideration by Ameren Missouri

and the Commission.

The second-most important charging location is the workplace. Ameren Missouri’s

proposal also does not address this infrastructure category. It is feasible for many

employers to provide electric vehicle charging infrastructure in private parking lots and to

regulate the use of that equipment by its employees. Employees in urban downtown

areas, on the other hand, often rely on shared, public parking and may not be able to

make appropriate arrangements for electric vehicle charging infrastructure. This may also

warrant future attention by Ameren Missouri and the Commission.

¥ Nick Nigro et al. Strategic Planning to Implement Publicly Available EV Charging Stations: A Guide for

Businesses and Policymakers (2015} at 11.
* PlugShare, New Survey Data: BEV Drivers and the Desire for DC Fast Charging (March 2014).
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AC Level 2 charging like that proposed by Ameren Missouri can add value for an electric
vehicle owner. However, as these require long dwell times to provide significant driving
distance, the provision of Level 2 charging at the six locations proposed by Ameren
Missouri will provide “emergency” or convenience charging opportunity for some
vehicles that are not equipped for DC fast charging but are unlikely to promote electric
vehicle ownership,

Ameren Missouri’s proposed focus on Intercity Fast Charging stations is reasonable, and
is an appropriate pilot strategy. However, to stimulate significant electric vehicle
purchases, it will likely be necessary to provide a more comprehensive network in future

based on the experience that Ameren Missouri gains from this pilot.

PROMOTING DEVELOPMENT OF A COMPETITIVE EV CHARGING MARKET

Why should the Commission promote development of a competitive electric vehicle
charging market?

First, it is a well-established conclusion of economics that in the long-run effective
competition produces better prices and greater supply of services. Secondly, this is a
period of rapid innovation in the electric vehicle and vehicle charging markets and the
Commission should avoid locking-in a particular business model or set of technologies
for vehicle charging infrastructure.

How should the Commission promote development of a competitive electric vehicle
charging market, while supporting utility engagement?

1t is important to understand in some detail the structure of costs and scope of potential

competition for vehicle charging. The following diagram represents the approach Pacific
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Gas & Electric (PG&E) has taken to vehicle charging infrastructure and is a useful
reference for examining this question,

Electric Distributioninfrastructure
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Electric Distnbution Service Electric Vehicle Supply Equipment (EVSE}
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PEV infrastructure costs consist of three groups: the “EV Service Connection”; the “EV
Supply Infrastructurc”; and the “EV Charger Equipment.” The EV Service Connection
refers to the utility distribution infrastructure, including transformers, utility services, and
meters. The EV Supply Infrastructure is comprised of the electricity panels, conduit and
wiring.

The EV Charger Equipment to the right in this diagram is analogous to other end-use
equipment that is normally supplied by competitive markets; there are currently a number
of competitors in the marketplace for manufacturing, installing, and scrvicing such
equipment, This is also the locus of innovation activity in vehicle charging technology
and business models and should thercfore be the focus of any effort by the Commission

to promote development of a competitive market for vehicle charging.

There are three ways that competition can occur in this realm: utility procurement, utility-
facilitated market access, and open market competition. In the utility procurement

approach, the utility would specify and purchase equipment. To ensure that this approach
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fosters innovation in the EV services market and leverages the market expertise of third
party providers of EV services, utility specifications should specify “what” minimum
specifications equipment must meet but not “how” to meet them. Utility-facilitated
market access would provide a list of qualified vendors who will work with the utility but
could potentially allow competing business models and technologies to compete for
selection by the prospective site host. Open market competition would provide all of the
benefits of competition but risks shifting onto the site host considerable transaction costs
in the form of learning about clectric vehicle charging, vendor selection, coordination of
utility and vendor installation, and resolution of any operating problems. For the pilot
program, I recommend that Ameren obtain EVSE through utility procurement given the
small nature of the deployment (6 stations). I further recommend that the Commisston
require Ameren Missouri to facilitate open market competition in addition to either utility
procurement or utility-facilitated market access for its pilot, primarily by clarifying that
non-utility owners and operators of EV charging stations are not public utilities subject to
the Commission’s full jurisdiction solely by virtue of operating EV charging stations and
by establishing appropriate tariff(s) by which such non-utility owners and operators of
EV charging stations can obtain electricity for use in vehicle charging on terms

competitive with the utility’s self-supply for that purpose.

How do you recommend that costs of electric vehicle charging equipment be

recovered?

A, There are several approaches available, each of which can be compatible with

both development of a competitive market and with utility engagement in this market.
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The first alternative is to charge the electric vehicle driver in addition to the delivered
energy costs. However, during market development, when vehicle charging infrastructure
is leading vehicle sales, this approach may not be able to recover sufficient revenue at
reasonable prices. At the same time, during market development most charging stations
will be local monopolies in which unregulated pricing could be excessive, risking
electricity prices that eliminate fuel cost savings and may likely exceed gasoline prices,
so the Commission should ensure that pricing is appropriate for use of charging stations
in which Ameren Missouri invests, regardless of whether those stations are owned and
operated by the utility or a third party.

The second alternative is to allow a station host to contribute toward equipment costs,
either upfront or in “rental” rate via monthly charges that include maintenance and
operations as well as recovery of and on capital, This approach is attractive during this
period of market development when infrastructure will be leading eclectric vehicle
purchases as it provides a way for a site host to subsidize the station as a benefit to
employees or customers. However, it is unlikely that this approach will work for fast-
charging stations as they are more expensive than the AC Level 2 charging stations and

with short vehicle dwell times will offer limited value to a station host.

Finally, during the market development period when charging infrastructure leads electric
vehicle ownership, there is room for Company or ratepayer subsidy of charging
equipment. This approach is justifiable for deployment critical market segments in which
unique barriers limit deployment of infrastructure, as well as for fixed, limited term pilot

programs that are designed to accelerate the market. Ameren has proposed such a limited
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pilot, and seeks to invest in a market segment for EV charging in which high upfront

capital costs present a unique barrier to investment.

SPECIFIC VEHICLE CHARGING RECOMMENDATIONS
Please summarize your preceding recommendations.

I want to clearly recommend that the Commission act to accelerate adoption of electric
vehicles through utility engagement in electric vehicle charging infrastructure, It should
do so in this case by approving a tariff and pilot program along the lines proposed by
Ameren Missouri and with the tariff as modified by recommendations of Sierra Club and

NRDC.

In the long run, costs of fast charging should be paid by electric vehicle drivers. In the
short run, there will be insufficient sales volume for full cost recovery, due to the
“chicken or egg” problem; the Commission should use its authority to establish the
proposed tariff for Ameren Missouri which will appropriately allocates subsidy and
volume risk in order to enable utility engagement in accelerating the adoption of electric

vehicles,

The approach for selection of charging station equipment and for recovery of equipment
and infrastructure costs undertaken and/or proposed by Ameren in this case is not

inconsistent with the development of a competitive market.

To further ensure the development of a competitive market for electric vehicle charging
services, the Commission should act in this or a future case to clarify that non-utility
owners and operators of EV charging stations are not public utilities subject to the

Commission’s full jurisdiction solely by virtue of operating EV charging stations, and by
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establishing appropriate tariff(s) by which such non-utility owners and operators of EV
charging stations can obtain electricity for use in vehicle charging on terms competitive
with the utility’s self-supply for that purpose. The costs of delivered power used in
vehicle charging should ordinarily be paid by the electric vehicle driver, although the
Commission should not foreclose host decisions to pay such charges or different
approaches at third-party charging stations, assuming limits for reasonable electricity

pricing in cases of utility investment.

Do you have any other recommendations with respect to electric vehicle charging?

Yes. Leading the market requires learning by doing. The Commission should actively
engage in such learning both to ensure that Ameren Missouri is actively learning but also
for the benefit of the Commission and other stakeholders. To that end, I recommend that
the Commission require regular reporting by Ameren Missouri to the Commission and
interested stakeholders in order to provide for continuous monitoring and review of
Ameren Missouri’s electric vehicle charging pilot project. This should include but not be
limited to stations planned and implemented; station usage and load patterns; distribution
system impacts; host and customer satisfaction and issues; electric vehicle sales and
electric vehicle miles traveled in Missouri; implications of ubiquitous vehicle charging on
Ameren Missouri’s future distribution system architecture; and the effects of Ameren
Missouri’s programs on development of a competitive market for vehicle charging

equipment and services.
Does that complete your testimony?

Yes.
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Douglas B Jester

Contact Information:
1156 W Allegan Street, Suite 710
Lansing, M1 48933
517-337-7627

diester@blakesenerqy.com

January 2011 — present 5 Lakes Energy
Principal Member

Co-owner of a consulting firm working to advance the clean energy
economy in Michigan and beyond. Consulting engagements with
foundations, startups, and targe mature businesses have included work
on public policy, business strategy, market development, technolegy
collaboration, project finance, and export development concerning
energy efficiency, smart grid, renewable generation, electric vehicle
infrastructure, and utility regulation and rate design. Policy director for
renewable energy baliot initiative and Michigan energy legislation
advocacy. Supported startup of the Energy Innovation Business Council,
a trade association of clean energy businesses. Expert witness in utility
regulation cases. Developed integrated resource planning models for
use in ten states' compliance with the Clean Power Plan.

February 2010 - December 2010 Michigan Department of
Energy, Labor and Economic Growth

Senior Energy Policy Advisor

Advisor to the Chief Energy Officer of the State of Michigan with primary
focus on institutionalizing energy efficiency and renewable energy
strategies and policies and developing clean energy businesses in
Michigan. Provided several policy analyses concerning utility regulation,
grid-integrated storage, performance contracting, feed-in tariffs, and low-
income energy efficiency and assistance. Participated in Pluggable
Electric Vehicle Task Force, Smart Grid Coliaborative, Michigan
Prosperity Initiative, and Green Partnership Team. Managed
development of social-media-based community for energy practitioners.
Organized conference on Biomass Waste to Energy.

August 2008 - February 2010 Rose International
Business Development Consuitant - Smart Grid

» Employed by Verizon Business’ exclusive extemnal staffing agency for
the purpose of providing business and solution development
consultation services to Verizon Business in the areas of Smart Grid
services and transportation management services.
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December 2007 - March 2010 Efficient Printers Inc
President/Co-Owner

» Co-founder and co-owner wilh Keith Carlson of a corporation formed for
the purpose of acquiring J A Thomas Company, a sole proprietorship
owned by Keith Carlson. Recognized as Sacramento County
(California) 2008 Supptier of the Year and Washoe County (Nevada)
Association for Retarded Citizens 2008 Employer of the Year. Business
operations discontinued by asset sale to focus on associated printing
software services of IT Services Corporation.

August 2007 - present IT Services Corporation
President/Owner '

» Founder, co-owner, and President of a startup business intended to
provide advanced IT consulting services and to acquire or develop
managed services in selected niches, currently focused on developing
e-commerce solutions for commercial printing with sofiware-as-a-
service.

2004 — August 2007 Automated License Systems

Chief Technology Officer

= Member of four-person execulive team and member of board of
directors of a privately-held corporation specializing in automated
systems for the sale of hunting and fishing licenses, park campground
reservations, and in automated background check systems. Executive
responsible for project management, network and data center
operations, software and product development. Brought company
through mezzanine financing and sold it to Active Networks.

2000 - 2004 WorldCom/MCI
Director, Government Application Solutions

= Executive responsible in various combinations for line of business sales,
state and local government product marketing, project management,
network and dala center operations, software and product development,
and contact center operations for specialized government process
outsourcing business. Principal lines of business were vehicle emissions
testing, firearm background checks, automated hunting and fishing
license systems, automated appointment scheduling, and managed
application hosting services. Also responsible for managing order entry,
tracking, and service support systems for numerous large federal
telecommunications contracts such as the US Post Office, Federal
Aviation Administration, and Navy-Marine Corps Infranet.

« |ncreased annual line-of-business revenue from $64 millicn fo $93
mitlion, improved EBITDA from approximately 2% to 27%, and retained
all customers, in context of corporate scandal and bankruptcy.

= Repeatedly evaluated in top 10% of company executive management
on annual performance evaluations.
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1999-2000 Compuware Corporation
Senior Project Manager

= Senior project manager, on customer site with five project managers
and team of approximately 80, to migrate a major dental insurer from a
mainframe environment to internet-enabled client-server environment.

1995 - 1999 City of East Lansing, Michigan
Mayor and Counciimember

* Elected chief execuiive of the City of East Lansing, a sophisticaled city
of 52,000 residents with a council-manager government employing
about 350 staff and with an annual budget of about $47 million. Major
accomplishments included incorporation of public asset depreciation
into budgets with consequent improvements in public facilities and
services, complete rewrite and modemization of cily charter, greatly
intensified cooperalion between the City of East Lansing and the East
Lansing Public Schoals, significant increases in recrealional facilities
and services, major revisions to housing code, initiation of revision of the
City Master Plan, facilitation of the merger of the Capital Area
Transportation Authority and Michigan State University bus systems,
initiation of a major downtown redevelopment project, City government
efficiency improvements, and numerous other policy initiatives. Member
of Michigan Municipal League policy committee on Transportation and
Environment and principal writer of league policy on these subjects (still
substantially unchanged as of 2008).

1995-1999 Michigan Department of Natural Resources
Chief Information Officer

= Executive responsibifity for end-user computing, data center operations,
wide area network, local area network, {elephony, public safety radio,
videaconferencing, application development and support, Y2K
readiness for Depariments of Natural Resources and Environmental
Quality. Directed staff of about 110. Member of MERIT Affiliates Board
and of the Great Lakes Commission’s Great Lakes Information Network
(GLIN} Board.

1980-1995 Michigan Department of Natural Resources

Senior Fisheries Manager

» Responsible for coordinating management of Michigan's Great Lakes
fisheries worth about $4 biliion per year including fish stocking and sport
and commercial fishing regulation decisions, fishery monitoring and
research programs, information systems development, market and
economic analyses, litigation, legisiative analysis and negotiation.
University relations. Extensive involvement in regulation of steam
electric and hydroeleclric power plants.

= Served as agency expert on natural resource damage assassment, for
all resources and causes.

= Considerable involvement with Great Lakes Fishery Commission,
including:
o Co-chair of Strategic Great Lakes Fishery Management Plan

working group
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Member of Lake Erie and Lake St. Clair Committees

C

o Chair, Councit of Lake Committees

o Member, Sea Lamprey Control Advisory Committee

o St Clair and Detroit River Areas of Concern Planning Committees
1989-1980 American Fisheries Society

Editor, North American Joumnal of Fisheries Management

* Full responsibility for publication of one of the premier academic journals
in natural resource management.

1984 - 1989 Michigan Department of Natural Resources
Fisheries Administrator

» Assistant to Chief of Fisheries, responsible for strategic planning,
budgets, personnel management, public relations, market and
economic analysis, and informalion systems. Department of Natural
Resources representalive to Govemor's Cabinet Council on Economic
Development

1983-present Michigan State University
Adjunct Instructor

= Irregular lecturer in various undergraduate and graduate fisheries and
wildlife courses and informal graduate student research advisor in
fisheries and wildlife and in parks and recreation marketing.

1977 — 1984 Michigan Department of Natural Resources
Fisheries Research Biologist

» Simulation modeling & policy analysis of Great Lakes ecosystems.
Development of problem-oriented management records system and
“epidemiclogical” approaches to managing inland fisheries.

Education 1991-1995 Michigan State University
PhD Candidate, Environmental Economics
Coursework completed, dissertation not pursued.

1980-1881 University of British Columbia
Non-degree Program, institute of Animal Resource

Ecology

1974-1977 Virginia Polytechnic Institute & State University
MS Fisheries and Wildlife Sciences
MS Statistics and Operations Research

1971-1974 New Mexico State University
BIS Mathematics, Biology, and Fine Arts
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Citizenship and Youth Soccer Coach, East Lansing Soccer League, 1987-89

Community

Involvement Co-organizer, East Lansing Community Unity, 1992-1993

Bailey Community Association Board, 1993-1995

East Lansing Commission on the Environmant, 1993-1885
Councilmember, City of East Lansing, 1995-1999

Mayor, City of East Lansing, 1995-1997

East Lansing Downtown Development Authority Board Member, 1995-
1999

East Lansing Transportation Commission, 1999-2004

East Lansing Non-Profit Housing and Neighborhood Services
Corporation Board Member, 2001-2004

Lansing — Eastl.ansing Smart Zone Board of Directors, 2007-present

Council on Labor and Economic Growth, State of Michigan, by
appointment of the Governor, May 2008 — May 2012

East Lansing Downtown Development Authority Board Member and
Vice-Chair, 2010 - present.

East Lansing Brownfield Authonty Board Member and Vice-Chair, 2010
— present.

East Lansing Downtown Management Board and Chair, 2010 - 2016

East Lansing City Center Condominium Association Board Member,
2015 — present.

Specific Energy-Related Accomplishments

Unrelated to Employment

» Member of Michigan SAVES Advisory Board. Michigan SAVES is a financing program for
building energy efficiency measures initiated by the State of Michigan Public Service
Commission and administered under contract by Public Sector Consultants. Program
launched in 2010.

» Member of Michigan Green Jobs Initiative, representing the Council for Labor and Economic
Growth.

¥ Participated in Lansing Board of Water and Light Integrated Resource Planning, leading to
their recent completion of a combined cycle natural gas power plant that also provides district
heating to downtown Lansing.
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By appointment of the Mayor of Lansing, member of Citizens Review Team to evaluate
Lansing Board of Water and Light storm respense and emergency preparedness.

Angel investor in startup off-shore wind technology company, recently awarded ARPA-E
commercialization grant.

In graduate school, participated in development of database and algorithms for optimal
routing of major transmission lines for Virginia Electric Power Company (now part of
Dominion Resources).

For 56 Lakes Energy

>
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Participant by invitation in the Michigan Public Service Commission Smart Grid Collaborative,
authoring recommendations on data access, application priorities, and electric vehicle
integration to the grid.
Participant by invitation in the Michigan Public Service Commission Energy Optimization
Collaborative, a regular meeting and aclion collaborative of parties involved in the Energy
Optimization programs required of utilities by Michigan law enacted in 2008.
Participant by invitation in Michigan Public Service Commission Solar Work Group, including
presentations and written comments on value of solar, including energy, capacity, avoided
health and environmental damages, hedge value, and ancillary services.
Participant by invitation in Michigan Senate Energy and Technology Committee stakeholder
work group preliminary to introduction of a comprehensive legislative package.
Participant by invitation in Michigan Public Service Commissicn PURPA Avoided Cost
Technical Advisory Committee.
Participant by invitation in Michigan Public Service Commission Standby Rate Working
Group.
Participant by invitation in Michigan Puhlic Service Commission Street Lighting Collaborative.
Participant by invitation in State of Michigan Agency for Energy Technical Advisory
Committee on Clean Power Plan implementation.
Conceived, obtained funding, and developed open access integrated resource planning tools
{State Tool for Electricity Emissions Reduction aka STEER) for State compliance with the
Clean Power Plan:
o For Energy Foundation - Michigan and lowa
o For Advanced Energy Economy Institute — Arkansas, Florida, lllingis, Ohio,
Pennsylvania, Virginia
o For The Solar Foundation - Georgia and North Carclina
o For Colorado Dept of Public Health and Environment - Colorado currently beginning
development.
Presentations to Michigan Agency for Energy and the Institute for Public Utilities Michigan
Forum on Strategies for Michigan to Comply with the Clean Power Plan.
Participant in Midcontinent Independent Systems Operator stakeholder processes on behalf
of Michigan Citizens Against Rate Excess and the MISO Consumer Representatives Sector,
including Resource Adequacy Committee, l.oss of Load Expectation Working Group,
Transmission Expansion Working Group, Demand Response Working Group, Independent
Load Forecasting Working Group, and Clean Power Plan Working Group.
Expert witness before the Michigan Public Service Commission in various cases, including:
o Case U-17473 (Consumers Energy Plant Retirement Securitization)
Case U-17096-R (Indiana Michigan 2013 PSCR Reconciliation)
Case U-17301 (Consumers Energy Renewabie Energy Plan 2013 Biennial Review);
Case U-17302 {DTE Energy Renewable Energy Plan 2013 Biennial Review);
Case U-17317 (Consumers Energy 2014 PSCR Planj;
Case U-17318 (DTE Electric 2014 PSCR Plan);
Case U-17674 (WEPCO 2015 PSCR Pian);
Case U-17679 (Indiana-Michigan 2015 PSCR Pian);
Case U-17689 (DTE Electric Cost of Service and Rate Design);
Case U-17688 (Consumers Energy Cost of Service and Rate Design);
Case U-17698 {Indiana-Michigan Cost of Service and Rate Design);
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Case U-17762 (DTE Electric Energy Optimization Plan),
Case U-17752 {Consumers Energy Community Solar);
Case U-17735 {Consumers Energy General Rates),
Case U-17767 (DTE General Rates);
Case U-17792 (Consumers Energy Renewable Energy Plan Revision};
Case U-17895 (UPPCOQO General Rates);
Case U-17911 (UPPCO 2016 PSCR Plan);
Case U-17990 (Consumers Energy General Rates); and
Case U-18014 (DTE General Rates);
Case U-17611-R (UPPCO 2015 PSCR Reconciliation);
Case U-18090 (Consumers Energy PURPA Avoided Costs),

o Case U-18091 (DTE PURPA Avoided Costs).
Coauthored "Charge without a Cause: Assessing Utility Demand Charges on Small
Customers”
Currently under contract to the Michigan Agency for Energy to develop a Roadmap for CHP
Market Development in Michigan, including evaluation of varicus CHP technologies and
applications using STEER Michigan as an integrated resource planning tool.
Under contract to NextEnergy, authored “Alternative Energy and Distributed Generation”
chapter of Smart Grid Economic Development Opportunities report to Michigan Economic
Development Corporation and assisted authors of chapters on “Demand Response” and
“Automated Energy Management Systems”.
Developed presentation on “Whole System Perspective on Energy Optimization Strategy” for
Michigan Energy Optimization Coilaborative.
Under contract to NextEnergy, assisted in development of industriat energy efficiency
technology development strategy.
Under contract to 2 multinational solar photovoltaics company, developed market strategy
recommendations.
For an automobile OEM, developed analyses of economic benefits of demand response in
vehicle charging and vehicle-to-grid electricity storage solutions.
Under contract to Pew Charitable Trusts, assisted in development of a report of best
practices for electric vehicle charging infrastructure.
Under contract to a national foundation, developed renewable energy business case for
Michigan including estimates of rate impacts, employment and income effects, health effects,
and greenhouse gas emissions effects.
Assisted in Michigan market development for a solar panel manufacturer, clean energy
finance company, and industrial energy management systems company.
Under contract to Institute for Energy Innovation, organized legisiative learning sessions
covering a synopsis of Michigan's energy uses and supply, energy efficiency, and economic
impacts of clean energy.

00000000000

For Department of Energy Labor and Economic Growth

»

Participant in the Michigan Public Service Commission Energy Optimization Collaborative, a
regular meeting and action coltaborative of parties involved in the Energy Optimization
programs required of ulifities by Michigan law enacted in 2008.

Lead development of a social-media-based community for energy practitioners in Michigan at
www.MichEEN. org.

Drafted analysis and policy paper concerning customer and third-party access to ulility meter
data.

Analyzed hourly electric utility load demonstrating relationship amongst time of day, daylight,
and temperature on loads of residential, commercial, industrial, and public lighting customers.
Analysis demonstrated the importance of heating for residential electrical loads and the
affects of various energy efficiency measures on load-duration curves.

Analyzed relationship of marginai locational prices to load, demonstrating that traditional
assumptions of integrated Resource Planning are invalid and that there are substantial
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cusrent opportunities for cost-effective grid-integrated storage for the purpose of price
arbitrage as opposed to traditionally considered load arbitrage.

Developed analyses and recommendations concerning the use of feed-in tariffs in Michigan.
Participated in Pluggable Electric Vehicle Task Force and initiated changes in State building
code to accommodate installation of vehicle charging equipment.

Organized December 2010 conference on Biomass Waste to Energy technologies and
market opportunities.

Participated in and provided support for teams working on developing Michigan businesses
involved in renewable energy, storage, and smart grid supply chains.

Developed analyses and recommendations concerning low-income energy assistance
coordination with low-income energy efficiency programs and utifity payment collection
programs.

Drafted State of Michigan response to a US Department of Energy request for information on
offshore wind energy technology development opportunities.

Assisted in development of draft performance contracting enabling legislation, since adopted
by the State of Michigan.

For Verizon Business

»
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Analyzed several potential new lines of business for potential entry by Verizon's Global
Services Systems Integration business unit and recommended entry to the "Smart Grid"
market. This recommendation was adopted and became a major corporate initiative.
Provided market analysis and participation in various conferences to aid in positioning
Verizon in the "Smart Grid” market. Recommendations are proprietary to Verizon.

Led a task force to identify potential converged solutions for the “Smart Grid” market by
integrating Verizon's current products and selected partners. Established five key
partnerships that are the basis for Verizon's current “Smart Grid” product offerings.
Participated in the “Smart Grid” architecture team sponsored by the corporate Chief
Technology Officer with sub-team lead responsibilities in the areas of Software and System
Integration and Network and Systems Management. This team established a reference
architecture for the company’s "Smart Grid” offerings, identified necessary changes in
networks and product offerings, and recommended public policy positions concerning
spectrum allocation by the FCC, security standards being developed by the North American
Reliability Council, and interoperability standards being developed by the National Institute of
Standards and Technology.

Developed product proposals and requirements in the areas of residential energy
management, commercial building energy management, advanced metering infrastructure,
power distribution monitering and control, power outage detection and rastoration, energy
market integration and trading platforms, utility customer portals and notification services,
utility contact center voice application enablement, and critical infrastructure physical security.
Lead solution architecture and proposat development for six utilities with solutions
encompassing customer portal, advanced metering, outage management, security
assessment, distribution automation, and comprehensive “Smart Grid" implementation.
Presented Verizon’s "Smart Grid" capabilities to seventeen utilities.

Presented "Role of Telecommunications Carriers in Smart Grid Implementation” to 2009 Mid-
America Regulatory Conference.

Presented “Smart Grid: Transforming the Electricity Supply Chain” to the 2009 World Energy
Engineering Conference.

Participant in NASPInet work groups of the North American Energy Reliability Corporation
(NERC), developing specifications for a wide-area situational awareness network to facifitate
the sharing and analysis of synchrophasor data amongst utilities in order to increase
transmission reliability.

Provided technical advice to account team concerning successfui proposal to provide
network services and information systems support for the California ISO, which coordinates
power dispatch and intercompany power sales transactions for the Caiifornta market.
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Determined permit requirements under Section 316 of the Clean Water Act for all steam
electric plants currently operating in the State of Michigan.

Case manager and key witness for the State of Michigan in FERC, State court, and Federal
court cases concerning economics and environmental impacts of the Ludington Pumped
Storage Plant, which is the world's largest pumped storage plant. A lead negotiator for the
State in the ultimate settlement of this issue. The settiement was valued at $127 million in
1995 and included considerations of environmental mitigation, changes in power system
dispatch rules, and damages compensation.

Managed FERC license application reviews for the State of Michigan for all hydroelectric
projects in Michigan as these came up for reissuance in 1970s and 1980s.

Testified on behalf of the State of Michigan in contested cases before the Federat Energy
Regulatory Commission concerning benefit-cost analyses and reguiatory Issues for four
different hydroelectric dams in Michigan. -

~Reviewed (as regulator} the environmental impacts and benef {-cost ana!yses of all major

steam electric and most hydroelectric plants in the State of Michigan.
Executive responsibility for development, maintenance, and operations of the State of

Michigan's information system for mineral {includes qil and gas) rights leasing, unitization and

apportionment, and royalty coliection.

In cooperative project with Ontario Ministry of Natural Resources participated in development

of a simulation model of oil field development logistics and environmental impact on
Canada's Arctic slope for Tesoro Qil.
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Preface

The plug-in electric vehicle (PEV) holds much prom-
ise—from reducing dependence on imported petroleum to
decreasing greenhouse gas emisstons to improving urban air
quality, However, there are many barriers to its mainstream
adoption regardless of incentives and enticing promises to
solve difficult problems. Such vehicles have some limita-
tions owing to current battery technology, such as restricted
clectric driving range and the long times required for battery
charging. Furthermore, they cost more than conventional
vehicles and require an infrastructure for charging the bat-
tery. Given those concerns, the U.S. Congress asked the De-
partment of Energy to commission a study by the National
Research Council (NRC) that would investigate the barriers
and recommend ways to overcome them.

In this final comprehensive report, the Comunittee on
Overcoming Barriers to Electric-Vehicle Deployment first
discusses the current characteristics of PEVs and charging
technologies. It then briefly reviews the market-development
process, presents consumer demographics and attitudes to-
ward PEVs, and discusses the implications of that infor-
mation and other factors on PEV adoption and ditfusion.
The commiftee next explores how federal, state, and local
governments and their various administrative arms can be
more supportive and implement policies to sustain benefi-
cial strategies for PEV deployment. It then provides an in-
depth discussion of the PEV charging-infrastructare needs
and evaluates the implications of PEV deployment on the
glectricity sector. Finally, the committec discusses incentives
for adopting PEVs.

The cwrrent report has been reviewed in draft form by
persons chiosen for their diverse perspectives and technical
expertise in accordance with procedures approved by the
NRC Report Review Committee. The purpose of the inde-
pendent review is to provide candid and critical comnents
that will assist the institution in making its published report
as sound as possible and to ensure that the report meets insti-
futional standards of objectivity, evidence, and responsive-
ness to the study charge. The review comments and draft
manuscript remain confidential to protect the integrity of the
deliberative process. We thank the following people for their
review of this report:

X

I L T L I SFUP U DRUUIRRY By o S PR

Ron Aduner, Dartmouth College,
Wiltiam F. Brinkman, NAS, Princeton University,
Yet-Ming Chiang, NAE, Massachusetts Institute of Technology,
George Eads, Charles River Associates,
Gregory A. Franklin, University of Alabama at Birmingham,
Johty D. Graham, Indiana University,
Christopher T. Hendrickson, NAE, Carnegie Mellon University,
Jeremy J. Michalek, Carnegie Mellon University,
Jobn O’Dell, Edmunds.com,
Margo Tsirigotis Oge, U.S. Envirommental Protection
Agency (retired),
Karl Popham, Austin Encrgy, and
Mike Tamor, Ford Motor Company.

Although the reviewers listed above have provided
maty constructive comients and suggestions, they were not
asked to endorse the conclusions or recommendations, nor
did they sec the final draft of'the report before its release, The
review of the report was overseen by the review coordina-
tor, Maxine Savitz, NAE, Honeywell Inc. (retired), and the
review monitor, M. Granger Morgan, NAS, Camegie Mcllon
University. Appeinted by NRC, they were responsible for
making certain that an independent examination of the report
was carried out in accordance with institutional procedures
and that all review comments were carefully considered. Re-
sponsibility for the final content of the report rests entirely
with the conunittee and the institution. The committee grate-
fully acknowledges the following for their presentations dur-
ing open sessions of the committee meetings:

Ali Ahmed, Cisco Systems, Inc,,

Marcus Alexander, Electric Power Research Institute,
Menahem Andennan, Advanced Automotive Batteries,
Greg Brown, Serra Chevrolet,

Allison Carr, Houston-Galveston Area Clean Cities Coalition,
William P. Chernicoff, Toyota Motors North America, Inc.,
Mike Cully, Car2Go,

Tammy Darvish, DARCARS Automotive Group,

Patrick B. Davis, U.S. Departiient of Energy,

Katic Drye, Advanced Energy,

Rick Durst, Portland General Electrie,
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Alexander Edwards, Strategic Vision,

James Francfort, ldaho National Laboratory,

Linda Gaines, Argonne National Laboratory,

Camron Gorguinpour, U.S. Departinent of Defense,

David Greene, Oak Ridge Nationat Laboratory,

Doug Greenhaus, National Automobile Dealers Association,

Britta K. Gross, General Motors,

Jonna Hamilton, Electrification Coalition,

Steve Hanson, I'rito-Lay,

Jack Hidary, Hertz,

John H. Holmes, San Diego Gus and Electrie,

Dana Jennings, Lyada.com, Inc.,

Donald Karner, ECOtality North America,

Elise Keddie, California Air Resources Board,

Ld Kim, AutoPacific,

Neil Kopit, Criswell Automotive,

Michael Krauthamer, eVgo,

Richard Lowenthal, ChargePoint,

Brewster McCracken, Pecan Street Inc.,

Johir Miller, INT Miller plc,

Russ Musgrove, edEx Express,

Michael Nicholas, Institute of Transportation Studies,
University of California, Davis,

Nick Nigro, Center for Climate and Energy Solutions,

Sarah Olexsak, U.S. Department of Energy,

John Rhow, Kleiner Perkins,

Paul Scott, Downtown Los Angeles Nissan,

Chuck Shulock, Shulock Consulting,

Lee Slezak, U.S. Department of Energy,

John Smart, Idaho National Laboratory,

Suresh Sriramuly, TIAX LLC,

Mark Sylvia, Massachusetts Department of Energy Resources,

Mike Tamor, Ford Motor Company,

Joseph Thompson, Nissan,

Chris Travell, Maritz Research,

Jacob Ward, U.S. Department of Energy,

Jason Wolf, Better Place, and

Tracy Woodard, Nissan.

The committec also wishes to express its gratitude to
Tomohisa Maruyama, Ministry of Economy, Trade, and In-
dustry, Tokyo, Japan, and Sumiyo Hirano, Next Generation
Vehicle Promotion Ceater, Tokyo, Japan, tfor arranging an
informative visit to Japan and accompanying the members
as they traveled through Japan. The commnittee also wishes
to thank the following for providing valuable information
and extending hospitality to the committee during its visits
to Germany, Japan, The Netherlands, and Texas:
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Austin Energy, Austin, Texas,

Berlin Agency for Electric Mobility (eMO), Berlin, Germany,

Charging Network Development Organization, Tokyo, Japan,

Climate Change Policy Headquarters, City of Yokohama,

Federal Government Joint Unit tor Electric Mobility
(GGEMO), Berlin, Germany,

German Institute for Transportation Research {DLR),
Berlin, Germany,

Innovation Centre for Mobility and Societal Change,
Berlin, Germany,

Japan Charge Network, Co., Kanagawa, Japan,

Kanagawa Prefectural Government, Kanagawa, Iapan,

Kyoto Prefectural Government, Kyoto, Japan,

Ministry of Economy, Trade, and Industry, Tokyo, fapan,

Ministry of Infrastructure and the Environment and
Netherlands School of Public Administration, The Hague,
The Netherlands,

MRA -Elektrisch, Amsterdam, The Netherlands,

Nissan Motor Co., Yokohama, Japan,

NRG eVgo, Llouston, Texas,

Okayama Vehicle Engineering Center, Okayama, Japan,

Osaka Prefectural Govermment, Osaka, Japan,

Pecan Street Research Institute, Austin, Texas,

Technical University of Eindhoven and BrabantStad,
Eindhoven, The Netherlands,

Tesla, The Netheriands,

Tokyo Electric Power Company, Kanagawa, Japan,

Urban Developrent Group, City of Rotterdam,
The Netherlands, and

Vattenfall, Berlin, Germany.

The committee is also grateful for the assistance of the
NRC staft in preparing this report. Staff members who con-
tributed to the effort are Ellen Mantus and K. John Holmes,
Project Codirectors; James Zucchetto, Director of the Board
on Energy and Environmental Systeins; Joseph Morris, Se-
nior Program Officer for the TRB; Liz Fikre, senior editor;
Michelle Schwalbe, Program Officer; Elizabeth Zeitler, As-
sociate Program Officer, and Ivory Clarke and Linda Casola,
Senior Program Assistants.

[ especially thank the members of the committee for
their efforts throughout the development of this report,

John G. Kassakian, Chair
Committee on Overcoming Barriers
to Eleetric-Vehicle Deployment
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Summary

The plug-in electric vehicle (PEV) has a long history.
In 1900, 28 percent of the passenger cars sold in the United
States were clectric, and about one-third of the cars on the
road in New York City, Boston, and Chicago were electric,
Then, however, mass production of an inexpensive gasoline-
powered vehicle, invention of the electric starter for the
gasoline vehicle, a supply of affordable gasoline, and de-
velopment of the national highway system, which allowed
tong-distance travel, led to the demise of those first PEVs.
In the 1970s and 1990s, interest in PEVs resurfaced, but the
vehicles simply could not compete with gasoline-powered
ones. In the last few years, interest in PEVs has been reig-
nited because of advances in battery and other technologics,
new federal standards for carbon-dioxide cmissions and fuel
economy, state zero-emission-vehicle requirements, and the
current administration’s goal of putting millions of alterna-
tive-tuel vehicles on the road. People are also beginning to
recognize the advantages of PEVs over conventional vehi-
cles, such as lower operating costs, smoother operation, and
better acceleration; the ability to fuel up at home; and zcro
tailpipe emissions when the vehicle operates solely on its
battery. There are, however, barriers to PEV deployment, in-
cluding the vehicle cost, the short all-electric driving range,
the long battery-charging tine, uncertainties about battery
life, the few choices of vehicle models, and the need for a
charging infrastructure to support PEVs whether at home, at
work, or in a public space. Moreover. many people are still
not aware of or do not fully understand the new technotogy.
Given those recognized barriers to PEV deployment, Con-
gress asked the Department of Energy (DOE) to cominission
a study by the National Academies to address market barri-
ers that are slowing the purchase of PEVs and hindering the
deployment of supporting infrastructure.! Accordingly, the
National Research Couacil (NRC), an arm of the National
Academies, appointed the Committee on Overcotming Bar-
ricrs to Electric-Vehicle Deployment, which prepared this
report.

! See Consolidated Appropriations Act, 2012, PL. 112.74. H.
Rept, 112-331 (H.Rept. [12-118).
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THE COMMITTEE’S TASK

The committee’s analysis was to be provided in two
reports—a short interim report and a final comprehensive re-
port. The committee’s interim repott, released in May 2013,
provided an initial discussion of infrastructure needs for
PEVs, barriers to deploying the infrastructure, and possible
roles tor the federal govermment in overcoming the barriers.
It did not offer any recommendations because the commit-
tee was still in the carly stages of gathering data. The cur-
rent report is the comunittee’s final comprehensive report that
addresses its full statement of task, which can be found in
Chapter 1.

This report focuses on light-duty vehicles {passenger
cars and light-duty trucks) in the United States and restricts
its discussion to PEVs, which include battery electric vehi-
cles (BEVs) and plug-in bybrid electric vehicles (PHEVs).?
The common feature of these vehicles is that they can charge
their batteries by plugging into the clectric grid. The disting-
tion between them is that BEVs operate solely on electricity
stored in the battery (there is no other energy source), and
PHEVs have an internal-combustion cngine (ICE) that can
supplement the electric power train or charge the battery dur-
ing a trip. PHEVs can use engines powered by various fuels,
but this report focuses on these powered by gasoline because
they are the ones currently available in the United States.

The premise of the conunittee’s task is that there is a
benefit to the United States if a higher fraction of miles is
fueled by electricity rather than by petroleum. Two reasons
tor this benefit are commonly assumed. First, a higher frac-
tion of miles fuelcd by electricity would reduce the U.S. de-
pendence on petroleum. Second, a higher fraction of miles
fueled by electricity would reduce carbon dioxide and other
air pollutants emitted into the atmosphere. The committee

2 BEVs and PIIEVs need to be distinguished from conventional
hybrid electric vehicles (HEVs), such as the Toyota Prius that was
introduced in the late 1990s. HEVs do not phig into the electric grid
but power their batteries from regenerative braking and an intemal-
combustion engine. They are not included in the PEV category and
are not considered turther in this report unless to make a compari-
SOn 11 sonIE jsstie.

PR I o PP All Sbadm v m -



was not asked to research or evaluate the premise, but it did
consider whether the premise was valid now and into the
future and asked it any recent developments might cali the
premise into question.

First, a PEV uses no petroleum when it runs on clee-
tricity. Furthermore, the electricity that fuels the vehicle is
generated using essentially no petroleumy; in 2013, less than
0.7 percent of the U.S. grid clectricity was produced from
petreleum. Thus, PEVs advance the long-term objective of
U.S. energy independence and security, Second, on average,
a PLEV fuefed by electricity is now responsible for less green-
house gases (GHGs) per mile than an ICE vehicle® or a hy-
brid electric vehicle (HEV). PEVs will make further reduc-
tions in GHG cmissions as the ULS. clectric grid changes to
lower carbon sources for its electricity. Therefore, the com-
mittee concludes that the premise for the task—that there is
an advantage to the United States if a higher fraction of miles
driven here are fueled by clectricity from the [J.S, electric
grid—is valid now and becomes even more valid each year
that the United States continues to reduce the GHGs that it
produces in generating electricity. A more detailed discus-
sion of the committee’s analysis of the near-term and long-
tenn impacts of PEV deployment on petroleumn consmmption
and GHG emissions is provided in Chapter | of this report,

Recommendation: As the United States encourages the
adoption of PEVs, it should continue to pursue in parallel the
production of U.S. electricity from increasingly lower carbon
sources,

3 For this report, [CE vefiicle or conventional vehicle refers to a
light-duty vehicle that obtains all of its propulsion trom an internal-
combustion engine.

TABLE S-1 Four Classes of Plug-in Electric Vehicles

2 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

PLUG-IN ELECTRIC YEHICLES
AND CHARGING TECHNOLOGIES

Today, there are several makes and models of PEVs on
the market, and PEV sales reached about 0.76 percent of the
light-duty sales in the United States by the close of 2014. Be-
cause the obstacles to consumer adoption and the charging
infrastructure requirements depend on PEV type, the com-
mittee used the all-electric range (AER) of the vehicles to
distinguish tour PEV classes (sce Table S-1). Several impor-
tant points regarding the PEV classes should be highlighted.
First, the Tesla Model S clearly demonstrates the possibility
of producing a long-range BEV that has been recognized
as a high-performing vehicle. Second, limited-range BEVs
are the only type of PEV that have a substantial range limi-
tation. Although they are not practical for trips that would
require more than one fast charge given the substantial re-
fueling time required, their ranges are more than sufficient
for the average daily travel needs of the majority of U.S.
drivers. Third, the range-extended PHEV has a total range
that is comparable to that of a conventional vehicle because
of the onboard ICE, and the typical AER is comparable to or
larger than the average U.S. daily travel distance. The frac-
tion of miles traveled by electricity depends en how willing
and able a driver is to recharge the battery during a trip lon-
ger than the AER. Fourth, minimal PHEVs with AERs much
shorter than the average daily driving distance in the United
States are essentially HEVs,

There are three options for charging the high-energy
batteries it PEVs.? First, AC level | uses a 120 V circuit
and provides about 4-5 miles of electric range per hour of

4 A fourth option might be considered wireless charging, but this
option is not widely used today.

PEV Class Description

Example {Range”)

Long-range BEV

Can travel hundreds of miles on a single battery charge

2014 Teska Model S (AER = 265 miles)

and then be refueled in a time that is much shorter than the

additional driving time that the refueling allows.

Limited-range BEV

Is made more affordable than the long-range BEV by
reducing the size of the high-energy battery. Its limited

2014 Nissan Leaf {AER = 84 miles)
2014 Ford Focus Electric (AER = 76 miles)

range can more than suffice for many commuters, but it is

impeactical for long irips.

Range-extended PHEV

Minimal PHEV

Typically, operates as a zero-cmission vehicle until its battery
is depleted, whereupon an ICE tums on fo extend its range.

Its small battery can be charged from the grid, but its AER
is much less than the average daily U.5. driving distance.

2014 Clevrolet Voit (AER = 38 miles;
total range = 380 miles)

2014 Toyota Plug-in Prius (AER = 6-11 miles;
total range = 540 miles)

? The AERs noted are average values estimated by the U.S. Environmental Protection Agency. Total ranges are provided for

PHEVs; the AER is the total range for BEVs.

NOTE: AER, all-electric range; BEV, battery electric vehicle; ICE, internal-combustion engine; PEV, plug-in electric vehicle;

PHEV, plug-in hybrid electric vehicle.
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Summary

charging. It is considered too slow to be the primary charg-
ing method for fully depleted batterics of PEVs that have
large batteries because charging times would be longer than
the time a vehicle is normally parked at home or the work-
place. Second, AC level 2 uses a 240 V, split-phasc ac circuit
like those used by electric dryers, electric stoves or ovens,
and large air conditioners; it provides about 10-20 miles of
electric range per hour of charging depending on how nich
current the vehicle is atlowed to draw. Third, DC fast charg-
ing is an option available only to BEVs today and uses high-
voltage circuits to charge the battery much more rapidly.
DC fast charging is generaily not an option for residential
charging given the high-power circuits required. In the Unit-
ed States, there is one standard plug for the AC level 1 and
AC level 2 chargers, but there are at least three incompatible
plugs and communication protocols being used for DC fast
charging. Plug and protocol incompatibility is a barrier to
PEV adoption insefar as it prevents all PEVs from being able
to charge at any fast-charging station.

Recommendation: The federai government and proactive
states should use their incentives and regulatory powers to
(1) eliminate the proliferation of plugs and communication
protacols for DC fast chargers and (2) ensure that all PEV
drivers can charge their vehicles and pay at all public charg-
ing stations vsing a universally accepted payment method
Just as any I[CE vebicle can be fueled at any gasoline station.

UNDERSTANDING THE MARKET DEVELOPMENT
AND CUSTOMER PURCHASE PROCESS FOR
PLUG-IN ELECTRIC YEHICLES

Developers of new technologies, such as PEVs, face
challenges in developing a market and motivating consum-
ers to purchase or use their products. Incumbent technolo-
gics—in this case, ICE vehicles—can be difficuit to unseat;
they have years of production and design experience, which
make their production costs lower than those of emerging
technologies and thus more affordable. The necessary infra-
structure, including the ubiquitous presence ot gasoline and
service stations across the United States, is well-developed.
Consumers know the attributes and features to compare to
evaluate their ICE-vehicle choices, and they are accustomed
to buying, driving, and fueling these vehicles. Indeed, one of
the main chatlenges to the success of the PEV market is that
people are so accustomed to ICE vehicles.

Accordingly, adoption and diffusion of PEVs is likely to
be a long-term, complex process. Even modest matket pene-
tration could take many years. Furthermore, market penetra-
tion rates will likely be a function not only of the product it-
self but also of the entire industry ecosystem. Hence, product
technologies (such as low-cost batteries), downstreamn infra-
structure (such as dealers and repair facilitics), and comple-
mentary infrastructure {such as charging stations) will need
to be developed simultaneously.

3

One strategy for dealing with market complexity has been
to identity a narrow market segment for which the new tech-
nology offers a compelling reason to buy. Offering a compel-
ling value proposition specificatly targeted to meet the needs
of a narrow market segment rather than the broad mass market
gives the technology a greater chance to dominate in that key
mmarket segiment. Then, the momentum gained in the initial
market segment can be used more cfficiently and effectively
to drive sales in related, adjacent segments. That approach ap-
pears reasonabie for PEVs because the PLEV market has been
characterized by strong regional patterns that reflect such attri-
butes as expensive gasoline; favorable demographics, vatues,
and lifestyles; a regulatory environiment favorable to PEVs;
and an existing or at least readily deployable infrastructure.

The purchase of a new vehicle is typically a lengthy pro-
cess that often involves substaatial research and is strongly
affected by consumer perceptions, In evaluating the pur-
chase process for PEVs specifically, the committee identified
several barriers—in addition to the cost differences between
PEVs and ICE vehicles—that affect consumer perceptions
and their decision process and ultimately (negatively) their
purchase decisions. The barriers include the limited variety
of PEVs available; misunderstandings conceming the range
of the various PEVs; difficulties in understanding electricity
consumption, calculating fuel costs, and determining charg-
ing infrastructure needs; complexities of installing home
charging; difficulties in determining the greenness of the ve-
hicle; fack of information on incentives; and lack of knowl-
edge of wnigue PEV benefits. Collectively, the identified
barriers indicate that consumer awareness and knowledge
of PEV offerings, incentives, and features are not as great
as needed to make fully inforined decisions about whether
to purchase a PEV. Furthermore, many factors contribute to
consumer uncertainty and doubt about the viability of PEVs
and create a perceptual hurdle that negatively affects PEV
purchases. Together, the barricrs emphasize the need for
better consumer information and education that can answer
all their questions, Consumers have traditionally relied on
dealers to provide vehicle information; however, in spite of
education efforts by some manufacturers, dealer knowledge
of PEVs has been uneven and ofien insufficient to address
conswmer questions and concerns, The committee does ac-
knowledge, however, that cven well-informed consumers
might not buy a PEV because it does not meet some of their
basic requirements for a vehicle (that is, consumer informa-
tion and education cannot overcome the absence of features
desired by a consumer).

Recommendation: To provide accurate consumer informa-
tion and awareness, the federal government should make use
of its Ad Council program, particularly in key geographic
markets, to provide accurate information about federal tax
credits andd other incentives, the value proposition for PEV
ownership, and who could usefully own a PEV.



4 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

GOVERNMENT SUPPORT FOR DEPLOYMENT
OF PLUG-IN ELECTRIC VEHICLES

The federal government can play a substantive role in
encouraging PEV deployment by supporting research that
tias the potential to remove barricrs. Specifically, investment
in battcry research is critical for producing lower cost, higher
performing batteries. Improved battery technology will lower
vehicle cost, increase the ali-electric range, or both, and those
improvements will likely tead to increased PEV deployment.
Furthennore, research is needed to understand the relationship
between charging infrastructure availability and PEV adop-
tior: and use. Specifically, research should be conducted to de-
termine how much public infrastructure is needed and where it
should be sited to induce PEV adoption and to encourage PEV
owners to optimize their vehicle use. That rescarch is espe-
cialty critical if the federal governiment is aliocating resources
to fund public infrastructure deployment,

Recommendation: The federal govermment should continue
to sponsor fundamental and applied research to facilitate and
expedite the development of lower cost, higher performing ve-
hicle batteries. Stable funding is critical and should focus on
improving energy density and addressing durability and safety.

Recommendation: The federal govermment should fund re-
search to understand the role of public charging intrastructure
(as compared with home and workplace charging) in encour-
aging PEV adoption and use.

The successful deployment of PEVs will involve many
entitics, including federal, state, and local governments. One
potential barrier for PEV adoption that is solety within gov-
erimment control is taxation of PEVs and, in particular, taxa-
tion for the purpose of recovering the costs of maintaining,
repairing, and improving roadways. In the United States,
fuel taxes have been used to finance transportation budgets.
Because BEEVs use no gasoline and PHEVs use much less
gasoline than ICE vehicles, there is the belief that PEV own-
ers pay nothing to support transportation infrastructure and
should be taxed or charged a special fee. However, PEV
owners pay taxes and fees other than fuel taxes that support
transportation budgets. Furthermore, the fiscal impact at the
present time and likely over the next decade of not collecting
tuel taxes from PEV owners is negligible, especially com-
pared with the impact of high-mileage vehicles that are being
produced to meet fuel-economy standards.

Recommendation: Federal and state govemiments should
adopt a PEV innovation policy where PEVs remain free from
special roadway or regisiration surcharges for a limited time to
encourage their adoption.

Some federal and state penmitting processes have been
ill-suited for the simple installation of some PEV charging
infrastructure. As a result, unnecessary permit burdens and
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costs have been introduced into the installation process. Be-
cause most charging will oceur at home, PEV deployment
could be seriously impeded if the buyers must bear high
permit and installation costs and experience delay in the ac-
tivation of their home chargers. Accordingly, clarity, predict-
ability, and speed are needed in the permitting and approval
process for installation of home and public charging stations,

Recommendation: Local governments should streamline per-
mitting and adopt building codes that require new construction
to be capable of supporting future charging installations.

CHARGING INFRASTRUCTURE FOR
PLUG-IN ELECTRIC VEHICLES

PEV deployment and the fraction of vehicle miles fu-
¢led by electricity (¢ VMT) critically depend on the charging
infrastructure. For its analysis, the committee categorized
the infrastructure by location (home, workplace, intracity,
intercity, and interstate) and power (AC level 1, AC level 2,
and DC fast charging), evaluated it from the perspective of
the PEV classes defined in Table S-1, and determined which
entitics might have a motivation to instat! which category of
charging mfrastructure. The results of the committec’s anal-
ysis are summarized in Table §-2. The table reflects the rela-
tive importance of cach infrastructure category as assessed
by the committee, with home listed first {most important)
and interstate listed last (least important).

Several points should be made for the various infrastruc-
ture categories. First, home charging is a virtual necessity for
all PEV classes given that the vehicle is typicaily parked at a
residence for the longest portion of the day. Accordingly, the
home is (and will likely remain) the most important location
tor charging infrastructure, and homeowners who own PEVs
have a clear incentive to install home charging. Residences
that do not have access to a dedicated parking spot or one
with access to electricity clearty have challenges to over-
come to make PEV ownership practical for them.

Second, charging at workplaces ofters an important op-
portunity to encourage PEV adoption and increase eVMT.
Specificaily, it could double the daily travel distance that is
fueled by electricity it combined with home charging and
could i principle make possible the use of limited-range
BEVs when no home charging is available, Some businesses
appear to be motivated to provide workplace charging as a
means to attract and retain employees or to brand the compa-
ay with a green image. However, one concern is that utilitics
could impose demand charges if the businesses exceed their
maximum power-demand thresholds; such charges could be
substantial. Apother concern is the IRS requirement for busi-
nesses to assess the value of the charging and report it as
imputed income,

Recommendation: Local governments should engage with
and encourage workplaces to consider investments in charging
infrastructure and provide mformation about best practices.
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TABLE S-2 Effects of Charging hnfrastructure by PEV Class and Entities Motivated to Install Infrastructure Categories”

Inlrastareture Category”

PEV Class

Effect of Infrastructure on Mainstream PEV Qwner

Who Has an Incentive to Install?

Home
AC levels Fand 2

Workplace
AC levels fand 2

Intracity*
AC levels 1 and 2

[ntracity”
IDC fast charge

[utercity*
DC fast charge

Interstate
DC [ast charge

Long-range BEV
Limiled-range BEV
Range-extended PHEV
Minimal PHEY

Long-range BEV
Limited-range BEV
Range-extended PHEV
Minimal PHEV

Long-range BEV
Limited-range BEV
Range-extended PHEV
Minimat PHEV

Leng-range BEV
Limited-range BEV
Range-extended PHEV
Minimal PHEV

Long-range BEV
Limited-range BEV
Range-extended PHEV
Minimal PHEV

Long-range BEV
Limited-range BEV
Range extended PHEV
Minimat PHEV

Virtual necessity
Virtual necessity
Virtual necessity
Virtual necessity

Range extenston, expands market

Vehicle Owner. Utility

Business Owner, Utility

Range extension, expands market
Increases eVMT and vatue propesition; expands market
Increases eVMT and vatue propesition; expands market

Not necessary

Range extension, increases confidence

Utility, Retailer, Charging Provider,
Vehicle Manufacturer

Increases eVMT and vaiue proposition
facreases e VMT and vatue propoesition

Not necessary

Range extension, increases confidence
NA - not equipped
NA - 1ot equipped

Range extension, expands market

Utility, Charging Provider, Vehicle
Manufacturer, Government

Vehicle Manulacturer, Government

2 x Range extension, increzses confidence

NA - not equipped
NA - not equipped

Range extenston. expands market

Vehicle Manufacturer, Government

Not practical for long trips

NA - not equipped
NA - not equipped

= Assumptions for analysis are that electricity costs would be cheaper than gasoline costs, thal away-from-home charging would generally cosl as
muitch as or more thar home charging, that people would not plan to change their mobility needs to acquire 2 PEV, and that there would be no disrup-
tive changes 1o current PEV performance and only incremental improvements in battery capacity over time.

5The term intercity refers to travel over dislances less than Iwice the range of limited-range BEVs, and the term inferstate refers to travel over longer

distances.

¢ It is possible thal these infrastructure categories could expand the market for the various types of PEVs as appropriate, but that link is more tenuous

than the cases noted in the table for ather infrastructure categories,

NOTE: AC, alternating current; BEV, battery electric vehicle; DC, direct current; eVMT, electric vehicle miles traveled; NA, not applicable; PEVY,

plng-in electric vehicle; PHEV, plug-in hybrid electric vehicle.

Third, public charging infrastructure has the potential to
provide range confidence and extend the range for limited-
range BEV drivers, aliow long-distance travel for long-range
BEV drivers, and increase eVMT and the value proposition
for PHEV drivers. However, fundamental questions that
need to be answered are how much and what type of pub-
lic charging infrastructure is needed and where should it be
located? Furthermore, although the committee has identi-
fied several entities that might be motivated to install public
charging infrastructure, it could identify only two cntities—
BEV manufacturers and utilities—that might have an attrac-
tive business case for absorbing the full capital costs of in-
vestments in public charging infrastructure. The government
might decide that providing public charging infrastructure
serves a public good when others do not have a business case
or incentive to do so.

Reconimendation: The federal government should refrain
fromn additionat diteet investiment in the installation of public
charging infrastructure pending an evaluation of the relation-
ship between the availability of public charging and PEV adop-
tion or use.

IMPLICATIONS OF PLUG-IN ELECTRIC VEHI-
CLES FOR THE ELECTRICITY SECTOR

An important concern raised by the public and policy
makers pertains to the capability of electric utilities to pro-
vide for PEV charging. At the current time, PEV charging
requirements account for about 0.02 percent of the energy
produced and consumed in the continental United States.
Were the PEV fleet to reach as high as 20 pereent of private
vehicles, the estimated impact would still be only 5 percent
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of today’s electric preduction. Accordingly, PLV deploy-
ment is not constrained by the transmission system or the
generation capacity. Although some capital investment in (or
upgrades to) the distribution infrastructure might be required
in areas where thete is high, concentrated PEV deployment,
PEV charging is expected to have a negligible cflect on the
distribution system at the anticipated rates of PEV adoption.

Thus, the constraints on PEV adoption that could arise
from the electricity sector are more likely to be economic
tather than physical or technical. Potential impediments to
PEV adoption include (1) high electricity costs that reduce
the financial benefit of PEV ownership, (2) regional differ-
ences in electricity costs that add confusion and prevent a
uniform explanation of the economic benefits of PEV own-
ership, (3) residential electric rate structures that provide no
incentive to charge the vehicle at the optimal time for the
utility, and (4) high costs for commercial and industrial cus-
tomers if demand charges are incurred as noted above. The
commntittee notes that state jurisdiction over retail electricity
rates constrains the federai role in directing the electricity
sector to toster PEV growth.

Recommendation: To ensure that adopters of PEVs have in-
centives to charge vehicles at times when the cost of supply-
ing energy is low, the tederal government should propose that
state regulatory conunissions offer PEV owners the option of
purchasing electricity under time-of-use or real-time pricing.

INCENTIVES FOR THE DEPLOYMENT
OF PLUG-IN ELECTRIC YEHICLES

One of the most important issues concerning PEV de-
ployment is determining what, if any, incentives are needed
to encourage PEV adoption. Determining the uneed for in-
centives is difficult because little is yet known about the ef-
fectiveness of PEV incentive programs. However, two fac-
tors to consider are vehicle price and cost of ownership. To
examine those factors, the comunittee considered sales and
consumer survey data and compared manufacturer suggest-
ed retail prices (MSRPs) on selected PEVs, HEVs, and ICE
vehicles. The committee found that although sales data and
consumer survey data are difficult to interpret, they are con-
sistent with the view that price is a barrier to sormne buyers but
that others might be rejecting PEVSs for other reasons. Com-
parisons of MSRPs and cuwmuiative ownership costs that in-
corporate current federal tax credits provide mixed evidence
on whether price is an obstacle to PEV adoption. However,
in the absence of tax credits or other subsidies, comparisons
at today’s MSRPs would be unfavorable to PEVSs.

Another factor to consider is the possibility of declines
in production costs for PEVs so that manufacturers can price
them attractively in comparison with conventional vehicles.
The decline over time in PEV production costs, however, is
likely to occur gradually, and existing quotas of federal tax
credits could be exhausted for manufacturers of relatively
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popular PEVs before costs can be substantially reduced.
Thus, the deployment of PEVs might he at risk uniess the
tederal government extends manufacturer or consumer in-
centives, at least temporarily.

Regulatory requircments and incentives for manufactur-
ers and consumers have been introduced over the past few
years by states and the federal government to encourage
PEV production and deployment. Most manufacturer incen-
tives and mandates are contained in the federal Corporate
Average Fuel Economy standards, the federal GHG emission
standards, and state zero-emission-vehicle (ZEV) progrants.
Most consumer incentive prograins have involved purchase
incentives in the form of tax credits, tax rebates, or tax ex-
emptions. However, states have also used ownership incen-
tives {(such as exemptions from or reductions in registration
taxes or fees and vehicle inspections) and use incentives
(such as exemptions from motor fuel taxes, reduced road-
way taxes or tolls, and discounted or frec PEV charging or
parking). Some states have also offered nonfinancial incen-
tives that allow access to restricted lanes, such as bus-only,
high-occupancy-vehicle, and high-occupancy-toll lanes. In-
centives have also been provided to install charging stations,
the availability of which might also influence people’s will-
ingness to purchase PEVs.

On the basis of the cominittee’s analysis, several points
should be highlighted, First, existing federal and state regu-
latory programs for fuef-cconomy and cimissions have been
effective at stimulating manutacturers to produce some
PEVs, and sale of credits from these programs between
manntacturers has also provided an important incentive for
PEV manufacturers to price PEVs more attractively. The
comimnittee emphasizes that the state ZEV requirements have
been particularly effective at increasing PEV production and
adoption. Second, the effectiveness of the federal income
tax credit at motivating people to purchase PEVs would be
enhanced by converting it into a rebate at the point of sale,
Third, state and local governments ofter a variety of finan-
cial and nonfinancial incentives, but there appears to be a
lack of research to indicate which incentives miglt be the
most effective at encouraging PEV adoption. Fourth, the
many state and local incentives that differ in monetary vai-
ue, restrictions, and calculation methods make it chalienging
to educate consumers on the incentives that are available to
them and emphasize the need for a clear, up-to-date source
of infonmation for consumers. Fifth, the overall international
experience appears to suggest that substantial financial in-
centives are effective in motivating consumers to buy PEVs.

Recommendation: Federal financial incentives to purchase
PEVs should continue to be provided beyond the current
preduction volume limit as manufacturers and cousnmers
experiment with and learn about the new technology. The
federal government should re-evaluate the case tor incen-
tives afler a suitable period, such as § years. Its re-evaluation
should consider advancements in vehicle technology and
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progress in reducing production costs, total costs of owner-
ship, and emissions of PEVs, HEVs, and ICE vehicles.

Recommendation: Given the research on effectiveness of
purchase incentives, the federal government should consider
converting the tax credit to a point-of-sale rebate.

Recommendation: Given the sparse research on incentives
other than financial purchase incentives, research should be
conducted on the variety of consumer incentives that arc (or
have been) oftered by states and local govermnents to deter-
mine which, if any, have proven effective in promoting PEV
deployment,

CONCLUDING REMARKS

The committee provides a number of recommendations
throughout this report and highlights several of the most im-
portant in the swmmary., However, two points should be fur-
ther cmphasized. Firse, vehicle cost is a substantial barrier to
PEV deployment. As noted above and discussed in detail in
Chapter 7, without the tederal financial purchase incentives,
PEVs are not currently cost-competitive with ICE vehicles
on the basis of either purchase price or cumulative cost of
ownership. Therefore, one of the most important commit-
tee recommendations is continuing the federal financial
purchase incentives and re-evaluating them after a suitable
period. Second, developing lower cost, better performing
batteries is essential for reducing vehicle cost because it is
the high-energy batterics that are primarily responsible for
the cost differential between PEVs and ICE vehicles. It is
therefore important that the federal government continue to
fund battery rescarch at least at current levels, Technology

7

development to improve and lower the cost of battertes {and
electric-drive technologics) for PEVs represents a technolo-
gy-push strategy that complements the market-pull strategy
represented by the federal financial purchase incentives that
lower the barrier to market adoption. A significant body of
research, however, demonstrates that having the right tech-
nology (with a compelling value proposition) is still insuffi-
cient to achieve success in the market. That technology must
be complemented with a planned strategy to create market
awareness and to overcome customer fear, uncertainty, and
doubt about the technology.

Equally important to recognize is a recornmendation
that the committee docs not make. The committee does not
at this poini recommend additional direct tederal investment
in the installation of public charging infrastructure until the
rclationship between infrastructure availability and PEV
adoption and use is assessed. That statement does not mean
or should not be construed to mean that no federal invest-
ment or additional public infrastructure is needed, Other en-
tities—including vehicle manutacturers, utilitics, and other
private companies—are actively deploying and planning to
deploy public infrastructure and have conciuded that addi-
tional public infrastructure is needed. However, the commit-
tee is recommending research to help determine the relation-
ship between charging infrastructure availability and PEV
adoption and use. Although some data have been collected
through various projects, the data-collection efforts were not
designed to understand that fundamental relationship, and
the comumittee cautions against extrapolating findings on
the first adopters to the mainstream market. Given the strain
on federal resources, the suggested rescarch should help to
ensure that limited federal funds are spent so that they will
have the greatest impact.
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Introduction

Plug-in electric vehicles (PEVs) that derive all or some
of their propulsion from an external electricity source have
received critical attention in recent years. They are espe-
cially attractive because they have the potential to reduce
greenhouse gas (GHG) emissions and to decrease petroleum
consumption substantially, given that light-duty vehicles ac-
count for nearly halt of the petroleum consumption in the
United States today and that electricity is not typically gener-
ated from petroleum (EIA 2014). Globally, the demand for
PEVs is growing, and some countries see them as an impor-
tant element of their long-tenn strategy to meet environmen-
tal, economic, and energy-security goals. Although they hoid
great promise, there are also many barriers to their penetra-
tion into the mainstream market. Some are technical, such as
the capabilities of current battery technologies that restrict
their clectric driving range and increase their purchase price
compared with conventional vehicles; others are related to
consunmer behavior and attitudes; and still others are related
to developing an infrastructure to support charging of the
vehicles and addressing possible effects of the new charg-
ing infrastructure on the clectric grid, Given the growing
concerns surrounding the percetved barriers, Congress in its
2012 appropriations for the Departinent of Energy (DOE) re-
quested that DOE commission a study by the National Acad-
emies to identity market barcicrs that are slowing the pur-
chase of PEVs and hindering the deployment of supporting
infrastructure.! Accordingly, the National Research Council
(NRC), which is a part of the National Academies, appointed
the Committee on Overcoming Barriers to Electric-Vebicle
Deployment, which prepared this final report.

HISTORICALAND POLICY CONTEXT

The PEV is not a new invention of the twenty-first cen-
tury. In 1900, 28 percent of the passenger vehicles sold in the
United States were electric, and about one-third of the vehi-
cles on the road in New Yuork City, Boston, and Chicago were
electric (Schiffer et al. 1994), The demise of PEVs resulted
from the mass production of an inexpensive gasoline-powered

I See Consolidated Appropriations Act, 2012, P.L. 112-74, H.
Rept. 112-331 (H.Rept. 112-118).
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vehicle (the Model T), the invention of an electric starter for
the gasoline vehicle (which eliminated the need for a hand-
crank), a supply of atfordable gasoline, and the development
of the national highway system, which allowed long-distance
travel (Schiffer et al. 1994). In the 1970s, interest in PEVs
resurfaced with the Arab oil embargo and the emerging en-
vironmentat and energy security concerns. Over the next few
decades, interest in PEVs waxed and waned as gasoline prices
remained roughly constant, {n the 1990s, interest in PEVs was
revived by California’s zero-emission-vehicle (ZEV) policies
but lagged again primarily because battery technology was
not as advanced as it is today. Recent advances in battery and
other technologics, new federal standards for carbon-dioxide
(CO,) emissions and fuel economy, state requirements for ze-
ro-emission vehicles, and the current administeation’s goal of
putting millions of alternative-fuel vehicles on the road have
reignited interest in PEVs,

Recent incentives to increase the number of PEVs on the
road began with the Emergency Economic Stabilization Act
of 2008, which provided a $2,500 to $7.500 tax credit for the
purchase of PEVs {Public Law [10-343 §205). The American
Recovery and Reinvestiment Act of 2009 (Public Law [11-5
§1141Yincreased incentives for PEVs by expanding the list of
vehicles that are eligible for a tax credit, It alse appropriated
$2 billion in grants for development of electric-vehicle bat-
teries and related components {(DOE 2009) and $2.4 billion
in loans for electric-vehicle manufacturing facilities (DOE
2011). Along with private investors, DOE has nvested $400
million to support infrastructure development, including dem-
onstration projects invelving 13,000 PEVs and 22,000 public
and private charging points in 20 U,S. citics (DOE 2011). Fur-
thermore, the DOE Office of Energy Efficiency and Renew-
able Encrgy (DOE 2013a) and several national laboratories,
including Argonne Nationai Laboratory (ANL 2011, 2012,
2013) and the National Renewable Energy Laboratory (NREL
2013), are conducting substantial research and development
on electric-drive technologies for PEVs (NRC 2013a).

Various state-level efforts—such as consumer incen-
tives that include tax credits for vehicle purchase, access to
carpool lanes, free public parking, and emission-inspection
exemptions—are aimed at increasing the number of PEVs
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on the road (DOE 2013b). Other efforts, such as reimburse-
ments and tax incentives for purchasing or leasing charg-
ing equipment and low-cost loans for installation projects,
are aimed at building the charging frastructure (DOE
2013b). California's ZEV program is particularly important
because of the size of the California motor-vehicle market.
Each motor-vehicle manufacturer in the state is required to
st at least a minimum percentage of ZEVs (vehicles that
produce no exhaust emissions of any criteria pollutant) and
transitional ZEVs (vehicles that can travel some minimum
distance solely on a ZEV fuel, such as electricity} (13 CCR
§1962.1 [2013]). Nine states—Connecticut, Maine, Mary-
land, Massachusetts, New Jersey, New York, Rhode Island,
Vermont, and Oregon—have also adopted the California
ZEV program as part of their plans to meet federal ambient
air quality standards.

The policies that promote carly PEV deployment are
aimed at benefits beyond near-tem reductions in petrolenn
consumption and pollutant emissions, The strategy is to
specd the long-term process of converting the motor-vehicle
fleet to alternative energy sources by exposing consumers
now to PEVs, by encouraging governments and service pro-
viders to plan for infrastructure, and by encouraging the mo-
tor-vehicle industry to experiment with product design and
marketing. Gaining a major market share for PEVs will likely
require advances in technology to reduce cost and improve
performance, but the premise of the early deployment cftorts
is that market development and technology development that
proceed in parallel will lead to earlier mass adoption than if
technology advances are requircd before beginning market
development, The early deployment cfforts also might speed
technology breakthroughs by maintaining visibility and in-
terest in PEVs, The risk entailed by this strategy is that if
PEV promotion efforts are premature relative to the develop-
ment of the technology, the costs of the promotion will have
had little benefit in the form of market development.

The motivation for pursuing PEV-deployment policies
beyond their near-term benefit can be understood from the
findings of another NRC report, Transitions to Aliernative
Vehicles and Fuels. The comumittee that prepared that report
was asked to assess a range of vehicle technology options
and to suggest strategies for attaining petroleum consump-
tion and GHG reduction targets of 50 to 80 percent by the
2030-2050 timeframe (NRC 2013b). An important finding
of that report is that major policy initiatives—such as tax
incentives, subsidies, or regulations—are required to obtain
such large-scale reductions, That conclusion is relevant for
the current study because it provides context as to why fed-
eral policy (or an NRC study) might focus on barriers. 1f
policy makers decide that such major reductions in petro-
leum consumption or GHG emissions are required to meet
cnvironmental and other goals, an undesstanding of the bar-
riers and the strategies that are needed to overcome them will
be required.

THE PLUG-IN ELECTRIC VEHICLE
AND CURRENT SALES

This report focuses on light-duty wvehicles (passenger
cars and light-duty trucks) in the United States and restricts
its discussion to PEVs, which inchude battery electric vehi-
cles (BEVs)” and plug-in hybrid clectric vehicles (PHEVs),?
The common feature of these vehicles is that they can charge
their batteries by plugging into the electric grid. The distinc-
tion between them is that BEVs operate solely on clectricity
stored in the battery (there is no other power source), and
PHEVs have an internal-combustion engine (ICE) that can
supplement the electric power train,™* PEVs are often de-
fined by the number of clectric miles that they can drive,
A BEV that can drive 100 miles on one battery charge is
designated as a BEV100; likewise, a PHEV that can drive
40 miles on one battery charge is designated as a PHEV40.
A more detailed discussion of PEV technology is provided in
Chapter 2 of this report.

Although a few makes and models of PEVs were avail-
able in the mid-1990s (for example, the General Motors EV]
and the Honda EV+, released in 1997; see UCS 2014), many
consider the December 2010 introduction of the Nissan Leaf
and Chevrolet Volt-——the first mass-produced PEVs—to be
the start of the viable commercial market for PEVs. Every
few months, new PEVs have been added to the U.S. market,
inciuding a long-range BEV (the Tesla Model 8); limited-
range BEVs {such as the Daimler Smart EV and the BMW
i3); range-extended PHEVs (such as the Ford Fusion Energi
and the Ford C-Max Energi); and minimal PHEVSs (such as
the Toyota Plug-In Prius).® Several manufacturers are also
selfing limited-volume BEVs, including the Ford Focus EV,
the Honda Fit EV, the Fiat 500e, and the Chevrolet Spark
to meet fuel-cfficiency and ZEV regulatory requirements.
In addition, a number of PEVs are not yet available in the
United States, notably the Mitsubishi Qutlander PHEV and a
number of Renault BEVs and Volkswagen PHEVS,

Figures 1-1 and 1-2 show monthly sales for BEVs
and PHEVs, respectively. PEV sales in the United States
were about 56,000 units in 2012, 96,000 units in 2013, and

2 The temm all-electric vehicle (AEV) is sometimes used instead
of BEV.

3 BEVs aud PHEVSs need to be distinguished from conventional
hybrid electric vehicles (HEVs), such as the Toyota Prius. which
was introduced in the late 1990s. HEVs do not plug into the elec-
tric grid but power their batteries from regenerative braking and an
intemnal-combustion engine. They are not included in the PEV cat-
egory and are not considered further in this report except to make a
COMPATISON On S0Ime issue.

1 Geverl design architectures are available for PHEVs, and, de-
pending on the design, the engine may be used to drive the vehicle
directly or act as a generator to recharge the battery or both.

5 PHEVSs can use engines powered by various fuels, This report,
however, focuses o PHEV engines that are powered by gasoline
because they are the ones currently available in the U.S. market,

& PEV designations are discussed in detail in Chapter 2 of this report,
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120,000 units in 2014 (Inside EVs 2015). Total U.S. vehi-
cle sales in 2014 were nearly 16.5 million, a record year in
which people were replacing their vehicles after not buying
during the recession (Woodall and Klayman 2015).

in the U.S. market, PEV sales increased from 0.62 per-
cent in 2013 to 0.76 percent in 2014 (Cobb 2014, 201 5); total
accwmulated sales in the United States were about 291,000
vchicles by the close of 2014 (Inside EVs 2015). To put the
U.S. sales data in perspective, Figure 1-3 shows that North
America accounted for almost half of the world PEV sales in
2013, Worldwide sales of PEVs were about 132,000 in 2012,
213,000 in 2013, and 318,000 in 2014 (Pontes 2015). PEV
sales have not yct been reported for some countries so this
number could increase slightly.

The rate of market growth over the past 3 years has al-
most doubled each year, but sales started at a very low level.
By way of comparison, hybrid electric vehicles (HEVs) were
introduced in 1997 in Japan and in 1999 in the United States.
Although HEVs have been more successtul in Japan than in
the United States—now at 20 percent of the total Japanese
light-duty vehicle market (Nikkei Asian Review 2012} and
over 50 percent of Toyota’s Japanese vehicle sales (Toyota
20143—it took 13 years for HEVs to exceed 3 percent of an-
nmual new light-duty vehicle sales in the United States (Cobb
2013). However, in certain markets, such as California and
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Washington, HEVs comprise 10 percent of new passenger
vehicle sales (see Chapter 3 for a discussion of factors that
affect vehicle preferences). Figure 1-4 compares HEV and
PEV sales over their first 34 months of having been intro-
duced to the U.S. market and indicates that PEVs are pen-
ctrating the market faster than HEVs.

The California market has been particularly important
and accounts for over one-third of annual PLV sales. At the
close of 2014, PEV sales in California were 3.2 percent of
new light-duty vehicle sales and 5.2 percent of new passen-
ger vehicles (CNCDA 20135). California has a long history of
strong sales for new vehicle technologies, especially HEVs
as noted above. Catifornia is a favorable market tor PEVs be-
cause it has many wealthy buyers of new technology, broad
social support for PEVs in Light of its history of air pollu-
tion, an active regulatory regime with purchase incentives
and mandates for reducing carbon emissions and increasing
PEV sales, and favorable weather that is easy on battery life
and on charge available for vehicle miles. Furthenmore, Cali-
fornia has had a consistent, long-standing eftort to provide
basic Web-based and printed information resources on low-
and zero-emission velicles and to hold some ride-and-drive
events, Those activities have likely contributed to greater
public awareness of PEVs.
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FIGURE 1-1 U.S. BEV monthly sales data from 2010 to 2014. NOTE: BEV, battery electric vehicle. SOURCE: Based on data from

Inside EVs (2015).
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FIGURE 1-2 U.S. PHEV monthly sales data from 2010 to 2014. NOTE: PHEV, plug-in hybrid clectric vehicle. SOURCE: Based on
data from Iuside EVs (2015).

World PEV Sales 2012 (131,573)

World PEV Sales 2014 (318,346)

FIGURE 1-3 World PEV sales in 2012, 2013, and 2014, NOTE: PEV, plug-in electric vehicle. SOURCE: Bascd on data from Pontes
(2013).
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FIGURE 1-4 The rate of PEV market growth in its first 34 months superimposed on the rate of HEV market growth during its first 34
months. NOTE: HEV, hybrid electric vehicte; PEV, plug-in electric vehicle. SOURCE: DOE (2014}

As shown in Figure -5, other strong PEV markets are
Washington, Oregon, Georgia, Maryland, Vermont, and Ha-
waii. Those markets have also been driven primarily by social
sentiment (an environmentally friendly population base), fi-
nancial incentives, and regulatory mandates for reducing car-
bon emissions,

Finding: HEV adoption, which entaiied fewer technology
changes than PEVSs, required 13 years to exceed 3 pereent of
annual new light-duty vehicle sales in the United States.

Finding: PEVs have had higher sales than HEV's within the
first 34 months of their introduction into the market, although
the higher sales for PEVs could be the result of the various
incentives that have been offered.

PLUG-IN ELECTRIC YEHICLES:
BENEFITS AND TRADE-OFFS

PEVs ofter several benefits over conventional vehicles.
The most obvious for the owner are lower operating cost, less
interior noise and vibration from the power train, often bet-
ter low-speed acceleration, convenient fueling at home, and
zero tailpipe emissions when the vehicle operates solely on
its battery. BEVs have no conventional transmissions or fu-
cl-injection systems to maintain, do not require oil changes,
and have regenerative braking systemns that greatly prolong
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the life of conventional brakes and thus reduce brake repair
and replacement costs. On a large scale, PEVs offer the po-
tential to reduce petroleum consumption and improve urban
air quality; the degree to which PEVs affect pollutant emis-
sions will depend on how the electricity that fuels a vehicle
is generated, the degree to which charging of the vehicle is
managed, and the degree to which emissions from power-
generation sources are controlled (Peterson et al, 2011; see
further discussion below). PEVs might also act as an enabler
tor renewable power generation by providing storage or rap-
id demand response through smart-grid applications,

PEVs, however, aiso have important trade-oftfs. Current
limitations in battery technology result in restricted electric-
driving range, high battery cost, long battery-charging time,
and uncertain battery life. Concerns about battery safety, de-
pending on the chemistry and energy density of the battery,
have also arisen. PEVs have higher upfront costs than their
conventional-vehicle counterparts and are available in only a
few vehicle models. There is also a need to install a charging
infrastructure to support PEVs whetler at homne, at work, or
in a public space. Beyond the technical and economic barri-
ers, people are not typically familiar with the capabilities of
PEVs, are uncertain about their costs and benefits, and have
diverse needs that current PEVs might not meet. If the goal
is widespread deployment of PEVs, it is critical to identify
and evaluate the barriers to their adoption.
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FIGURE 1-5 Projected annual light-duty PEV sales as a percentage of total light-duty vebicle sales. NOTE: PEV, plug-in clectric
vehicle. SOURCE: Data courtesy of Navigant Research in Shepard and Gartner (2014).

THE COMMITTEE AND ITS TASK

The committee included experts on vehicle technology,
electric utilities, business and financial models, econom-
ics, public policy, and consumer behavior and response (see
Appendix A for biographical information). As noted above,
the commiittee was asked to identify market barriers that are
slowing the purchase of PEVs and hindering the deployment
of supporting infrastructure in the United States and to recom-
mend ways to mitigate the barriers. The committee’s analysis
was {0 be documented in two reports: an interim report and
a final comprehensive report. The committec’s interim report
was released May 2013 and identified infrastructure needs for
electric vehicles, barriers to deploying that infrastructure, and
possible roles for the federal government in overcoming the
barriers. It did not make any recommendations because the
committee was in its initial stages of gathering data. After re-
lease of the interim report, the committee continued to gather
and review information and to conduct analyses. This final
comprehensive report addresses the commitiee’s full state-
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ment of task, as shown in Box 1-1, and provides recommen-
dations on ways to mitigate the barriers identified.

The premise of the statement of task is that there is
a benefit to the United States if a higher fraction of miles
driven in the United States is fueled by electricity rather
than by petroleum and that PEV deployment will lead to this
desired outcome, Two reasons are commonly assumed for the
benefit. First, a higher fraction of miles fueled by electricity
would reduce U.S, dependence on petroleum. Sccond, a
higher fraction of miles fueled by clectricity would reduce
the amount of CO, and other air poliutants emitted into the
atmosphere. The cominittee was not asked to research and
evaluate the premise for the statement of task, and it has not
tried to do so. However, it is appropriate to summarize the
scientific case on which the premise is based and ask if any
recent developments might call the premise into question.

U.S. energy independence and security have been long-
term U.S. goals. Every administration from Richard Nixon’s
onward has proclaimed its importance. A PEV uses no petro-
leum onboard when it is being fueled by electricity, and in
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f ' _' o BOX11StatementofTask

An ad hoc commrttee wrll conduct a study |denufyrng the markel barners slowrng the purchase of electnc vehrctes (E‘Vs whrch for
this study include pure baltery eleclrrc vehicles [BEVs] and plug in hybrrd electric vehiclas IPHEVs]) and hindering the dep!oyment _
of supporting infrastricture in the United States. The study will draw on Input from slate ulrlrty commissions, electnc ulrlrlres aulo-
motive manufacturers and supplrers local and slate governments the Federal Energy Regulatory Commrssron federal agencies,
and others, including prevrous studies, performed forthe Department of Energy {DOE), to hetp identify barriers to the rntroductron of
eleclic vehicles, parlicularly the barners to the deployment of the necessary vehicle chargrng rnfrastructure and recommend ways
to miiigate ihese barriers, The study wrtl focus on Irght{tuty vehicles but also draw upo expenences wrth EVs in the medrum and .
heavy-duty vehrcle market segmant Specrf‘ oally, the commrttee wr!l SR

t Examlne the charactenstrcs and capabrtrtres of BEV and PHEV technotogres such as cost performance, range safety, and :
'durabtltty, and assess how these factors mrght creale barners to widespread deployment of EVs Included in the examrnatron of EV _
technologres will be the charactenstrcs and capabllrtres of vehicle chargrng technologres :
-2, Assess consumer hehavrors and attitudes towards EVs and how these mrght affect the tnImductron and use cf EVs Thrs
-assessment would include analysis cf the possrble manner. by which consumers mrght recharge therr vehrcles (veh:cte chargrng e
bshavrors eq., at home, work, overnrght frequency of chargmg, trme of day | pncrng, dunng peak demand trmes etc) and how_'.'-'
consumer perceptions of EV characlerislics will impact their deptoyment and use. -
3. Review alternative scenarios and optrons for deptoyment of the electric vehrcte mfrastructure mcludrng the varrous polrcres. B
frnctudmg lax incentives, and busrness models necessary for deptoyrng and marntalnlng this mfrastructure and necessary funding
mechanisms. The review should rnotude an evaluatron of the successes fa:lures and Iessons iearned from EV deptoymant occur—
ring both within and oulside the United States, - i
4, Examme the results of prror (and current) incentrve programs both ﬁnancrat and other to promote ether

'rtlally uneconomrc__i

the approxrmate costs of such an rnfrastructure and how utrlrty rnvestment decrsrcn makrng erl ptay into the establashment of a :
chargrng network As part of this assessment the commrttee wilk rdentrfy the |mprovements in the sleclricily distribution systems :
needed to manage vehrcle chargrng, minimize current vanabrtrty. and marntarn power qualrty in the local distribution network Also, |
the commrttee will consrder the potenlial impacts on the electricity systam as a whole, potentially |nctud:ng impacts on the lrans-_"
rission system drspatch of eleclricity generatron ptants |mprovements rn system operalron and toad forecastrng, and use of EVs o
as grid-integraled eleclricity storage devices. - ' L
-8, ldentify the infrastructure needs beyond lhose relaled lo the efectncrly sector Thrs mcludes the needs related to dealer semce_
departments |ndependent repair and malntenance shops, battery recycllng networks and emergency responders Sy
7. Discuss how different infrastruclure daployment strategies and scenarios might |mpact the cosls and barners Thls mtght
lnctude looking at the impacts of focusrng the infrastructure deployment on meeling the needs for EVs in vehicle fleets, where the
cenlralizatron of the vehicle servicing might r reduce the cosls for deptoyrng charging mfrastructure or reduce marntenance issues,
or focusmg the tnfrastruclure deployment on meeling the needs for EVs in mulii-family burldrngs and other hrghdensrty lecatrons -
where daily driving paiferns may be befter suited to EV use than longer commutes from smg!e family homes i in lower denssty areas.
This might also include looking lo the extent possrbta of how the bamers and strategres for cvercomlng barrrers may drffer in drf— o
ferent LL.S. localities, states, or regions. .
:'8, Identify whether there are. other barriers to the wrdespread adoptron of EVs mcludrng shortages of cntrca! matenals and pro—
vrde guidance on Ihe rankrng of all barrrers fo EV deptoyment to help priorilize efforts to overcoma such barriers. o
8. Recommend what roles (if any) should be _played by the federal government to mrtrgate those market bamers and consrder_
what federal agencres including the DOE, vould be most effeclive in those roles.
10 Identrfy how the DOE can best utrlrze tha data on etectnc vehtcle usage already berng collected by the department

. The comrmttees analysrs and methodotogres wrlt be documented |n two NRC-approved reports The study wrlt consrder tha_.:.
technologrcal infrastructure, and hehavioral aspects of mtroducrng more electric vehicles |nto the transportatron syslem A short
rntenm report wrlt address, based on presentatrcns 1o the comn‘ttttel and the exrstlng Irterature the fo]lowrng issues: 53

1. The mfrastructure needs for electnc vehldes SREEHP R
2 The barriers to deploying that infrastruclure; and SRR SERt : : : : :
3. Optronal roles for the federal gcvernment to evercome these barrrers along wrth mrtral drscussron of the pros and oons of :

'theseoptrons ERR

The fi nal report wrll drscuss and anatyza these rssues 1n more detarl and present recommendatrons on the full range cf tasks_--'
{isted in Items {1} to (10} for the full study. The final report will include consideration of the infrastructure requrrements and barners'_
as welt as technological, behavioral, economic, and any cther barners that may slow the deployment of electric vehicles, as well .
as recommendalions for mitigating the idenfifted market harriers. itis envrsroned thal the committee will hold meetrngs in different
locations around the United States, as well as collect mformatron on expenences in other counlries, in order to collect rnformatron
on different apprcaches helng taken to overcomrng the bamers to etectnc vehrcte deployment and tts supportrng chargmg |nfra-_'-_

structure RN
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Introduction

2013, less than 0.7 percent of the U.S. grid electricity was pro-
duced from petroleum.” Thus, widespread adoption of PEVs
would lead to a large decrease in petroleum use. There is a
modest caveat, however, to that conclusion. U.S. petraleum
consummption in the light-duty vehicle fleet is regulated by
National Highway Traffic Safety Administration (NHTSA)
through its Corporate Average Fuel Economy (CAFE) pro-
gram (see Chapter 7 for a detailed discussion). CAFE stan-
dards are based on average fuel economy of a manutacturer’s
vehicle fleet, so reductions in fuel use attributed to the sale of
asingle PEV could be offset by the sale of an ICE vehicle® that
consumes mmore fuel, resulting in o net fuel savings from PEV
deployment (Geean et al, 2012). However, petrolewn con-
sumption might still be reduced by PEV deployment because
the CAFE program underestimates the petroleum-reduction
benefit of PEVs. Specifically, the factor used by the CATE
program to calculate a fuel-economy rating for compliance is
equivalent to assuming that 15 percent of the electrical energy
used by a PEV is generated from petroleum, which is clearly
an overestimate ot the petrolenm used by the U.S. electric sec-
tor (EPA/NHTSA 2012, p. 62821). Moreover, successtul de-
ployment of PEVs would help to cnable the implementation
of increasingly stringent CAFE standards, resulting in lower
petroleum conswmption, as noted by the Congressional Bud-
get Office (Gecan et al, 2012).

It additien to reduced petroleumn consumption, lower
GHG emissions are noted as a reason for PEV deployment.
A series of authoritative scientific reports (IPCC 2014; NCA
2014; NRC 201i4) stress that the emission of GHGs, par-
ticularly CO,, is contributing i a measurable way to global
warming and urge the United States to reduce its CO, emis-
sions, Because light-duty vehicles were responsible for 17.4
percent of total U.S. GHG emission in 2012 (EPA 2014a),
reducing GHG emissions from the light-duty vehicle fleet
is scen as an important approach for reducing overall GHG
emissions. A vehicle completely powered by electricity from
the U.S. electric grid is often called a zero-emission vehicle
(ZEV) insofar as it emits no CO, or other pollutants from its
tailpipe. However, whether PEVs reduce total U.S. emissions
of CO, and other GHGs depends on the emissions associated
with the production of the grid cicctricity that the vehicles use
and, in the case of PHEVs, on tailpipe emissions. Estimation
of the emissions attributed to a vehicle whether operating on
gasoline or electricity is often referred to as a well-to-wheels
analysis.® For a gasoline vehicle, a well-to-wheels analysis
would consider emissions from fossil fuel extraction, refining,
and transportation, as well as tailpipe emissions from onboard

7 Estimate calculated from data reported in EIA (2013), Short
Term Energy Outlook.

% For this report, ICE vehicle or coiventional vehicle refers o a
light-duty vehicle that obtains all of its propulsion from an intemal-
combustion engine.

? A more complete analysis is a lifecycle assessment that, in ad-
dition to the well-to-wheels assessment, includes environmental
impacts from vehicle production (all aspects), vehicle use. and dis-
posal of the vehicle at the end of its life.
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fuct combustion. For a PEV, a well-to-wheels analysis would
include emissions associated with electricity generation, such
as extraction of fucls, their (ransportation, and the transmis-
sion of the electricity. For PHEVs, a well-to-wheels analysis
wounld be a weighted average of the emissions from clectrici-
ty-fueled and petroleum-fueled operation.

There are several (ofien conflicting) methods to evalu-
ate well-to-wheels GHG emissions of vehicles. One method
is to use well-to-wheels emission factors produced by DOE.
Given that method, an analysis of the 30 mpg 2014 Chevrolet
Cruze (an ICE vehicle), the 50 mpg 2014 Toyota Prius (one
of the cleanest HEVs), and the Nissan Leat BEV charged on
the 2010 U.S, average electricity-generation mix shows that
the Cruze, Prius, and Leaf produce GHGs of 369 g/mi, 222
g/mi, and 200 g/mi, respectively.'” Accordingly, the opera-
tion ot the BEV is estimmated to produce about 46 percent less
GHG than the ICE vehicle and 10 percent less GHG than
the best hybrid, If one considered cleaner ¢lectricity sources
{for example, ones in California or Washington, where large
numbers of PEVs are purchased), the BEV would produce
only about half of the GHG of the best HEV {(DOE 2015).
Well-to-wheels analyses of this type have been reported for
average GHG emissions within each grid subregion as de-
fined by the U.S. Environmental Protection Agency (EPA)
(Anair and Mahmassani 2012).

An alternative analysis examines the emissions atirib-
uted to PEV charging by taking into account not only the
average emissions at a given location, but also the variation
in emissions due to time of day and the type of generation
added to provide the additional etectricity needed for charg-
ing. Analyses of this type differ on the emissions resulting
from PEVs, depending on the modeling approach and the
time frame used. On the one hand, EPA in its latest rulemak-
ing for light-duty CO, standards found that the additional
power plants used to meet PEV load in the 2022-2030 time
frame would have lower emissions than the national aver-
age power plant at that time (EPA/NHTSA 2012, p. 62821),
On the other hand, a model that attempts to simulate emis-
sions from today’s grid using older data from 2007 to 2009
suggests that the marginal emission rates for PEV charging
might be higher than the average power plant emissions and
in the worst case might even be higher than emissions attrib-
uted to HEVs and ICE vehicles (GrafT Zivin 2014),

Another factor to consider is the treatment of GHG
etissions from PEVs under the joint CAFE-GHG standards
(see Chapter 7 for a more detailed discussion), Similar to
the CAFE program requirement for a fleetwide average tuel
economy, flectwide average GHG emission rates are restrict-
ed to a certain average grams of CO, per mile. Therefore,
lower PEV emission rates are averaged with higher emis-
sion rates from ICE vehicles. If, however, standards become
increasingly more stringent, PEV sales might be needed

10 Tlye latest data for FCE tailpipe emissions and for the “upstream
emissions” of GHGs (0, equivalent) to produce electricity from
the 2010 118, electricity grid are available at www.fueleconomy.gov,
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to meet them, and early deployment of PEVs encouraged
through incentives might allow the implementation of more
stringent GHG standards in the future. To encourage PEV
deployment in the near term, EPA temporarily allows the
portion of PEV miles that are estimated to be driven on elec-
tricity to be treated as zero emissions and lets a single PEV
count as more than one vehicle, That favorable treatment
creates a short-termn trade-off in GHG emissions that is an-
ticipated to bring long-term benefits from PEV deployment.

Emissions attributed to PEV operation might change
over time with changes in emissions from electricity genera-
tion, The United States has reduced its GHG cimissions over
the last several years by converting some of its electricity
production from coal to natural gas. The result is that, on
average, a PEV fueled by electricity is now responsible for
less GHG per mile driven. Well-to-wheels emissions must
continue to consider the evolving understanding of upstream
methane emissions from coal and natural gas production and
distribution (EPA 2014b). The substantial reductions in U.S.
GHG emissions from electricity generation are expected to
continue for some time, especially if the proposed EPA GHG
regutations of new and existing power plants and oit and gas
wells are enacted. Thus, PEVs will make further reductions
in GHG emissions as the U.S. electric grid changes to lower
carbon sources for its electricity—a fact that is sometimes
overlooked. And PEVs fueled on electricity have the poten-
tial to produce no weii-to-wheels emissions if the electricity
is generated from carbon-free sources. That is not the case
for even the most efficient petroleum-fucled ICE vehicles. If
the United States intends to reach low levels of GHG emis-
sions (80 percent reduction), large-scale adoption of PEVs is
one viable option (NRC 2013b).

The committee concludes that the premise for the state-
ment of task—that there is an advantage to the United States
if a higher fraction of the miles driven here is fueled from
the U.S. electric grid—is valid now. The advantage becomes
even greater each year that the United States continues to
reduce the GHGs that it produces in generating electricity.

Finding: The average GHG emissions for which PEVs are
responsible are currently lower than emissions from even the
cleanest gasoline vehicles and will be further reduced as the
electricity for the U.S. grid is produced from lower carbon
sources.

Recommendation: As the United States encourages the
adoption of PEVs, it should continue to pursue in parallel
the production of U.S. electricity from increasingly lower
carbon sources.

The committee notes that the use of HEVs rather than
ICE vehicles would provide a large reduction in U.8. petro-
leum use and eissions. If their small market share could be
substantially increased. the many types of HEVs already on
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the market could rapidly bring about substantial reductions
in petrolemn use and emissions in the time that 2 comparable
variety of PEVs are brought to market, Accordingly, the fo-
cus in this report on PEVs should not be misinterpreted so
as to keep policy makers from encouraging the switch from
ICE vehicles to HEVSs.

THE COMMITTEE’S APPROACH TO ITS TASK

Ten meetings were held over the course of this study.
Seven meetings included open sessions during which the
comumnittee heard from the sponsor and invited speakers rep-
resenting national laboratories, state agencics, university
centers, vehicle manufacturers and dealers, and other pri-
vate industries and consultants {see Appendix B for a list of
speakers from all the open sessions). Committce subgroups
also visited several sites in this country and abroad, includ-
ing Texas, Japan, Germany, and the Nethertands, to gather
information on electric-vehicle programs. On thosc trips, the
committee members met with national and regional govern-
ment officials, automobile manufacturers, charging compa-
nies, and other relevant organizations. On the basis of infor-
mation received at its meetings, its on-site visits, and from
the literature, the committee prepared this final report.

As discussed above, the committee accepted its charge
and is not debating the merits of promoting, enabling, or in-
creasing PEV adoption. This report focuses on ways to ex-
tend the market from “early adopters™ to more mainstream
customers. Early-market customers for PEVs tend to base
their purchase decisions more on personal values and less on
purchase price. In contrast, mainstream-market customers
tend to weigh price and overall vehicle utility more heavily
in their purchase decisions.

One final issue concerns the rapidly changing market
and the various factors that hinder the adoption of PEVs—
particularly the price of gasoline, Wide fluctuations in gaso-
line prices, as occurred over the course of this study, affected
the committee’s comparisons and conclusions about the cu-
mulative costs of vehicle ownership. As discussed in Chap-
ter 7, gasoline prices arc an important factor in detenmining
the benefits of PEV ownership and can provide an incentive
or a disincentive for purchasing a PEV. To address the issue
of fluctuating gasoline prices, the committee decided that the
best approach was to use a range of gasoline prices, from
$2.50 to $4.00, in its calculations, to present ranges as appro-
priate throughout its report, and to draw conclusions based
on these ranges,

ORGANIZATION OF THIS REPORT

This final report is organized into seven chapters and
three appendixes. Chapter 2 discusses the current character-
istics and capabilities of PEV technologies. Chapter 3 pro-
vides a briet assessment of consumer behavior and attitudes
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toward PEVs and how they are atfecting PEV deployment.
Chapter 4 discusses what can be done to improve institu-
tional support for PEV deployment. Chapter 5 provides an
in-depth discussion of the charging intrastructure needed
for PEV deployment, and Chapter 6 evaluates the ability of
the clectric infrastructure to meet the increased clectricity
demand in light of the new charging infrastructure., Chap-
ter 7 discusses ways to motivate the consumer. Appendix A
provides biographical information for committec members,
Appendix B lists the meetings and the presentations made in
open sessions, and Appendix C provides some information
on international programs to support PEV deployment.
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Plug-in Electric Vehicles and Charging Technologies

As discussed in Chapter 1, the assigned task for the pres-
ent report is to examine barriers to the adoption of plug-in
electric vehicles (PEVs), which vse clectricity frotm the U.S.
clectric grid as their fuel. When powered by clectricity from
the grid, which uses little petroleum to produce electricity,
such vehicles require essentially no petroleum, and they emit
no carbon dioxide (CO,) or other harmful pollutants from
the tailpipe (EPA 2012), The premise for the assigned task is
that such vehicles have the potential for significantty lower-
ing petroleum consumption and decreasing emissions now
and even more so in the future. The CO, emissions advan-
tage will grow as the United States continues to switch to
lower-carbon-emitting sources of electricity by phasing out
coal and natural gas combustion and replacing those energy
sources with solar, wind, or nuclear energy, or altematively
by using carbon capture and sequestration for coal and natu-
ral gas plants if that technology ever proves to be practical.

As described in more detail in this chapter, electric-
ity from a battery powers the electric motor of a PEV and
is thus the analog of the gasoline in a tank that powers the
internal-combustion engine (ICE) of a conventional vehicle,
The hundreds ot miles of range that is typical for a conven-
tional vehicle depends on how many gallons of fuet the tank
can hold and on the fuel economy of the vehicle. Sunilarly,
the all-clectric range (AER) of a vehicle (the distance that
it can travel fueled only by the electricity that can be stored
in its battery) depends on the size of the battery and the ef-
ficiency of the vehicle. The AER, like the range of an ICE
vehicle, depends on such factors as the vehicle design, in-
cluding its aerodynamics, rolling resistaice, and weight; the
driving environment, including road grade and outside tem-
perature; the amount of heating and cooling that is used; and
how aggressively the vehicle is driven (NREL 2013). Some
factors, such as outside temperature, will have a greater ef-
fect on PEVs than ICE vehicles. The ranges quoted in the
present report are taken from the U.S. Environmental Protec-
tion Agency (EPA) data on resuits from the standard driving
cycie (EPA 2014).

This chapter begins with a discussion of the capabili-
ties and limitations of four classcs of PEVs, each presenting
different obstacles to widespread conswner adoption. It con-
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tinues with a discussion of high-energy batteries, the critical
and expensive components for all PEVs, and the possibil-
ity of increasing the energy densities of these batteries, A
summary of current and projected battery costs is provided
because it is primarily higher battery costs that make PEVs
cost more than ICE wvehicles. The chapter concludes with a
discussion of vehicle charging and charging options. The
committee’s findings and recommendations arc provided
throughout this chapter,

TYPES OF PLUG-IN ELECTRIC VEHICLES

Essentially alt U.S. vehicles today have an [CE that uses
gasoline or dicsel fuel that is derived from petroleum and
produces CO, and other harmful emissions as the vehicles
travel. Hybrid electric vehicles (HEVs) achieve a lower fuel
conswmption than conventicnal vehicles of the same size and
performance. They typically have a smaller 1CE and a high-
power battery and electric motor to increase the vehicle's
acceleration when needed and to power the vehicle briefly at
low speeds. Electric energy is provided to the battery when
the vehicle brakes and is produced by the ICE using power
that is not needed to propel the vehicle. The lower fuel con-
sumption that can be achieved is illustrated by the 50 miles
per gallon (mpg) of gasoline that is achicved by the Toyo-
ta Prius, the best-selling HEV. There are many other HEV
models avaifable in the market, most of which use much less
fuel than their ICE counterparts. Although HE Vs still consti-
tute a small fraction of the U.S. vehicle fleet, the more rapid
adoption of efficient HEVs could be important for meeting
the increasingly stringent corporate average tuel cconomy
(CAFE) and greenhouse gas (GHG) emission standards that
are helping to drive down the demand for petroleum and
to decrease vehicle tailpipe emissions. However, atthough
HEVs use batteries and electric motors, they derive all of
their clectric and mechanical energy from their gasoline or
diesel fuel. Thus, HEVs are used as a point of comparison for
the present report, but they are not its primary tocus.

As noted in Chapter 1, the PEVs that are the focus of
the present report are often divided into two categories: bat-
tery electric vehicles (BEVs) and plug-in hybrid electric ve-
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hicles (PHEVs) that include an ICE and an electric maotor.
This chapter uses vehicle AER to distinguish four classes of
PLVs. The reason is that the obstacles to consumer adoption
and the charging infrastructure requirements differ for the
four classes of PEVs, BLEVs are separated into long-range
BEVs and limited-range BEVs, and PHEVs are separated
into range-extended PHEVs and minimal PHEVs.

There are now examples in the market for cach type of
PLEV, and the cominittee uses some of them to iustrate their
capabilitics (see Table 2-1). Despite the increasing number
of PEVs enfering the market, however, far fewer vehicle

Overcoming Barriers 1o Deployment of Plug-in Electric Vehicles

types and features are available compared with the types and
features available for conventional ICE vehicles and HEVs.
Chapter 3 discusses the current paucity of choices as a pos-
sible barrier to PEV adoption. As PEVs become more com-
mon, however, the variety of choices will increase, and some
models could emerge that do not fit perfectly into one of the
four categories described here.

Finding; The increasing number of PEVs entering the mar-
ket demonstrates the possibility of various types of electri-
cally fueled vehicles, although far tewer vehicle types and

FABLE 2-1 Definitions and Examples of the Four Types of Plug-in Electric Vehicles

Vehicle

Battery Capacity”

All-Etectric Range®

Type 1. Long-Range Batlery Eleciric Vehicle. Can lrave!l hundreds of miles on a single batlery charge and then be refueled in
a lime that is much shorter than the additional driving time thal the refuefing allows, much like an ICE vehicle or HEV.

2014 YTesla Model 8
@ Sleve Jurvetson, licensed under
Crealive Commons 2.0 (CC-BY-2.0)

85 kWh nominal

265 miles

Type 2. Limited-Range Batlery Electric Vehicle. s made more affordable than the long-range BEV by reducing the size of fhe

high-energy baltery. Its limited range more than suifices for many commulers, but it is impractical fer long irips.

2014 Nissan Leaf
©2014 Nissan Nodih America, Inc, Nissan,
Nissan mode! names, and the Nissan
logo are registered rademarks of Nissan

2014 Ford Focus Electric
Image courtesy of Ford Nalor Company

24 kWh nominal (~21 kWh usable)}

23 kKWh nominal

84 miles

76 miles

Type 3. Range-Exlended Plug-in Hybrid Electric Vehicle. Operales as a zero-emission vehicle until s battery is depleted,

whereupon an ICE lurns on to extend ils range.

2014 Chevrolet Yolt
© General Molors

16.5 K¥Wh naminal (~11 kWh usable)

38 miles

Type 4. Minima! Plugin Hybric Electric Vehicle. Is mostty an HEV. Its small batlery can be charged from the grd, bulit has an
all-eleciric range thal is much sma'ler than the average daily U.S. driving distance.

2014 Toyota Plug-in Prius
‘mage courtesy of Toyota Molor Corporation

4.4 KWh nominal {~3.2 kWh usable)

11 miles (blended) 6 miles (battery only)

@ Nominal battery capacities, reported by manufacturers in product specifications, are for a battery before il goes into a vehicle. Vehicle electronics
restrict the usable battery eapacity to what beeomes the vehicle's all-clectric range.

" The all-electric ranges noted are average values estimated by EPA. The motor size and design architecture of the Toyota Plug-in Prius require the
use of its ICE to complete the Federal Test Procedure: therefore, its range is given for both blended, charge-depleting operation and battery-only
operation. All other vehicle ranges are given anly for fully electric, charge-depleting operation. NOTE: HEV, hybrid electric vehicle; ICE, intemal-

combustion engine.

SOURCES: Based on dala from Duoba {2012); DOF/EPA (2014a, 2014b, 2014¢, 2014d, 2014e); DOE (2012, 2013): EPA (2014); Ford (2014): and

Toyota (2014).
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features are currently available than are available for con-
ventional ICE vchicles and HEVs,

Type 1: Long-Range Battery Electric Vehicles

Today’s drivers are accustomed to [CE and HEV vehicles
that are able to drive for hundreds of miles and then be retu-
cled at any gasoline station in severat minutes. Extended trips
are practical insofar as the refucling time is much shorter than
the additional driving time that refueling provides. The full-
size Tesla Model $ is a demonstration that hundreds of miles
are also possible with a BEV that gets its energy cntirely from
the clectric grid. It has a range based on the EPA driving cycle
of 265 miles for a single charge of its 85 kWh battery (DOE/
EPA 201 4a). Half of the charge of a depleted battery can be re-
plenished in 20 minutes at any of the superchargers that Tesla
is installing for its customers along major U.S. highways. That
charge would extend the driving distance by about 132 miles.
Thaus, the Testa Model S is considered a long-range BEV be-
cause it can drive for hundreds of miles on a charge and then
be refucled in a time that is much shorter than the additional
driving time that the refueling aflows. Although filting a vehi-
cle with gasoline or diesel would be much quicker, the ability
to travel almost 400 miles stopping only once for a 20-minute
recharge is a notable achievement for a BEV, With its high
acceleration performance, low noise, high-end styling, and ex-
pected low maintenance, the Testa Model S has earned several
consumer performance awards (MacKenzie 2013; Consumer
Reports 2014).

The Tesla Model S is priced as a high-end Luxury vehicle
compatable to a high-end BMW and is not affordable for most
U.S. drivers.! Nonetheless, it is an important demonstration of’
the possibility of a long-range BEV for consumers. For now,
however, high battery cost is a barrier to the mass adoption of
the Tesla Model S and other BEVs. The fuel cost per mile and
maintenance costs are much smailer for BEVs than for ICE
vehicles, but not enough to offset their higher purchase price
at current U.S, petroleun prices. The situation can be quite
different in countries where gasoline and diesel fuel cost 2 or
3 times as much as in the United States.

Finding: The possibility of a long-range BEV that is pow-
ered by grid electricity rather than gasoline or diesel and that
meets cansumer performance nceds has been clearly demon-
strated by the full-size Tesla Model S.

Type 2: Limited-Range Battery Electric Vehicles
The high cost of high-encrgy batteries leads to three types

of more aftordable PEVs. The first sacrifices driving range
and the other two sacrifice zero tailpipe emissions for longer

I The cost of producing a Model § is corrently offset somewhat in
that Tesla is able to sell the zero-emission-vehicle (ZEV) credit it
eams for eacl vehicle to other vehicle manufacturers to allow them
to comply with the ZEV mandate. See Chapter 7 for a detailed dis-
cussion of the ZEV program.
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trips. A limited-range BEV is more aftfordable simply because
a smaller high-cnergy battery is installed, giving it a shorter
range. The 2014 Nissan LeaF, a midsize car, is the best-selling
example. It has a 24 KWh battery and au 84-mile range (DOE/
EPA 2014b). A more recent addition to the limited-range BBV
market is the Ford Focus Electric campact car, which has a 76-
mile range (DOE/EPA 2014c). As noted earlier in this chapter,
the actual range of a BEV will depend on a variety of factors,
including climate, road grade, and driver behavior. The differ-
ence between the range, fuel cconomy, and emission perfor-
mance cstimated for regulatory compliance and what is actu-
ally expericnced by drivers of ail types of light-duty vehicles
continues to be controversial and is discussed in other NRC
reports (NRC 2011, 2013).

The ranges that are achievable by lunited-range BEVs
are much longer than the 40 or fewer miles that 68 percent of
U.S. drivers drive in a day, making these vehicles adequate for
normal commuting and the average daily use (FHWA 2011).
However, drivers of ICE vehicles are accustomed to being
able to travel well beyond the average daily distance when the
need arises and can add hours of additional traveling time by
simply refilling a gasoline or diesel fuel tank in several min-
utes. For a limited-range BEV, however, a half hour of the
tastest avaitable charging will typically atlow an hour or even
less of additional driving, making extended trips impractical.
For extended trips and driving distances much beyond the
AER, the limited-range BEV driver needs to have access to a
second vehicle that has no serious range limitations or to some
other transportation means. As discussed in Chapter 3, many
houscholds have two or more vehicles, so trading vehicle util-
ity within a houschold is already common. For its customers,
BMW is experimenting with offering access to an ICE vehicle
for the occasional long trip to see if' this perk lowers the barrier
to adoption of its vehicles. Rental companies like Hertz have
also indicated that they are interested in filling that same niche
(Hidary 2012),

Finding: Limited-range BEVs are the only type of PEV that
have a considerable range limitation. However, the range
that they do have more than suffices for the average daily
travel needs of many U.S. drivers.

Finding: Given the substantial refueling time that would be
required, limited-range BEVs are not practical for trips that
would require more than onc fast charge.

Type 3: Range-Extended Plug-in
Hybrid Electric Vehicles

A range-extended PHEV? is similar to a tong-range or
fimited-range BEV in that the battery can be charged from

 The term range-extended PHEV is a general category based on
the aH-electric range of the PIIEV and should not be confused with
the term extended-range electric vehicle that General Motors uses
to describe the Chevrolet Volt,
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the electric grid. However, the battery is smaller than that in
a BEV, and the vehicle has an onboard ICE fueled by gaso-
line or dieset fuel that is able to charge the battery during a
trip. Although extended trips fueled only by electricity are not
practical, the vehicle has a total range comparable with that of
a conventional vehicle because of the onboard ICE. The 2014
Chevrotet Volt with an AER of 38 miles (DOLE/EPA 2014d)
is the best-selling example, and the 2014 Ford Energi models
(Fusion Energi and CMax Energi) that have AERs of 20 miles
are other prominent examples. The AERs are comparable to
the average daily driving distance in the United States,

The consequence of eliminating the range restrictions of
a limited-range BEV is that the added ICE uses petroleum and
produces taifpipe emissions. Although the ICE can be oper-
ated to maximize efticiency and minimize emissions, the frac-
tion of miles traveled propelled by electricity depends on how
willing and able a driver is to recharge the battery during a trip
longer than the AER. On the basis of data collected by DOE
through its EV Project, early adopters of the Chevrolet Volt
appear to be very motivated to minimize their use of the [CE
engine by charging more frequently and logging more electric
miles per day than Nissan Leaf drivers (Schey 2013). Blanco
(2014) reported that 63 percent of all miles traveled by the
Chevrolet Volt are fiteled by electricity.

Finding: The Chevrolet Volt demonstrates that if they become
widely adopted, range-extended PHEVs with AERs compa-
rable to or greater than the average U.S. travel distance offer
the possibility of significant U.S. petroleurn and emission re-
ductions without range limitations.

Type 4: Minimal Plug-in Hybrid Electric Vehicles

Minimal PHEVSs are PEVs whose small batteries can be
initially charged from the electric grid to provide electric pro-
pulsion for an AER that is much less than the average daily
travel distance for the U.S. driver. Ameng many examples, the
2014 Plug-in Toyota Prius is a minimal PHEV in that its AER
is only 6 miles (DOL/EPA 2014¢). It is an extreme example
of a car that is designed for minimwun compliance with regu-
lations rather than to give good electric-drive performance.
Mininal PHEVSs allow a manufacturer to comply with regula-
tions for obtaining PEV emission credits without the expense
of designing and producing a car that is optimized for using
electricity instead of petroleun. They allow their drivers to
comply with requirements for high-oceupancy-vehicle (HOV)
lanc access whether or not they bother to charge from the grid
{CCSE 2014). As might be expected, driver usage surveys of
Plug-in Prius drivers show that a substantial fraction do not
regularly charge their vehicles (Chernicoft 2014). Minimal
PHEVs arc essentially HEVs,

Finding: Minimal PHEVs with AERs much shorter than the
average daily driving distauce in the United States are es-
sentially HEVs,

Recommendation: Minimal PHEVs should be treated as
HEVs with respect to financial rebates, HOV access, and
other incentives to encourage PEV adoption,

HIGH-ENERGY BATTERIES

The capacity, weight, and volume of the high-energy bat-
tery in a PEV fargely determine its range, performance, and
cost refative to an HEV or an ICE vehicle. This section sum-
marizes the energy densities with respect to weight and vol-
ume that have been achieved with battery chemistries so tar
and considers possible improvements, despite the difficulty of
precisely predicting future developments. Differences in cur-
rent battery geometries and cooling strategies are discussed,
along with the associated uncertaintics about long-term bat-
tery durability.

Energy Pensity and Battery Chemistry

The battery in a PEV is the counterpart to the fuel tank for
an ICE vehicle. Electric energy from the electric grid is stored
in the battery until it is needed by the electric motor to turn
the wheels. The more energy stored in the battery, measured
in kilowatt-hours (kWh), the fenger the vehicle’s AER, An 80
kWh battery can propel a vehicle twice as far as can a 40 kWh
battery when the same vehicle is driven in the same way, just
as 20 gallons of gasoline can provide the energy to propel an
ICE vehicle twice as far as 10 gallons of gasoline. The nomi-
nal battery capacities for the PEVs in Table 2-1 are what the
batteries can store as their state of charge (SOC}) goes fom
fully discharged (SOC of 0 percent) to fully charged (SOC of
100 percent}. Vehicle manufacturers use electronics to restrict
how fully a battery can be charged and how far the vehicle is
able to deplete the charge in its battery, They make different
choices for the usable capacity of their vehicle batteries be-
cause it is known that this factor affects the degradation of the
battery over time, even though the degradation has yet to be
fully characterized or understood.

A battery’s energy density (see Figure 2-1) determines the
mass and volume of the battery necessary to store the energy
that 2 PEV requires. The vertical axis in Figure 2-1 is the en-
ergy storage capacity per unit volume (Wh/L), and the hori-
zontal axis is the energy storage capacity per unit mass (Wh/
kg). Lead acid batteries have a relatively small energy deunsity,
even though they provide starting, lighting, and ignition for
cssentially all the ICE vehicles around the world. The Toyota
Prius was the first mass-produced vehicle to use nickel-metal
hydride (NiMH) batteries. Such batterics have about twice
the energy density of lead acid batteries, and they proved to
be very reliable when they were used in ali the carly HEVs,
However, there seems to be no prospect for the large increases
in energy density that would be required to make them at-
tractive for use in PEVs, Lithium-ion batteries were invented
in the 1970s (Goodenough and Mizushima 1981) and mass
produced for the first time by Sony for taptop computers in
1991 (Yoshino 2012). In the following two decades, lithium-
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FIGURE 2-1 The volume energy density and the mass energy density for various battery types. NOTE: LIB, lithium-ion battery;
LPB, lithium-polymer battery; Ni-Cd, nickel cadmiun; Ni-MH, nickel-metal hydride; Ni-Zn, nickel zine; W hkg, watt-hour per kito-

gram; Wh/L, watt-hour per liter. SOURCE:; Amine (2010).

jon batterics took over the small electronics market in such
devices as laptop computers and cefl phones. In recent years,
they have also become the battery of choice for PEVs and for
new HEV models.

An electrically powered vehicle needs only about one
guarter of the stored energy that an ICE vehicle needs to de-
liver the same energy to turn the wheels. Most of the energy
that combustion releases from the fuel within an ICE is wasted
as heat that is dissipated through the radiator and exhaust. The
large cfficiency advantage of the PEV, however, is more than
overcome by the much smailer energy density in a charged
battery compared with the energy density of gasoline. The re-
sult is that PEV batteries now weigh much more and occupy
a much larger volume than a tank filled with gasoline. For ex-
ample, the 85 kWh battery in a Tesla Model S, the largest pro-
duction vehicle battery so far, weighs about 1,500 1b* (Tesla
2014a). Delivering the same encrgy to the wheels of an ICE
vehicle requires the combustion of stightly {ess than 9 gallons
of gasoline, which weighs about 54 1b.,

The increased weight {(about that of seven extra pas-
sengers) reduces the acceleration and the range that would
otherwise be realized, although the powertul motor in the
Model 8 overcomes the acceleration problem. Accominodat-
ing large, heavy batterics makes it difficult to use an ICE
or HEV platform for an electric vehicle. A vehicle designed
from its beginning to have electric propulsion has more op-
tions. The Model S, for example, was designed with a battery
compartment under the vehicle’s entire floor board so that
the heavy batteries are used to keep the vehicie’s center of
gravity low to improve handling.

3 The estimate is based on Tesla’s reported energy density for the
Model S battery of 121 Wivkg (Tesla 2014a}.

The lithium-ion batteries in vehicles difter in the chem-
istries and materials that are used and in the energy densitics
achieved (Table 2-2). In a lithium-ion battery (sec Figure
2-2), the positive lithium-ions flow between the anode and
the cathode within the electrolyte, as do clectrons in an ex-
ternal circuit connected between the anode and cathode. The
cathodes used are deseribed using chemical formulae that
provide their composition. All anodes but one are carbon.
All PEV batteries use an organic sotution of LiPF, as the
electrolyte.

The committee notes that the design of a vehicle bat-
tery is related not only to the battery chemistry but also to
the power and cnergy requirements of the various applica-
tions. For example, PHEVSs require more power than BEVs;
thus, BEVs can use thicker, cheaper electrodes. FFurthermore,
PHEV batteries must be cycled more frequently than BEV
batteries, so PHEV batteries tend to use a smaller portion
of the nominal battery capacity. Those two facts aftect the
battery structure and cost per kilowatt-hour and are taken
into account in various analyses of PEV battery costs {Dan-
icf 2014; Sakti et al. 2014) and in the EPA/NHTSA analysis
that informed the committee’s analysis of battery costs as
discussed below.

Projected Energy Density Increases and
Possible New Batfery Chemistries

Lithiumn-ion batterics with increased energy density arc
naturally the subject of research and development efforts,
It is difficult to predict success or its timing, but three ap-
proaches that are being pursued are worthy of mention.
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FIGURE 2-2 Representation of a lithium-ion battery that shows lithium ions traveling between the anode and the cathode and elec-
trons traveling through the external circuit to produce an electric current. SOURCE: Kam and Doeft (2012},

TABLE 2-2 Properties of Lithium-Ion Batteries in Four Plug-in Electric Vehicles on the U.S, Market

PEV Cathode Anode Suppiier Cell Type No. of Cells fnergy (kWh)  Power (kW)
Tesla Model S NCA = LiNigsCog1sAlogsO:  Carhon Panasonic Cylindrical ~8.000 8s 270
Chevrolet Volt LMO = LiMn; 04 Carbon LG Chem Prismatic 288 16.5 HId

Nissan Leaf LMO = LiMn;04 Carbon Nissan/NEC Prismatic 192 24 90

Honda Fit NMC = LiNijaMn1Con0;  LisTisOp, Toshiba Prismatic 432 24 g2

NOTE: Al, aluminum; Co, cobalt; kWh, kilowatt-hour; Li, lithium; TMO, lithium manganese oxide; Mn, manganese; NCA, nick-
el cobalt aluminwm oxide; NMC, nickel manganese cobalt oxide; Ni, nickel; O, oxygen; Ti, titanium.
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+ {ncreasing the munber of lithivin atoms in a layered
cathode structure has been shown in the laboratory to
increase the energy density (Julien et al. 2014),
Developing electroiytes that can operate at 4.8 V rather
than 4.2 V would increase the encrgy density (Pham et
al. 2014).

Replacing the carbon anode with one that includes
silicon would improve the energy density (Ge et al.
2013). Theoretically, a pure silicon anode would have
an encrgy density 10 times that of a puce carbon anode,
However, pure silicon anodes are not practical because
they crumble during a charging cycle, being unable to
withstand having their volume changed by more thana
factor of three. Mixtuges of silicon and carbon with ap-
propriate binders might minimize the volume change
and yet provide an increased cnergy density.
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The committee estimates that although there can be no
guarantee, as much as a twaofold increase in energy density
could come from some combination of the three approaches
within the next decade. Such an increase would allow an im-
portant reduction in the volume and weight of high-energy
batteries. Most important, however, the cost per kilowatt-
hour needs to decrease; a battery having twice the cnergy
density at twice the cost would not make PEVs any more
affordable. Nonetheless, even with such an improvement,
battery energy densitics would still be much smatler than the
energy density of gasoline.

On a tonger time scale, other battery chemistries could sig-
nificantly increase the encrgy density. The theoretical encrgy
density for a lithivn-air battery is 5,200 Wivkg (Rahman et al.
2014), which is comparable to that of gasoline. Such a battery
uses oxygen from air and therefore docs not need to store an
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oxidizer. PolyPlus (2009) claims to have a battery capable of
700 Wh/kg and expects to produce a rechargeable battery with
a higher energy density. Another promising approach is the
development of a high-encrgy density lithium-sulfur battery.
Sion Power, the recipient of substantial Advanced Research
Projects Agency-Energy (ARPA-E) funding, claims that “over
600 Whvkg . . . and 600 WYL in encrgy density are achievable
in the near future” (Sion Power 2014). Substantiat challenges
remain for both lithiwm-air and lithiwm-sulfur batteries, how-
ever, particularly in producing batteries that survive frequent
rechaiging, so it is difficult to predict if and when batteries
with much higher energy densitics will be available.

Finding: Aftordable batterics with higher energy densities
and fonger useful lives could greatly increase the all-clectric
range and presumably increase the adoption rate for PEVs,

Finding: Although there can be no guarantee, as much as a
twoflold increase in energy density from present values of 100-
156 Whikg could come from some combination of current re-
search efforts within the next decade.

Finding: Battery rescarch is critical because more practical
vehicle batterics that have higher energy densities and longer
life are needed to address important concerns about battery
range and durability.

Battery Geometry, Cooling, and Durability

Just as there is no conscnsus on what is the best lithivin-
ion battery chemistry, there is also no conscnsus on what is
the most stable or most economical battery geometry or on
how much the battery temperature should be regulated for the
sake of battery longevity. As more PEVs arc driven, the carly
adopters are essentially testing both the various battery chem-
istrics and the battery temperature reguolation choices under
real-world conditions that are hard to duplicate in laboratories.

Tesla connects many thousands of small cylindrical cells,
each having the same physicat shape and size as those that are
commonly used in computer batteries, thereby profiting from
the extensive manufacturing experience for cells with this
geometry. All other manufacturers use many fewer but much
larger ceils in so-called prisiatic or pouch geometries. A Nis-
san Leaf air-cools its batterics, while the Chevrolet Volt and
the Tesla Model 8 use a liquid system and heat exchangers to
regulate battery temperature. Over the next several years, the
reai-world experience reported by early adopters should make
clear the advantages and disadvantages of each strategy.

Concerns about the durability and pertormance of the
current lithium-ion batteries at extremely high and low tem-
peratures could be a barrier to PEV adoption, depending
on the durability observed as more vehicles are driven for
longer times (Steflke et al. 2008). One study that evaluated
a PHEV with a 20 kWh battery showed that a hot climate
accelerates the normal degradation of battery capacity with
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time (see Iigurc 2-3) (Pesaran et al, 2013). Reports on short-
er battery life for Nissan Leafs in Arizona seem consistent
with that observation (Gordon-Bloomficld 2013). As a re-
sult, Nissan has tested new battery pack designs to address
the obscrved problem (Gordon-Bloomfield 2013), and press
reports of the increased rate of battery detertoration have not
continued. However, it is not clear whether the problem has
been solved. Although Figure 2-3 illustrates preliminary re-
sults of studying the ettect of temperature on battery capac-
ity, battery life depends also on cycling at various depths of
charge, rate of charge and discharge, and likely many other
variables besides temperature. Only long-ternm expericnce in
hot climates will establish whether some manufacturers must
improve battery temperature regutation, use diftferent battery
chemistries, or restrict sales in hot climates.

ICE vehicle manufacturers have a good understanding
of how long their products will perform, and this knowledge
allows them to predict warranty costs. PEV manufacturers
are still learning about battery longevity. As more PEVs en-
ter the market. vehicle manufacturers have the chance to ex-
periment with various warranties and battery maintenance
contracts as they look for affordable ways to rcassure and
share risk among consumers that use these vehicles under re-
al-world conditions. Vehicle leasing is becoming more popu-
{ar and promoted by some manufacturers partly because this
option allows a consumer to avoid long-term hiability for a
battery if over time the battery performance degrades below
an acceplable level.

Finding: Concerns about the durability and pertormance of
the current lithium-ion batteries at extremely high and low
temperatures could be a barrier to PEV adoption, depending
on the durability observed as more vehicles are driven for
longer times,

RELATIVE COSTS OF PLUG-IN
ELECTRIC AND ICE VEHICLES

Studies of current and projected costs of high-energy bat-
teries and nonbattery components (EPA/NHTSA 2012) sug-
gest that the difference in cost of producing a PEV and an
ICE vehicle is (and will be) primarily due to the cost of the
high-energy battery. Those studics are part of the rcgulatory
analysis performed by EPA and the National Highway Traf-
fic Saftety Administration (NHTSA) for the recent 2017-2025
combined CAFE-GHG standards for light-duty vehicles, The
comprehensive regnlatory analysis includes vehicle-simu-
tation modeling and detailed component cost analysis (cost
teardown studies) pertormed by external consultants to deter-
mine cost and effectiveness of a wide range of technologies,
including conventional ICE vehicles, HEVs, and PEVs. Thus,
for its assessment, the committec relied on the CAFE-GHG
regtilatory analysis (EPA/NHTSA 2012), as well as on pre-
senfations from vehicle manufacturers, suppliers, and market
analysts (Tamor 2012; Ward 2013; Woodard 2012; Sriramulu
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FIGURE 2-3 Effect of ambient temperature on battery capacity on a 20 kWh battery in a PHEV. NOTE: DoD, depth of dis-
charge; PHEV, plug-in hybrid electric vehicle. SOURCE: Pesaran et al. (2013}

and Bamett 2013; Anderman 2014), because a detailed in-
dependent cost analysis was beyond its scope and resources,
The committee also reviewed the cost information provided
in Transitions to Alternative Vehicles and Fuels (NRC 2013).
That comimittee estimated battery costs by assuming that fu-
ture costs for Li-ion cells for vehicles would follow a similar,
although slower, cost reduction trajectory as that experienced
by Li-ion 18650 cells. Although cost projections were some-
what similar, this report makes use of the recent cxtensive
analysis done specifically for the costs of vehicle Li-ion bat-
teries. Costs of the batteries and nonbattery components are
discussed below; vehicte price and cost of ownership are dis-
cussed further in Chapter 7.

Lithium-TIon Battery Costs

A high-energy battery costs much more than a sheet-met-
al gasoline tank. Studies of current and projected battery costs
are summarized here to estitate the magaitude of the cost dif-
ferential and whether it is likely to continue. Cost refers to
what a vehicle manufacturer would pay a supplicr, which is
known as the direct manufacturing cost {DMC) (EPA/NHTSA
2012). What a conswmer would pay for a battery (the retail
price equivalent) is cxpected in the awtomotive industry to
be about 50 percent more than what a vehicle manufacturer
would pay (NRC 2011). Large price fluctuations must be ex-
pected until battery supply and demand for PEVs becomes

more predictable. Until then, the price will likely depend
strongly on the availability of unused battery production ca-
pacity and a manufacturer’s desire to be perceived as a tech-
nology leader. It might further depend on the willingness of
the vehicle manufacturer to sct a price that allows it to gain a
market share for its vehicles.

Untortunately, there are no definitive studies of battery
costs trom battery manufacturers given their need to protect
proprictary information. The range of cost projections from
studies of current and future battery costs is considerable. An
additional complication is that vehicle manufacturers make
difterent choices on how much of the total capacity of a bat-
tery is made available for use; GM uses about 70 percent of
the nominal capacity, and Nissan uscs about 99 percent (sec
Table 2-1).* To allow comparisons, the committee converted
study results to be the projected costs per kilowatt-hour of the
total battery capacity rather than the available battery capac-
ity. The costs estimated below are for complete battery packs,
excluding any cooling system.

+ A 2012 Argoune National Lab study projected costs to
be between $251 and $280/kWh for a battery pack pro-
duced in 2020 converted to 2012 dollars (Nelson et al.
2011),

4 The values cited seem appropriate given that PHEV batteries
could be cycled more times per trip than BEV batteries and that us-
ing a smatler portion of the nominal capacity increases battery life.
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TABLE 2-3 Estimates of Dollars per Kilowatt-hour for a 25 kWh Battery

Year Manufacturing Volume (packs/year) Cell Materials (8/kWh) Cell Price {$/k\Wh} Pack Price (8/k'Wh)
2013 25,000 LHO-150 275-325 400-500
2016 50,600 30-130 185-230 275-350
2020 106,000 35-110 140-190 225-278

SOURCE: Based on data from Anderman (2014),

» TIAX projected that direct material and direct labor
costs would amount to $3 10/kWh for an annual produc-
tion volume of 300,000, a large number compared with
U.S. PEV sales to date (Sriramulu and Barnett 201 3).

+ DOE has estimated a current cost of $240/kWh (Howell
2013).5

» EPA/NHTSA (2012) projected $540, $346, and $277
kWh for a PHEV40 with a 16 kWh battery pack in 2017,
2020, and 2025, for an annual volume of 400,000.

« A 2011 McKinsey study estimated the costs to be $350
to $420/kWh; it predicted that these costs would drop
to about $140/kWh by 2020 and $112/kWh by 2025
(Hensley et al, 2012).

« Anderman (2012) predicted that the cost for a 24 kWh
battery pack in the 2015 time frame in volumes of
100,000 units would be $340 to $450/kWh.,

+ Anderman {2014) provided estimates of dollars per kilo-
watt-hour {or a 25 kWh battery (see Table 2-3).

An attempt has been made to convert study results to cost
per kilowatt-hour of the total energy that can be stored in the
battery and to 2013 dollars (see Table 2-4).

The range of estimates in the current studies show that
current costs are difficult to obtain and that the future projec-
tions are even more difficult, requiring, for example, an esti-
mate of how many PEVs will be purchased. For the purposes
of this report, the committee decided to use the $500/kWh
as the current cost of the lithium-ion battery pack and about
$250/kWh as the cost in about 10 years, Thus, at $500/kWh,
the DMC of the Tesla battery would be $42,500, the DMC
of the Leaf battery would be $12,000, the DMC of the Volt
battery would be $8.250, and the DMC of the Plug-in Prius
battery would be $2,200.

Tigure 2-4 shows the decrease in costs of the Li-ion bat-
tery cell over the last 13 years and illustrates how Tesla has
profited from the reduced prices for the small cell package
used to power consumer electronics. The recent prices shown
for Li-ion batterics in Figure 2-4 (3400/kWh) correspond to a
cost of about $270/kWh if the assumption mentioned eaclier
is used that price is 1.5 times the cost. Some care is required
in deducing cost from prices in recent years because battery
manutacturers might be reducing prices to cope with having

¥ A current cost estimated to be $300/%Wh becomes $240/kWh for
the total battery capacity. assuming that the original estimate was
for an 80 percent utilization of the battery.

more production capability than demand. Some reports sug-
gest that Tesla is paying much less for batteries from Panason-
ic. In addition, Tesla has announced plans to build a $5 billion
battery factory and has stated that it believes it can substatially
reduce battery costs (Teefis Teamn 2014). The committee does
not have awy information about how the cost reductions will
be achieved, but the factory investiment appears to be a strong
indication that Tesla is confident that it can build high-energy
batterics more economically than has so far been possible.

Finding: 1t is not possible to determine a completely reliable
projection of future battery cost. However, given the avail-
able data, the committee assumed for this report a battery
pack cost of $500/kWh in 2013 and a 50 percent lower cost
in about 10 years,

Finding: The high cost of high-energy batteries is primarily
responsible for the higher initial cost of PEVs compared with
HEVs and ICE vehicles and is a barrier to PEV adoption.

Finding: Lven if the higher initial battery cost drops as pre-
dicted over the next 10 years, battery cost will remain a bar-
rier to PEV adoption,

Nonbattery Costs

An ICE wehicle includes an ICE, a radiator, a transmis-
sion, and an oil system. A BEV has instead an elcctric motor;
power electronics that convert the direct current {d¢) power
from the battery to the alternating current (ac) power needed
to drive the electric motor; and clectronics needed to charge
the battery. A PHEV includes both sets of components. The
nonbattery costs of the PEV are primarily attributable to the
power clectronic controls and the electric motor and genera-
tors. The committee reviewed and accepted the estimates for
nonbattery costs from the EPA/NHTSA (2012) study that was
used to evaluate CAFE standards because it found that the cost
analysis performed by the agencies was thorough and compre-
hensive.

The simplicity of a BEV compared with an ICE vehicle
makes it somewhat surprising that the EPA/NHTSA (2012)
study estimates that the direct manufacturing cost of the
nonbattery components for a BEV with a range of 75 miles
is about $1,255 higher than the cost of the ICE power-train
components it replaces. The increased cost includes $3,810
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TABLE 2-4 Summary of Estimated Costs of Total Energy from Various Sources (2013 U.S.5/kWh}

Overcoming Barriers to Deployinent of Plug-in Electric Vehicles

Year
Source Current” 2017 2020 2022 2025
Argonne
2000 250-706 — — — —
2012 — — 50 kW =336 — —
100 kW = 404
TIAX 2013 30 — - —_ _
DOE 2013 300 — — 125 —
EPA/MNHTSA 2012 — 540 RET e 277
McKinscy 2011 350-420 — 140 - {12
Anderman
2002 340-450 — — - .
2014 400-500 — 220-275 — _—
“Current as defined in the respective studies.
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Change of the sales price of the battery ( $ /kwWh)
16000 - ]
e NiWIH
14000 A e L+ 1i]
axscsenn NIC A ;1{
00 A | ‘,f;lw"! \\; J !\
g‘looo.o ‘%
§ 800.0 - WA ! \1_.-“';_'
600.0 ] - \ .!%% / .‘ Al
400.0 ?
200.0 A
00 -
%l?ﬁ?ﬁilﬁ”@\‘&‘”ﬁll@lﬁiﬁ”é‘l?éﬂﬁllé’!\%ﬂﬁ“ﬁﬂ%ﬂﬁﬂéﬂ#ﬂﬁl@I%ﬂflléﬂ‘ﬁﬂﬁlléilﬁ\ﬁllﬁI%J'ﬁ?léﬂ%lﬁl@l%lﬁllmlﬁil
g 0 0L 02 03 04 08 06 07 08 09 10 11 12

FIGURE 2-4 Change in the sales price of NiMH, Li-ion, and NiCd battery cells from 1999 to 2012, Prices are shown in
2012 doltars. The graph is based on data frem a production survey conducted by the Ministry of Economy, Trade, and Indus-
try, Japan. NOTE: kWh, kilowatt-hour; Li-ion, lithitm ion; NiCd, nickel cadmium; NiMH, nickel-metal hydride. SOURCE:
Maruyama (2013).
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for the clectric motor, inverter, high-voltage wiring, and im-
provements in the climate-coatrol system. Those component
costs are partially offset by the elimination of the ICE, trans-
mission, and related components, which account for a sav-
ings of $2,555 in dircet manufacturing costs (EPA/NHTSA
2012). The EPA/NHTSA estimates that the nonbattery costs
in 2025 will drop to 80 percent of their 2012 costs. However,
even it the cost reduction is less, the cost of the high-energy
battery will still account for most of the difference in cost
between a BEY and an ICE vehicle.

Because a PHEV has both an electric drive and an ICE,
it bias a higher nonbattery cost, The same study evaluated a
PHEV with a 40-mile AER and concluded that a PHEV has
nonbattery cost that is $3,700 higher than the nonbattery cost
of an ICE vehicle. Multiplying by 1.5 increases the price to
the consumer to $5,550 beyond the price of the battery.

A dramatic reduction in the price of power imverters
could potentially come from the replacement of silicon-
based semiconductors by wide bandgap materials, such as
SiC and GaAs, that would enable faster switching and lower
resistance to improve the inverter efficiency, Those materi-
als operate at much higher temperatures than the siiicon used
in today’s power electronics, and that characteristic would
make cooling easier and thereby reduce the size of the power
electronics package and possibly simplify the heat exchang-
ers (ORNL 2012). However, when such techinology will be
far enough along to come to market is ditficult to predict.

Finding: Because power electronics and large electric mo-
tors are new to the automotive industry, nonbattery costs will
likely drop substantially as new models come to market.

YEHICLE CHARGING AND CHARGING OPTIONS

Charging a PEV is analogous to filling a conventional
vehicle’s fuel tank with gasoline. A gasoline-powered vehi-
cle is attached to a pump that sends gasoline through a hose
into the fuel tank. A typical flow rate of 8 gal/min, for ex-
ample, means that typical gasoline tanks with capacities of
10 to 20 gal will be filled in a few minutes, Similarly, a PEV
is plugged into the electric grid so that electricity can flow
through wires into the battery. An energy flow rate of 6.6 kW,
for example, would fill an empty battery with a usable capac-
ity of 21 kWh in about 4 hours,

The maximum charging rate for residential charging is
limited by the size of the charger in the vehicle that changes
ac electricity into de electricity, A fully discharged battery ini-
tially charges at the maximum rate that the onboard charger
can manage and then charges more slowly as the battery nears
capacity. Thus, a vehicle battery does not charge at a constant
rate, and that is why it takes about 4 hours fo fill a 21 kWh
battery at 6.6 kW, For DC fast charging (discussed below),
the component that changes ae to dc is outside the vehicle and
is govemed by control signals from the vehicle. Regulating
the charging rate is necessary to ensure safety and to protect
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battery life. Although increasing the charging rate with high-
power chargers shortens the time needed to charge a vehicle’s
battery, an impoerniant techoical issue now being researched is
the extent fo which faster charging at high power hastens the
normal aging of a battery (Francfort 2013).

The “pressure” with which an electric circuit in a4 home
or business can force electricity through wires into some de-
vice is measured in voits (V). The amount of electricity flow-
ing through various devices, the electric current, is measured
in amperes (A). The product of the two is the power in watts
(W). Every circuit defivering electricity has a circuit breaker
or tuse that keeps the flow of electricity from excecding the
amperes that the circuit can safely provide. For example, a
2014 Nissan Leaf is capable of aceepting no more than 30 A
of electric current when it is connected to a 240 V electric
circuit, so its maximum power constunption is 7.2 kW. The
vehicic will not accept more current or power cven if the
circuit is able to provide it. The circuit is protected by a 40
A circuit breaker, resulting in what is referred to as a 240 V,
40 A service.

As recomimended by the National Electrical Code (NEC),
an apparatus known as the electric vehicle supply equipment
(EVSE) is always comnected between the charging circuit
and the vehicle to protect the people and the vehicle during
charging. The purpose of the EVSE is to create two-way com-
munication between vehicle and charger before and during
charging to detect any anomalies that might affect safety or
the equipment (Rawson and Kateley 1998}, The NEC (2008)
defines the EVSE as “the conductors, including the unground-
ed, grounded, and equipment grounding conductors and the
clectric vehicle connectors, attachiment plugs, and all other fit-
tings, devices, power outlets or apparatus installed specifically
for the purpose of delivering energy from the premise’s wiring
to the electric vehicle™ (Section 625.2). Its grouad fault in-
terrupters—Ilike those in bathrooms and kitchens—are safety
devices that can detect when a small electric current from the
circuit has “gone missing™ and disconnect the clectric circuit
and the current flow before anyone is injured. Furthermore,
the EVSE is able to conmmuicate with a vchicle to ensure
that no current is provided before the vehicle is connected.
The EVSE for slow charging via 120 V is typically a portable
device that can be carried in the vehicle for possible use at re-
mote locations. The EVSE for normal 240 V charging is typi-
cally mounted on a garage wall or on a purposc-built colwmn.
Fast chargers that use high de voltages have the EVSE bmit
mnto the substantial charger that is required.

For EVSEs connected to the single phase 120 V ac or ihe
split-phase 240 V ac circuits that are commonly available in
U.S. homes and workplaces, a plug wired to the EVSE con-
neets to a socket on the vehicle. The circuit breaker or fuse
sets the maximum current that the EVSE can provide, al-
though individual vehicles will typically accept less current.
In the United States, there is one standard plug that is vsed
to charge vehicles from the normal 120 V and 240 V circuits
found in residences, the SAE 11772 standard (SAE 2012).
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This interchangeability removes what otherwise could be
a substantial barrier to the adoption of PEVs, However, for
faster charging options, fast chargers arc being installed that
have onc or more of three incompatible plugs and protocols
described below.

AC Level 1 Charging

Most clectric devices in the United States (for example,
lamps, small air conditioners, and computers) are piugged into
single-phase 120 V ac electric circuits accessed via the wall
sockets present in essentially every room of every building.
Cireuit breakers or fuses switch oft the electricity if the corrent
flowing through the circuit exceeds 15 to 20 A to prevent fires
and other damage to the circuits.

AC level | charging standard is for an EVSE that plugs
into a0 120 V wall plug (Figure 2-5) and deliversup to 12 A to
a SALE J1772 plug {Figure 2-6), which connects with & socket
in the car. Most PEVs today have an onboard charger that
changes the ac current into the dc current that charges the bat-
tery. The charger is able to accept only up to 12 A from the
EVSE and transfer energy at a rate of up to [.4 kW. Much like
the largest window air conditioners that can be plugged into a

120V ¢ircuit, the vehicle that is charging must typically be the
only device drawing current from the circuit to avoid exceed-
ing the maximum current that the circuit breaker or fuse will
allow the circuit to provide.

PEVs are typically sold with a small and portable EVSE
that can be carried in the car to allow AC level 1 charging
from ubiguitous 120 V wall receptacles. A deficiency of the
standard is that the portable EVSE is not secured to either the
120 V socket or to the vehicle to deter EVSE theft or vandal-
ism. AC level 1 charging with this EVSE is the only charging
option typically needed or available for the minimal PHEV:s.
Each hour of charging typicatly provides an additional efec-
tric range of about 4 to 5 miles, depending on the vehicle.
For a range-extended PHEVY, such as a Chevrolet Volt, some
drivers use only AC level | charging, white others prefer to
charge about twice as fast using the AC level 2 charging that
is discussed below.

For charging the fully depleted batteries of PEVs with
farge batteries, AC level 1 charging is too slow to be the
primary charging method because charging times could be
longer than the time that a car is parked at the home or work-
place. For example, with an AC level | charger, the nomi-
nal time for fully charging the usable 21 kWh capacity of a

Leve! 1 Charging

110 volt
AC

(15 Amp
circuit
breaker)

[ \ Leaf 2012
I N v
D””“ Peius Plug-in

FIGURE 2-5 For AC level 1, a vehicle is plugged into a single-phase 120 V electric socket through a portable safety device called an

electric vehicle supply equipment (EVSE).
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FIGURE 2-6 'I'he SAE J1772 plug that connects all PEVsto AC level 1 and level
2 is an agreed-on universat standard for 120 V and 240 V ac charging. SOURCE:
© Michael Hicks, licensed under Creative Comnons 2.0 {CC-BY-2.0).
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Nissan Leaf battery is more than 17 hours, and the nominal
time to fully charge the 85 kWh battery of a Tesla Model S
is more than 61 hours, However, AC level | charging could
be useful in some cases to merely extend the range of those
BEVs by a few miles if that is alt that is necded.

AC Level 2 Charging

AC level 2 charging uscs a 240 V, split-phase ac cir-
cuit (Figure 2-7). Such circuits are available in essentially
all homes and workplaces and are used by electric dryers,
electric stoves and ovens, and large air conditioners. Since
2009, the AC fevel 2 standard allows up to 80 A of current to
be delivered for an energy transfer rate of 19 kW, although
the wiring in many houses will have trouble delivering that
much current, and only a long-range BEV is capable of ac-
cepting it. A Chevrolet Volt and a 2014 Nissan Leaf are able
to accept a maximum of 12 A or 30 A, respectively, which
corresponds to encrgy being transferred at maximum rates of
3.3 and 7.2 kW, respectively. As noted, the 240 V EVSE for
AC level 2 charging is typically wall-mounted in a garage or
on a post next to a parking spot, and in the United States, it is
conneeted to the vehicle through the same SAE J1772 plug
(Figure 2-6) uscd for AC level | charging.

The 85 kWh battery of the Tesla Modcl S, much larger
than the battery in any other PEV, is the only vehicle battery
so far that can accept the highest rated current and power
from an AC level 2 charging system. The normal home
chatging recommendation is to deliver 40 A and nearly 10
kW to a “single” charger installed in the Tesla Model S. If
enough current is available in a home, a “double™ charger
can instead be installed in the car to accept 80 A and 19 kW
power for much taster charging, With that option, Tesla ad-
vertises that the car can travel an additional 538 miles for
each hour of charging (Tesla 2014b). For emergency use, the
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Tesla Model S also supplics a portable EVSE with adapters
that allow it to be charged using most of the common 240 V
wall sockets that deliver 24 or 40 A to electric dryers, stoves,
and air conditioners.

DC Fast Charging

Faster charging is generally carried out by supplying a
high dc voltage directly to the battery. In this case, the char-
ger that turns the ac electricity avaitable from the grid into
the de electricity required to charge the battery is located in
the EVSE rather than within the car. Such chasrging is only
useful for limited-range and long-range BEVs, such as the
Nissan Leaf and the Tesla Model S, and only BEVs arc typi-
cally able to accept fast charging.

A proliferation of incompatible connector (and proto-
col) standards are used for the DC fast chargers. Four options
are being offercd worldwide (Figure 2-8), three of which are
becoming increasingly available in the United States.

All fast chargers installed in the United States so far are
CHAdeMO chargers with the exeeption of the Tesla super-
chargers.® The Nissan Leaf accepts a CHAdeMO plug (Figure
2-8A), which provides the high voltage dc and control signals
to the vehicle. A 44 kW CHAdeMO chaeger can charge a Nis-
san Leaf'to 80 percent of its capacity in 30 minutes (see Figure
The Tesla Model S accepts a proprictary fast-charging
plug (Figure 2-8C), and charges ace free at Tesla superchacg-
ers for models with an 85 kWh battery (that is, such charging
is included i the purchase price of the vehicle). Existing
90 kW superchargers are being upgraded to 120 kW so that

%1n October 2014, the total number of CHAdeMO chargers world-
wide was 4,180. with the following breakdown: Japan, 2,129; Eu-
rope, 1,327; United States, 700; and other, 24 (CHAdeMO 2014).

AC Level 2 Charging

240V ac
(15 A EVSE
circuit breaken I\
Wall
mountaed
240V ac JZ
(40 A EVSE

circuit breaken

Leaf 2012
Voit

Laaf 2013

FIGURE 2-7 For AC level 2 charging, a vehicle is plugged into a split-phase 240 V electric circuit like those used by electric dryers,
stoves, and large air conditioners through a wall- or post-mounted safety device called an electric vehicle supply equipment (EVSE).
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A B

C D

FIGURE 2-8 Four plugs and control protocels are now being used for DC fast charging: (A) the CHAdeMO pilug that is used for the
Nissan Leaf; (B) the SAE 1772 combo standard that is used on the BMW i3 and the Chevrolet Spark. The upper part of the connec-
tor is the same as the SAE J1772 plug that is used universally in the United States for AC tevel 2 charging (see Figure 2-0); {C) the
proprictary Tesla plug that is used for the Tesla supercharger network; and (D) the Mennekes plug recently adopted by the European
Union for use in Europe. SOURCE: (A) © C-Car-Tom, licensed under Creative Commons 3.0 (CC-BY-3.0); (B) SAE (2012), re-
printed with perinission trom SAE J1772 Feb2012 © 2012 SAE loternational; and (£} © loremo, licensed under Creative Commons

2.0 (CC-BY-2.0).

the battery can be charged to 50 percent of its capacity in
as little as 20 minutes. The announced goal is to install 250
units so that 98 percent of U.S, drivers are within 100 miles
of a supercharger by the end of 2015 (Tesla 2014c). The lo-
cations of the superchargers are shown in Figure 2-10. Tesla
chargers will not be available to drivers of other long-range
BEVs when these become available.

The SAE added a dc and a ground lead to the SAE 11772
plug universally used for AC level 2 charging (Figure 2-6) to
make a J1772 combo plug (Figure 2-8B). There are almost
1o installed combo chargers in the United States to date and
few PEVs that are able to use them, However, the Chevrolet
Spark and the BMW i3 that is just becoming available in the
United States wse them.

The Ewropean Union recently adopted the Mennekes
(Masson 2013} plug (Figure 2-8D} for its 240 V AC level 2
standard for charging rates up to 39 kW. That standard is not
discussed in detail because it is not expected to be used in
the United States,

FIGURE 2-9 DC fast charging a Nissan Leaf. DC fast charging
is able to charge a Nissan Leaf battery to 80 percent capacity in
30 min. The charge would typically allow a 2014 Nissan Leal'to
travel about 67 miles. SOURCE; Copyright © 2010 by the eVgo
Network, licensed under Creative Commons 2.0 (CC-BY-2.0}.

The variety of DC fast-charging plugs and communica-
tion protocels seems unfortunate. For long-range BEVs, the
future situation could be like having separate networks of
gasoline stations for ICE vehicles made by different manu-
facturers. It is not a big problem now in that the Tesla Model
S is the only long-range BEV able to make long trips us-
ing the proprietary network of Tesla superchargers. As other
manufacturers introduce long-range BEVs, however, they
might need to introduce their own charger networks to com-
pete. The United States and proactive states like California
might be able to use their influence and incentives to make it
possible to fast charge uny PEV at any fast-charging station.
The United States could raise the issue of compatible charger
designs in free trade talks with the European Union and with
its trading partners in Asia.

Finding: A nctwork of fast-charging stations is currently
being completed by Tesla without the use of public funds.
However, it is a proprietary network that might not be avail-
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FIGURE 2-10 As of February 2015, Tesla had instailed 190 units in the United States, SOURCE: DOE (2015).

able for the use of all drivers when more long-range BEVs
come to market.

Finding: The various plugs and communication protocols
that are used across the world for charging PEVs arc a bar-
ricr to the adoption of PEVs insofar as they prevent all PEVs
trom being able to charge at any fast-charging station.

Recoimmendation: The federal government and proactive
states should use their incentives and regulatory powers to
(1} eliminate the proliferation of plugs and commumication
protocols for DC fast chargers and (2) ensure that all PEV
drivers can charge their vebicles and pay at all public charg-
ing stations using a universally accepted payment method
Just as any ICE vehicle can be fuecled at any gasoline sta-
tion. The Society of Automnotive Engineers, the International
Electrotechnical Conmmnission, and the Verband der Elektro-
technik—companies that formed CHAdeMO—and Tesla
should be included in the deliberations on plugs and com-
munication pretocols.

Wireless Charging

So far, essentially all PEVs arc charged by plugging a
charging cable into the vehicle so that electricity can flow
trom the EVSE to the battery. The process is simpte and rap-
id (less than a minute), and control electronics are included
to enhance safety.

Wireless charging would instead transfer the energy
from the grid to the vehicle by using inductive coupling be-
tween a wireless fransmitter located near the vehicle and a
wircless receiver attached to the vehicle (Miller et al, 2014),
An alternating magnetic field produced by passing ac cur-
rent through coils in the wireless transmitter would induce a
voltage in the coil of the receiver. The fatter currents would
charge the wvehicle battery. Static and dynamic wireless
charging are possible.

Static wireless charging takes place when the vehicle is
not moving, as described. The energy transfer is less efficient
than using a charging cable, but there would be no cable to
handle or keep clean. For publicly available charging, stan-
dards would be needed to make it possible to charge most
PEVs with most wircless charging systems. The opportu-
nity for theft or vandalism of the cable or EVSE is greatly
reduced because the transmitter could be embedded in the
parking space and controlled remotely. A safety standard to
establish the acceptable levels of oscillating electromagnetic
fickds might also be needed.

Dynamic wireless charging is a futuristic concept that is
being investigated to see if it might ever be feasible (Miller
etal. 2014). The vision is that a vehicle would reccive power
in its wireless receiver as it passed long series of wireless
transmitters, so a BEV could be refiseled on long trips with-
out stopping to refuel. However, there are many teclnical
problems to overcome for dynamic wireless charging, onc of
them being a very low charging etficiency.

P YU THY T O DT SO T TR BN S0 . S X B T 1



34 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

REFERENCES

Amine, K. 2010. “Advanced Battery Chemistries for PHEV
and EV Applications.” Presentation at the U.S.- China
Electric Vehicle and Battery Technelogy Workshop,
Argonne, IL, August 30-September 1. http://www.trans-
portation.ani.gov/batteries/us_china_conference/docs/
roundtable l/adv_battery chem amine.pdf.

Anderman, M. 2012. “Energy Storage for xEVs: Status,
Trends and Challenges.” Presentation at the 24th Inter-
national AVL Powertrain Conference Engine and Envi-
romnent, Graz, Austria, September 12.

Anderman, M. 2014. “Li-lon Technology Evelution for
xEVs: How Far and How Fast?” Presentation to the
Committee on Overcoming Barriers to Electric-Vehicle
Deployment, Irvine, CA, February 25.

Blanco. S. 2014, “Chevy Volt Owners Log Halt a Billion
Electric Miles, 2015 Production Starts.” Autoblog-
Green, June 19. http://green.autoblog.com/2014/06/19/
chevy-volt-half-biltion-miles-2015-production/,

CCSE (California Center for Sustainable Encrgy). 2014,
February 2014 Survey Report. http://energycenter.org/
clean-vehicle-rebate-project/vehicle-owner-survey/feb-
20t 4-survey.

CHAdeMO. 2014, “CHAdeMO’s Fast Charging Station in
the World.” http://www.chademo.com. Accessed Octo-
ber 1, 2014,

Chernicoff, W.P. 2014. Perspectives an Electric Vehicles
tfrom Toyota. Presentation to the Commitice on Over-
coming Barriers to Electric-Vehicle Deployment, Irvine,
CA, February 25,

Consumer Reports. 2014, “Tesla Model S 2013- 2014 Quick
Take™ [video file]. http://www.consumerreports.org/cro/
video-hub/cars/hybrids--alternative-fuel/tesia-model-s-
20132014-guick-take/14786539001/2366240882001/.
Accessed March 28, 2014,

Daniel, C. 2014, “Lithium [on Batteriecs and Their Manu-
facturing Challenges.” Presentation at NAE Frontiers of
Engineering, [rvine, CA, September 11-13. http://www,
nacfrontiers.org/File.aspx?id=46415.

DOE (U.S. Department of Enecgy). 2012. 2011 Nissan Leaf
-VIN 0356 Advanced Vehicle Testing—Beginning-of-
Test Battery Testing Results. Vehicle Technologies Pro-
gram, http://www . eere.energy.gov/vehiclesandfuels/av
ta/pdis/fsevibattery _leaf (3356.pdf.

DOE. 2013. 2013 Chevrolet Volt-VIN 3929 Advanced Ve-
hicle Testing—Beginning-of-Test Battery Testing Re-
sults. Vehicle Technologics Program. http://wwwl.eere.
energy.gov/vehiclesandfuels/avta/pdfs/phev/battery
volt 3929.pdf.

DOE. 2015. “Alternative Fueling Station Locator.” Alter-
native Fuels Data Center. hitp://www.afdc.energy.gov/
locator/stations/.

SC-? -

DOE/EPA (U.S. Department of Energy and U.S, Environmen-
tal Protection Agency). 201da. “Compare Side-by-Side:
2014 Tesla Model S (85 kW-hr battery pack).” http://wvww.
tueleconomy.gov/teg/Find.do%action=sbs&id=34775,
Accessed January 26, 2015,

DOE/EPA. 2014b. “Comparc Side-by-Side: 2014 Nissan
Leaf.” http/iwww fueleconomy.gov/feg/Find.doaction
=ghs&id=34699. Accessed January 26, 2015.

DOE/EPA. 2014c. “Compare Side-by-Side: 2014 Ford Focus
Electric.” http://www.fueteconomy.gov/feg/Find.do%act
ion=sbs&id=34130. Accessed January 26, 20135,

DOE/EPA. 2014d. “Compare Side-by-Side: 2014 Chevro-
let Volt.” http://www.fueleconomy.gov/feg/Find.do?act
ion—sbs&id—=33900. Accessed January 26, 201 5.

DOE/EPA. 20lde. “*Compare Side-by-Side: 2014 Toyota
Prius Plug-in Hybrid.” http:/www.fucleconomy.gov/fe
g/Find.do?action=sbs& id=345106. Accessed January 26,
2015.

Duoba, M. 2012. “Evaluating Plug-In Vehicles (PHEV &
BEV) Using Standard Dynamometer Protocols.” Presen-
tation at the 6th U.8.-China Electric Vehicles and Bat-
tery Technology Workshop, Boston, MA, August 22-24,
http://www.cse.anl.gov/us-china-workshop-201 2/pdfs/
sessiondb demos standards/ducba 4B-2-Duoba-ANL-
Standardizing-Vehicle-Dyno-Test-Aug22-2012. pdf.

EPA (U.S. Environmental Protection Agency). 2012, “Six
CommonAir Pollutants.” hitp://www.epa.gov/oar/oaqps/
urbanair. Accessed November 14, 2014,

EPA. 201t4. “2014 Fuel Economy Datafile.” Office of Trans-
portation and Air Quality, http//www.tueleconomy.gov/
tfeg/downlead.shtml. Accessed January 26, 2015,

EPA/NHTSA (U.S. Enviroumental Protection Agency and
Nationat Higinway Traftic Safety Administration). 2012,
Joint Technical Support Document, Finai Rulemaking
2017-2025 Light-Duty Greenhouse Gas Emission Stan-
dards and Corporate Average Fuel Economy Standards,
Report No. EPA-420-R-12-901.

FHWA (Federal Highway Administration), 2011, Summary
of Travel Trends: 2009 National Household Travel Sur-
vey. FHWA-PL-11-02, U.S. Departiment of Transporta-
tion. http://nhts.ornl.gov/2009/pub/stt.pdf.

Ford Motor Company. 2014, “2014 Ford Focus Electric Pow-
er and Handling.” http:/www. ford.com/cars/focus/trim/
electric/. Accessed January 26, 2015,

Francfort, J. 2013. “U.S. Department of Energy’s Vehicle
Technologies Program. Plug-in Vehicles and Charging
Infrastructure Usage Patterns: Lessons Learned from the
First Two Years.” Presentation at SAE Government/In-
dustry Meeting, Washington, DC, January 31. http://avt.
inel.gov/pdt/prog_info/SALEGovtIndustryFeb2013,
pdf.

Ge, M., X. Fang, J. Rong, and C. Zhou. 2013. Review of po-
rous silicon preparation and its  application for fithium-
ion battery anodes. Nanotechnology 24(42): 422081.



Plug-in Electric Vehicles and Charging Technologies

Goodenough, J.B., and K. Mizushima. 1981. “Electrochemi-
cal Cell with New Fast lon Conductors.” U.S. Patent
4,302,518, filed March 31, 1980, and issucd November
24, 1981.

Gordon-Bloomfield, N. 2013. “Nissan Testing New Battery
Pack to Address Problems with LEAF in Hot Weather.”
Plug-inCars, August 26, hitp://Avww.plugincars.com/nissan-
festing-new-battery-pack-leaf-128088.html,

Hensley, R., J. Newman, and M. Rogers. 2012, “Battery Tech-
nology Charges Ahead.” McKinsey Quarterly, July, http://
www.nickinsey.convinsights/energy resources_materials/
battery _technology charges ahead.

Hidary, J. 2012, “New Models of Mobility and EV Deploy-
ment.” Presentation to the Committee on Overcoming
Barriers to Electric-Vehicle Deployment, Washington,
DC, December 18,

Howell, D, 2013, U.S. Rattery R&D Progress and Plans. U.S,
Department of Energy. hitp://energy.gov/sites/prod/files/
2014/03/t13/es000_howelt 2013 o.pdf.

Julien, C.M., A, Mauger, K. Zaghib, and H. Groult. 2014.
Comparative issues of cathode materials for Li-ion bat-
terics. Inorganics 2(1): 132-154.

Kam, K., and M. Doeff. 2012, Electrode materials for lithium
ion batteries. Materials Matters 7(4). http:/www.sigma
aldrich.com/technical-documents/articles/material-
matters/electrode-materials-for-lithium-ion-batteries.
html.

MacKenzie, A, 2013, “2013 Motor Trend Car of the Year:
Tesla Model S Shocking winner: Proof Positive That
America Can Still Make (Great} Things.” Motor-
Trend, January. http://www.imotortrend. com/oftheyear/
car/1301_2013 motor_trend car of the year tesla_
model_s/.

Maruyama, T. 2013, “Change of Sales Price of the Battery
from January 1999 to September 2012.” Presentation
to the Comunittee on Overcoming Barriers to Electric-
Vehicle Deployment, Tokyo, Japan, December 9.

Masson, L. 2013, “European Commission Backs Meenekes
Type 2 Llectric Car Plug.” Plug-in Cars, January 30.
http://www.plugincars.com/european-commission-
wants-act-help-evs-126265.html.

Miller, J.M, O.C. Onar, C. White, S, Campbell, C. Coomer,
L. Seiber, R. Sepe, and A. Steyerl. 2014, Demonstrating
dynamic wireless charging of an electric vehicle: The
benefit of clectrochemical capacitor smoothing. IEEE
Power Electronics Magazine [(1): 12-24.

NEC (National Electrical Code), 2008. NEC2068 National
Electrical Code, Atticle 625. Electrical Vehicle Charging
System Equipment, Section 625-2. http://www.{recnce.
com/T504. huml,

Nelson, P.A., K.G, Gallagher, L. Bloom, and D.W, Dees. 2011.
Muodeling the Performance and Cost of Lithium-Ion
Batteries for Electric-Drive Vehicles. No. ANL-12/55.

35

http://www.cse.anl.gov/batpac/files/BatPaC%20ANL
-12_55.pdf.

NRC (National Research Council). 2011, Assessment of
Fuel Economy Technologics for Light-Duty Vehicles,
Washington, DC: The National Academies Press.

NRC. 2013, Transitions to Alternative Vehicles and Fuels.
Washington, DC: The National Academies Press.

NREL (National Renewable Encrgy Laboratory). 2013
“Plug-In Hybrid Electric Vehicles.” Vehicle Systems
Anatysis. http/Avww.nrel. gov/vehiclesandtuels/vsa/plu
gin_hybrid.html. Accessed March 14, 2613,

ORNL (Oak Ridge National Laboratory). 2012, Wide Band
(Gap Devices: Powering the Next Generation of Lec-
tric Traction Drive Systems. hitp://web.ornl.gov/sci/ees/
transportation/pdfs/WBGBroch.pdf.

Pesaran A., S. Santhanagopalan, and G. Kim. 2013, “Ad-
dressing the Impact of Temperature Extremes on Large
Format Li-lon Batterics for Vehicle Applications.” Pre-
sentation at the 30th International Battery Seminar, Ft.
Lauderdale, FL, March 11. http://www.nrel.gov/vehicles
andfuels/cnergystorage/publications.html,

Pham, H., M. Lee, K. Nam, E. Hwang, Y. Kwon, and S.
Song. 2014. “High-Voltage Elcctrolyte Additive for
High-Energy Lithium-lon Batteries.” Presentation at the
1 7th International Meeting on Lithium Batteries, Como,
Italy, June 13. https:/fecs.confex.com/ecs/imib2014/web
program/Paper29242. html.

PolyPlus Battery Company. 2009. “Advanced Lithium Bat-
tery Technology.” http:/Avww.polyplus.conv/liairhtmi,
Accessed October 25, 2013.

Rahman, M.A., X. Wang, and C. Wen, 2014. A review of
high energy density lithium-air battery technology.
Journal of Applicd Electrochemistry 44(1): 5-22.

Rawson, M., and S. Kateley. 1998. “Electric Vehicle Charging
Equipment Design and Health and Safety Codes.” Cali-
fornia Energy Commission. Sacramento, CA, August 31,
http://www.energy.ca.gov/papers/98-09-23 KATELEY,
PDF.

SAE (Society of Automotive Engineers). 2012, “SAE Elec-
tric Vehicle and Plug in Hybrid Electric Vehicle Con-
ductive Charge Coupler.” Standard Code: J1772, Revi-
sion B. SAE International, October 15, http://standards,
sae.org/j1772 201210/,

Sakti, A., I. Michalek, E. Fuchs, and J. Whitacre, 2014, A
techno-econotmic analysis and optimization of Li-ion
batteries for light-duty passenger vehicle clectrification,
Journal of Power Sources 273: 966-980.

Schey, 8.2013. The EVProject: (2 2013 Report. Electric Trans-
portation Engineering Corporation. hitp://www.theevpro-
ject.com/cms-assets/documents/127233-901153.q2-
201 3-rpt.pdf.

Sion Power. 2014. “Technology Cverview.” http://sionpow-
er.com/iechnology.html, Accessed October 23, 2014.

rammiad bl A Aalimmal Avndncnis il Ol aaa A Sladn vhma el



36 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

Sriramulu, 8., and B. Barnett, 2013. “Technical, Manufactur-
ing, and Market [ssues Associated with XEV Batteries.”
Presentation to the Comtnittece on Overcoming Barriers
to Electric-Vehicle Deployment, Washiongton, DC, Au-
gust 13.

Steftke, K., 8. Inguva, D. Van Cleve, and J. Knockeart. 2008,
“Accelerated Life Test Methodology for Li-lon Batter-
ies in Automotive Applications.” SAE Technical Paper
2013-01-1548, doi: 10.4271/2013-01-1548.

Tamor, M. 2012. "Overcoming Barriers to Deployment of
Electric Vehicles NAE Committee Discussion.” Pre-
seitation to the Committee on Overcoming Barriers to
Electric Vehicle Deployment, Washington, DC, Decem-
ber 17.

Tesla. 2014a. “Increasing Energy Density Means Increasing
Range.” http:/iwww.testamotors.com/roadster/technolgy/
battery. Accessed on March 30, 2014,

Tesla. 2014b. “Charge Your Model 8.” http://wwiv.teslamotors.
comt/charging#/basics. Accessed November 14, 2014,
Tesla. 2014¢. “100 Supercharger Stations.” http://www.teslamot

ors.com/blog/100-supercharger-stations,

Toyota Motor Corporation, 2014, 2014 Prius Plug-In.” http://
www.toyota.com/content/ebrochure/2014/privs-plug-in_
cbrochure.pdf.

Trefis Team. 2014, “Gigafactory Will Cost Tesla $5 Bil-
lion but Offers Significant Cost Reductions.” Forbes,
March 11. http://www.forbes.com/sites/greatspeculation
s/2014/03/1 1 /gigatactory-will-cost-tesla-5-billion-but-
offers-significant-cost-reductions/.

Ward, J. 2013. “DOE Electric Vehicle Activities Update.”
Presentation to the Conunittee on Overcoming Barriers
to Electric-Vehicle Deployment, Washington, DC, Au-
gust 13.

Woadard, T. 2012, “Overcoming Barriers to Electric-Vehi-
cle Deployment Workshop Barriers to Deployment, an
OEM Perspective.” Presentation to the Committce on
Overcoming Barriers to Electric-Vehicle Deployment,
Washington, DC, December 17.

Yoshino, A, 2012. The birth of the lithiumion battery. An-
gewandte Chemie International Edition 51(24): 5798-
5800.

mrindad A Rlndlaaal Amadaass af Nalnmmna AIF Smladm cmmmnen )



SC-2

3

Understanding the Customer Purchase and Market
Development Process for Plug-in Electric Vehicles

The process of buying a vehicle is a complex, highly
involved consumer decision (Solomon 2014). A vehicle is
one of the most expensive purchases made by individuals
or households, ofteir equal to many months or even years of
income, and witl last for many years. As a result, consum-
ers perceive the decision to be a relatively risky one and will
strive to ensure a “safe” deeision so that they are not stuck
with a poor purchase choice for years fo come, In general,
consumers want vchicles that are affordable, safe, reliable,
and comfortable for travel and meet many practical needs,
such as getting them to work, school, stores, and recreation
and vacation arcas. Some also want vehicles to meet their
psychosocial needs; for example, vehicies can serve as sta-
tus symbols that represent one’s success or self-image, For
all these reasons, consumers generally will andertake lengthy
rescarch into their options to ensure a good choice that satis-
fies all their various needs,

Plug-in electric vehicies (PEVs) must compete effec-
tively with internal-combustion engine {(ICE) vehicles in
meeting consumer needs. However, PEVs, many of which
are in their first generation of deployment, add complexity
and uncertainty to the consumer’s multistep and potentially
time-consuming process of purchasing a vehicle. Under
conditions of uncertainty and perceived risk, consumers
tend to gravitate to the known and familiar, That observation
is well-documented in the literature, particularly in Daniel
Kahmeman’s (2013) work, Thinking Fast and Slow, which
spurred much recent work in behavioral cconomics. Because
innovative products require a higher degree of learning than
existing products, the effort customers must put into the de-
cision process is greater than for more familiar products, To
unseat incumbent technologies, the new technology must
offer advantages and benefits sufficient to offset any price
differential and the perceived risk and uncertainty of pur-
chasing an innovation (Aggarwal et al. 1998). Thus, the
committee emphasizes that consumer considerations loom
large for the deployment of PEVs in the nation’s transporta-
tion mix, and understanding consumer perceptions, knowl-
edge. and behavior arc key to crafting viable strategies for
successful commercialization of PEVs,
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This chapter begins with a general discussion of models
of adoption and diffusion of innovation. It presents evidence
on how new technologies are adopted by vatious categories
of customers and discusses the factors that affect the pace
of adoption and diffusion of a new technology through soci-
ety. Next, the chapter discusses consumer demographics and
cvaluates the implications of that information and other fac-
tors that affect adoption and diffusion of PEVs. The chapter
then reviews what motivates the purchases of mainstream
consumers and possible barriers for their adoption of PEVs,
Next, the chapter reviews strategics for addressing consumer
concems and describes govermment eftorts o tamiliarize the
public with PEVs. Throughout the chapter, at the conclu-
sions of the various sections, the conunittee highlights rel-
evant findings. Recommendations for addressing consumer
pereeptions {or misperceptions) and barriers to adoption are
presented in a section dedicated to overcoming the challeng-
es. The committes notes that the chapter focuses primarily
on private (individual) new vehicle buyers, who are respon-
sible for about 80 percent of all new vehicle purchases. Fleet
sales, which average 20-22 percent of the U.S. market (Au-
tomotive Fleet 2013), are addressed at the conclusion of this
chapter,

UNDERSTANDING AND PREDICTING THE
ADOPTION OF NEW TECHNOLOGIES

Models for the Adoption of Innovative Products

Developers of new technologies generally, and of PEVs
specifically, face challenges in developing a market and mo-
tivating consumers to purchase or use their products (Mohr
et al. 2010). Incumbent technologies—in this case, [CE ve-
hicles—can be ditficult to unscat; they have years of pro-
duction and design experience, which make their production
costs lower than those of emerging technologies and thus
more affordable. In addition, ICE vehicle technology is con-
timously improving; many of these improvements, which
are being made to meet tighter fuel economy and greenhouse
gas emission standards (EPA/NHTSA 2012), are described
in the NRC report Transitions to Alternative Veliicles and
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Fuels (NRC 2013a) . The necessary infrastructurc—includ-
ing dealerships, service stations, roadside assistance, and the
ubiquity of over 100,000 gasoline stations across the United
States (U.S. Census Bureau 2012)—is also well developed.
Consumers know the attributes and features to compare to
evaluate their ICE-vehicle choices, and they are accustomed
to buying, driving, and fueling these vehicles, Indeed, one
of the main challenges to PEV adoption is how accustomed
people are to ICE vehicles,

Traditional consumer-adoption models predict the dif-
fusion of new innovations through socicty (Parasuraman
and Colby 2001; Rogers 2003; Moore 2014). The models
are well established and empirically validated across many
product categories (Sultan et al. 1990) and can help in under-
standing the consumer purchase decision and market devel-
opment process for PEVs. As stated in Chapter |, PEV sales
reached about (.76 percent of the U.S, market in 2014 (Cobb
2015). To put that in perspective, it took 13 years for hybrid
electric vehicles (HEVs) to exceed 3 percent of annual new
light-duty vehicle sales in the United States (Cobb 2013).!

To compare various rates of market penetration, Figure
3-1 shows the consumer technologies with the fastest growth
rates. As the figure shows, new products can take many years
to be adopted by a large percentage of the consumers in a
market. For example, consider that the microwave—a rela-

! More infonmation on vehicle technologies, emissions, and fuel
economy trends is available in the EPA Trends Report (EPA 2014),
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tively inexpensive and practical item with o complicated
infrastructure needs—took 15 years to reach just 50 percent
market penetration. Consumers did not have experience
with microwave ovens nor did they initially see the value
or usefulness of such a product; its means of cooking was
not understood, and it did a poor job of “baking™ compared
with conventional ovens. Indeed, calling the microwave an
“oven” was probably an error, as that term confused con-
sumers about the microwave’s functions. Initial uses of the
microwave were to heat water, thaw and heat frozen food,
and reheat leftovers—few of these tasks had much to do with
how conventional ovens were used. It took many years to
educate the consumer about exactly what a microwave could
do. Consumer knowledge, societal lifestyle changes, and
fower prices due to volume production over decades resulted
in microwaves being a primary appliance in the househeld,
nearly 20 full years after they were first introduced.

One insight is that adoption and diffusion of new inno-
vations can be a long-term, complicated process that is espe-
cially stow for products that cost tens of thousands of doltars
and where consumers have questions about infrastructure
avatlability, resale value, and other variables. A further com-
plication can be the innovation ecosystem, which includes
all elements of the total customer solution. For PEVs, the
innovation ecosystemn includes not only the vehicle but also
the charging stations (whether at home, at work, or in public
spaces) and the necessary permitting and installation, avail-
ability of roadside assistance, and other ownership or main-

2 Asymeo

FIGURE 3-1 Years needed for fastest growing con-
sumer technologies to aclieve penetration (0-50 per-
cent or 51-80 percent). SOURCE: Dedin (2012) ©
Horace Dedin, Asymco.
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tenance concerns. Accordingly, the innovation ecosystem for
PEVs has its own transition barriers that must be addressed
for maximum market penetration to occur. Adner (2006)
suggests that wide-scale deployment of new technologies is
a function of three aspects of infrastructure development: (1)
product technology—for example, viable, low-cost battery
technology; (2) downstream infrastructurc—for example,
dealers, repair facilities, emergency roadside services, and
battery recycling options; and (3) complementary infrastruc-
ture—for example, charging stations (whether residential,
workplace, or public), knowledgeable electricians, and ame-
nable zoning and permitting at the municipal level.

Adner’s work on innovation ecosystems provides guid-
ance for how industry stakeholders might make investment
decisions to encourage adoption of new technologies. Forex-
ample, if infrastructure is identified as the critical bottleneck
that affects customer adoption and use, industry stakcholders
might decide to invest more in infrasteucture development
than in the product itself. Indeed, Japan has recognized that
need and has instituted a major initiative to build an extensive
charging infrastructure to instili range confidence and ensure
a safety net for limited-range batiery electric vehicle (BEV)
drivers (METI 2010). Brown ¢t al, (2010) also emphasized
the importance of supporting nfrastructure development and
advocated for standardization of codes, training, and other
aspects of infrastructure to facilitate the PEV market.

Given the complexity of the innovation ecosystein, main-
stream consumers typically are unwiiling to undertake what
might be perceived as a risky purchase until alt elements of
the requisite infrastructure are in place (Moore 2014). Indeed,
if all aspects of the innovation ccosystem are not ready when
consumers are making pucchase decisions, industry adoption
rates can be substantially lower than initial expectations,

Adoption and diffusion models provide insight into what
might be considered realistic expectations about market pen-
etration rates. Given that about 16 million new vehicles are
purchased each year, it would take at least 16 years to con-
vert the total U,S. fleet of 250 million passenger vehicles and
light-duty trucks if only PEVs were sold. In addition, not all
households exhibit the demographic and litestyle traits that
make PEVs a viable purchase option. Specifically, when csti-
mating the total addressable market for PEV sales, one must
consider what percentage of the total population would find
PEVs practical for their travel patterns and needs. A nation-
ally representative telephone survey of adult vehicle owners
found that 42 percent of drivers—43 million households—
meet the basic criteria’ necessary to use a plug-in hybrid
electric vehicle (PHEV), such as the Chevrolet Volt, for their

2 Basic criteria for PHEVs independent of pricing included access
to parking and an electric outlet at home or work, seating capacity
for to more than four occupants, and no hauling or towing capabil-
ity. A BEV was considered suitable not only when the PHEV crite-
ria were met but also when the maximum weekday driving distance
was less than 60 miles and other houschold vehicles were avail-
able if weekend driving frequently exceeded the current BEV range
{Consumers Union and the Union of Concerned Scientists 2013),

transportation needs with few, if any, changes in behavior
{Consumers Union and the Union of Concerned Scientists
2013). Of the drivers who could use a PHEV, 60 percent also
fit the profile of those who could use a limited-range BEV,
such as the Nissan Leaf, without major life changes.

Therefore, market adoption and diffusion of PEVs, which
are expensive, infrequently purchased, long-lasting products
with a complicated industry ccosystem, will be a slow process
that will take decades. That insight is corroborated by the data
presented carly in Chapter 1 regarding early-market growth
rates and market shares of PEVs,

Finding: Market penetration for new technology—particu-
larly expensive, infrequently purchased, long-lasting inno-
vations with a complicated ecosystem—is typically a siow
process that takes 10-15 years or more to achieve cven nomi-
nal penetration.

Finding: Market penetration rates are a tunction not only of
the product being purchased but also of the entire industry
ceosystem. Hence, product technotogies, downstream infra-
structure, and complementary infrastructure all must be at-
tended to simultaneously during the development process.

Finding: PEVs on the market as of 2014 are not a viable
option for all vehicle owners; rather, perhaps only about 40
percent of U.S. houscholds exhibit lifestyles amenable to
owning and operating a PEV,

Consumner Diffusion Models and Market Segments

Diffusion models categorize consumers (adopters) on the
basis of their propensity to adopt new technologies and iden-
tify the factors that facilitate adoption and diffusion. Figure
3-2 illustrates that markets for innovation comprise five dis-
tinct categories of adopters; Table 3-1 describes each category
in termns of demographic and psychographic characteristics
andd buying motivations, Psychograpbics refer to vatues and
lifestyles of consumers and can be determined empirically
through market research on their activities, attitudes, inter-
ests, and opinions {Kahle and Chiagorous 1997; Wells 2011).
Although demographics can explain who is buying particular
types of products, psychographics are more likely to explain
why customers buy; therefore, psychographics generally are
more useful than demographics in understanding customer
decisions. Major factors that attect ditfusion include com-
munication (word-of-mouth) between consumers and social
networks (Mahajan et al. 1990).

DEMOGRAPHICS AND IMPLICATIONS FOR
ADOPTION AND DIFFUSION OF VEHICLES

Demographic Traits of Buyers of Plug-in Electric Vehicles
Demographic traits of PEV buyers are compared with

those of ICE-vehicle buyers in Table 3-2, which shows that
many characteristics of PEV buyers correspond to the traits
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FIGURE 3-2 Distribution of adopter categorics. Labels
reflect orientation to technology. SOURCE: Moore (2014)
©1991 by Geoftrey A. Moore. Reprinted by permission of
HarperCollins Publishers.
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TABLE 3-1 Categories and Descriptions of Adopters
Category Description .
Innovators or enthusiasts Are technology enthusiasts or lovers.
Are willing to buy early release versions even if product quality or reliability are not yet proven or
established.
Want to work with developers and infrastructure providers to improve new praducts, a source of pride in
their own techno-intelligence.
Are importan segments for endorsement about viability of the new innovation category.
Are not a large enough market segment to be a long-lived or significant source of revenue,

Early Adopters or Visicnaries Are less concerned about price and more motivated by psychosocial benefits, such as visibility of
their purchase in their peer group.
Are more affluent, cosmopolitan, and, typically, younger than other categories.
Are willing and molivated to address early market development problems, including service and
infrastructure challenges, which when solved, become a source of pride,
Are generally considering or comparing purchases not within the product category (for example,
with a different vehicle make or model) but with some other major purchase.

Early Majority or Pragmatists Are very concemed about value (benefits received relative to price paid).
Want to evaluate several different models or options within the product category.
Are willing to purchase only when all elements of the requisite infrastructure are in place.
Want a hassle-free solution that performs as promised.
Are not willing to tolerate anxiety or doul.
Are first sizable segment of the market by valume.

Late Majority or Conservatives Tend to buy when there arc a plethora of models and choices in the market and when prices have
substantially decreased.

Laggards or skeptics Would prefer not to buy anything designated as a new technology.
Do so only when they can no longer avoid doing so.

NOTE: Early and late are relative terms basced on the time it takes to adopt.

of early market adopters. PEV buyers had a median income patd cash, and did not seriously consider purchasing another
of nearly $128,000 to $148,000 whereas ICE-vehicle buy- vehicle, whereas Nissan Leaf buyers are younger with larger
crs had a median income of about $83,000 {Strategic Vi- household sizes. Chevrolet Volt buyers exhibit lower educa-
sion 2014). By way of comparison, HEV buyers had a me- tiona! levels than other PEV buyers. Toyota Plug-in Prius buy-
dian household income of $90,204, and the average median ers have a higher percent of female buyers, Finally, PEV buy-
U.S. household income was $51,017 (U.S. Census Bureau ers who considered other models of PEVs in their purchase
2013a). Consistent with traits of carly adopters, PEV buyers process reported that the vehicle that they most seriously con-
were better educated than [CE-vehicle buyers. sidered was the Chevrolet Volt,

Table 3-3 lists demographic data for purchasers of a The data presented in Table 3-3 also show that {easing

vehicle from each category of PEV as defined in Chapter 2 rates vary by PEV model. The Nissan Leaf and Chevrolet
(long-range BEV, limited-range BEV, range-extended PHEY, Volt have higher lease rates than the Toyota Plug-in Prius

and minimal PHEV} compared with data for all new-vehicle or Testa Model S (Strategic Vision 2014). Furthermore, data
buyers. The table shows that of the four types of PEVs, Tesla from the California Plug-in Llectric Vehicle Survey indicate
Modet S buyers are primarity men who have higher incoines, that PEVs are leased at a rate of 28.8 percent in California,
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TABLE 3-2 Comparison of New BEV Buyers, PHEV Buyers, and ICE-Vehicle Buyers

Characteristic BEV Buyer PHEV Buyer [CE-Vehicle Buyer
Gender 77% male T0% male 60% male

Marital stalus 81% married 78% married 66% married
Average age 48 years 52 years 52 years

Education 86% college graduate 77% college graduate 59% college graduate
Occupation 42%, professional 37% professional 25% professtonal
Median household income $148,158 $127,696 $83,166

Number of respondenls 3,556 £00CG 186,662

NOTE: BEV, battery electric vehicle; ICE, internal-combustion engine; PHEV, plug-in hybrid electric vehicle.
SOURCE: Strategic Vision New Vchicle Experience Study of Vehicle Registrants, October 2013-June 2014.

TABLE 3-3 Comparison of All New-Vehicle Buyers to Buyers of Specific Plug-in Electric Vehicles”

Nissan Leaf Chevrolet Volt  Toyota Prius Plug-in

Characteristic All New-Vehicle Buyers  Tesla Model S
Gender (M/F) 61/39 82/18 723 T4/26 66/34
Married or partnered 71 §3 87 82 76
Age 50+ 56 68 317 61 39
Houschold size of [ or 2 58 56 35 53 40
College grad or more 59 87 86 71 83
Income +$100K 40 88 66 63 62
Caucasian 79 86 70 82 56
Purchased/Ieased 768122 95/5 14/86 56/44 68/32
Paid cash 14 36 5 12 2
Received special financial incentives o4 24 76 73 83
Did not seriously consider any other vehicle NA 62 50 42 48
Seriously considered other mixdels NA Chevrolet Chevrolet Toyota Plug-in ~ Chevrolet
Voli (1%) Voli {10%) Prius (5%) Volt (8%)
Number of respondents 237,235 285 2,257 556 169

¢ Entries are provided as percent of respondents.

SQURCE: Strategic Vision New Vehicle Experience Study of Vehicle Registrants, October 2013-June 201 4.

greater than the overall lease rate for tight-duty vehicles in
the United States (Rai and Nath 2014; Tal et al. 2013), Al-
though many consumers have never leased a vehicle and
are therefore unfamiliar with the process, leasing a PEV
removes the risk to the consumer that is associated with
unknown resale value, battery decay, and rapid technology
changes. Moreover, leasing agencies arc able to incorporate
the federal tax incentives into a shorter period of time. As a
result, attractive feasing deals have positively affected PEV
sales (Loveday 2013a). Whether leases appeal differentially
to early adopters or mainstream customers is unknown,

To date, male buyers dominate the PEV market. Figure
3-3 shows that although women make between 50 and 60
percent of vehicle purchases gencrally (the top two bars in
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the figure represent U.S. data on all vehicles), their invalve-
ment in PEV purchases ranges between only 15 and 30 per-
cent (the bottom four bars in the figure represent data on Cal-
itornia PEV buyers or lessees onty) (Caperetlo et al, 2614).
The authors’ detailed interviews and focus groups find that
men treat PEV purchases as “projects”™—a classic feature
of early market adopters—whercas women in the study ¢x-
pressed more practical concerns and did not want to experi-
ment, a buying trait more typical of mainstream adopters,
Hence, the gender data also are consistent with differences
betwveen early adopters and mainstream adopters,

Finding: PEVs to date have been sold primarily to custom-
ers in the carly adopter segment of the marketplace whose
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Percent of vehicle transactions attributed to women
20%

0% 40%
New (all}
Used (all)
CA PEVs

Leaf

Volt

Tesla S

60% 80% 100%

FIGURE 3-3 Women'’s rate of participation in the markets for all vehicles and for PEVs. The figure shows that women’s participation in
vehicle purchases is much lower for PEVs than for vehicles as a whole. Data in blue represent the entire used and new-vehicle market for
the entire United States. Data in red reflect California PEV purchasers. NOTE: PEV, plug-in electric vehicle. SOURCE: Image courtesy
of Kenneth S. Kurani, University of California, Davis, [nstitute of Transportation. Data compiled from NBCUniversal, Center for Sus-
tainable Energy, California Air Resources Board Clean Vehicle Rebate Project, and EV Consumer Survey Dashboard.

traits and buying motives are different from those of the
mainstream market segment.

Selecting a Beachhead

Diffusion is a social and geographic process; at any
point in time, diffusion in one region of a large country can
be ahead of diffusion in another, as is illustrated in Figure
3-4, which shows the variation in PEV deployment across
the United States and provides the projected cumulative PEV
volume in 2014 for the 100 largest urban areas. PEVs tend
to be sold in states and municipalities where both the demeo-
graphic and psychographic profiles of residents are consis-
tent with those of the carly adopter category; these arcas also
tend to have a positive regulatory climate for PEVs. Califor-
nia is one such area and has a long history of strong sales for
new vehicle technologies. It has the highest proportion of
HEVs in the United States, and the Toyota Prius hybrid was
the best-selling vehicle in California in 2012 and 2613,

To cnsure that new techuologics succeed with main-
stream consumers, Moore (2014) suggests selecting a “beach-
head,” a narrow market segment of consumers for whom the
new technology offers “a compelling reason to buy.” That
approach is in contrast to conventional thinking that a broad
mass market is desirable. The logic behind a beachhead is
that, by offering a compelling value proposition specifically
targeted to meet the needs of a narrow subset of consumers,
the technology stands a greater chance of dominance ia a key
market segment. Then, the momentum gained through doimi-
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nance in the initial beachhead can be used more efficiently
and effectively to drive sales in related, adjacent segments.
For example, word-of-mouth communication is casier and
more etfective between adjacent market segmeats (related
geographically, by common lifestyles, or by common profes-
sional circies) because people will find communicating with
others who have similar traits more credible and relevant
than with those who have dissimilar traits. Thus, rather than
attempting to succeed in the broad mass market, providers of
new and complex technologies find it advantageous to focus
on a narrow segment of consumers for whom the innovation
offers a compelling reason to buy. Success in that initial seg-
ment then can be leveraged powerfully in adjacent segments.

For the PEV market, a beachhead approach logically
would focus on key geographic regions or regional corri-
dors where momentun has already been established; infra-
structure is more readily available; word-of-mouth between
neighbors, friends, and co-workers can oceur more readily;
where there is greater availability of PEV makes and models;
and where gasoline is expensive or electricity is cheap. As
one might expect, California is a particularly attractive mar-
ket; it accounts for over one-third of annual PEV sales in the
United States, and sales of PEVs in California at the close of
2014 comprised 3.2 percent of new light-duty vehicle sales
and 5.2 percent of new passenger vehicles (CNCDA 2015).
It also has a supportive regulatory environment with its zero-
cmission-vehicte (ZEV) mandate, which has been a prime
contributor to the availability of PEV models in Califoraia.
States that have agreed to implement the multistate ZEV
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in that MSA in 2014, It cant be seen that lurge numbers of vehicles are located in Los Angeles, the San Francisco Bay Area, New York,
San Diego, Scattle, and Atlanta. As noted in the figure, San Jose, San Francisco, Honolulu, Los Angeles, and San Diego have the largest
per capita concentrations of PEVs (volumne projected for 2014 per 1,000 people based on 2012 census projections). NOTE: MSA, met.
ropolitan statistical areas; PEV, plug-in electric vehicle. SOURCE: Data courtesy of Navigant Research in Shepard and Gartmer (2014).

action plan {imodeled after California’s ZEV mandate) and
that have greater availability of PEV models are also favor-
able places for the beachhead approach. They include Con-
necticut, Maryland, Massachusetts, New Jersey, New York,
Oregon, and Rhode Island.? Places where there is clean and
low-cost hydroelectric power are also favorable locales for
the beachhead approach. One such example is Washington
state, which has higher PEV per capita sales than California.

Oune final segment that could constitute a favorable PEV
market is the multiple-vehicle household. Most households
have more than one vehicle. At the national level, of the
roughly 75 million owner-occupied housing units, 3.4 per-
cent have no vehicle, 26.7 percent have one vehicle, 43.8
percent have two vehicles, and 26,1 percent have threc or
more vehicles (U.S. Census Bureau 2013b). Having multiple
vehicles offers the opporamity to choose among vehicles
that have ditferent utilitics. For example, a muitiple-vehicle
houschold might be able to mitigate the challenges of own-

¥ Information on model avatlability by state was provided by rep-
resentatives of vehicle manutacturers, Sources were Brian Brock-
man, Nissan, September 8, 2014; William Chemicoff, Toyota.
August 22, 2014; Kevin Kelly, Joe LaMuraglia, and Shad Blanch,
GM, August 22, 2014; James Kliesch, Honda, September 2, 2014;
Nancy Homeister, Ford, September 2, 2014; and Dan Irvin, Mit-
subishi, September 10, 2014,
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ing a limited-range BEV if it also owns a PHEV or an ICE
vehicle that can be used for long-distance trips, Many house-
hiolds that have multiple vehicles, howevert, might not be able
to replace all their vehicles with PEVs because all the park-
ing spots might not have access to charging infrastructure.

Finding: The PEV market is characterized by strong region-
al patterns that reflect certain key demographics, values, and
lifestyle preferences and have favorable regulatory environ-
ments for PEVs,

Finding: Initial beachheads for PEV deployment are specific
geographic areas, such as California, that have expensive gas-
oline; key demographics, values, and lifestyles; a regulatory
environment favorable to PEVs; a variety of PEV makes and
models available; and existing intrastructure or an ability fo
readily deploy such infrastructure.

Driving Characteristics and Needs
of the Mainstream Consumer

As discussed, selecting a beachhead plants the seeds
for the diffusion and adoption of PEVs, but PEVs will neced
to meet more consumer needs to gain greater market share
or become widely adopted. To understand what mainstream
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consumers might want, it is important to consider how people
use vehicles and how those driving habits intersect with the
four classes of PEVs defined in Chapter 2. As of 2013, there
were more than 233 million light-duty vehicles registered i
the United States, each traveling on average 11,346 niles per
year {FHWA 2015). The Federal Highway Administration
provides more detailed information about houschold trips
that might help to determine whether consumers would be
interested in purchasing and using PEVs. In the most recent
data from 2009, houschelds reported an average of 3.02 trips
per vehicle per day and 28.97 miles per day per vehicle and
an average vehicle trip length of 9.72 miles (FHWA 2011},
Changing trends in vehicle ownership and use are discussed
in greater detail in the next section,

Although averages provide somme important infonnation
about how peopie use their vehicles, there is substantial vari-
ability in use among drivers and vehicle type and over time
(for example, from one day to the next), so that average usc
might not fully capture consumer needs over the life of the
vehicle. For example, the National Houschold Travel Survey
shows that trips of fewer than 10 miles constituted 71 percent
of trips and accounted for 25 percent of miles traveled. Com-
muting is a common routine trip that averages lengths of 6
miles and represents 27.8 percent of miles. Routine trips are
important to consider because they represent an opportunity to
clectrify miles and maximize the value proposition for PEVs.
Long trips (over 100 miles) represented less than 1 percent of
trips but 16 percent of miles traveled (FHWA 2011). As noted
in Chapter 2, long trips are an issuc for BEVs because trips
that exceed the all-electric range become inconvenient,

Mainstream consumers consider what kinds of trips
they need to complete when purchasing (and using) a ve-
hicle. Those cousiderations will affect their views on the util-
ity of the vehicle. Many consumers might not find the utility
of a long-range BEV to be substantially linited by trip dis-
tance. Some consumers might find that although a limited-
range BEV might imeet their average travel needs, it does not
mect their needs to make the occasional long trip. A high fre-
quency of those “‘inconvenient days™ might greatly dissuade
a consumer from purchasing a limited-range BEV. However,
it consumers have multiple options for making longer trips,
such as public transportation or & second vehicle, they might
find that a limited-range BEV best meets their routine needs.
PHEVs can accommodate all possible trip lengths with easy
refucling, but they sacrifice electric miles for gasoline-tu-
cled miles on longer trips. Average or routine travel needs,
such as a commute, might also affect the PHEV range that
a consumer might choose because matching PHEV range to
average or toutine use might improve the consumer value
proposition. This discussion assumes that consumers under-
stand their needs and the ability of various types of vehicles
to meet those needs. Later, this chapter discusses misconcep-
tions and gaps in knowledge about PEVs that lead to con-
sumer misperceptions of range and vehicle utility, a barrier
to PEV deployment.
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Finding: Although there is substantial variability in vchicle
use, average daily travel or other routine use provides a met-
ric that can help evaluate the utility of a PEV.

Finding: Aside from average or routine usc, many consum-
ers make a smail number of long-distance trips that might
weigh heavily in their vehicle purchase decision,

Changing Landscape of Vehicle Ownership and Use:
Implications for Adoption and Diffusion of Vehicles

Social and demographic changes are affecting the amouant
that people drive and the demand for new vehicles; these
changes have inplications for PEV sales and their use. Vehi-
cle miles traveled (VMT) per capita generally increased from
1960 to 2007, outpacing growth in gross domestic product per
capita. After 2007, VMT peaked, and VMT per capita began
to decline as unemployment and gasoline prices rose. resuit-
ing in fewer commuuters, fewer driving vacations, and more at-
tention to the cost of tuel (FHWA 2012a; U.S. Census Bureau
2013a; Zmud et al. 2014), A 2014 report from the Transporta-
tion Research Board identified an aging and more etbnically
diverse population, along with changing patterns in the work-
force, urban living, household formation, views on environ-
mentalism, and use of digital technology, which are affecting
total and per capita VMT (Zmud et al. 2014). Although VMT
is on the rise again, it is still below 2067 levels (FHWA 2014)
and is projected to grow at an average annual rate of only 0.9
percent between 2012 and 2040 (ELA 2014da).

The demand for new vehicles also appears to be chang-
ing. First, the demand for new vehicles has decreased.
Amcricans buy new vehicles every 6-8 years on average,
as compared with every 3-4 years before the recession (Le-
Beau 2012). Related research from J.D. Power (Henry 2012}
shows that the average trade-in vebhicle at dealerships is
now 6.5 years old, | year older than the average in 2007, In
contrast to almost all products, vehicles have a robust sec-
ondary (used) market that is larger than the new market; in
fact, two-thirds of all U.S. vehicle purchases are for used
vehicles (35.7 million in 2013) (Edmunds 2013). Those data
have implications for vehicle purchases generally and PEV
purchases specifically. Given the length of time between
purchases, product options will have changed substantiaily,
patticularly because of model and technology changes, and
what the consumer inight want or need in a new model might
have changed substantiafly. Thus, the consumer likely will
undertake a lengthy and exhaustive process before purchase
to research new options on the market; that rescarch could
takc as long as several weeks or months and involve many
hours of online research before even visiting dealerships
{Darvish 2013). The decreased demand for new vehicles and
the lengthy research process will certainly affect the adop-
tion and diftusion rates for PEVs,
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Secand, the number of households without a vehicle has
increased nearly every year since 2005; it was 8.87 percent in
2005 and 9.22 percent in 2012 (U.S. Census Bureau 2013a;
Sivak 2014). Fewer vehicle-owning households might mean
tewer households in the market for PEVs. The percentage of
households without a vehicle also varies widely by geograph-
ical area. New York City, Washington D.C., Boston, Philadel-
phia, San Francisco, Baltimaore, Chicago, and Detroit all have
more than 25 percent of households without a vehicle (Sivak
2014). The geographic variation will affect where PEVs sell
well.

Another factor that is changing is household formation,
In 2000, 68.1 pereent of houscholds were defined as “family”
(married couples with children, married couples without chil-
dren, single parents with children, or other family}. In 2010,
that estimate decreased to 66.4 percent because single-person
houscholds increased from 25.8 percent to 26.7 percent (U.S.
Census Burcau 2013a). As single-person households and ur-
banization increase, charging vehicles at home could become
even more complicated as people move into apattments and
multifamily dwellings and away from single-family hoimes
that have garages or dedicated patking. As urbanization con-
tinues to rise, people might wse transportation modes other
than the traditional ICE vehicles, Although urban dwellers
tend to log fewer VMTs (a characteristic favorable to PEV
ownership), they might face challenges in finding a reliable
and regular place to plug in and recharge in a city.
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The societal changes noted are influencing the growth
of alternative transportation methods, such as on-demand
transport services (for example, Uber and Lyft) and car-
sharing programs (for exampie, Car2Go and Zipear). Ac-
cording to Susan Shaheen and Adam Cohen (2013), there
are about 850,000 car-sharing members and 15,000 vehicles
in North America (see Figure 3-5), Frost and Sullivan esti-
mate in their optimistic scenario that up to 7 mitlion mem-
bers and 155,000 vchicles could be part of car sharing by
2020 (Brook 2014). Given that car sharing and on-demand
services arc growing and tailoring their services to city liv-
ing, urban consumers are becoming reluctant to assume the
responsibility and expense of a vehicle.

Car sharing could be a win or a loss for PEVs, depending
ont whether the programs use PEVs, If they do, they would
provide ways for drivers outside the new-vehicle market to
use PEVs. However, if potential PEV buyers chose to use
car sharing and car-sharing programs use only {CE vehicles,
PEV sales could be hurt and fewer miles electrified. Car-
sharing programs are discussed further later in this chapter.

Finding: Demographics, values, and lifestyles at¥ect not only
vehicle preferences but also the practicality of a given PEV for
a given individual. Different market solutions will be needed
for different market categories and segments.
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FEGURE 3-5 Worldwide growth of ¢ar sharing in terms of vehicles and members, SOURCE: Shaheen and Cohen (2013), Transpotta-
tion Sustainability Research Center, University of California at Berkeley.
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TABLE 3-4 Factors That Atfect Adoption and Diffusion of Innovation

Factor Description

Relative advantage

The buyer’s perceived benefits of adoption {(such as fuel savings) relative to the price paid (PEVs are expensive

relative to ICE vehicles) and the nonmonetary costs (such as concerns about battery life, charging infrastructure,
resale value, and vehicle range it a limited-range BEV).

Complexity

Difficulty of using the new product. For example, what is involved in charging at home, at work, or al public

stations? Are permits required for at-home installation? Is membership needed for a charging network?
How much will the electricity {o fuel the vehicle cost, and how is that cost calculated?

Compatibility
BEV adequate?

How well does the new technology fit into tire buyer’s lifeslyle? For example, is the range of a limited-range

Consurer concemns about standards, for example, different plug types and charging networks with different
comntunications protocols and payment methods; mainstream consumers take a wait-and-see attilnde to avoid
purchasing the wrong product that does not iecome the dominant design.

Trial-ability

How easy is it for a potential customer to try the new technology? A typical test-drive for a PEV can demonstrate

its acceleration speed and drivability but does not allow the buyer to expericnce charging or to resolve other

conrcems that inhibit purchasc of 2 PEV.

Observability

How observable are the benefits of the new purchase to the consumer, such as fuel savings relative (o electricity

costs; convenience of charging at home and not having te go to a gasoline station; and quict driving experience.
How observable are the new technology and its benefits to other consumers; for example, seeing neighbors

or co-workers drive a PEV or seeing PEVs plugged in at a public location hastens diffusion, much like iconic

white ear buds and wires were highly visible symbols of Apple products.

NOTE: BEV, battery electric vehicle; ICE, intemal-combustion engine; PEV, plug-in electrie vehicle.

SOURCE: Adapted from Mohr ct al. (2010).

THE MAINSTREAM CONSUMER AND
POSSIBLE BARRIERS TO THEIR ADOPTION
OF PLUG-IN ELECTRIC VEHICLES

Insights into strategies to diffuse new vehicle technolo-
gies beyond carly adopters can be gleaned from industry
studies on what consumers consider when they make a pur-
chase and by examining general factors that affect adoption
and diffusion of new technologies (Rogers 2003). Five fac-
tors typically aftect the rates of adoption and diffusion for
innovative products; these factors are shown in Table 3-4,
which also provides implications specific to PEV deploy-
ment.

As noted earlier, the characteristics and buying motiva-
tions differ between categories of consumers. The charac-
teristics of PEV owners to date are consistent with thosc of
the early adopters, Because mainstream adopters (early and
late majority categories combined} comprise the bulk of the
purchases for any new technotogy (Rogers 2003), under-
standing their purchase motivations is critically important to
increasing PLV deployment.

The top five reasons conswmers give for their vehicle
purchase choices generally (not specific to PEVs) are reli-
ability, durability, quality of workmanship, value for the
moncy, and manufacturer’s reputation (Strategic Vision
2013). Although often assumed to be a key influential factor
in vehicle purchases, tuel economy is a primary consider-
ation for 45 percent of consumers (compared with reliabil-
ity, a primary consideration for 68 percent of consumers),
In fact, fuel economy ranked [ of 54 rcasons on the basis
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of Strategic Vision’s May 2013 survey results. Interestingly,
the average gasoline price per gallon was $4.02 at the time
of the survey, and yet consumners still ranked such features as
seating comfort above fuel economy as a purchase reason.
Just 5 percent of U.S. consumers who purchased a vehicle
responded that they were willing to pay more for an environ-
mentally friendly vehicle (Strategic Vision 2013). Additional
survey data from “rejecters” {people who considered buying
a PEV but chose not to buy one) reveal consumer concerns
about the reliability of the technelogy and the durability of
the battery (Strategic Vision 2013). Those data suggest that
consumers appear to use traditional criteria (reliability and
durability) in their PEV evaluations and that PEVs today
must compare etfectively with ICE wvehicles on traditional
criteria to be competitive.

Egbue and Long {2012) conducted a study to explore
concerns about PEVs specifically. Interestingly, in their sam-
ple of respondents (a population of faculty, staff, acd stu-
dents from a technically oriented university), battery range
was the biggest concern expressed about PEVs, folfowed by
the cost differential of PEVs compared with ICE vehicles.
Battery range is #of a question that is asked in typical ve-
hicle industry research studies.” Corroborating the results of

* Business experts note several caveats in conducting and inter-
preting consuiner research on new technologies {Leonard-Barton
et al. 1995; Rayport and Leonard-Barton 1997; Seybold 200t;
McQuarrie 2008). First, consuners necessarily are constrained in
their responses by their knowledge of and familiarity with a given
technology. Although they provide answers to research questions,
the validity of their responses can be suspect. Moreover, the na-
ture of the research protocols is similarly constrained by the known
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the Strategic Vision study above, Egbue and Long (2012)
similarly found that envirenmental considerations carry less
weight in the purchase decision for PEVs than battery range
and cost. Their study further suggests that even with incen-
tives to subsidize the cost of PEVs, penetration rates are
likely to remain low if consumers have low confidence in
the technology.

Despite the fact that 55 percent of people shopping for
a vehicle have “favorable™ or “very favorable” impressions
of PEVs (versus 62 percent in 2009) {Pike Research 2012),
the purchase rates are still low.” Importantly, consumers
make decisions on the basis of their perceptions rather than
factual data. Astute marketers realize that consumer percep-
tions form the basis of their reality—even if their perceptions
are factually inaccurate, Although objectively, PEVs might
exhibit a lower total cost of ownership than [CE vehicles,
whether consumers actually compute a total cost of owner-
ship in making vehicle purchase decisions is not apparent.®
Ingram (2013) statcs that 75 percent of people in 21 of the
fargest cities in the United States were unaware of cost sav-
ings and reductions in maintenance costs of PEVs, In fact,
even for high-involvement purchase decisions, in which the
assumption of a “rational consumer™ is often made, psycho-
social factors can be more important than rational consider-
ations.

In addition to the price differential betveen PEVs and
conventional vehicles and the range concems for limited-
range BEVs, the committee identified several additional
barriers to PEV purchases—most of which are highly inter-
related—that affect consumer perceptions and their decision
process and ultimately (negatively) their purchase decisions.
They include the Hmited variety and availability of PEVs;
misunderstandings concerning range of PEVs; difficulties in
understanding electricity consumption, calculating fuel costs,
and determining charging infrastructure needs; complexities
of installing home charging; ditticulties in determining the
“greenness” of the vehicle; lack of information on incentives;
and lack of knowledge of unigue PEV benefits, Those barriers
are discussed briefly in the following sections.

and familiar. When replicating vehicle surveys to assess PEVs, the
surveys do not include questions to assess consumer knowledge
of and preference for charging infrastnucture, range, and other rel-
evant factors. As a result of those and other limitattons, innova-
tion experts recommend alternative methods of market research to
complement traditional surveys and focus groups. 3M, Intel, HP,
and other companies known for their culture of innovation rely ou
a variety of alternative research protocols, many of them more ob-
servational in nature, to recoguize such limitations.

3 As a point of reference, the same survey showed 61 percent of
conswners have “a favorable or very favorable” impression of HEVs
that have sales of about 3-3.5 percent of new passenger vehicle sates.

f Despite the lack of information, Eppstein et at, (2011} found in
a simulation model that making available estimates of lifetime fuel
costs associated with different vehicle types could enhance market
penetration substantially. That possibility is supported by market-
ing in Japan, where at least one PEV manufacturer is actively using
marketing messaging with information on total cost of ownership.

Limited Variety and Availability of
Plug-in Electric Vehicles

Consumers are accustomed to a dizzying amray of ICE
vehicle models and styles available from more than a dozen
manufacturers. They include performance sports cars, mid-
sized passenger cars, sport utility vehicles, crossovers, lux-
ury sedans, compact and subcompact economy cars, sporty
compacts, pickup tracks, minivans, and full-sized vans, Be-
cause consumers have a wide varicty of needs and motiva-
tions, a wide array of PEV makes and models are needed to
satisfy them. The rather limited choice of PEVs could slow
market development.

Further complicating the rather limited variety of PEVs
on the market is the fact that not all PEVs are available for
sale in all states, Two main considerations affect vehicle
availability. One is the availability of PEVSs to the dealers,
which is dictated by the vehicle manufacturers. Given the
questionable profit margins {Lutz 2012; Voelcker 2013a;
Loveday 2013b), some vehicle mannfacturers might not be
motivated to offer PEVs for sale in all 50 states, The other
consideration is the availability of PEVs to customers—
specifically, the number of dealers in a given area actually
stocking the vehicle and the number of vehicles on the lot.
PEV availability is highly variable by dealer and by location.
Lack of availability and the limited diversity of PEV options
are barriers to consumer adoption.

Range of Plug-in Electric Vehicles

Range anxiety refers to the fear of running out of charge
and being stranded. The driver’s experience of range anxi-
ety can be mild or strong and depends on the vehicle range,
charging routines, and driving patterns (Frank et al. 2011).
As discussed in Chapter 2, range limitation should be an is-
sue only for limited-range BEVs. Yet, data collected from
people who considered a PEV but did not buy onc (rejecter
data) reveal inaccurate perceptions about PEV range. For ex-
ample, sonie buyers who considered the Chevrolet Volt did
not buy it because it “lacked range,” despite the fact that the
Voit's onboard ICE gives the vehicle a range similar to that
of a conventional vehicle. Specifically, after its 38 miles of
ali-electric range arc depleted, it ofters another 344 miles on
gasoline. Such observations show that a lack of familiarity
with PEVs poses a barrier to vehicle deployment; this nega-
tive effect is corroborated by the modeling work of Lim et al.
(2014), who found that range concerns, as well as concerns
over unknown resale value, inhtbit mass adoption of PEVs,

Understanding Electricity Consumption

Drivers of ICE vehicles are accustomed to tueling with
gasoline and vnderstand how much range they have feft and
where gasoline stations are located relative to that range.
PEV drivers, however, face a new experience—fueling with
etectricity—and will need to understand the interaction be-
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48 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

tween several factors, including the storage capacity of the
batteries, access to charging infrastructure, and driving be-
havior. The amouat of stored electricity is measured and then
communicated through dashboard displays that provide an
estimate of the remaining range of the battery, a imeasure-
ment that not onty is new but that can also be imprecise,
PEV owners will expericnee consuming the electric energy
(depleting the battery) quickly or stowly, depending on driv-
ing speed (fast or slow), conditions (such as ambient air tem-
perature and steepness of the road grade), and driving style
of the driver (ight-footed or heavy-footed) (Turrentine et al.
2011). A PEV on a cold day can consume its stored electric
energy quickly because some portion of that cnergy goes to
heat the vehicle interior; hence, drivers might see the bat-
tery energy on the dashboard display drop rapidly. For ex-
ample, the range of a Nissan Leaf is 84 miles on the EPA test
cycle, but if the owner drives 90 percent of his or her miles
at speeds above 70 mph and lives in a cold climate, the range
could be as low as 50 miles, Thus, to feel comfortable pur-
chasing a PEV, consumers generally must understand PEV
tuel consumption.

Caleulating Fuel Costs

Determining electricity costs relative to gasoline costs
is yet another factor that affects consumer perceptions and
purchase decisions.” Box 3-1 shows how electricity cost
could be calculated. The commuittee was not able to find
data on consumer perceptions of electricity costs compared
with gasoline costs. However, the calculations in Box 3-1
are likely complex enough to be overwhelming tor a typical
mainstream consumer and highlight the difficulty that con-
sumers tace in computing fuel costs, particularly compared
with those for ICE vehicles. In fact, few consumers are likely
to go into this level of detail to understand fuel costs when
considering a vehicle purchase. The unknown costs repre-
sent yet another source of doubt and are therefore another
barrier.

Overall, the data indicate that energy costs for PEVs are
likely to be lower, even one-half of gasoline costs. Enrolling
in special rate plans, taking advantage of nighttime prices in
some markets, accessing sotne free electricity at workplaces,
and relying on public charging could save PEV drivers even
more. It is important to note that PEV drivers experience
substantial variation and complexity in energy costs across
regions. Even within a given region, there is much local vari-
ation because of local rates and special PEV rates offered
by the thousands of electric companies in the United States,
differences in prices charged at public charging stations, and
in some cases fiee charging at public and work locations.

" Much of existing data about PEV driver behavior with respect to
electricity prices are shaped by the high income of the initial buy-
ers who are not as sensitive to gasoline or electricity costs as later
adopters are likely to be.

Determining Charging Infrastructure Needs

The charging infrastructure is a new part of the vehicle
ecosystem that customers must navigate. Potential PEV pur-
chasers need to know what type of charging infrastructure
they will need, how to get it installed at home, how to find
charging stations when needed, and how to subscribe to or
pay for access to the charging stations. Those issues must be
considered by potential PEV customers when they consider
purchasing a PEV.

Unlike ICE vehicles, for which public fueling sta-
tions arc the standard, PEVs may be fucled with clectricity
at homne, at workplaces, or at public charging stations (sce
Chapter 5). In fact, early adopters have primarnily satisfied
their charging nceds at home, and the majority of main-
stream PEV adopters are also likely to find home charging
to be most convenient. The paradigm for fueling PEVs at
the owner’s home is a fact not appreciated by many unfamil-
tar with PEVs, including many policy makers and presum-
ably many potential PEV customers who believe that public
charging stations are needed.

Although home charging has been the primary method
of refueling, public charging does have an important role to
play, The PEV-driver experience is shaped by the presence
(availability and visibility) of the charging network in his
or her region, and a perception of a lack of public charging
infrastructure might hinder PEV deployment, For example,
the United States has over 100,000 gasoline stations com-
pared witls about 8,400 public charging stations (U.S. Cen-
sus Burcau 2012). Japan has recognized the importance of
public visibility and access to charging and has instituted a
major initiative to build an extensive charging infrastructure
to instill range confidence and ensure a safety net for lim-
ited-range BEV drivers (METI 2010). Drivers of all types
of PEVs can use their mobile phones or dashboard displays
to navigate and find fueling stations. Apps for PEV owners
to monitor their state of charge and to find fueling stations
compatible with their vehicles might be particulardy impor-
tant to mitigate conswner cencerns about location of fueling
stations.

The extent to which customers understand charging in-
frastructure requirements and needs is unknown; however, it
is reasonable fo speculate that these considerations are new,
and perhaps surprising, to mainstream consumers, The com-
mnittee notes that the effect of public-charging availability on
PEV deployment is not well understood {Lim et al. 2014).

Installing Home Charging

Depending on regional variations, BEV and PHEV buy-
ers might need to choose, acquire, permit, finance, and in-
stall a charger for their primary parking location even before
purchasing the vehicle. The decision process will require the
buyer to understand the ditferences in charging technolo-
gies and possibly to answer the following questions: Do they
want or need AC level | or level 2 charging? Are upgrades of
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BOX 3- ‘i Calculatrng Etectncrty or Fuel Cests for Ptug |n Electrrc and Olher Vehrcles - T

People shopprng for a vehrcfe face drﬁ‘ cultles in calcu!atmg fueI costs per mrle especrally |f they are lryfng to compare lhe fuet oosts '
of vehicles operating on drfferent fuels mctudrng BEVs PHE.Vs HEVs and ICE vehrcles A tvprcal customer s lhought preoess

'mtght proceed as follows

ossl Ie Cost Ca or a PEV

Take as an exampte the fi ve- passenger Nrssan Leaf w’n:eh gels 3 or 4 mrles per krtovratt hour dependmg on speed and lhe heat— '
iing or, cootmg needs of the cabin interior, Assume that the average price of residential electricily in the United States is 12.5 cenls
-per kilowatt-hour; this number j is based on a range inthe Umted Stales of 10 lo 15 cenls per kilowatt-hour (EIA 2014b), and thisin
__turn lranstates to 3 to 5 cenls per mile. On average therefore a Leal owner who charges at home wrll pay about 4 eents per mne '
}for e!eclncnty (these numbers average Iocal taxes on eleclncrty brlls) R AT R I R

ossmle g;gst Cafculatron for an ICE yen;gl.e”g[ ag HEV

'Gasohne in the Umted States in August 2014 cost orr average about $3 60 per ga!ton (regronal averages ranged from $3 35 in lhe :
“Gulf Coast region lo $3. 91 in the West Coast region) (EIA 2014c) An especual!y efficient HEV, the Prius, gets about 50 miles per'_ :
_gallon Average ICE passenger vehrotes have a fuel economy of 35 mpg Thus, the Pnus would have cost 7.2 cents per mlle, and
B the average passenger vehrcle would have cost aboul 10 cents per mrle in the Umted States |n August 2014 : S

Therefore |n most places m Augus{ 2014 BEVs and PHEVs operatrng :n -tectnc mode on stored electncﬂy from the gnd cest
less than one-half as much per mile as a comparable-srzed gasolme vehrole Specrﬁcally, dnvmg 10 000 miles ina gasolme -fueled -
‘compact vehicle woutd have cost around $1 000 for gaso!me in 2014 a oomparable-snzed BEV would have cost less than $500
allhaltrme.‘-_::. . N . RS S :

,l_\ddrtrgnal Consrderalron RECi e R S R Sl : : .
iw The cost of e!ectncny for a PHEV wul vary grealfy dependmg on dnvnng patlerns the chargmg frequency, and lhe battery:-

: capac:ly L :
L Many PEV dnvers mlghl charge avray from heme vmere pnces vary Some PEV drrvers mrght be able to maxrmrze therr sav—_ ’
“7 ings by ohargmg for free at work and gelting fow off- peak or special PEV rates from their utifity. : - S
-_: » Some places, especrauy Cahforma have liered rates to drscourage high consumptron or irmeof—use rates to st'nft consump-_-:;
tnon peaks, Those pricing slruotures can make eleciricity rates vary for an mdrwduat househofd by trme of day, by lotat monthty u
- ‘consumption, or by climale zone in which the house is located.

. The oosl of gasotme can atso vary substanhetly, and thatvanatron oomplrcates the ca!oulatron of total fuel oosts for PHEV dnvers

formed partnerships to streamline the purchase and installa-
tien of home chargers. Three examples of partnerships (list-
ed below) are cited in the Federal Highway Administration
action plan {FHWA 2012b), but one has been discontinued
and another has been reworked.

houschold circuits, panels, and even transformers required?
How much will the changes cost? What permitting process-
cs, fees, and timing are involved? Will installing a charger
require financing (most states require financing of the char-
ger to be separate from that of the vehicle}? How much will
the extra cable for 240 V (level 2 charging) cost?®

Whether the vehicle is leased or purchased might have » Ford and Best Buy: Ford initially partuered with Best

an effect on the home-charging decision; people who lease
nvight be less willing to commit to the expense and effort
of installing home charging. In other cases, instaltation con-
cerns might be alicviated it PEV owners can use an existing
ontiet in their garage. The charging concerns tor the 46 per-
cent of new PEV buyers who do not have access to home-
charging because they park on the street or live in a mudtiunit
dwelling will be different, but they foom large nonetheless
{Axsen and Kurani 2009), Barriers to home-based charging
for that market segment are discussed in Chapter 5.

To help mainstream PEV consumers navigate their
home-charging needs, some vchicle manutacturers have

8 The 240 V cables are different from the 110 V cables that come
with the vehicle and represent an additional customer expense.

Buy to offer buyers an integrated process for purchas-
ing a vehicle and installing a home charger; Best Buy’s
Geek Squad and third-party electrical contractors pro-
vided installation services. The charging equipment
provided by Leviton could be removed. so that own-
ers could easily take the charger with them when they
moved, Ford cstimated a cost of around $1,500 for the
charging eguipment and installation services. The pro-
gram ended in 2013 when Ford partnered with AeroVi-
ronment (Motavalli 2013).

« General Motors and SPX. General Motors initially of-
fered an AC level 2 home-charging system through a
partnership with SPX. The equipment costs were $490;
installation costs varied depending on the existing home

Samsdabid A RMatlamnl Amadans af O alamnaa All clelailm cmmmmsm



SC-2

50 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

wiring but were typically about $1,500 (GM Authority
2010). General Motors appears to have discontinued
its offer for an AC level 2 charging system because the
Chevrolet Volt can recharge overnight using an AC level
I charger.

» Nissan and AeraVironment. For the Leaf, Nissan teamned
with AeroVironment to provide home charging; Nissan
estimates that a private contractor charges about $2,000
on average for a typical installation.

Charging decisions arc unique to PEVs and can be over-
whelming. Indeed, until the purchase and use process is sim-
pler—for example, a dealer helps the customer manage the
whole process—mainstream consumers simply might revert
to the more familiar purchase of an ICE vehicle that does not
have these added complications (Moore 2014).

Greenness of Plug-in Electric Vehicles

Perceived favorable environmental impact {the green-
ness) of PEVs motivated some early adopters to purchase
PEVs, atthough environmental impacts appear to be less of a
motivator for mainstream market consumers given that just 5
percent of U.8. vchicle purchasers stated a willingness to pay
more for an environmentally friendly vehicle {Strategic Vision
2013). Others aiso find that the impact of a green product on
consimer purchases is usnally a third trigger, behind price and
quality (Esty and Winston 2009). Still, consumers might want
to know about the greenness of a PEV—if not for themselves,
then when friends, family, and colleagues inguire,

Consumer might ask the following questions: Does driv-
ing a PEV actually benefit the environment? Are greenhouse
gas emissions and local pollutants decreased if I drive a PEV?
Is my electric company a low- or high-carbon emitter? Is my
electric company lowering its carbon emissions over time?
Similar to computing electricity costs, assessing the greenness
of a vehicle is complicated;? it includes not only the greenness
of the electricity supply used to charge the vehicle but also
issues related to how batteries will be disposed of and their
contribution to environmental degradation (see Chapter 4 for
a discussion of battery recycling). Greenness can be calculated
on a weli-to-wheels basis, which counts greenhouse gas emis-
sions from a vehicle’s tailpipe (tank-to-wheels) and upstream
emissions from the cnergy source used to power a vehicle
(well-to-tank ).’ Although the factual details about the clean-
ness of the electric grid (see Chapter 1) might not be widely
known, consumer uncertainty about how green PEVs actually
are might cause customers to balk at purchasing one.

? Take, for example, the greenness of the electric grid. Depend-
ing on whether the power plants in a given area produce electricity
from coal, nuclear, wind, hydropower, or other energy source, the
greeniess can vary greatly.

10 A more complete analysis of vehicle greenness is a life-cycle
assessment that, in addition to the well-to-wheels assessment. takes
into account environmental impacts of vehicle preduction, vehicle
use, and disposal of the vehicle at the end of its life.
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Lack of Information on Incentives

As discussed in Chapters 2 and 7, the prices of PEVs
arc higher than those of comparable ICE vehicles. However,
various financial incentives for consumers can help offset the
difference. PEVs can also have nonfinancial incentives, such
as aceess to high-occupancy-vehicle lanes (see Chapter 7 for
an extensive discussion of incentives). Consumer awareness
and perceptions of incentives influence their purchase deci-
sions. In Norway and the Netherlands, for example, PLEVs
are particularly popular because people are aware of and
want to take advantage of the generous incentives. In the
United States, however, a study by Indiana University shows
that 95 percent of the U.S. population in the 21 largest cities
is unaware of such incentives (Ingram 2013). A further com-
plication is that federal, state, and municipal incentives are
often designed to start and stop at certain times or when cer-
tain sales volumes have been achieved. The variability and
inconsistency of incentives contribute to customer confusion
in evaluating and purchasing PEVs.

One study suggests that the effectiveness of PEV incen-
tives could be enhanced through greater consumer awareness
(Krause et al. 2013}, Dealers could be a source of mforma-
tion about incentives but are unlikely to have all the nec-
essary information, as discussed below. Moreover, dealers
might not want to provide information on incentives for fear
of being held accountable if they provide inaccurate infor-
mation (Cahill et al. 2014). Several Internet sources provide
information on incentives, but the degree to which consuin-
ers are aware of and use themn is unknown,

Lack of Knowledge about the
Benefits of Plug-in Electric Vehicles

PEV ownership offers benefits that are familiar to and
valued by their drivers but are probably unfamilias to main-
stream consumers. For example, people discover on driving
PEVs that they are “peppy” and provide smooth accelera-
tion; morcover, they are quiet (Cahill et al. 2014). In addi-
tien, PHEVs do not need oil changes as trequently as ICE
vehicles, and BEVs do not require any oil changes (Voelcker
2013b, 2014). Furthermore, regenerative braking and encrgy
recovery, which is novel to many new PEV drivers, provides
a unique scnsation. Whether engineered as part of the tradi-
tional braking systein (as in the Toyota Privs) or integrated
into the acceleration system {as in the BMW i3 and Tesla
Model 8), or both, regenerative braking creates a unique
driving expericnce. In contrast to systems that capture kinet-
ic energy when the driver begins to brake, regenerative brak-
ing integrated into the aceeleration system begins to slow the
vehicle and capture energy the moment drivers remove their
foot from the gaseoline pedal. Some drivers perceive the au-
tomatic braking as an advantage, especially in heavy traffic.

Thus, PEVs provide a driving experience that is differ-
eat from that of a traditional ICE vehicle. Such differences
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TABLE 3-5 Consurner Questions Related to Plug-in Electric Vehicle (PEV) Ownership

Vehicle Technology

Vehicie Charging

Other Concems

Ouestions PEY Customers Might Have

Why are PEVs more expensive than
conventional vehicles?

What is the battery range?

How many years will the battery last?

Do 1 need to replace it?

Is there a risk of fire?

Does the vehicle have sufficient power to
drive on the highway?

What will be the resate value?

Where can | chirge the vehicle?
Can i charge it at home?

Do [ need a special plug?

How much will the electricity cost?
How long does it take to charge?

What happens if | become stranded because 1
mun out of charge?

How green is a particular PEV?

Do the baiteries end up in landfills?

Questions Customers Might Not Know (o Ask

How much of my battery range will be sacrificed
to interior heating and cooling in cold or hot
tempenatures?

Can my regular repair shop perform maintenance
and repair work on the vehicle?

How does regenerative braking work?

Will my batlery degrade over time if fuse DC
fast charging?

What are the savings in maintenance and fuel
relative to the purchase price of the vehicle?

Where do | charge if | do not have a gamge?

Are there permiiting fees to get a dedicated
charger installed in my home?

Does my state offer a rebate or incentive to
instafl charging equipment in my home?

If L want AC level 2 charging, do 1 need addidonal
equipment, and how much will it cost?

Do 1 need 1o inform my wtility if | purchase u PEV?

Do my rates for charging differ depending on
the time of day?

How do | file for my tax credit?

Does my state offer a 1ax credit?

Do I get free parking?

Do | get zccess to a high-occupuncy-vehicle
lane with a PEV?

Daoes my employer offer charging at work?

Because the car is so quiet, how do | know if
it is running?

SC-2

If I belong to a charging network, can l use
chargers from ofuer networks?

How do | find a charging location?

Can | reserve a charging location?

What if the charger I need 1o use is being
blocked by another vehicle?

Questions Friends, Neighbors, and Even Strangers Might Ask

Did my tax dollars subsidize the purchase

of your PEV? the electric grid?

Do these vehicles put excessive demands on

Why do people with PEVs get the most
conveaient parking spots?

Do you pay any fuel fees for highway
funds or road taxes?

might appeal more to early adopters than to mainstream con-
sumers, but mainstream consumers will never know whether
PEVs meet or even exceed their expectations unless they can
drive one, making the test-drive a critically important experi-
ence, as discussed later in this chapter.

Summary of Major Perceptual Barriers

From the committee’s perspective, the factors discussed
above pose major barriers to consuner adoption of PEVs.
Confusion continues to loom large in the consumer purchase
decision for PEVs, Table 3-5 identifies questions that custom-
ers might have when contemplating a PEV purchase. Some
questions—Will my battery catch fire? How do { change my
battery?—might seem nonsensical to a current PEV owner,
but they are questions that consumers have asked and demon-
strate the extent of misinformation and the nature of the per-
ceptual barriers that must be overcome before PEV deploy-
ment becomes widespread,

Uncertainty and perceived risk plague consumer willing-
ness to purchase innovative products, particularly expensive,
long-lived oncs, such as vehicles; consumers instead revert to
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the known and familiar (Mohr et al. 2006). Until they are suf-
ficiently informed and educated, they will likely continue to
prefer the relative satety, security, and familiatity ot an ICE
vehicle. Therefore, mainstrcam adopters require additional
encouragewment, information, and incentives to overcome the
barriers identified.

Finding: Lack of consumer awareness and knowledge about
PEV offerings, incentives, and features is a barrier to the
mainstream adoption of PEVs.

Finding: The many perceptual factors that contribute to
consumer uncertainty and doubt about the wisdom of a PEV
purchase combine with price and range concerns to nega-
tively affect PEV purchases.

VEHICLE DEALERSHIPS:
A POTENTIAL SOURCE OF INFORMATION?

A well-known aspect of the vehicle-purchase process en-

tails visits to various dealerships for test-drives and purchase
negotiations, Vehicle dealerships traditionally have offered
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many services to help with the complexity of the purchase
process. In fact, in the early years of the automobile market,
dealers supported Americans with their vehicle purchases by
teaching them to drive and by providing financing, mainte-
nance advice, and service to keep vehicles running. Accord-
ingly, dealers have always playeda critical role in the decision-
making process of people purchasing a vehicle (Ingram 2014).
Given that 56 percent of PEV buycrs make over three visits
to dealerships, which is twice the number made by non-PEV
buyers (Cahill ct al. 2014), vehicle dealerships could serve as
an unportant source of information for potential PEV buyers.

Despite the importance of the consumer experience at
the dealership, rescarch on dealers and PEVs reveals sys-
temic problems. A Center for Sustainable Energy survey
of over 2,000 PEV buyers in California in December 2013
showed that 45 percent of those buyers were “‘very dissatis-
fied” and another 38 percent were “dissatisficd” with their
purchase experience (Cahill et af. 2014). In the same survey,
PEV buyers were asked “how valuable was it to have deal-
ers knowledgeable about various topics.” The responses in
Table 3-6 show that PEV buycrs expect dealer salespeople
to be informed about much more than just the vehicle char-
acteristics. However, a Constmer Reports mystery shopper
recently went to 85 dealerships in four states and found that
salespeople were not very knowledgeable (Evarts 2014).

The dealer and salesperson motivation to sell PEVs var-
ies. As noted in the committee’s interim report (NRC 2013b),
salespeople take three times longer to close a PEV sale than
an ICE vehicle sale—time for which they are not differentially
compensated. Furthenmore, because dealership revenues in-
clude charges for after-sales service and support and because
PEV maintenance requirentents are lower than those for ICE
vehicles, that service revenue is missed. Moreover, sales staft
at dealerships often trnover rapidly; thus, technicaily savvy
sales staff who are knowledgeable about PEVSs are not afways
available at a given dealer on a given day. Given such tum-
over, sales training on new products is not always a good in-
vestment for the dealership (Darvish 2013).

To address those issues, some dealers in Calitornia have
hired PEV advocates to scll PEVs specifically. Rather than
frain the entire sales force, high-volume PEV dealcrships
have onc or two PEV gurus. Morcover, some dealerships
now separate floor (personal) sates from Internet sales, and
in some situations, 100 percent of PEV sales come from In-
temet inquiries (UC Davis 2014)."! The PEV gurus usually
are part of the Internet sales team for the dealer; social me-
dia are used to steer buyers to those individuals. Partially
because dealership salespeople might lack the ability, time,
or incentives to educate customers adequately about PEVs,
Tesla decided to operate its own dedicated showrooms in
which specially trained employces focus exclusively on
educating customers about Tesla vehicle ownership, Tesla
showrooms are typically styled like boutiques in high-trafiic
locations, such as a mall, much like Apple stores.

it Nissan initially sold Leafs only on the Internet.

In addition to the paucity of knowledgeable salespeople,
the Constmer Reports study {Evarts 2014} also found that
dealers simply did not have PEVs in stock. Only 15 of 85
dealers in four states (California, New York, Maryland, and
Oregon)'2 had more than 10 PEVs on their lots; indeed, most
dealers had only I or 2 PEVs on their lots. That finding is sup-
ported by a UC Davis study, which found that 65 percent of
Califormia dealerships had no PEVs for sale (UC Davis 2014).

Explanations for the lack of inventory on dealer lots
vary. Consumer Reports stated that of those with limited or
no stock, most {21) dealers attributed limited stock to “high
demand;” the next most common explanation, however,
was a “lack of consumer interest” in PEVs, also expressed
as “nobody buys them.” Another possible reason for lack of
inventory on dealer lots is based on the financial retumns from
selling PEVs. If vehicle manutacturers are losing money on
PEVs, they could limit availability deliberately (see, for ex-
ample, Beech 2014; Lutz 2012; Voelcker 2013a; Loveday
2013b). The strategy of limiting inventory further hurts sales
and makes it harder to generate economies of scale to drive
down manufacturing costs. If production costs are not re-
duced, prices will remain high,

Additional pressure on dealerships comes from Tesla’s
chalfenges to the vehicle dealership franchise laws. In the
United States, direct manufacturer-to-consumer vehicle sales
are prohibited by franchise laws that require new vehicles to
be sold only by licensed, independently owned dealers (Quin-
land 2013). Such licensed dealers sell new and used cars, in-
cluding certified preowned vehicles, employ trained vehicle
technicians, and offer financing. The National Automobile
Dealers Association has challenged Tesla’s showroom model
in a handful of states (Colorado, Massachusetts, Hlinois, New
York, Oregon, Texas, and North Carolina).” So far, because
Testa does not actually sell vehicles through its showrooms
(rather, orders are placed online to the factory), courts have
generally upheld its model."* Distribution issues are an on-
going arca of dispute and aithough Tesla has advocated for a
federal law to overturn the state franchise laws, to date it has
been unsuccesstul,

Finding; Knowledge of PEVs at dealerships is (at best) un-
even and (at worst) insufficient to address consumer ques-
tions and concemns,

Finding: Dealers are generally less motivated to sell PEVs
than to sell ICE vehicles, and a further complication is that
the inventory of PEVs on dcaler lots is limited,

12 Oregon was not named in the article, but personal communica-
tion on October 17, 2014, with the author provided the name of the
fourth state.

3 Tnterestingly, NADA is also starting a communications camni-
paign to counter criticisms that the franchise laws are outdated and
that dealers are not willing to change (Nelson 2014),

M See, tor example, the situation in New Jersey (Friedman 2014;
Gilbert 2014),
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TABLE 3-6 Ratings of Dealer Knowledge about Various Topics

Topic Percentage of Respondents Who Assigned the Dealer a Rating of “Very Valuable™ (Highest Ranking)
Financial incentives 62
Vehicle performance 62
Nonfinancial incenlives 48
Cost of ownership 46
Home charging 42
PEV Smartphone applications 40
Away from home charging 33
Electricity rates for PEVs 32

NOTE: PEV, plug-in electric vehicle.

SOURCE: Based on data from Cahill et al. (2014) and CSE (2014).

STRATEGIES TO OVERCOME BARRIERS TO
DEPLOYMENT OF PLUG-IN ELECTRIC YEHICLES

This chapter began by describing diffusion models for
new technologies, including PEVs, and then discussed the
demographics and behavior of early adopter and mainstream
market segiments and their implications for adoption and dif-
fusion. A number of barriers conswmers face in the PEV pur-
chase process were discussed next, The sections that follow
consider ways to address consumer barriers to PEV deploy-
ment, including advertising strategies to educate consumers,
greater use of [nternet resources to disseminate information,
and more opportunitics for test-drives.

Advertising of Plug-in Electric Vehicles

Given the complexity of the issues consumers face in
the PEV purchase decision, the committee examined vari-
ous information sources that consumers commonly rely on
for decision making. One such source is the advertising and
marketing of the vehicle manufacturer. Advertising histori-
cally has been a way to stimulate interest in new products
and to steer customers to dealers. Because advertising and
marketing plans are critical aspects of a vehicle manufac-
turer’s strategy, they are proprietary, and the committee did
not reccive information on individual company ettorts, such
as how much they spend on advertising to promote PEVs,
Although PEVs are advertised in traditionai media, casual
observation suggests that company efforts to promote PEVs
are not nearly as aggressive as their etforts for traditional
ICE vehicle makes and models,

Reasons for limited PEV advertising could include the
fact that the market is small. A lack of profitability also could
be a reason companies do not want to advertise (see, forex-
ample, Beech 2014; Lutz 2012; Voclcker 2013a; Loveday
2013b). Companies want to maximize the return from their
advertising budgets, and whether the PEV market is suffi-

ciently responsive to warrant larger advertising expenditures
is questionable. Regardless of the underlying reasons tor
what would appear to be a limited effort by any one com-
pany to advertise its PEVs, the fack of promotion creates a
self-fulfilling prophecy.

One strategy that might be used to overcome barriers
to vehicle manufacturers advertising theic PEVs is coopera-
tive advertising or joint promotion efforts to communicate
the advantages of PEVs. Cooperative advertising is a shared
campaign whereby companies work together to achieve an
important goal. For example, trade associations for the fish-
ing industry!® and the recreational-vehicle industry'® run
campaigns to stimulatc demand for the product category
as a whotle. Rather than any one company having to incur
the expense of stimulating consumer demand, an industry
trade association or other third party undertakes such efforts
on behalt of its members. Other examples here inciude the
“Beef: It’s What’s for Dinner” and “Got Milk™ campaigns.

Cooperative advertising campaigns typtcally exist under
at least one of the following conditions:

s The industry as a whole is tacing a decline in demand
because of competitive threats {when, for example,
consumers spend more tirme with technology gadgets
than in going outdoors).

« Anecw technology is attempting to overcome an incum-
bent technology, and the combined etforts of the new
technology providers might be able to educate con-
summers in a synergistic fashion.

+ The products are commodities; thus, the goods of any
one provider are indistinguishable from those of the
others (for example, milk).

15 See, for example, the Recreational Boating and Fishing Founda-
tion (htip:/ftakemefishing.ocg/).
16 Gee, for example, Go RVing, Inc. (http://gorving.comy/).
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Although the third situation does not apply in the automotive
industry, the second one is critical. When the motives of an
individual stakcholder are insufficient, a collective approach
to stimulating awareness and action can be effective. Thus,
vehicle manufacturers, suppliers of vehicle components, and
charging providers, if united by a strong enough common
inferest and a capable third-party organization to manage the
campaign, could find value in banding together in a manner
similar to other industries.

Another partnership that might prove advantageous is
between vehicle dealerships and electric utilities. Together
they could work to promote the vehicles by emphasizing the
convenience and affordability of clectric fuel. For example,
Austin Energy works with local vehicle dealerships to provide
prepaid unlimited public fueling cards for $50 per year (K.
Poplam, Austin Energy, personal communication, December
18, 2014). The program allows salespeople to offer “free un-
limited public charging” on every new vehicle for a year.

In addition to the marketing activities of industry stake-
holders, the federal government has played an important role
in sponsoring advertising campaigns to support socially ben-
cficial behaviors. The Ad Council (2014}, founded in 1941, is
a federally subsidized advertising program that partners with
national nonprofits or federal agencies on multimedia mar-
keting campaigns. It selects important public issues (such as
the Smokey the Bear “Only You Can Prevent Forest Fires,”
the United Negro College Fund “A Mind Is a Terrible Thing
to Waste,” and “Friends Don’t Let Friends Drive Drunk™),
partners with a sponsoring organization, and then stimulates
action on those issues through advertising programs. Partner
organizations {such as the Department of Energy [DOE] in
the casc of PEVs) are considered the issuc experts and, as
such, sponser the campaign and are responsible for produc-
tion and distribution costs (research, multimedia production,
muitimedia distribution, social media, and public refations);
the media space or air time is donated. The Ad Council asks
for a campaign commitment of at least 3 years, which is con-
sistent with models of consumer leaming and engagement
for risky, durable purchases, For an Ad Council campaign,
DOE could work with marketing experts to craft appropriate
messaging, including accurate information about federal tax
credits and other incentives; the value proposition for PEVs
generally, inctuding lower operating costs; and the identifi-
cation of people who could usefully own PEVs. More broad-
ly, the government’s objectives {energy security and clean
transportation) could also be part of the message.

Finding: The tederal government has a mechanism to com-
municate messages to the general public for issues deemed
to be in the public interest.

Recommendation: To provide accurate consumer informa-
tion and awareness, the federal government should make use
of its Ad Council program, particularly in key geographic
markets, to provide accurate information about federal tax
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credits and other incentives, the value proposition for PEV
ownership, and who could usefuily own a PEV.

Internet Resources for Information
on Plug-in Electric Vehicles

For the motivated and savvy consumer, a plethora of
online rcsources are available to research PEVs (see Table
3-7) and the other components of the purchase decision.
Online rescarch can provide make and model availability,
prices, technical specifications and reviews; describe the
charging infrastructure, including locations of public charg-
ing stations; list incentives by state or zip code; and even
give estimates of total cost of ownership. Traditional car-
buying websites, such as Kelley Blue Book and Edmunds,
have areas dedicated to PEVs. Manufacturers of PEVs have
information on their websites, Many automotive enthusiasts
also provide information on various other websites. Because
of the importance of clectricity and charging to their busi-
ness models, most utilities have a secfion of their websites
dedicated to PEVs. Many nonprofit environmental organiza-
tions have sections for PEVs. Consumers looking for infor-
mation on charging infrastructure specifically can find many
resources through the various private companies offering
public charging. Finally, federal and state websites offer use-
ful resources, including calculators for electricity costs.

The plethora of online information provides an op-
portunity to overcome the lack of consumer awareness and
knowledge about PEVs, but two pofential probleins arise.
First, the sheer number of Web resources might cause con-
sumers to become overwhelmed and confused. Studies of
consuner decision making show that information overload
is negatively associated with purchase (Herbig and Kramer
1994); too many options create confusion (Schwartz 2005;
Scheibehenne et al. 2610). Despite the wealith of information
or perhaps because of it, consumer knowledge about PEVs is
not as great or as sophisticated as it could be, and mispercep-
tions certainly continue to exist.

Second, finding an easy-to-use source of credible, repu-
table information can be difficult. For example, an online
search to find information related to purchasing a PEV yields
a wide array of links, such as sponsored advertisements for
PEVs, vehicle-manufacturer websites, news articles about
PEVs, blog posts from PEV enthusiasts, buyer guides, infor-
mation from nonprofits encouraging PEVs, information on
tax credits, and even paid Google AdWords campaigns for
fucl-efficient ICE vehicles and technologies.!” The confus-
ing array of results—including misinformation on PEVs—
emphasizes the need for a central, credible (unbiased), easy-
to-use resource to simplity consumer information needs.

If conswimers are lucky, they will find the useful fed-
eral government websites for PEVs, The Alternative Fuels

17 Search results on any given day and computer are conditioned
by the cookies on an individual user’s computer, search engine mar-
keting at the time. and other factors.
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TABLE 3-7 Websites with Information on Plug-in Electric Vehicles
Category URL Type of Information Available

Vehicle reviews http:#www.edmunds.com’hybrid/ Reviews, technical specifications,
hitp:/iwww.kbb.com/electric-car/?vehicleclass=newcar&iment=buy-new&filter=hasincentives make and model availability
http:#/www.consumerreports.org/ero/carshybrids-cvs. htm
htip:fwwnw.cars.com/guides/aiiatl Jpropo3=Eleciric?20Powered & highMpgld=1836&sf1Dir=ASC

Market trends, including sales

Vehicle industry blogs http:/iwww.greencarreports.com/
volumes, PEV news, revicws

and websites hitpufwww.epricon/Our-Work/Pages/Electric-Transportation.aspx
hitp:fwwiv electrificationcoalition org/
hitpfwww. pluginears.com/
hitpAiwww howtoelectricear.com/is-an-electric-ear-right-for-me/
https:/wwiv.aepohio.com/save/ElectricVehicles/EVRight.aspx
http:/fwww electricdrive.org/
hitp/iwww.clectriccarbuyer.com/guide/
hiip:Hinsideevs.com/
httpAwww.pluginamerica.org/
htp:/driveelectricweek.org/
http://green.autoblog.com/
hitp#evsalations.avinc.com/felectric_vehicles/
httpw/cleantechnica.comcategory/clean-transport-2/electric-vehicles/
http/chargedevs.com!
hitpiwww.thecanconnection.com/category/new,clectric-car
http#fwww . huffingtonpost.corn/news/electric-cars/
http:/rarww.tva com‘environment/technology/electric_transportation.htm
https:/www.alamedamp.com/types-of-electric-vehicles

httptiransportevolved.com/

Nonprofit organizations  hitpr/Awwav.nrde.org/energy/ve hicles/green-car-lechasp Environmental impacts of PEVs,
http/iwwav.edf.orgftransportation/fuel-economy-standards incentives, policy, dispeiling myths

http://content sierraclub.org/evguide/

Charging-infrastructure  hup//www.plugshare com/ Maps and search tools to find

locators htepiwww.alde.energy.gov/fuels/electricity_infrastructure. htmi charging infrastructure, availability
of chargers, subscription plans

hitp#www.nrgevgo com/
htep:/fwwwv chargepoint.com/
www,juicebarev.com

Caleulators for cost of owrership
of PEVs based on local and
individual variables

Cost of ownership http:iwww.afde energy. govicale/
calculators hitpz/energy.gov/maps/egallon
htip/faww.elecirificationcoalitionorg/sites/de fault/ files/EC_State_of PEV_Market_Final_1.pdf

Incentive information, regulation

Federal government hitp/favt.inel gov/
TesQurees hitp:/favt.inel. gov/hev.shiml mfomwuur:, data or;lPE\(.;s,
. . . government research, an
www.fiicleconomy. gov deployment initiatives

hilp:/energy.gov/maps/egalion

httpffwww. evroadmap.us/

hitpiwww.afde.energy. govivehicles/electric.himl
httpiiwwwl.eere.energy.govicleancities/
hitp:#/energy.poviecre/vehicles/vehicle-technologies-office-hybrid-and-vchicle-systems
hitp:fenergy.govieere/vehicles/vehicle-technologies-office-information-resources
hup:/energy.govieese/vehicles/vehicle-technolegies-office-cv-everywhere-grand-challenge

hitp/www.epa_ povimeenvehicles

State government httpsi/fenergycenter.ong/ State-specific incenlives and

resources http/Awww._westeoastgreenhighway. comfelectrichighway. htm policies, consumer guides,
resources for advocates, state,

http:/www.in.gov/oed/2675. htm local and regioral charger maps
http:/iwww.plugandgonow.com/
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Data Center (DOL 2013a) provides comprehensive infor-
mation on vehicle and fuel characteristics and infrastructure
and useful fuel cost calculators (DOE 2013b, 2014a). The
DOE Energy Efficiency and Renewable Energy Clean Cit-
ies website (DOE 2014b) also provides valuable information
specific to localities and regions where a Clean City Coali-
tion operates, Unfortunately, those websites do not appear
consistently high in search results for PEV information.
Morcover, compared with other shorter and catchier Web ad-
dresses—such as greencarreports.com, plugincars.com, and
plugandgenow.com—consumers avight find it difficult to re-
member the URLs for the government sites (see Table 3-7).
The committee did not have access to data on the extent to
which car shoppers relied on government website resources,

Furtherntore, given the lack of evidence on how consum-
ers use objective information (versus their perceptions) in
purchase decisions, the potential effect of calculators for fucl
cost and total cost of ownership on a customer’s evaluation
of PEVs is unknown. Que common strategy used to evaluate
the responsivencss of website visitors to various types of and
formats for online information is called A-B testing., A-B test-
ing presents version A of the information for a period of time
and tracks visitor activity and then presents version B for a
similar period of time. The two information strategies are then
compared to reveal the differential impact of the information
presentation.

Finding: Government websites provide usetul information
for motivated PEV shoppers; however, the degree to which
they are easy to find, remember, and share is unknown, as is
their actual impact on consumer perceptions and behavior,

Recommendation: The federal government should cngage
a knowledgeable, customer-oriented digital marketing con-
sultant to market its online resources and then evaluate their
impact. Marketing activities could include purchasing a us-
er-friendly, memorable domain name, running various A-B
fests, optimizing search engine marketing to allow shoppers
to find useful resources more easily, using sharing tools to
facititate dissemination among online networks, and iden-
tifying key partners to use application protocol intertaces to
promote greater consistency of information.

Test-Drive Events and Regional Experience Centers

Test-drives are critically important for potential PEV buy-
ers because they allow customers to assess the driving char-
actetistics of PEVs.'® Because driver experience with PEVs is

*® The committee notes that a test-drive will not allow the driver
to experience the effect of driving factors on range and most likely
will not provide an opportunity to recharge the vehicle, Oue could
argue that drivers also do not experience the true range or refueling
of an ICE vehicle during a test drive. However, ICE-vehicle buy-
ers have enough experience to make an infonmed decision about
those topics to alleviate concem. Potential PEV buyers, on the other
hand, will likely lack infonmation on these topics and will have to
trust the information provided by the dealer.

a critical aspect of the purchase decision, vehicle imanufactur-
ers, vehicle dealers, nonprofit organizations, and various DOE
initiatives have experimented with a variety of events to draw
customers to experience PEVs. For the EV1 launch, GM took
it to several U, S, cities for month-long tests, In 2012, it oftfered
3-day test-drives of its Chevrolet Volt in major citics. More
recently, {at took its 500e BEV to 30 corporate campuses
in California and offered lunch and test-drives to employees
(Anders 2012). Plug-in America has been organizing National
Drive Electric Week (formerly National Plug-in Day) since
2011. In 2013, 80 events sponsored by corporations, nonprof-
its, and PEV enthusiasts across the country hosted over 33,000
participants and gave over 2,700 test-drives (Plug-in America
2013),

DOE recognized the importance of consumer demon-
strations in its July 2014 call tor proposals through the Clean
Citics program (DOE 2014c¢). it is offering finding for 7 to
15 deployment projects in three arcas: on-the-road demon-
strations, safety-related training, and emergency prepared-
ness. On-road demonstrations will allow people to have first-
hand PEV experience for extended periods of time. Whether
the experience is through car sharing, rental car, or com-
mercial ficet leasing programs, more drivers will undecstand
the benefits of PEVs and be more prepared to evaluate them
knowledgeably and perhaps more likely to purchase them.

Vehicle manufacturers—including Cadillac, BMW, and
Porscie--also are developing regional experience centers
{Colias 2014}. To adapt to shifting shopping habits, vehicle
manufacturers are offering customers an opportunity to look
at vehicles in a less sales-oriented environment. For ex-
ample, “BMW’s new retail sales model includes plans for
regional pools of test cars with a wider range of models,
giving dealers access to more demo models than any store
could stock™ (Colias 2014). Because the regional facilities
will supplement, not supplant, the existing dealer networks
and because they address a different point in the constuner
decision-making journey before the actual purchase deci-
sion, the regional centers are (so far, at least) not in conflict
with dealer franchise laws.

The conunittee finds that such regional centers could be
a useful strategy to help mainstream custoiners gain more
hands-on experience with PEVs, For customers who want
to compare and contrast ditferent types of PEVs, doing so
at a central location would be much easier than having to
visit three or four dealerships, cspecially given that dealer
salespeople might not be as knowledgeable as desired and
given the dearth of PEV models available on the lots, There
might aiso be a business model whereby vehicle manufactur-
ers hire a third party to provide ride-and-drive opportunitics
at workplaces and community events.

Finding: The test-drive experience, inchuding an opportu-
nity to become familiar with vehicle range and charging, is a
critical aspect of the consumer decision-making process for
PEVs. Thus, more initiatives that offer “ride and drives” for
a range of PEVs at a single location would be helpful.
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Recommendation: The federal goverunent should cxplore
opportunities for a vehicle-industry effort to provide a re-
gional PEV experience center to provide important test-drive
opportunities.

Other Opportunities to Experience
Plug-in Electric Vehicles

Another opportunity for people to experience PEVs can
come from fleets. For example, some municipalitics in Ja-
pan allowed citizens to reserve a city-owned PEV to drive
on weeckends (H, Matsuura, Kanagawa Prefectural Govern-
ment, personal communication, December 11, 2013). Em-
ployers that have PEVs in their corporate fleets could con-
sider a similar idea, cither as a perk for employees or as a
way to promote an envirommental image. Rental car fleets
could also provide an opportunity for customers to experi-
ence PEVs. Hertz has its “green collection,” which allows
drivers to experience PHLEVs (not BEVs).

As noted previously, car sharing is a growing trend in
the vehicle market, particularly in large cities, where person-
al vehicle ownership is less necessary and less convenient.
PEVs scem like 2 good choice of vehicle for many car-shar-
ing enterprises given the often short distances traveled per
tental and the environmental values that motivate some car
sharers. However, companies that want to use PEVs in car-
sharing fleets face barriers, such as vehicles that might be
maore expensive and have a limited range, which might make
them inconvenient for customers. The companies will also
need charging stations and creative strategics for managing
the operation of the fleets, '

A successful car-sharing program that uses PEVs has
been implemented in Madrid, where Respiro Car Sharing,
Nissan Leaf, and NH Hotels have collaborated to develop
a sustainable mobility plan for the city, where many vehi-
cles travel fewer than 50 km per day (EnergyNews 2013).
In Paris, AutoLib was introduced in 2012 with 250 vehicles
and 250 stations, Eventually, the company plans {o grow to
3,000 vehicles and 1,000 stations at an investment cost of
€235 million. PEV car sharing has also been successtul in
urban centers in places like in the Netherlands, where there is
a scarcity of parking spaces and having a reserved PEV park-
ing location is valuable. Car2Go has three all-BEV flects
worldwide (San Diego, Amsterdam, and Stuttgart); its 27
other locations offer PEVs and gasoline vehicles. And BMW
has its i-Drive initiative in the San Francisco Bay Arca, where
it has a point-to-point service similar to Car2Go. Members
of the service can access a car from one of the multiple loca-
tions in the cities where the service is available and can then

1 As noted, car-sharing programs are allowing point-to-point
rides, but that freedom also makes managing an all-BEV fleet dif-
ficult because members could drain the battery and leave a vehicle
stranded. Given the few public charging stations in San Diego,
Car2Go has managed an all-BEV fleet by building and operating
a charging bam where it charges its entire fleet on average every
2 days.
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leave the car at the destination where they want to go. Otirer
metnbers find the car through radio-frequency identification
techinology and use it if the location fits their needs.

To the extent that car-sharing flects use PEVs, they also
represent a way for the public to experience PEVs and might
represent an unportant means for infroducing PEVs to mar-
ket segments that might not be traditional new-vehicle buy-
ers, For example, Car2Go indicated that its customers tend to
be young, low-to-moderate income earners, often students,
and urban dwellers who live in arcas that have high conges-
tion and limited parking (Cully 2014).

FEDERAL GOYERNMENT EFFORTS
TO FAMILIARIZE CONSUMERS WITH
PLUG-IN ELECTRIC VEHICLES:
CLEAN CITIES COALITION

DOE’s major effort in PEV deployment is the Clean Cit-
ies program, which is managed by the the depariment’s Ve-
hicle Technology Office and stems from the Energy Policy
Act of 1992. The program goal is to support local actions for
reducing petrolcum use in transportation by promoting alter-
native-tuel vehicles. Over 80 local Clean Cities coalitions rep-
resent about 80 percent of the U.S, population (Frades 2014).
In 2011, an additional funding stream of $8.5 million was al-
located for 16 PEV community-readiness projeets to support
public-private pactaerships in deployment of PEVs and their
associated infrastructure. Figure 3-6 shows the Clean Cities
coalitions that received funding for PEV readiness.

Although the coalitions act locally, one of the most use-
tul and comprehensive resoucces for PEV owners and policy
makers from the Clean Citics program is the DOE Vehicle
Technology Office Alternative Tuels Data Center website
in Table 3-7. Particularly useful is the station locator (DOE
2014a), which allows scarching for PEV charging by loca-
tion, by charging technology, by station type, and by pay-
ment method accepted.

Although PEVs are only a small part of the Clean Cit-
ics initiative, the 2011 Clean Cities strategic plan describes
the key areas for PEV deployment efforts, inciuding strong
coalitions and partnerships, infrastructure deployment in
vehicle-manufacturer target markets, information provision
and data collection, and training (DOE 2011), In their readi-
ness plans, the 16 Clean Citics coalitions identified barriers
to PEV adoption and infrastructure deployment and imple-
mented plans to overcome the barriers. One of the primary
barriers identified was lack of awareness of and information
about PEVs on the part of many stakcholders, including ve-
hicle purchasers and the government. To overcome the bar-
riers, the coalitions supported outreach, cducation, training,
and marketing cfforts, including hosting events for people to
experience PEVs. They also produced templates, guides, and
tools for outreach to the public, businesses, and local gov-
ernment officials (Frades 2014). The committee found that
Clean Cities coalitions were vital to increased deployment
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FIGURE 3-6 Clean Cittes coalitions funded for community-readiness and planning for PEVs and PEV charging infrastructure. The
grants are to Clean Citics coalitions with a focus on PEV deployment. SOURCE: Frades (2014).

in some places, such as Atlanta. Aside from DOE’s research
funding, the Clean Citics coalitions that are working on PEV
deployment represent DOE’s most prominent efforts in PEV
deployment.

Finding: Clean Cities coalitions have been vital to increased
deployment in some localitics and represent DOE’s most
prominent efforts in PEV deployment aside from its research
funding.

FLEET PURCHASES

One method to increase PEV deployment is purchasing
them for fleets, particularly fleets where vehicles leave and
refurn to the same base and have similar daily routes. Vehicle
fleet sales make up 20-22 percent of the U.S. market (Auto-
motive Fleet 2013), The exact size of the fleet market is hard
to measure because not all purchasers identify themselves as
a business purchaser, and some fleet vehicles are driven for
private use. Figore 3-7 shows that the fleet category includes
an array of buyers, including rental companies, which ac-
count for over 80 percent of fleet purchases. Governments
comprise the smallest category of fleet buyers, about 4.1 per-
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cent. Fleet managers are looking to alternative-fuel vehicles,
including PEVs, to meet societal responsibilitics to lower
greenhouse gas emissions, to lower fuel and operating costs,
and to maintain an environmentally friendly image.

As Table 3-8 shows, information resources tor flect man-
agers who are tasked with greening their fleets are plentiful.
However, PEV deployment in flects has not been strong. Ac-
cordingly, this final section provides a briet overview of the
three main classes of flect buyers and an asscssment of the
barriers to and opportunities for facilitating PEV deployment
in this segment,

Rental Fleets

Although rental companies comprise the largest fleet
buyers, the viability of PEVs in their fleets is constrained by
not knowing a typical customer’s driving range and the need
for charging and the ditficulty of gauging the resale valuc of a
PEV (El-Moursi 2013). Rates for renting PEVs are generally
ligher than for conventional vehicles, and their avaifability is
harder to ascertain, When coupled with uncertainties about
charging and how far customers will drive the rental vehicle,
the business proposition for PEVs in rental fleets is unclear.
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FIGURE 3-7 Fleet sales for passenger vehicles for 2012 by fleet purchase agency.
SOURCE: Based on data from Automotive Fleet (2013).

TABLE 3-8 Information Resources for Fleet Managers

Resource

URL

EV Solutions: Operation Audits

Vehicle Trends & Maintenance Costs Survey
Plug-In Vehicle Strategic Planning/Feasibility Study
Template, Denver Metro Clean Cities Coalition

Demand Assessment of First-Mover Hybrid and Electric
Truck Fleets, CALSTART

Fleet Electrification Readmap, Electrification Coalition

PG&E in California: PEV Case Study: {t's Electrifying:
Positive Retums in PEV Deployment, Electafication Coalition

FedEx: EV Case Study, The Electric Drive Bellwether?,
Electrification Coalition

Joint Procurement of EVs and PHEVs in Sweden, Clean Fleets
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Despite the uncertainty, Hertz is experimenting with PEVs
in its rentat fleets in key locations and where partners, such
as nearby hotels, are cquipped to address charging (Hidary
2012},

Corporate or Business Fleets

General Electric made big news when it announced in
20190 that it would convert half of its flect to PEVs (25,000
vehicles), of which one-half would be Chevrolet Volts (Rich-
ard 2010; Antich 2011). Many other companies, including
Pepsi, Frito-Lay, and Cisco, have also stated objectives to
green their fleets. For business tleets, issues related to limited
choice of models, charging infrastructure, and higher initial
prices compared with ICE vehicles pose barriers to adoption
by fleets. Furthermore, fleet managers face challenges in try-
ing to manage routes (Westervelt 2012; Hanson 2013). Un-
like consumers, who do not appear to consider total cost of
ownership when deciding whether to purchase a PEV, ficet
managers attend carefully to such issues. As noted by Wolski
(2013), “the real tipping point {for broad implementation of
PEVs in commercial flects] is when the total operating costs

SC-2

plus the capital costs balance out in three years or fess,” an
unlikely scenario for PEVs in the near term.

Electric utilities across the country provide an interest-
ing oppottunity for PEV fleet deployment. Given that many
utilities are actively working with the vehicle industry in
PEV deployment, they should be one of the main fleet own-
ers transitioning to PEVs, Their lessons could help to inform
other fleet managers. The DOE Clcan Cities program dis-
cussed above includes incentives to convert business fleets
and ofters information for fleet managers (DOE 2012); thesc
resources will need to be updated as PEV deployment occurs
and lessons are leamed.

Government Fleets

The federal government has a vehicle flect comprised
of more than 600,000 vehicles and is, therefore, the nation’s
single largest fleet operator (GSA 2011). The General Services
Administration procures about 65,000 vehicles each year and
owns and leases about 210,000 vehicles to tederal agencies,
State, county, and municipal governments also have their own
fleets.
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In 2011, President Obama ordered that by the end of
2015, all new light-duty vehicles purchased or leased by
federal agencies be alternative-fuel vehicles, which include
flex-fuel vehicles, HEVs, PEVs, compressed natural gas and
biofuel vehicles (Obama 2011). The order also encouraged
the agencies to support the development of alternative-tuel-
ing infrastructure. Through 2013, the majority of alternative-
thel vehicles purchased by federal fleets have been flex-fuel
vehicles that can operate on E-85 rather than vehicles fueted
by electricity, natural gas, or other fuels (GSA 2013). Specif-
ically, about haif of reported federal fleet purchases in 2013
were flex-fuel vehicles, and 36 percent were conventional
gasoline vehicles, some of which might cven satisfy the
mandate in arcas where alternative fuels are not considered
to be available. Few PHEVs or BEVs have been purchased;
PEVs represent about 1.2 percent of reported federal fleet
vehicle purchases. DOE itself has purchased few PEVs; only
0.73 percent of its fleet are PEVs,

Like individual consumers, the government faces bar-
riers in adopting PEVs. The price of PEVs is a particularly
high barrier for the federal agencies; tax incentives avail-
able to consumers are not available for government fleets.
Another barrier is that vehicle purchases come from the
capital budgets, and tuel expenses come from operating bud-
gets (DOE 2014d). The need to provide charging infrastiue-
ture at its fleet facilities poses yet another barrier. Finally,
govemment procurement practices have been described as
excessively complicated and lead some to wonder whether
govermment fleet sales are a realistic way to demonstrate the
suitability of PEVSs in fleets.

The committce notes that although the total number of
vehicles in government fleets is small compared with the
total number of vehicles in the overall market, converting
some portion of the fieets to PEVs is important. First, people
expect leadership from their government. Given the man-
dates for energy sceurity and clean transportation—the very
motivations for this committec’s work—the symbolic im-
portance of the govermment’s own etforts lend authenticity to
the mandates. Second, the large number of people working at
all {evels of government, particularty in the federal govern-
ment, could play a role in information diffusion and the edu-
cation of friends and neighbors. Third, given that DOE is the
main government agency working to deploy PEVs, it should
serve as a model by deploying PEVs in its own fleets. To
explore ways to remove barriers to PEV deployment across
the private sector while not removing barrierts in its own or-
ganization is poor pelicy.

Recommendation: To lend authenticity to the federal gov-
ernment’s initiative and to enhance the visibility of PEVs
generally, the federal government should demonstrate tead-
ership by adding PEVs to its fleets and offering charging in-
trastucture at its facilities.

Reconmendation: DOE should itself serve as a modet by
adding PEVs to its fleets and use its experience to discern

best practices for dissemination to the private sector and
other government fleets.
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Government Support for Deployment of Plug-in Electric Vehicles

The suceessful deployment of plug-in electric vehicles
(PEVs} involves many entities and will require the resolution
of many complex issues. The present report focuses on indi-
vidual strategies for overcoming barricrs related to purchas-
ing and charging PEVs, and this chapter specifically explores
how federal, state, and local governments and their various
acdministrative arms can be more supportive and implement
policies to sustain beneficial strategies for PEV deployment.
Although electric utilitics can also provide institutional sup-
port for PEV deployment, they and their associated poli-
cics are discussed in Chapter 6. Where opportunities exist
to improve the viability of PEVs but no single institution is
cleatly positioned to capitalize on the opportunity, the com-
mittee highlights possible partnerships that might fill these
voids. The committee’s findings and recommendations are
provided throughout this chapter.

FEDERAL GOVERNMENT RESEARCH
FUNDING TO SUPPORT DEPLOYMENT
OF PLUG-IN ELECTRIC VEHICLES

Funding research is one of the most important ways the
federal government can lower barriers to PEV deployment,
Research is needed in two areas in particular. As discussed in
Chapter 2, the first is basic science and cngineering rescarch
to lower the cost and improve the energy density and other
performance characteristics of batteries. The second critical
area concerns PEV deployment, especially the role of infra-
structure in spurring vehicle sales and increasing electric
vehicle miles traveled (eVMT). Fundamental and applicd
science and engineering research for vehicle energy stor-
age is being undertaken by vehicle manufacturers and in the
laboratories of the U.S. Department of Energy (DOE), the
Department of Defense (IDOD), and academic institutions.
Rescarch into the deployment of PEV infrastructure and
markets is much less developed. Both areas are discussed
below.

Engineering Research and
Developiment of Battery Science

As discussed in Chapter 2, the battery is the most costly
component of PEVs and represents the majority of the cost

03

differentiai between PEVs and internal-combustion enginc
(ICE) vehicles. Battery cost will need to decrease substan-
tially to allow PEVs to become cost competitive with ICE
vehicles (see Chapters 2 and 7). Thus, the current goal of bat-
tery research and development is to increase the encrgy den-
sity of PEV batteries and to lower their cost. The improved
battery technology can then be used to lower vehicle cost,
increase vchicle range, or both, and those improvements
would likely lead to increased PEV deployment.

As inmany areas of fundamental research and develop-
ment, the federal government has an important role to play.
Although basic science and engineering research is funded
by both government and the private sector, the govermment
rofe is to fund long-term, cxploratory research that has the
potential for positive national impact. Stable funding for ex-
ploratory research allows investments in research facilities
and human capital that are necessary for the research to bear
fruit. The federal government has directly supported battery
research and development for electric vehicles since 1976
(Electric and Hybrid Vehicle Research, Development, and
Demonstration Act 1976, Pub. L. 94-413). Past investment
in research and development contributed to the development
of the NiMH batterics used in early hybrid elcctric vehicles
(HEVs) and to the lithium-ion battery technology used in the
Chevrolet Volt (DOE 2008).

The largest funder of energy storage research in the fed-
eral government is DOE, followed by DOD. From 2009 to
2012, across all areas of the federal government, investment
in energy-storage reseacch, development, and techmology de-
ployment totaled $1.3 billion, which includes batteries for all
applications, not only vehicles (GAO 2012a). In Fiscal Year
(FY) 2013, the DOE Vehicle Technology Oftice funded $88
million for battery research and development focused on ve-
hicle applications (DOE 2614a). Much of the funding is for
grants or cooperative research agreements with governinent,
industry, or university laboratories, but a growing proportion
is also funding loan guarantees to deploy new technologies.
Worthy DOE goals for battery storage improvements include
halving the size and weight of PEV batteries and reducing
the production costs to one quarter of its 2012 value by 2022
{DOE 2013a). Recently, DOE has initiated and supported
several collaborative research programs with even more
ambitious goals to accelerate basic and applied research,

AN Solats cmmmom o)



66

development, and deployment. They include Energy Fron-
tier Research Centers, several Advanced Research Projects
Agency-Energy (ARPA-I) programs in cnergy storage, and
the Battery and Energy Storage Hub, which is funded at up
to $25 million per year for 5 years and aims to increase bat-
tery energy density five times and reduce cost by &0 percent
{DOE 2013b).

Finding: Investment in battery rescarch is critical for pro-
ducing lower cosi, higher performing batteries that give
PEVs the range consimers expect from ICE vehicles,

Recommendation; The federal government should continue
to spousor fundamental and applied rescarch to facilitate and
expedite the development of lower cost, higher performing
vehicle batteries. Stable funding is critical and should focus
on improving encrgy density and addressing durability and
safety.

Research on Deployment of Plug-in Electric Vehicles

It contrast to the substantial investinent in battery re-
search and development, research on PEV deployment is
much less advanced. A critical research need is understanding
the relationship between PEV deployment and infrastructure
deployment. Supporting that research is an appropriate role
for the federal government given that it might be motivated
to deploy infrastructure if by doing so it encourages PEV
deployment and increases eVMT.

The primary DOE effort to understand PEV vehicle and
infrastructure deployment is the EV Project, an infrastructure
deployment and evaluation program managed by the Idaho
National Laboratory (INL) in partnership with ECOtality.
Around the time of the most recent wave of PEVs in 2009,
DQE awarded in 2009 a $99.8 million grant for deployment
of charging infrastructure in private residences and in public
areas in 20 of the target faunch markets of the Nissan Leaf
and the Chevrolet Voit, including San Francisco, Seattle,
San Diego, Los Angeles, Portland, and Nashville. The pro-
gram has grown with an additional $15 million grant from
DOLE and partner matches from the vehicle manufacturers
and chatcging providers to a total of $230 million (ECOtal-
ity 2013; INL 2014a). When it conciuded collecting data
it December 2013, over 8,200 vehicles were participating
and over 8,200 residential chargers, 3,500 public AC level 2
chargers, and 107 DC fast chargers had been installed (Smart
and White 2014; INL 2014b).

The EV Project included data collection on where and
when the vehicles in the project charged so that DOE could
learn more about how drivers were using the vehicles and the
associated charging infrastructure. Thus, the data provided
important information about early adopters of PEVs in large
metropolitan areas, including location of charging, eVMT,
impacts on utilities, impact of wotkplace charging, and re-
gional variations in charging behavior. Because privacy is
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an important consideration in the United States, there were
clearly limitations on the tracking data that could be shared
with researchers. Data collection ended as of December
2013, but data analysis continues,

Finding: Research is critically needed in understanding the
relationship between infrastructure deployment and PEV
adoption and use.

Recormmendation: The federal govermment should fund re-
search to understand the role of public charging infrastruc-
ture (as compared with home and workplace charging) in
encouraging PEV adoption and use.

Recommendation: A new rescarch protocol should be de-
signed that would facilitate access to raw charging data to
relevant stakeholders within the confines of privacy laws.

INSTITUTIONAL SUPPORT FOR PROMOTING
PLUG-IN ELECTRIC VEHICLE READINESS

The concept of PEV readiness refers to an entire ceosys-
tem of avtomotive technology, including its supporting infra-
structure, reguiations, financial incentives, consumer infortna-
tion, and public policies, programs, and plans that can make
PEVs a viable choice for drivers. Several tools have been cre-
ated to assess whether a given organization, community, state,
or even country has in place the essential elements to be con-
sidered PEV ready. Examples of assessment tools include the
Rocky Mountain Institute’s Project Get Ready (Rocky Moun-
tain Institute 2014), DOE’s Plug-in Electric Vehicle Readiness
Scorecard (DOE 2014a), Michigan Clean Energy Coalition’s
Piug-in Ready Michigan (Michigan Clean Energy Coalition
2011}, California PEV Collaborative’s PEV Readiness Tovlkit
(CAL PEV 2012a), and the Center for Climate and Energy
Solutions’ State DOT PEV Action Tool (C2ES 2014). Further-
more, $8.5 million has been provided through the DOE Clean
Cities program to 16 projects across 24 states to assess PEV
readiness and develop specific plans to enable the communi-
ties ta become PEV ready {DOE 2014a). Table 4-} indicates
the many common factors that constitute PEV readiness and
the different institutions or organizations that might have a
role to play.

State governments will be particutarly important actors
it supporting PEV deployment. Most supportive PEV actions
at the state level can be carried out by various adiministrative
agencies, incinding environmental and clean air agencies,
utility commissions, departments of energy, transportation
agencies, licensing and inspection agencies, general services
agencies, and workforce training or education agencies. In the
comntittee’s interim report, the committee noted scveral arcas
where the tederal government could play a convening role to
coordinate state and local government activitics in support of
the emerging PEV scctor (NRC 2013, pp. 2, 4, 52).
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TABLE 4-1 Factors Determining PEV Readiness and Organizations Involved

Readingss Feature Federal CGovernment State Govemment

Municipal Government  Electric Ulikity Private Industry

Environmental and
archeological

Permit streamlining

PUC regulation of
cost recovery and
retail markets

Utility regulatery policies

Building code requirements  Model erdinances

DOE funding,
assistance, and
dissemination

Interregtonal and
interstate plans

Infrastructure
deployment plans

State regulations
and policies

Land use and Federal regulations

uniform signage

State faws and PUC
rte regulation

NIST metering and
pricing standards

Electricity pricing policies

Workforce training
and permits

Training personnel

Vehicke financial incentives  PEV subsidies

from registration, lolls

Infrastrecture financial Equipment subsidies Equipment subsidies

incentives

Zero-emission-vehicle
standards

Energy policics Clean etergy programs

State laws and
regulations

Dealership franchise laws

Clean air laws
and regutations

Envitonmental policies EPA regulations

GSA regulations State purchasing

and policies

Procusement policies
and goals

State-backed
financing assistance

Research and
demonstration projects

Business policies and
permisstble models

Model state ordinances

Rebates, tax exemptions

Building and . _
electrical codes

Muni-owned cost .
recovery policies

L.ocal ordinances PEV-ready buildings

Strategic investment
plans and sites

Distribution network
and eapacity

Regional and
metropelitan area plans

Comprehensive plans
and zoning

Smart grid and EVSE pricing strategies

metering technologics

Muni-owned palicies
and technolegy

First-responder Skilled trades

safe practives

Uility taxes, parking Rebates Equity investments,
fees financing
Waorkplace and fleet

Equipment subsidies, Cost sharing in

land gifts any upgrades, charging

equipment subsidies
TOU or special TOU er special Green power programs
PEV rates PEV rates

Vehicle manufacturers®
policics and practices

Carbon reduction plans  Clean power

peneration
Purchasing ccoperatives . Bulk purchase discounts
and bulk orders
Municipal-owned Ownor Innovative financing
infrastructure operate EVSE

NOTE: DOE, U.S. Department of Energy; EPA, U.S. Environmental Protection Agency; EVSE, electrie vehicle supply equip-
ment; GSA, General Services Administration; NIST, National Institute of Standards and Technology; PEV, plug-in efectric vehi-

cle; PUC, public utility commission; TOU, time of use.

TRANSPORTATION TAXATION AND
FINANCING ISSUES RELATED TO
PLUG-IN ELECTRIC VEHICLES

One potential barrier tor PEV adoption that is solely
within the government’s direct control is taxation of PEVs, !
in particular, taxation for the purpose of recovering the cost
of maintainiag, repairing, and improving the roadways. As
described below, the paradigm for roadway taxation in the
United States has depended on motor fuel taxes, which are
indirect user fees. The advent of PEVs poses a dilemma for
public officials responsible for transportation-tax policy be-
cause battery electric vehicles (BEVs) use no gasoline and
plug-in hybrid clectric vehicles (PHEVs) use much less than
ICE vehicles.? To further complicate matters, there appears

I Chapter 7 addresses the issue of tax incentives; this chapter dis-
cusses tax disincentives.

2 The amount of gasoline used by a PHEV depends on the all-
electric range and the frequency with which the vehicle is charged.

to be widespread misunderstanding about the extent to which
PEVs currently pay transportation taxes and the resulting
fiscal impacts to transportation budgets both now and into
the tuture. This section explores the issue in depth, attempts
to bring more clarity to current tax policy and impacts, and
makes recommendations for how transportation-tax policy
might be harmonized with a transportation innovation policy
for PEVs.

Current State of Transportation Taxation

Motor fuel taxes have been the most important single
source of revenue for funding highways for nearly a century
and have also been an important source of transit funding
since the 1980s (TRB 2006, pp. 24-36). The state of Oregon
instituted the nation’s first per-gallon tax on gasoline in 1919
(ODOT 2007). Within 10 years after that, every state had en-
acted a tuel tax. The federal govermment did not enact a fucl
tax until 1932 and did not dedicate the tax to transportation
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projects until 1956 (FHWA 1997, Chapter IV). At the time of
their introduction. fuel taxes were viewed as the most ceo-
nomical method of collecting a fee for roadway construction
and maintenance from those who directly benefited: motor-
vehicle operators. However, the share of highway spending
covered by fuel-tax revenues has been declining. In 2012,
fuel taxes accounted for 539 percent of ail federal, state, and
local highway-user revenues (fuel taxes, fees, and tolls) used
for highways and 28 percent of total government disburse-
ments for highways (FHWA 2014, Table HF-10).

For most of the past century, the fuel tax has been viewed
as a reasonably fair and reliable tax revenue to fund transpor-
tation. The fuel economy of most vehicles remained fairly
consistent across different models (NSTIFC 2009) as there
were no strong incentives {such as increasing gasoline prices
or stricter government regulation) to improve fuel econony.
However, the 1973 Yom Kippur War and resulting oil Arab
embargo served as the marker for the U.S, policy shift to
reduce the nation’s petroleum dependence by improving ve-
hicle fuel cconomy. In fater years, the federal government
enacted Corporate Average Fuel Lconomy (CAFE) regula-
tions, whiclt essentially mandated improved fuel economy in
passenger vehicles (see Figure 4-1).

Both the federal government (see Figure 4-2) and the
states rely heavily on motor-fuel tax revenue, which includes
taxes on gasoline and diesel, to maintain the transportation
system. At the federal level and in the vast majority of states,
tuel taxes are based on a fiat cents-per-gallon tax {evied on
motor fuel; the extent of reliance on the fuel taxes varies
from state to state (Rall 2013). For example, gasoline taxes
range trom $0.08 per gallon in Alaska to $0.53 per gallon in
California {the nationwide average is $0.31 per gallon) (Ralt
2013). Of all government tax and fee revenues used for high-
ways in 2012, 20 percent came trom the federal government,
49 percent from state govermments, and 31 percent from lo-
cal governments (FHWA 2014, Table HF-10).

Wl

hit

Fuel consumption depends cn both the number of miles
driven and the fuel economy of the vehicle fleet, Therefore,
any decrease in the nwnber of miles driven or increase in
the tuel economy of the vehicle fleet will result in less tax
revenue generated for a cost-per-gallon tax. One of those
factors can offset the other and moderate the negative effect
on the revenue stream. For example, the fuel economy of the
light-duty vehicle fieet kas been increasing since 2005 (EPA
2013}, From 2005 to 2007, light-duty vehicle miles traveled
(VMT) also increased, which helped mask the negative et~
tect on the revenue stream of improving fleet fuel economy.
However, VMT and fuel consusnption both declined with the
recession in 2007 and 2008 and have remained flat since then
{(Figure 4-3). Without the revenue-bolstering effect from in-
creasing VMT, transportation budgeters and policy makers
lave become acutely aware of how rising fleet vehicle econ-
omy aftects transportation fund balances.

Federal and State Concerns

With the recent increases in federal CAFE standards,?
the fiattening of VMT, and political opposition to raising
the tax rate itsclf, federal and state officials are increasingly
concered with the potential effects of high-mpg vehicles on
their transportation budgets. The poster child for their wor-
ries is the BEV, which uses no gasoline and whose drivers
therefore pay o fuel tax.

A recent survey of 50 state departments of transportation
(DOTs) reflected the strong sentiment that PEVS threaten loss
of revenue for transportation. The majority of state DOTs re-
sponded that they would support federally led field tests of
mileage fees for PEVs to improve the equity and sustainability
of Highway Trust Fund revenucs (GAO 2012b, p. 45).

* 49 CFR Parts 523, 531, 533 et al., 2017 and Later Medel Year
Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Av-
erage Fuel Economy Standards; Final Rule.

& Pasichgor Cats
< tHphi-Doty Trucks

s
= 11
]
A
v
&
G
¥
T:T' n
- W A ’

(1} _ / .

ad
2]
113738 IO 1) (4% 2ied R Hayt Fa

FIGURE 4-1 Corporate Average Fuel Economy requirements by year. SOURCE: DOE (2013c¢).

L e L e LI TR R R PRV

T N o TN . Alb olmbadm cmmme -



SC-2

Government Support for Deployment of Plug-in Electrie Velicles 69

0.9%

Tire tax

24.9% »

67.6%

2.4%

Heavy-vehicle use

— 4.3%

Truck and trailer sales

Diesel and special fuels

Gasoline

-~

!:] Highway Teust Fund receipts that come from fuel taxes

Source GAQ anafysis of FHVA data

Hghway Tiusl Fund receipts that comie from sources other than fue! taxes

FIGURE 4-2 Sources of revenue for the federal Highway Trust Fund, FY 2010, These revenue sources exciude transfers from the
general fund because those are not considered revenues in the federal nomenclature, SOURCE: GAOQ (2012b, p. 6).

A common refrain is that “PEVs pay nothing to use the
highways” because they use little if any gasoline (Battaglia
2013), That is not, however, the case. At the federal level,
the highway trust fund has relied on transfers of general tax
revenues to maintain sufficient balances to meet its transpor-
tation funding obligations (GAO 2011). Therctore, all U.S,
taxpayers—inciuding PEV drivers—arte paying for the fed-
eral transportation system trom their gencral tax payments,
in addition to the i8.4 cent per galton federal gasoline tax.

That misunderstanding is even more acute at the state
level, where many states and locat govenunents levy a myr-
iad of taxes and fees that arc dedicated to transportation,
including roadway funding.* Specifically, most local trans-
portation funding comes from property taxes, general fund
appropriations, and tares for inass transit; at the state level,
motor fuel taxes are significant, but motor vehicle taxes,
fees, and other revenue, such as sales taxes, play important
roles. Washington State recently estimated that, on average,
BEV drivers pay $210 per year in transportation-related state
and local taxes and fees even though they pay no fuel taxes
(WSDOT 2013).% That cquates to 44 percent of what is paid
by the average gasoline-powered passenger vehicle in that
state. Figure 4-4 compares transportation-related taxes paid
by Washington state drivers of different classes of vehicles,

1 For a breakdown of transportation tunding sources at the federal,
state and local levels, see http//wwnwv transportation-finance.org/
funding_financing/tunding/.

3 Calculations are based on the 11,489 miles per year driven, on
average, by drivers residing in the greater Seattle metro area.

The committee recognizes that PEVs and current trans-
portation tax policies raise the following important questions:

+ Is the difference in transportation taxes collected from
PEVs and ICE vehicles significant in the context of fed-
eral or state transportation budgets, cither now or in the
near future? '

+ Even if the amount of unrealized revenue is negligible,
do PLEVs raise issues of fairness in the user-pays prin-
ciple underlying the U.S, transportation tax system that
has been in place for ahmost a century?

» Toremedy the issucs inherent in the first two questions,
should PEVs be a focus for new methods of taxation,
considering that the unrealized revenue from high-mpg
vehicles will dwarf that of PEVs?

¢« Are there other intervening policy considerations that
might trump the general transportation tax paradigm of
user pays, at least for a period of time?

Finding: It is not true that PEV drivers pay nothing for the
maintenance and use of the transportation system given vari-
ous transportation-related taxes and fees that must be paid
by all vehicle drivers. It is true that BEVs pay no federal or
state gasoline taxes, and it is also true that PHEVS, such as
the Chevrolet Volt, might pay proportionately very littic in
gasoline taxes.

Recommendation: Governments (federal, state, and local)
should fully and fairly disclose all transportation-related tax-
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SOURCE: DOE (2014b}.

es and fees currently paid by all vebicles, including average
passenger vehicles, alternative-tuel vehicles (such as com-
pressed natural gas), HEVs, PHEVs, and BEVs. Providing
that information to elected officials and the public will give
them an accurate baseline against which policy discussions
and choices can be made.

Impacts on Transportation Budgets

As noted, the first policy question is whether, from a fis-
cal viewpoint, the lack of fitel taxes paid by PEVs is having
a negative effect on federal or state transportation budgets,
cither now or within the next 10 years. At the tederal level,
estimates can be made of the unceaiized fuel tax revenues
from PEVs; the results are shown in Table 4-2. On the basis
of the number of PEVs sold through 2013, an additional $14
million annually could be generated for the federal Highway
Trust Fund if each PEV was required to pay $96 per year, the
same amount paid by a driver of a 22 mpg gasoline-powered
sedan. Te put that amount in context, the federal Highway
Trust Fund collects fuel-tax revenues of about $33 billion
cach year (CBO 2013).

PEV industry analysts have also examined the impact of
PEVs on transportation budgets. The California PEV Collab-
orative—a public-private consortium of governments, private
businesses. vehicle manufacturers, and nongovernment orga-
nizations allicd to promote PEVs—recently found that if the
Obama administration goal of putting 1 million PEVs on the
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road by 2615 were met with BEVs, the resulting unrealized
revenue from motor fuel taxes would be less than 0.5 percent
of the total projected revenue shortfall for the federal Highway
Trust Fund (CAL PEV 2012b).

Finding: For the next few ycears, the fiscal impact of not col-
lecting a fucl tax from PEVs is negligible.

Fairness and Equity in Transportation Taxes

The second policy question is whether PEV drivers who
pay little or no fucl taxes raise issues of fairness, given the
strong user-fee paradigm for funding the expenses of the
highway infrastructure in the United States. Even though the
government would only derive an extremely small share of
revenue by taxing PEVs, the sentiment among elected offi-
cials and the general public remains that PEV drivers should
be paying the fuel tax (or its cquivalent) as their fair share
for maintaining and improving the roadways on which they
drive. Although its study did not focus on equity issues re-
lated to taxation of PEVs, TRB (2011) did identify strongly
held notions of faimess and equity that are inherent in the
transportation tax system and that are important for public
policy making; they are summarized in Table 4-3.

The fairness issue in the tax treatment of PEVs appears
to be tmore acute at the state and local levels, where many
elected officials are actively considering fuet-tax increases
to reduce the backlog of roadway maintenance and improve-
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Transportation-related taxes paid by

Washington state drivers

Avg. Avg. 100%
Sedan Hybrid Battery
{24 mpg) {40 mpg)

Electric

Taxes . Paid by EVs

<

Retail sales tax on new car
purchase

Vehicle registration fee
Weight fee

Motor vehicle excise tax
County road levy (property)
Transportation benefit
district fee

Drivers license fee

Filing fee

Servicing fee

License replacement fee

N

RN

X Federal and state fuel tax

FIGURE 4-4 Annual transportation-related taxes patd by Washington state drivers. SOURCLE: WSDOT (2013).

ment projects. As noted by the TRB (2011, p. 103}, tor politi-
cians and other decision makers, one of the first hwrdles to
overcome in embarking on a new transportation initiative—
which will require financing, perhaps through an increase in
the fuel tax—is to gain public support. Decision makers go
to great lengths to ensure that the burdens (taxes) and bene-
fits (capital projects) are allocated in ways that are perceived
as fair. It is in trying to rally public support for tax increases
that some politicians have sought to remedy the perceived
unfairness concerning unreatized reveave from PEV driv-
ers (Vekshin 2013). Washington, Virginia, North Carolina,
South Carolina, New Jersey, Indiana, Arizona, Michigan,
Oregon, and Texas have all considered or, in some cases,
enacted legislation that imposes a fee or tax on PEVs, Many
of the efforts were undestaken as part of, or coincident with,
proposals to increase the tucl tax on all motorists,

Finding: Perceptions of tairness and cquity are important
factors to consider in PEV tax policies, even though the ac-
tual revenue impact of PEV taxation is negligible in the short
nm and likely to remain minimal over the next decade.

Government Responses to Plug-in Electric
Vehicles and High-Mileage Vehicles

The third policy question raised is the extent to which
PEVs should be a specific focus for new methods of taxation,

considering the much larger impact other high-mileage ve-
hicles will have on transportation funding tevels, particularly
once the 2025 CAFE standards (54.5 mpg) take eftect. The
fuel economy of the entire light-duty passenger vehicle fleet is
increasing and will continue to increase in the coming decades
largely duc to federal CAFE standards (see Figure 4-1), The
Congressional Budget Office (CBO) estimated that the new
CAFE standards would gradually lower federal gasoline-tax
revenues, eventually causing them to fall by 21 percent, The
CBO analysis demonstrated that from 2012 through 2022,
which is before the most stringent CAFE standards take ef-
fect, there will be a $57 billion drop in revenues (CBO 2012).

In addition to federal consideration of the impacts of
high-mileage vehicles, many states are now actively explor-
ing potential solutions to the forecasted revenuc shortfatls (see
Figure 4-5). At lcast one state (Washington) has forecast the
potential transportation-revenue shorttalls attributable to im-
proving fuel cconomy and to aiternative-fuel vehicles, such
as PEVs, and found that the potential drop in revenues ranges
from 10 to 28 percent over the next 25 years (WSTC 2014).

Both federal and state policy makers and the public are
becoming increasingly aware of the impact that high-mile-
age and alternative-fuel vehicles will have on roadway fund-
ing (Weissmann 2012). The Texas Transportation Institute
recently convened several focus groups to better understand
public sentiment. Participants strongly preferred mileage
fees for vehicles that might only pay state vehicle registra-
tion and title fees for their road use (GAO 2012b).
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TABLE 4-2 Comparison of Unreatized Revenue from Battery Electric Vehicles and Plug-in Hybrid Electric Vehicles

Fuel Ecoromy

Annuat Unrealized
Revenue

Federal Gas
Tax Rate

Annual Gallons

Vehicle Type US. Total 2013"  Average Annual VMT  (MPG or MPGe)  Consumed

Avg. Sedan’ — 11,489 22 522 gal 50.184 $96 per vehicle’
BEV 72,028 11,489 - - 50.184 $6.9 million
PHEV® 95,589 11,489 98 117 gal $0.184 $7.F million

" Electric Drive Transportataon Association Sales Dashboard, Totals {from December 2010 to Pecember 2013,

" The data comprising the base case are adapted from GAO (2012b, p. 9).
¢ Because PHEV models vary widely, the Chevrolet Volt was used as the reference case as it has the longest all-electric range of

the PHEVs on the market.

“This estimate is the baseline annual gasoline tax paid per vehicle, not annual unrealized revenue.
NOTE: BEV, battery eleciric vehicle; MPG, miles per gallon MPGe, mllu. per gdHOIl gasoime equlvaieut PHEV, plug-in hybrid

electric vclncle, VMT, vehicle miles traveled.

TABLE 4-3 Types of Equity and Examples in the Transportation Tax System

Type of Equity Simple Definition

Transportation Example

Benefits received 1 get what I pay for

Ability to pay I pay more hecause | have more money

Retum to source We get back what we put in
Costs imposed 1 pay for thie burden T impose on others

Process (or participation)

I had a voice when the deciston was made

People who use a facility the most pay the most.

A project is financed through a progressive tax that is
disproportionately paid by higher income people.

Transit investment in each county is matched to that county's
share of metropolitan tax revenues used for transit.

Extra expense required to provide cxpress bus service for suburb-
to-city commuters is recovered by charging fares for this service.

Public oulreach regarding proposed new high-occupancy-tolf lanes
provides transparent information and seeks to involve all affected
partics in public hearings and workshops.

SOURCE: TRB (2011, p. 41).

Whether the concern is limited to PEVs or more broad-
ly ceuntered on high-mileage vehicles, states are beginning
to take action. Several states have enacted special taxes on
PEVs or are considering how to tax them. Other states are
exploring new transportation-tax methods to address not
only PEVs but all high-mileage vehicles (see Figure 4-6).

Two congressionally chartered transportation funding
and financing comnissions—the National Surface Transpor-
tation Policy and Revenue Study Comumission and the Na-
tional Surfuce Transportation Infrastructure Financing Com-
ntission—have independently called for a transition from
the current fucl-tax system to a mileage-based fee system to
fund the nation’s highway infrastructure (NSTPRSC 2007,
pp. 51-54; NSTIFC 2009, p. 7). A recent report by the Gov-
ernment Accountability Office ((GAQ} examined the feasibil-
ity of mileage fees and reconunended a federally sponsored
pilot program to evaluate the viability, costs, and benefits of
mileage tee systems, particularly for commercial trucks and
PEVs {(GAO 2012b). GAO (2012b, p. 45) found that two-
thirds of state DOTs (34 of 51, including the District of Co-
lumbia) reported that they would support federally led field

tests of mileage-based fees for PEVs; none reported that they
would be opposed to such tests for PEVs. The Road Usage
Fee Pilot Program Act of 2013 was introduced in the U.S.
House of Representatives to authorize, fund, and partner
with states to conduct VMT pilot projects across the nation.

Separate from the federal government efforts, over 20
states are actively studying, testing, or, in the case of Or-
egon, implementing some version of a mileage-based fee,
also known as road usage charges or VMT fees or simply
taxes (D’ Artagnan Consulting 2012). The fundamental con-
cept is that drivers would be assessed a cents-per-mile tax
for every mile that is driven within the taxing jurisdiction
(region, state, or nation), regardless of the vehicle type, fuel
source, or engine technology.

Recommntendation: In jurisdictions that do impose special
taxes, fees, or surcharges on PEVs as a means of requiring
contribution to roadway upkeep, governments should cnsure
that such taxes are proportionate to actual usage, just as cur-
rent motor fiel taxes are proportionate to usage.
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Total Gasoline Tax Revenue (Millions)
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$600 ) to FY 2040. SOURCE: WSTC (2014, p. 5).
/‘ Histotic | Forecast
$400 4
F200 +
$0 } } } } } } f } }

Intervening Policy Considerations in the
Taxation of Plug-in Electric Vehicles

The last policy issuc examined is whether other inter-
vening policy considerations might tenmp the general trans-
portation-tax paradigem of nser pays, at least until PEVs have
reached some level of market penetration. U.S. tax policy
has a long and suceessful track record of encouraging in-
novation (Reuters 2013). There are many examples in the
current .S, tax code (and state tax codes) where taxes are
exempted, credited, or rebated to promote the development
or proliferation of services, assets, or activities deemed to
provide a public benefit, such as dependent-care tax benefits
and research and development or manufacturing tax credits,
That tax forbearance acts as the public’s investment in the
soctetal good produced.

Most tax incentives are limited in scope, duration, or
amount, so as to target more carefully the specific activity
to be encouraged and to limit the public’s subsidization {or
investiment). The current federal $7,500 tax credit for PEVs
is 4 good example of a narrowly targeted federal subsidy
(IRS 2009). As currently enacted, the amount of the credit
increases on the basis of the capacity of the PEV battery be-
cause the battery is the most expensive component unique to

1890 1995 2000 2005 2010 2015 2028 2025 2030 2035 2040

PEVs and most in need of technological breakthrough. The
tax credit is also limited in the amount available per taxpayer
{87,500) and limited in duration (credit is phased out after
the manufacturer reaches vehicle sales of 200,000).

In contrast, there is no intentional or targeted tax in-
centive to encowrage PEVs to drive on public roadways.®
Iustead, the government’s pro-PEV scheme consists of tax
credits, rebates, fee reductions, and exemptions for the pur-
chase and ownership of the PEV-—but not for its use of pub-
lic roadways. The fact that PEVs do not pay the fuel tax or
a similar road usage tax stands apart from the vast majority
of tax policies that are transparcnt, legislatively granted, and
targeted in scope, quantity, or duration.

To the extent policy makers wish to continue providing
PEV drivers with the financial benefit of not paying the fucl
tax (or alternative road uscr charge), serious consideration
should be given to explicitly and intentionally adopting such
a pelicy in the same manner as other tax incentives, Although
it might initially seem odd to enact a law or regulation that
specifically exempts an activity (PEV driving) that is aleeady

& One could argue that allowing PEVs to drive in the high-occu-
pancy-vehicle ke is an incentive to drive, as opposed to an incen-
tive to own, and that the resulting loss of occupancy in the lane for
other vehicles represents a public “investment.”
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FIGURE 4-6 PEV-specific measures for transportation funding. NOTE: PEV, plug-in electric vehicle. SQURCE: Based on data from
C2ES (2015}, Courtesy of the Center for Climate and Energy Solutions.

untaxed, it could be an effective strategy for addressing the
perceived issues around fairness and more clearly claborat-
ing tlie government’s innovation policy by setting criteria like
those for other tax incentives found in the U.S. and state tax
codes.

Recommendation: Federal and state governments should
adopt a PEV innovation policy where PEVs remain free from
special roadway or registration surcharges for a limited time to
encourage their adoption,

STREAMLINING CODES,
PERMITS, AND REGULATIONS

Although therc arc some applicable federal and state
permitting processes that affect PEV infrastructure deploy-
ment-—such as federal environmental laws (for example, the
National Environmental Policy Act, NEPA) and state regu-
tations—cities, countics, and regional governments are at
ground-zero for consumer adoption and use of PEVs. Travel
distances, trip patterns, and vehicle registration data show
that most PEV registrations and travel will be within urban-
ized areas. The usefulness of the vehicles will largely de-

pend on the availability of charging infrastructure, whether
at home, at work, or in public locations {sec Chapter 5 for an
in-depth discussion of charging infrastructure needs).

Electrical permit requirements appear to vary widely
trom jurisdiction to jurisdiction (see Table 4-4), as does the
amount of time required to apply for and process permits
and to obtain a final electrical inspection to certity compli-
ance with applicable clectricat codes. Consumer interest in
PEVs could be seriously impeded if PEV buyers must bear
high perinit and installation costs and experience delay in the
activation ot their home chargers.

Some forward-looking jurisdictions are making adjust-
ments in their electrical codes and permit processes to expe-
dite instaflation and activation of a home-based charger.” Fur-
thermore, many jurisdictions are proactively amending their
building codes to require that new construction be “forward
compatible” with devices for charging at homne (DOE 2014c¢}.

In its interim report, the committee suggested that state
and local governments ensure that their permit processes are
appropriate for the type of infrasteucture project and poten-

7 Portland, Oregon; Raleigh, North Caroling; and San Francisco,

California are three municipalities that have instituted programs to
expedite electrical pernit processes.
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tial impact to the site or broader enviromment (NRC 2013).
There are instances where extensive permit processes and
environmental review have been undertaken that would have
been appropriate for a highway expansion project but are ill
suited for the simple installation of a DC fast-charging sta-
tion (C2ES 2012), For example, Oregon DOT has reported
that even though the DC fast-charging stations instalied in
Oregon were provided under a master contract by a single
vendor, the cnvironmental permit process for each station
differed based on the source of funding used to pay the con-
tractor for otherwise identical stations (A. Horvat, Oregon
Departiment of Transportation, personal communication,
June 2014). If the charging station was funded with U.S,
DOT money through the federal Transportation Investment
Generating Economic Recovery {TIGER) grant program,
cach station was required to undergo heightened NEPA per-
mitting, including an assessment of potential underground
hazardous materials. However, if the station was to be fund-
ed through DOE, there were no permit requirements beyond
those for ordinary state and local permits,

Finding: Regulatory and environmental officials often do
not understand the nature, uses, and potential site impacts of
charging stations, As a result, unnecessary permit burdens and
costs have been introduced to the installation process tor pub-
tic charging stations.

Recommendation: Federal officials should examine current
NEPA and other permitting requirements to determine the
most appropriate requirements for the class of infrastructure
to be installed; the federal government should adopt uniform
rutes that would apply to all charging installations of a simi-
lar asset class, regardless of the capitai funding source used
to pay for them.

Finding: The permitting and approval processes for home-
based and public charging installations need more clarity,
predictability, and speed.

75

Recommendation: Local govermments should streamline
permitting and adopt building codes that require new con-
struction to be capable of supporting future charging instal-
lations. Governments could implement new approaches, per-
haps on a trial basis, to leatn more about their effectiveness
while still ensuring personal and environmental safety.

ANCILLARY INSTITUTIONAL ISSUES
RELATED TO SUPPORT FOR
PLUG-IN ELECTRIC VEHICLES

Battery Recycling and Disposal

PEV battery recycling and disposal needs will aftect the
costs and acceptance of PEVs and the infrastructure require-
ments to support them. At the end of its usetul life in the
vehicle, the battery must be disposed of, either by applying it
to a secondary use (for example, as a back-up power source
in a stationary application) or by reusing materials and com-
ponents that have value and disposing of the remainder as
waste. The cost of disposal, less any value in secondary use
or of recycled parts and materials, ultimately must be paid by
the vehicle owner. Actions that reduce this cost will lower a
cost barrier to PEV use.

PEV maaufacturers, waste disposal firms, and others
arc working to create PEV battery recycling and disposal
systems. If their efforts lag expansion of the PEV market, it
is conceivable that when significant numbers of PEVs begin
to reach the end of their tves, a battery-disposal bottleneck
could present an obstacle to PEV production and sales. PEV
and battery manufacturers have stated that tithium batteries
contain no toxic substances that would preclude their dis-
posal in the ordinary waste stream (Kelty 2008; Panasonic
2014). However, because reducing the environmental effects
of motor vehicle transportation motivates public suppost of
the PEV market and is attractive to many PEV purchasers,
PEV producers have an incentive to develop recycling and
reuse options for the batteries.

TABLE 4-4 Variation in Residential Electric Permit Fees by City or State

Permit Fee (8)

Region Number of Perniits Average Minimum Maxinum
Arizona 66 96.11 26.25 280.80
Los Angeles 109 83.99 45.70 218.76
San Diego 496 213.30 12.00 409.23
San Francisco 401 147.57 26.00 500.60
Tennessee 322 47.15 7.50 108.00
Oregon 316 40.98 12.84 355.04
Washington 497 78.27 2770 317.25
SOURCE: ECOtality (2013).
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In the longer tenn, recycling of high-value materiais or
components could be important for restraining PEV battery
costs. Aithough projections indicate that material shortages
are unlikely to seriousty constrain PEV battery production,
large-scale conversion of the fleet to PEVs probably would
increase consumption of certain materials, mcluding lithium
and cobalt, enough to raise prices significantly. Efficient re-
cycting would moderate material price increases (Gaines and
Nelson 2010},

The sections below describe the status of recycling tech-
nology; the regulations and standards affecting recycling;
prospects for secondary uses of batteries; present involve-
ment of vechicle and battery manufacturers, recycling finms,
and others; and possible areas for federal action,

Finding: Reducing the environmental impact of motor ve-
hicle transportation attracts buyer interest and public support
for PEVs. Therefore, although the disposal of lithium-ion
PEV batteries does not appear to present adverse health risks
nor does it have substantial financial advantages, provision
for environmentally sound battery disposal will facilitate de-
velopment of the PEV market.

Recycling Technology

Technologies available today for lithium-ion battery re-
cycling recover certain clementary materials from the bat-
tery structurc and the cathode, such as cobalt and nickel. The
lithium in the cathode is not recovered (AN 2013; Gaines
2014). Most of the materials obtainable from recycling lithi-
um-ion batteries are of little value compared with the cost of
recovery, and newer battery designs that use less expensive
materials (in particular, cathodes that do not contain cobalt)
yield even less value in recycling. Theretore, recycling is not
economical (Kumar 2011t; Gaines 2012). Processes under
development seek to recover intact, reusabie cathode materi-
als that have more vaiue than their elemental components
(ANL 2013).

Standards and Regulations

Battery standards are essential for efficient and sate dis-
posal and recycling. Designing batteries with recycling in
mind reduces the cost of reeyeling, and standardization of
designs simplifics the operation of recycling facilities. La-
beling is necessary to ensure that batteries of ditferent com-
position can be properly sorted for recycling. Design stan-
dards also could facilitate secondary uses,

The Socicty of Autemotive Engineers (SAE) is actively
engaged in vehicle electrification standards, Standards under
development related to battery disposal include Vehicle Bat-
tery Labeling Guidelines (J2936), Identification of Transpor-
tation Battery Systems tor Recycling Recommended Practice
(J2984), Standards for Battery Secondary Use (J3097), and
Recommended Practices for Transportation and Handfing

of Automotive-type Rechargeable Energy Storage Systems
(J2950) (SAE International 2014),

No federal or state laws yet require recycling of the bat-
teries contained in PEVs. California and New York require
recycling of small rechargeable batterics. In New York, seli-
ers arc required to receive used batteries of that type, and
battery manufacturers are required to develop plans for col-
lection and recycling. The Catitornia law requires sellers
to accept vwsed batterics (Gaines 2014). Those laws could
provide a pattern for future laws applying to PEV batteries,
The federal government regulates the transportation of bat-
teries as hazardous materiais (PRBA 2014), but the transport
regulations appear to be aimed mainly at the risk of fire from
sparks or short cireuits.

European Union regulations have established require-
ments for collection and recycling of all batteries sold to
conswntess in the Eurepean Union, The manufacturer or dis-
tributor of the consumer product is responsible for compli-
ance {European Commission 2014).

Finding: Industry standards regarding design and labeling of
PEV batteries are necessary for efficient and safe recycling.

Secondary Uses

PEV battery performance (energy storage capacity) de-
clines with use uatil it becomes unacceptable for powering a
vehicle, A battery in this condition, however, might still be us-
able for other applications, such as energy storage by utilitics
to satisty peak demand, storage of energy from an intermittent
generator hike a solar encrgy facility, or as backup power in
a residence. Developing the market for such secondary uses
would reduce the cost of the battery to its initial owner, the
PEV purchaser, Reuse delays but does not eliminate the need
for eventual recycling or disposal of the battery.

It is most helpful to view battery secondary use (B21))
as an economic ecosystem-—a collection of independent
stakeholders that could co-evolve around a value chain to
bring depleted batteries from the PEV into a secondary sys-
tem. The maximum potential and limitations of the B2U
ecosystem are set by the original design and architecture of
the vehicle-battery system. Because the vehicle manufactur-
ers specify the design for the vehicle-battery pack and the
parameters for its production, they are currently the most
critical ptayer in the development of such an ecosystem. To
enable a B2U market to evolve, the vehicle manufacturers
must find enough value from participating in the B2U cco-
system to develop a strategy that complements their propri-
etary PEV technologies.

A B2U strategy must consider the design, development,
and manufacture of a battery system with the intent to serve
two purposes: 1) the initial use in the vehicle and (2) another
application, most likely stationary. An optimal B2U strategy
requires the design and use of the battery to maximize the
value of the system over its entire extended life cycle. Bowl-
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er (2014} developed a model to evaluate trade-offs along the
secondary use value chain. The modeling showed that cir-
cumstances can exist in which the econowmic incentives tor
secondary use become attractive, but this can only be accom-
plished with the active participation of all the stakeholders in
the B2L} value chain,

Each vehicle manufacturer could independently develop
and use such a model to integrate its own technical param-
eters into the development of a proprietary B2U strategy.
Current evidence suggests that the market will begin with
such proprietary deployments, For example, Nissan was first
to announce the use of an on-vehicle battery to supplement
electric energy to a demonstration home near its headquar-
ters (Pentland 2011). The removal of a depleted PEV bat-
tery that had been optimized for stationary use would seem a
logical next step. Ford, Tesla, and Toyota have been reported
as pursuing various strategics {Woody 2014),

PEV manufacturers are engaged in developing technol-
ogy and exploring the market for stationary battery applica-
tions. Most such efforts are in early stages and include the
following examples:

» Nissan Motor Company and Sumitomo Corporation
have formed a joint venture (4R Energy Corporation)
{0 store energy from solar generators and other appli-
cations using PEV batteries (Srebnik 2012; 4R Energy
2013; Sumitomo 2014). Sumitome announced installa-
tion of a prototype systein assembled from 16 used PEV
batteries at a solar farm in Japan in February 2014, A
vattery system has been installed in air apartment build-
ing in Tokyo (Nissan Motor Corporation 2013). The
venture is working on developing additional applica-
tions for vsed batterics.

+ Tesla Motors is supplying batteries to SolarCity, a com-
pany that leases and instalis solar panels for residential
and business customers. The battery is a component of
the solar panel system. Trial residential systemns were
installed in 2013 (Woody 2013}, The system is not re-
ported to be reusing PEV batteries but represents a po-
tential market for reuse.

* A Toyota subsidiary {Toyota Turbine} has begun reus-
ing Toyota HEV NiMH batterics in solar panel encrgy
manageient systems that have been sold to Toyota ve-
hicte dealerships {Toyota Turbine 2013; Nikkei Asian
Review 2014},

+ General Motors and ABB in 2012 demonstrated a sys-
tem that packaged five used Chevrolet Volt batteries in
a stationary back-up power unit for residential or busi-
ness applications (General Motors 2012),

Alternatively, the federal government could develop a
commeon public framework that would disseminate informa-
tion on the actions and proecsses that create second-use val-
ue to the potential participants in a national B2U value chain.
That approach might become appropriate as standardization

increases among vehicle batteries, charging systems, and the
national electric grid.

Finding: Vehicle manufacturers appear to recognize & prac-
tical responsibility for disposal of batteries from their ve-
hicles, although their willingness to bear this responsibility
voluntarity as PEV sales grow and the flect ages remains to
be seen. Unlike the Buropean Union, the United States in-
poscs no legal requirements for battery disposal on manufac-
turers or schers.

Finding: There is a potential market for secondary uses of
PEV batteries that arc no longer suitable for automotive use
but retain a large share of their storage capacity. Whether led
by private companics or public agencies, an effective collabo-
ration among the entitics that design and manufacture PEVs,
the vehicle owners, and the users and purveyors of stationary
electric systems can materially assist the development of an
economically efficient secondary-use marketplace.

Recycling Arrangements and Capabilities

The principal patticipants in the PEV battery recycling
system will be the vehicle owner, the party that accepts or is
required to accept the responsibility for battery disposal (most
likely the vehicle manufacturer}, companies in the recycling
industry, and producers and purchasers of stationary storage
units that can reuse PEV batteries. At present, most PEV bat-
terics that have gone out of use probably have passed through
PEV dealerships, and manutacturers appear to recognize that
they will be expected to provide for battery disposal.

Lead-acid battery recycling is well established in the
United States and internationally and is sustained by the
value of the recycled lead (that is, recyclers pay for the used
batteries they process), Nearly all lead-acid batteries are re-
cycled. The established firms with experience in recyeling
technology and in the logistics of battery collection, trans-
port, and handling can provide the industrial base for PEV
battery recycling (Gaines 2014}, The U.S. battery recycling
firm Retriev Technologics (until 2613 known as Toxco In-
dustries) recycles lithium-ion PEV batteries {Retriev Tech-
nologies 2014). Retricv and the UK. battery recycling firm
Ecobat Technologies are reported to be developing processes
for recovery of intact cathode materials from PEV batteries
(ANL 2012), a process that has potential for reducing the net
cost of battery production and disposal. The Belgian materi-
als and recycling firm Umicore has cstablished a facility in
North Carotina to dismantie PEV and HEV batteries before
shipment of components fo its processing plant in Belgium
(Umicore 2014).

Vehicle mauufacturcrs have arrangements with recy-
clers for battery disposal and have had some involvement
in developing improved processes. For example, Tesla has
arrangements with recycling companies in Europe and North
America for recycling and disposal of used battery packs
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{Kelty 2011) and plans to recycle batteries in-house at what
it calls the Gigafactory, a battery plant that it intends to build
(Tesla 2014).

Finding: The solid waste disposal industry has developed
technologies for acceptable disposal of PEV batteries, and
technological improvements might succeed in extracting
greater net value from recycled materials. However, PEV
battery reeycling will not pay tfor itself from the value of
recycled materials.

Finding: Battery disposal is not a near-term obstacle to PEV
deployment; PEV batteries can be safely disposed of in the
general waste stream, and regulating battery disposal at this
time coutd increase the cost of PEV ownership. Thus, tederal
regulatory action does not appear necessary at this time.

Finding: PEV manufacturers, the solid waste industry, and
standards organizations are working to develop disposal, re-
cycling, and reuse technologies. Although federal action is
not required, there appear to be opportunities for federal sup-
port of industry efforts.

Recommendation: Although battery reeyeling does not
present a barrier to PEVs in the near term, the federal gov-
ernment should monitor the developments in this area and
be prepared to engage in research to establish the following:
efficient recycling technologics, standards for battery design
and fabeling that will facilitate sate handling of used bat-
teries and efficient recycling, and regufation to ensure safe
transportation and environmentally acceptable disposal of
batteries that promotes efficient recycling and avoids creat-
ing unintended obstacles,

Emergency Response

Police, firctighters, and emergency medical services
(EMS) personnel responding to road crashes that involve
PEVs must be awarc of the hazards associated with PEVs
that differ from the hazards associated with gasoline-powered
vehicles in wrecks, and they must be trained in procedures
for mitigating these hazards. The hazards are risks of electvi-
cat shock, fire, and exposure to toxic substances (NHTSA
2012, p. 2). Because highway emergency response in the
United States is the responsibility of thousands of indepen-
dent local potice, fire, and EMS organizations, training and
communication of information are challenging activities. All
the emergency responders will require training and access to
the necessary equipment to discharge batterics safely after an
accident and on other safe handling procedures.

The most important nationwide PEV emergency re-
sponse training activity is Electric Vehicle Safety Training, a
project of the National Fire Protection Association (NFPA),
NFPA is a nonprofit membership organization engaged in
development of codes and standards, training, and rescarch,

Overcoming Barriers to Deployment of Plug-in Flectric Vehicles

The training program is funded by a grant from DOE, as
part of the department’s etfort to promote PEV use (NFPA
2014). The NFPA project has developed a varicty of training
materials and programs and information resources and has
conducted a series of courses to train instructors, The NFPA
training program is supported by research, involving fuil-
scale testing, to determine best practices for response to in-
cidents involving PEVs. The research has been supported by
DOE, the National Highway Traffic Satety Administration
{NHTSA), and the automotive industry (Long et al. 2613).

At the federal level, NHTSA develops and distributes
EMS training standards and curricula, organizes coopera-
tive activitics, maintains databases, and evaluates state EMS
systems (NHTSA 2014a). NHTSA has published guidance
on safety precautions for vehicle occupants, emergency
responders, and towing and repair workers whea a PEV is
damaged by a collision (NHTSA 2012; NHTSA 2014b). The
guidance is brief and general and does not contain detailed
technical information or response instructions,

Recommendation: DOE and NHTSA should cooperate in
tong-term monitoring of the implementation and effectiveness
of the NFPA EV Safety Training program. The monitoring
should determine whether the program is reaching local emer-
gency responders, whether the skills it teaches prove useful in
practice, and whether it is timely.
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Charging Infrastructure for Plug-in Electric Vehicles

The deployment of plug-in clectric vehicles (PEVs) and
the fraction of vehicle miles traveled that are fucied by clec-
tricity (e VMT) depend criticatly on charging infrastructure,
PEV charging infrastructure (described in Chapter 2) is fin-
dameuntally different from the well-developed infrastructure
for gasofine fueling, 1t can be found in a variety of loca-
tions, from a PEV owner’s home to a workplace to parking
tots of restaurants, malls, and airports. A varicty of charg-
ing options are avaitable, from AC level | chargers that use
120 V ac electric circuits that are present in almost every
building to DC fast chargers that do not yet have a technol-
ogy standard. The charging rate also varies from stow {time-
insensitive) charging to fast (time-sensitive) charging. Each
infrastructure category also has different upfront and ongo-
ing investment costs and returns and different entities that
would have an incentive to build such infrastructure, rang-
ing from vehicle owners who might spend about $1,000 to
upgrade their home outlet or electric panel to corporations
and governments that could spend $100,000 to build a BC
fast-charging station, The public charging stations might
also require technology to monitor usage and bill customers.
PEV deployment and eVMT will be constrained if charging
infrastructure is not conveniently located or if the available
infrastructure does not facilitate charging within a conve-
nient time frame, Thus, critical questions for vehicle manu-
facturers and policy makers are how are vehicle deployment
and eVMT affected by the availability of various charging
intrastructure types and what is the cost eftectiveness of -
frastructure investinents relative to other investments that
manufacturers and the government could make to overcome
barriers to PEV deployment.

This chapter considers scenarios for deploying PEV
charging infrastructure and the potential eftect of that infra-
structure on PEV deployment and eVMT. The committee has
categorized infrastructure by location (home, workplace, in-
tracity, intereity, and interstate) and power (AC level |, AC
level 2, and DC fast). The infrastructure categories are ranked
in order of importance for increasing PEV deployment and
eVMT from the perspective of owners of the four PEV classes
as defined in Chapter 2. The expericnce and needs of current
early adopters were considered by the comnittee, but deploy-
ment scenarios are focused on mainstrcam PEV deployment.
The chapter coneludes by considering which entitics miglt
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have an incentive to build each category of charging infra-
structure, with particular attention to how infrastructure in-
vestiments would be recovered. The committee provides ifs
findings and recommendations throughout this chapter.

In this chapter, the committee’s analysis of infrastructure
deployment assumes (1) no disruptive changes to current PEV
perforinance and only graduat improvements in battery capac-
ity over time, (2) early majority buyers who do not plan to
make changes to their lifestyles to acquirc a PEV, (3) elec-
tricity costs that are significantly less expensive than those
of gasoline per mile of travel, and (4) a cost for public and
workplace charging that is at least as high as that for home
charging. The committee notes that the need for charging in-
frastructure could conceivably be mitigated by investments in
battery swapping stations, which use robotic processes and at-
low drivers to swap batteries in less than 3 minutes. The first
major initiative for battery swapping services was launched
by Better Place, which built networks of stations in isracl and
Deamark but declared bankruptey in May 2013. Tesla has an-
nounced a plan to add battery-swap technology at its network
of tast-charging stations {Vance 2013). However, this model
is not widely available at this time and is not discussed further
in this report,

CHARGING INFRASTRUCTURE AND EFFECTS ON
DEPLOYMENT OF PLUG-IN ELECTRIC YEHICLES
AND ON ELECTRIC YEHICLE MILES TRAVELED

As discussed in Chapter 2, today’s charging infrastructure
technology consists of AC level 1 and AC level 2 chargers,
which are typically uscd when charging time is not a prime
consideration, and DC fast chargers, which are typically used
when charging time is an important consideration. All PEVs
can charge with AC level | and level 2 chargers, and most
battery clectric vehicles (BEVs) can also charge at DC fast
chargers. In the future, some plug-in hybrid electric vehicles
{PHEVs) might be equipped to use DC fast chargers, but there
is fittle motivation to make such a change because PHEVs can
use their internal-combustion engines (ICEs) fo circumvent
the need to charge. Charging infrastructure locations and in-
vestments range widely from an existing extensive network
of private chargers (or simply ordinary outlets) at homes and
workplaces to an expanding infrastructore of public chargers,
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such as those at retailers or shopping malls or along highways.
Workplace and public charging infrastructure might require
payment for electricity or time occupying the charger or be
restricted to vehicles belonging to a subscription plac or to a
cettain vehicle manufacturer.

In the mature market, the ideal number, location, and type
of chatging infrastructure will depend on the demand for dif-
ferent types of PEVs, their use, and their geographic distribu-
tion. Conversely, although there has been little research on the
relationship between charging-station deployment and PEV
deployment, the availabitity of charging infrastructure and the
rate of its deployment might itself influence PEV deployment
and use. Figure 5-1 shows six categories of charging-infra-
structure deployment, ranked in a pyramid that reflects their
relative importance as assessed by the committee. As noted
above, the categories are defined by location and power. The
term inferciiy refers to travel over distances less than twice the
range of limited-range BEVs, and inferstate refers to travel
over longer distances,

Table 5-1 provides the committee’s assessment of the
effect of charging infrastructure on difterent PEV classes.
Evaluating intrastructure by type of PEV might help to ad-
dress misconceptions about charging infrastructure necds.
For example, PHEVs do not require electric charging for
range extension because drivers have the option of fucling
with gasoline. BEVs, which have only electricity as a fuel
option, are much more affected by the availability of charg-
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ing infrastructure. That does not mean that electric-charging
infrastructure is not important for PHEV deployment, how-
ever. PHEV drivers might still heavily use charging at pri-
vate and public locations to maximize their value proposi-
tion in terms of cheaper charging, convenience, or personal
values, such as environmental concerns. For example, data
from the EV Project on carly adopiers of the Chevrolet Volt
show that 14 percent of charging events occurred away trom
home, which is similar to the percentage of charging away
from home (16 percent) for Nissan Leat drivers (ECOtality
2013; Smart and Schey 2012). Each charging-infrastructure
category and the impact of each category o different PEV
classes are discussed in detail in the scctions below,

Home Charging

Home charging is a virtual necessity for mainstream
PEV buyers of all four vehicle classes given that the vehicle
is typically parked at a residence for the longest portion of
the day. As shown in Figure 5-2, the U.S. vehicle fleet spends
about 80 percent of its time parked at home, and more than
50 percent of the U.S. vehicle fleet is parked at home even
during weekday work hours. Most early adopters of PEVs
have satisfied their charging needs primarily by plugging
their vehicles into 120 V {AC level 1) or 240 V (AC level 2)
receptacles at home during overnight hours or other periods
when it is convenient to leave their vehicles idle. Even the
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FIGURE 5-1 PEV charging infrastructure categories, ranked by their likely importance to PEV deployment, with the most important,
home charging, on the bottom, and the least fmportant, interstate DC fast charging, at the top. NOTE; AC, alternating current; DC,

direct current.
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FIGURE 5-2 Vehicle locations throughout the week on the basis of data from the 2001 National Houschold Travel Survey. SOURCE:
Tate and Savagian (2009). Reprinted with permisston from SAE paper 2009-01-1311 Copyright © 2009 SAE International.

large 85 kWh battery in a Model § can be tully charged over-
night with the 10 kW AC level 2 charger recommended by
Tesla for home use. A full battery charge will not usually be
needed cach night because such charging will typically re-
place only the electricity used for the previous day’s driving,
For typical daily trip distances, only a tew hours of charging
will be required for all types of PEVs.

Home charging is a paradigm shift in refueling behavior
for drivers accustomed to refueling quickly at gasoline sta-
tions. Many find home charging more convenient than refu-
eling at public stations. For example, in the EV Project study,
about 85 percent of Volt charging events and 80 percent of
Leaf charging events occurred at honte (Smart 2014a).

Hoine-charging infrastructure is not a barrier to PEV
deployiment for houscholds with a dedicated parking spot
with an electric outlet nearby. According to the U.S. Cen-
sus Bureau (201 a), nearly two-thirds of U.S. housing struc-
turcs have garages or carports.! Similarly, a representative
telephone survey of 1,004 U.S. adults found that 84 percent
of respondents had dedicated ofY-street parking and 52 per-
cent of respondents had a garage or dedicated parking spot
with access to an outlet (Consumers Union and the Union
of Concerned Scientists 2013). Traut et al. (2013) used data

'Some of the structures acconumoedate multipte hovseholds,

from the U.8. Census and the U.S. Department of Energy
{DOE) Residential Energy Consumption Survey to estimate
the potential for residential charging of PEVs using various
asswimptions about missing data on, for example, the pres-
ence and size of driveways, the usability of electric outlets,
and the number of parking spaces actually available for park-
" ing, Although 79 percent of U.S. households have dedicated
off-street parking, many houscholds have multiple vehicles,
and under base-case assumptions, only 36 percent of vehi-
cles have dedicated off-strect parking, and only 47 percent
at an owned residence. Additionally, although 38 percent of
all U.S. households are estimated to have charging access
for at least somne vehicles, only an estimated 22 percent of all
U.S. vehicles have a dedicated home parking space within
reach of an outlet sufficient to recharge a small PEV battery
overnight
Given the number of houscholds with access to dedi-
cated parking with an outlet, PEVs could become a much
{arger share of the U.S. vehicle matket while still relying on
ubiquitous residential circuits to acconunodate most charg-
ing needs, Given the large number of houscholds that do not
yet drive PEVs and could take advantage of the convenienece
of charging at home, the scenario that seems most likely to
emerge over the next decade is one in which the growth of
demand for PEVs comes primarily from households who
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TABLE 5-1 Effect of Charging-Infrastructure Categories on Mainstream PEV Owners by PEV Class”
PEV Class Effect of Infrastracture on Mainstream PEV Owners

Loung-range BEV
Limitcd-ra.n_ge__BEV
Range-extended PHEV
Minimal PHEV

Infrastructure Category

Range extension, expands market

Interstate
DC fast charge

Not practical for long trips
NA — not equipped

NA - not equipped

sion; expands market

*2 x Range extension, increases confidence

" Assumptions in this analysis are that electricity costs would be cheaper than gasoline costs, that away-from-home charging
would generally cost as much as or more than home charging, that people would not ptan to change their mobility needs to
acquire a PEV, and that there would be no disruptive changes to current PEV performance and only gradual improvements in
battery capacity over time.

? It is possible that these infrastructure categorics could expand the market for the various types of PEVs as appropriate, but that
tink is more tenuous than the cases noted in the table for other infrastructure categorics.

NOTE: AC, alternating current; BEV, battery electrie vehicle; DC, direct current; eVMT, electric vehicle miles traveled; NA, not
applicable; PEV, plug-in electric vehicle; PHEV, plug-in hybrid electric vehicle.
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intend to meet their charging needs predominantly through
slow charging at home.

Lack of access to charging infrastructure at home will
constitute a significant barrier to PEV deployment for house-
holds without a dedicated parking spot or for whom the park-
ing location is far from access to clectricity. Those demo-
graphic groups include many owners and renters of housing
in multifamity dwellings and many houscholds in large citics
with on-sireet parking, About 25 percent of U.S, households
live in multifamily residential complexes (U.S. Census Bu-
rean 2011b), and the telephone survey noted above indicated
that aithough 61 percent of single-family houses had access to
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charging, only 27 percent of multifamily dwellings had park-
ing spaces with access to charging (Consumers Union and
the Union of Concemed Scientists 2013). Multifamily resi-
dential complexes can face many challenges in installing PEV
charging equipment; some are similar to a typical commer-
cial building, and others arc unique to multifamily dwellings.
Similar to commercial buildings, the electrical panel might
be far from the desired charging location, and installation can
therefore be costly.

Unique to multifamily residential complexes are the own-
ership, responsibility, liability, and control of each individual
patking space. Multifamily residential complexes have many
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ways to assign parking to their residents, including dedicated,
shared, and leased parking. For residents who have dedicated
spaces, the main challenges besides the installation costs are
questions within the governance structure for multifamily res-
idential complexes concerning (1) who should bear the cost
of upgrading the main panel (if needed) and (2) who will pay
for the electricity for charging the PEV. Those costs can be
prohibitive for an individual consumer if he or she is respon-
sible for upgrading service to the main panel for the multi-
family dwelling. For residents who have shared spaces, ad-
ditional guestions need to be resolved within the governance
structure of the multifamily residential complex concerning
installation costs, use of charge-enabled spaces, and payment
for the electricity. Because no charging space is dedicated to
a specific resident, an individual is discouraged from invest-
ing in the installation of a charging station because that would
not necessarily guarantee him or her the right o use it. In ad-
dition, the use of the charging station can no fonger be tied
to an individual and raises the question of who should pay
for the electricity. Lastly, for leased or rented spaces, there is
the question of ownership of the PEV charging equipment:
which entity should pay for the PEV charging equipment and
how should liability be assigned? If tenants are liable for all
upgrades, they have a disincentive to perforin the upgrades
because they might leave. If the owners are fiable for all up-
grades, they have a disincentive to install them unless they
can charge a preminm for them or otherwise be compensated.
For residents who do not have any parking available and
must rely on on-street parking, the same challenges exist ex-
cept that the owner or deciding body is not the multifamily
residential complex. Instead, it is the focal city govermmnent
that must make policy decisions surronnding installation and
operation of PEV charging equipment (Peterson 2011).
Lack of home charging at multitamily complexes or in
neighborhoods with on-street parking is a bawrier to deploy-
ment for owners of all types of PEVs, but most importantly
BEVs, particularly limited-range BEV's for whick daily charg-
ing cannot, like PHEVSs, be replaced with gasoline or, like
long-range BEVSs, postponed. 1t is also a barrier to increased
eVMT for all PEV owners. Overcoming lack of home charg-
ing at multitamily residential complexes and in neighborhoods
with on-street parking requires providing such consumers
with designated parking spaces to charge their vehicles dur-
ing prolonged tiumes when their vehicles are not in use, such
as at workplaces. Although retrofits of multitamily housing
for PEV charging might be difficult, facilitating installation of
home-charging infrastructure can be accomplished by prepar-
ing the sites for installation during initial construction. Cali-
fornia mandatory building codes will require new multitamily
dwellings to be capable of supporting future charging installa-
tions (DOE 2014a).> Additionally, multifamily dwelling own-
ers might choose to contract with a charging provider to tacili-
tate installation and payment for charging services. Another

2 For an explanation of these codes, see California Green Building
Code A4.106.8.2 and California AB 1092,

interesting model for extending PEV driving to households
without access to home charging is to deploy PEVs in car-
sharing fieets. That approach is particutarly important for the
farge portion of multifamily dwelling residents who are not in
the new vehicle market as compared with single-tamily home
residents, Car sharing is discussed from a consumer perspec-
tive in Chapter 3.

Finding: Homes are and will tikely remain the most impor-
tant location for charging infrastructure.

Finding: Lack of access to charging infrastructure for resi-
dents of muitifamily dwellings is a barrier that will need to be
overcome fo promote PEY deployment to that segment,

Wm‘kplac'e Charging

Charging at workplaces provides an important opportu-
nity to encourage the adoption of PEVs and increase eVMT.
BEV drivers could potentially double their daily range as long
as their vehicles could be fully charged both at work and at
home, and PHEV drivers could potentially double their all-
electric miles. Extending the electric range of PHEVs with
workplace charging improves the value proposition for PHEV
drivers because electric fueling is less expensive than gaso-
ling, For BEVs and PHEVs, workplace charging could expand
the mumber of people whose needs could be served by a PEV,
thereby expanding the market for PEVs. Workplace charging
might also allow households that lack access to residential
charging the opportunity to commute with a PEV. Further-
more, Peterson and Michalek (2013) estimated that installing
workplace charging was more cost-effective than installing
public charging; however, it should be noted that installing
workplace or public charging was substantially less cost effec-
tive than improving the all-electric range of a vehicle.

Data from carly adopters in the EV Project shows that
workplace charging is used when it is available (Tabic 5-2).
Specifically, Nissan Leaf drivers who had access to work-
place charging obtained 30 percent of their charging energy
at work, and Chevrolet Volt drivers who had access to work-
place charging obtaincd 37 percent at work. Furthennore,
there is some evidence that workplace charging cnables lon-
ger routine commutes or more daily miles. Of Nissan Leafs
that had workplace charging, 14 percent routinely required
workplace charging to complete their daily mileage (at least
50 percent of days). but another 43 percent of the Leaf ve-
hicles required workplace charging to complete their daily
miles on some days (at least 5 percent of days). Moreover,
Nissan Leaf drivers extended their range by 15 miles or 26
percent on days when charging was needed to complete their
trips {such days averaged 73 miles traveled) and by 12 per-
cent on days when they charged even though a charge was
not required to complete their trips {Smart 2014b).

In considering whether to provide workplace charging,
employers confront a aumber of challenges, Oue set of chal-
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TABLE 5-2 Charging Patterns for Nissan Leafs and Chevrolet Volts

Percent Charging Energy Obtained at Various Locations

Vehicle Home Work Other
Al Drivers
Nissan Leaf 86 — i4
Chevrolet Volt 85 — 15
Drivers with Access to Workplace Charging
Nissan Leaf {(~12%)’ 68 30 2
Chevrolet Volt (~5%)" 60 37 3

? Numbers in parentheses are percentage of drivers known to have access to workplace charging.

SOURCE: Based on data from ECOtality (2014a,b}.

lenges is to determine the rate of PEV adoption by employees,
what level of charging would be sufficient for their needs, and
how access to chargers can be ensured as the number of PEVs
increases, A worker who relies on workplace charging of a
BEV might not be able to return home if no charger is avail-
able. There is also the possibility that electricity provided to
employees will have to be paid for by the employees or taxed
as income (IRS 2014).> A requirement to assess the value of
the charging or report the imputed income could be an impedi-
ment to workplace charging. Yet another potential impediment
arises from the surcharges that utilities impose on companies
that draw more than a threshold level of power, Such demand
charges (discussed in Chapter 6) can be substantial.
Workplace charging is becoming available at a small
but growing number of companies that offer it as a way of
attracting and retaining employees and as a way of distin-
guishing themselves as green companics.” It is an attractive
perk if the employer provides charging for the same price
or less than is available at home. In assessing the reasons
for offering workplace charging, some employers anticipate
that concerns about carbon emissions from commuting wiil
eventually generate much stronger pressures for workplace
charging and are attempting to move expeditiously by ex-
panding their network of charging stations now (Ahmed
2013). Because of the costs involved and the fact that add-
ing a charging station leaves fewer parking spaces available
for employces who do not drive PEVs, Cisco has a policy

3 IRS Publication 15-B states that any fringe benefit is taxable
and must be included in the recipient’s pay unless the law explic-
itty excludes it. Although exclusions currently apply to many fringe
benefits, the issue of excluding electricity that employers provide at
workplace chargers has apparently not yet been explicitly addressed.
The issue does not arise at workplaces that engage an outside entity
(the installer of the charging iutmstructire) to manage the charging
units and collect a monthty fee from workers who use them,

1To facilitate the process, the Department of Energy {DOE), un-
der the Workplace Charging Challenge launched in January 2013,
offers various resources to interested employers, building owners.
employees, and others. The resources include information about
PEVs, their charging needs, and activities that DOE and communi-
ties across the country are doing to support PEV deployment,
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of increasing the number of workplace charging stations in
proportion to the number of employees who express an in-
terest in using them. This tends to have positive feedback
effects as increases in the number employees who use work-
place charging stations stimulate other employees’ interests
in acquiring PEVs (Jennings 2013), thereby contributing to a
continuing expansion in the number of wotkplace chargers.
Other firms, however, have been reluctans to provide work-
place charging on grounds of cquity, expressing concerns
about providing a perk that would benefit only a relatively
small number of employces, at least initially (Musgrove
2013). Recognizing workplace charging as an important op-
portunity to expand PEV deployment and eVMT, DOE sup-
ports the EV Everywhere Workplace Charging Challenge.
The Workplace Charging Challenge and the Clean Cities
program both provide several guides and resources for emn-
ployers to simplify the process of adding workplace charg-
ing (DOE 2014b; DOE 2013).

Finding: Workplace charging could be an alternative to
home charging for those who do not have access to charging
infrastructure at home.

Finding: Charging at workplaces provides an important op-
portunity to encourage PEV adoption and increase the frac-
tion of miles that are fueled by clectricity.

Finding: The administrative cost to assess the vajue of charg-
ing or report the imputed income could be an impediment to
workplaces to install charging.

Recommendation: The federal government should explicitly
acddress whether the provision of workplace charging at the
expensce of employers should be included in the recipient’s
pay or regarded as a benefit that is exempted from taxation.

Public Charging Infrastructure

A critical question to answer is whether lack of public
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charging infrastructure is a barrier to PEV deployment.’ As
shown in Figure 5-1, home charging infrastructure is and is
expected to remain more convenient and more critical to PEV
deployment than public charging infrastructure. There is no
consensus in the research and policy communities, howev-
er, on the impact of public charging infrastructure on PEV
deployment. Experience in Japan indicates that increased
availability of public charging stations reduces range anxicty
and leads to more miles driven by BEVs, For example, the
building of a single additional fast charger for a TEPCO fleet
of BEVs increased ¢VMT from 203 kmm/month to 1,472 kny/
month. Interestingly, no additional encrgy consumption from
the public charger was observed after building the second
charger, but drivers allowed their state of charge to go below
50 percent, a sign that their fear of running out of charge had
been alleviated {Anegawa 2010),

DOE (2015) estimates that there were more than 9,300
public charging stations in the United States as of April 201 5;
many stations, however, are only accessible to members of
associated subscription-based plans or to vehicles produced
by individual manufacturers. Interactive maps of charg-
ing stations are updated frequently on the DOE Alternative
Fuels Database and through the PlugShare website (DOE
2015; Recargo 2014). Nearly 8,700 of the public charging
stations provide AC level 2 chargers, which can add about
10-20 miles of range to a vehicle for each hour of charging,
depending on the model and driving conditions. More than
800 public DC fast-charging stations had also been installed
by April 2015 (DOE 2015). Networks of DC fast chargers
have been installed in Washington, Oregon, and California;
along the East Coast I-95 corridor; and the “Tennessee Tri-
angle.” which connects Nashville, Chattanooga, and Knox-
ville. Clusters of DC fast chargers are also in Dallas-Fort
Worth, Houston, Phoenix, Atlanta, Chicago, and Southern
Florida, Tesla and Nissan Motors—manufacturers of the ve-
hicles that have led BEV sales in the United States—have
been actively engaged in expanding their networks of fast
chargers. In fact, most of the chargers outside of the regions
noted above are part of the proprictary Tesla network of Su-
perchargers (see Chapter 2, Figure 2-10). Tesla had installed
more than 190 charging stations in the continental United
States and Canada by April 2015 and has plans to expand its
network to several hundred stations by the end of 20135, with
the stated goal that 98 percent of U.S. drivers are within 100
miles of a Supercharger by 2015 (Tesla 2614). Nissan has
announced plans to add at least 500 fast-charging stations
by mid-2015 and has partnered with CarCharging to expand
networks in California and on the East Coast and with NRG/
eVgo to develop a network in the Washington, D.C. area
{CarCharging 2013; Nissan 2013),

Several studies have modeled optimal numbers and loca-
tions of PEV charging sites from the perspective of limited-

3 The term public charging infrastructure refers to charging infra-
structure that is located in public spaces but does not imply tiat the
services are offered for free,
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range BEV drivers, who have the greatest need for charging.
One study looked at the locations where light-duty vehicles
parked and meodeled optimal charging locations assuming
similar trip needs for PEV drivers and [CE drivers (Chen et
al. 2013). Other studies have examined trip diary data from
suchcities as Seattle and Chicago and such states as California
to see which trips were not likely to be completed with to-
day’s BEVs and sought to place chargers to allow completion
of these “failed” trips. Models were optimized by wminimiz-
ing time or distance deviations from trips required to drive to
charging locations. The study of California drivers tound that
with an §0-mile limited-range BEY, 71.2 percent of the total
miles driven and 95 percent of trips could be completed with
no public charging required. Optimal placement of 200 DC
fast chargers in the state would allow those drivers to complete
over 90 percent of miles with two or fewer charges (Nicholas
et al, 2013). The data from Chicago and Scattle metro arcas
showed that no public charging was needed to complete 94
percent and 97 percent of trips, respectively, and optimally to-
cating F00 or 50 stations with 10 AC level 2 chargers each in
Chicago or Scattle resulted in mean route deviations of only
1.6 and 0.3 miles, respectively, to make the remaining trips
(Andrews et al. 2013}, As noted, most studies have not in-
vestigated the effect of charging infrastructure deployment on
vehicle deployment.

The majority of public charging stations are not yet
heavily used. For example, public DC fast chargers in the
EV Project were occupied on average 2.3 percent of the time
from October-December 2013, and public AC level 2 char-
gers were occupied 5.5 percent of the time on average (INL
2014). Despite that low utilization, it is not unusual at some
popular stations for drivers to have to wait for a charging
plug to become available. In addressing the adequacy of the
existing network of public charging infrastructure, if is im-
portant to understand the factors that contribute to both over-
utilization and underutilization. The factors include the ratio
of charging stations to PEVs in any given area, the location
of charging stations, the cost ofusing the stations, the amount
of time it takes to recharge, and restrictions on station usc as-
sociated with either subscription-membership requirements
or incompatible hardware, Low utilization of the charging
stations in a given arca does not necessarily unply that the
network of charging infrastructure is adequate and could in-
stead reflect any combination of the factors noted. Similariy,
queuing at charging stations does not necessarily imply that
more charging stations should be built, but it is unlikely that
most potential customers would be willing to wait for multi-
ple charges to be completed. To the extent that the demand to
use charging stations is not uniformly distributed over time
and that investments in charging stations are costly, a certain
degree of queuing is inherent in a network of charging sta-
tions that optimally balances the cost of waiting to charge
against the cost of building more charging stations. In addi-
tion, at stations that do not inpose usage fees or charges for
electricity consumed, queuning might partly reflect the fact
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that using those stations ts cheaper than charging at home.
For some locations. such as retail establishments, medical
facilitics, and commercial parking lots, tor-pay AC level 2
infrastructure is uscd more frequently than free public AC
level 2 infrastructure; this might indicate better siting of or
more chargers to reduce queueing at for-pay infrastructure
(Smart and White 2014).

Over the course of ifs study, the committee heard con-
cems that public funding combined with pressures to install
public infrastructure quickly has led to some poor siting de-
cisions. So, the fundamental questions remain—how much
public infrastructure is needed and where should it be located?
There are many complexities associated with installing pub-
lic charging infrastructure that need to be considered. It can
be located within cities, such as at malls or parking lots, or
along interstate highways or other corridors. It can include AC
fevel 1, AC tevel 2, and DC fast charging. It can be costly to
install and maintain, and its effect on deployment and eVMT
remains unclear, aithough it enables PEV drivers to extend the
clectric range of their vehicles beyond the mileage that can be
driven on a single charge and might encourage the adoption of
Himited-range BEVs by mitigating concerns about becoming
stranded. However, a substantial amount of public charging
infrastructure that is obviously unused could become a symbol
that PEVs are not as practicat as had been hoped. The follow-
ing sections consider the location of public infrastructure and
its eftfects on PEV deployment and eVMT.

Finding: Public charging infrastructure has the potential to
provide range confidence and extend the range for limited-
range BEV drivers, to allow long-distance travel for long-
range BEV drivers, and to increase eVMT and the value prop-
osition for PHEV drivers.

Finding: More rescarch and market experience are needed
to deterimine how much public infrastructure is needed and
where it should be sited to promote PEV deployment and to
encourage PEV owners to optimize vehicle usage.

Recommendation: The federal govermumnent through the De-
partments of Energy or Transportation should sponsor research
to study the impact of the public charging infrastructure, includ-
ing the extent to which its availability aftects PEV adoption.

Intracity AC Level | and Level 2
Charging Infrastructure

Public AC level | and level 2 chargers are now avail-
able in some cities, especially where PEV deployment has
been relatively strong. Because AC level 1 chargers provide
about 4-5 miles of operation per hour of charge, they could
be used when charging time is not a primary concern, such
as at airports and train stations, where people park their cars
for prolonged periods. They can also be installed easily us-
ing accessible 120 V outlets. AC level 2 chargers are also
becoming increasingly available at focations where vehicles
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are otten parked for just an hour or two, such as at shop-
ping malls, museums, libraries, and restaurants. Installation
of chargers at those locations is often seen as a way for busi-
nesses to attract customers. Charging providers are also in-
stalling AC level I and AC level 2 within cities as patt of
their subscription-based business model. Some utilities are
also installing infrastructure and are motivated to provide
public charging to encourage PEV deployiment and hence
setl more electricity to residential customers with PEVs, In-
trastructure-deployment models are discussed in more detail
at the conclusion of this chapter.

Although the committee did not attempt to cstablish
guidelines for locating public charging infrastructure, it
seems reasonable to assume that to maximize the use of in-
tracity charging infrastructure, chargers must be dispersed
around metropolitan areas and placed at convenient loca-
tions. Siting of public charging stations is driven by a variety
of motivations, and the stations are operated by both pub-
tic and for-profit entities. Charging providers might locate
public stations to maximize revenue from for-pay stations,
to establish their image as a green business or govenment,
to induce customers to stop at their establishiments, to take
advantage of favorable conditions (such as no-cost {and or
gasy access to electricity source), to increase deployment
of vehicles, to increase eVMT, or to relicve range anxiety.
Data from infracity AC level 2 infrastructure associated with
the EV Project indicate that chargers ocated at parking lots
and garages, transportation hubs, workplaces, and public or
municipal sites were used most frequently. Least frequently
used sites were at educational institutions, multifamily resi-
dences, and medical facilities (Smart 2014c).

The effects of intracity AC level 1 and level 2 charg-
ing infrastructure vary by PEV class as seen in Table 5-1.
Long-range BEVs will have little use for slow charging
in public locations as there will be little value of charging
slowly given their sufficient ali-electric range. However,
they might choose to top-off their charge when convenient
or if perks, such as free parking at an airport, are available.
Limited-range BEVs are expected to experience the most
utitity from intracity AC level 1 and ievei 2 charging by as-
suring them that they will not be stranded if their charge is
depleted and by allowing themn to extend their daily mileage
beyond a full battery charge. With limited battery ranges and
no other choice for fuel, charging in public is an attractive
option for limited-range BEVs. Both minimal and extended-
range PHEVSs arc predicted to use intracity AC level 1 and
level 2 charging for incrcased e VMT and hence to tealize an
increased value proposition of their vehicles. However, they
do not need intracity chargers for range exfension or range
confidence because they can also fucl on gaseline. Increased
¢VMT froin charging in public might be particularly useful
for minimal PHEVs whose smaller batteries could be nearly
fully charged in a shorter time, thus extending their small
ranges substantiaily if they arc able to charge frequently
throughout the day.
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Intracity DC Fuast-Charging Infrastructure

DC fast-charging technology was described in Chapter 2,
Although DC fast chargers are often considered for corridor
travel, such as between cities or states, the majority of the fast-
charge infrastructure is installed within citics and their metro
areas, There are some data to indicate that BEV owners prefer
fast charging to complete a joumey or otherwise to create ap-
tions for using the vehicle beyond its routine range. EV Project
data on the percent of DC fast charges that occurred on trips
of a given length provide inforination on charging behavior of
Nissan Leaf drivers (Smart and White 2014; J. Smart, Idaho
National Laboratory, personal communication, November 6,
2014}, In the fowrth quarter of 2013, after the institution of
fees to charge at some DC fast-charging locations, 56 percent
of outings that included a fast charge were greater than 60
miles round trip, and 44 percent of outings that included a fast
charge were less than 60 miles round trip. Some of the less
than 60 mile round-trips that inctuded a DC fast charge might
reflect the value a driver places on a DC fast charge even when
it is not required to complete the trip. However, many of the
short trips (63 percent) started with a less than full battery,
indicating that the charge might have been required to return
home. When an outing included a DC fast charge and began
with a full battery, average round trip distance was 87,5 miles,
That observation again indicates that many trips that include
a DC fast charge required a charge to complete, and DC fast
charging might have been the most couvenient way to acquire
the charge.

The impact of intracity DC fast-charging infrastructure
varigs by PEV type, as noted in Table 5-1. Long-range BEVs
will have little use for fast charging in cities as their vehicle
range is unlikely to require range extension or range confi-
dence. However, charging at a DC fast-charging station would
altow them to acquire a fuil battery charge more quickly than
home charging; this option might be valuable to a long-range
BEV owner, particularly one who does not have a place to
charge at home. The committee notes that Tesla—the only cur-
rent producer of a long-range BEV—is implementing a model
in which charging at its DC fast charger stations is included in
the price of the vehicle. Limited-range BEVs are expected to
experience the most utility from intracity DC fast charging as
it provides range confidence that they will not be stranded and
range extension in fess time than that required for AC level |
or level 2 charging. In April 2014, Nissan began offering new
Leaf buyers in several markets frec public charging through
a special card that allows using several charging providers.
Range-extended and minimal PHEVs are unable to use DC
fast-charging infrastructure, so this segment of infrastructure
deployment does not apply to PHEV owners,

Intercity and Interstate DC
Fast-Charging Infrastructure

The availability of DC fast chargers along highways
connecting cities and states has facilitated regional ravel for

limited-range BEVs and enabled long-distance travel for long-
range BEVs. An example of such a network is the corridor
of DC fast chargers installed at about 40-mile intervals along
Interstate 5 in Washington and Oregon. Such infrastructure
provides long-range BEVs with multiple places to acquire a
charge on an extended trip and enables limited-range BEVs
to travel between two cities in the same region. For travel
between cities where stops to charge might be inconvenient,
DC fast chargers are expected to be used primarily for range
extenston and are expected to receive less use than DC fast
chargers within cities. Although data from the EV Project i3
primarily from cities, a preliminary study of charging along
the I-5 corridor shows that most charges do in fact occur with-
in citics rather than between them (Smart 2014d). Although
some early adopters of limited-range BEVs have chosen to
drive their vehicles fong distances requiring multiple battery
charges, the commitiee’s view is that the vast majority of lim-
ited-range BEV drivers will restrict themselves to a range that
requires at most one full charge between neighboring cities.
As noted, PHEVSs are not equipped to use DC fast-charging
stations and can extend their range by refueling on gasoline.

Thus. interstate DC fast chargers are projected to be the
least important type of infrastructure for PEVs because it will
not (or cannot) be used by PHEVs and will be inconvenient
for limited-range BEVs, However, it should be noted that
there are alternative scenarios in which interstate DC fast
chargers do become an important type of infrastructure. An
example of such a scenario is if the market becomes domi-
nated by long-range BEVs that are used as primary vehicles.
If that is the case, home charging infrastructure will continue
to be most important for drivers’ everyday usage, and work-
place and intracity infrastructure will be relatively unimport-
ant. Intercity and interstate charging would, in that scenario,
enable fong-range BEVs to take longer trips with relative ease.
Vehicle mannfacturers, especially those focused on BEVs, are
building intracity, intercity, and interstate DC fast-charging
infrastructure; this indicates that they think it is vaiuable, It is
not clear whether they are doing this for marketing or business
strategy reasons ot to spur vehicle deployment in the near tern
or whether they believe that this type of infrastructure will be
necessaty in the future,

MODELS FOR INFRASTRUCTURE DEPLOYMENT

To understand how best to overcome any infrastructure
barricrs to PEV deployment, one must consider the installa-
tion and eperating costs for the different categorics of charg-
ing infrastructure, the possible deployment models, and who
might have an incentive to build such infrastructure. Several
different entitics might have an incentive to build or operate
charging infrastructure; these include vehicle owners, work-
places, retailers, charging providers, utilities, vehicle manu-
facturers, and the government. Their motivations might in-
clude generating revenue, imnproving air quality, selling more
electricity, or selling more PEVs. On the basis of information
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TABLE 5-3 Entities That Might Have an Incentive to Install Each Charging Infrastructure Category

Infrastructure Category

Location Type

Who Has an Incentive to Install?

Interstate DC fast

Hame
NOTE: AC, alternating current; DC, direct current.

received during site visits and from presentations from vari-
ous infrastructure providers, the committee’s assessment of
the possible builders of each infrastructure category is sum-
marized in Table 5-3. It should be noted that the most critical
infrastructure (home charging) is also the least logistically
complicated and least expensive to build, and the costs and
complications generally increase for faster charging and
more public locations. The following paragraphs discuss the
infrastructure-deployment models associated with each in-
frastructure segment and the installation and operating costs.

Home Charging

Private charging infrastructure at home is likely to be
tunded by the homeowner. Financing and logistics of install-
ing home charging infrastructure is not considered to be an
important barrier for homeowners who have dedicated parking
spots adjacent to their homes. Homeowners who own PEVs
have a clear incentive to install home charging. Many will aiso
find the expense of upgrading to AC level 2 infrastructure to
be a good investment, cspecially owners of long-range BEVs
who might want to charge their vehicle batteries more quickly.
Aside from vehicle owners paying to install charging infra-
structure, other deployment models are being implemented.
Some providers of subscription-based charging have expand-
ed into providing residential charging inttastructure as part of
their subscription service. Utilities might also have an interest
in providing residential charging infrastructure as it would in-
crease electricity usage at the residence.

As discussed previously, multitamily residential home
charging faces many more barriers, and it is not clear that
many owners of complexes, drivers of vehicles, or munici-
palities will have incentive to install charging at multifamily
residences or at on-street charging locations in residential
neighborhoods. However, owners of multifamily residences
might be motivated to install chargers because they can cam
points toward Leadership in Energy and Environmental De-
sign certification (AcroVironment 2010). They might also be
able to market their property as green and offer charging as
an attractive amenity to prospective renfers.

L e L

R I A

Vehicle manufacturer, government

Workplace Charging

Private charging infrastructure at workplaces is likely
to be funded by the businesses or organizations. The instal-
lation and operating costs of workplace charging might be
justified by the employer as a perk to attract and retain em-
ployees or to brand the company with a green image. Be-
cause vehicles are parked at work for leng periods of time
{see Figure 5-2). many workplaces do not find it necessary
to upgrade even to AC level 2 charging. Some parking lots
might already have AC level | outlets that can be repurposed
for vehicle charging; however, more convenient or upgraded
infrastructure might also be installed. Another entity that
ntight have an interest in installing workpiace charging is a
utility, which could earn additional revenue from the sale of
electricity at worksites.

The cost of installing charging varies from workplace
to workplace but is generally higher than that for installing
single-family home charging and fower than that for public
charging infrastructure. The costs of labor and conduit for
installing charging units in existing parking lots and garages
depend mainly on how much digging and resurfacing is in-
volved. There are also potential costs associated with elec-
tric service upgrades for AC level 2 chargers, which might
be the best choice for most curcently available PEVs that
have large electric ranges. Cisco provided a set of ballpark
estimates to the committee and mdicated that the average
cost of installing an AC level 2 charging station has been
$19,000-$15,000 (with cconomies of scale), that the ongoing
costs of paying a vendor to manage the stations has aver-
aged about $25 per station per mounth, and that the electricity
costs have been fow (Ahmed 2013). However, Bordon and
Boske (2013) suggest that the cost of installing an AC level
2 charger in a commercial garage or on a public street ranges
from $2,000 to $8,000 on the basis of estimates from three
separate sources,

In addition to installation costs, operating costs of pro-
viding charging to employees must be considered. The com-
mittee received reports that the costs of clectricity were not a
barrier to deployment of workplace charging, but two logisti-
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cal concemns were raised. As mentioned above and discussed
further in Chapter 6, demand charges that could increase the
cost of electricity to the employer could be a cost barrier ta
workplaces installing charging tfor cmployees. Also, the po-
tential need to classity workplace charging as imputed income
has resulted in togistical barriers given the associated admin-
istrative requireiments for monitoring charging time or energy
and making associated payroll adjustments, In part to avoid
that potential problem and also to outsource charger instatla-
tion and maintenance, some employers have chosen te con-
tract with charging providers to install and operate charging
infrastructure, including charging for the electricity provided.

Finding: Some workplaces appear to have incentives for in-
stalling charging infrastructure, including fostering an envi-
ronmentally friendly image and providing the perk to retain
and recruit employees.

Recommendation: Local governments should engage with
and encourage workplaces to consider investments in charging
infrastructure and provide information about best practices.

Public Charging Infrastructure

As discussed above, charging infrastructure generally
becomes more complicated and more costly to build and
operate as it becomes more publicly accessible and delivers
faster charging. The potential owners and operators of public
charging infrastructure are discussed in the sections below.
Generally, companies that install and operate public charg-
ing stations have five sources from which they can seek to
cover their capital and operating costs: the govermunent, utili-
ties, vehicle manufacturers, charging-station hosts, and driv-
ers. Most companies have depended on government grants
to finance a large part of their investments to date, and it is
difficult to tell whether their business modeis will be sustain-
able in the absence of public funding.

The costs of DC fast-charging stations are generally
much higher than the costs of AC levei 2 stations, In general,
the capital costs depend on several factors: whether the prop-
erty must be purchased, leased, or rented; what distance must
be spanned to connect to higher voltage supply lines; wheth-
er upgrades are required, for example, because of insufficient
transformer capacity; how much trenching and conduit are
needed to reach the charging station; and how much repav-
ing or restriping of the parking area is required to accommo-
date the charging station. In total, the costs can range from
$100,000 to $200,000, As an example, Table 5-4 shows the
average costs of installing charging stations in Washington
State with DC fast chargers and AC level 2 chargers as part
of the publicly funded West Coast Electric Highway proj-
ect. The totals shown in the table—ranging from $109,500
to $122,000—exciude the costs of purchasing, renting, or
leasing land. The basic cost of a4 DC fast-charging station
is about $10,000 to $15,000, but the total equipment cost
of the Washington state stations averaged $58,000, reflect-

ing the auxiliary services and features needed for a publicly
accessible unit, including warranty, maintenance, customer
authentication, and networking with point-of-sale capabili-
ties to coliect payment from customers. Installation costs can
also vary because of other enhanced safety and security mea-
sures that are often required by local permitting authoritics,
such as lighting and revenue-grade meters. Those options
can add up to $90,000 to the basic cost of the fast-charging
equipment itselt. Additional costs might also be incurred if
multiple plugs are required for compatibility.

Retailers

A number of major retailers have shown interest in pro-
viding space for charging stations (Motavalli 2013).% partic-
ularly when the capital costs are subsidized. Such infrastruc-
ture can attract customers to park and spend time and money
in the retail establishments and might also provide favorable
branding for the retailers. Most of the charging units that re-
tailers have provided to date have been AC level 1 or level 2
stations, which arc used primarily for intracity charging. The
costs of building charging infrastructure at retail establish-
ments range widely but are probably similar to workplaces
and related to the amount of conduit required to provide
electric access at parking spots. It is not clear that the extra
money spent in retail establishments by customers who use
the charging stations is suflicicent to provide retailers with
incentives to incur the capital costs of installing charging
stations, as distinet from simply covering electricity charges
and secvice costs. When capital costs are covered by others,
however, retailers have tended to contract with charging pro-
viders to build and maintain charging stations and possibly
charge customers for their use.

Eleciric Utilities

The electric utility companies could emerge as a willing
source of capital for public charging stations. That conclusion
refleets the prospect that a network of public charging stations
would induce more utility customers to purchase PEVs, which
would fead not only to electricity consumption at the public
chargers, but also to much greater consumption of electric-
ity at residences served by the utilities. If public charging in-
trastructure drives greater eVMT and greater deployinent of
vehicles, capital and vardable costs for public infrastructure
might be covered by the incremental revenue from additional
electricity that PEV drivers consume at home, where rough-
Ly 80 percent of PEV charging takes place (Francfort 2011).
Most such charging infrastructure is expected to be buiit intra-
city. Austin Encrgy (2012), with the help of a series of federal
government grants, is an cxample of a utility that has chosen

& Major retail companies that have installed or plan to install charg-
ing stations for their customers include Best Buy, Chili’s, Cracker
Barrel, Kroger, Macy’s, 7-Eleven. Tim Hortons, Walgreens, and
Whole Foods,
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TABLE 5-4 Costs of Installing Public DC Fast-Charging Stations for the West Coast Electric Highway Project”

Component Cost

DC fast-charging equipment $58,000
* 50 kW DC public fast-charging station (480 V ac input) per unit
e 3-year warranty and point-of-sale capabililicsb
¢ Payment of all electricity dispensed (including utility demand charges)
¢ Overhead lighting and required safety equipment

Level 2 charger colocated next o DC fast-charging station $2.500
* 240 V/30 A AC level 2 public charger per unit
e Same terms and conditions as listed above

Fquipment installation (labor and electric-panel upgrade) 526,000

+ Separate power drop or meter for the charging station
Electric panel upgrade {if required}

Construction and environmental and electricity permits
TFrenching, backfill, and site restoration

Installation of conduit and power lines to charging station
Installation of concrete pad and electric stub-out
Installation of curh or wheel stop and overhead lighting
Installation and testing of equipment

Utility imterconnection

» Costs are highly variable and depend on cost-recovery policies of the electric-power provider and condition of

existing power distribution components®

per location

512,500 to $25,000
per focation

¢ Generally includes utility costs for preliminary engineering and design, transformer upgrades, and labor for

connection to the grid

Host-site idemtification, analysis, and screening
» Identification of potentiat sites
¢ Consultation with electdc-power providers

Negotiation, legal review, and execution of lease
o Making contact with several property owners
¢ Exchanging and negotiating lease documents
s Executing and recording documents

Total for DC fast charger and 3-year service

35,000
per location

$6,600
per tocation

$109,500 to $122,000

“ Land costs are not included here.

b point-of-sale capabilities might include radiofrequency identification authentication and networking to back-office functions
(such as account management and customer billing), equipment status signals, and credit card transactions.
¢ Additional costs could be incurred if addition of multiple chargers increases demand charges or requires additional electricity

service upgrades.

NOTE: A, amperes; AC, alternating current; DC, direct current; kW, kilowatt; V, volt.

SOURCE: Based on data from PB (2009).

to install a network of AC level 2 charging stations in its ser-
vice area, where it is the only electricity provider, and to offer
its residential customers unlimited use of the chargers for less
than $5 a month. In addition, Austin Energy provides incen-
tives for a range of additional infrastructure charging catego-
ries as part of its strategic objectives in demand management
and ancillary services (K. Popham, Austin Encrgy, personal
cominunication, December 18, 2014).

The committee notes that theoretically all utilities ser-
vicing a given geographical area would collectively have
a viable business model if there were a mechanism to (1)
separate out and pool the electricity sales to all households
that owned PEVs within that area and (2) share the revenues
from that pool in proportion to the amounts that the difter-
ent utilities contributed to investments in public charging
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infrastructure. Such a mechanism would not have to rely
on government subsidies or cross subsidization from house-
holds that did not own a PEV. That said, whether utilities that
invested their own capital in charging stations could earn a
respectable rate of return over time would depend on state-
level regulatory policies that are used to encourage utility
investment.

Commercial Charging Providers

Mostly in response to government grants, several pri-
vate companies have entered the business of instailing and
managing public charging stations. These charging stations
are a mix of AC level 2 and DC tast chargers and are located
both between and within cities. The companies have been
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experimenting with ditfcrent models in their efforts to recov-
er their capital costs and the costs of electricity. For example,
ChargePoint (2014) is pricing on a per-charge-event basis,
white NRGi/eVgo (2014) reties on both a monthly subscrip-
tion fee and a fee per minute of plug-in time, Depending on
state legislative and regulatory rulings, charging providers
might avoid being regulated as utilities by not charging in
proportion to the amount of electricity consumed (see for-
ther discussion in Chapter 6). NRG/eVygo relies on its fee
per minute of plug-in time as a mechanism for encouraging
drivers to limit the amount of time that their vehicles occupy
the parking spaces adjacent to the chargers.

Although 1t might be easy to cover the variable costs
of their operations from the various fees paid by customers
(for example, monthly subscription fees or fees per charging
cvent or per mimite of charging time), generating an attrac-
tive rate of returns on invested capital is much more challeng-
ing, One of the early providers of charging infrastructure,
ECOtality, encountered financial ditficuities and filed for
banknuptcy in October 2013; its Blink assets, including the
network of Blink charging stations, have been purchased by
CarCharging (Wald 2013),

The infrastructure-deployment model adopted by NRG/
eVgo provides a unique approach. It is oriented toward pro-
viding a simple and complete set of services to residential
customers, NRG/eVgo (2014) offers its Houston customers a
1-year contract for a $15 monthly fee that covers the installa-
tion of charging equipment at home and provides unlimited
access to its network of public stations at 10 cents per minute
of plug-in time. And unlike most other public stations, ifs
Freedomn Chargers include DC fast chargers and AC level 2
chargers and are located maialy along major transportation
corridors within the metropolitan areas it serves.’

Box 5-1 provides a hypotheticat calculation for the eco-
nomics of providing public charging stations using a busincss
model that collects monthly subscription fees and also charges
customers for charging time. The calculation suggests that it
might be difficult for charging providers to survive unless
their capital costs arc at least partially subsidized by public
funding or by others, such as vehicle manufacturers. That said,
the committee heard concerns ftom private charging develop-
ers that subsidizing infrastructure investments tended to un-
dermine the business models of firms that were prepared to
finance infrastructure with their own capital.

Vehicle Manufucturers

Vehicle manufacturers might deploy public charging in-
frastructure to drive sales of PEVs or to position themselves

7 eV o areas include Houston, Dallas-Fort Worth, Los Angeles, San
Francisco, San Diego. the San Joaquin Valley, and Washington, D.C.
To the extent that the provision of a network of fast-charging stations
helps catalyze PEV sales, total electricity conswmption will increase
by much more than electricity consurnption at the eVgo charging sta-
tions and provide additional profits for NRG, which generates elec-
tricity,

in the market. They might be one of the only private sector
entities with a motive to install fast charging along intercity
and interstate highways, as this type of infrastructure is the
most expensive to build and is unlikely to generate high
returns from for-pay charging. As noted earlier, Tesla has
launched a program to install several hundred supercharging
stations along major long-distance transportation corridors
throughout the United States, while Nissan has launched
several joint ventures to increase substantially the number of
fast chargers available in key market areas (DeMorro 2014),

In the absence of governiment subsidies, it seems unlikely
that any companies other than BEV manufacturers could have
a businegss case for covering the installation and maintenance
costs of DC fast-charging infrastructure deployed in intercity
and interstate highway corridors, Whether the infrastructure
would be publicly accessible is uncertain as a vehicle man-
utacturer would have little incentive for providing charging
infrastructure for PEVs that it did not produce. For example,
only Tesla customers can use Tesla-built chargers because ofa
Tesla-specific plug. In the case of Nissan, which is also build-
ing and subsidizing chargers, their chargers can be used by
many types of PEVs but might require payment from those
not covered under Nissan’s No-Charge-to-Charge plan.

Federal Government

If a category of charging infrastructure is deetned to be
particularly effective at inducing PEV deployment but no
private scetor entity has a strong case for building such infra-
structure, the federal government might consider funding it
as a worthwhile investment, The committee heard concerns
that government money was likely to crowd out private in-
vestinents in infrastructure and to lead to poor siting deci-
sions in some cases. To ensure that charging infrastructure
developers have an incentive to site chargers so that they
will be well used, government infrastructure funding should
comprisc only a portion of the funding for a charging station
and should not go toward stations that would be deployed
without government funding. Also, more research should be
done to ascertain what categories of charging infrastructure
lead to increases in deployment and eVMT.

Finding: Utilities that can capture the entire residential elec-
tricity consumption of PEV owners appear to have a viable
business model for investing in public charging infrastructure.

Finding: Initiatives undertaken by Tesla and Nissan suggest
that vehicle manutacturers that wish to penctrate the market
for BEVs perceive a business case for investing in extensive
networks of DC fast-charging stations.

Finding: Apart from BEV manufacturers and utilities (or
groups of utitities), the committee has not been able to iden-
tify any private scctor entities that have an attractive busi-
ness case for absorbing the full capital costs of investments
in public charging infrastructure.
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: BOX 5-1 Some Hypcihel:cal Economrcs for Provrders of Pubire Chargmg

Thas box consrders lhe economres of provrdmg a network of K publrc AC ievel 2 chargrng slalrons lo serve N customers who rely _
pnmanly on residential chargmg bui on average add 30 mrnules of charge four trmes a month (or 1 hour of charge lwrce a monlh) :

at publrc chargers

__Assume lhal each chargmg sta!rcn mvoives a caprtai oullay of $10 000 and that lhe mveslor requeres a paybaok |n 3 years whlch rn' _
: round terms amounls 1o abouk $3 600 per yﬂaf per steuon or $300 per monlh per stahon . B . ELEOIPEE

'Assume lhat cuslomers are charged 10 cenls for each mmule of p]ug |n hme and Lhat each hour of chargrng generales $2 of revenue _ '_
over and above e!eclnctty cosls plus marnlenance cosls Thus use of lhe chargrng nerwork generates nel revenues of $4N per monlh :

Assume that cusiomers are wrllmg to pay a subscnpuon fee of $F per month for lhe assurance of aecess Io the network of stanons

|mptymg subscnphen revenue of $NF per monih

per momh

_'.Then the break even value of N calcu!ated as a funcuon of F rhust sahsfy.NF = DOK_ 4N or
| | N 300K/(F + 4)
'And !he break—even va!ue of F as a funclron of K/N can be expressed as . _
| F300(K/N}4:"}"
Th:s suggesls that a f nn wnh 200 subscnbers for every 10 chargmg slatrons could break even by chargrng a subscnpuon fee of $11: _:

Note however lhal lhe economrcs becomes much more dlfﬁcu!t for nelworks of DC fasl chargers whrch requrre much larger cap:!al' .
_outlays or for AC [eve! 2 nelworks !hat have to compete wrlh networks of fasl chargers : : Lo P

Finding: The federal government might decide that provid-
ing public charging infrastructure serves a public good when
others do not have a business case or other incentive to do so.

Recomimendation; The federal government should refrain
from additional direct investment in the instaltation of pub-
lic charging infrastructure pending an evaluation of the rela-
tionship between the availability of public charging and PEV
adoption or use.
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Implications of Plug-in Electric Vehicles for the Electricity Sector

An important component of the ccosystem of the plug-in
electric vehicle (PEV) is the clectric utility, which provides
the electricity that powers the vehicle.! Electric utilities in
the twenty-first century have experienced croding demand
(see Figure 6-1) and view PEVs as a potential source of in-
creased demand (Kind 2013; EEI12014). The Edison Electric
Institute, the largest trade association for clectric utilities,
contends that the industry needs increased electrification of
the transportation sector for the electricity sector to remain
viable and sustainable in the long term (EET 2014).

An important concern raised by the public and policy
makers, however, is the ability of electric utilitics to accom-
modate PEV charging, a concern that impacts not only PEV
owners but also the public more broadly. At the current time,
PEV charging requirements account for about 0.02 percent of
the energy produced and consumed in the continental United
States (EIA 2012).2 Were the share of the PEV fleet to reach
as high as 20 percent of private vehicles, the estimated impact
would still account for only 5 percent of today’s electricity
production (DOT 2014; EIA 2012).% Accordingly, the electric-
ity sector does not perceive PEVs as posing any near-term or
mid-term challenges. However, some have assumed that elec-
tric wtilities cannot accommaodate transportation electrification
with the current grid infrastructure. That nistaken belief is
also held in other countries and has been cited as a key reason

! An electric utility is a publicty or privately owned company that
generates, transmits, and distributes electricity for sale to the public
and includes vertically integrated utilities that own their generation
plants, fransmission components, and distribution wires and -
bundled utilities that separate the generation, transmission, distri-
bution, and retail into different businesses. Although the majority of
eleciric utilities in the United States are privately owned, there are
a substantial number of generally smaller utilities that are owned
and operated by regional organizations or municipal governments,
often referred to as munis. The largest muni in the United States is
the Los Angeles Department of Water and Power.

2 'This estimate assumes that each PEV consimnes about 10 KW/
day.

3 This estimate assumes the aforententioned consumption for ve-
hicle charging and that there would be 192.5 miltion light-duty ve-
hicles on the road. which is equivalent to the number in 2011 i the
United States (DOT 2014).
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why electric utilities have not been allowed to take a more
proactive role in facilitating the deployment of PEVs and the
associated charging infrastructure (Ancgawa 2010}, There-
fore, it is important to examine the current electricity sector
and consider what impediments miight exist.

Accordingly, this chapter examines potential imnpedi-
ments from the perspective of the individual components of
electric utifities (the distribution, transmission, and generation
components) and overall system control. To put the discus-
sion in context, the committee first describes the physical and
economic structure of electric utilitics. Physical constraints
in the distribution infrastructure for PEV charging are iden-
tified next, followed by a discussion of potential economic
constraints and impediments within the delivery system. One
scenario for a hypothetical utility of the future is described at
the conclusion of the chapter. The committee’s findings and
recommendations are provided throughout the chapter.

One important point that should be noted before begin-
ning the discussion of the electricity sector is that the federal
goveminent has only limited powers in directly influencing or
modifying the policies and behavior of the owners or opera-
tors of the retail electricity sector. Although the Federal En-
ergy Regulatory Commission (FERC) maintains authority to
regulate transmission and wholesale sales of energy in infer-
state commerce, the retait electricity sector is regulated heav-
ily and almost entirely by individual state regulatory com-
missions. Thus, the ability of private-investor-owned clectric
utilities to foster or impede the development of PEVs will
vary significantty based on the actions of the individual state
utiity comnissions. Furtherimore, different regulatory bodies
oversee municipal-owned utitities, federally owned utilitics,
cooperative utitities, and, as indicated, the wholesale markets.
These jurisdictional and regional regulatory differences {imit
the federal government’s ability to affect the practices of the
U.S. electricity sector (see, for example, U.S. Court of Ap-
peals 2014 decision on FERC Order 745).

Finding: State jurisdiction over retail electric rates constrains

the tederal role in directing the electricity sector to foster PEV
growth,
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FIGURE 6-1 U.S. electricity demand growth,
Z g 1950-2040. From the 7 percent annual growth
& rates from the 1950s through the 1970s to the
N declines of the 1980s and 1990s when aver-
| 6 i ; .
z age growth in demand was about 3 percent per
o year, the first decade of this century has been
9 4 nearly fiat with an average growth rate of only
i 0.7 percent. SOURCE: EIA (2013).
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FIGURE 6-2 Schematic of U.S. electric power delivery system. SOURCE: U.S.-Canada Power System Outage Taskforce {2004).

THE PHYSICALAND ECONOMIC
STRUCTURE OF THE ELECTRICITY SECTOR

Figure 6-2 is a schematic of the ULS. electricity sector.
Generation companies produce electricity from fossil or non-
fossil (nuclear and renewable) sources, Transmission entities
are responsible for high-voltage transmission and frequently
for overall system control. Distribution companies are pub-
licly or privately owned companies that sell, state by state,
price-regulated electric cnergy to retail customers, residen-
tial, commercial, and industrial, They may be independent
or part of a vertically integrated clectrie utitity.

Today’s structure of the electricity scctor and the busi-
ness entitics within it have been in a state of constant flux
and evolution since April 1996, when the FERC issued its
Orders No. 888 and 889, which tormally separated gencra-
tion, transmission, and distribution from each other, thereby
providing open access to transmission in the United States
to any generating entity and allowing for the operation of
highly fluid wholesale electric markets {FERC 1996). In the
Northeast, Midwest, Southwest, Texas (ERCOT), and Cali-
farnia, Order 888 has resulted in the creation of Independent
System Operators (ISOs); in the remainder of the country,
Regional Transmission Operatoss (RTOs) act as wide area
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system operators. The ISOs and RTOs operate and contro!
the transmission system and manage the organized whole-
sale markets between generators and retail supplicrs and
large industrial customers. Independently owned electricity
generators operate by selling wholesale electricity into or-
ganized or bitateral markets; that electricity is transmitted
by separate corporate and operational entities to distribution
companics, which serve retail consumers.

GENERATION AND TRANSMISSION

For roughly 60 percent of the United States, the clectric-
ity sector operates through organized markets coordinated
by ISOs (EIA 2011). Most electric conswmers in the United
States get their energy from generators withia large, central-
ly controlled regional networks. Their encrgy is transmitted
over high-voltage wires that are regulated by the FERC. That
encrgy is finally delivered through a distribution system reg-
ulated by state public utility commissions (PUCs) that arc re-
sponsible for setting the price paid per kilowatt hour. Where
states have opted for retail competition, such as in Ohio and
Texas, the state commissions oversee and approve the man-
ner in which the sellers of retail energy structure their ser-
vices rather than set the price per kitowatt hour for electricity
delivered to consumers.

Understanding the electric power delivery chain is criti-
cal for understanding the current and future interactions be-
tween electric utilities and PEV charging systems and for
identifying any impediments that might be introduced by
clectric utilities. As with virtually all end uses of electricity,
the point of contact between the electricity sector and the end
user is the distribution company, regardless of whether it is
residential charging, public charging, or fleet charging. It is
at the local electricity distribution level that concentrations
of PEVs might stress the delivery infrastructure (Maitra
2011}. However, even with high adoption rates for PEVs and
therefore for vehicle charging, the impact on the electricity
system at large is insignificant.

Although both the generation and the transmission sec-
tors are critical to the ultimate delivery of electricity for ve-
hicle charging, they are not an impediment to PEV accep-
tance because meeting the demand created by PEV charging
is well within the planning and operational capability of the
efectricity sector. From the perspective of the largely competi-
tive wholesale electricity market, any increase in demand s
welcome, particularly demand that has the potentiai to smooth
daily variability {a characteristic of vehicle charging).

Finding: There is no anticipated impact on either the gen-
eration or the transmission sector of the U.S. electric power
system from the introduction of PEVs. Thus, the existing
capability to generate and transmit power within the United
States is not now nor is it anticipated to be a deterrent to the
adoption of PEVs.

PHYSICAL CONSTRAINTS IN THE
DISTRIBUTION INFRASTRUCTURE

Although the introduction of PEVs is not constrained by
the transmission systemn or the generation capacity, the electric
sector distribution infrastructure, which is a lower voltage and
lower capacity segment of the electric power system, could
tace operational constraints. PEVs are not, nor are they antici-
pated to be, wnitormly distributed within the country or any
region but are instead generally expected to be locally concen-
trated (sce Chapter 3). PEVs have typically been concentrated
in specific geographic areas that have higher median incomes,
place higher values on environmental issues and eneigy se-
curity, and have higher average educational levels. Those de-
imographics suggest that PEV acquisition will be concentrated
in particular residential areas of the distribution systein. As a
result, any of the potential problems for the distribution sys-
tem noted above will most likely be localized (Maitea 2011).
Several scenarios in which problems could arise are discussed
below.

The first scenario in which PEVs could pose an operation-
al constraint on the distribution infrastructure is when several
PEVs are simultancously being charged on one transtormer
or one branch circuit that was designed to serve the traditional
loads of a few residences. In that scenario, PEV charging could
affect power systemn stability; for example, charging could
cause a voltage drop in the local distribution system or cause
valtage and current phase imbalances. Thus, the introduction
of several PEVs could necessitate upgrades to the distribution
system, such as a new transformer or a larger branch circuit that
would not otherwise have been needed.

The charging of an individual PEV could be a chalienge
to the distribution company if that charging is coincident with
peak electricity consumption on any individual distribution
system elentent operating at full capacity, It would be cx-
tremety rare for PEV charging to coincide i timne with the
distribution company’s peak, which typically occurs between
noon and 6 p.m. It is more likely that a PEV would be charg-
ing at a time that coincides with the peak electricity usage of
a residential circuit, which is typically between 5 p.m. and 11
p.m. That scenario at the residential circuit level could over-
load four components of the distribution infrastructure: the
service drop (the wire from local transformer to the home or
other point of charge), the local distribution transformer, feed-
ers (wires from local distribution transtormer to distribution
substation), or a substation transformer. Figure 6-3 provides
an cxample of hourly demand for electricity at a substation
within a residential distribution system and iltustrates the pat-
tern of residential consuinption for several cases. Case | illus-
trates what might happen without any incentives for off-peak
charging. It shows a measurable tmpact on the peak and indi-
cates that without incentives to reduce charging on peak, there
could be speeific locations where additional capital invest-
ments might be needed to accommodate the added demand
from PEV charging.
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FIGURE 6-3 Hourly demand for clectricity at a substation in a residential distribution system. NOTE: A, amperes; KW, kilowatt;
PHLEV, plug-in hybrid electric vehicte; V, volt. SOURCE: Maitra ct al. (2009). linage courtesy of Electric Power Research [nstitute,

From the perspective of the distribution company, PEV
charging represents an added uncertainty for the planning
process, There are multiple dimensions to the issue, includ-
ing how many PEVs will be purchased, where PEVs will be
charged, and whether the pattein of chacging will be coinci-
dent with local peak elcctricity consumption, Finally, there is
the question of whether there are state-regulator-approved ac-
tions that the distribution company can take to alter the pattern
of charging demand to minimize or potentially eliminate any
negative eftects, such as strong pricing incentives, timing re-
strictions, or indirect or dircet charging control, Research done
in Catifornia on different pricing incentives shows that PEV
owners are price responsive, that larger price differentials
encourage customers to charge off-peak, and that customers
tend to remain on these time-of-day, price difterentiated tariffs
(CPUC 2012a).

Rescarch also indicates that even without time-difteren-
tiated rates, PEV charging patteros tend to follow a pattern
that has only moderate cffects on distribution system peaks
(CPUC 2014}, With the near-term adoption levels antici-
pated for PEVs, there is still a natural diversity in the time
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and scale of PEV charging that is dictated by the type of
trips that are taken in the vehicles. Currently, PEV charging
behavior exhibits a gradual load curve that peaks at about 7
p.m., when most PEV owners arrive at home from work and
plug in to charge at the same time. Even then, the number of
upgrades at the distribution level has been minor—Iess than
0.75 percent of PEVs have required a local distribution sys-
tem to upgrade a component—and has cost ratepayers only
$36,029 overall (CPUC 2014).

Another study, by the largest California utitities {E3
2014), demonstrates that even at high PEV adoption levels,
the impacts on the distribution grid are minimal. The E3 study
used the distribution data and load patterns for the Cafifor-
nia utilities, analyzed the distribution of PEV adoption at the
9-digit zip code level, and forecast the incremental cost from
PEVs on each individual distribution line and transformer
until 2630 for two scenarios: a normal case that meets the
Calitornia zero-vehicle-emission mandate and a case that
has adoption levels three times higher than the normal case.
The study found that even for the highest adoption fevels, the
cost would be fess than 1 percent of the annual distribution-
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upgrade costs of the California utilities. The study also found
that time-of-use charging would reduce costs to customers by
60 percent compared with charging at any time during the day.

Some concem has been cxpressed about future pattems
of charging and the resulting impact on the reliability of the
distribution system with the introduction of DC fast charging
(see Table 5-1). However, because the typical driving distance
tor a PEV is ot likely to change because of fast charging, the
higher charging levels simply mean that PEVs will charge ina
shorter period of time while requiring the same overall guan-
tity of energy. The higher power, shorter duration charging is
unlikely to have a substantial eftect on the distribution infra-
structure. Furthermore, data from the EV Project indicate that
DC fast charging represents only a small proportion of charg-
ing for vehicles (less than | percent of the encrgy demand for
the Nissan Leafs in the study) (INL 2014),

Finding: PEV charging has had a negligible cffect on the
distribution-system components to date and is expected to
have a negligible future eftfect at the anticipated rates of PEV
adoption.

POTENTIAL ECONOMIC CONSTRAINTS OR
IMPEDIMENTS WITHIN THE DELIVERY SYSTEM

With its existing capabilities, the generation and trans-
mission elements of the U.S. electric power system are suf-
ficiently robust to provide the infrastructure and deliver the
encrgy requiced for PEV charging. As indicated above, any
physical constraints or impediments to the distribution sys-
tem will be highly locatized and most likely will be only
withia individual distribution branches in the pear to mid-
term. Thus, any constraints on PEV adoption that could arise
from the electricity sector are more likely to be economic
rather than physical or technical.

The cconomic constraints are primarily associated with
two factors: high underlyig electricity costs and ineffective-
ly aligned rate structures. High underlying electricity costs
reduce the financial benefit of owning 2 PEV by making the
costs to drive the PEV closer to those of an ICE vehicle.
The clectricity cost is most often a function of the uaderly-
ing characteristics of generation on a regtonal basis, with the
hydroclectric generation of the Northwest producing much
less expensive electricity than fossil-fuel generation of the
Noertheast. The regional differences in clectricity costs add
confusion to uniform explanations of the economic operat-
ing benefits of PEV ownership, as noted in Chapter 3.

A minor economic concern is the small possibility that
systemn upgrades could in some cases be charged directly to
the PEV-owning customers who necessitate the upgrade. If
that cost were charged to an individual or small sct of cus-
tomers, it would substantially raise their costs of owning and
operating a PEV. The handling of any cost allocation would
depend on distribution company tariffs that govern wheth-
er individual customers are responsible for any electricity

Overcoming Barriers to Deployment of Plug-in Electric Vehicles

system upgrades that are incurred solely on their behalf or
whether those costs can be spread over all electric customers.

The distribution company rate tariffs that are offered to
end-use retail customers could raise obstacles to PEV adop-
tion, including (1) inconsistency between rate tariffs, {2) lack
of price incentives, (3) high average costs for electricity usage
for residential customers, and (4) high costs for commercial
and industrial customers due to demand charges (see Table
6-1 for descriptions of varions rate structures). These potential
obstacles can confuse retail customers about the best available
electricity rate and the price advantage that they might receive
by using electricity as a transportation fuel. Commercial con-
sumers might have the added disincentive of a demand charge
that is triggered by increased peak load.

The price paid by the end user for energy varies substan-
tially between customer classes—industrial, commercial,
and residential—and varies even more substantially from
region to region, state to state, and distribution company to
distribution company. State-regulated rate structures are de-
signed to allow a regulated retailer to recover its fixed and
variable costs and eamn a fair rate of return. The costs in-
clude the variable cost of generated or purchased energy and
a return on capital invested in generation, transmission, and
distribution along with the operating costs of the company.
The task of the PUCs is to allocate the full and reasonable
costs of providing reliable energy across time, geography,
and customer class. State jurisdictional authority in setting
retail electricity rates has resulted in little or no consistency
in the final price of electricity in terms of both the absolute
price per kilowatt-hour of electricity and the rate structure
itselt. Uniform change appears to be nearly impossible given
the fact that electric tarifts seen by all consumers (residen-
tial, commercial, and industrial) vary widely as a function of
the underlying energy generation structure, the tax structures
that the distribution companics tace, and the vagaries of be-
ing regulated by 50 different state regulators and the local
regulatory bodies that oversee more than 2,000 municipal
and cooperative utilitics. On the other hand, that same vari-
ability has aliowed for multiple experiments in how to de-
sign rate structures for PEV charging.

The substantial differences in electric rates from one
ufility to another and between states are impediments to
PEV adoption because it prevents a sales campaign from
communicating easily or simply the cconomic benefits and
costs of PEVs to potential buyers. Consumers have become
accustomed to translating mpg values in national advertis-
ing for ICE vehicles, recognizing that the price of gasoline
varies by at most 10 to 20 percent across the country. Com-
pare that with the variability in the residential cost of elec-
tricity between Conaecticut (18.22 cents per kilowatt-hour)
and Washington State (8.7 cents per kilowatt-hour), with the
former slightly more than double (EIA 2014). That spread
does not account for any differentials in peak and oft-peak
rates, it they exist, or any demand charges that might be ap-
plied. Also, it does not consider the varicty of types of PEVs,

AT Hmbida vasam o -t



¢-0S

g J e ey [l Y N ER T s

R . ac e 1L 4

TABLE 6-1 Definitions, Advantages, and Disadvantages of Various Types of Electric Rates

Type of Rate Relevant Definition Advantapes Disadvantages
Flat rute An average rute charged volumetrically in cents per kWhy it would apply = Simple and understandable. = Unlikely to reflect cost causation fully (the impuct ofu
to all usage (e.g., 30.18/kWh). customer’s consumption on the totul cost of the system),
= Does not encourage behavioral changes in energy usage
(e.g.. switching from on-peuak to off-peuk).
Fixed charge und Fixed churges are monthly chirsgtes {e.g., $5/month) upplicable to ull customers « Simple and understandable. = Likely to increase bills for low-use custotners compared

volumetric charge  regurdiess of usage; they are intended to reflect costs thut do not chunge with
usage and dre pecessury to ensure constunt availability of service.
Volumetric charges are per kWh charges based on electricity usage during the
billing cycle {e.g.. 30.15/kWh); they are intended to reflect costs thut change
with usage (e.g., variable genertion charges} und typically inelude greneration,
distribution, transmission, and public purpose progriam costs.
Tiered rates A rate thist changes as & funetion of cumulative customer <lectricity usage ina
monthiy bill cycle. The tiers gencrally ure defined from a buseline quantity or
monthly minimum. Prices in an “inveried tier™ or “inclining block™ rte increuse
s cumulative electricity usuge increases. For example, Tier 1, eleetricity usiuge
up to the biaseline amount: Tier 2, electricity usuge from 191 to 130 percent of
baseline; Tier 3, electricity usuge from 131 to 200 percent of baseline; Tier 4,
electricity usage greater thun 200 percent of baseline.

Demand charges Calculated on a per-kW basis for u customer’s monthly muximum power usuge
{e.gg.. $5/kW). Demaund charges are generally caleulated to refleet the cost of
transimission and distribution ficilities built to mmeet customens” maximuin power
demands. Demand charges are in addition to volumetric energy churges {per
kWh), but the volumetric energy charges are lower thun those on nste schedules
without demand charges.

Time-of-Use

A rate that prices electricity according to the season or time of day that it is used,
{TOU} rute

A TOU rate design more closely reflects the actual cost of providing electricity:
it is charucterized by
= Lower rates during a utility’s ofF-peuk and purtisl-peuk demund pericds.
® Higher rates during seasonal and duily peak demand periods.
* Becuuse TOU rutes ure higher during the peuk period, when incremental
costs are highest, they send more accurute price signuls o customers.

Critical Peak
Pricing (CPP)

A dynamic rate that allows a short-term price increuse to u predetermined

tevel (or levels) to reflect reul-time system conditions. In a fixed-period CPP,
the time and duration of the price inereuse are predetermined, but the days are
net predetermined. CPP programs provide participating ¢ustomers un incentive
to shift usuge awuy from peuak hours on a CPP event duy. CPP event duys are
generally called 24 hours {n advance,

Dynumic rate A dynamic rute utlows prices to be adjusted at short notice {typically un hour or
4 day sheud) 43 a function of system conditions. Either the price or the timing or
both are unknown until real-time system conditions warment a price adjustment,
Exumpies include resl-time pricing (RTP) and critical peak pricing (CPP).

RTP allows prices to be adjusted frequently, typically on an hourly basis, to
reflect real-time system conditions.

= May better reflect cost-cuusation.
s Reflects the per customer fixed costs required
to serve each customer on per month basis,

= Buseline promotes affordubility for basic
needs.

= Higher tier rxtes are perceived 1o encourage
conservation,

= Two tiens are relatively simple to understand
compired with 4 more complex rate structure,

= Might better reflect cost cuusation,

= Accomplishes several gouls: reflects economic
value {marginal cost) of enerpry. encouriyes
conservation and reduces peuk use, and leads
to economically effictent decision making,

= Depending on their consumption pattern.
customers could see lower or higher bills.

= Encourages off-peak charging of PEVs and
greater use of residential or commercisl solar
photovoltaics.

= Provides direet peak reduction for the utility.
= Enrolled customers who respond to event
notifications will see lower bills,

* Accomplishes severul goals: reflects econoimic
value (murgina! cost) of enerigy, encourages
conservation and reduces peak use, und leads
to economically efficient decision muking.

with flat rate or tiered structure.

= Fixed charges might not fully reflect cost-causation for
classes of customers {e.g.. multifamily v single-family
residences).

= Might decrease incentives to conserve,

» Does not reflect different conswnption needs of single vs
muttifamily residences.

= Multiple tiers are more difficult for customers to understand,

= Increased monthly usage might not actually ruise utility's
cost per kWh,

® Price signuls are appurent only after bill s received.

= Poorly differentiuted tiers might cuuse significant cross
subsidies between customer groups,

» Might not be simple and undenstunduble for residential
customers (typically used for larger, more sophisticated
commercial und industrial customers),

= Likely to increwse bills for low-use custormers cormpured
with tiered structure.

= Could discourage energy «fficiency. conservition measures,
custotner demand response, and customer generation,

= Could cause some custorners” bills to increase, avpecially
those with ubove-average peak=period usags,

* Might increase carbon emissions if cout is the muarginal
generating fuel during low-priced, off-peak hours of
charging.

* Eprolied customers that do not respond to event
notifications are likely to sec bill increuses,

= Customer response o RTP is enhunced by and generully
requires technology controls for monitoring and response.

= Might increase carbon emissions if coal is the murginal
genersting fuel during low-priced, off-peuk hours of
churging.

SOURCE: Based on data from CPUC (2012b).
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which include BEVs that run only on electricity and PHEVs
that can run on a gasoline or electricity, and whose mix of
those fuels will vary by battery capacity and driving needs.
Assembling a broad message for consumers on costs and
benefits is practically impossible given that fuel costs vary,
on average, by a tactor of at least two and can vary by a
factor of 4 or iore.** The difficulty in generalizing fueling
costs is discussed further in Chapter 3.

Residential electric rate structures for vehicle charg-
itg can also be an impediment to PEV adoption. Flat rates
provide no inceative for the owner to charge the vehicle at
the optimal time for the wtility. Given that flat rates represent
averages over a broad customer base, if the PEV is used for
comimuting and thus is charged at night, for example, the flat
rate is likely to be high relative to the distribution company’s
actual marginal cost of supplying clectricity at that tune and
at that location within the distribution system. The incentives
provided by time-of-use (TOU) rates are substantially better
aligned with the true costs of serving clectric customers but
add to the distribution company’s cost if digital, multiregister
meters are not already installed at the home, Although time-
differentiated rates generally benefit PEV owuers, they can be
a disincentive if owners need to charge during high-priced,

* The estimates conservatively assume that TOU or RTP rates
have only twice the variability seen in average rates.

* Asswning that an [CE vehicle gers 30 mpg on $3.50 per gallon
gasoline and travels an average of 11,500 miles per year, the net
savings per year for a PEV owner are $1.169 if electric costs are
$0.05/4Wh, £997 if electric costs are $0.10/kWh, and only $824 it
electric costs are $0.15/kWh at 300 Wh per mile.

generally midday, time periods. Figure 6-4 shows an example
of the impact of TOU rates on charging behavior as reported
in the EV Project (ECOtality 2013). The time during which
a vehicle was connected to a residential charger and the time
during which the vehicle was actually drawing power were
examined in the service territories of the Nashville Electric
Service {(NES) and Pacific Gas and Electric (PG&E), NES
does not offer TOU rates, but PG&E does. Figure 6-4 shows
that while the vehicles were connected to residential chargers
for simifar times in the two service areas, demand tor charging
cnergy was very different in the service area with TOU pric-
ing, PG&E. That finding indicates that user behavior in plug-
ging in the vehicle is the same for both regions but that TOU
pricing motivates customers to use the timers integrated with
the vehicle or charger to control their charging time and mini-
mize their cost. Given that PEV charging at residential sites
most often is discretionary, in that it can occur any time after
the vehicle returns home and before it is needed the next day,
PEV owners can take advantage of time-ditferentiated rates to
charge their vehicles during the least costly period, benefiting
both the owner and the utility.

TOU pricing has been in place at Tokyo Electric Power
Company (TEPCO) for over 20 years (TEPCO, personal
comimunication, December 10, 2013). TEPCO says that the
company has not needed to add any new generating capacity
in over 20 years in large part because its rate structures send
the appropriate price signals to customers, who in turn have
responded by conserving clectricity during peak periods,

Distribution rates for commercial and industrial cus-
tomers typically contain demand charges. The economic ef-
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FIGURE 6-4 Residential charging behavior in NES and PG&E service territories, as measured in the EV Project. Panels (a) and (b)
show average percent of vehicles plugged into restdential chargers by time of day in the NES and PG&E service territories, and panels
(c) and (d) show average charging energy demand by time of day in those territories. NOTE: NES, Nashville Electric Service; PG&E,
Pacific Gas and Electric; TOU, time of use. SOURCH: ECOtality (2013).
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fect on commercial or industrial customers that are provid-
ing charging could be substantial and strongly negative if a
single hour with unusually high charging demand were to
cause an increase in the demand charge. Although it might
be argued that one or more charging stations would represent
only marginal increases in energy consummption for relatively
large commercial entities, to the extent that a charging sta-
tion is being used during the peak power consumption time
of day, it will have an impact on the maximum demand of
the commercial or industrial entity. Exceeding the demand
threshold by any amount will increase the total cost of en-
ergy to the facility and, in some cases, will hold the demand-
rate charges at the higher level for many months to more
than a year. A study dooe by the EV Project demonstrates the
importance of this issue; it found that demand charges could
account for over 90 percent of the utility bill in some areas
(ECOtality 2012). Thus, it is critical fo note that although the
peak occurs only once and only for a brief period, the effect
on the customer’s bill could be felt for far longer, and more
unportant, the increased cost could outweigh any potential
benefits gained by providing PEV charging infrastructure.
There exists one additional impediment to PEVs that is
directly related to the rate structure but difficult to quantify.
PEVs individually and in combination with other technolo-
gies likely to be impleimented in the distribution system (such
as dishibuted storage, distributed generation, and advanced
controls) might be able to provide a benefit to the utility in
terms of ancillary services, such as regulation or reserves. The
supply of those necessary services to the utility has a positive
value in tenms of cost savings—costs that the utility would
have had to expend but for the fact that the PEV or other dis-
tributed device exists and is able to operate so as to benefit the
utility. The ancillary service benefits are real, even if difficult
to separate frowm the benefits of other technologies in the dis-
tribution system, The fact that PEVs and other technologies
in the systemn can and do provide those services provides a
positive benefit to the operations of the utility and could rep-
resent a financial benefit.® Although there is some difficulty in
preciscly quantifying the potential benefit, using the regula-
tory framework that exists in California would provide about
$100 per kW per year of capability and could be an important
incentive for PEVs if passed on to PEV customers (E3 2014).7
Regulatory structures implemented by PUCs and 1SOs could

& It has been suggested that benefits should be (and within most of
the I1SOs are) paid for based on the “avoided cost” of the utility, The
difficulty is in calculating the avoided cost and therefore the size of
any benefits, Avoided costs represent a calculation of what it would
have cost the utility to acquire the service provided by the distributed
technology if the utility had to provide it. A futther difficulty in esti-
mating this benefit is that the service is likely to be provided by mul-
tiple technologies within the distribution system, requiring sharing of
any avoided-cost benefits, and that far more of the service could be
detivered than the utility requires at any point in time.

"This estimate is the net present value over 10 years for a resource
that would be available for the 100 peak howrs of a year, assuming
that the cost o' a new entry has a weighted average cost of capital of
an independent power producer.

allow these potential revenues to be claimed by PEVs. The ex-
isting operating and accounting logics implemented by PUCs
and 18O0s that allow customers to provide these services will
need to be modified to accommodate PEVs, which are mobile
loads that will be connecting at multiple and diverse locations
as opposed to most (if not all) other distributed technologies
that operate at a fixed {ocation. Among those actions, the two
most important are deciding which entity in the PEV ecosys-
tem should be compensated for the service provided and how
to measure compliance with any dispatch instruction given by
the electric utility or ISO.

Finding: The confusion caused by the substantial differenc-
es in electric rates offered to customers by different utilitics
or states can be an impediment to PEV adoption.

Finding: TOU rate charging could provide a win-win situa-
tion as the PEV owner pays for charging at a lower rate and the
utility benefits from moving the load from peak to off-peak.

Recommendation: To ensure that adopters of PEVSs have in-
centives to charge vehicles at times when the cost of supply-
ing encrgy is low, the federal government should propose that
state regulatory comnissions offer PEV owners the option of
purchasing electricity under TOU or real-time pricing,

ELECTRICITY SECTOR REGULATORY ISSUES
FOR OPERATING A PUBLIC CHARGING STATION

As noted in Chapter 5, utilities might have a viable busi-
ness case for deploying charging intrastructure. Provision of
PEV charging services can benefit electric utilities as it can
increase utilization of fixed assets of the distribution infra-
structuze, potentialty lowering rates, increasing revenues, or
both. As noted, the provision of public charging might atso
encourage the adoption of PEVs, which could provide broad
customer or societal benefits from reduced greenhouse gas
emissions or improved local air quality, However, one caveat
that needs to be recognized is that not all utilities are allowed
to provide charging services. Some states have granted partial
or full permission for electric wtilities to provide PEV charg-
ing services. That action has allowed Austin Energy (Texas),
Duke Energy (North Carolina), and Portland General Electric
{Oregon) to filf the need for PEV charging services. In Japan,
TEPCO is allowed to support the deployment of public charg-
ing infrastructure by providing necessary interconnection to
the grid and internalizing the costs to the shareholders or rate-
payers, and this approach has meaningfully reduced the cost
to install DC fast chargers in TEPCO’s service territory (An-
egawa 2010),

Thus, many in the PEV and utility industrics have called
for greater latitude to provide charging services, particularly
in underserved markets where demand for PEV charging ex-
ists (C2ES 2012). Independent public charging providers,
however, have concerns about policies that would allow elec-
tric utilitics to provide charging services and believe that the
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FIGURE 6-3 States that have regulations regarding who can own or operate a PEV charging station. NOTE: PEV, plug-in electric
vehicle. SOURCE: Based on data from C2ES (2015). Courtesy of the Center for Climate and Energy Solutions.

utilities would have an unfair competitive advantage. Such
policies eould put independent public charging providers at
a competitive disadvantage because utilitics have substantial
existing infrastructire and would be able to spread some of
the cost of providing charging services across their customer
base independent of whether any individuat customer owned
a PEV or used the public charging infrastructure.

Another regulatory issue is the extent to which PEV-
charging providers arc considered to be offering electricity for
resale and thus would be regulated as a utility. As discussed
above, in most states, the retail sale of electricity is a com-
mercial activity heavily regulated as a monopoly business.
Considering an independent public charging company to be
a public utility and subject to public utility regulation would
dramatically alter the company’s cost structure and its po-
tential competitive position. In addition, it would affect the
company’s ability to raise capital, Many states have not et
made a distinction between the retail sale of power and the
provision of PEV charging services (Council of State Govern-
ments 2013}, However, a few state PUCs have taken up the
issuc of whether PEV charging services should be a reguiated

activity,® and in a few states, the issuc has been addressed by
the legislature rather than by regulatory interpretation (see
Figure 6-5).

Finding: Electric utilities that provide PEV charging services
bave multiple reasons for doing so that can positively affect
utility ratepayers and the utilities themsetves.

Recommendation: As a means of encouraging consistency
between jurisdictions, the federal govermment should proposc
that state regulatory commissions decide that public charg-
ing stations are not utilities and therefore not subject to utility
regulatory oversight, specifically in setting rates tor charging,

% For example, see California PUC Rulemaking 09-08-009, Code
Section 740.2.14, July 2011; Arizona Corporation Comunission
Docket No. E-01345A-10-0123, Decision No. 72582, September
15, 201}; and PUC of Oregon Guidelines Adopted; Utilities Or-
dered To Make Revised Tarift Filings, January 19, 2012,

? For example, see Washington Substitute House Bill 1571, 62nd
Legislature, 2011 Regular Session, July 22, 2011; California As-
sembly Bill 631; Colorado General Assembly House Bill 12-1258;
and New York Bilt 85110-2013.
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Recommendation: Given that clectric utilities and their rate-
payers could benefit from increased PEV adoption, electric
utility regulators should encourage their electric utilities to
provide PEV charging setvices to their customers when con-
ditions indicate that all custoiners benefit,

THE UTILITY OF THE FUTURE

The interactions of the electricity sector and PEV charg-
ing are not static or unidirectional, Internationally and now
increasingly in the United States, the most significant changes
in delivery of electricity are taking place on the customer’s
pretnises or inside the meter, where the customer has more
contro! than the utility.'® Such changes include programmable
thermostats and smart appliances. There are also many chaug-
es occurring within the distribution system, including the in-
troduction of micro-grids; the increased depleyment of dis-
tributed clectricity generation in the forin of small-scale solar
photovoltaics (PV) and wind; the development of distributed
storage, including second-life PEV batteries; and advanced in-
formation technology and control,!!

Consideration of PEVs in the future distribution system
is an integral part of the ongoing planning that is focused on
the utility of the future. PEV demand for charging energy will
affect the total demand for energy at the distribution level.
The increase in demand might well be offset by an increase
it supply from distributed generation. Combining residential
PV with the multiple possible Runctions of a PEV as a distrib-
uted storage device and means of transportation is also seen
as a means of localized load balancing for the utility and cost
savings for the customer.'? In the future, increased informa-
tion and communication technology combined with real-time
economic price signals are anticipated to allow PEV battery
systems to become distributed storage systems capable of pro-
viding energy and ancillary services to the distribution utility.
Termed, variously, smart charging, vehicle-to-home, and ve-
hicle-to-grid, this capability will give the distribution-system
operator added Hexibility and control to manage the overall
load on the system.

Finding: PEVs might be a large part of the utility of the fu-
ture and could help perform functions that the electric sector
deems valuable, However, issues associated with customer ac-
cess to their vehicles and effects on battery life will need to be
resolved before vehicles can be fully integrated into the utility
of the future.

0 The customer’s electric meter is where the “fence™ is typically
drawn, with the distribution company unable to see what happens
on the customer premise beyond its meter.

U The MIT Energy Initintive study The Utility of the Future rep-
resents one research effort under way to understand the impact of
disruptive technologies on the utility distribution system.

12 1t should be noted that PEV batterics beyond their useful life for
transportation might be useable as stationary storage devices within
the distribution system (see Chapter 4},
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Incentives for the Deployment of Plug-in Electric Vehicles

One of the most important issues concerning the deploy-
ment of plug-in electric vehicles (PEVs) is determining what,
it any, incentives are needed to promote this deployment.
Determining appropriate incentives is difficult because little
is yet known about the effectiveness of PEV incentive pro-
grams. Therefore, the committee first considered the price or
cost competiveness of PEVs and the possibilities for reduc-
ing production costs. It next considered manutacturer and
consumer incentives for purchasing or owning PEVs and
then past incentive programs for other alternative-vehicle
and fuel technologies, The chapter concludes with recom-
mendations on what the committee sees as the most compel-
ling approaches to promoting PEV deployment.

VEHICLE PRICE AND COST OF OWNERSHIP

A major consideration when purchasing or leasing a
vehicle is the financial consequence. Thus, the two factors
to consider are the vchicle price and the cost of ownership.
Most people compare prices or monthly leasing payments
and take into account any financial incentive that would re-
duce the vehicle price. Because vehicle manufacturers and
dealers are profit-oriented businesses, vehicle prices are
generally related to production costs. However, the relation-
ship between a manufacturer’s suggested retail price and its
production cost typically reflects a number of considerations
and might differ across vehicles and over time. For example,
on newly developed vehicles, such as PEVs, vehicle manu-
facturers might be motivated to incur losses or relatively low
profit margins in the short run to promote sales and strength-
en their business positions and profit margins over the long
run, That type of marketing strategy contributed to the even-
tual success of the Toyota Prius (Tellis 2013). Regardless of
how the vehicle price is set, price is an important consider-
ation for most consumers when shopping for a new vehicle.

Some prospective buyers also consider more broadly
the costs of owning a vehicle—in particular, the costs of fu-
cling, maintaining, and insuring the vehicle and its resale or
trade-in value. The total cost of ownership (or overall cost to
the consumer) of any specific vehicle can be viewed as the

109

effective purchase price (price adjusted for any financial in-
centives) plus the costs of fucling, maintaining, and insuring
the vehicle, minus the resale or trade-in value.! Although the
distinction between price and total cost of ownership is im-
portant, most consuners find it difficult to estimate the latter
with tnuch confidence, partly because they are not certain at
the time of purchase how long they will keep their vehicles
or how many miles they will drive in them and partly be-
cause fuel costs, maintenance costs, and resale values are
uncertain, particularly for newer technology vehicles like
PEVs. That said, tools to help prospective buyers cstimate
and compare the total ownership costs of different vehicles
are now available at Edmunds.com and elsewhere.

The U.S. Department of Energy (DOE) has created a
website calculator where prospective buyers provide various
driver-specific inputs {such as net vehicle price, normal daily
driving distance, annual mileage, and breakdown of mileage
between city and highway) and can calculate the cumulative
cost of ownership over different time horizons under repre-
sentative assumptions about other such factors as mainte-
nance and insurance costs (DOE 2014a).? Cumulative cost
of ownership is distinet from total cost of ownership in that
it is a calculation for a given time horizon and typically does
not include the trade-in or resale value. Thus, by focusing on
the cumulative costs of ownership over ditferent time hori-
zons, the DOE calculations avoid assumptions about resale
values, which are highly uncertain for PEVs,

Affordability—as reflected in price and total cost of
ownership—is not the only consideration that influences the
types ot vehicles that consumers choose. As emphasized in
Chapter 3, PEV adoption also depends importantly on con-
sumer awareness, the variety of models available, uncertain-
ties about new technologies and resale values, and various
vehicle attributes that determine its utility to the customer.
Because there is still mucl: uncertainty about PEV technolo-

! More sophisticated definitions of the total cost of ownership are
based on the present discounted values of the various components
of cost {that is, they discount future costs relative to current costs).

? The website calculator provides zip-code-specific assumptions
about fuel prices that the user can override.
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gies and the battery lifetimes, and because there are not as
yet well-developed markets for used PEVs or their batteries,
consumers are likely to perceive more uncertainty about the
total costs of owning PEVs than about the total costs of own-
ing conventional vehicles. Those uncertaintics make risk-
averse conswmers less likely to purchase a PEV, other things
being equal. They also strengthen the incentive to lease a
PEV rather than purchase one.

Thaus, leasing is a more frequent choice for PEVs than
tor conventional vehicles (sce Table 3-3) because it can make
monthly payments for the vehicle appear more affordable and
reduce the risk of owning one. Iit a typical lcasing amange-
ment, ownership of the vehicle is transferred at a negotiated
sales price from the dealer to a bank or some other finance
company (often the financial atm of the vehicle manufactur-
er). In gencral, the sales price is influenced importantly by the
amount that the vehicle manufacturer charges the dealer for
the car and by any incentive payments or guarantees that the
manufacturer offers the finance company.® The finance com-
pany collects the monthly leasing payments and generally also
receives (1} incentives or other subsidies provided by federal
or state govermnments or {2) bencfits from lower negotiated
sales prices resulting from government incentives provided to
manutacturers or dealers. As such, potential PEV drivers who
do not have enough income to qualify for the federal income
tax credit could stilt benefit from any credit available with ve-
hicle leasing.

PRICE AND COST COMPETITIVENESS
OF PLUG-IN ELECTRIC VEHICLES

The committee used three approaches to assess the ex-
tent to which prices or costs of ownership might have af-
fected PEV deployment to date. First, the committee com-
pared the manufacturers’ suggested retail prices (MSRPs,
which are essentially the target prices) of various PEV mod-
els with those of comparative vehicles. Second, it evaluated
sales data, and, third, it considered consumer surveys. No
approach provided conclusive results.

Table 7-1 lists MSRPs for three relatively best-selling
PEV models, for several hybrid electric vehicles (HEVs), and
for internal-combustion engine (ICE) vehicles. It excludes the
Tesla Model S, which tends to be bought by relatively wealthy
individuals whose purchase decisions might not be highly sen-
sitive to price. The table altows one to compare the prices of
the Chevrolet Volt and two Chevrolet Cruze models and to
compare the prices of the Ford Fusion Energi and the Ford
Fusion Automatic and Hybrid models; the comparisons are
informative because the PEVs and comparative ICE and HEV
models are built on the same platforms and therefore have
similar production costs for companents ather than those asso-

3 An important influence on the negotiated sales price is the fi-
nance cotpany’s estimate of the value of the car at the end of the
lease, taking into account any guarantees by the vehicle manutac-
turer.
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ciated with their sources of energy and drive trains,? The table
also iirctudes the prices of the Toyota Prius, the Volkswagen
Passat, and the Nissan Leaf, along with the average transac-
tion prices for small and midsize vehicle segments, including
the prices for the specialty segment, The committee empha-
sizes that the MSRPs shown in the table simply represent price
points that manutacturers tacget, as distinet from the prices at
which vehicles are actually sold, which are typically fess than
the MSRPs. Nevertheless, the MSRP comparisons provide
some useful perspectives. The average transaction price data
reflect the actual prices paid by the consumer,

In addition to providing information on vehicle prices,
Table 7-1 includes ranges tor annual fuel costs and 5-year cu-
mulative costs of ownership. As reflected in the table notes,
the estimates are based on a combination of the asswmmnp-
tions included in the DOE calculator and the committee’s
specific assumptions about annual vehicle miles traveled,
electricity costs, and gasoline prices ranging from $2.50 to
$4.00 per gallon. The estimates of 5-year cumulative costs of
ownership asswine that purchasers pay MSRPs and receive
maximum tax credits, and the estimated costs in years two
through five have not been discounted.”

As indicated in Table 7-1, the MSRPs before consider-
ation of the federal tax credits for the PEVs arc alt substan-
tially higher than the MSRPs for the HEVs and ICE vehicles
bisted in the table. After consideration of the $7,500 federal
tax credit, the adjusted MSRP for the Chevrolet Volt still sub-
stantially exceeds the MSRPs for the Chevrolet Cruze LS
Automatic, the Toyota Prius, and the Volkswagen Passat and
the average transaction price tor the specialty small vehicle
segment. [t somewhat exceeds the MSRP of the Chevrolet
Cruze Diesel Automatic, The MSRP for the Ford Fusion En-
ergi, after adjusting for the $4,007 federal tax credit, exceeds
MSRPs of the two other Fusion models, the Toyota Prius, and
the Volkswagen Passat but is similar to the average transac-
tion price of the specialty midsize vehicle segment. The S-year
cumulative cost of owning a Chevrolet Volt—as estimated by
the DOE calculator using representative assumptions—-is, re-
spectively, about $2,300 and $3,400 higher than the compa-
rable 5-year costs for the Toyota Prius and the Volkswagen
Passat at a gasoline price of $2.50 per gallon and higher by

4 It is common practice for a vehicle manufacturer to build mul-
tiple vehicle models on the same platform but that are in different
market segments. Although the Chevrolet Crirze and Volit are in the
same size segment, they are not in the same market segment {stan-
dard compact vs premiuni compact).

3 In theory, car payments that are spread over 5 years or less have
present discounted values that equal, or closely approximate, the
vehicle MSRP when the payments are discounted at the rate of in-
terest charged i financing the car payments. And while discount
rates between 0 and 6 percent would imply that the present dis-
counted vatlue of the 5-year stream of other costs (for fuel, tires,
maintenance, insurance, inspection, and registmtion) was up to
several thousand dotlars less than five times the anmmual average of
those costs—with relatively smaller differences tor vehicles that
have relatively lower annuoal fuel costs (such as PEVs)—the quali-
tative comparisons and the finding would not be affected.
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TABLE 7-1 MSRPs and 5-Year Cumulative Cost of Ownership for Selected Plug-in Electric Vehicles and Comparative Vehicles (dollars)

Range for 3-Year Cumulative

Model" Vehicle Type MSRP" MSRP Less Federal Tax Credit®  Range of Annual Fuel Cost” Cost of Ownership*™
Chevrolet Vol PHEV 34,185 26,685 540-656 40,564-41,038
Chevrolet Cruze LS Automatic (6S) ICE vehicle 19530 19,530 915-1,464 35.280-38,025
Chevrolet Cruze Digsel Automatic (68) ICE vehicle 25810 25.810 990.1.485 4193544410
Ford Fusion Energi PHEV 34700 30,693 657-897 45,153-46,353
Ford Fusion Automatic ICE vehicle 22400 22,5300 1,002-1.605 38,589-41.598
Ford Fusion Hybrid (FWD) HEV 27.28¢ 27280 680-1,088 41.855-43,895
Nissan Leaf BEV 29,010 21510 435 34,860

Toyota Prius Hybrid HEV 24200 24200 581-932 38,284-40.033
Volkswagen Passat (65) ICE vehicle 20,995 20,995 1.005-1.608 37.195-40.210
Alternative Comparators Average Transactions Price/

Small vehicles (average) 20,374

Small vehicles (specialty) 23,129

Midsize vehicles {average) 25677

Midsize vehicles {specialty) 29,759

“All HEV and ICE vehicle models are ones with four-cylinder engines,

* Based on MSRP data for 2014 models from manufacturers” websites as of July 31, 2014, except for Volkswagen Passat, which is as of August 31, 2014,

“ The federal tax credit is $2,500 for PEVs that have battery capacities below 5 kWh. For PEVs that have larger battery capacities, the credit is set at $2.500 plus $417 times the
amount that the battery capacity exceeds 3 kWh, up to a maximum of $7,300. The subsidy extends to the first 200,000 PEVs sold by cach manufacturer, Those purchasers who
would not otherwise pay at least $7,500 in federal income taxes cannot take advantage of the full $7,500 credit. See Internal Revenue Code Section 30D (IRS 2009},

? Based on 11,500 vehicle miles traveled, $2.50-84.00 per gallon for pasoline, $3.00-54.50 per gatlon for diesel fuel, $0.125 per kWh for electricity, and DOE assumptions about
normal daily use.

“ Includes DOE estimate of $2,235 annual ¢osts for tires, maintenance, insurance, licensing, and registration when vehicle is driven 11,500 miles. Excludes any cost of financing
and any costs associated with home-charger installation and permitting requirements. Assumes purchaser pays MSRP and receives maximum tax credit.

! Data provided by Baum & Associates (A. Baum, personal communication, April 22, 2014).

NOTE: BEV, battery electric vehicle: FWD, front-wheel drive, HEV, hybrid electric vehicle; 1CE, internal-combustion engine: MSRP, manufacturers’ suggested retail price;
PHEV, plug-in hybrid electric vehicle: 8, speed.
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about $1,000 and $800 at a gasoline price of $4.00 per gallon.
The S-year cumulative cost of owning a Ford Fusion Encrgi
is higher than those of ail the HEV and ICE vehicles listed in
Table 7-1, even at a gasoline price of $4.00 per gallon.

It contrast, the MSRP of the Nissan Leat, after consider-
ing the $7,500 federal tax credit, is less than the MSRP of
the Toyota Prius and is comparable to the average transac-
tion price of the smali vehicle segment. The 5-year cumula-
tive ownership cost of the Nissan Leaf, as estimated using the
DOE calculater, is, respectively, about $3,400 and $2,300 less
than the analogous costs of the Toyota Prius and the Volkswa-
gen Passat at a gasoline price of $2.50 per gallon and about
$5,200 and 55,400 less at a gasoline price of $4.00 per galion.

A second approach to assessing the price-competitive-
ness of PEVs is to evaluate data on sales volumes, The idea
is that low sales volume could indicate that the vehicles are
not price- or cost-competitive, although the analysis above
indicates that the Nissan Leaf is highly competitive given
the federal tax credit, As noted in Chapter 1, about 290,000
highway-capable PEVs were sold in the United States by
the close of 2014. Although there is no generally accepted
wisdom on how rapidty sales of a new product line should
expand during the early introductory stage, the mumber of
PEVs sold in the United States to date has tallen short of
aspirational goals,’ despite substantial incentives.

Consuiner survey data provide yet another approach
for evaluating whether price is currently an obstacle to PEV
deployment. The annual New Vehicle Experience Studies
conducted by Strategic Vision have surveyed large samples
of new-vehicle buyers and distingnished between those who
actively looked at PEVs but chose not to purchase one, and
those who did not even consider purchasing a PEV. In the
former group, 41 percent indicated that current prices or re-
bates were appealing and 27 percent said that current interest
or lease rates were appealing; in the latter group, 25 percent
considered them appealing and 17 percent said that current
interest or {casc rates were appealing (Edwards 2013). The
survey data also showed that 43 percent and 45 percent of
BEV and PHEV buyers, respectively, considered their pur-
chases “value for the money.” The data suggest that current
pricing might not be a primary barrier to greater PEV sales
among early adopters, who tend to be less price sensitive
than the mainstream market, and that buyers are rejecting the
vehicles for other reasons, Strategic Vision also found that
10 percent of new-vehicle buyers are actively shopping or
plan to shop for a PEV and that about 33 percent are open fo
hearing more about what PEVs can do for them. Given that
15 million new vehicles are sold each year, the data suggests
an active potential market of about [.5 million PEVs with
about two-thirds finding the pricing or lease rates appealing.
Despite these results, Strategic Vision stated that # still be-
lieves that “price is a critical barrier—even for more aftluent
customers’™ (Edwards 2013, p. 45}.

% For example, in early 2011 DOE projected cumulative U8, sales
of 1.22 miltion PEVs by 2015 (DOE 2011},

Finding; Under the current program of federal tax credits,
the comparisons of MSRPs and cumulative ownership costs
provide mixed evidence on whether price is currently an ob-
stacle to the deployment of PEVs, However, in the absence
of the tax credits or other subsidies, analogous comparisons
at prevailing MSRPs would be unfavorable to the PEVs,

Finding: Sales data and consumer survey data are difficult
to interpret. They are consistent, however, with the view that
price is a barrier to some buyers, but that others might be
rejecting PEVs for other reasons,

POSSIBILITIES FOR DECLINES IN PRODUCTION
COSTS FOR PLUG-IN ELECTRIC VEHICLES

The extent to which PEVs are adopted over time will de-
pend on reductions in their production costs, on the policies
that governments implement to promote PEV deployment,
and on the extent to which vehicle manufacturers decide to
price PEVs more attractively by relying on relatively low
markups in pricing and perhaps compensating for the loss
of revenue by raising mark-ups on their portfolios of other
vehicles.” The three factors are not completely independent.
Government policies toward rescarch and development can
affect battery costs, and policies, such as zero-emission re-
quircments, can induce vehicle manufacturers to change
their pricing strategies. This section focuses on likely reduc-
tions over time in the production costs of PEVSs,

In general, the costs of producing PEVs will be driven
down over time by a number of factors. The technologies be-
ing used for PEVs are relatively new compared with technolo-
gies used to produce ICE vehicles, which have been evolving
and improving for more than a century. Thus, as discussed in
Chapter 2, it is expected that research and development will
lead to reductions in the costs of PEV batteries over time
through technological improvements, such as higher energy
densities, improved designs, and longer battery Hves.®

? Manufacturers typically estimate their direct labor and material
costs of production and markup prices above direct production costs
by amounts sufficient to cover the fixed costs of plant and equip-
ment, various indirect costs {including the costs of research and
development. corporate operations, dealer support. and marketing),
and an allowance for profits. A study based on data from the 2007
annual reports of eight major vehicle manutacturers found that the
average markup factor for the automobile industry was about 1.5
{(RTVUMTRI 2009). However, manufacturers will sell vehicles at
prices that the market will bear; thus, the markup on one vehicle
model can be much greater than that on another vehicle model.

% [nnovations in other elements of vehicle teclmology are likely to
lead to improved vehicle performance without necessarily gener-
ating substantial reductions in cost. Improving the aerodynamics,
reducing friction, reducing the rolling resistance of tires, and redug-
ing weight could lead to a vehicle design with, for example, better
performance or more driving range, depending on what trade-offs
were made in the overall vehicle design. That could lead to the need
for a smaller battery, and the reduced cost of the battery would have
to be weighed against the increased cost of the above-mentioned
improvements because such improvements generally come at
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Cost reduction might alse be realized as PEV production
volume increases and both the capital costs of investments in
production facilities and the indirect costs of research and de-
velopment, corporate operations, dealer support, and market-
ing are spread over more vehicles. Such scale economies will
also be realized in the supplier base with increases in the de-
mand for components, such as batteries, motors, and inverters,
enabling supplicrs to reduce the prices that vehicie manufac-
turers are charged for those components. In addition, increases
in the number of vehicles and the demand for components
will likely lead to greater competition among supplicrs, which
could intensify the downward pressure on component prices
as suppliers innovate and generate better designs. And once
a new vehicle technology becomes fairly firmiy established,
components tend to become more standardized, leading to ad-
ditional reductions in production costs.

As emphasized in Chapter 2, the difference between
the costs of producing PEVs and comparative conventional
vehicles can be largely attributed to the high cost of high-
energy batterics. Accordingly, the prospect for large-scale
depioyment of PEVs depends importantly on how much
battery costs decline over time, Other things equal, if bat-
tery pack costs declined by as much as 50 percent over the
next 5 to 10 vears, consistent with optimistic projections (see
discussion in Chapter 2}, the cost of producing a BEV with
24 kWh nominal battery capacity {analogous to the Nissan
Leaf} would dectine by roughly $6,000. Similarly, the costs
of producing PHEVs with 16.5 kWh and 7.6 kWh nominal
battery capacities (analogous to the Chevrolet Volt and Ford
Energi) would decline by about $4.100 and $1,900. And a
75 percent decline in battery pack costs (a highly optimistic
forecast)—to as low as $125 per kWh of nominal battery
capacity—would reduce the costs of producing the Nissan
Leaf, the Chevrolet Volt, and the Ford Energi by an addi-
tional $3,000, $2,050, and $950, respectively. Such optimis-
tic reductions in production costs would provide opportuni-
ties for the vehicle manufacturers to reduce the MSRPs for
PEVs by amounts that largely offsct, or more than oftset, the
effects of the pending expiration of the current program of
federal tax credits.

A detailed analysis of how the nonbattery costs of PEVs
are likely to evolve relative to those of comparative vehicles
is beyond the scope of this report. Recent NRC reports on
the costs of ditferent vehicle types, however, conclude that
the costs of producing PHEVs and BEVs will tikely remain
greater than the costs of producing ICE vehicles and HEVs
for at least the next two decades (NAS/NAE/NRC 2009,
NRC 2013b).

It should be noted that PEV adoption does not require
PEVs to be priced at or below the prices of conventional ve-
hicles. Some might buy PEVs because they are less expensive

sonte incremental cost (NRC 2011a, 2013a). These innovations in
technology will likely also be applied to conventional vehicles as
manufacturers strive to meet fuel-economy requirements, but also
at some incremental cost.
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to fuel and perhaps less expensive to maintain. Others might
vitlue certain of their attributes that are not present (or not
present to the same degree) on conventional vehicles, such as
the smooth and quiet ride, better acceleration, the convenicnce
of home fueling, fess maintenance (fewer or no oil changes),
and the potential for reducing vehicle emissions and petro-
leum usage.

Finding: Although battery costs could decline by 50 or pei-
haps even 75 percent over the next decade, it is not clear
whether such a decline would be sufficient—Dby itself-to en-
sure widespread adoption of PEVs once the current quotas for
tederal tax credits are exhausted.

Finding: The decline over time in PEV production costs is
likely to occur gradually, and existing quotas for federal tax
credits might be exhausted for manufacturers of relatively
popular PEVs betore costs can be substantially reduced.

INCENTIVES

The production and purchase of PEVs is a classic chick-
en-and-egg problem. Manufacturers do not want to produce
PLVs if no customers exist, and consumers cannot buy PEVs
if vehicles are not available that meet their expectations.
Theretore, regulatory requircments and incentives for manu-
facturers and consumers have been provided over the past tew
years by states and the federal government to encourage PEV
production and deployment. Most manufacturer incentives
and mandates are contained in federal or state regulatory pro-
grams discussed below. Most consumer incentive prograins
described below have involved purchase incentives, although
some have inclided ownership and use incentives. There have
also been incentives to install charging stations, the availabil-
ity of which might also influence people’s willingness to pur-
chase PEVs.

Manufacturer Incentives and Regulatory Reqguirements

Incentives for mamufacturers to produce PEVs are
contained in the federal Corporate Average Fuel Economy
{CAFE) Standards and the Greenhouse Gas (GHG) Emis-
sion Standards for light-duty vehicles. California and other
states have Zero-Emission-Vehicle (ZEV) programs that re-
quire the sale of PEVs in thosc states because PEVs are the
only qualifying technology that are currently mass produced.
These manutacturer incentives and regulatory requirements
can have the effect of reducing the vehicie price of PEVs
relative to other vehicles; they are reviewed in detail below.

Federal Regulatory Incentives for
Plug-in Electric Vehicles

Fuel economy and GHG emissions from light-duty ve-
hicles are regulated under the federal CAFE-GHG national
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program. Under the recently updated rule, vehicle manutac-
turers must comply with fuel economy and GHG standards
that are equivalent to about 54.5 mpg and 163 grams of
carbon dioxide (CO,) per mile for the fleet average of new
vehicles by model year (MY) 2025 (EPA/NHTSA 2012a).
Although GHG emissions from light-duty vehicles are regu-
lated by the U.S. Environmental Protection Agency (EPA)
under the Clean Air Act and fuel economy is regulated by
the National Highway Traffic and Safety Administration
(NHTSA) under the CAFE prograin, the federal agencies
have developed a single national program.® The standards
are fleet-based standards, meaning that a manufacturer can
build vehicles that are certified above and below the stan-
dards as long as the fleet-wide average meets the standards.
The standards also offer an array of regulatory flexibilities,
including the ability to bank or buy compliance credits and
incentives for various types of technologies. Although the
analyses done by EPA and NHTSA for their most recent reg-
ulation for 201 7-2025 developed a cost-effective comptliance
demonstration pathway that shows how the standards for ve-
hicles in 2025 can be achieved almost exclusively through
conventional gasoline-powered vehicles, the regulations de-
veloped by EPA and NHTSA have generous credits for PEVs
that make it attractive for vehicle manufacturers to produce
PEVs. However, the very nature of the separate legislative
authorities under which EPA and NHTSA operate to regulate
light-duty vehicles means that the manner of erediting manu-
facturers of alternative-fuel vehicles, such as PEVs, diverges
between the CAFE and GHG standards.

The CAFE standard focuses on reducing petroleum us-
age in the United States. Federa! law requires the CAFL pro-
gram to evaluate PEVs and all other alternative-fuel vehicles
by using a petroleum equivalency factor (PEF) to calculate
a fuel economy compliance number for such vehicles,!®
PEFs are used to convert the electric energy consumption
measured in the certification test cycle of alternative-fuel
vehicles, including BEVs and PHEVs, to an equivalent fuel
economy numbcer. Manufacturers use the mifes per gallon
equivalent (MPGe} to caleulate their fleet average mpg for
compliasice purposes. In compliance with the law, only 15
percent of the alternative fuel (such as electricity) that is con-
sumed during the test is counted toward the fuel economy
rating of an alternative-fuel vehicle. That treatment provides
a strong incentive for manufacturers to produce aiternative-
fuel vehicles to comply with CAFE program requircments.
For example, a BEV that is rated on the certification test
cycle at 230 Wh/mile (roughly equivalent to the certification
test cycle value for a Nissan Leal) is treated as equivalent to
a 357 impg gasoline-powered car (sce Box 7-1}.

9 The largest source of GHG emissions from light-duty vehictes
is CO, that results from the contbustion of gasoline or diesetl tuel,
and this implies that fuel economy and GHG eiissions are directly
correlated, necessitating the development of a common set of stan-
dards.

1049 U.S.C. 32904(a){2)(B) and 49 U.S.C. 32905¢a).

PHEVs are treated as dual-fuel vehicles that use both
clectricity and gasoline, Federal regulations stipulate how the
gasoline and electric encrgy consumption is measured in cet-
tification test cycles for PHEVs. The measured electric energy
consumption is converted, as in the BEV case, to an MPGe
by using the petroleum equivalency factor method. The elec-
ric MPGe and gasoline mpg must be weighted to obtain the
fuel economy value used in CAFE compliance. Uil 2019,
PHEVSs are assumed to use electric fuel 50 percent of the time
and gasoline 50 percent of the time (EPA/NHTSA 2012b). Be-
ginning in MY 2020, the weighting will be determined on the
basis of the SAE J1711 fucl economy test method that uses
a utility factor to estimate the fraction of driving on clectric-
ity and assumes that the vehicle owner charges once per day
and drives in much the same way as today’s typical light-duty
vehicle drivers. Given that method, a PHEV with 20-milc all-
electric range (PHEV20) would be treated as a 90 mpg gaso-
line-powered car, and a PHEV with 60-mile all-electric range
(PHEV60) would be treated as a 226 mpg gasoline-powered
car {Al-Alawi and Bradley 2014).

The EPA GHG standards provide two temporary incen-
tives to vehicle manufacturers to produce PEVs. The first in-
centive is temporary treatment of PEVs as zero emissions (that
is, upstream emissions of power plants are ignored) for the
periion of operation assumed to be powered by clectricity. For
BEVs and fuel-cell vehicles (FCVs), the MY 2017-2021 GHG
standards set a value of 0 g/mile for the tailpipe CO, emissions
compliance value {(EPA/NHTSA 2012b). PHEVs also receive
a value of € g/mile based on a formula to estimate the fraction
of electricity vsage. For MY 2022-2025, the program allows
the 0 g/mile treatment up to a cumulative sales cap for each
manufacturer.'! After that cap is reached, the compliance val-
ues for BEVs and the electric portion of PHEVS are based on
an estimate of the national average emissions associated with
producing the electricity nceded to charge PEVs. However,
the cumulative sales caps appear to be generous, so it is pos-
sible that most PEVs will be treated as ZEVs.

The second manufacturer incentive under the EPA GHG
standards is sales multipliers that effectively treat a single
PEV soid as more than one vehicle for compliance purposes,
The PEV sales multipliers start at 2.0 in MY 2017 for BEVs
and FCVs and 1.6 for PHEVSs and then gradually decline to
1.0 by MY 2022, when they are proposed to be completely
phased out. The larger muttiplier in the earlier years rewards
manufactorers that are carly market leaders. Alfowing each
PEV to count as morte than one vehicle lowers the average
GHG per mile for a manufacturer,

By increasing the MPGe and decreasing the grams CO,
per mile of PEVs, the federal incentives from the PEF, zero

B Manufacturers that sell 300,000 PHEVs, BEVs, and FCVs be-
tween 2019 and 2021 can use the 0 g/mile valee for a maxintum
of 600,000 vehictes starting in 2022. For all other manufacturers
(those who sell less than the 300,000), the 0 g/mile value can be
used only up to 200,000 vehicles. Atter the sales cap is reached,
emissions will be calculated using an upstream emission standard
calculated by EPA.
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BOX 7 1 Denvahon of Petro!eum Equwalent for a Batlery Electnc Vehic!e .

_ The PEF is denved by f rsl calcu!aung a furl fuel cycle, gasoime—equavalant energy oontent of e!ee!nuty and [hen demg |t by ao. 15 '
“fusl-content factor. The PEF was deve]oped to motivate the production of vehicles fueied with 85 percent ethanol (E85), and the 0.15
factor reﬂects the petroleum oonsumplmn of E85 vehldes The gasolme equwa!ent energy content of elec!nmy (E ) is ca]cufated as
follows . . . U S T

g E, %_Qa_éqlingéquivale_ht eheréy éonl_é_n_l_qf e!ep'm_c:ity_%_ (T, xT,xC)/T, e

"w‘nere i : - S
T U S average foss:! fuel etectnc:ty generahon efr mency 0. 328 e
.T US averaga elecmcuty transmlssmn and d;stnbulmn eff caency 0924 :_':" B

T, pelro!eum reﬁnmg and dlstnbu!:on eﬂ‘ cuency 0 830 '_ o _: _
_-_C = watt hours of energy per gailon of gasohna conversmn faclor = 33 705 Wh!ga[__- '

Therefore _ e Sl
' : E = (0 328 x o 924 x 33 705)/0 830 =12 30? Whlgal

:The lesan Leaf wh:ch feqwres 239 Whlmlla exhlbnls a range of 53 5 mltas on lhe e!ectncanergy equwalent of 1 gaHon of gasolme_.-..'
{12, 307/230 53.5). That i is the cemﬁcahon test—cycte result. To provide an incenlive for allernative-fuel vehlcles, only 15 percent -

: CAFE purposes

of the fuel consumed inthe lest cycle is oounled and lhe resulhng MF’Ge for lhe lesan Leaf is 12 307/(230 x 0 15) 357 mpg for N

emissions trcatment, and sales multipliers allow the manu-
facturers to produce higher emitting and less tuel-efficient
gasoline-vehicle fleets and still mect their fleet average stan-
dards. The incentives, therefore, create an internal cross sub-
sidy that allows a manufacturer to reduce the cost of com-
pliance for their gasotine-vehicle fleet by producing PEVs.
TFurthermore, because credits can be traded between manu-
facturers, such companies as Tesla that produce excess CAFE
and GHG credits can sell their credits to other manufacturers
(Energy Independence and Sccurity Act 2007). The value of
the PEV credits under EPA and NHTSA rcgulations is dif-
ficult to estimate but might be about a few thousand dollars
per vehicle based on the costs of regulatory compliance in
the absence of PEVs (EPA/NHTSA 2012b), The California
and state ZEV programs (sec below) also generate credits for
various attributes, and the value has been estimated at up to
$35,000 per vehicle for the Tesla Model 8, which gencrates
up to seven credits per vehicle sold (Ohnsman 2013).

State Zero-Emission-Vehicle Programs

The California ZEV program provides an important
manufacturer requirement for PEVs, The Clean Air Act
Amendments of 1969 authorized California to develop more
stringent failpipe standards than the rest of the country, and
the Catifornia Air Resources Board (CARB) used the author-
ity provided in Section 209b to adopt the original ZEV pro-
gram in 1990. The ZEV program is a part of the state’s com-
prehensive plan to mect tederal and state ambient air quality
standards. Later amendments to the Clean Air Act allowed
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other states to opt into the California standard. Nine states—
Connecticut, Maine, Maryland, Massachusctts, New Jersey,
New York, Rhode Island, Vermont, and Oregon—have adopt-
ed the California ZEV program as authorized under Section
177 of the Clean Air Act as part of their plans to mect federal
ambient air quality standards. The nine states and Califomia
account for 28 percent of tatal U.S. light-duty vehicle sales.
Recently, cight states that have the ZEV program sigued a
joint memorandum of agrecinent to cooperate on developing
policics to accelerate PEV deployment in their states (State
ZEV Programs 2013). The agreement inchudes the develop-
ment of a Multistate ZEV Action Plan that describes state ac-
tions to promote PEV deployment and recommends research
and stakcholder pattnerships to support long-term develop-
ment of the PEV market (ZEV Program Implementation Task
Force 2014). Additionally, many of the ZEV states participate
in the Northcast Electric Vehicle Network, which works to
promote PEV deployment,

For a manufacturer to reccive credit for vehicle sales
under the ZEV program, a vehicle must be categorized under
the program as cither a ZEV (a BEV or an FCV) as defined
by the progran or a PHEV with an all-ciectric range of great-
er than or equal to 10 miles (CARB 2013). CARB estimates
that the total number of ZEVs (BEVs and FCVs) and PHEVs
needed to comply for MYs 2018 through 2025 for Califor-
nia and the nine other states is about 228,000 in 2018 and
725,000 by 2025 (Keddic 2013). The ZEV Program Imple-
mentation Task Foree (2014) predicts that by 2025, a little
more than 15 percent of new vehicles sold in participating
states will be either ZEVs or PHEVs.
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Finding: By creating an internal cross subsidy, existing
federal and state regulatory programs for fuel economy and
emissions (CAFE, GHG, and ZEV) have been effective at
stimulating manufacturers to produce some PEVs. The sale
of credits from these programs between manufacturers has
also provided an important incentive for PEV manufacturers
to price PEVs more attractively.

Finding: Because the ZEV program mandates sales of a cer-
tain percentage of PEVs, its impact could be larger than the
incentives under the federal CAFE-GHG national program.

Consumer Incentives

The U.S. federal, state, and local governments have all
experimented with consumer incentives to encourage PEV de-
ployment. Many other countries have also used various policy
tools to encourage consumer adoption. Box 7-2 defines the
ditferent types of financial incentives that have been used, and
Table 7-2 summarizes the various financial and noofinancial
incentives and the entities that have used them. The incen-
tives that have been used to promote PEV deployment are
discussed below.

The committee defined four categories of financial in-
centives, Purchase incentives are one-time financial benefits
earned by purchase of a PEV and include tax credits, tax de-
ductions, tax exemptions, and rebates. Qwnership incentives
are recurring annual or periodic financial benefits that accrue
to PEV owners regardless of use and include exemptions
from (or reductions in) registration taxes or fecs, weight sur-
charges, environmental taxes, or vehicle inspections. Use in-
centives are ongoing financial benefits realized by driving a
PEV and include exemptions from motor fuel taxes, reduced
roadway taxes or tolis, and discounted or tree PEV charg-
ing or parking. PEV infrastructure incentives are one-time
financial benefits for deploying PEV charging stations and
include tax credifs, rebates, or other subsidies. A variety of
these incentives have been used throughout the United States
and in other countrics. Educating consumers on all the in-
centives is challenging, and some confusion resufts because
incentives vary by location and often come and go without
much warning.

The primary consumer incentive offered by the U.S.
tederal government is a purchase incentive in the form of
a tax credit, The tax credit amount varies depending on the
capacity of the battery in the vehicles and will be phased
out at the beginning of the sccond calendar quarter after the
manmufacturer produces 200,000 cligible PEVs as counted
fromn January I, 2010.' To claim the credit, consumers who
purchase a PEV must have sufficient tax liability and will
not sec the benefit uatil they file an annual tax return, For

2 The federal tax credit is $2.500 for PEVs that have battery ca-
pacities below 5 KWh, For PEVs that have larger battery capacities.
the credit is set at $2,500 plus $417 times the amount that the bat-
tery capacity exceeds 5 kWh, up to a maximum of $7,500.

N ),

consurners who lcase, the leasing company typically claims
the credit and reflects the credit in the monthly lcase rate, so
leasers essentially see the benefit of the tax credit at the point
of sale. Although the PEV tax credits are analogous to the
HEV and diesel-vehicle tax credits in the 1990s and 2000s,
which have since expired, the notable differences arc that the
tax credit for most PEVs is much higher than the HEV and
dicsel credits. Because more people lease PEVs than pur-
chase them, a higher fraction of PEV drivers sce the benefits
of the credit sooner; therefore, the effect of'the PEV tax cred-
its could be greater than the effect of the now expired HEV
and diesel credits, However, a recent study found that 94.5
percent of survey respondents (adult drivers from the general
public in 21 major U.S. cities) wete not awarc of PEV incen-
tives and suggests that the eftfectiveness of the PEV credits
could be enhanced through greater consumer awareness and
education (Krause et al. 2013).

The U.S. state governments have offered a vadety of fi-
nancial incentives (see Table 7-2). The DOE Alternative Fuels
Data Center maintains a database that provides a comprehen-
sive listing of state incentives."? Several states have offered
purchase incentives in the fonm of tax credits in addition to the
one offered by the federal government. The monetary amount
varies from state to state; for example, as of August 2014,
available tax credits ranged from $605 in Utah to up to $6.,000
in Colorado. The tax credits have also varied over time; many
have been reduced or recently expired. The method for cal-
culating the credit varies fromn state to state; some states sim-
ply calculate it on the basis of purchase price, and others use
battery capacity and purchase price to determine the amount.
Several states have also used sales-tax exemptions or rebates
to make the effect of the purchase incentive more immediate
for those who choose to buy rather than lease. Some of these
purchase incentives are restricted to certain types of PEVs,
For example, the sales-tax exemptions in Washington and
New lersey arc restricted to BEVSs, and the rebate in [llinois
is restricted to BEVs and range-extended PHEVs. California,
however, provides rebates to BEVs and PHEVs, although the
amount differs ($2,500 for BEVs and $1,500 for PHEVS in
2014). Using rebates and sales-tax exemptions is consistent
with recent research that compares the effectiveness of HEV
tax credits, sales-tax exemptions, and rebates and finds that
the sales-tax exemptions and rebates appear to be more ef-
tective than tax credits possibly because of their immediacy,
transparency, and simplicity (Chandra et al. 2010; Gallagher
and Muehlegger 2011).

State governments have also used ownership and use
incentives to promote PEV deployment. The most common
have been exemptions from registration fees or vehicle in-
spections and reduced roadway taxcs or tolls. Local govern-
ments have also offered discounted or free PEV charging or
parking. States have also provided financial incentives for
installing PEV charging stations so that consumers will be

1} See .8, Department of Energy, “State Laws and incentives,”
http:/iwsww.atde energy.gov/aws/state.
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BOX 7-2 Flnanctat Incentwes

Tax credrls and tax deductrons are taken at the end of the tax reportrng penod They act to Iower lhe ﬁnal year-and taxes owed to '
federal or stale governments. Tax credits are considered more desirable because they dtrectty offset a taxpayer's liability in the exacl B
amount of the credit. For example, if the end-of-year tax Iaabtltty for a person was $18 000 a tax credrt of $5 000 wou!d dlrectly Iower_
lhetota!taxesowedbythatsameamount to$130t)0 L e L Sl RRITRRR

In contrast t‘ax deductrcns reduce the amount of reported tncome that is sub;ect lo taxatron rather than dtrectty offsettmg taxes owed B
B persons had laxable income of $60 000 (taxed at 25 percent), they would owe $15,000, If they fook a $5,000 tax deduction, the:r
taxable income would be reduced by that amount, 1o $55,000, which in wirn would lower their tax liability by $1,250 to $13 750, Tax
deductions are oflen subject lo m!es that trmtt the amounts that can be deducted or that restnct hrghemncome taxpayers from takrng‘_

the fu!t deduct:on

As t‘ nancral mcenhves many tax credrts are avattabte to alt persons who ﬁte a tax retum whereas tax deductrons are avartabte only to '_
those persons who file a lax return that itemizes deduct;ons Studtes shew that in the Umted States tewer than 50 percentof ati federat ':':;
fax retums clarm ttemtzed deduc ions (F'rante 2007) : : i i B

'Tax exemptrons are recognlzed at lhe ttme of a transa_ ion (tor exampte at lhe pomt of sa!e) or durrng a regutar tax reportrng penod
(for examp!e, vehrcte regrstratton renewat process) By exemptrng an entire assef or acuwty from faxation, the financial benefils are s
often reatrzed |mmedtatety, such as wrth a sales fax exemptron ona vehtcte purchase Tax exempt:ons are nol usually sub;ect to
mcome based quatrf catrons or ttmttatrons as rs the case wrth many tax deductrons PR R, e

.-Rebates prowded by the govemment can take several forms dependrng on therr structunng The key dtsttngurshlng feature ofa
'rebate is that it is sarned (and often processed) al the time of a quahfytng purchase Some rebate programs fequire an mdwtduat to .
subinit proofofa quattfymg purchase dtrectty lo the governmenl to receive a r-bate check other rebates are provided to the selter of ..
quatrfytng goods or services so that the total purchase price to the consumer can be reduced in an equal amount. However structured

both consumers and sellers tend o prefer rebates over lax credils, deductions, or exemphons because the f nancual benef s are im-
medratety realrzed at the ttme of the purchase transactron regardtess of tax rates and method of tax ﬁlrng : '

A fee-bate is a method of taxrng or apptylng a surcharge or fee on certam actwrtros or classes of assets that are deemed to have un-. :
desirable social attnbules lo generale sufﬁcrent revenue to provrde direct rebates for other actwrltes or assets that are deemed lo be 5
more desirable, Because this seclion is more narrowty fooused on the types of fi nanctat mcenttves thatcan be prowded rather than the -
method of fundtng those mcenttves a tee-bate system and rebates are treated in the same way hecause they both result in a rebate

A subsrdy rs a more generat term used to descnbe methods tcr govsrnment»pmwded f nanclal assrstance A subsrdy can take the f
common form of lax credits, deductions, exempt:ons or rebales; or, a subsrdy can rnclude drrectgovemment grants Iower than mar-
ket rate loans, Ioan guarantees or mynad other ways for govemment to provrde fi nanc;at supporl : SN

nually, and receive free parking, which is worth $5,000. They

sure that they wilf be able to charge their vehicle away from
are aiso permitted to drive in bus lanes and have access to

liome, The most common and popular nonfinancial incentive
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oftered by the states has been access to restricted lanes, such
as bus-only, high-occupancy-vehicle, and high-occupancy-
toll lanes. That incentive has been used by several states over
the years to promote adoption of PEVs (and HEVs),

Other countries have used incentives similar to those
used by the United States, as simmmarized in Table 7-2. The
most popular have been purchase incentives in the form of tax
exemptions or rchates, ownership incentives in the form of
cxemptions or reductions in registration or ownership taxes or
fees, and use incentives in the form of reduced roadway taxes
or tolls. Some of the financial incentives have been substan-
tial. For example. Norway offers substantial tax breaks (no
purchase tax, no annuoal registration tax, and no value-added
tax) that amount to about $11,000 over the vehicle lifetime,
or about $1,400 per year (Doyle and Adomaitis 2013). Com-
muters also do not pay road tolls, which are worth $1,400 an-

free public charging at over 450 locations in Osie (Doyle and
Adomaitis 2013). Another example is the Netherlands, which
had financial incentives that equaled as much as 85 percent
of the vehicle price, although these have been reduced. It is
important to note that the financial incentives in the Nether-
lands are particutarly important because electricity prices are
so high that the consumer’s incentive to use electricity as a
fuel is small.

One interesting purchase rebate program is the onc of-
tered by the Clean Energy Vchicle Promotion Program in
Japan, It is notable because it has a clear sunset, the rebate
level declines every year on the basis of a preset formula,
and the rebate amount financed by the govermment depends
on whether vehicle manufacturers meet a preset annual price
target (sce Figure 7-1). The administering agency, the Minis-
try of Economy, Trade and Industry (METI 2013) calculates
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TABLE 7-2 Incentives for Plug-in Electric Vehicles (PEVs) by Country and State

Type of Incentive Location

Financial incentives

Purchase Incentives—one-time financial benefit earned by purchase of PEV

Tax credits or deductions (realized only on U.S. federal government

liling tax retum) United States: Colorado, Georgia, Louisiana, South Caroling, Utah
Other countries: Australia, Austria, Belgium, Israel

Tax exemptions or rebates {realized at the United States: Califomia, District of Columbia, Hinois, Massachusetls,

point of sale) New Jersey, Pennsylvania, Texas, Washington

Other countries: Canada {Ontario [for leased vehicles], British Coluntbia [purchased
or leased), and Quebec [leased]), China, Estonia, France, Teeland, Ireland, Tsrael,
Japan, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, UK.

Ownership Incentives—recurring annual or periodic financial benefit thai acorees to PEV owners, regardiess of use

Exemption from or reduction in registration or United States: Arzona, Connecticut, District of Columbia, Hinois, Maryland

ownership taxes or fees Other countries: Ausiralia (Victoria), Ausiria, Belgiom {Flanders), Denmark,
Finland, Germany, Greece, Ircland, Italy, Japan Latvia, the Netherlands, Norway,
Romania, Sweden, Switzerland {varies by region}, U.K.

Exemption from or reduction in weight surcharges United States: Colorado

{collected annually at time of registration or renewal) Other countries: Japan

Exemption from eavironmental taxes Other countries: Denmark

Exemiption from vehicle inspection Uniled States: Anzona, California, Colorado, Connecticul, Delaware, District of

Columbia, Georgia, Idaho, Hlinois, Maryland, Massachusetts, Missouri, Nevada,
New Jersey, New Mexico, New York, Oregon, Pennsylvania, Tennessee, Utah,
Virginia, Washington, Wisconsin

Use Incentives—on-going financial benefits realized by driving a PEV

Exemption from motor fuel taxes United States: North Carolina, Utah, Wisconsin
Other countries: European Union, Japan, Norway

Reduced roadway taxes or tofls United States: California, New Jersey, New York
Other countries: Austria, Czech Republic, Japan, the Netherlands, Norway,

Switzerland (varies by region), UK.,

Discounted or free PEV charging United States: Arizona, California, Delaware, Georgta, [llinois, Indiana, Kentucky,
Maryland, Michigan, Minnesota, Nevada, Virginia
Other countries: Japan, Norway

Discounted or free PEV parking United States: Free parking available at some airports, such as Long Beach Airport;
at parking garages in some states and localities, such as Nevada, Sacramento, and
Santa Monica; and other locations, often with free charging
Other countries: Denmark, Iceland, Norway

PEV Infrastructure Incentives—one-time financial benefit for deploying PEV charging stations

Tax credit or rebate for installing PEV charging station United States (individual and business): Avizona, Califomia, Flonida, Georgia,
[llinois, Indiana, Louisiana, Maryland, Michigan, New York, Oklahoma, Oregon

PEV charging infrastructure deployment subsidies United States (individual and business): Califomnia, Colorado, Connecticut, District
of Columbia, Florida, illinois, Maryland, Massachusetts, Nebraska, New Mexico,
Obhiio, Texas, Utah, Washington
Other countries: Canada, Furopean Union, Israel, Japan, Korea, Norway

Nonfinancial incentives

Use Incentives—-on-going special privileges granted to PEV dyvivers

Access to restricted lanes, such as bus-only, high- United States: Arizona, California, District of Columbia, Florida, Georgia, Hawaii,
occupancy-vehtcle, and high-occupancy-toll fanes Maryland, New York, North Carolina, Tennessee, Utah, Virginia
Other countries: the Netherlands, Norway

Reserved parking for PEVs United States: Arizona, California, Hawaii, Washington

SOURCES; Based on data from Gallagher and Steenblick (2013); Brand et al. (2013); Beltramello {2012); Momow et al. (2010);
Tesla (2013); DOE (2014b); Doyle and Adomaitis (2013); EV Nonway (2014); Mock and Yang (2014); IEA (2013); Jin et al.
(2014).
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an annual price target by assuming a linear decline between
a base price in 2012 and a long-term target price in 2016, To
encourage vehicle manufacturers to reduce their sales prices
every year, the government provides 100 percent of the re-
bate if the manufacturer meets the annual target price but
subsidizes only about 67 percent of the rebate if the manu-
tacturer exceeds the annual price target.

It is difficult to draw firm conclusions about the expe-
riences with incentive programs in other countrics given the
cultural, political, and geographical differences, However,
countrics with substantial financial incentives for PEVSs,
such as Norway and the Netherlands, have seen a high rate
of PEV adoption. Those with little or no financial incentives
for PEVs—most notably Gernmany, which has not offered con-
sutnter incentives and has retied on deimonstration programs in
four major regions—have expericnced minimal sales. Finan-
cial incentives. however, are not working everywhere, imost
notably in China, wherte there has been tepid consumer uptake
despite the substantial financial incentives offered. One carly
analysis of that puzzling situation concludes that Chinese con-
sumers are more concemed about vehicle performance than
cost at this stage {Zhang et al. 2013). Further information on
the international experience is provided in Appendix C,

There has been little academic research about the ef-
fectivencss of fiscal incentives in stimulating the adoption of
PEVs. However, a greater body of evidence now exists re-
garding fiscal incentives and HEVs. Overall, that literature
suggests that financial incentives do motivate consumers
to purchase more fuel-efficient vehicles (see, for example,
Huang 2010; Sallee 2011; Ozaki and Sevastyanova 2011}, In
general, it also seems that the more immediate the incentive,
the more effective it is at persuading consumers to purchase
the more fucl-efficient vehicle. Sales-tax exemptions or re-
ductions and rebates at the state level have been associated
much more strongly with consumer adoption, presumably due

Price in
2013

Price in
2012

Car Price
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to their immediacy and case of transaction, The federal cash-
for-clunkers program, for example, offered a purchase rebate
and resulted in strong consumer response to the immediate
subsidy (Huang 2010).

Finding: Given the research on fiscal incentives and HEVs,
the effectiveness of the federal income tax credit to motivate
consumers to purchase PEVs would be enhanced by convert-
ing it info a rebate at the point of sale.

Finding: The U.S. state and local governments ofter a va-
ricty of financial and nonfinancial incentives; there appears,
however, to be a lack of research to indicate which incentives
might be the most effective at encouraging PEV deployment.

Finding: The many state incentives that differ in monetary
value, restrictions, and calculation methods make it challeng-
ing to educate consumers on the incentives that are available
to them and emphasize the need for a clear, up-to-date source
of information for consumers.

Finding: Overall, the experience worldwide demonstrates
that substantial financial incentives are effective at motivating
consumers to adopt PEVs.

PRICE OF CONVENTIONAL
TRANSPORTATION FUELS AS AN
INCENTIVE OR ADISINCENTIVE FOR THE
ADOPTION OF PLUG-IN ELECTRIC YEHICLES

High gasoline prices motivate consuiners to drive less
and to purchase a more fuel-efficient vehicle, at least for
some time after prices rise noticeably. As noted by Diamond
(2009, p. 982),

Gains from PEVs'
cheaper running costs =
¥0.5m

Target price

>

2012 2013

2014

2015 2016

Budget year

FIGURE 7-1 Japan’'s clean energy vehicles promotion program. It a PEV’s price exceeds the dashed black line, the government
subsidizes two-thirds of the difference. If a PEV’s price is below the dashed black line, the government subsidizes 100 percent of' the

difference. SOURCE: Based on data from METI (2013).
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Gasoline prices serve as the most visible signal for con-
sumters to think about fuel savings and fuel economy, so
it is reasonable that refatively minor variations in gasoline
prices could lead to significant changes in adoption pat-
terns, particularly for people in the market for a new car
as gas prices rise or fall.

Rapid increases in gasoline prices that increased adop-
tion rates for HEVs provide some support for that assertion
(see Figure 7-2). By the same token, low gasoline prices creale
a disincentive for PEV adoption. They reduce the savings in
fuel costs that a consumer would realize by owning a PEV and
could make the cumulative cost of PEV ownership appear {ess
attractive than the same cost of a conventional ICE vehicle,

As of January 2015, U.S, gasoling prices were less than
halt of those in most European countries, including Bel-
gium, France, Gennany, ltaly, the Netherfands, and the UK.
(EIA 2015). The higher gasoline prices in Europe and Asia
are mostly due to considerably higher gasoline taxes, which
more than double the price of gasoline per gallon. Accord-
ingly, nuierous studics in the United States and elsewhere
have concluded that taxes on conventional transportation fuels
that substantially raisc the gasoline price create an incentive
tor consumers to purchase more fucl-etticient vehicles and to
drive fewer conventional-vehicle miles (Diamond 2009; Mor-
row ¢t al. 2010; Small 2012; Burke and Nishitateno 2013).

Broader market-bascd policies like carbon taxes and cap-
and-trade reghmes theoretically could create a disincentive for
the use of conventional vehicles and an incentive for the use

S

.S. gasoline prices. NOTE: [IEV, hybrid electric vehicle; PEV, plug-in electric

of PEVs. It is important to note, however, that the carbon taxes
applied by a few countries (Denmark, Norway, Sweden, and
Switzerland} and by the Canadian province of British Colum-
bia on transportation fueis do not strongly aftect the prices
of petroleum fuels because the carbon content of gasoline
and dicsel fucls is much less than that of coal. California’s
low-carbon fuel standard, which imposed a compliance cost
of $13 per ton CO, emissions, was assessed by Yeh and Wit-
cover (2012) and was found to add one-tenth of a penny per
gallon to the cost of gasoline i 2012. Thus, although carben
taxes and cap-and-trade regimes might be the most effective
methods for reducing GHG emissions. they might not provide
a meaningful incentive to purchasc a PEV.

PAST INCENTIVES ON OTHER
ALTERNATIVE VEHICLES AND FUELS

Over the past fow decades, a number of federal and state
policy initiatives have been implemented to stimulate the de-
ployment of alternative vehicles and fuels. Air quality, cli-
inate change, and etergy security concerns have motivated
the initiatives. The primary altcrnative vehicles and fuels that
have been considered in the light-duty fleet include HEVs,
PEVs, and hydrogen FCVs, and methanol, ethanol, natural
gas, propane, and biodiesel for use as fuels in conventional
ICE vehicles." Key laws and regulations that are aimed di-

M For the purposes of this report, the focus will be primarily on
the lessons learned from altemative vehicles and fuels in light-duty
vehicle applications.
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rectly at alternative fuels or that provide incentives for alter-
native-fuel vehicles include the Alternative Motor Fuels Act
of 1988, the Clean Air Act of 1990, the Energy Policy Act
of 1992, the California ZEV program (originally adopted in
1990), the Rencwable Fuel Standard (part of the Energy Pol-
icy Act of 2005 and the Energy Independence and Security
Act of 2007),1 and the GHG and CAFE standards.

The public sector approach to developing., promoting,
or deploying altemative-fuel vehicles inciudes (1) research
and development, (2} demonstration projects, (3) flect de-
ployment, (4) niche market development, (5) public-private
partnerships, and (6) various policy and financial incentives,
The general approach has been based on the supposition that
alternative-fuel vehicles would need to be subsidized until the
point where the life-cycle costs of the vehicles and fuel would
become competitive with those of gasoline-fueled vehicles;
market forces would thereafter operate without subsidies,
leading to broad deployment (NRC 2008, 2010a, 2013b).

{n some cases in which advancements in technology were
needed, government and private-sector funding of research
and development led to a technology push. DOE partnered
with the private sector on vehicle technologies and fuels
through such activitics as the Partnership for a New Genera-
tion of Vehicles (PNGV), the FreedomCAR and Fuel Partner-
ship, and, currently, the U.S. Driving Research and Innova-
tion for Vehicle Efficiency and Energy Sustainability (U.S.
DRIVE) Partnership (NAS/NAE/NRC 2009; NRC 2008,
2010b, 2013a). Extensive work on bioenergy crops and tech-
nologies for their conversion into ethanot and, now, “drop-in”
biofuels!® has also been funded (NRC 261 1b),

To create a market pull for some of the technologies un-
der development, various tax or policy mandates aimed at
stimulating market demand were initiated, Financial incen-
tives were especially needed for new technologies that were
projected to be more expensive than the incumbent conven-
tional technologies, at least in the initial and fransitional
phases. For example, tax credits for certain types of vehicles
and tax breaks for certain fuels were put into the tax code to
stimulate the adoption of the ncw, more costly technologics,
at least for a period of time until increased production and
economics of scale drove costs down to the point where the
new technologies would be competitive in the marketplace.
It was also thouglit that adoption by fleets and promotion
in niche markets would, in many cases, help with this tran-
sition period by increasing sales and production and thus
driving down costs, but studies evaluating the programs do
not provide a clear picture of whether that strategy is useful
{Leiby and Rubin 2004; McNutt and Rodgers 2004; Rob-

13 pub. L.110-140, 121 Stat. 1758, USC § 17001.

¢ The term drop-in hiofiee! refers to the conversion of biomass
into fuels, such as gasoline and diesel, that are compatible with,
and can be “dropped into,” the current fueling infrastructure. This
approach would avoid overcoming the barriers to developing and
investing in the infrastructure necessary for # separate fueling sys-
ter, such as would be required for fuels, such as ethanol, methanol,
natural gas, and hydrogen.
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ertson and Beard 2004; Hwang 2009; NRC 2010b, 201 3a;
Greene 2012).

Methanol

There was great intercst in methanol (MeOH) as a poten-
tial motor vehicle fuel in the late 19805 and early 1990s fora
tumber of reasons (API/AWRI 1990). Tts high octane content
could be used in some {CEs with a higher compression ratio
to imnprove efficiency; it could also result in lower emissions
than conventional gasoline-fueled vehicles and thus lead to
improved air quality and better public health. From a national
security point of view, it could displace tmported petrolenm if
it was produced from biomass or from natural gas. The con-
version of global sources of remote natural gas that were of
low economic value was envisioned as an approach to diver-
sity the U.S. global supply chain for light-duty vehicle fuels
and replace petrolenm.

Given extensive experience with the use of MeOH and
ICEs in the world of competitive racing, the development of
MeOH-powered vehicles did not necessitate fundamental
technology breakthroughs and such vehicles were developed
for the mmarket that could operate on either high levels of
methanol, such as 85 percent McOH and 15 percent gaso-
line (referred to as M85), or on any combination between
M0 and M85, These flexible-fuel vehicles (FFVs) were sold
in the marketplace and represented a strategy for overcom-
ing the chicken-and-cgg problem of attracting investiment
in a methanol-fueling infrastructure betore there are enough
MeOH-fueled vehicles on the road and the lack of demand
tor such vehicles untii an extensive fueling infrastructure is in
place. It was anticipated that with McOH FFVs, the vehicle
owner could use the existing gasoline infrastructure while a
McOH-fueting infrastructure was buiit in response to vehi-
cles deployed for fleets, incentives were implemented, and a
business case for fuel iitvestors became viable.

Despite subsidies, a broad M85 infrastructure never mate-
rialized. Furthermore, the continued improvement of gasoline-
powered vehicles along with the development of reformulat-
ed gasoline resulted in gasoline-powered vehicles that could
achieve the same or better emission performance as promised
by MeOH and essentially eliminated the need for MeOH-fu-
eled vehicles.

Ethanol

Similar to MeOH, ethanol (EtOH) is a fucl with a high oc-
tane content and one that could be produced from a variety of
domestic resources, although it has an energy density per unit
volume only two-thirds that of gasoline.!” It continucs to be of
interest with a focus on, as with methanal, the development of
FFVs that can operate on mixtures from 0 percent EtOH and

17 The lower volumetric energy density results in a lower miles-
per-gatlon fuel efficiency compared with gasoline and, all else be-
ing equal, will require more frequent refueling.
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100 percent gasoline to 85 percent EtOH and 15 percent gaso-
line (E85} to address the chicken-and-egg problem. EtOH was
originally used as a gasoline additive during summer months
to reduce air pollutant emissions. Later, the EtOH program
was viewed as a means of displacing petrolenm and using do-
mestic resources for EtOH production. Vehicle manufactur-
crs were given credits in CAFE regulations, and this led to a
significant production of cthanol-capable FFVs, Although the
program might have been a successtul transition strategy for
ultimately replacing gasoline with cthanol, the reality was that
most of the ethanol-capable FFVs used little, if any, cthanol
(NRC 2002).

In addition, the federal govermmecit invested a great deal
of research and development in the development of nonfood
crops (such as species of trees and grasses) that could be
grown on encrgy plantations and whose cellulose could serve
as a feedstock for conversion technologies to produce EtOH
(NAS/NAE/NRC 2009; NRC 2011b). It was envisioned that,
if successtul, renewable fuel production system would have
fow net GHG emissions and enhance energy security and
would not compete with {and for the production of food. The
development of cost-effective cellulosic-based EtOH tech-
nologies that can compete with gasoline has proven more
difficult to achicve than anticipated. But there is ongoing
demonstration and developimeat of such biomass conversion
technologies, and it remains to be seen how mucl this alterna-
tive fuel will contribute to the ULS. transportation fuel supply.

As with MeOH, an extensive system of fueling sta-
tions supplying E85 has yet to emerge, even though there
are millions of EtOH FFVs on the road {(most of which use
gasoline} and the U.S. Congress mandated the use of a cer-
tain amount of EtOH throngh the Renewable Fuel Standard
(NRC 2011b). To date, most EtOH is produced from corn or
sugar cane and is used as a renewable-fuel replacement for
petrolenm with vp to 10 percent EtOH biended into gasoline,
In some places, mostly the Midwest, E15 can be sold and
used in tight-duty vehicles with a model year 2001 or later.
Increasing the percentage for conventional vehicles has re-
ceived opposition from some quarters because of the poten-
tially deleterious effects of ethanol on engine components,
particularly marine engines, although this is not an issue for
FFVs. However, the aggressive policies and subsidies have
led to about 7 percent replacement of gasoline-energy use
in hight-duty vehicles from less than 1 percent in 2000, and
this demonstrates that sustained eftforts by the federal gov-
erment can have demonstrable effects in the market (Gru-
enspecht 2013).

Compressed Natural Gas

Agother alternative-vehicle system that garnered inter-
est in the 1990s and one that is also used worldwide are ve-
hicles using compressed natural gas (CNG), They offer air
quality advantages in urban areas and can be tueled from
domestic sources of natural gas, which seemed plentitul and

cheap in the 1990s as it has again in the past few years. Most
of the vehicles developed were dedicated CNG vehicles that
avoided the extra vehicle cost and complexity that would be
needed for a dual-fucl vehicle, althongh some dual-fuel natu-
ral gas vehicles were offered in the market in 2012-2013,
stimulated by low natural gas prices and projections of future
plentiful reserves and associated low prices.

CNG is typically stored onboard the vehicle at 3,600 psi
and requires high-pressure fueling stations. Incentives and
mandates were provided in the 1990s to bring the vehicles to
market, but becausc of the need for high-pressure fueling sta-
tions and bulky storage tanks on the vehicle and the shorter
driving range compared with comparable gasoline-powered
vehicles, they tended to be used in fleets where the vehicles
returned to a central station at the end of each day and could be
refueled. They were somewhat more expensive than compa-
rable gasoline-powered vehicles, trunk space was somewhat
compromised, driving range was shorter, and an cxtensive
refueling infrastructure was not, and still is not, available.
Consuimers did not embrace CNG vehicles, and these vehicles
have not moved beyond the niche fleet markets.

Fuel-Cell Vehicles

Another major alternative vehicle and fuel technology
that has been promoted and developed to varying degrees
by the public and private sector is the hydrogen-fucled FCV.
It uses on-board hydrogen in a fucl cell to produce electric
power to drive the vehicle, Because its only emission is wa-
ter vapor, it is classified by California as a ZEV. The federal
government and the private sector have provided substantial
tunding for research and development, tor vehicle demon-
strations, and for parts of the necded hydrogen infrastructure
(NRC 2010Db, 2013a). There has been significant technical
progress and promise of driving ranges and fueling times
comparable with those of conventional vehicles, but they are
still a work in progress. Cost-eftective preduction of hydro-
gen, deploying the necessary hydrogen intrastructure, and
overcoming the chicken-and-egg barriers remain formidable
chailenges for these vehicles. Some vehicle manufacturers
have indicated that such vehicles will be available for the
market in the 2015-2016 time frame, and Hyundai began
leasing a fuel-cell vehicle in Califomia in 2014. However,
the higher costs of these vehicles compared with convention-
ai vehicles will be substantial, and thus their deployment will
require subsidies and other new technologies to overcome
the initial cost barrier (NRC 2008, 2013b).

Hybrid Electric Vehicles

In 1999, HEVs were intreduced into the U.S, automnotive
market (ANL 2014). A federal income tax incentive for HEVs
existed between 2000 and 2010. The original tax incentives
provided a tax deduction of up to $2.,000, but the Encrgy Poli-
cy Act of 2005 increased it to a maximum of $3,400 and con-
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verted it into a tax credit. The deductions and credits were the
maximums granted for the most fuel-efficient vehicles. HEVs
with lesser fuel-economy received more modest tax credits.
The tax credits were available for the first 60,000 vehicles
sold by a manufacturer, after which time the tax credits would
expire. In addition to the federal income tax credits, states of-
fered a wide array of other consumer incentives, including in-
come tax credits, sales-tax reductions or cxemptions, access
to high-occupancy-vehicle (HOV) lanes, reduced registration
tees, and exemptions from emissions testing, similar to the in-
centives now oftered for PEVs.

The eftectiveness of the purchase incentives for HEVs
has been cxtensively studied in the United States and else-
where. As noted above, the most important finding from the
literature is that, immediate purchase incentives (such as
a sales-tax exemption or instant rebate) are more effective
than tax credits or deductions because consumers appear o
focus on up-front price and highly discount long-term cost
savings {Diamond 2009; Chandra et al. 2010; Gallagher and
Muehlegger 2001). With immediate incentives, buyers do
not have to wonder whether they will qualify for the credit
when they file taxes in the next year or estimate its valuc
given their income bracket. With immediate incentives, the
purchase price can be adjusted at the time of sale. A study of
Canadian expericnee with tax rebates for HEVs, which were
established at the point of sale, found that they were highty
effective (Chandra et al. 2010).

Lessons Learned from Past Incentive Programs

The past incentive programs for alternative-fuel tech-
nologics indicate that the market for advanced techuology
adoption needs to be cultivated to progress beyond early
adopters. Sustained ettorts and economic incentives that
create a profitable business case, however, can have demon-
strable effects. The ethanol example is one where the regula-
tory mandate was successful at advancing an alternative-tuel
technology; the percentage of ethanof in the domestic gaso-
line supply by volume increased from less than | percent in
2000 to 10 percent in 2011, Using fleets to encourage main-
stream adoption does not appear to be particularly effective
{for example, in the case of CNG vehicles). Cost reduction
and technolegy advances will continue to evolve as product
volumes increase, but in the meantime, financial incentives
are needed to make a technology more cost-competitive, The
hybrid example, with a U.S. adoption rate still below 4 per-
cent, shows that even with financial incentives and substan-
tial technology advances, moving the deployment from suc-
cesstil regional and niche markets to mainstream adoption
remains a challenge,

RECOMMENDATIONS

Because there has not been any extensive research on
regtlatory or incentive programs that promote PEV adop-
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tion, it was difficult for the committee to determine which
incentives would be the most effective and should be pur-
sued. However, on the basis of its review of the barriers to
PEV adoption and current and past federal and state incen-
tive programs, the committee ofters the following recom-
mendations:

Recommendation: Federal financial incentives to purchase
PEVs should continue to be provided beyond the current
production volume limit as manufacturers and consumers
experiment with and learn about the new technology. The
federal government should re-evaluate the case for incen-
tives after a suitable period, such as 5 years, Its re-evaluation
should consider advancements in vehicie technology and
progress in reducing production costs, total costs of owner-
ship, and emissions of PEVs, HEVs, and [CE vehicles.

Recommendation: Given the research on effectiveness of
purchase incentives, the federal government should consider
converting the tax credit to a point-of-sale rebate.

Recommendation: Given the sparse rescarch on incentives
other than financial purchase incentives, research should be
conducted on the variety of consumer incentives that are (or
have been) offered by states and local governments to deter-
mine which, it any, have proven effective in promoting PEV
deployment.
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Week, Reuters, Bloemnberg News, the Los dngeles Times, the
Detroit News, the Detroit Free Press, the Wall Street Jour-
nal, and National Public Radio, for her coverage of new
product launches and the balance sheet conditions of manu-
facturers and brands. Prior to her work at IHS, Ms Lindland
worked at AlliedSignat in Rumford, Rhode Istand, where she
forecasted products, such as Bendix brakes. A life-long auto-
motive enthusiast, she began her career as a staff accountant
with Mercedes-Benz Credit Corporation in Norwalk, Con-
necticut. Ms Lindland holds a double major in accounting
and business administration from Gordon College, Wenham,
Massachusefts. She is a former board member of the Soci-
ety of Automotive Analysts, the International Motor Press
Association, and Motor Press Guild and was accepted into
Strathmore’s 2001 Whe's Who in American Business.

RALPH D, MASIELLQ is the senior vice president and in-
novation director of DNVGL, Inc. In recent years, his focus
has been on electric market and transmission operator busi-
ness models and systems, including cost-benefit analyses of
paradigms for models, systems, and operations, He has also
developed technology and strategic plans for market opera-
tors and automation and smart grid roadmaps for several in-
dependent system operators. His current interests include the
market and utitity applications of advanced storage devices
for ancillary markets, reliability, and energy cconomics; the
grid integration of electric vehicles; and the development of
advanced buiiding-to-grid concepts. He has provided expert
testimony before Congress on metering systems and mar-
ket operations and cosigned a Supremce Court amicus curiae
brief on transmission access and native load service. He was
recently appointed to the Department of Energy Electric-
ity Advisory Council. Dr. Masiello is a fellow of the IEEE
and has served as chairman of Power System Engineering,
as chairman of Power Industry Computing Applications, on
the editorial board of FEEE Proceediings and on the advisory
board of IEEE Spectrum magazine, He is the winner of the
2009 IEEE PES Concordia award for power system analysis
and is a member of the National Academy of Engineers. He
received his PhD from the Massachusetts Institute of Tech-
nology in electrical engineering.

JAKKI MOHR is the Regents Professor of Marketing at
the University of Montana—Missoula (UM). An international
expert and innovator in marketing of high-technology prod-
ucts and services, she has achieved international acelaim for
Marketing of High-Technology Products and Innovations
{coauthor with S. Sengupta and S. Slater, with European and
India/Southeast Asia editions and translations into Chingse,
Portuguese, and Korcan). Motivated by the desire to apply
the promise of new technologics to solve secial and global
problems, Dr, Mohr has provided training to companies and
universities worldwide in strategic market planning to com-
mercialize innovation. She has received numerous teach-
ing awards—including the Outstanding Marketing Teacher
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Award (presented by the Academy of Marketing Science),
the Camegic Foundation CASE Professor of the Year, and
the Most Inspirational Teacher of the Year Award at the Uni-
versity of Montana—and the Distinguished Scholar Award,
the John Ruftatto Memorial Award, and the Dennison Presi-
dential Faculty Award for Distinguished Accomplishment.
Dr. Mohr served as a Fulbright senior specialist in Montevi-
deo, Umguay. Her research has received national awards and
has been pubtished in the Journal of Marketing, the Strategic
Management Jowrnal, the Jonwrnal of the Academy of Mar-
keting Science, the Journal of Public Poliey and Marketing,
and others. In research sponsored by the Marketing Science
Institute, she studies how companies use biomimicry (inno-
vations inspired by nature that are based on underlying bio-
logic mechanisms) to solve technical and engineering chal-
lenges, the basis of her TEDxSanDiego talk in 2011, Before
Joining UM in fall 1997, Dr. Mohr was an assistant professor
at the University of Colorado Boulder (1989-1997). Before
beginning her academic carcer, she worked in Silicon Val-
ley in advertising for Hewlett-Packard's Personal Computer
Group and TeleVideo Systems, Dr. Mohr received her PhD
from University of Wisconsin—Madison.

MELISSA SCHILLING is a professor of management and
organizations at New York University Stern School of Busi-
ness. Dr. Schilling teaches strategic management, corporate
strategy, and technology and innovation management, She
is widely recognized as an expert in innovation and strategy
in high-technology industries. Her textbook, Strategic Man-
agement of Technological Innovation {(now in its fourth edi-
tion), is the top innovation-strategy text in the world and is
available in seven languages. Her rescarch in innovation and
strategy has earned her such awards as the National Scicnce
Foundation's CAREER Award and the Best Paper in Man-
agement Science and Organization Science for 2007 Award.
Her research has appeared in leading academic journals,
such as the Academy of Management Journal, the Acadeny
of Management Review, Management Science, Qrganization
Science, the Strategic Management Journal, and the Jour-
nal of Fconomics und Management Strategy and Research
Palicy. She sits on the editorial review boards of Organi-
zation Science and Strategic Organization. Dr. Schilting re-
ceived her BS in business administration from the University
of Colorado, Boulder, and her PhD in strategic management
from the University of Washington.

RICHARD TABORS is president of Across the Charles and
is dircctor of the Utility of the Future Project at the MIT Ener-
gy Initiative. Until July 2012, he was vice president of Charles
River Associates (CRA) in the Energy & Envirommnent Prac-
tice. He tounded the engineering-economics consulting firm
of Tabors Caramanis & Associates (TCA) in 1989 to provide
economic, regulatory, and financial analytic support to the
restructuring of the U.S. and international electric power in-
dustry. TCA was sold to CRA in 2004, He was a researcher
and member of the faculty at Harvard University from 1970
to 1976 and was at Massachusetts Institute of Technology as
a senior lecturer in technology management and policy and a
research director in power systems from 1976 to 2004. He is
a visiting professor of electrical engineering at the University
of Strathctyde in Glasgow. His research and devetopment ac-
tivities at MIT led to his authorship or coauthorship of over
80 articles and books, including Spor Pricing of Electricity,
on which the economic restructuring of the electric utility
wholesale and retail markets is based. Dr. Tabors continues
his directing and consulting activities in regulation, litigation,
and asset evaluation in the power industry with a focus on
development of future piatforms and pricing structure of the
smart grid. He received a BA in biology frem Dartmouth and
an MS and a PhD in geography and economics from the Max-
wel School of Syracuse University.

TOM TURRENTINE is director of the Califomia Energy
Cominission’s Plug-in Hybrid and Electric Vehicle Research
Center at the Institute of Transportation Studies, University
of California, Davis. For the last 20 years, Dr. Turrentine has
been researching consumer response to alternative fuels, ve-
hicle technologies, road systems, and policies that have envi-
ronnental benefits. His most recent work includes multiyear
projects to study consumer use of plug-in efectric vehicles,
ineluding the BMW Mini E, Prius PHEV conversions, the
Nissan Leaf, GM Volt, PHEV pickups, and specially designed
energy-feedback displays in vehicles. He and his researchers
are studying BEV and PHEV driver travel patterns and use
of infrastructure and are developing planning tools to advisc
on deployment of infrastructute and optimal ways to integrate
plug-in electric vehicles into California’s grid. He and his
team wrote “Taking Charge,” a plan for California to develop
a PEV market, which is the blueprint for the California PEV
Collaborative. He holds a PhD in anthropology.
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Meetings and Presentations

FIRST COMMITTEE MEETING
October 28-29, 2012

EV Everywhere: Overview and Status
Patrick B. Davis, Program Manages, Vehicle Teclinologies
Program, U.S. Depuriment of Energy (DOE)

EV Everywhere Grand Challenge: Charging Infrastructure
Enabling Flexible EV Design
Lee Slezak, Technology Manager, Vehicle Systents,
Vehicle Technologies Program, DOE

DOE AVTA: The EV Project and Other Light-Duty Electric
Drive Vehicle Activities
James Francfort, Principal Investigator, Advanced
Vehicle Testing Activity, Idaho National Laboratory

SECOND COMMITTEE MEETING
December 17-19, 2012

Charging Infrastructure Needs
Marcus Alexander, Manager, Vehicle Systems Analysis,
FElectrie Power Research Institute (EPRI)

General Motors: National Research Council
Britta K. Gross, Director, Advanced Vehicle
Commercialization Policy, General Motors

Overcoming Barriers to Deployment of Electric Vehicles
Mike Tamor; Executive Technical Leader, Energy Systems
and Sustainability, Ford Motor Compaity

Overcoiming Barricrs to Elcetric-Vehicle Deployment:
Barriers to Deployment, an OLEM Perspective

Joseph Thompson, Project Manager-Technology
Planning, Nissan

The Electrification Coalition: Revolutionizing

Transportation and Achieving Energy Security
Jonna Hamilton, Vice President for Policy,
Electrification Coalition

Electric Vehicle Charging Services
Richard Lowenthal, Founder and CTO, ChargePoint

The Complete Electric Vehicle Charging Solution
Michael Krauthamer, Director, Mid-Atlantic Region, eVgo

Better Place Update
Jason Wolf, Vice President for North America,
Better Place

The DOE Vehicle Technologies Analysis Toolbox and
EV Everywherce Target-Setting
Jacobh Ward, Vehicle Technologies Analysis Manager, DOE

The Need for Public Investments to Support the Plug-in
Electric Vchicle Market
Nick Nigro, Manager, Transportation Initiatives,
Center for Climate and Energy Solutions

Research Insights from the Nation’s Highest Residential
Concenfration of Electric Vehicles

Brewster McCracken, President and CEQ,

Pecan Street Inc.

Electric Vehicle Initiatives in the Houston-Galveston Region
Allison Cary, Air Quality Planner, Houston-Galveston
Area Clean Cities Coalition

The EV Project Deployment Barriers
Donald Karner, ECOtality Norith America

New Models of Mobility and LV Deployment
Jack Hidary, Global E¥ Leader, [lertz

Electric Vehicle Infrastructure Demonstration Projects:
Lessons Leamed
Rick Durst, Transportation Electrification Project
Manager, Portland General Electric
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THIRD COMMITTEE MEETING
January 25-26, 2013

No open session presentations were held during this meeting.

FOURTH COMMITTEE MEETING
May 8-9, 2013

California’s Zero-Emission-Vehicle (ZEV) Regulation
Elise Keddie, Manager, Zero Emission Vehicle
Implementation Section, California Air Resources Board

Electric- Vehicle Deployment: A Long-Term Perspective
Chuck Shulock, President, Shilock Consulting

Perspective on the Electrification of the Automotive Fleet:
The Prius and Beyond
Tovota Motor Corporation

Consumer Behavior and Attitudes Conceming PEV Adoption
Ed Kim, Vice President, Industry Analysis, AntoPacific

Selling Plug-in Electric Vehicles
Paud Scout, EV Specialist, Downiown LA Nissan

San Diego Gas & Electric Plug-in Electric Vehicle Landscape
Joln H. Holmes, Research & Development,
Asset Management & Smart Grid Projects,
San Diego Gas & Electric

FIFTH COMMITTEE MEETING
August 13-14, 2013

DOE Electric Vehicle Activities Update
Jake Ward, Program Analyst, Vehicles Technology
Program, DOE

Vehicle Choice Modeling for Advanced Teclhnology

and Electric Vehicles
David Greene, Corporate Fellow, National Transportation
Research Center, Oak Ridge National Laboratory

Local Barriers to Plug-in Electric Vehicle (PEV) Deployment
Katie Drye, Transportation Project Manager;
Advanced Energy

Workplace Charging Challenge: Part of the EV
Everywlere Grand Challenge
Sarah Olexsak, Energy Praject Specialist, DOE

Workplace Eleetric Vehicle Charging
Ali Ahmed, Senior Manager, Workplace Resources,
Global Energy Management and Sustainability,
Cisco Systems, Inc.
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Workplace Charging Programs — Nissan
Tracy Woodard, Senior Director for
Government Affairs, Nissan

EV Charging at Lynda.com
Dana Jennings, Facilities Supervisor, Lynda.com, Ine.

Panel Discussion on Workplace Charging
Katie Drye, Sarah Olexsak, Ali Ahmed, Tracy Woodard,
Dana Jennings

Technical, Manufacturing, and Market Issues Associated

with xEV Batteries
Suresh Sriramulu, Vice President, Buttery
Technology, TIAX LLC

Conswners’ Thoughts, Attitudes, and Potential
Acceptance of Electric Vehicles
Chris Travell, Vice President of Automotive Research,
Maritz Research

SIXTH COMMITTEE MEETING
December 3-4, 2013

The PEV Customer: How to Overcome Potentiai

Sales Barriers
Alexander Edwards, President, Strategic Vision

Panel Discussion: Dealer Perspective on Plug-in

Electric Vehicles
Tammy Darvish, Vice President, DARCARS
Automotive Group
Neil Kopit, Director of Marketing, Criswell Automative,
CGaithershurg, MD
Greg Brown (via teleconference), General Manager, Serra
Cheviolet, Southfield, M|
Doug Greenhaus, Chief Regulatory Counsel, Environment,
Health and Safety, National Automobile Dealers
Association

PEV Deployment in the Defense Department:
Barricrs and Strategies
Camron Gorguinpour, Executive Director, Plug-in
Electric-Vehicle Program, Department of Defense

Massachusetts Electric Vehicle Roadmap
Mark Splvia, Commissioner, Massachusetts Department
of Energy Resonrces

FEDEX Experience
Russ Musgrove, Managing Director, FedPx Express

Frito-Lay Experience
Steve Hanson, Fleet Sustainability Manager, Frito-Lay
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Panel Discussion on Fleet Deployment
Camron Gorgninpour, Mark Sylvia, Russ Musgrove,
and Steve Hanson

SEVENTH COMMITTEE MEETING
February 25-26, 2014

The Future of Automobile Battery Recycling
Linda Gaines, Transportation Systems Analyst, Center for
Transportation Research, Argonne National Laboratory

Li-Ion Technology Evolution for xEVs: How Far

and How Fast?
Menahem Anderman (via WebEx}, President, Advanced
Automotive Baiteries

Electric Vehicle Charging Infrastnictire Usage Observed
in Large-Scale Charging Infrastructure Demonstrations
Johit Smart, Electric Vehicle Test Engineer,

Energy Storage & Transportation Systems,

fdaho Nationa! Laboratory

What Electric-Vehicle Drivers Want in a Charging
Network (and What They Actually Need)
Michael Nicholas, Institite of Transportation Studies,
University of California, Davis

Understanding Electric Vehicle Market Barriers:
An Automotive Manufacturer’s Perspective
Williain P Chernicof], Manager, Energy and
Environmental Research, Toyota Motors
North America, fnc.

EV Infrastructure Financing Solutions
Joln Rhow, Kleiner Perkins

SC-2 o

i35

Reporting on Site Visits to Japan
Roland Hwang, Member, Committee on Gverconting
Barriers to Electric-Yehicle Deployment, Transportation
Program Direcior, Natural Resources Defense Council

EIGHTH COMMITTEE MEETING
May 6-7, 2014

Stationary Wireless Charging of PEVs: Near-Term Barriers
John Miller, INJ Miller ple

Car2Go: Electric Vehicles and Car Sharing
Mike Cully, U.S. Regional Matager, Car2Go

DOE Vehicle Electrification Activities
Patrick Davis, Program Manager,
Vehicle Technologies, DOE

Reporting on Site Visits to Europe
Jeff Doyle, Member, Conumitice on Overcoming
Barriers to Electric-Vehicle Deployment, Director
Public/Private Partnerships, Washington State
Department of Transportation

NINTH COMMITTEE MEETING
July 16-17, 2014

No open session presentations were held during this meeting,

TENTH COMMITTEE MEETING
October 23-24, 2014

No open scssion presentations were held during this meeting,
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International Incentives

This appendix provides some infonmation about the in-
centive programs in Japan, France, Norway, Germany, the
Netherlands, and China.

JAPAN

In fiscal year (FY) 2013, the Japanese government of-
tered rebates for 18 difterent makes and models of plug-in
electric vehicles (PEVs) available in Japan, For the Nissan
Leaf, the FY 2013 rebate was ¥780,000 (about $7,800) based
on a 2013 target price of ¥2,850,000 (about $28,560) (METI
2013)." The committee predicts that the rebates will decline
to ¥520,000 (about $5,200) in FY 2014, ¥260,000 (about
$2.600) in FY 2015, and zero in FY 2016. In addition to the
rebates, PEV purchasers are also exempt from the vehicle ac-
quisition tax (about 5 pereent of the purchase price) and from
the vehicle weight or tonnage tax (Nelson and Tanabe 2013).
The acquisition tax is waived through March 2015, and the
weight tax is waived through April 2015 (Tesla 2013). The
vehicle weight or tonnage tax exemption is applicable once,
at the time of the first mandatory inspection, which occurs
3 years after the vehicle purchase. PEV owners also enjoy a
substantial discount on the annual automobile tax, which can
otherwise range from ¥29,500 to ¥1 11,000, depending on the
vehicle’s engine displacement, Finally, some prefectures and
cities ofter additional incentives at time of purchase.

FRANCE

In 2007, France introduced a fee-bate (bonus-malus)
system for vchicle purchases based on the carbon dioxide
(CO,) emissions of the vehicle. The policy levies a fee de-
peading on the CO, emission performance of the vehicle
ranging from €150 to €8,000 and provides a rebate ranging
from €150 to €6,300.2 The dealer can advance the bonus at

! 'The fiscal year for the national Japanese budget cycte runs from
June to May.

? For more specific break-downs on the bonus-malus system, see:
http://www,developpement-durable.gouv. fi/Bonus-Malus-20 14.
htm},
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the point of safe to reduce the purchase price directly. PEVs
qualify for the highest banus of €6,300. The bonus-malus
system generated deficits in its first few years (2008-2010)
owing to uwnexpectedly high demand for the lower-CO,
cmitting vehicles but led to substantial reductions in the
CO, emissions of new vehicles sold in France (Beltramello
2012). Average new light-duty vehicle CO, per kilometer
moved from being the fourth lowest to the lowest in the Eu-
ropean Union since the program started in 2007 (Brand et al.
2013). The bonus-malus system is periodically updated, with
the most recent revision having become effective in January
2014,

The bonus-malus system appears to be an effective con-
sumer incentive. According to the French government, the
French market for PEVs and hybrid electric vehicles (HEVs)
represented 3.1 percent of the global passenger vehicle mar-
ket in France. Compared with 2012, sales of PEVs increased
by 50 percent and sales of HEV's increased by 60 percent. In
total, 8,779 PEVs were registered in France in 2013. Sales
increased by more than 50 percent compared with the 5,663
vehicles registered in 2012,

NORWAY

The government of Norway has made a firm commitment
to battery electric vehicles (BEVs), motivated in part by the
desire to reduce the greenhouse gas (GHQG) emissions of its
transportation fleet. Because alimost 100 percent of Norway's
elcetricity is generated from hydroelectric power, a transition
to BEVs would decarbonize the passenger vehicle flect almost
eatirely. Forty percent of Norway's GHG emnissions currentty
come trom the transportation sector, and 60 percent of those
come from road transport {Deshayes 2011).

According to a recent study of an incentive scheme
scheduled to last through 2017 (Doyle and Adomaitis 2013},
the Norwegian government provides tax breaks of up to
$11,000 ovet the lifetime of a PEV, or about $1,400 per year.
The tax breaks include no purchase tax, no annual registra-
tion tax, and no valuc-added tax (VAT) (Doyle and Adomai-
tis 2013). As part of the scheme, conmmuters do not pay road
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tolls, worth $1,400 annually, and they receive free parking
worth $5,000, PEVs are permitted in bus lanes and have
access to free public charging at 466 parking spots in Oslo
(Doyle and Adomaitis 2013),

As of the beginning of 2013, PEV sales accounted for 3
percent of total passenger car sales, a much higher fraction
than in most countries, A total of 12,000 PEVs had been sold
in Norway as of 2013, with about haif in the Qsto region
{Ingram 20613a). Nonetheless, some (for example, Doyle and
Adomaitis 2013) have criticized the incentive program be-
cause it encourages families to purchase a PEV as a second
car and rely on their gasoline- or diesel-powered vehicle for
longer-range trips. However, even if that is the practice, tam-
ities might be driving more electric miles during the counrse
of everyday life. Although the programs could prove to be an
environmental benefit, Norway might not be able to sustain
such a financial cominitment. It spends about $13,600 in tax
incentives to reduce CO, emissions by just one tonne, This
cost is much higher than the prevailing price of CO, on the
European Union emissions trading market (Ingram 2013b).

GERMANY

Germany does not currently offer consumer incentives
and is instead relying on a demonstration program in four
major regions. German vehicle manmtfacturers are investing
heavily in hydrogen fuel-cell vehicles (FCVs), and, other
than BMW, they have been slow to embrace PEVs.

THE NETHERLANDS

The Netherlands has extensive consumer incentives for
PEVs and at one time these incentives equaled as much as
85 percent of the price of a new plug-in hybrid electric ve-
hicle (PHEV), although they have since been scaled back.
Unsurprisingly, the Netherlands has become a hot market
tor PEV manufacturers and is Tesla’s sceond biggest market
besides the United States after Norway. The Dutch govern-
ment is especially motivated to support BEVs because most
of the iarger cities in the Netherlands experience severe ur-
ban air pollution. Municipal governments are also keen to
reduee urban noise, especially in the evenings, and find that
noise reduction from BEV taxis and delivery vans greatly
improves the quality of city life (Nissan 2012). The Dutch
goveriment also views BEV deployment as consistent with
its climate change goals and strategy. Not having significant
domestic vehicle production, there is little resistance to im-
porting BEVs from abroad.

The tax incentive structure is unique among all the
countries examined because corporate buyers overwhelm-
ingly dominate the Dutch new-vehicle market, and most new
vehicles are bought by firms for their employecs. Employcees
must pay incomme tax (bijtelling) for vehicles recerved from
their employers. For example, 25 pereent of the value of a
new vehicle is added to an employee’s personal income, and
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then he or she must pay income tax on the total. The bijtel-
ling tax is assessed on the basis of grams of CO, per kilome-
ter, and for high-emitting vehicles, the tax rate is 25 percent.
For BEVs, the bijtelling tax rate is 4 percent, BEV buyers
also enjoy a purchase tax incenfive, whereby through 2017
they pay no tax for vehicles with iow CO, emissions and
arc excmpt from a vehicle-use tax, which is normally based
on weight and kilometers driven. Employees are therefore
motivated to encourage their employers to buy them BEVs,
The federal government is also providing a purchase sub-
sidy for BEV taxis and delivery vans used in urban areas to
help cope with urban air pollution and noise. Amsterdam,
Arnhem, The Hague, Rotterdam, and Utrecht add an addi-
tional purchase subsidy for taxis and delivery vans (€5,000)
and trucks (€40,000) and are particularly motivated as no
new construction may occur in the city uatil air poliution has
been reduced (Dutch Ministry of Economic Affairs 20i4).
The mcentives are especially important to consumers be-
cause Dutch electricity prices are high (€0.28/kWh), so the
consumer incentive to use electricity as a fucl is minimal.

CHINA

Beginning in 2006, China made a major push toward
PEVs, Given China's heavy rcliance on coal to gencrate
electricity, the main envirommental benefits for the country
could be cleaner air in some cities and a reduction in noise
poliution. However, according to a recent analysis by Ji et al.
(2012), replacing gasoline vehicles with PEVs in China with
its current clectricity supply mix will result in higher CO,
emissions and increased mortality risk from PM, ¢ (particu-
late matter less than 2.5 micrometers in diameter) in most
Chinese cities. In any case, the Chinese government views
a shift to PEVs to be beneficial to China’s energy security.
China is a net importer of coal and its current reserve-to-pro-
duction ratio of coal is onty 3! years (BP 2013). The energy
sceurity benefits are therefore not apparent, As of March
2013, there were about 28,000 PEVs registered in Ching, of
which about 80 percent were public buses.

As of 2010, there were 135 million electric bicycles in
China (Jie and Hagiwara 2013).> China is already the largest
electric bicycie producer and consumer, accounting for about
90 percent of the global market. The Chinese government
research and development program for clean, light-duty ve-
hicles initially focused almost equally on FCVs, BEVs, and
PHEVs, In China’s Five-Year Plan (2006-2010), however,
the government’s emphasis shifted strongly to BEVs.

The Chinese central government has subsidized the de-
ployment of PEVs since 2009. Some focal governmentis in
25 pilot cities also provided subsidies on top of the central
government subsidies discussed below, mostly to support the

3 As of 2008, 970 inveation patents had been applied for through
the State Intellectual Property Organization (SIPO) based on the
research of the Chinese governiment’s Energy-Saving and New En-
ergy Vehicle Programme (OQuyang 2009).
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purchase of public transportation vehicles, such as buses and

locally stated-owned taxis. It has been alleged that some lo-

cal governmeats have imposed “buy local” provisions so that

the local PEV firms benefit at the expense of PEV companies
~ elsewhere in China and around the world (Zeng 2013).

The Chinese government allowed six cities to experi-
ment with subsidics to individual conswmers who purchased
PEVs starting in 2013.% In those cities, the local govermment
is allowed to provide purchase incentives, and the central
government will also provide up to RMB 50,000 (about
38,000} for the purchase of a PHEV and RMB 60,000 (about
$9,600) for the purchase of a BEV. Beijing has announced
that it will also subsidize BEVs at a rate of RMB 60,000
(about $9,600), while Shanghai will provide a subsidy of
RMB 20,000 {about $3,000) for a PHEV and RMB 50,000
(about $8,000) for a BEV. Changchun will offer RMB 40,000
(about $6,400) for a PHEV and RMB 45,000 (about $7,200)
for a BEV. Shenzhen will oftfer RMB 30,000 {about $4,800)
for a PHEV and RMB 60,000 (about $9,600) for a BEV. He-
fei has not yet set individual rates but has set aside a budget
of RMB 800 million (about $128 million) for subsidies. To
quality for the subsidies, there are minimum battery require-
ments (at least 15 kWh for a BEV and at least 10 kWh for
a PHEV). As of 2014, fewer than 70,000 PEVs were on the
road in China, far from the target set by the government of
500,000 by 2015 (Bloomberg News 2014).

REFERENCES

Beltramello, A. 2012. “Market Development for Green Cars.”
OECD Green Growth Papers. No. 2012-03. OECD Pub-
lishing, Paris.

Bloomberg News, 2014, “China to Exempt Electric Cars From
H0% Purchase Tax.” Bloomberg Business Week, July 9.

BP. 2013. “Statistical Review of World Encrgy.” http://www. |

bp.conven/global/corporate/about-bp/energy-econom-
ics.html. Accessed July 16, 2014.

Brand, C., J. Anable, and M. Tran. 2013, Accelerating the
transformation to a low carbon passenger transport sys-
temn: The role of car purchase taxes, fecbates, road taxes,
and scrappage incentives in the U.K. Transportation Re-
search Part A: Policy and Practice 49:132-148.

Deshayes, P. 2011, “Electric Cars Take Off in Norway.” Phys.
org, May 10. hitp://phys.org/news/2011-05-electric-cars-

4 The six cities permitted to provide additional incentives are Bei-
jing. Changchun, Hangzhou, Hetei, Shanghiai, and Shenzhen.

SC-7

norway.html.

Doyle, A., and N. Adomaitis. 2013. Norway shows the way
with electric cars, but at what cost? Reuters, March 13.
http:/Awww.reuters.com/article/2013/03/1 3/us-cars-nor-
way- IdUSBRE92C0K020130313.

Dutch Ministry of Economic Affairs. 2014, Electromobility
in the Netherlands: Highlights 2013, http:/www.rvo.nl/
sites/default/files/2014/04/Electromobility%20in%20
the%20Netherlands%%20Highlights%20201 3 .pdf.

Ingram, A. 2013a. “Electric Cars: 12 Percent of All New-Car
SalesInNorway Last Month.” Green Car Reports, Decem-
ber 3. http://www.greencarreports.com/news/ ! 088856 _
electric-cars-12-percent-of-all-new-car-sales-in-nor-
way-last-inonth.

Ingram, A. 2013b. “How Much Is Norway Paying to Pro-
mote Electric Cars?”’ Green Car Reports, March 15.
http://www.greencarreports.com/news/[ 082915 how-
much-is-norway-paying-io-promote-electric-cars.

Ji, S., C. Cherry, M. Bechle, Y. Wy, and J. Marshall, 2012, Elec-
tric vehicles in China: Emissions and health impacts. Envi-
ronmental Science and Technology 46(4): 2018-2024.

Jie, M., and Y. Hagiwara. 2013. “In Ghosn We Trust Tested as
Nissan ElectricPush Falters.” Bloomberg, March 20.http:#/
www.bloomberg.com/news/2013-03-20/in-ghosn-we-
trust-tested-as-nissan-electric-push-falters.heml,

METI (Ministry of Economy, Trade, and Industry). 2013,
“Our Policy about Promoting EVs.” Presentation to the
Committee on Qvercoming Barriers to Electric-Vehicle
Deployment, Tokyo, Japan, December 9.

Nelson, T., and M. Tanabe. 2013. “Japan Continues to Offer
Electric VehicleIncentives,” Dashboard Insights, Septem-
ber 12. http://www.foley.com/japan-continues-to-offer-
electric-vehicle-incentives-09-12-2013/,

Nissan, 2012, “Amsterdam’s TAXI-E Takes Zero Emission
Push tothe Streets.” http:/reports.nissan-global.com/EN/?
p=3348.

Ouyang. M. 2009. “Development of EVs in China.” Presen-
tation at U.S.-China EV Forum, Beijing, China. Sep-
tember 28,

Tesla. 2013. “Electric Vehicle Incentives Around the World.”
http://wwwteslamotors.comy/incentivesiapan. Accessed

_ February 14, 2013.

Zeng, J. 2013, “Subsidies for Green Cars Not Bringing Ex-

pected Results.” China Daily, April 1. http://www.chi-
nadaily.com.cn/business/greenchina/2013-04/01/con-
tent 16364018 htn.





