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QUALIFICATIONS AND PURPOSE OF TESTIMONY 

Q. State your name, business name and address. 

A. My name is Douglas B. Jester. I am a principal of 5 Lakes Energy LLC, a Michigan 

limited liability corporation, located at Suite 710, 115 W Allegan Street, Lansing, 

Michigan 48933. 

Q. What is the purpose of yom· testimony? 

A. In its Order1 of 26 October 2016, this Commission suspended implementation of Amet·en 

Missouri's proposed tariff for direct current fast charging of electric vehicles at public 

stations in its service territmy, 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 conference2
, 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 

1 Order Regarding Tariff, File No. ET-2016-0246 (filed October 26, 2016). 
2 Transcript Volume I (Procedural Conference 1/-2-2016), File No. Et-20 16-0246 (filed November 21, 2016) at 
page 9, line 21 through page I 0, 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? 

I 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 

o Case U-17473 (Consumers Energy Plant Retirement Securitization) 

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

o Case U-17301 (Consumers Energy Renewable Energy Plan 2013 Biennial 

Review); 

o Case U-17302 (DTE Energy Renewable Energy Plan 2013 Biennial Review); 

o Case U-17317 (Consumers Energy 2014 PSCR Plan); 

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

o Case U-17674 (WEPCO 2015 PSCR Plan); 

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

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

o 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); 

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

3 • Case U-17752 (Consumers Energy Community Solar); 

4 • Case U-17735 (Consumers Energy General Rates); 

5 • Case U-17767 (DTE General Rates); 

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

7 • Case U-17895 (UPPCO General Rates); 

8 • Case U-17911 (UPPCO 2016 PSCR Plan); 

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

10 • Case U -180 14 (DTE General Rates) . 

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

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

13 In the past, I have testified as an expert witness on behalf of the State of Michigan before 

14 the Federal Energy Regulatmy Commission in cases relating to the relicensing of hydro-

15 electric generation. I also have been listed as a witness on behalf of the State of 

16 Michigan, prepared case files and submissions, and been deposed in cases before the 

17 United States District Court for the Western District of Michigan and the Ingham County 

18 Circuit Court of the State of Michigan, concerning electricity generation matters in which 

19 the cases were settled before trial. 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

Do you have specific qualifications in relation to 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 infrastmcture 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 5 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 

Consumers Energy. 

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

SC-I Resume of Douglas B. Jester 

SC-2 NRC on Overcoming Barriers to Deployment ofPlugin 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 I have routinely read over the last several years. In addition, I cite 

sources from my accumulated personal library on relevant subjects. 

AMEREN MISSOURI'S ELECTRIC VEHICLE 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 Electric Vehicle Charging 

Stations." By this application, seeks 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 

eastern 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.8 

Fine particulate matter, another pollutant for which St. Louis is in nonattainment9
, 

aggravates respiratory and cardiovascular problems and has been implicated in heart 

disease, lung disease, and miscarriages. National studies 10 suggest that these are 

substantial, with premature deaths due to vehicle emissions exceeding those due to 

vehicle crashes by more than 50%. Caiazzo et a!. 11 estimate that Missouri annually 

suffers I, 192 premature deaths due to PM2.5 and ozone from vehicles. Vehicle 

electrification along with cleaner electricity generation can clearly 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 12 found that 26.3% of greenhouse gas 

emissions in the US in 2014 were from transpmiation fuels.u In 2016, the US Energy 

8 
St. Louis, in particular, has struggled to meet the 2008 and 20 I5 ozone standards. In the St. Louis area, the "design 

value" for ozone levels from 20I2·20I4 was 78 parts per billion ("ppb"), and from 20I3-20I5 was 71 ppb, 
compared to 75 ppb for the 2008 standard and 70 ppb for the 20I5 standard, respectively. 
9 U.S. EPA. (20I5). Current Nonattainment Counties for All Criteria Pollutants. 
h ttp://_1\'\VW. epa. go vI a i rgllality/ g ree nb0 o k/ a ncl,h t m I 
10 See Caiazzo, Fabio et al. 2013. Air Pollution and Early Deaths in the United States. Atmospheric Environment 79: 
I98-208. 
11 Ibid., Table 5. 
12 EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks: I990-2014. Apriii5, 20I6, available from 
https:/ /www .epa.gov/s ites/production/fi les/20 I6-04/documents/us-ghg -inventory-20 I6-main-text.pdf 
13 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. 14 

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 15
, and 

that the most likely path to do so is vehicle electrification16 in combination with 

reductions in the carbon intensity of electric power production. 17 Moreover, multiple 

studies have shown that vehicle electrification reduces greenhouse gas emissions even 

with current generation pmtfolios. For example, a recent report18 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 19
: 

U.S. Energy Information Administration. (2015). State Carbon Dioxide Emissions. 
http://www.eia.gov/environment/emissions/state/ 
14 Energy Information Administration, http://www.eia.gov/totalenergy/data/monthly/pdf/fl]cr.jJClf. 
15 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. 
16 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/\','Q.-.f()_ntent/uplo""s/20 11/9_9/US-Deef':[)_<:carbolli."ation-Rep()rljl_<IL_ 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.orglclean-veh icles/electric-veh icles/life-cycle-ev-em iss ions#. V 4 v XAI-cF J8. 
19 DOE also has a calculator at http_://www_._c_t__fdc~-~!!~rgy.gov/vehic__l_es/el~-~!ric cmissions_.p_bp_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 C02. 
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2 With announced coal plant retirements and replacement generation coming from a 

3 mixture of renewable and natural gas generation, the benefits of vehicle electrification in 

4 Missouri will accelerate. 

5 Because only 15 to 17 million passenger vehicles are sold each year nationally, it will 

6 take about 15 years of exclusively electric vehicle purchases to largely replace the fleet 

7 with electric vehicles. Ramping electric vehicle penetration of new sales to I 00% by 

8 2035 will require that the annual increment of electric vehicle share of sales average 

9 almost 5% per year beginning immediately. Thus, if vehicle electrification is necessary 

10 for mitigating climate change, then near-term acceleration of electric vehicle adoption is 

II necessary. 
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Q. How does vehicle electrification improve energy security? 

A. 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.20 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 

• 21 regwns. 

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 found22 

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 

diversification."23 

Q. How does vehicle electrification positively impact local and regional economies and 

increase macroeconomic stability? 

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

plays a significant role in Missouri's economy.24 In 2012, statewide expenditures on 

20 ElA, 2016. Annual Energy Outlook 2016. Available from http://www.eia.gov/forecasts/aeol. 
21 DOD, 2014.2014 Quadrennial Defense Review. Available from 
http://archive.defense.gov/pubs/20 14 _Quadrennial_ Defense_ Review.pdf. 
22 DOE, 2011. Report on the First Quadrennial Technology Review. Available from 
http://cms.doe.gov/siteslprod/files/ReportOnTheFirstQTR.pdf. 
23 M.R. Copulas, and A.J. Uska & R.K. Perrin (2010) The Hidden Cost of Oil ~~curirJg_for~ig11_Qil: A Case f()r 
!D_g_lu_Qjng__iyl_i litary QQ§I~_t_i_Q_!!_~_ht thQ Clirnlttc C_ba~JgQ]r_l]pa_~t of_fu_~~ 
24 Department of Economic Development, Division of Energy, Missouri Comprehensive State Energy Plan (2015) p. 
99, available at https:llenergy.mo.gov/energyldocs/MCSEP.pdf 
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transportation fuels totaled $15 billion,25 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 transportation purposes is imported to the state.26 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.27 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 

economy?8 

Oil price and supply shocks have been a significant contributing factor to economtc 

recessions. "All but one of the I I postwar recessions were associated with an increase in 

the price of oil, the single exception being the recession of 1960. Likewise, all but one of 

the 12 oil price episodes listed in Table I were accompanied by US recessions, the single 

exception being the 2003 oil price increase associated with the Venezuelan unrest and 

second Persian GulfWar."29 Further, these episodes have particularly acute effects on the 

automobile industty 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 

. d 30 eptso es. 

25 !d. at 101. 
26 ld. at 101. 
27 J Todd et al, Creating the Clean Energy Economy: Analysis of Electric Vehicle Industry (2013); California 
Electric Transportation Coaliton, Plug in Electric Vehicle Development in California: An Economic Jobs 
Assessment (2012). 
28 U.S. Energy Information Administration. Gasoline and Diesel Fuel Update. \\'IVW&La.gov/p_()tr()leum/gasdicsel/ 
29 Hamilton, J. 2013. Historical Oil Shocks. In Parker, R. E .. and R. Whaples, 2013. Handbook of Major Events in 
Economic History. Preprint available from http://econweb.ucsd.edu/-jhamilton/oil_history.pdf. 
30 Ibid. 
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Period GDP growth rate Contdbution of autos 
1974:Ql-1975:Ql -2.5% -0.5% 
1979:Q2-1980:Q2 -0.4% -0.8% 
1981 :Q2-1982:Q2 -1.5% -0.2% 
1990:03-1991 :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 GDP31 during this period, 

contributions of this magnitude to GOP 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 capacity32
. 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. 

Q. How does accelerating electric vehicle adoption potentially benefit electric utility 

customers? 

A. 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 

31 Bureau of Economic Analysis, from http://bea.gov/industry/gdpbyind_ data.htm. 
32 Hamilton, J. 2013. Historical Oil Shocks. In Parker, R. E..and R. Whaples, 2013. Handbook of Major Events in 
Economic History. Preprint available from http://econweb.ucsd.edu/-jhamilton/oil_ history.pdf. 
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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."33 

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. 

Q. How much will vehicle electrification contribute to utility sales? 

A. According to EPA fuel economy labels34 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 I 00 miles. According 

to the Federal Highway Administration35
, 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. 

33 NRDC, 2016. Driving Out Pollution: How Utilities Can Accelerate the Market for Electric Vehicles at 6. 
A vai I ab I e from: hjtps :// \V ww .n rd c. o rg/ s ites/d_efa_ujt,' fi I c ~if_riv in g ·out-p ollu(iOJl::repo rt. jJ<lf. 
34 These can be viewed at fueleconomy.gov. 
35 Available from the Federal Highway Administration at 
http_;//w\y\~,fll\Va.dot.gov/pQlicyitJJ()f!11ation/statistiq/:1QJ4/vm2.cfm. 
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Q. How much would vehicle electrification dilute fixed costs of transmission and 

distribution? 

A. Many details are important to such a calculation. However, for a rough approximation I 

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%36
• 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. 

Q. Does vehicle electrification cancel the benefits of Demand-Side Management 

programs? 

A. No. Ameren Missouri's 2013 Demand-Side Management Potential Study37 estimated 

economic potential electricity efficiency as 22.9% of baseline 2030 sales absent energy 

efficiency 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 

36 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!M issouri-Site/Fi les/environment/renewables/irp/irp-chapterS
appendixb-vol I .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. 

Q. How much can "valley-filling" by electric vehicle charging reduce the average cost 

of power? 

A. Pacific Notthwest National Laboratory38 found that nationally there is sufficient 

generation capacity to charge almost all passenger vehicles thJ"ough "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 pottfolio 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 revision39 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 

38 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 _Part l.pdf. 
39 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. 
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support electric vehicle charging were less than 41% of the current costs of transmission, 

2 distribution, and generation capacity. 

3 In Driving Out Pollution, a report by Natural Resources Defense Council, the authors 

4 present the following graph illustrating a similar but more detailed analysis for San Diego 

5 Gas and Electric, consistent with my results. 
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AFTER WIDESPREAD ElECTRIC VEHIClE ADOPTION 
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To what extent can electric vehicle charging buffer the variability of wind and solar 

8 generation? 

9 A. Two strategies for integrating electric vehicle charging with generation from renewables 

I 0 have been the subject of recent studies. One strategy focuses on integration at a utility 

II customer site, usually combining solar generation with building loads and electric vehicle 

12 charging. The other, more relevant here, focuses on integration at utility scale. Electric 

13 vehicles and the electric grid: A review of modeling approaches, impacts, and renewable 
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energy integration.40 is a good summaty 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 generation 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 3 8% of the vehicle 

fleet.4 t In shott, 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 where electric vehicle charging or 

other new storage options are necessary for renewable resource integration to the grid. 

However, given the current power sector market trends and reinforcing 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". 

40 Richardson, D. 2013. Electric vehicles and the electric grid: A review of modeling approaches, impacts, and 
renewable energy integration. 
41 Kempton, Wand 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. 
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Q. 

A. 

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 A TMs, and 

airlines.42 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. 

42 See Shy, Oz. 2001. The Economics of Network Industries. Cambridge University Press. 
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Q. 

A. 

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 

paper43 that specifically estimates the quantitative elements of this coordination problem. 

The authors estimate that a I 0% increase in the number of non-residential charging 

stations will increase EV sales by 8% and that a I 0% increase in the number of EV s 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 

"vitiuous 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 infrastmcture 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 e VMT and greater 
deployment of vehicles, capital and variable costs for public infrastructure might 
be covered by the incremental revenue from additional electricity that PEV 

43 Li, S. et al. 2016. The Market for Electric Vehicles: Indirect Network Effects and Policy Design. SSRN 2515037. 
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I drivers consume at home, where roughly 80 percent of PEV charging takes place 
2 (Francfort 201 1)."44 

3 No entity other than the electric utility is able to benefit from the indirect network effects 

4 of providing non-residential charging stations, especially in settings where additional 

5 market failures prevail (which I discuss below). It is therefore uniquely possible for a 

6 utility to strategically scale and equitably locate charging infrastructure during early 

7 development of the electric vehicle market. Thus it is logical that, if the Commission is 

8 moved by the benefits described above to accelerate the adoption of electric vehicles, 

9 then the logical strategy is to support utility investment in electric vehicle charging 

I 0 infrastructure. 

I I Further, because the utility already has established connections to its customer base it is 

12 also well positioned to provide education and outreach to both potential electric vehicle 

I 3 drivers and charging site hosts. The benefit of increased electricity sales from electric 

14 vehicle load should also incentivize the utility to leverage its existing customer 

I 5 relationships to meaningfully engage potential electric vehicle drivers and site hosts on 

16 the aforementioned benefits of vehicle electrification. 

I 7 UTILITY EV CHARGING PROGRAM STRUCTURE 

18 Q. How should utility programs be structured in order to accelerate electric vehicle 

19 adoption? 

20 A. They must comprehensively meet the growing vehicle charging needs of electric vehicle 

21 drivers. 

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

44 National Research Council, Overcoming Barriers to Deployment of Plug-In Electric Vehicles (2015) at 92. 
Available from http://www .nap.edu/catalog/21725/overcom ing-barriers-to-deployment -of-plug-in-electric-vehicles 

21 



2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

A. 

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 1 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 I 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 k W 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 suppmt 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 

22 



compatible with one, but not both, of the CHAdeMO or CCS connection. Faster charging 

2 is accomplished by connecting a high-amperage direct current directly to the vehicle 

3 battery, unlike the AC chargers which go through an AC-DC conversion on-board the 

4 vehicle. CHAdeMO fast chargers typically are able to transfer energy at the rate of 44 

5 kW, which can add range to a typical compatible vehicle at a rate of more than 100 miles 

6 per hour of charging. 

7 It should be apparent that AC Level I and AC Level 2 charging is suitable for either quite 

8 limited driving range or long-dwell vehicle parking. Fast charging is intended to support 

9 longer distance (highway) travel but still requires a stop of sufficient duration that most 

10 customers will require comfort and alternative activity while waiting for charging to 

11 complete. 

12 A significant number of plug-in electric vehicle models are produced or have been 

13 announced, with a variety of specifications. A number of them are intended for only local 

14 use and are purely electric with modest battery capacity and AC charging (Limited-range 

15 BEY). Two approaches have been taken for vehicles that are used for greater distances. 

16 Plug-in hybrid vehicles (PHEY) can be powered electrically but also have on-board 

17 engines such that in short-range usage they function as electric vehicles but for extended-

18 range usage they function more like a typical gasoline hybrid vehicle. Long-range battery 

19 electric vehicles (Long-range BEY) rely exclusively on electricity but use large batteries 

20 and fast charging to support extended-range travel. Most recently announced models are 

21 battery electric vehicles with range of at least 80 miles.45 

45 https://www.fueleconQ!llY_-g_Qy/feg/pclfs!guides/fEG20l6.pelf, 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 I 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-l of 

Schedule SC-2, reproduced here for ready reference. 

TABLE 5-1 Effect of Charging~ Infrastructure Categories on ~v!ainstream PEV Ownt:rs by PEV Class" 
Infra<>tmcture Category PE\' Clas\0 Effect oflnfrastmcture on }.:fain<:.tremn PE\' Owner~ 

Interstate 
DC fa'>t charge 

Intercity 
DC f3st chargl 

Intracity 
DC fast charge" 

Long-range BEV 

Limited-range BEV 

Rmtge-extended PHEV 

Minimal PI-lEV 

Long-range BEV 

Limited-range BEV 

Range-extended PHEV 

Minimal PHEV 

Long-range BEV 

Limited-range BEV 

Range-extended PHEV 

~·linimal PHEV 

Range extension, expands nL1rket 

Not pmctical for long trips 

NA ~not equipped 

NA- not equipped 

Range extension, expands market 

2 x Range extension, increases confidence 

NA -not equipped 

NA- not equipped 

Not necessary 

Range extension, increases confidence 

NA- not equipped 

NA- not equipped 
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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.46 In most cases, the majority of time parked 

elsewhere is at the workplace. 

Q. Where should charging infrastructure be deployed in order to enable electric 

vehicle adoption? 

A. In order to enable electric vehicle adoption, each infrastructure categmy 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 battety electric vehicles, fast charging must be 

available along enough routes to effectively connect most trip origin-destination 

combinations. 

Q. What is your evaluation of Ameren Missouri's proposal by these criteria? 

A. 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."47 

46 Natural Resources Defeuse Council, Driving Out Pollution: How Utilities Can Accelerate the Market for Electric 
Vehicles at Exhibit 2. Available from: http~/llylvw.nrdc.<m;/~ites/defaultlfiles/driving,out,pollutimHcQ_ortpdf. 
47 Nick Nigro et al. (20 15) Strategic Planning to lmplemelll Publicly Available EV Charging Stations: A Guide for 
Businesses and Po!icymakers. Available from: httg://\V'Vw.c2es.org/<lgclJploads/cv·charging-gt<Lcle~p<lf. 
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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 imp011ant 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.48 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-battety electric 

vehicles.49 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 infrastmcture 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 categ01y. 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. 

48 48 Nick Nigro et al. Strategic Planning to Implement Publicly Available EV Charging Stations: A Guide for 
Businesses and Policymakers (20 15) at II. 
49 PlugShare, New Survey Data: BEY Drivers and the Desire for DC Fast Charging (March 2014). 
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Q. 

A. 

Q. 

A. 

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 oppmtunity 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? 

It 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 ts a useful 

reference for examining this question. 

Electric Distribution lnfms tructum 

Eteclflt: Distnbutklll Se1vic€ Electlic l.'ehicl(.' Supply Etjuipment (EVSE) 

r---··---·------'-----~·--·-, ~~---~---l ________ l 

t't"' ~~ c,-,,,,t.._r:,., 
!1,:.,,,\ 

I __ ----------,-- ----------~----------------

PEV infrastmcture costs consist of three groups: the "EV Service Connection"; the "EV 

Supply Infrastructure"; and the "EV Charger Equipment." The EV Service Connection 

refers to the utility distribution infrastructure, including transformers, utility services, and 

meters. The EV Supply Infrastmcture is comprised of the electricity panels, conduit and 

wmng. 

The EV Charger Equipment to the right in this diagram is analogous to other end-usc 

equipment that is normally supplied by competitive markets; there are currently a number 

of competitors in the marketplace for manufacturing, installing, and setvicing such 

equipment. This is also the locus of innovation activity in vehicle charging technology 

and business models and should therefore be the focus of any effort by the Commission 

to promote development of a competitive market for vehicle charging. 

There arc 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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Q. 

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 electric 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 Commission 

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 

2 energy costs. However, during market development, when vehicle charging infrastructure 

3 is leading vehicle sales, this approach may not be able to recover sufficient revenue at 

4 reasonable prices. At the same time, during market development most charging stations 

5 will be local monopolies in which umegulated pricing could be excessive, risking 

6 electricity prices that eliminate fuel cost savings and may likely exceed gasoline prices, 

7 so the Commission should ensure that pricing is appropriate for use of charging stations 

8 in which Ameren Missouri invests, regardless of whether those stations are owned and 

9 operated by the utility or a third party. 

l 0 The second alternative is to allow a station host to contribute toward equipment costs, 

II either upfront or in "rental" rate via monthly charges that include maintenance and 

12 operations as well as recovery of and on capital. This approach is attractive during this 

13 period of market development when infrastructure will be leading electric vehicle 

14 purchases as it provides a way for a site host to subsidize the station as a benefit to 

15 employees or customers. However, it is unlikely that this approach will work for fast-

16 charging stations as they are more expensive than the AC Level 2 charging stations and 

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

18 Finally, during the market development period when charging infrastructure leads electric 

19 vehicle ownership, there is room for Company or ratepayer subsidy of charging 

20 equipment. This approach is justifiable for deployment critical market segments in which 

21 unique batTiers limit deployment of infrastructure, as well as for fixed, limited term pilot 

22 programs that are designed to accelerate the market. Ameren has proposed such a limited 
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Q. 

A. 

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 

shoti 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 vitiue of operating EV charging stations, and by 
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A. 

Q. 

A. 

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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Contact Information: 

115 W Allegan Street, Suite 710 
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January 2011 -present 

Principal Member 

5 Lakes Energy 

Co-owner of a consulting firm working to advance the clean energy 
economy in Michigan and beyond. Consulting engagements with 
foundations, startups, and large mature businesses have included work 
on public policy, business strategy, market development, technology 
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 ballot 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 
Energy, Labor and Economic Growth 

Senior Energy Policy Advisor 

Michigan Department of 

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 Collaborative, 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 Consultant - Smart Grid 

• Employed by Verizon Business' exclusive external 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 

President/Co-Owner 

Efficient Printers Inc 

• Co-founder and co-owner with 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 Supplier 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 software-as-a
service. 

2004 -August 2007 Automated License Systems 

Chief Technology Officer 

• Member of four-person executive 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 data 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 en!Iy, 
tracking, and service support systems for numerous large federal 
telecommunications contracts such as the US Post Office, Federal 
Aviation Administration, and Navy-Marine Corps Intranet. 

• Increased annual line-of-business revenue from $64 million to $93 
million, 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 Councilmember 

• Elected chief executive of the City of East Lansing, a sophisticated 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 modernization of city charter, greatly 
intensified cooperation between the City of East Lansing and the East 
Lansing Public Schools, significant increases in recreational 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 2009). 

1995-1999 Michigan Department of Natural Resources 

Chief Information Officer 

• Executive responsibility for end-user computing, data center operations, 
wide area network, local area network, telephony, public safety radio, 
videoconferencing, application development and support, Y2K 
readiness for Departments 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. 

1990-1995 Michigan Department of Natural Resources 

Senior Fisheries Manager 

• Responsible for coordinating management of Michigan's Great Lakes 
fisheries worth about $4 billion 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, legislative analysis and negotiation. 
University relations. Extensive involvement in regulation of steam 
electric and hydroelectric power plants. 

• Served as agency expert on natural resource damage assessment, 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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o Member of Lake Erie and Lake St. Clair Committees 
o Chair, Council of Lake Committees 
o Member, Sea Lamprey Control Advisory Committee 
o St Clair and Detroit River Areas of Concern Planning Committees 

1989-1990 American Fisheries Society 

Editor, North American Journal 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 information systems. Department of Natural 
Resources representative to Governor's Cabinet Council on Economic 
Development. 

1983-present 

Adjunct Instructor 

Michigan State University 

• 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 
"epidemiological" approaches to managing inland fisheries. 

1991-1995 Michigan State University 

PhD Candidate, Environmental Economics 
Coursework completed, dissertation not pursued. 

1980-1981 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 
Community 
Involvement 

Youth Soccer Coach, East Lansing Soccer League, 1987-89 

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

Bailey Community Association Board, 1993-1995 

East Lansing Commission on the Environment, 1993-1995 

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- EastLansing Smart Zone Board of Directors, 2007 -present 

Council on Labor and Economic Growth, State of Michigan, by 
appointment of the Governor, May 2009 - May 2012 

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

East Lansing Brownfield Authority 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 response 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 5 Lakes Energy 

)> 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 action 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 Commission PURPA Avoided Cost 
Technical Advisory Committee. 

)> Participant by invitation in Michigan Public Service Commission Standby Rate Working 
Group. 

)> Participant by invitation in Michigan Public 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 Iowa 
o For Advanced Energy Economy Institute- Arkansas, Florida, Illinois, Ohio, 

Pennsylvania, Virginia 
o For The Solar Foundation -Georgia and Nortlh Carolina 
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, Loss 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) 
o Case U-17096-R (Indiana Michigan 2013 PSCR Reconciliation) 
o Case U-17301 (Consumers Energy Renewable Energy Plan 2013 Biennial Review); 
o Case U-17302 (DTE Energy Renewable Energy Plan 2013 Biennial Review); 
o Case U-17317 (Consumers Energy 2014 PSCR Plan); 
o Case U-17319 (DTE Electric 2014 PSCR Plan); 
o Case U-17674 (WEPCO 2015 PSCR Plan); 
o Case U-17679 (Indiana-Michigan 2015 PSCR Plan); 
o Case U-17689 (DTE Electric Cost of Service and Rate Design); 
o Case U-17688 (Consumers Energy Cost of Service and Rate Design); 
o Case U-17698 (Indiana-Michigan Cost of Service and Rate Design); 
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o Case U-17762 (DTE Electric Energy Optimization Plan); 
o Case U-17752 (Consumers Energy Community Solar); 
o Case U-17735 (Consumers Energy General Rates); 
o Case U-17767 (DTE General Rates); 
o Case U-17792 (Consumers Energy Renewable Energy Plan Revision); 
o Case U-17895 (UPPCO General Rates); 
o Case U-17911 (UPPCO 2016 PSCR Plan); 
o Case U-17990 (Consumers Energy General Rates); and 
o Case U-18014 (DTE General Rates); 
o Case U-17611-R (UPPCO 2015 PSCR Reconciliation); 
o 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 Road map for CHP 
Market Development in Michigan, including evaluation of various 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 Collaborative. 

~ Under contract to NextEnergy, assisted in development of industrial energy efficiency 
technology development strategy. 

~ Under contract to a 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 legislative learning sessions 
covering a synopsis of Michigan's energy uses and supply, energy efficiency, and economic 
impacts of clean energy. 

For Department of Energy Labor and Economic Growth 

~ Participant in the Michigan Public Service Commission Energy Optimization Collaborative, a 
regular meeting and action collaborative of parties involved in the Energy Optimization 
programs required of utilities 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 utility 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 
effects of various energy efficiency measures on load-duration curves. 

~ Analyzed relationship of marginallocational prices to load, demonstrating that traditional 
assumptions of Integrated Resource Planning are invalid and that there are substantial 
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current 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 utility 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 

~ 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 wilh 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 monitoring and control, power outage detection and restoration, 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 proposal 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 facilitate 
the sharing and analysis of synchrophasor data amongst utilities in order to increase 
transmission reliability. 

~ Provided technical advice to account team concerning successful proposal to provide 
network services and information systems support for the California ISO, which coordinates 
power dispatch and intercompany power sales transactions for the California market. 
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For Michigan Department of Natural Resources 
~ Delermined 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 settlement 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 Federal Energy 
Regulatory Commission concerning benefit-cost analyses and regulatory issues for four 
different hydroelectric dams in Michigan. 

~ Reviewed (as regulator) the environmental impacts and benefit-cost analyses 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 oil and gas) rights leasing, unitization and 
apportionment, and royalty collection. 

~ 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 Oil. 
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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 emissions to improving urban air 
quality. However, there are many barriers to its mainstrcmn 
adoption regardless of incentives and enticing promises to 
solve difficult problems. Such vehicles have some limita~ 
tions owing to current battety technology, such as restricted 
electric driving range and the long times required for battet)' 
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 commissiorl 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 Committee 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 ditl\1sion. 
The committee next explores how federal, state, and local 
governments and their various administrative arms can be 
more supportive and implement policies to sustain benefi
cial stwtegies tOr PEV deployment. It then provides an in
depth discussion of the PEY charging-infrastmcture needs 
and evaluates the implications of PEV deployment on the 
electricity sector. Finally. the committee discusses incentives 
for adopting PEVs. 

The eutTent report has been reviewed in draft form by 
persons chosen tOr 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 comments 
that will assist the institution in making its published report 
as sound ns possible and to ensure that the report meets insti
tutional 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. \Ve thank the tOllowing people for their 
review of this report: 
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Ron Adner, Dartmouth College, 
William 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 l3inningham, 
John D. Graham, Indiana University, 
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Summary 

The plug-in electric vehicle (PEV) has a long history. 
ln 1900, 28 percent of the passenger cars sold in the United 
States were electric, 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 atTordable gasoline, and de
velopment of the national highway system, which allowed 
long-distance travel. led to the demise of those first PEVs. 
In the 1970s and 1990s. interest in PEVs resurlaced, 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 technologies, 
new federal standards for carbon-dioxide emissions and fuel 
economy, state zero-emission-vehicle requirements, and the 
current administration's goal of putting millions of alterna
tive-fuel vehicles on the road. People arc 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 thel up at home; and zero 
tailpipe emissions when the vehicle operates solely on its 
battery. There arc, however, borricrs to PEV deployment, in
cluding the vehicle cost, the shm1 all-electric driving range, 
the long battery-charging time, uncertainties about battery 
life, the few choices of vehicle models, and the need for a 
charging infrastmcture to support PEVs whether at home, at 
work, or in a public space. Moreover, many people arc still 
not aware of or do not fully understand the new technology. 
Given those recognized barriers to PEV deployment, Con
gress asked the Depm1ment of Energy (DOE) to commission 
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. 1 Accordingly, the 
National Research Council (NRC). an arm of the National 
Academics, appointed the Committee on Overcoming Bar
riers to Electric-Vehicle Deployment, which prepared this 
report. 

1 See Consolidated Appropriations Act, 2012, P.L. 112-74. II. 
Rept. 112-331 (H.Rept. 112-118). 
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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 report, released in May 2013, 
provided an initial discussion of infrastructure needs for 
PEVs, barriers to deploying the infrastructure, and possible 
roles for the tCderal government in overcoming the barriers. 
It did not otTer any recommendations because the commit
tee was still in the early stages of gathering data. The cur
rent report is the committee's final comprehensive report that 
addresses its full statement of task. which can be found in 
Chapter I. 

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 (BEYs) and plug-in hybrid electric vehicles (PHEVs). 2 

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 BEYs operate solely on electricity 
stored in the battery (there is no other energy source), and 
PHEVs have an internal-combustion engine (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 those powered by gasoline because 
they nrc the ones currently available in the United States. 

The premise of the committee's task is that there is a 
benefit to the United Stntes if a higher fraction of miles is 
li1eled by electricity rather than by petroleum. Two reasons 
for this benefit are commonly assumed. First, a higher frac
tion of miles ti•elcd 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 ntmosphcre. The committee 

1 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. IIEVs do not plug into the electric grid 
but power their b<ltterie:;; from regenemtive braking and an intemal
combustion engine. They me not included in the PEV category and 
are not considered further in this report unless to make a compari
son on some issue. 
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was not asked to research or evaluate the premise, but it did 
consider whether the premise was valid now and into the 
fl1turc and asked if any recent developments might call the 
premise into question. 

First, a PEV uses no petroleum when it runs on elec
tricity. Furthermore, the electricity that fuels the vehicle is 
generated using essentially no petroleum; in 2013, less than 
0. 7 percent of the U.S. grid electricity was produced from 
petroleum. Thus, PEVs advance the long-term objective of 
U.S. energy independence and security. Second. on average, 
a PEV fueled by electricity is now responsible for less green
house gases (GHGs) per mile than an ICE vehiclc3 or a hy
brid electric vehicle (HEY). PEVs will make ti~rther reduc
tions in GHG emissions as the U.S. electric 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 electricity from the U.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 ncar-term and long
tenn impacts of PEY deployment on petroleum consumption 
and GHG emissions is provided in Chapter 1 of this report. 

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

J For this report, ICE vehicle or mnventionall·ehic/e refers to a 
light-duty vehicle that obtains all of its propulsion from an intemal
combustion engine. 

TABLE S-1 Four Classes of Plug-in Electric Vehicles 
PEV Class Description 

!'LUG-IN ELECTRIC VEHICLES 
AND CHARGING TECHNOLOGIES 

Today, there arc several makes and rnodels of PEYs on 
the market, and PEV sales reached about 0. 76 percent of the 
light-duty sales in the United States by the close of20 14. Be
cause the obstacles to consumer adoption and the charging 
infrastmcture requirements depend on PEY type, the com
mittee used the all-electric range (AER) of the vehicles to 
distinguish four I'EV classes (see Table S-1 ). Several impor
tant points regarding the PEV classes should be highlighted. 
First, the Testa Model S clearly demonstrates the possibility 
of producing a long-range BEY that has been recognized 
as a high-performing vehicle. Second, limited-range BEYs 
are the only type of PEY that have a substantial range limi
tation. Although they are not practical for trips that would 
require more than one Htst charge given the substantial re
fueling time required, their ranges arc more than sufficient 
for the average daily travel needs of the m.:tiority 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 on 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 arc essentially HEY s. 

There are three options for charging the high-energy 
batteries in PEVs.4 First, AC level I 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. 

Example (Rangc<l) 

Long-range BEV Can tnwel hundreds of miles on a single battery charge 
and then be refueled in a time that is much shorter than the 
additional driving time that the refueling allows. 

2014 Tesla ModelS (AER- 265 miles) 

Limited-range BEV Is made more aftOrdable than the long-range BEV by 
reducing the size of the high-energy battery. Its limited 
range can more than suffice for many commuters, but it is 
impractical for long trips. 

Range-extended PHEV Typically, opemtes as a zero-emission vehicle until its battery 
is depleted, whereupon an ICE turns on to extend its mnge. 

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

2014 Chevrolet Volt (AER = 38 miles; 
total range= 380 miles) 

Minimal PHEV Its small battery can be charged from the grid, but its AER 2014 Toyota Plug-in Prius (AER = 6-1 I miles; 
is much less than the average daily U.S. driving distance. total range= 540 miles) 

tl 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 BEYs. 
NOTE: AER, all~clectric range; BEV, battery electric vehicle; ICE, internal-combustion engine; PEY, plug-in electric vehicle; 
PHEV, plug-in hybrid electric vehicle. 
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charging. It is considered too slow to be the primary charg
ing method tor fully depleted batteries of PEYs 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 -phase ac circuit 
like those used by electric dryers, electric stoves or ovens, 
and large air conditioners; it provides about l0-20 miles of 
electric range per hour of charging depending on how much 
current the vehicle is allowed to draw. Third, DC fast charg
ing is an option available only to BEYs today and uses high
voltage circuits to charge the battery much more rapidly. 
DC fast charging is generally not an option for residential 
charging given the high-power circuits required. In the Unit
ed States, there is one standard plug tor the AC level I 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 ban·ier to 
PEV adoption insofar as it prevents all PEVs from being able 
to charge at any fast-charging station. 

Recommendation: The federal government and proactive 
states should use their incentives and regulatory powers to 
(I) eliminate the proliferation of plugs and communication 
protocols for DC f.1st chargers and (2) ensure that all PEV 
drivers can charge their vehicles and pay at all public charg
ing stations using a universally accepted payment method 
just as any ICE vehicle can be fueled at any gasoline station. 

UNDERSTANDING THE MARKET DEVELOPMENT 
AND CUSTOMER PURCHASE PROCESS FOR 

PLUG-IN ELECTRIC VEHICLES 

Developers of new technologies, such as PEVs, Hlce 
challenges in developing a market and motivating consum
ers to purchase or usc their products. Incumbent technolo
gies-in this case, ICE vehicles-can be ditficult 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 of 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 challenges to the success of the PEV market is that 
people are so accustomed to ICE vehicles. 

Accordingly, adoption and ditli1sion ofPEVs is likely to 
be a long-term, complex process. Even modest market pene
tration could take many years. Furthermore, market penetra
tion rates will likely be a fimction not only of the product it
sclfbut also of the entire industry ecosystem. Hence, product 
technologies (such as low-cost batteries), downstream infra
structure (such as dealers and repair facilities), and comple
mentmy infrastructure (such as charging stations) will need 
to be developed simultaneously. 
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One strategy for dealing with market complexity has been 
to identify a narrow market segment tbr which the new tech
nology otTers a compelling reason to buy. OtlCring a compel
ling value proposition specifically 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 
market segment. Then, the momentum gained in the initial 
market segment can be used more efficiently and effectively 
to drive sales in related, adjacent segments. That approach ap
pears reasonable tor PEVs because the PEV market has been 
characterized by strong regional pattcms that reflect such attri
butes as expensive gasoline; fhvorable demographics, values, 
and lifestyles; a regulatory environment favorable to PEVs; 
and an existing or at least readily deployable inffastmcture. 

The purchase of a new vehicle is typically a lengthy pro
cess that otlen involves substantial research and is strongly 
atlCcted by consumer perceptions. In evaluating the pur
chase process tor PEVs specifically, the committee identified 
several barriers-in addition to the cost differences between 
PEVs and ICE vehicles-that atTect consumer perceptions 
and their decision process and ultimately (negatively) their 
purchase decisions. The barriers include the limited variety 
of PEVs available; misunderstandings conccming 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; ditficulties in determining the greenness of the ve
hicle; lack of intbnnation on incentives; and lack of knowl
edge of unique PEV benefits. Collectively, the identified 
barriers indicate that consumer awareness and knowledge 
of PEV otl'erings, incentives, and tCatures arc not as great 
as needed to make fully informed decisions about whether 
to purchase a PEV. Furthermore, many t3ctors contribute to 
consumer uncertainty and doubt about the viability of PEVs 
and create a perceptual hurdle that negatively affects PEV 
purchases. Together, the barriers emphasize the need tbr 
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 eftbris by some manufacturers, dealer knowledge 
of PEVs has been uneven and often insufficient to address 
consumer questions and concerns. The committee does ac
knowledge, however, that even wcll-intbrmcd 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 infonna
tion and awareness, the federal government should make use 
of its Ad Council program, particularly in key geographic 
markets, to provide accurate information about tCderal tax 
credits and other incentives, the value proposition for PEV 
ownership, and who could usefully own a PEV. 
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GOVERNMENT SUPPORT FOR DEPLOYMENT 
OF PLUG-IN ELECTRIC VEHICLES 

The tbdcral govemment can play a substantive role in 
encouraging PEV deployment by supporting research that 
has the potential to remove barriers. Specifically, investment 
in battery research is critical tOr producing lower cost, higher 
performing batteries. Improved battety technology will lower 
vehicle cost, increase the all-electric range, or both, and those 
improvements will likely lend to increased PEV deployment. 
Furthcnnore. research is needed to understand the relationship 
between charging infrastmcture availability and PEV adop
tion and use. Specifically. research should be conducted to de
tcnninc how much public infrastmcture is needed and where it 
should be sited to induce PEV adoption and to encourage PEV 
owners to optimize their vehicle usc. That research is espe
cially critical if the federal govemment is allocating resources 
to fund public infrastmcn1re deployment. 

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

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

The successful deployment of PEVs will involve many 
entities, including federal, state, and local governments. One 
potential barrier for PEV adoption that is solely within gov
ernment control is taxation of PEVs and, in particular, taxa
tion tOr 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 BEYs use no gasoline and PHEVs use much less 
gasoline than ICE vehicles, there is the bcliefthat 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. Furthennore, the fiscal impact at the 
present time and likely over the next decade of not collecting 
fuel taxes from PEV owners is negligible, especially com
pared with the impact ofhigh-milcagc vehicles that arc being 
produced to meet fuel-economy standards. 

Recommendation: Federal and state governments should 
adopt a PEV innovation policy where PEVs remain free fi·om 
special roadw·ay or registration surcharges tOr a limited time to 
encourage their adoption. 

Some federal and state pennitting 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 rnost charging will occur 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 arc needed in the permitting and approval 
process for installation of home and public charging stations. 

Recommendation: Local govenunents should sh·eamlinc per
mitting and adopt building codes that require new constmction 
to be capable of supporting future charging installations. 

CHARGING INFRASTRUCTURE FOR 
PLUG-IN ELECTRIC VEHICLES 

PEV deployment and the fraction of vehicle miles fu
eled by electricity ( e 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 Ieveii, AC level2, 
and DC H1st charging), evaluated it from the perspective of 
the PEV classes defined in Table S-1, and determined which 
entities might have a motivation to install which catcg01y of 
charging infrastmcture. The results of the committee's anal
ysis are summarized in Table S-2. The table reflects the rela
tive importance of each 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 int1·astruc
turc categories. First, home charging is a virtual necessity for 
all PEV classes given that the vehicle is typically 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, Hnd 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 clearly have challenges to over
come to make PEV ownership practical tOr them. 

Second, chHrging at workplaces otlCrs an important op
portunity to encourage PEV adoption and increase eVMT. 
Specifically, it could double the daily travel distance that is 
fueled by electricity if combined with home charging and 
could in principle make possible the use of limited-range 
BEYs 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
ny with a green image. However. one concern is that utilities 
could impose demand charges if the businesses exceed their 
maximum power-demand thresholds; such charges could be 
substantial. Another concern is the IRS requirement for busi
nesses to assess the value of the charging and report it as 
imputed income. 

Recommendation: Local govemments should engage with 
and encourage workplaces to consider investments in charging 
infrastmcture and provide intOnnation about best practices. 
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TABLE S-2 Etlects of Charging Infrastructure by PEV Class and Entities Motivated to Install Infrastmcturc Categories" 

Inl'mstmcture Category" 

Home 
AC levels I and 2 

Workplace 
AC levels I and 2 

Intracity' 
AC icn•ls I and 2 

Intracity' 
DC fast charge 

Intercity" 

DC fast charge 

Interstate 
DC l~m charge 

PEV Class 

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

Long-range BEV 
Limited-range BEV 
Range-extendt'd PI lEV 
Minimal PIIEV 

Long-range BEV 
Limited-range BEV 
Range-extended PHEV 
~·linimal PI lEV 

Long-range BEV 
Limited-range BEV 
Range-extemlt'd PHEV 
Minimal PHEV 

Long·mnge BEV 
Limited-range BEV 
Range-extended PHEV 
:-..·tinimal PIIEV 

Long-range BEV 
Limited-range BEV 
Range extended PHEV 

Minimal PHEV 

E!Tect of Infrastructure on Mainstream PEV Owner 

Virtual necessity 
Virtual necessity 
Virtual necessity 
Virtual necessity 

Range extension, expands market 
Range extension, expands market 
Increases eVMT and value proposition; expands market 

Increases eVMT and value proposition; expands market 

Not necessary 
Range extension. increases confidence 
Jncrea~es eVMT and value proposition 
Increases eV1,1T and value proposition 

Not necess;uy 
Range extension, incre<tses confidence 

NA- not equipped 
N A - not equipped 

Range extension, expands market 
2 x Range extension, increases confidence 

NA- not equipped 
NA -not equipped 

Range extension. expands market 
Not pmctical for long trips 
NA- not t."'qUipped 
N A - not t."'qUippcd 

Who Has an Incentive to Install? 

Vehicle Owner. Utility 

Business Owner. Utility 

Utility, Retailer. Charging Provider, 
Vehicle Manufacturer 

Utility. Charging Pro\'ider. Vehicle 
Manut:1cturer, Govemment 

Vehicle Manul~tcturer. Govenunent 

Vehicle Manufacturer, Govemment 

"Assumptions for 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 plan to change their mobility needs to acquire a PEV, and that there would be no disn•p
tive changes to current PEV performance and only incremental improvements in battery capacity over time. 
hThe term intercity refers to travel over distances less than twice the range of limited-range BEVs, and the term iuta<:tate refers to travel over longer 
distances. 
cIt is possible that these infrastmcture 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 other infrastmcturc categories. 
NOTE: AC, alternating current; BEV, battery electric vehicle; DC, direct current: eVNn: electric vehicle miles traveled; NA, not applicable; PEV, 
plug-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 BEY drivers, allow long-distance travel for long-range 
BEY drivers. and increase eYMT and the value proposition 
tOr PHEY 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 entities~ 
BEY manufacturers and utilities-that might have an attrac
tive business case tOr absorbing the tl11l 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. 

SC-2 

Recommendation: The federal govemment should refrain 
tfom additional direct investment in the installation of public 
charging infrastmcture 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 tor PEV charging. At the current time, PEV charging 
requirements account tOr 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 percent of private 
vehicles, the estimated impact would still be only 5 percent 
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of today's electric production. Accordingly, PEV 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 there is high. concentrated PEV deployment, 
PEV charging is expected to have a negligible ctTect on the 
distribution system at the anticipated rates of PEV adoption. 

Thus, the constraints on PEV adoption that could arise 
ffom the electricity sector are more likely to be economic 
rather than physical or technical. Potential impediments to 
PEV adoption include (I) high electricity costs that reduce 
the financial benefit of PEV ownership, (2) regional ditTer
cnccs 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 tOr the 
utility, and (4) high costs tOr commercial and industrial cus
tomers if demand charges are incurred as noted above. The 
committee notes that state jurisdiction over retail electricity 
rates constrains the federal role in directing the electricity 
sector to foster 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 federal government should propose that 
state regulatmy commissions otTer PEV owners the option of 
purchasing electricity under time-of-use or real-time pricing. 

INCENTIVES FOR THE DEPLOYMENT 
OF PLUG-IN ELECTRIC VEHICLES 

One of the most important issues concerning PEV de
ployment is determining what, if any. incentives are needed 
to encourage PEV adoption. Determining the need 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 committee considered sales and 
consumer survey data and compared manutacturer suggest
ed retail prices (MSRPs) on selected PEVs, HEVs, and ICE 
vehicles. The committee lound 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 some buyers but 
that others might be rejecting PEVs for other reasons. Com
parisons oflviSRPs and cumulative 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 unf."'orable to PEVs. 

Another factor to consider is the possibility of declines 
in production costs tOr 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 tOr manufacturers of relatively 
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popular PEVs before costs can be substantially reduced. 
Thus, the deployment of PEVs might be at risk unless the 
federal government extends manutacturer or consumer in
centives, at least temporarily. 

Regulatory requirements and incentives tOr manufacttn·
crs and consumers have been introduced over the past few 
years by states and the federal government to encourage 
PEV production and deployment. :VIost manufacturer incen
tives and mandates arc contained in the federal Corporate 
Average Fuel Economy standards, the federal GHG emission 
standards, ami state zero-emission-vehicle (ZEV) programs. 
Most consumer incentive programs have involved purchase 
incentives in the tOnn 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 free PEV charging or 
parking). Some states have also offered nonfinancial incen
tives that allow access to restricted lanes, such as bus-only, 
high-occuprmcy-vehicle, mu.l high-occupancy-toll lanes. In
centives have also been provided to install charging stations, 
the availability ofwhieh might also influence people's will
ingness to purchase PEVs. 

On the basis of the committee's analysis, several points 
should be highlighted. First, existing federal and state regu
latory programs tOr fuel-economy and emissions have been 
etTective at stimulating manutacturers to produce some 
PEVs, and sale of credits from these programs between 
manuH1cturcrs has also provided an important incentive tOr 
PEV manufacturers to price PEVs more attractively. The 
committee emphasizes that the state ZEV requirements have 
been particularly etlCctive at increasing PEV production and 
adoption. Second, the effectiveness of the tCderal 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 otTer a vHriety of finan
cial and nonfinancial incentives, but there appears to be a 
lack of research to indicate which incentives might be the 
most etlCctlvc at encouraging PEV adoption. Fourth, the 
many state and local incentives that differ in monetary val
ue, restrictions, and calculation methods make it challenging 
to educate consumers on the incentives that are available to 
them and emphasize the need for a clear, up-to-date source 
of intOnnation tbr consumers. Fitth, the overall international 
experience appears to suggest that substantial financial in
centives arc etlCctive in motivating consumers to buy PEVs. 

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 
tCderal government should re-evaluate the cnse tOr incen
tives after a suitable period, such as 5 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 ofPEVs, HEVs, and ICE vehicles. 

Recommendation: Given the research on etlCctivencss 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) offered by states and local governments 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 summary. However, two points should be fur
ther emphasized. First, vehicle cost is a substantial barrier to 
PEV deployment. As noted above and discussed in detail in 
Chapter 7, without the federal financial purchase incentives, 
PEVs arc not currently cost-competitive with ICE vehicles 
on the basis of either purchase price or cumulative cost of 
ownership. Theretbre, one of the most important commit
tee recommendations is continuing the federal financial 
purchase incentives and re-evaluating them atler a suitable 
period. Second, developing lower cost, better performing 
batteries is essential fbr reducing vehicle cost because it is 
the high-energy batteries that are primarily responsible for 
the cost diflerential between PEVs and ICE vehicles. It is 
theretbre important that the federal government continue to 
fund battery research at least at current levels. Technology 
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development to improve and lower the cost of batteries (and 
electric-drive technologies) for PEYs 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 insulll
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 technoloj,')'. 

Equally important to recognize is a recommendation 
that the comrnittee docs not make. The committee docs not 
at this point recommend additional direct federal investment 
in the installation of public charging infrastmcturc until the 
relationship between infrastmcture availability and PEV 
adoption and usc is assessed. That statement docs not mean 
or should not be constnted to mean that no federal invest
ment or additional public infrastructure is needed. Other cn
tities~including vehicle manut3cturers, utilities, and other 
private companies~are actively deploying and planning to 
deploy public infrastructure and have concluded that addi
tional public intfastructure is needed. However, the commit
tee is recommending research to help determine the relation
ship between charging infrastntcturc availability and PEV 
adoption and use. Although some datn have been collected 
through various projects, the data-collection effOrts were not 
designed to understand that fundamental relationship, and 
the committee cautions against extrapolating findings on 
the first adopters to the mainstream market. Given the strain 
on federal resources, the suggested research 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 half 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 clement of their long-tenn strategy to meet environmen
tal, economic, and energy-security goals. Although they hold 
great promise, there are also many barriers to their penetra
tion into the mainstream market. Some arc technical. such as 
the capabilities of current battery technologies that restrict 
their electric driving range and increase their purchase price 
compared with conventional vehicles; others are related to 
consumer behavior and attitudes; and stlll others arc related 
to developing an infrastmcture to support charging of the 
vehicles and addressing possible ctl'ccts of the new charg
ing infrastmcture on the electric grid. Given the growing 
concerns surrounding the perceived barriers, Congress in its 
2012 appropriations for the Department of Energy (DOE) re
quested that DOE commission a study by the National Acad
emies to identify market barriers that are slowing the pur
chase of PEVs and hindering the deployment of supporting 
infrastmcturc. 1 Accordingly, the National Research Council 
(NRC), which is a part ofthc National Academics, appointed 
the Committee on Overcoming Barriers to Electric-Vehicle 
Deployment, which prepared this final report. 

HISTORICAL AND 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 York City, Boston, and Chicago were 
electric (Schifl'cr ct al. 1994). The demise of PEVs resulted 
tl·om the mass production of an inexpensive gasoline-powered 

1 See Consolidated Appropriations Act. 2012, P.L. 112-74, H. 
Rept. 112-331 (H.Rept. I t2-118). 
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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 atlordablc gasoline, and the development 
of the national highway system, which allowed long-distance 
travel (Schiller et al. 1994). In the 1970s, interest in PEVs 
resurf.1ced with the Arab oil embargo and the emerging en
vironmental and energy security concerns. Over the next few 
decades, interest in PEVs waxed and waned as gasoline piices 
remained roughly constant. fn the 1990s, interest in PEVs was 
revived by California's zero-emission~vehiclc (ZEV) policies 
but lagged again primarily because battery technology was 
not as advanced as it is today. Recent advances in battery and 
other technologies, new federal standards tOr carbon-dioxide 
(CO.,) emissions and fuel economy, state requirements for ze
ro-eillission vehicles, and the current administration's goal of 
putting millions of altemative-fhel vehicles on the road have 
reignited interest in PEVs. 

Recent incentives to increase the number ofPEVs on the 
road began with the Emergency Economic Stabilization Act 
of2008, which provided a $2,500 to $7.500 tax credit tor the 
purchase of PEVs (Public Law 110-343 §205). The American 
Recovery and Reinvestment Act of 2009 (Public Law 111-5 
§ 1141) increased incentives tor PEVs by expanding the list of 
vehicles that are eligible for a tax credit. It also 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 invested $400 
million to support infmstmcture development, including dem
onstration projects involving 13,000 PEVs and 22,000 public 
and private charging points in 20 U.S. cities (DOE 2011 ). Fur
thermore. the DOE Otncc of Energy Etnciency and Renew
able Energy (DOE 2013a) and several national laboratories, 
including Argonne National Laboratory (ANL 2011, 2012, 
2013) and the National Renewable Energy Laboratory (NREL 
2013), are conducting substantial research and development 
on electric-drive technologies tor PEVs (NRC 2013a). 

Various state-tevel effOrts-such as consumer incen
tives that include tax credits for vehicle purchase, access to 
carpool lanes, free public parking, and emission-inspection 
exemptions-arc airncd at increasing the number of PEVs 
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on the road (DOE 20l3b). Other efforts, such as reimburse
ments and tax incentives for purchasing or leasing charg
ing equipment and low-cost loans tOr installation projects, 
are aimed at building the charging infrastructure (DOE 
20l3b). California's ZEV progmm is particularly important 
because of the size of the California motor-vehicle market. 
Each motor-vehicle manufacturer in the state is required to 
sell 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 ti•el, such as electricity) (l3 CCR 
§ 1962.1 [ 20 l3 ]). Nine states-Connecticut, Maine, Mary
land, Massachusetts, New Jersey, New York, Rhode lsland, 
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 early PEV deployment arc 
aimed at benefits beyond near-term reductions in petroleum 
consumption and pollutant emissions. The strategy is to 
speed 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 intfastmcn1re. 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 cfTot1s 
is that market development and technology development that 
proceed in pmaltel will lead to earlier mass adoption than if 
technology advances are required before beginning market 
development. The early deployment ctlorts also might speed 
technology breakthroughs by maintaining visibility and in
terest in PEVs. The risk entailed by this strategy is that if 
PEV promotion eftOrts arc premature relative to the develop
ment of the technology, the costs of the promotion will have 
had little benefit in the tbnn 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 Alternative 
Vehicles and Fuels. The committee 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 timcfi"amc (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 locus on barriers. lf 
policy makers decide that such major reductions in petro~ 
leum consumption or GHG emissions are required to meet 
environmental and other goals, an understanding of the bar
riers and the strategies that are needed to overcome them will 
be required. 

THE PLUG-IN ELECTRIC VEHICLE 
AND CURRENT SALES 
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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 battcty electric vehi
cles (BEYs)' and plug-in hybrid electric vehicles (PHEYs).3 

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 BEYs operate solely on electricity 
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,45 PEVs arc otlen de
fined by the number of electric miles that they can drive. 
A BEY that can drive lOO miles on one battery charge is 
designated as a BEV lOO; likewise, a PHEV that can drive 
40 miles on one battery charge is designated as a PHEV 40. 
A more detailed discussion ofPEV technology is provided in 
Chapter 2 of this report. 

Although a few makes and models of PEVs were avail
able in the mid-l990s (tor example, the General Motors EVl 
and the Honda EY+, released in 1997; see UCS 2014), many 
consider the December 2010 introduction of the Nissan Leaf 
and Chevrolet Volt-the first mass-produced PEYs-to be 
the start of the viable commercial market for PEVs. Every 
few months, new PEVs have been added to the U.S. market, 
including a long-range BEY (the Tesla Model S); limited
range BEVs (such as the Daimler Smart EV and the BMW 
i3); range-extended PHEYs (such as the Ford Fusion Energi 
and the Ford C-Max Energi); and minimal PHEVs (such as 
the Toyota Plug-In Prius).6 Several manufacturers are also 
selling limited-volume BEVs, including the Ford Focus EV, 
the Honda Fit EV, the Fiat 500e, and the Chevrolet Spark 
to meet fllel~efficiency and ZEV regulatory requirements. 
In addition, a number of PEVs arc not yet available in the 
United States. notably the Mitsubishi Outlander PHEV and a 
number of Renault BEV s and Volkswagen PHEVs. 

Figures l-1 and l-2 show monthly sales tor BEYs 
and PHEYs, respectively. PEV sales in the United States 
were about 56,000 units in 2012, 96,000 units in 2013, and 

2 The tenn all-electric ''ehicle (AEV) is sometimes used instead 
ofBEV. 

3 BEVs and PIIEVs need to be distinguished from conventional 
hybrid electric vehicles (HEVs), such as the Toyota Prius. which 
was introduced in the late 1990s. I-IEVs do not plug into the elec
tric grid but power their batteries from regenerative braking and an 
intemal-combustion engine. They are not included in the PEV cat
egmy and are not considered further in this report except to make a 
comparison on some issue. 

·1 Severn! design architectures are available for PIIEVs, and, de
pending on the design. the engine may be used to drive the vehicle 
directly or act ns a generator to recharge the battery or both. 

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

6 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 20 15). 

In the U.S. market, PEV sales increased from 0.62 per
cent in 2013 to 0. 76 percent in 2014 (Cobb 2014, 2015); total 
accumulated sales in the United States were about 291.000 
vehicles by the close of2014 (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 ofPEVs were about 132,000 in 2012, 
213,000 in 2013, and 318,000 in 2014 (Pontes 2015). PEV 
sales have not yet 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 successful 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 
2014 )-it took 13 years for HEVs to exceed 3 percent of an
nual new light-duty vehicle sales in the United States (Cobb 
2013). However, in certain markets, such as California and 
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\Vashington, HEVs comprise I 0 percent of new passenger 
vehicle sales (see Chapter 3 for a discussion of fhctors that 
atTect vehicle preferences). Figure 1-4 compares HEY and 
PEV sales over their first 34 months of having been intro
duced to the U.S. market and indicates that PEVs are pen
etrating the market f.1ster than HEVs. 

The CalifOrnia market has been particularly important 
and accounts for over one-third of annual PEV 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 20 I 5). Calitornia has a long history of 
strong sales for new vehicle technologies, especially HEVs 
as noted above. California is a H1vorable market tOr PEVs be
cause it has numy wealthy buyers of new technology. broad 
social support tor 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. Furthcnnore, Cali
fornia has had a consistent, long-standing eft"ort to provide 
basic Web-based and printed infonnation resources on low
and zero-emission vehicles 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. !lEV monthly sales data from 2010 to 2014. NOTE: BEV, battery electric vehicle. SOURCE: Based on data trom 
Inside EVs (20 I 5). 
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FIGURE 1-2 U.S. PHEV monthly sales data from 2010 to 2014. NOTE: PHEV, plug-in hybrid electric vehicle. SOURCE: Based on 
data from Inside EVs (2015). 
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FIGURE 1-4 The rate ofPEV market growth in its first 34 months superimposed on the rate ofHEV market growth during its first 34 
months. NOTE: IIEV, hybrid electric vehicle; PEV, plug-in electric vehicle. SOURCE: DOE (2014). 

As shown in Figure l-5, other strong PEV markets arc 
\Vashington, Oregon, Georgia, N!aryland, Vcnnont, 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: HEY adoption, which entailed fewer technology 
changes than PEVs, required 13 years to exceed 3 percent of 
annual new light-duty vehicle sales in the United States. 

Finding: PEVs have had higher sales than HEVs within the 
first 34 months of their introduction into the market, although 
the higher sales tbr PEVs could be the result of the various 
incentives that have been otrered. 

PLUG-IN ELECTRIC VEHICLES: 
BENEFITS AND TRADE-OFFS 

PEVs offer 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 battCI)'. BEYs have no conventional transmissions or fu
el-injection systems to maintain, do not require oil changes, 
and have regenerative braking systems 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 otfer the po
tential to reduce petroleum consumption and improve urban 
air quality; the degree to which PEVs atTect 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. 20 ll; sec 
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, also have important tradc-otls. Current 
limitations in battel)' 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 battel)', 
have also arisen. PEV s have higher up front 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 &upport PEVs whether at home, at work, or 
in a public space. Beyond the technical and economic barri
ers, people are not typically titmiliar with the capabilities of 
PEVs, arc 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 l-5 Projected annual light-duty PEV sales as a percentage of total light-duty vehicle sales. NOTE: PEV, plug-in electric 
vehicle. SOURCE: Data courtesy ofNavigant Research in Shepard and Gartner (2014). 

THE CO~IMITTEE 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 tOr biographical information). As noted above, 
the committee was asked to identify market barriers that are 
slowing the purchase of PEVs and hindering !he deployment 
of supporting intfastmcture in the United States and to recom
mend ways to mitigate the barriers. The committee's analysis 
was to be documented in two reports: an interim report and 
a final comprehensive report. The committee's interim report 
was released May 20 13 and identified infrastmcture needs for 
electric vehicles, barriers to deploying that intfastmcture, and 
possible roles for the tCderal government in overcoming the 
barriers. It did not make any recommendations because the 
cornmittee 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 committee's full state-
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ment of task. as shown in Box l-l, 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 tt·action of miles 
driven in !he United Stales is fueled by electricity rather 
than by petroleum and !hal PEV deployment will lead to !his 
desired outcome. Two reasons are commonly assumed tOr the 
benefit. Firs!, a higher fraction of miles fueled by electricity 
wonld reduce U.S. dependence on petroleum. Second, a 
higher fraction of miles ti1eled by electricity would reduce 
the amount of CO, and other air pollutants emitted into the 
atmosphere. The c~mmittec was not asked to research and 
evaluate the premise tbr 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
tcnn U.S. goals. Every administration from Richard Nixon's 
onward has proclaimed its impot1ancc. A PEV uses no petro
leum onboard when it is being fueled by electricity, and in 
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BOX 1-1 Statement of Task 

An ad hoc committee will conduct a study identifying the market barriers stowing the purchase of electric vehicles (EVs, which for 
this study include pure battery electric vehicles [BEVs] and plug-in hybrid electric vehicles [PHEVs]) and hindering the deployment 
of supporting infrastructure in the United States. The study will draw on input from state utility commissions, electric utilities, auto
motive manufacturers and suppliers, local and state governments, the Federal Energy Regulatory Commission, federal agencies, 
and others, including previous studies performed for the Department of Energy (DOE), to help identify barriers to the introduction of 
electric vehicles, particularly the barriers to the deployment of the necessary vehicle charging infrastructure, and recommend ways 
to mitigate these barriers. The study will focus on light-duty vehicles but also draw upon experiences with EVs in the medium· and 
heavy-duty vehicle market segment. Specifically, the committee 1vill: 

1. Examine the characteristics and capabilities of BEV and PHEV technologies, such as cost, performance, range, safety, and 
durability, and assess how these factors might create barriers to widespread deployment of EVs. Included in the examination of EV 
technologies will be the characteristics and capabilities of vehicle charging technologies. 

2. Assess consumer behaviors and attitudes towards EVs and how these might affect the introduction and use of EVs. This 
assessment would include analysis of the possible manner by which consumers might recharge their vehicles (vehicle charging 
behaviors, e.g., at home, work, overnight, frequency of charging, time of day pricing, during peak demand times, etc.) and how 
consumer perceptions of EV characteristics will impact their deplo.yment and use. 

3. Review alternative scenarios and options for deployment of the electric vehicle infrastructure, including the various policies, 
including tax incentives, and business models necessary for deploying and maintaining this infrastructure and necessary funding 
mechanisms. The review should indude an evaluation of the successes, failures, and lessons learned from EV deployment occur
ring both within and outside the United States. 

4. Examine the results of prior (and current) incentive programs, both financial and other, to promote other initially uneconomic 
technologies, such as flex-fuel vehicles, hybrid electric vehicles, and now PHEVs/BEVs to derive any lessons learned. 

5. Identify the infrastructure needs for the electricity sector, particularly the needs for an extensive electricity charging network, 
the approximate costs of such an infrastructure, and how utility investment decision making will play into the establishment of a 
charging network. As part of this assessment, the committee will identify the improvements in the electricity distribution systems 
needed to manage vehicle charging, minimize current variability, and maintain power quality in the local distribution network. Also, 
the commiltee will consider the potential impacts on the electricity system as a whole, potentially including: impacts on the trans
mission system; dispatch of eleclricily generation plants; improvements in system operation and load forecasting; and use of EVs 
as grid-integrated electricity storage devices. 

6. Identify the infrastructure needs beyond those related to the electricity sector. This includes the needs related to dealer service 
departments, independent repair and maintenance shops, battery recycling networks, and emergency responders. 

7. Discuss how di(ferent inrrastructure deployment strategies and scenarios might impact the costs and barriers. This might 
include looking at the impacts of focusing the infrastructure deployment on meeting the needs for EVs in vehicle fleets, where the 
centralization of the vehicle servicing might reduce the costs for deploying charging infrastructure or reduce maintenance issues, 
or focusing the infrastructure deployment on meeting the needs for EVs in multi-family buildings and other high-density locations, 
where daily driving paUerns may be better suited to EV use than longer commutes from single family homes in lower density areas. 
This might also include looking to the extent possible of how the barriers and strategies for overcoming barriers may differ in dif
ferent U.S. localities, states, or regions. 

8. Identify whether there are other barriers to the widespread adoption of EVs, including shortages of critical materials, and pro
vide guidance on the ranking of all barriers to EV deployment to help prioritize efforts to overcome such barriers. 

9. Recommend what roles (if any) should be played by the federal government to mitigate those market barriers and consider 
what federal agencies, including the DOE, would be most effective in those roles. 

10. Identify how the DOE can best utilize the data on electric vehicle usage already being collected by the department. 

The committee's analysis and methodologies will be documented in two NRC-approved reports. The study will consider the 
technological, infrastructure, and behavioral aspects of introducing more electric vehicles into the transportation system. A short 
interim report will address, based on presentations to the committee and the existing literature, the following issues: 

1. The infrastructure needs for electric vehides; 
2. The barriers to deploying that infrastructure; and 
3. Optional roles for the federal government to overcome these barriers, along with initial discussion of the pros and cons of 

these options. 

The final report will discuss and analyze these issues in more detail and present recommendations on the full range of tasks 
listed in Items (1) to (10) for the full study. The final report will include consideration of the infrastructure requirements and barriers 
as well as technological, behavioral, economic, and any other barriers that may slow the deployment of electric vehicles, as well 
as recommendations for mitigating the identified market barriers. It is envisioned that the committee will hold meetings in different 
locations around lhe United States, as well as collect information on experiences in other countries, in order to collect inrormation 
on different approaches being taken to overcoming the barriers to electric vehicle deployment and its supporting charging infra
structure. 
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2013, less than 0. 7 percent of the U.S. grid electricity was pro
duced ti·01n petroleum7 Thus, widespread adoption of PEYs 
would lead to a large decrease in petroleum use. There is a 
modest caveat, however, to that conclusion. U.S. petroleum 
consumption 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 arc based on average the! economy of a manufacturer's 
vehicle fleet, so reductions in fuel use attributed to the sale of 
a single PEY could be otlset by the sale of an ICE vehicle' that 
consumes more fuel, resulting in no net fuel savings from PEV 
deployment (Gecan et al. 20 12). However, petroleum con
sumption might still be reduced by PEY deployment because 
the CAFE program underestimates the petroleunH·eduction 
benefit of PEYs. Specifically, the !actor used by the CAFE 
program to calculate a fuel-economy rating for compliance is 
eqttiwiient to assuming that 15 percent of the electrical energy 
used by a PEV is generated from petroleum, which is clearly 
an overestimate of the petroleum used by the U.S. electric sec
tor (EPA/NHTSA 2012, p. 62821). Moreover, successtlJI de
ployment of PEYs would help to enable the implementation 
of increasingly stringent CAFE standards, resulting in lower 
petroleum consumption, as noted by the Congressional Bud
get Office (Gecan et al. 2012). 

In addition to reduced petroleum consumption, lower 
GHG emissions are noted as a reason for PEV deployment. 
A series of authoritative scientific reports (IPCC 2014; NCA 
2014; NRC 2014) stress that the emission of GHGs, par
ticularly C02, is contributing in a measurable way to global 
warming and urge the United States to reduce its C02 emis
sions. Because tight-duty vehicles were responsible for I 7.4 
percent of total U.S. GHG emission in 2012 (EPA 2014a), 
reducing GHG emissions from the light-duty vehicle fleet 
is seen 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 
(ZEY) insof.1r as it emits no CO, or other pollutants from its 
taHpipe. However, whether PEVs reduce total U.S. emissions 
of C02 and other GHGs depends on the emissions associated 
with the production of the grid electricity 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 wcll~to-whccls 
analysis.';} For a gasoline vehicle, a wcll-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. 

8 For this report, ICE vehicle or conveutimwlvelride reters to a 
light-duty vehicle that obtains all of its propulsion from an intemal
combustion engine. 

9 A more complete analysis is a litecycle 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 lite. 
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fuel combustion. For a PEV, a well-to-wheels analysis would 
include emissions associated with electricity generation, such 
as extraction of fuels, their transportation, and the tnmsmis
sion of the electricity. For PHEVs, a well-to-wheels analysis 
would be a weighted average of the emissions fi·om electrici
ty-fueled and petroleum-fueled operation. 

There arc several (otlen conflicting) methods to evalu~ 
ate wcll-to~whecls GHG emissions of vehicles. One method 
is to use well-to-wheels emission !actors produced by DOE. 
Given that method, an analysis oft he 30 mpg 2014 Chevrolet 
Cruze (an ICE vehicle), the 50 mpg 2014 Toyota Prius (one 
of the cleanest HEYs), and the Nissan Leaf BEY 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 of the BEY is estimated to produce about 46 percent less 
GHG than the ICE vehicle and 10 percent less GHG than 
the best hybrid. If one considered cleaner electricity sources 
(for example, ones in California or Washington, where large 
numbers of PEYs are purchased), the BEY would produce 
only about half of the GHG of the best HEY (DOE 20 15). 
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 attrib
uted to PEY 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 electricity needed for charg
ing. Analyses of this type ditl'er on the emissions resulting 
trom PEY s, depending on the modeling approach and the 
time frame used. On the one hand, EPA in its latest rulemuk
ing tbr light-duty C02 standards found that the additional 
power plants used to meet PEY 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 tfom today's grid using older data ti·om 2007 to 2009 
suggests that the marginal emission rates for PEY charging 
might be higher than the average power plant emissions and 
in the worst case might even be higher than emissions attrib
uted to HEYs and ICE vehicles (Gratl'Zivin2014). 

Another Htctor to consider is the treatment of GHG 
emissions ti·01n PEYs under the joint CAFE-GHG standards 
(sec Chapter 7 for a more detailed discussion). Similar to 
the CAFE program requirement for a flcetwide average fuel 
economy, fteetwide average GHG emission rates are restrict
ed to a certain average grams of C02 per mile. Therefore, 
lower PEY emission rates arc averaged with higher emis
sion rates from ICE vehicles. If, however, standards become 
increasingly more stringent. PEV sales might be needed 

10 The latest dnta tbr lCE tnilpipe emissions and tbr the "upstream 
emissions" of GHGs (CO? equivalent) to produce electricity tl·om 
the 2010 U.S. electricity grid me available at W\\w.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 ofPEV 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-term trade-on· 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 emissions over 
the last several years by converting some of its electricity 
production fi·om coal to natural gas. The result is that, on 
average, a PEV fueled by electricity is now responsible for 
less GHG per mile driven. \Veil-to-wheels emissions must 
continue to consider the evolving understanding of upstream 
methane emissions n·om coal and nanu·al gas production and 
distribution (EPA 2014b). The substantial reductions in U.S. 
GHG ernissions from electricity generation are expected to 
continue tor some time. especially if the proposed EPA GHG 
regulations of new and existing power plants and oil and gas 
wells arc 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 weB-to-wheels emissions if the electricity 
is generated from carbon-free sources. That is not the case 
for even the most efficient petroleum-fueled ICE vehicles. If 
the United States intends to reach low levels of GHG emis
sions (80 percent reduction), large-scale adoption ofPEVs 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 tiaction 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 tOr which PEVs are 
responsible arc currently lower than emissions tl·om even the 
cleanest gasoline vehicles and will be further reduced as the 
electricity tor the U.S. grid is produced ti·orn 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.S. petro
leum usc and emissions. 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 petroleum usc and emissions in the time that a comparable 
variety of PEVs arc brought to market. Accordingly, the tO
cus in this report on PEVs should not be misinterpreted so 
as to keep policy makers tfom encouraging the switch from 
ICE vehicles to HEVs. 

THE CO;\>li\IITTEE'S APPROACH TO ITS TASK 

Ten meetings were held over the course of this sn1dy. 
Seven meetings included open sessions during which the 
committee heard from the sponsor and invited speakers rep
resenting national laboratories, state agencies, university 
centers, vehicle manufacturers and dealers, and other pri
vate industries and consultants (see Appendix 8 for a list of 
speakers tfom all the open sessions). Committee subgroups 
also visited several sites in this country and abroad, includ
ing Texas, Japan, Germany, and the Netherlands, to gather 
information on electric-vehicle programs. On those trips, the 
committee members met with nationnl and regional govern
ment officials. automobile manufacturers, charging compa
nies, and other relevant organizations. On the basis of intOr
mation received at its meetings, its on-site visits, and tl·om 
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 tbr PEVs tend to base 
their purchase decisions more on personal values and less on 
purchase price. In contrast, malnstremn-markct 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. \Vide fl.ucnmtions 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 detennining 
the benefits of PEV ownership and can provide an incentive 
or a disincentive tOr purchasing a PEV. To address the issue 
offtucnmting 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 brief assessment of consumer behavior and attitudes 
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toward PEVs and how they are atlccting PEV deployment. 
Chapter 4 discusses what can be done to improve institu~ 

tiona! support tor PEV deployment. Chapter 5 provides an 
inwdepth discussion of the charging infrastructure needed 
tor PEV deployment. and Chapter 6 evaluates the ability of 
the electric infrastructure to meet the increased electricity 
demand in light of the new charging infrastructure. Chapw 
ter 7 discusses ways to motivate the consumer. Appendix A 
provides biographical intOnnation for conunittee 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 I, the assigned task for the pres
ent report is to examine barriers to the adoption of plug-in 
electric vehicles (PEVs), which usc electricity from the U.S. 
electric grid as their fuel. When powered by electricity from 
the grid, which uses little petroleum to produce electricity, 
such vehicles require essentially no petroleum. and they emit 
no carbon dioxide (C02 ) or other harmful pollutants !rom 
the tailpipe (EPA 20 12). The premise for the assigned task is 
that such vehicles have the potential for significantly lower
ing petroleum consumption and decreasing emissions now 
and even more so in the future. The C02 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 det<:~il 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 of miles of range that is typical for a conven
tional vehicle depends on how many gallons of fuel the tank 
can hold and on the fuel economy of the vehicle. Similarly, 
the all-electric range (AER) of a vehicle (the distance that 
it can travclli•eled only by the electricity that can be stored 
in its battery) depends on the size of the battery and the el~ 
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 resistance, and weight: the 
driving environment, including road grade and outside tem
perature; the amount ofhenting .:md cooling that is used; nnd 
how aggressively the vehicle is driven (NREL 2013). Some 
factors, such as outside temperature. will have a greater ef· 
feet 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 results ti·om the standard driving 
cycle (EPA 2014). 

This chapter begins with a discussion of the capabili
ties nnd limitations of four classes of PEVs, each presenting 
dillCrent obstacles to widespread consumer 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 vehicles. The chapter concludes with a 
discussion of vehicle charging and charging options. The 
committee's findings and recommendations are provided 
throughout this chapter. 

TYPES OF PLUG-IN ELECTRIC VEHICLES 

Essentially all U.S. vehicles today have an ICE that uses 
gasoline or diesel fi.tel that is derived from petroleum and 
produces C02 and other harmful emissions as the vehicles 
travel. Hybrid electric vehicles (HEVs) achieve a lower fuel 
consumption than conventional vehicles of the same size and 
perlbrmance. They typically have a smaller ICE and a high
power battety 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 achieved by the Toyo
ta Prius, the best-selling HEY. There are many other HEY 
models available in the market, most of which use much less 
fuel than their ICE counterparts. Although HEVs still consti
tute a small fraction of the U.S. vehicle fleet, the more rapid 
adoption of ellicient HEVs could be important lor meeting 
the increasingly stringent corporate average fuel economy 
(CAFE) and greenhouse gas (GHG) emission standards that 
are helping to drive down the demand for petroleum and 
to decrease vehicle tailpipe emissions. However, although 
HEVs use batteries and electric motors, they derive all of 
their electric 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 focus. 

As noted in Chapter I, the PEVs that are the focus of 
the present report arc otlen divided into two categories: bat
tery electric vehicles (BEYs) and plug-in hybrid electric ve-
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hiclcs (PHEYs) that include an ICE and an electric motor. 
This chapter uses vehicle AER to distinguish four classes of 
PEVs. The reason is that the obstacles to consumer adoption 
and the charging inti·astructurc requirements differ for the 
four classes of PEVs. BEYs are separated into long-range 
BEYs and limited-range BEYs, and PHEYs are separated 
into range-extended PHEVs and minimal PHEVs. 

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. 

There are now examples in the market tOr each type of 
PEV, and the committee uses some of them to illustrate their 
capabilities (see Table 2-1 ). Despite the increasing number 
of PEVs entering the market, however, far fewer vehicle 

Finding: The increasing number of PEVs entering the mar
ket demonstrates the possibility of various types of electri
cally fueled vehicles, although Htr fewer vehicle types and 

TABLE 2-1 Definitions and Examples of the Four Types of Plug-in Electric Vehicles 
Vehicle Battery Capacity~ Ali·Eiectrlc Rangeb 

Type 1 long-Rar.ge Battery Electric Vehicle. Can travel hundreds of miles on a single battery charge and then be refueled in 
a lime that is much shorter than the additional driving lime that the refueling allcr,•fS, much l1ke an ICE veh!c!e or HEV. 

2014 Testa ModelS 
©Steve JUivetson, licensed under 

Creative Commons 2.0 (CC-BY-2.0) 

85 kWh nominal 265 miles 

Type 2. Limited-Range Battery Electric Veh:c!e Is made more affordable !Mn the long-rar.ge BEV by reducing the size of the 
high-energy battery. Its limited rarqe more !Mn suff.-ces for many commuters, but it is impractical for long trips 

I' ~.eiJ!II: .,.01,., 
2014 Nlssan Leaf 

©2014 Nissan North America, Inc. Nissan, 
Nissan model names, and the Nissan 

logo are registered lrademar',.;s of Nissan 

2014 Ford Focus Electric 
Image courtesy or Ford fl~lor Company 

24 kWh nominal (-21 kWh usable) 84 miles 

23 kWh nominal 76 miles 

Type 3. Range-Extended Plug-in Hybrid Electric Vehicle. Operates as a zero-emission vehic!e until its battery is depfeled, 
whereupon an ICE !urns on to extend ils range. 

16.5 kWh nominal (-11 kWh usable) 38 miles 

©General Motors 
:;---:-;c;;-c-c= 
Type 4. Minimal Plug-in Hybrid Electric Veh!de. Is mostly an HEV. Its small ballery can be c-harged from lhe grid, bul il has an 
all-electric rar.ge that is muc-h sma'ler lhan the average daily U.S. driving distance. 

4.4 kWh nominal (-3.2 kWh usable) 11 miles (blended) 6 miles (battery only) 

2014 Toyota Plug-in Prius 
Image courtesy ofToyota Motor Corporation 

11 Nominal battery capacities, reported by manufacturers in product specifications, are for a battery before it goes into a vehicle. Vehicle electronics 
restrict the usable battery capacity to what bct·nmcs the vehicle's all~clcctric range. 
1' The all-electric ranges noted arc average \'a lues estimated by EPA ll1e 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 baltery-only 
operation. All other vehicle ranges arc given only for fully electric, charge-depleting operation. NOTE: HEV, hybrid electric vehicle; ICE, internal
combustion engine. 
SOURCES: Based on data from Duoba (2012): DOE/EPA (2014a, 2014b, 2014c, 2014d, 2014c); DOE (2012, 2013): EPA(2014); ford (2014): and 
Toyota (2014). 
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features are currently available than arc available for con
ventional ICE vehicles and HEVs. 

Type 1: Long-Range Battery Electric Vehicles 

Today's drivers are accustomed to ICE and HEV vehicles 
that are able to drive tOr hundreds of miles and then be refu
eled at any gasoline station in several minutes. Extended trips 
arc practical insoi11r as the refueling time is much shorter than 
the additional driving time that reliteling provides. The ti.tll
size Tesla Model S is a demonstration that hundreds of miles 
arc also possible with a BEY that gets its energy entirely from 
the electric grid. It has a range based on the EPA driving cycle 
of 265 miles for a single charge of its 85 kWh battety (DOE/ 
EPA 20 14a). Half ofthe charge of a depleted battcty can be re
plenished in 20 minutes at any of the superchargers that Tesla 
is installing tOr its customers along major U.S. highways. Tlmt 
charge would extend the driving distance by about 132 miles. 
Tlms, 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 refuek--d in a time that is much shorter them the additional 
driving time that the refueling allows. Although filling a vehi
cle with gasoline or diesel would be much quicker, the ability 
to travel almost 400 mHes stopping only once tOr a 20-minute 
recharge is a notable achievement tOr a BEY. \Vith its high 
acceleration pcrfonnancc, low noise, high-end styling, and ex
pected low maintenance, the Tesla ModelS has earned several 
consumer perfom1ancc awards (MacKenzie 2013; Consumer 
Reports 2014). 

The Testa Model S is priced as a high-end luxury vehicle 
compamble to a high-end BM\V and is not atlOrdable for most 
U.S. drivers. 1 Nonetheless, it is an important demonstmtion of 
the possibility of a long-range BEY for consumers. For now, 
however, high battery cost is a batTier to the mass adoption of 
the Testa Model Sand other BEYs. The titel cost per mile and 
maintenance costs are much smaller for BEYs than tOr ICE 
vehicles, but not enough to oftSet their higher purchase price 
at current U.S. petroleum prices. The situation can be quite 
ditlCrent 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 consumer performance needs has been clearly demon
strated by the titll-size Testa Model S. 

Type 2: Limited-Range Battery Electric Vehicles 

The high cost of high-energy batteries leads to three types 
of more aflbrdable PEYs. The first sacrifices driving range 
and the other two sacrifice zero tailpipe emissions tbr longer 

I The cost of producing a Model S is c1mently offset somewhat in 
that Tesla is able to sell the zero-emission-vehicle (ZEV) credit it 
eams for each 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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hips. A limited-range BEV is more affordable simply because 
a smaller high-energy 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 an 84-mile range (DOE/ 
EPA 20 14b). A more recent addition to the limited-range BEV 
market is the Ford Focus Electric compact car, which has a 76-
mile range (DOE/EPA 2014c). As noted earlier in this chapter, 
the actual range of a BEY will depend on a variety of factors, 
including climate, road grade, and driver behavior. The dift''er
encc between the range, fuel economy, and emission perfOr
mance estimated for regulatmy compliance and what is actu
ally experienced by drivers of all types of light-duty vehicles 
continues to be controversial and is discussed in other NRC 
reports (NRC 20 II, 2013 ). 

The ranges that are achievable by limited-range BEYs 
are much longer than the 40 or fewer miles that 68 percent of 
U.S. drivers drive in a day, making these vehicles adequate tOr 
normal commuting and the average daily usc (FH\VA 2011). 
However, drivers of ICE vehicles are accustomed to being 
able to travel well beyond the average daily distance when the 
need mises and can add hours of additionnl traveling time by 
simply refilling a gasoline or diesel fuel tank in several min
utes. For a limited-range BEY, however, a half hour of the 
fastest available charging will typically allow 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 BEY 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 
households have two or more vehicles, so trading vehicle util
ity within a household is already common. For its customers, 
BM\V is experimenting with utTering access to <Ill ICE vehicle 
for the occasional long trip to sec 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 BEYs arc the only type of PEY that 
have a considerable range limitation. However. the range 
that they do have more than suffices tOr the average daily 
travel needs of many U.S. drivers. 

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

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

A range-extended PHEY2 is similar to a long~range or 
limited-range BEY in that the battery can be charged from 

1 The term range-extended PHEV is a general category based on 
the all-electric range of the PIIEVand should not be confused with 
the term extended-range electric l'ehic/e that Genemllvlotors uses 
to describe the Che\'rolet Volt. 
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the electric grid. However, the battery is smaller than that in 
a BEY, and the vehicle has an onboard ICE fueled by gaso
line or diesel fuel that is able to charge the battery during a 
trip. Although extended trips ti•elcd only by electricity are not 
practical, the vehicle has a total range comparable with that of 
a conventional vehicle because of the onboard fCE. The 2014 
Chevrolet Volt with an AER of 3S miles (DOE/EPA 2014d) 
is the best-selling example, and the 2014 Ford Energi models 
(Fusion Energi and CMax Energi) that have AERs of20 miles 
arc 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 BEY is that the added ICE uses petroleum and 
produces tailpipe emissions. Although the ICE can be oper
ated to maximize etlictcncy and minimize emissions, the frac
tion of miles traveled propelled by electricity depends ou how 
willing ami able a dtiver 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 ICE 
engine by charging more frequently and logging more electric 
miles per day than Nissan Leaf drivers (Schey 2013). Blanco 
(20 14) rep011cd that 63 percent of all miles traveled by the 
Chevrolet Volt are file led by electricity. 

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

Type 4: Minimal Plug-in Hybrid Electric Vehicles 

Minimal PHEVs are PEVs whose small batteries can be 
initially charged from the electric grid to provide elcctlic pro
pulsion fOr an AER that is much less than the average daily 
travel distance for the U.S. driver. Among many examplcsl the 
2014 Plug-in Toyota Prius is a minimal PHEV in that itsAER 
is only 6 miles (DOE/EPA 2014e). It is an extreme example 
of a car that is designed for minimum compliance with regu
lations rather than to give good elcctric-dtive performance. 
Minimal PHEVs allow a manutbcturer 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 petroleum. They allow their drivers to 
comply with requirements for high-occupancy-vehicle (HOY) 
lane access whether or not they bother to charge n·om the grid 
(CCSE 2014). As might be expected, driver usage surveys of 
Plug-in Prius drivers show that a substantial traction do not 
regularly charge their vehicles (ChernicotT 20 14 ). Minimal 
PHEVs arc essentially HEVs. 

Finding: Minimal PHEVs with AERs much shorter than the 
average daily driving distance in the United States are es
sentially HEVs. 
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Recommendation: Minimal PHEVs should be treated as 
HEVs with respect to financial rebates, HOY 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 largely detennine its range. performance, and 
cost relative to an HEY or an ICE vehicle. This section sum
marizes the energy densities with respect to weight and vol
mne that have been achieved with battcty chemistries so far 
and considers possible improvements, despite the difficulty of 
precisely predicting future developments. DitTerences in cur
rent battery geometries and cooling strategies arc discussed, 
along with the associated uncertainties about long-term bat
tery durability. 

Energy Density and Batte1·y Chemistry 

The battery in a PEV is the counterpart to the fllel tank for 
an ICE vehicle. Electric energy tfom 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 longer the vehicle's AER. An 80 
k\Vh battery can propel a vehicle twice as tbr as can a 40 k\Vh 
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 fhr 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 ti·om 
fully discharged (SOC ofO percent) to tilily charged (SOC of 
I 00 percent). Vehicle manufacturers use electronics to restrict 
how fully a battc1y can be charged and how tar the vehicle is 
able to deplete the charge in its bartery. 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 battCiy 's energy density (see Figure 2-1) determines the 
mass and volume of the battery necessary to store the energy 
that a 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 cnei'!::.T)' storage capacity per unit mass (Wh/ 
kg). Lead acid batteties have a relatively small energy density, 
even though they provide starting, lighting, and ignition tOr 
essentially all the ICE vehicles around the world. The Toyota 
Prius was the first mass-produced vehicle to use nickel-metal 
hydride (NiMH) batteries. Such batteries have about twice 
the energy density of lead acid batteries, and they proved to 
be ve1y reliable when they were used in all the early HEVs. 
However, there seems to be no prospect for the large increases 
in energy density that would be required to make them at
tractive tOr use in PEVs. Lithium-ion batteries were invented 
in the 1970s (Goodenough and Mizushima 1981) and mass 
produced tOr the first time by Sony tOr laptop computers in 
1991 (Yoshino 20 12). In the toll owing 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: 
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ion batteries took over the small electronics market in such 
devices as laptop computers and cell phones. In recent years, 
they have also become the battery of choice for PEYs and for 
new HEY models. 

An electrically powered vehicle needs only about one 
quarter of the stored energy that an ICE vehicle needs to de
liver the same energy to tum the wheels. Nlost of the energy 
that combustion releases tfom the fuel within an ICE is wasted 
as heat that is dissipated through the radiator and exhaust. The 
large efficiency advantage of the PEV, however, is more than 
overcome by the much smaller energy density in a charged 
battery compared with the energy density of gasoline. There
sult is that PEV batteries now weigh much more and occupy 
a much larger volume than a tnnk filled with gasoline. For ex
ample, the 85 kWh battery in a Tcsla Model S, the largest pro· 
duct ion vehicle battety so titr, weighs about I ,500 lb3 (Tcsla 
20 14a). Delivering the same energy to the wheels of an ICE 
vehicle requires the combustion of slightly less than 9 gallons 
of gasoline, which weighs about 54 lb. 

The increased weight (about that of seven extra pas
sengers) reduces the acceleration and the range that would 
otherwise be realized, although the powerful motor in the 
Model S overcomes the acceleration problem. Accommodnt
ing large, heavy batteries makes it ditlicnlt to usc an ICE 
or HEY plattonn for an electric vehicle. A vehicle designed 
tfom its beginning to have electric propulsion has more op
tions. The ModelS. 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 vehicle's center of 
gravity low to improve handling. 

-'The estimate is based on Tesla's reported energy density tbr the 
ModelS battery of 121 Wh/kg (Tesla 2014a). 
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The lithium-ion batteries in vehicles ditlCr in the chem
istries and materials that are used and in the energy densities 
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 electrons in an ex
ternal circuit connected between the anode and cathode. The 
cathodes used are described using chemical formulae that 
provide their composition. All anodes but one arc carbon. 
All PEV batteries use an organic solution of UPF 6 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 energy requirements of the various applica
tions. For example, PHEVs require more power than BEVs; 
thus, BEYs can use thicker, cheaper electrodes. Furthennore, 
PHEV batteries must be cycled more frequently than BEY 
batteries, so PHEV batteries tend to usc a smaller portion 
of the nominal battery capacity. Those two fhcts aftbct the 
battery structure and cost per kilowatt -hour and are taken 
into account in various analyses of PEV battery costs (Dan
iel 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 Battery Chemistries 

Lithium-ion batteries with increased energy density arc 
naturally the subject of research and development etlOrts. 
It is difficult to predict success or its timing, but three ap
proaches that arc being pursued arc worthy of mention. 
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cathode electrolyte anode 
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 DoctT(2012). 

TABLE 2-2 Properties of Lithium-Ion Batteries in Four Plug-in Electric Vehicles on the U.S. Market 
PEV Cathode Anode Supplier Cell Type No. ofCeUs Energy (kWh) Power (kW) 

Tcsla Model S NCA- LiNio~Cot~.JsAlo os02 Carbon Pmmsonic Cylindricnl -8,000 85 270 

Chevrolet Volt Li\10 = Li1\·ht204 Cmbon LG Chem Prismatic 288 16.5 Ill 

Nissan Leaf LMO = LiMn10.;. Carbon Nissan/NEC Prismatic 192 24 90 

Honda Fit NMC"" LiNiuJMttJrJCOl/301 LLTis012 Toshiba Prismatic 432 20 92 

NOTE: AI, aluminum; Co, cobalt; k\Vh, kilowatt-hour; Li, lithium; LMO, lithium manganese oxide; fvfn, manganese; NCA, nick
el cobalt aluminum oxide; NMC, nickel manganese cobalt oxide; Ni, nickel; 0, oxygen; Ti, titanium. 
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Increasing the number of lithium atoms in a layered 
cathode structure has been shown in the laboratory to 
increase the energy density (Julien et al. 2014). 
Developing electrolytes that can operate at 4.8 V rather 
than 4.2 V would increase the energy density (Pham et 
al. 2014). 
Replacing the carbon anode with one that includes 
silicon would improve the energy density (Gc ct al. 
2013 ). Theoretically, a pure silicon anode would have 
an energy density 10 times that of a pure carbon anode. 
However, pure silicon anodes arc not pmctical because 
they crumble during a charging cycle, being unable to 
withstand having their volume changed by more than a 
factor ofthree. Mixtures of silicon and carbon with ap
propriate binders might minimize the volume change 
and yet provide an increased energy density. 

The committee estimates that although there can be no 
guarantee, ns much as a twofold 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. Nfost important, however, the cost per kilowatt
hour needs to decrease; a battery having twice the energy 
density at twice the cost would not make PEVs any more 
atTordablc. Nonetheless, even with such an improvement, 
battery energy densities would still be much smaller than the 
energy density of gasoline. 

On a longer time scale, other battery chemistries could sig
nificantly increase the energy density. The theoretical energy 
density for a lithium-air battery is 5,200 Wh.lkg (Rahman eta!. 
2014), which is comparable to that of gasoline. Such a battery 
uses oxygen from air and theretbre docs not need to store an 
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oxidizer. PolyPlus (2009) claims to have a battc•y capable of 
700 WIIikg and expects to produce a rechargeable battc1y with 
a higher energy density. Another promising approach is the 
development of a high-energy density lithium-sulfur battery. 
Sian Power, the recipient of substantial Advanced Research 
Projects Agency-Energy (ARPA-E) funding, claims that "over 
600 Wh/kg ... and 600 Wh/L in energy density arc achievable 
in the near ti1ture" (Sion Power 2014 ). Substantial challenges 
remain for both lithium-air and Jithium-sult1Ir batteries, how
ever, particularly in producing batteries that survive frequent 
recharging, so it is ditlicult to predict if and when batteries 
with much higher energy densities will be available. 

Finding: AtlOrdablc batteries with higher energy densities 
and longer usct1II lives could greatly increase the all-electric 
range and presumably increase the adoption rate for PEVs. 

Finding: Although there can be no guarantee, as much as a 
two tOld increase in energy density from present values of 100-
150 \Vl1/kg could come from some combination of ctnTent re
search efforts within the next decade. 

Finding: Battery research is critical because more practical 
vehicle batteries 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 consensus on what is the best lithium
ion battety chemistry~ there is also no consensus on what is 
the most stable or most economical battery geometry or on 
how much the battery temperature should be regulated for the 
sake ofbatte1y longevity. As more PEVs arc driven, the early 
adopters are essentially testing both the various battery chem
istries and the battery temperature regulation choices under 
real-world conditions that are hard to duplicate in laboratories. 

Testa connects many thousands of small cylindrical cells, 
each having the same physical shape and size as those that are 
commonly used in computer batteries~ thereby profiting fi·om 
the extensive mnnu£'lcturing experience for cells with this 
geomehy. All other manufacturers usc many tCwer but much 
larger cells in so-called prismatic or pouch geometries. A Nis
san Leaf air-cools its batteries, while the Chevrolet Volt and 
the Tesla Model S use a liquid system and heat exchangers to 
regulate battety temperature. Over the next several years~ the 
real-world experience rcpm1ed by early adopters should make 
clear the advantages and disadvantages of each strategy. 

Concerns about the durability and pertbnnance 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 tbr 
longer times (Steffkc ct 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 Figure 2-3) (Pcsaran et al. 2013). Reports on short
er battery life for Nissan Leafs in Arizona seem consistent 
with that observation (Gordon-Bloomfield 2013). As a re
sult, Nissan has tested new battery pack designs to address 
the observed problem (Gordon-Bloomfield 2013), and press 
reports of the increased rate ofbattety deterioration 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, batte1y life depends also on cycling at various depths of 
charge~ rate of charge and discharge, and likely many other 
variables besides temperature. Only long-term experience in 
hot climates will establish whether some nmnufb.cturers must 
improve battery temperature regulation~ use ditTerent battery 
chemistries, or restrict sales in hot climates. 

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

Finding: Concerns about the durability and pertbnnance 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 arc driven for 
longer times. 

RELATIVE COSTS OF PLUG-IN 
ELECTRIC AND ICE VEHICLES 

Studies of current and projected costs of high-energy bat
teiies and nonbattcry components (EPAINHTSA 20 12) sug
gest that the ditference 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 studies are part of the regulatory 
analysis pertbnncd by EPA and the National Highway Trat~ 
fie Satety Administration (NHTSA) for the recent 2017-2025 
combined CAFE-GHG standards tor light-duty vehicles. The 
comprehensive regulatory analysis includes vehiclewsimu-
1ation modeling and detailed component cost analysis (cost 
teardown studies) pertbnncJ by extemal consultants to deter
mine cost and effectiveness of a wide range of technologies, 
including conventional ICE vehicles, HEVs, and PEVs. Thus, 
tOr its assessment, the committee relied on the CAFE-GHG 
regulatory analysis (EPA/NHTSA 20 12 ), as well as on pre
sentations from vehicle manufacturers, suppliers, and market 
analysts (Tamar 2012; Ward 20 13; Woodard 2012; Sriramulu 
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Tim~ (years) 

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 20 13; Anderman 2014 ), because a detailed in
dependent cost analysis was beyond its scope and resources. 
The committee also reviewed the cost intOnnation provided 
in Transitions to Alternalil'e Vehicles and Fuels (NRC 2013). 
That committee estimated battety costs by assuming that fu
ture costs for Li-ion cells tOr 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 extensive 
analysis done specifically tor the costs of vehicle Li-ion bat
teries. Costs of the batteries and nonbattery components arc 
discussed below; vehicle price and cost of ownership arc disM 
cussed ftn1her in Chapter 7. 

Lithium-Ion Battery Costs 

A highMenergy battery costs much more than a sheet-met
ttl gasoline tank. Studies of current and projected battcty costs 
are summarized here to estimate the magnitude ofthc cost dif
tCrential and whether it is likely to continue. Cost refers to 
what a vehicle manufb.cturer would pay a supplier. which is 
known as the direct manufacturing cost (DMC) (EPAJNHTSA 
2012). What a consumer would pay tor a battery (the retail 
price equivalent) is expected in the automotive industt)' 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 
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more predictable. Until then, the price will likely depend 
strongly on the availability of unused battery production ca
pacity and a manut11cturcr's desire to be perceived as a tech
nology leader. It might filrther depend on the willingness of 
the vehicle manu£1.cturer to set a price that allows it to gain a 
market share for its vehicles. 

Unfortunately, there are no definitive studies of battery 
costs from battery manufhcturers given their need to protect 
proprietmy infonnation. The range of cost projections fi·om 
studies of current and tllturc battery costs is considerable. An 
additional complication is that vehicle manufhcturers make 
ditlCrcnt choices on how much of the total capacity of a bat
tery is made available tOr use; GM uses about 70 percent of 
the nominal capacity, and Nissan uses about 90 percent (sec 
Table 2-1).4 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 tor complete battery packs, 
excluding any cooling system. 

A 2012 Argonne National Lab study projected costs to 
be between $251 and $280/k\Vh for a battery pack pro
duced in 2020 converted to 20 12 dollars (Nelson et al. 
2011). 

4 The values cited seem nppropriate given that PHEV batteries 
could be cycled more times per trip than BEY batteries and that us~ 
ing a smaller 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 tvlanutftcturing Volume (packs/year) Cell Materials ($/kWh) Cell Price ($/kWh) Pack Price (Sik\Vh) 

2013 25,000 110-150 275-325 400-500 

275-350 

225-275 

2016 

2020 

50,000 

100,000 

90-130 

85-110 

SOURCE: Based on data from Anderman (2014). 

TIAX projected that direct material and direct labor 
costs would amount to $310/kWh for an annual produc
tion volume of 300,000, a large number compared with 
U.S. PEV sales to date (Sriramulu and Barnett 20 13). 
DOE has estimated a current cost of$240/kWh (Howell 
2013)5 

EPA/NHTSA (2012) projected $540, $346, and $277/ 
kWh for a PHEV 40 with a 16 kWh battery pack in 2017, 
2020, and 2025, tor an annual volume of400,000. 
A 20 II 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). 
Andennan (20 12) 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. 
Andennan (2014) provided estimates of dollars per kilo
watt-hour tor 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 cmTent studies show that 
CliJTcnt costs are ditllcult to obtain and that the future projec
tions arc 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 usc 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 Tcsla batte1y would be $42,500, the DMC 
of the Leaf batte1y 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. 

Figure 2-4 shows the decrease in costs of the Li-ion bat
tery cell over the last l3 years and illustrates how Testa has 
profited from the reduced prices for the small cell package 
used to power consumer electronics. The recent prices shown 
for Li-ion batteries in Figure 2-4 ($400/kWh) correspond to a 
cost of about $270/k\Vh if the assumption mentioned earlier 
is used that price is 1.5 times the cost. Some care is required 
in deducing cost from prices in recent years because battery 
manuHtcturers might be reducing prices to cope with having 

5 A current cost estimated to be $300/k\Vh becomes $240/k\Vh for 
the total battery capacity, assuming that the original estimate wus 
for an 80 percent utilization of the battery. 
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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 (Trefts Team 2014 ). The commi«ee does 
not have any intOnnation about how the cost reductions will 
be achieved, but the Htctory investment appears to be a strong 
indication that Tesla is confident that it can build high-energy 
batteries more cconomica lly tban has so £1r been possible. 

Finding: It is not possible to determine a completely reliable 
projection of future battery cost. However, given the avail~ 
able data, the committee assumed for this repoti a battery 
pack cost of $500/kWh in 2013 and a 50 percent lower cost 
in about I 0 years. 

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

Finding: Even if the higher initial battery cost drops as pre
dicted ovcl· the next 10 years, battery cost will remain a bar· 
rier to PEV adoption. 

Non battery Costs 

An ICE vehicle includes an ICE, a radiator, a transmis
sion, and an oil system. A BEV has instead an electric motor; 
power electronics that convert the direct cunent (de) power 
from the batte1y to the alternating current (ac) power needed 
to drive the electric motor; and electronics needed to charge 
the ba«ery. A PHEV includes both sets of components. The 
nonbattery costs of the PEV arc primarily attributable to the 
power electronic controls and the electric motor and genera
tors. The committee reviewed and accepted the estimates tOr 
nonba«ery costs from the EPA/NHTSA(2012) study that was 
used to evaluate CAFE standards because it found that the cost 
analysis pertOrmed 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 
nonbattcry 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 $3,810 
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TABLE 2-4 Summary of Estimated Costs of Total Energy from Various Sources (2013 U.S.$/kWh) 

Source Currcnla 

Argonne 

2000 250-706 

2012 

TIAX 2013 310 

DOE 2013 300 

EPA/NHTSA 2012 

McKinsey 2011 350-420 

Anderman 

2012 340-450 

2014 400-500 
"Current as defined in the respective studies. 
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FIGURE 2-4 Change in the sales price of NiMH, Li-ion, and NiCd battery cells !rom 1999 to 2012. Prices are shown in 
2012 dollars. The graph is based on data tfom a production survey conducted by the Ministry of Economy, Trade, and Indus
try, Japan. NOTE: kWh, kilowatt-hour; Li-ion, lithium iou; NiCd, nickel cadmium; NiMH, nickel-metal hydride. SOURCE: 
Maruyama (20 13 ). 
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tOr the electric motor, inverter, high-voltage wiring, and im
provements in the climate-control 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 direct manufacturing costs (EPAINHTSA 
2012). The EPA/NHTSA estimates that the nonbattcry costs 
in 2025 will drop to 80 percent of their 2012 costs. However, 
even if the cost reduction is less, the cost of the high-energy 
batte1y will still account tOr most of the difl'erencc in cost 
between a BEV and an ICE vehicle. 

Because a PHEV has both an electric drive and an ICE, 
it has a higher nonbattery cost. The same study evaluated a 
PHEV with a 40-mile AER and concluded that a PHEV has 
non battery cost that is $3,700 higher than the non battery 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 inverters 
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 sillcon 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 technology will be 
Hn enough along to come to market is difficult to predict. 

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

VEHICLE CHARGING AND CHARGING OPTIONS 

Charging a PEY 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, tOr 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 ener1,')' flow rate of6.6 kW, 
for example, \Vould fill an empty battety with a usable capac
ity of21 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 clwrges at the maximum rate that the onboard charger 
can manage and then charges more slowly as the battery nears 
capacity. Thus, a vehicle ballet)' does not charge at a constant 
rate, and that is why it takes about 4 hours to fill a 21 kWh 
battery at 6.6 kW. For DC £1st charging (discussed below), 
the component that changes ac to de 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 litC. Although increasing the charging rate with high
power chargers shortens the time needed to charge a vehicle's 
battery, an important technical issue now being researched is 
the extent to which £.1ster charging at high power hastens the 
normal aging of a battety (Francfort 2013 ). 

The "pressure" with which an electric circuit in a home 
or business can force electricity through wires into some de
vice is measured in volts (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 
(\V). Every circuit delivering electricity has a circuit breaker 
or fi1se that keeps the flow of electricity !rom exceeding the 
amperes that the circuit can satCly provide. For example, a 
2014 Nissan Leaf is capable of accepting no more than JO A 
of electric current when it is connected to a 240 V electric 
circuit, so its maximum power consumption is 7.2 kW. The 
vehicle will not accept more current or power even 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 recommended by the National Electrical Code (NEC), 
an apparatus known as the electric vehicle supply equipment 
(EVSE) is always connected 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 atlect satCty or 
the equipment (Rawson and Katelcy 1998). The NEC (2008) 
defines the EVSE as "the conductors, including the unground
ed, grounded, and equipment grounding conductors and the 
electric vehicle connectors. attachment 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 ground fault in
terrupters-like 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 electric circuit 
and the current flow betOre anyone is injured. Furthennore, 
the EVSE is able to communicate with a vehicle to ensure 
that no current is provided before the vehicle is connected. 
The EVSE for slow charging via 120 Vis typically a portable 
device that can be carried in the vehicle tOr possible usc at re
mote locations. The EVSE tor nonnal 240 V charging is typi
cally mounted on a garage wall or on a purpose-built column. 
Fast chargers that usc high de voltages have the EVSE built 
into the substantial charger that is required. 

For EVSEs connected to the single phase 120 V ac or the 
split-phase 240 V ac circuits that are commonly available in 
U.S. homes and workplaces, a plug wired to the EVSE con
nects 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 used 
to charge vehicles !rom the normal 120 V and 240 V circuits 
found in residences, the SAE Jl772 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 one or more of three incompatible plugs and protocols 
described below. 

AC LeYell Charging 

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

AC level I charging standard is tor an EVSE that plugs 
into a 120 V wall plug (Figure 2-5) and delivers up to 12 A to 
a SAE Jl772 plug (Figure 2-6), which connects with a socket 
in the car. Most PEVs today have an onboard charger that 
changes the ac current into the de cunent 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 1.4 kW. Much like 
the largest window air conditioners that can be plugged into a 

120 V circuit, the vehicle that is charging must typically be the 
only device drawing current tfom 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 can·icd in the car to allow AC level 1 charging 
from ubiquitous 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 I charging with this EVSE is the only charging 
option typically needed or available for the minimal PHEVs. 
Each hour of charging typically provides an additional elec
tric mnge of about 4 to 5 miles, depending on the vehicle. 
For a range-extended PHEV, such as a Chevrolet Volt, some 
drivers use only AC level 1 charging, while others prefer to 

charge about twice as tast using the AC level 2 charging that 
is discussed below. 

For charging the fully depleted batteries of PEVs with 
large batteries, AC level I charging is too slow to be the 
primmy 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 I charger, the nomi
nal time tor ti1lly charging the usable 21 kWh capacity of a 

Levell Charging 

110 Volt 
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brukorl 
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FIGURE 2-5 For AC Ievell, a vehicle is plugged into a single-phase 120 \'electric socket through a portable safety device called an 
electric vehicle supply equipment (EVSE). 
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FIGURE 2-6 The SAEJ1772 plug that connects all PEVs to AC level I and level 
2 is an agreed-on universal standard tOr 120 V and 240 V ac charging. SOURCE: 
·'9 Michael Hicks, licensed under Creative Commons 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 Testa Model S 
is more than 61 hours. However, AC level I charging could 
be useful in some cases to merely extend the range of those 
BEYs by a few miles if that is all that is needed. 

AC Level 2 Charging 

AC level 2 charging uses a 240 V, split-phase ac cir
cuit (Figure 2-7). Such circuits are available in essentially 
all homes and workplaces and arc used by electric dryers, 
electric stoves and ovens, and large air conditioners. Since 
2009, the AC levcl2 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 energy being transfen·ed 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 
connected to the vehicle through the same SAE Jl772 plug 
(Figure 2-6) used for AC level I charging. 

The 85 kWh battery of the Testa Model 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 
charging recommendation is to deliver 40 A and nearly lO 
kW to a "single" charger installed in the Testa 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 k\V 
power for much taster charging. With that option, Testa ad
vertises that the car can travel an additional 58 miles for 
each hour of charging (Testa 20 14b). For emergency use, the 
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Testa Model S also supplies 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 de voltage directly to the battery. In this case, the char
ger that turns the nc electricity available from the grid into 
the de electricity required to charge the battery is located in 
the EVSE rather than within the car. Such charging is only 
useful for limited-range and long-range BEYs, such as the 
Nissan Leaf and the Testa Model S, and only BEYs 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 offered worldwide (Figure 2-8), three of which are 
becoming increasingly available in the United States. 

All fhst chargers installed in the United States so tar are 
CHAdeMO chargers with the exception of the Testa super
chargers-' The Nissan Leaf accepts a CHAdeMO plug (Figure 
2-SA), which provides the high voltage de and control signals 
to the vehicle. A 44 kW CHAdeMO charger can charge a Nis
san Leafto 80 percent of its capacity in 30 minutes (sec Figure 
2-9). 

The Testa Model S accepts a proprietary fast-charging 
plug (Figure 2-8C), and charges are free at Testa supercharg
ers for models with an 85 kWh battery (that is, such charging 
is included in the purchase price of the vehicle). Existing 
90 kW superchargers are being upgraded to 120 kW so that 

0 In October 2014, the total number ofCHAdeMO 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). 
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FIGURE 2-7 For AC leve12 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 protocols are now being used tor DC last charging: (A) the CllAdeMO plug that is used for the 
Nissan Leaf; (l3) the SAE 11772 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 J 1772 plug that is used universally in the United States for AC level 2 charging (see Figure 2-6); (C) the 
proprietary Tesla plug that is used tOr the Tesla supercharger network; and (D) the Mcnnckes plug recently adopted by the European 
Union tor use in Europe. SOURCE: (A)·:\) C-Car-'lom, licensed under Creative Commons 3.0 (CC-BY-3.0); (B) SAE (2012), re
printed with permission from SAE J 1772 Fcb2012 © 2012 SAE International; and (D) i_:) lorcmo, 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 of2015 (Tesla 2014c). The lo
cations of the superchargers are shown in Figure 2-10. Testa 
chargers will not be available to drivers of other long-range 
BEYs when these become available. 

The SAE added a de and a ground lead to the SAE J 1772 
plug universally used for AC level 2 charging (Figure 2-6) to 
make a J 1772 combo plug (Figure 2-&B). There are almost 
no installed combo chargers in the United States to date and 
few PEYs that arc able to use them. However, the Chevrolet 
Spark and the BMW i3 that is just becoming available in the 
United States use them. 

The European Union recently adopted the Mcnnckcs 
(Masson 2013) plug (Figure 2-8D) tor its 240 V AC level2 
standard for charging rates up to 39 k W. That standard is not 
discussed in detail because it is not expected to be used in 
the United States. 

SC-2 

FIGURE 2-9 DC H1st 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 Leaf to 
travel about 67 miles. SOURCE: Copyright\!;) 2010 by the eVgo 
Network, licensed under Creative Commons 2.0 (CC-UY-2.0). 

The variety of DC fast-charging plugs and communica
tion protocols seems untbt1unate. For long-range BEVs. the 
future sinmtion could be like having separate networks of 
gasoline stations for ICE vehicles made by ditierent manu
facturers. It is not H big problem now in that the Tesla Model 
S is the only long-range BEY able to make long trips us
ing the proprietary network ofTesla superchargers. As other 
manufacn1rers introduce long-range BEYs, 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 any PEY at any fa&t-chmging station. 
The United States could raise the issue of compatible charger 
designs in free trade talks with the European Union and with 
its trading pmtncrs in Asia. 

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

able for the usc of all drivers when more long-range BEYs 
come to market. 

Finding: The various plugs and communication protocols 
that are used across the world for charging PEVs arc a bar
rier to the adoption ofPEYs insoti1r as they prevent all PEYs 
tfom being able to charge at any fhst-charging station. 

Recommendation: The federal government and proactive 
states should use their incentives and regulatory powers to 
(I) eliminate the proliferation of plugs and communication 
protocols for DC fast chargers and (2) ensure that all PEY 
drivers can charge their vehicles and pay at all public charg
ing stations using a universally accepted payment method 
just as any ICE vehicle can be fueled at any gasoline sta
tion. The Society ofAutomotive Engineers, the Intemational 
Elcctrotcchnical Commission, and the Ycrband dcr Elektro
technik--<:ompanies that formed CHAdeMO-and Tesla 
should be included in the deliberations on plugs and com
munication protocols. 

Wireless Charging 

So tar, essentially all PEYs arc charged by plugging a 
charging cable into the vehicle so that electricity can flow 
trom the EYSE to the battery. The process is simple and rap
id (less than a minute), and control electronics arc included 
to enhance safety. 
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\Vireless charging would instead transfer the energy 
tfom the grid to the vehicle by using inductive coupling be
tween a wireless transmitter located ncar the vehicle and a 
wireless 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 latter currents would 
charge the vehicle 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, bnt there would be no cable to 
handle or keep clean. For publicly available charging, stan
dards would be needed to make it possible to chai"gc most 
PEVs with most wireless charging systems. The opportu
nity for thett or vandalism of the cable or EYSE 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 
fields might also be needed. 

Dynamic wireless charging is a futuristic concept that is 
being investigated to see if it might ever be feasible (Miller 
et al. 2014 ). The vision is that a vehicle would receive power 
in its wireless receiver as it passed long series of wireless 
transmitters, so a BEY could be refueled on long trips with
out stopping to refuel. However, there are many technical 
problems to overcome for dynamic wireless charging, one of 
them being a very low charging efficiency. 
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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, otlen equal to many months or even years of 
income, and wilt 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" decision so that they arc not stuck 
with a poor purchase choice tOr years to come. In general, 
consumers want vehicles that are atl'ordablc, safe, reliable, 
and comfortable for travel and meet many practical needs, 
such as getting them to work, school, stores, and recreation 
and vacation areas. Some also want vehicles to meet their 
psychosocial needs; for example, vehicles can serve as sta
tus symbols that represent one's success or self-image. For 
all these reasons. consumers generally will undertake lengthy 
research into their options to ensure a good choice that satis
fies all their various needs. 

Plug-in electric vehicles (PEVs) must compete etTec
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 
Knhneman's (2013) work, Thinking Fast and Slow. which 
spuned much recent work in behavioral economics. Because 
innovative products require a higher degree of learning than 
existing products. the efiort customers must put into the de
cision process is greater than for more familiar products. To 
unseat incumbent technologies, the new technology must 
ofl"er advantages and benefits sufficient to otTset any price 
ditl"erential 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 ofPEVs in the nation's transporta
tion mix~ and understanding consumer perceptions, knowl
edge. and behavior arc key to cratling viable strategies for 
successful commercialization of PEVs. 
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This chapter begins with a general discussion of models 
of adoption and ditll1sion of innovation. It presents evidence 
on how new technologies are adopted by various categories 
of customers and discusses the factors that aft"ect the pace 
of adoption and ditiusion of a new technology through soci
ety. Next, the chapter discusses consumer demographics and 
evaluates the implications of that information and other fac
tors that affect adoption and diffusion of PEV s. The chapter 
then reviews what motiv~tes the purchases of mainstream 
consumers and possible barriers tOr their adoption of PEVs. 
Next, the chapter reviews strategies for addressing consumer 
concems and describes government etlbrts to t3miliarize the 
public with PEVs. Throughout the chapter, at the conclu
sions of the various sections, the committee highlights rel
evant findings. Recommendations for addressing consumer 
perceptions (or misperceptions) and barriers to adoption arc 
presented in a section dedicated to overcoming the challeng
es. The committee 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 couclusion of this 
chapter. 

UNDERSTANDING AND PREDICTING THE 
ADOPTION OF NEW TECHNOLOGIES 

Models for· the Adoption of ImroYatiYe Products 

Developers of new technologies generally, and ofPEVs 
specifically, face challenges in developing a market and mo
tivating consumers to purchase or usc their products (Mohr 
et al. 2010). Incumbent technologies-in this case, ICE ve
hicles-----can be ditlicult to unseat; 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
tinuously improving; many of these improvements, which 
are being made to meet tighter fuel economy and greenhouse 
gas emission standards (EPAINHTSA 2012), are described 
in the NRC report Transitions to Altenrati\'e Vehicles and 
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Fuels (NRC 20 13a) . The necessary inll"astructnrc-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 society (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 lor PEVs. As stated in Chapter 1, PEV sales 
reached about 0. 76 percent of the U.S. market in 2014 (Cobb 
2015). To put that in perspective, it took 13 years tor hybrid 
electric vehicles (HEVs) to exceed 3 percent of annual new 
light-duty vehicle sales in the United States (Cobb 20 13). 1 

To compare various rates of market penetration, Figure 
3-l 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-

1 More infonnation on vehicle technologies, emissions, and fuel 
economy trends is available in the EPA Trends Report (EPA 2014). 

tively inexpensive and practical item with no complicated 
infrastructure needs~took 15 yenrs to reach just 50 percent 
market penetration. Consumers did not have experience 
with microwave ovens nor did they initialty 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~ 
sumcrs about the microwave's functions. Initial uses of the 
microwave were to heat water, thaw and heat frozen food, 
and reheat lettovers-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 litCstyle clwngcs, and 
lower prices due to volume production over decades resulted 
in microwaves being a primary appliance in the household, 
nearly 20 full years aller they were first introduced. 

One insight is that adoption and difthsion of new inno
vations can be a long-term, complicated process that is espe
cially slow tor products that cost tens of thousands of dollars 
and where consumers have questions about infrastructure 
availability, 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 ecosystem 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-
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tcnance 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 infrastmcture development: ( 1) 
product technology-for example, viable, low-cost battery 
technology; (2) downstream infrastructure-fOr example, 
dealers, repair facilities, emergency roadside services, and 
battety recycling options; and (3) complementmy infmstmc
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. For ex
ample, if infrastructure is identified as the critical bottleneck 
that affects customer adoption and use, industry stakeholders 
might decide to invest more in infrastructure 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 instill range confidence and ensure 
a safety net for limited-range battery electric vehicle (BEY) 
drivers (MET! 2010). Brown ct al. (2010) also emphasized 
the importance of supporting infrastructure development and 
advocated for standardization of codes, training, and other 
aspects ofintfastructure to facilitate the PEV market. 

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

Adoption and ditTusion 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 of250 million passenger vehicles and 
light-duty trucks if only PEVs were sold. In addition, not all 
households exhibit the demographic and lifestyle traits that 
make PEVs a viable purchase option. Specifically, when esti
mating the total addressable market tOr PEV sales, one must 
consider what percentage of the total population would find 
PEVs practical tOr their travel pattems and needs. A nation
ally representative telephone survey of adult vehicle owners 
tbund that 42 percent of drivers-45 million households
meet the basic criteria2 necessary to use a plug-in hybrid 
electric vehicle (PHEV), such as the Chevrolet Volt, tor their 

1 Basic criteria for PHEVs independent of pricing included access 
to parking and an electric outlet at home or work, seating capacity 
for no 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 household vehicles were avail
able if weekend driving frequently exceeded the current BEV range 
(Consumers Union and the Union ofConcemed Scientists 2013). 
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transportation needs with few, if any, changes in behavior 
(Consumers Union and the Union of Concerned Scientists 
2013). Oft he drivers who could usc a PHEV. 60 percent also 
fit the profile of those who could usc a limited-range BEY, 
such as the Nissan Leaf~ without major life changes. 

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

Finding: Market penetration for new technology-particu
larly expensive, infrequently purchased, long-lasting irmo
vations with a complicated ecosystem-is typically a slow 
process that takes l 0-15 years or more to achieve even nomi
nal penetration. 

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

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

Consumet· Diffusion Models and Market Segments 

Ditl11sion models categorize consumers (adopters) on the 
basis of their propensity to adopt new technologies and iden
tify the factors that facilitate adoption and ditTusion. Figure 
3-2 illustrates that markets for innovation comprise five dis
tinct categories of adopters; Table 3-1 describes each categoty 
in terms of demographic and psychographic characteristics 
~md buying motivations. Psychographies refer to values and 
litCstylcs of consumers and can be determined empirically 
through market research on their activities, attihtdes, inter
ests, and opinions (Kahle and Chiagorous 1997; Wells 2011 ). 
Although demographics can explain who is buying particular 
types of products. psychographies are more likely to explain 
why customers buy; therefore, psychographies generally are 
more useful than demographics in understanding customer 
decisions. Major fhctors that atl'ect ditiusion include com
munication (word-of·mouth) between consumers and social 
networks (Mahajan et al. 1990). 

DEMOGRAPHICS AND 1M PLICA TIONS 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 chamcteristlcs of PEV buyers correspond to the traits 
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FJGURE 3-2 Distribution of adopter categories. Labels 
reflect orientation to technology. SOURCE: Moore (20 14) 
© 1991 by Geoffrey A. Moore. Reprinted by permission of 
HarperCollins Publishers. 

TABLE 3-1 Categories and Descriptions of Adopters 
Category 

Innovators or enthusiasts 

Early Adopters or Visionaries 

Early Majority or Pragmatists 

Late Majority or Conservatives 

Description 

Are technology enthusiasts or lovers. 
Are willing to buy early release versions even if product quality or reliability arc not yet proven or 

established. 
Want to work with developers and infrastmch1re providers to improve new products, a source of pride in 

their own techno-intelligence. 
Are important 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. 

Arc 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 motivated 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 ditJerent vehicle make or model) but with some other major purchase. 

Are very concerned about value (benefits received relative to price paid). 
Want to evaluate several dift:Crent 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 doubt. 
Are first sizable segment of the market by volume. 

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 based on the time it takes to adopt. 

of early market adopters. PEV buyers had a median income 
of nearly $128,000 to $148,000 whereas ICE-vehicle buy
ers had a mediau iucomc of about $83,000 (Strategic Vi
sion 2014 ). By way of comparison, HEY buyers had a me
dian household income of $90,204, and the average median 
U.S. household income was $51,017 (U.S. Census Bureau 
20 13a). Consistent with traits of early adopters, PEV buyers 
were better educated than ICE-vehicle buyers. 

Table 3-3 lists demographic data lor purchasers of a 
vehicle from each category of PEV as defined in Chapter 2 
(long-range BEY, limited-range BEY, range-extended PHEV, 
and minimal PHEV) compared with data tOr all new-vehicle 
buyers. The table shows that of the tour types ofPEVs, Tcsla 
ModelS buyers are primarily men who have higher incomes, 

paid cash, and did not seriously consider purchasing another 
vehicle, whereas Nissan Leaf buyers are younger with larger 
household sizes. Chevrolet Volt buyers exhibit lower educa
tional levels than other PEV buyers. Toyota Plug-in Prius buy
ers have a higher percent of female buyers. Finally, PEV buy
ers who considered other models of PEVs in their purchase 
process reported that the vehicle that they most seriously con
sidered was the Chevrolet Volt. 

The data presented in Table 3-3 also show that leasing 
rates vary by PEV model. The Nissan Leaf and Chevrolet 
Volt have higher lease rates than the Toyota Plug-in Prius 
or Tesla Model S (Strategic Vision 2014 ). Furthermore, data 
!rom the Calilornia Plug-in Electric Vehicle Survey indicate 
that PEVs are leased at a rate of 28.8 percent in Calitornia, 
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TABLE 3-2 Comparison ofNew BEY Buyers, PHEV Buyers, and ICE-Vehicle Buyers 
Characteristic BEV Buyer PHEV Buyer ICE-Vehicle Buyer 

Gender 

Marital status 

Average age 

Education 

Occupation 

77%male 

81% married 

48 years 

86% college graduate 

42% professional 

70'% male 

78% married 

52 years 

77% college graduate 

37% professional 

60% male 

66% married 

52 years 

59% college graduate 

25% professional 

Median household income $148,158 $127,696 $83,166 

Number of respondents 3,556 1,000 186,662 

NOTE: BEY, battery electric vehicle; ICE, internal-combustion engine; PHEV, plug-in hybrid electric vehicle. 
SOURCE: Strategic Vision New Vehicle 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" 
Charactcri~1ic All New-Vehicle Buyers 'J'esla ModelS 

Gender (.~·IIF) 61/39 82/18 

Married or partnered 71 83 

Age 50+ 56 68 

Household size of 1 or 2 58 56 

College gmd or more 59 87 

Income +S lOOK 40 88 

Caucasian 79 86 

Purchased/leased 78/22 95/5 

Paid cash 14 36 

Received special financial incentives 64 24 

Did not seriously consider any other vehicle NA 62 

Seriously considered other models NA Chevrolet 
Volt (I%) 

Nissan Leaf 

77/23 

87 

37 

35 

86 

66 

70 

t4186 

5 

76 

50 

Chevrolet 
Volt (10%) 

Chevrolet Volt 

74/26 

82 

61 

53 

77 

63 

82 

56/44 

t2 

73 

42 

Toyota Plug-in 
Prius (5%) 

Toyota Prius Plug-in 

66/34 

76 

39 

46 

83 

62 

56 

68/32 

2 

88 

48 

Chevrolet 
Volt (8%) 

Numberofrespondents 237,235 285 2,257 556 169 

u Entries are provided as percent of respondents. 
SOURCE: Strategic Vision New Vehicle Experience Study of Vehicle Registrants, October 2013-June 2014. 

greater than the overall lease rate for light-duty vehicles in 
the United States (Rai and Nath 2014; Tal et al. 2013). Al
though many consumers have never leased a vehicle nnd 
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 nble to incorporate 
the federal tnx incentives into a shorter period of time. As a 
result, attractive leasing deals have positively atiected PEV 
sales (Loveday 20 13a). Whether leases appeal ditl'erentially 
to cnrly adopters or mainstream customers is unknown. 

To date, male buyers dominnte the PEV market. Figure 
3-3 shows that nlthough women make between 50 nnd 60 
percent of vehicle purchases generally (the top two bars in 
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the figure represent U.S. data on all vehicles), their involve
ment in PEV purchases ranges between only 15 and 30 per
cent (the bottom four bars in the figure represent data on Cal
ifornia PEV buyers or lessees only) (Caperello et al. 2014). 
The authors' detailed interviews and focus groups find that 
men treat PEV purchases as "projcets"-a classic feature 
of emly market adopters-whereas women in the study ex
pressed more practical concerns and did not want to experi
ment, a buying trait more typical of mainstream adopters. 
Hence, the gender data nlso are consistent with ditTerences 
between early adopters and mainstream adopters. 

Finding: PEVs to date have been sold primarily to custom
ers in the early adopter segment of the marketplace whose 
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FIGURE 3-3 Women's rate of participation in the markets for all vehicles and tOr PEVs. The figure shows that women's participation in 
vehicle purchases is much lower for PEVs than tOr vehicles as a whole. Data in blue represent the entire used and new-vehicle market tOr 
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, Institute of Transportation. Data compiled from NBCUniversal, Center tOr Sus
tainable Energy, California Air Resources Uoard Clean Vehicle Rebate Project, and EV Consumer Survey Dashboard. 

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

Selecting a Beachhead 

DitTusion is a social and geographic process; at any 
point in time, ditTusion in one region of a large counh)' 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 demo
graphic and psychographic profiles of residents are consis
tent with those of the early adopter category; these areas 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 2013. 

To ensure that new technologies succeed with main
stream consumers, Moore (20 14) suggests selecting a "beach
head," a narrow market segment of consumers for whom the 
new technology otTers "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 utTering a compelling value proposition specifically 
targeted to meet the needs of a narrow subset of consumers, 
the technology stands a greater chance of dominance in a key 
market segment. Then, the momentum gained through domi-
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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 easier and 
more etiective between adjacent market segments (related 
geographically. by common lifestyles, or by common profes
sional circles) because people will find communicating with 
others who have similar traits more credible and relevant 
than with those who have dissimilar traits. Thus, mther 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 tOr whom the innovation 
otl'ers 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 momentum has already been established; infra
structure is more readily available; word-of-mouth between 
neighbors, friends, and co-workers can occur more readily; 
where there is greater availability ofPEV 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 tOr over one-third of annual PEV sales in the 
United States, and sales ofPEVs 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 20 15). 
It also has a supportive regulatmy environment with its zero
emission-vehicle (ZEV) mandate, which has been a prime 
contributor to the availability of PEV models in California. 
States that have agreed to implement the multistate ZEY 
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FIGURE 3-4 Projected 2014 light-duty PEV volume in the I 00 largest MSAs. Dot size is proportional to the projected total PEV volume 
in that MSA in 2014. It can be seen that large numbers of vehicles are located in Los Angeles, the San Francisco Bay Area, New York, 
San Diego, Seattle, and Atlanta. As noted in the figure, San Jose, San Francisco, Honolulu, Los Angeles, and San Diego have the largest 
per capita concentrations ofPEVs (volume pro)ected tOr 2014 per 1,000 people based on 2012 census projections). NOTE: MSA, met
ropolitan statistical areas; PEV, plug-in electric vehicle. SOURCE: Data courtesy ofNavigant Research in Shepard and Gartner (2014). 

action plan (modeled atler California's ZEV mandate) and 
that have greater availability of PEV models are also t1tvor
able places for the beachhead approach. They include Con
necticut, Maryland, Nfassachusetts, New Jersey, New York, 
Oregon, and Rhode Island.3 Places where there is clean and 
low-cost hydroelectric power are also favorable locales for 
the beachhead approach. One such example is \Vashington 
state, which has higher PEV per capita sales than California. 

One 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 three or 
more vehicles (U.S. Census Bureau 2013b). Having multiple 
vehicles offers the opportunity to choose among vehicles 
that have ditlCrent utilities. For example, a multiple-vehicle 
household might be able to mitigate the challenges of own-

3 Information on model availability by state was provided by rep
resentatives of vehicle manufacturers. Sources were Brian Brock
man, Nissan, September 8, 2014; \Villimn Chemicott: Toyota, 
August 22. 2014; Kevin Kelly, Joe LaMuraglia, and Shad Blanch, 
GIVI. August 22, 2014; James K1iesch, l-londu, September 2. 2014; 
Nancy l-lomeister. Ford, September 2. 2014; and Dan Irvin, Mit
subishi. September 10, 2014. 
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ing a limited-range BEY if it also owns a PHEV or an ICE 
vehicle that can be used for long-distance trips. Many house
holds that have multiple vehicles, however, 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 t1tvorable regulatory environ
ments for PEVs. 

Finding: Initial beachheads for PEV deployment are specific 
geographic areas, such as California, that have expensive gas
oline; key demogmphics, values, and lifestyles; a regulatory 
environment t1tvorable to PEVs; a variety ofPEV makes and 
models available; and existing intfastructure or an ability to 
readily deploy such infrastructure. 

Driving Characteristics and Needs 
of the i\·lainstream Consumer 

As discussed, selecting a beachhead plants the seeds 
lor the ditliJSion and adoption of PEVs, but PEVs will need 
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 ofPEVs defined in Chapter 2. As of2013, there 
were more than 233 million light-duty vehicles registered in 
the United States, each traveling on average 11,346 miles per 
year (FHWA 2015). The Federal Highway Administration 
provides more detailed information about household trips 
that might help to determine whether consumers would be 
interested in purchasing and using PEVs. In the most recent 
data from 2009, households reported an average of3.02 trips 
per vehicle per day and 28.97 miles per day per vehicle and 
an average vehicle trip length of9.72 miles (FHWA 2011). 
Changing trends in vehicle ownership and usc arc discussed 
in greater detail in the next section. 

Although averages provide some important infonnation 
about how people usc their vehicles, there is substantial vari
ability in use among drivers and vehicle type and over time 
(tOr example, from one day to the next), so that average use 
might not fully capture consumer needs over the litC of the 
vehicle. For example, the National Household Travel Survey 
shows that trips offt:wer than l 0 miles constituted 71 percent 
of trips and accounted fbr 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 arc 
important to consider because they represent an opportunity to 
electrify miles and maximize the value proposition for PEVs. 
Long trips (over 100 miles) represented less than I percent of 
trips but 16 percent of miles traveled (FHWA 20 II). As noted 
in Chapter 2, long trips are an issue tOr BEYs 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 considerations will atl'ect their views on the util
ity of the vehicle. Many consumers might not find the utility 
of a long-range BEY to be substantially limited by trip dis
tance. Some consumers might find that although a limited
range BEV might meet their average travel needs, it does not 
meet their needs to make the occasional long trip. A high tlc
quency of those "inconvenient days" might greatly dissuade 
a consumer from purchasing a limited-range BEV. However, 
if consumers have multiple options tOr making longer trips, 
such as public transportation or a second vehicle, they might 
find that a limited-range BEV best meets their routine needs. 
PHEVs can accommodate all possible trip lengths with easy 
refueling, but they sacrifice electric miles tOr gasoline-fu
eled miles on longer trips. Average or routine travel needs, 
such as a conunute, might also atTect the PHEV range that 
a consumer might choose because matching PHEV range to 
average or routine 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 vehicle 
use, average daily travel or other routine usc provides a met
ric that can help cvalnatc the ntility of a PEV. 

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

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

Social and demographic changes are afTecting the amount 
that people drive and the demand for new vehicles; these 
changes have implications for PEV sales and their usc. 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, result
ing in fewer commuters, tCwer driving vacations, and more at
tention to the costofti1el (FHWA2012a; U.S. Census Bureau 
2013a; Zmud et al. 2014). A 2014 report 11-om the Transporta
tion Research Board identified an aging and more ethnically 
diverse population, along with changing patterns in the work
force, urban living, household fbnnation, views on environ
mentalism, and usc of digital technology, which are afl'ecting 
total and per capita VMT (Zmud et al. 2014 ). Although VMT 
is on the rise again, it is still below 2007 levels (FHWA 2014) 
and is projected to grow at an average annual rate of only 0.9 
percent between 2012 and 2040 (EIA 2014a). 

The demand for new vehicles also appears to be chang
ing. First, the demand for new vehicles has decreased. 
Americans 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 20 12) 
shows that the average trade-in vehicle at dealerships is 
now 6.5 years old, I year older than the average in 2007. In 
contrast to nlmost all products, vehicles have a robust sec
ondary (used) market that is larger than the new market; in 
tact, two-thirds of all U.S. vehicle purchases arc tor used 
vehicles (35. 7 million in 20 13) (Edmunds 2013 ). Those data 
have implications tOr vehicle purchases generally and PEV 
purchases specifically. Given the length of time between 
purchases, product options will have changed substantially, 
particularly because of model and technology changes, and 
what the consumer might want or need in a new model might 
have changed substantially. Thus. the consumer likely will 
undertake a lengthy and exhaustive process before purchase 
to research new options on the market; that research could 
take as long as several weeks or months and involve many 
hours of online research befOre even visiting dealerships 
(Darvish 2013). The decreased demand tor new vehicles and 
the lengthy research process will certainly atlect the adop
tion and ditl''usion rates tOr PEVs. 



Understanding the Customer Purchase and t\larket Del•elopmenl Process for Plug-in Electric Vehicles 45 

Second, 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 
!ewer households in the market tor 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, Baltimore, Chicago, and Detroit all have 
more than 25 percent of households without a vehicle (Sivak 
2014). The geographic variation will afiect where PEVs sell 
well. 

Another f.'lctor that is changing is household tOnnation. 
In 2000, 68.1 percent of households were defined as "family" 
(married couples with children, married couples without chil
dren, single parents with children, or other fhmily). In 20 lO, 
that estimate decreased to 66.4 percent because single-person 
households increased trom 25.8 percent to 26.7 percent (U.S. 
Census Bureau 20 13a). As single-person households and ur
banization increase. charging vehicles at home could become 
even more complicated as people move into apartments and 
multifamily dwellings and away from single-f.'lmily homes 
that have garages or dedicated parking. As urbanization con
tinues to rise, people might use transportation modes other 
than the traditional ICE vehicles. Although urban dwellers 
tend to log fewer VMTs (a characteristic fi1vomblc to PEV 
ownership), they might thee challenges in finding a reliable 
and regular place to plug in and recharge in a city. 

Vehicles 
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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 (tOr example, Car2Go and Zipcar). Ac
cording to Susan Shaheen and Adam Cohen (2013), there 
are about 850,000 car-sharing members and 15,000 vehicles 
in North America (sec Figure 3-5). Frost and Sullivan esti
mate in their optimistic scenario that up to 7 million mem
bers and 155,000 vehicles 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 
on whether the programs use PEVs. If they do, they would 
provide ways tOr drivers outside the new-vehicle market to 
use PEVs. However, if potential PEV buyers chose to usc 
car sharing and car-sharing programs use only ICE 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 atlect not only 
vehicle preferences but also the practicality of a given PEV tOr 
a given individual. DitTerent market solutions will be needed 
tOr ditTercnt market categories and segments. 

111 Austrnlia 1111 Asia "" Europe 

111 Nm1h America 1111 Worldwide 

Members 

FIGURE 3-5 Worldwide growth of car sharing in terms of vehicles and members. SOURCE: Shaheen and Cohen (2013), Transporta
tion Sustainability Research Center, University of CalifOrnia at Berkeley. 
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TABLE 3-4 Factors That AtTect 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 veh~cle range if a limited-range BEY). 

Complexity Difficulty of using the new product. For example, what is involved in charging at home, at work, or at public 
stations? Are permits required for at-home installation? Is membership needed for a charging network? 
How much will the electricity to fuel the vehicle cost, and how is that cost calculated'! 

Compatibility How well does the new technology fit into the buyer's lifestyle? For example, is the range of a limited-range 
BEV adequate? 

Consumer concerns about standards, for example, diftCrent plug types and charging networks with different 
communications protocols and payment methods; mainstream consumers take a wait-and-see attitude to a\'oid 
purchasing the wrong product that does not become 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 dri,•ability but does not a How the buyer to experience charging or to resolve other 
concerns that inhibit purchase of a PEV. 

Observability How observable are the benefits oft he new purchase to the consumer, such as fuel savings relative to electricity 
costs; convenience of charging at home and not having to go to a gasoline station; and quiet 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, internal-combustion engine; PEV, plug-in electric vehicle. 
SOURCE: Adapted from Mohr et al. (20 I 0). 

THE i'IIAINSTREAM CONSUMER AND 
POSSIBLE BARRIERS TO THEIR ADOPTION 

OF PLUG-IN ELECTRIC VEHICLES 

Insights into strategies to ditTuse new vehicle technolo
gies beyond early adopters can be gleaned from indnstry 
studies on what consumers consider when they make a pur
chase and by examining general factors that affect adoption 
and ditlitsion of new technologies (Rogers 2003). Five tile
tors typically atYect the mtes of adoption and diftitsion for 
innovative products; these f..tctors 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 those of 
the early adopters. Because mninstrcam adopters (early and 
late majority categories combined) comprise the bulk of the 
purchases for any new technology (Rogers 2003), under
standing their purchase motivations is critically important to 
incrcCJsing PEV deployment 

The top five reasons consumers give for their vehicle 
purchase choices generally (not specific to PEVs) arc reli
ability, durability, quality of workmanship, value for the 
rnoncy, and manufacturer's reputation (Strategic Vision 
2013 ). Although ott en assumed to be a key influential factor 
in vehicle purchases, fuel economy is a primary consider
ation tOr 45 percent of consumers (compared with reliabil
ity. a primaty consideration for 68 percent of consumers). 
In fact. fuel economy ranked ll of 54 reasons 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 
oft he survey, and yet consumers 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 20 13 ). 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 technology and the durability of 
the battery (Strategic Vision 2013). Those data snggest that 
consumers appear to use traditional criteria (reliability and 
durability) in their PEV evaluations and that PEVs today 
must compare effectively with ICE vehicles on traditional 
criteria to be competitive. 

Egbue and Long (20 12) conducted a study to explore 
concems about PEVs specifically. Interestingly. in their sam
ple of respondents (a population of !acuity, stan~ and stu
dents from a technically oriented university). battery range 
was the biggest concern expressed about PEVs, followed by 
the cost ditTerential of PEVs compared with ICE vehicles. 
Battery range is not a question that is asked in typical ve
hicle industry research studies.4 Corroborating the results of 

4 Business experts note several caveats in conducting and inter
preting consumer research on new technologies (Leonard-Barton 
et al. 1995; Rayport and Leonard-Barton 1997; Seybold 2001; 
lvlcQuarrie 2008). First, consumers necessarily are constmined in 
their responses by their knowledge of and familiarity with a given 
technology. Although they provide answer.:> to research questions, 
the validity of their responses can be suspect. rvloreover, 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 tOund that environmental considerations cany less 
weight in the purchase decision for PEV s 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.5 Importantly, consumers 
make decisions on the basis of their perceptions rather than 
factual data. Astute marketers realize that consumer percep
tions fonn the basis of their reality-even if their perceptions 
arc tactually inaccurate. Although objectively, PEVs might 
exhibit a lower total cost of ownership than ICE vehicles, 
whether consumers actually compute a total cost of owner
ship in making vehicle purchase decisions is not apparcnt.6 

Ingram (2013) states that 75 percent of people in 21 of the 
largest cities in the United States were unaware of cost sav
ings and reductions in maintenance costs of PEVs. In Htet, 
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 di!Ierential between PEVs and 
conventional vehicles and the range concems tOr limited
range BEYs, 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 limited variety and availability of PEVs; 
misunderstandings conceming range of PEVs; difficulties in 
understanding electricity consumption, calculating fl1el costs, 
and determining charging infrastructure needs; complexities 
of installing home charging; ditficulties in determining the 
"greenness" of the vehicle; lack ofinfonnation on incentives; 
and lack of knowledge of unique PEV benefits. Those barriers 
are discussed briefly in the tOllowing sections. 

and t1uniliar. When replicating vehicle surveys to assess PEVs, the 
surveys do not include questions to assess consumer knowledge 
of and prethence tOr charging infmstmcture, range, and other rel
evant factors. As a result of those and other limitations, innova
tion experts recommend alternative methods of market research to 
complement traditional surveys and focus groups. 3tvL Intel, HP, 
and other compnnies known tOr their culture of innovntion rely on 
a variety of nlternative research protocols, mnny of them more ob
servntional in nature, to recognize such limitations. 

5 As a point of reference, the same survey showed 61 percent of 
consumers have "n fhvomble or very fhvorable" impression of HEVs 
that have sales of about 3-3.5 percent of new passenger vehicle sales. 

6 Despite the lack of infonnntion, Eppstein eta!. (2011) fOund in 
a simulation model that making available estimates of lifetime fuel 
costs associated with diftt!rent 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. 

SC-2 

Limited \'ariel)' and Availability of 
Plug-in Electric Vehicles 

Consumers are accustomed to a dizzying array 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 tmcks, minivans, and full-sized vans. Be
cause consumers have a wide variety 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 fhct that not all PEVs arc available tOr 
sale in all states. Two main considerations atTect vehicle 
availability. One is the availability of PEVs to the dealers, 
which is dictated by the vehicle manufacturers. Given the 
questionable profit margins (Lutz 20 12; Voelcker 20 l3a; 
Loveday 2013b), some vehicle manufacturers might not be 
motivated to oiler 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 ofPEV options 
are barriers to consumer adoption. 

Range of Plug-in Electl'ic Vehicles 

Range anxiety refers to the fear ofnmning 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 dtiving patterns (Frank et al. 20 ll ). 
As discussed in Chapter 2, range limitation should be an is
sue only for limited-range BEYs. Yet, data collected fi·01n 
people who considered a PEV but did not buy one (rejecter 
data) reveal inaccurate perceptions about PEV range. For ex
ample, some buyers who considered the Chevrolet Volt did 
not buy it because it "lacked range," despite the fhct that the 
Volt's onboard ICE gives the vehicle a range similar to that 
of a conventional vehicle. Specifically, atler its 38 miles of 
all-electric range arc depleted, it otTers another 344 miles on 
gasoline. Such observations show that a lack of Huniliarity 
with PEVs poses a barrier to vehicle deployment; this nega
tive etlect is corroborated by the modeling work of Lim ct al. 
(2014), who found that range concerns, as well as concems 
over unknown resale value, inhibit mass adoption ofPEVs. 

Understanding Electricity Consumption 

Drivers of ICE vehicles arc accustomed to tlJCiing with 
gasoline and understand how much range they have len and 
where gasoline stations are located relative to that range. 
PEV drivers, however, face a new experience~fueling with 
electricity-and will need to understand the interaction be-
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tween several t1tctors, including the storage capacity of the 
batteries, access to charging infrastructure, and driving be
havior. The amount of stored electricity is measured and then 
communicated through dashboard displays that provide an 
estimate of the remaining range of the battery, a measure
ment that not only is new but that can also be imprecise. 
PEV owners will experience consuming the electric energy 
(depleting the battery) quickly or slowly, depending on driv
ing speed (fhst or slow), conditions (such as ambient air tem
perature and steepness of the road grade), and driving style 
of the driver (light-tooted or heavy-footed) (Turrentine et al. 
20 II). A PEV on a cold day can consume its stored electric 
energy quickly because some portion of that energy goes to 
heat the vehicle interior; hence, drivers might sec the bat
tety 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 comtbrtablc pur
chasing a PEV, consumers generally must understand PEV 
tltcl consumption. 

Calculating Fnel Costs 

Determining electricity costs relative to gasoline costs 
is yet another Htctor that affects consumer perceptions and 
purchase decisionsJ Box 3-l shows how electricity cost 
could be calculated. The committee was not able to find 
data on consumer perceptions of electricity costs compared 
with gasoline costs. However, the calculations in Box 3-l 
are likely complex enough to be overwhelming for a typical 
mainstream consumer and highlight the difficulty that con
sumers face in computing fuel costs, particularly compared 
with those for ICE vehicles. In t1tct, 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 some free electricity at workplaces, 
and relying on public charging could save PEV drivers even 
more. H 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, 
di tTerences in prices charged at public charging stations, and 
in some cases free charging at public nnd work locations. 

7 rvtuch 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. 
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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 inti'astruct11re 
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 fueled with electricity 
at home, at workplaces, or at public charging stations (sec 
Chapter 5). In fact, early adopters have primarily satisfied 
their charging needs at home, and the majority of main
stream PEV adopters arc 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
iar with PEVs, including many policy makers and presum
ably many potential PEV customers who believe that public 
charging stations arc needed. 

Although home charging has been the primary method 
of refueling. public charging does have an important role to 
play. The PEV-drivcr 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 with about 8,400 public charging stations (U.S. Cen
sus Bureau 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 mngc confidence and ensure a safety net tbr lim
ited-range BEV drivers (MET! 2010). Drivers of all types 
of PEVs can usc their mobile phones or dashboard displays 
to navigate and find fueling stations. Apps tbr PEV owners 
to monitor their state of charge and to find fueling stations 
compatible with their vehicles might be particularly impor
tant to mitigate consumer concerns about location of fueling 
stations. 

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

Installing Home Charging 

Depending on regional variations, BEY and PHEV buy
ers might need to choose, acquire, permit, finance, and in
stall a charger tbr their primary parking location even betbre 
purchasing the vehicle. The decision process will require the 
buyer to understand the ditlerences in charging technolo
gies and possibly to answer the tbllowing questions: Do they 
want or need AC level I or level 2 charging? Arc upgrades of 
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BOX 3-1 Calculating Electricity or Fuel Costs for Plug-in Electric and Other Vehicles 

People shopping for a vehicle face difficulties in calculating fuel costs per mile, especially if they are trying to compare the fuel costs 
of vehicles operating on different fuels, including BEVs, PHEVs, HEVs, and ICE vehicles. A typical customer's thought process 
might proceed as follows: 

Possible Cost Calculation for a PEV 

Take as an example the five-passenger Nissan Leaf, which gets 3 or 4 miles per kilowatt-hour, depending on speed and the heat
ing or cooling needs of the cabin interior. Assume that the average price of residential electricity in the United States is 12.5 cents 
per kilowatt-hour; this number is based on a range in the United States of 10 to 15 cents per kilowatt-hour (EIA2014b), and this in 
turn translates to 3 to 5 cents per mile. On average, therefore, a Leaf owner who charges at home will pay about 4 cents per mile 
for electricity (these numbers average local taxes on electricity bills). 

Possible Cost Calculation for an ICE Vehicle or an HEV 

Gasoline in the United States in August 2014 cost on average about $3.60 per gallon (regional averages ranged from $3.35 in the 
Gulf Coast region to $3.91 in the West Coast region) (EtA 2014c). An especially efficient HEV, the Prius, gels about 50 miles per 
gallon. Average ICE passenger vehicles have a fuel economy of 35 mpg. Thus, the Prius would have cost 7.2 cents per mile, and 
the average passenger vehicle would have cost about 10 cents per mile in the United States in August 2014. 

Therefore, in most places in August 2014, BEVs and PHEVs operating in electric mode on stored electricity from the grid cost 
less than one-half as much per mile as a comparable-sized gasoline vehicle. Specifically, driving 10,000 mites in a gasoline-fueled 
compact vehicle would have cost around $1,000 for gasoline in 2014; a comparable-sized BEV would have cost less than $500 
at that time. 

Additional Considerations 

The cost of electricity for a PHEV will vary greaUy depending on driving patterns, the charging frequency, and the battery 
capacity. 
Many PEV drivers might charge away from home, where prices vary. Some PEV drivers might be able to maximize their sav
ings by charging for free at work and getting low off-peak or special PEV rates from their utility. 
Some places, especially California, have tiered rates to discourage high consumption. or time-of-use rates to shift consump
tion peaks. Those pricing structures can make electricity rates vary for an individual household by lime of day, by total monthly 
consumption, or by climate zorle in which the house is located. 
The cost of gasoline can also vary substantially, and that variation complicates the calculation of total fuel costs for PHEV drivers. 
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household circuits, panels, and even transfOrmers required? 
How much will the changes cost? \Vhat permitting process
es, fees, and timing are involved? \Vill 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?' 

formed partnerships to streamline the purchase and installa
tion of home chargers. Three examples of partnerships (list
ed below) are cited in the Federal Highway Administration 
action plan (FH\VA 2012b), but one has been discontinued 

and another has been reworked. 

\\1hether the vehicle is leased or purchased might have 
an etlcct on the home-charging decision; people who lease 
might be less willing to commit to the expense and etTort 
of installing home charging. In other cases, installation con
cems might be alleviated if PEV owners can use an existing 
outlet 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 multiunit 
dwelling will be different, but they loom large nonetheless 
(Axscn and Kurani 2009). Barriers to home-based charging 

tOr that market segment are discussed in Chapter 5. 
To help mainstream PEV consumers navigate their 

home-charging needs, some vehicle manufacturers have 

g The 240 V cables are different from the II 0 V cables that come 
with the vehicle and represent an additional customer expense. 
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Ford and Best Buy ford initially pnrtnered with Best 
Buy to oft"er buyers an integrated process tOr 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 estimated a cost of around $1,500 for the 
charging equipment and installation services. The pro
gram ended in 2013 when Ford partnered with AeroVi
ronment (Motavalli 20 13). 

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 
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wiring but were typically about $1,500 (GM Authority 
20 10). General Motors appears to have discontinued 
its otTer for an AC level 2 charging system because the 
Chevrolet Volt can recharge ovemight using an AC level 
l charger. 
Nis.wm and AeroViromnenf. For the Leat~ Nissan teamed 
with AeroVironmcnt 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-tOr example, a dealer helps the customer manage the 
whole process-mainstream consumers simply might revert 
to the more Huniliar purchase of an ICE vehicle that does not 
have these added complications (Moore 2014). 

Greenness of Plng-in Electric Vehicles 

Perceived favorable environmental impact (the green
ness) of PEVs motivated some early adopters to purchase 
PEVs, although environmental impacts appear to be less of a 
motivator for mainstream market consumers given that just 5 
percent of U.S. vehicle purchasers stated a willingness to pay 
more for an environmentally friendly vehicle (Strategic Vision 
2013 ). Others also find that the impact of a green product on 
consumer purchases is usually 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 inquire. 

Consumer might ask the following questions: Does driv
ing a PEV actually benefit the environment? Are greenhouse 
gas emissions and local pollutants decreased ifl 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;9 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 fbr 
a discussion ofbattety recycling). Greenness can be calculated 
on a well-to-wheels basis, which counts greenhouse gas emis
sions from a vehicle's tailpipe (tank-to-wheels) and upstream 
emissions from the energy source used to power a vehicle 
(well-to-tank). 10 Although the tactual details about the clean
ness of the electric grid (see Chapter I) might not be widely 
known, consumer uncertainty about how green PEVs actually 
arc might cause customers to balk at purchasing one. 

9 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 
greenness can vmy 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 production. 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 oftSet the 
difference. PEVs can also have nonfinancial incentives, such 
as access to high-occupancy-vehicle lanes (see Chapter 7 for 
an extensive discussion of incentives). Consumer awareness 
and perceptions of incentives influence their purchase dcci
sions. In Norway and the Netherlands, for example, PEVs 
arc 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 2llargest cities 
is unaware of such incentives (Ingram 20 13). A further com
plication is that tCdcral. state, and municipal incentives are 
otlen 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 e!Tectiveness ofPEV incen
tives could be enhanced through greater consumer awareness 
(Krause et al. 2013). Dealers could be a source ofinfonna
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 intOr
matiou (Cahill ct al. 2014). Several Internet sources provide 
infonnation on incentives, but the degree to which consum
ers are aware of and use them is unknown. 

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

PEV ownership ofl<~rs benefits that are familiar to and 
valued by their drivers but arc probably unfamiliar to main
stream consumers. For example, people discover on driving 
PEVs that they are "peppy" and provide smooth accelem
tion; moreover, they arc quiet (Cahill et al. 2014). In addi
tion, PHEVs do not need oil changes as tt·equently as ICE 
vehicles, and BEYs do not require any oil changes (Voelcker 
20 l3b, 20 14). Furthermore, regenerative braking and energy 
recovery, which is novel to many new PEV drivers, provides 
a unique sensation. \Vhether engineered as part of the tradi
tional braking system (as in the Toyota Prius) or integrated 
into the acceleration system (as in the BM\V i3 and Tesla 
Model S), or both, regenerative braking creates a unique 
driving experience. In contrast to systems that capture kinet
ic energy when the driver begins to brake, regenerative brak
ing integrated into the acceleration system begins to slow the 
vehicle and capture energy the moment drivers remove their 
foot tfom the gasoline pedal. Some drivers perceive the au
tomatic braking as an advantage. especially in heavy traffic. 

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

Que.stiom PHV Customers Might H(/\•e 

Why am PEVs more expensive than 
conventional vehicles? 

What is the battery range? 
How many yems will the battery last? 
Do I need to replace it? 
Is there a risk of lire? 
Docs the vehicle have sufi1cient power to 

drive on the highway? 
What will be the resale value? 

Questions Customers Might Not Know to Ask 

I low much of my battery range will be sacrificed 
to interior heating and cooling in cold or hot 
tempemtures? 

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

How does regenerative braking work? 
Will my battery degrade over time if I use DC 

fast charging? 
What are the savings in maintenance and !lie! 

relative to the purchase price of the vehicle? 

Vehicle Charging 

Where can I charge the vehicle? 
Can I charge it at home? 
Do !need a special plug? 
How much will the electricity cost? 
How long docs it take to charge? 

Where do I charge if I do not have a gamge? 
Arc there pem1itting fees to get a dedicated 

charger installed in tny home? 
Does my state ofier a rebate or incentive to 

ill5tall charging equipment in my home? 
lfl want AC level2 charging, do I na>d additional 

equipment, and how much will it cost? 
Do I need to inform my utility ifl purchase a PEV? 
Do my mtes for charging differ depending on 

the time of day? 
lfl belong to a charging network, can I usc 

chargers from other networks? 
How do I find a charging location? 
Can I reserve a charging location? 
What if the charger I need to 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? 

Do these vehicles put excessive demands on 
the electric grid? 

Other Concerns 

What happens if I become stranded because I 
nm out of charge? 

How green is a particular PEV? 
Do the batteries end up in landfills? 

How do I file for my tax credit? 
Does my state offer a tax credit? 
Do I get free parking? 
Do I get access to a high-occupancy-vehicle 

lane with a PEV? 
Docs my employer ofler charging at work? 
BecmtSe the car is so quiet, how do I know if 

it is nmning? 

Why do people with PEVs get the most 
com·cnicnt parking spots? 

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

the known and familiar (Mohr et al. 2006). Until they arc suf
ficiently intonned and educated, they will likely continue to 
prctCr the relative satCty, security, and f.1miliarity of an lCE 
vehicle. Therefore, mainstream adopters require additional 
encoumgement, infOrmation, and incentives to overcome the 
barriers identified. 

Summary of i\lajor Perceptual Barriers 

From the committee's perspective, the Htctors discussed 
above pose mctior barriers to consumer adoption of PEVs. 
Confltsion continues to loom large in the consumer purchase 
decision tor 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 I 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 misinfonnation and the nature of the per
ceptual barriers that must be overcome betOre PEV deploy
ment becomes widespread. 

Uncertainty and perceived risk plague consumer willing
ness to purchase innovative products, particularly expensive. 
long-lived ones, such as vehicles; consumers instead revert to 
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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 a!Tect 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 otlCred 
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many services to help with the complexity of the purchase 
process. In fhct, 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 nmning. Accord
ingly, dealers have always played a critical role in the dccision
nmking process of people purchasing" vehicle (lngmm 2014). 
Given that 56 percent of PEV buyers make over three visits 
to dealerships, which is twice the number made by non-PEV 
buyers (Cohill et al. 2014). vehicle dealerships could serve as 
an important source ofinfonnation for potential PEV buyers. 

Despite the importance of the consumer experience at 
the dealership. research on dealers and PEVs reveals sys
temic problems. A Center tOr 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 ''dissatisfied" with their 
purchase experience (Cohill et al. 2014). In the some 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 buyers expect dealer salespeople 
to be informed about much more than just the vehicle char
acteristics. However, a Consumer 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 toke three times longer to close " PEV sale than 
an ICE vehicle sale-time for which they arc not difthentially 
compensated. Furthennorc, because dealership revenues in
clude charges tOr atler-sales service and support and because 
PEV maintcmmce requirements arc lower than those for ICE 
vehicles, that service revenue is missed. Moreover, sales statT 
at dealerships often turnover rapidly; thus, technically savvy 
sales statTwho are knowledgeable about PEVs are not always 
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 (Dorvish 2013 ). 

To address those issues, some dealers in California have 
hired PEV advocates to sell PEVs specifically. Rother than 
train the entire sales tOrce, high-volume PEV dealerships 
have one or two PEV gurus. Moreover, some dealerships 
now separate floor (personal) sales from Internet sales, and 
in some situations, 100 percent ofPEV sales come from In
temet inquiries (UC Davis 2014)-" The PEV gurus usually 
are part of the [nternet sales team tOr the dealer; social me
din are used to steer buyers to those individuals. Partially 
because dealership salespeople might lock the ability. time, 
or incentives to educate customers adequately about PEVs, 
Testa decided to operate its own dedicated showrooms in 
which specially trained employees tOcus exclusively on 
educating customers about Testa vehicle ownership. Tesla 
showrooms ore typically styled like boutiques in high-traffic 
locations, such as a mall, much like Apple stores. 

!! Nissan initially sold Leafs only on the Internet. 
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In addition to the paucity of knowledgeable salespeople, 
the Consumer Reports study (Evarts 2014) also found that 
dealers simply did not hove PEVs in stuck. Only 15 of 85 
dealers in fOur states (California, New York, Maryland, and 
Oregon) 12 hod more than 10 PEVs on their lots; indeed, most 
dealers hod only I or 2 PEVs on their lots. That finding is sup
ported by " UC Davis study, which found that 65 percent of 
Califomia dealerships hod no PEVs for sole (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 tOr lack of 
inventory on dealer lots is based on the financial returns from 
selling PEVs. If vehicle manuHtcturers are losing money on 
PEVs, they could limit availability deliberately (see, for ex
ample. Beech 2014; Lutz 2012; Voelcker 2013a; Loveday 
20 13b ). The strategy oflimiting inventory ti1rther hurts soles 
and makes it harder to generate economies of scale to drive 
down manufacturing costs. If production costs arc not re
duced, prices will remain high. 

Additional pressure on dealerships comes from Testa's 
challenges to the vehicle dealership fmnchise laws. In the 
United States, direct manuntcturer-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 prcowncd vehicles, employ trained vehicle 
technicians, and otTer financing. The National Automobile 
Dealers Association has challenged Tesla 's showroom model 
in a handfhl of states (Colorado, Massachusetts, Illinois, New 
York, Oregon, Texas, and North Carolina). u So t1tr, because 
Testa does not actually sell vehicles through its showrooms 
(rather, orders are placed online to the factory), courts have 
generally upheld its model. 14 Distribution issues are an on
going area of dispute and although Testa has advocated tOr a 
federal law to overtum the state franchise laws, to date it has 
been unsuccessful. 

Finding: Knowledge of PEVs at dealerships is (at best) un
even and (at worst) insufficient to address consumer ques
tions and concems. 

Finding: Dealers arc generally less motivated to sell PEVs 
than to sell ICE vehicles, and a further complication is that 
the inventory ofPEVs on dealer lots is limited. 

11 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. 

13 Interestingly, NADA is also starting a communications cam
paign to counter criticisms that the franchise laws are outdated and 
that dealers are not willing to change (Nelson 2014). 

H See. for exnmple, 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 perfom1ance 62 

Nonfinancial incentives 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 VEHICLES 

This chapter began by describing diffusion models lor 
new technologies, including PEVs, and then discussed the 
demographics ~md behavior of early adopter and mainstream 
market segments and their implications for adoption and dif
fusion. A number ofbarriers consumers 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 Internet resources to disseminate infonnation, 
and more opportunities 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 infOnnation sources that consumers commonly rely on 
for decision making. One such source is the advertising and 
marketing of the vehicle manuH1cturer. 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 manuntc
turer 's strategy, they arc proprietary, and the committee did 
not receive information on individtml company etlOrts, such 
as how much they spend on advertising to promote PEVs. 
Although PEVs are advertised in traditional media, casual 
observation suggests that company eftbrts to promote PEVs 
are not nearly as aggressive as their etlbrts for traditional 
ICE vehicle makes and models. 

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

ciently responsive to warrant larger advertising expenditures 
is questionable. Regardless of the underlying reasons tbr 
what would appear to be a limited eflOrt by any one com
pany to advertise its PEVs, the lack of promotion creates a 
scltCfulfilling prophecy. 

One strategy that might be used to overcome barriers 
to vehicle manufacturers advertising their PEVs is coopera
tive advertising or joint promotion eflOrts to communicate 
the advantages ofPEVs. Cooperative advertising is a shared 
campaign whereby companies work together to achieve an 
importnnt goal. For example, trade associations for the fish
ing industry15 and the recreational-vehicle industry 16 run 
campaigns to stimulate demand for the product category 
as a whole. Rather than any one company having to incur 
the expense of stimulating consumer demand, an industry 
trade association or other third party undertakes such ctTorts 
on behalf of its members. Other examples here include the 
"Beef: It's What's for Dinner" and "Got Milk" campaigns. 

Cooperative advertising campaigns typically exist under 
at least one of the tbllowing conditions: 

The industry as a whole is facing a decline in demand 
because of competitive threats (when, for example, 
consumers spend more time with technology gadgets 
than in going outdoors). 
A new technology is attempting to overcome an incum
bent technology, and the combined etTorts of the new 
technology providers might be able to educate con
sumers in a synergistic 111shion. 
The products are commodities; thus, the goods of any 
one provider arc indistinguishable from those of the 
others (for example, milk). 

15 See, for example. the Recreational Boating and Fishing Founda
tion (http://takemefishing.org/). 

11' See, for example, Go RVing, Inc. (http://gorving.com/}. 
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Although the third sin1ation docs not apply in the automotive 
industty. the second one is critical. \Vhcn the motives of an 
individual stakeholder are insufficient, a collective approach 
to stimulating awareness and action can be etTcctivc. Thus, 
vehicle manufacturers, suppliers of vehicle components, and 
charging providers, if united by a strong enough common 
interest 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 atlOrdability of electric fuel. For exmnplc, 
Austin Energy works with local vehicle dealerships to provide 
prepaid unlimited public fueling cards tor $50 per year (K. 
Popham, Austin Energy. personal communication. December 
18, 2014). The program allows salespeople to otTer "free un
limited public charging'' on every new vehicle tOr 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
eficial behaviors. The Ad Council (20 14 ), tonnded 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 Yon Can Prevent Forest Fires," 
the United Negro College Fund "A Mind Is a Terrible Thing 
to \Vaste," and "Friends Don't Let Friends Drive Dnmk"), 
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 case of PEVs) are considered the issue experts and. as 
such, sponsor the campaign and arc responsible for produc
tion and distribution costs (research, multimedia production, 
multimedia distribution, social media, and public relations); 
the media space or air time is donated. The Ad Council asks 
for a cmnpaign commitment of at least 3 years, which is con
sistent with models of consumer lcaming and engagement 
for risky. durable purchases. For an Ad Council campaign, 
DOE could work with marketing experts to craft appropriate 
messaging, including accurate infonnation about federal tax 
credits and other incentives; the value proposition tOr PEVs 
generally, including 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 federal 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 tOr PEV 
ownership, and who could usefully own a PEV. 

Internet Resources for Information 
on Plug-in Electric Vehicles 

For the motivated and savvy consumer, a plethora of 
online resources are available to research PEVs (see Table 
3-7) and the other components of the purchase decision. 
Online research can provide make and model availability, 
prices, technical specifications and reviews; describe the 
charging infmstmcture, including locations of pubHc 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. ;vranufacturers of PEVs have 
infonnation on their websites. Many automotive enthusiasts 
also provide intOnnation on various other websites. Because 
of the importance of electricity and charging to their busi
ness models, most utilities have a section of their websites 
dedicated to PEVs. Many nonprofit environmental organiza
tions have sections fbr PEVs. Consumers looking tOr infor
mation on charging infrastmcture specifically can find many 
resources through the various private companies onering 
public charging. Finally, federal and state wcbsitcs otTer 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 potential problems arise. 
First, the sheer number of \Vcb resources might cause con
sumers to become overwhelmed and contllscd. Studies of 
consumer decision making show that information overload 
is negatively associated with purchase (Herbig and Kramer 
1994 ); too many options create confusion (Schwartz 2005; 
Scheibehemte et al. 2010). Despite the wealth ofintormation 
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, repuw 
table information can be difficult. For example, an online 
search to find intOrmation related to purchasing a PEVyields 
a wide array of links, such as sponsored advertisements for 
PEVs, vehicle-manufacturer websites, news articles about 
PEVs, blog posts !rom PEV enthusiasts, buyer guides, infor
mation from nonprofits encouraging PEVs, infonnation on 
tax credits, and even paid Google Ad\Vords campaigns for 
fuel-etllcient ICE vehicles and technologies. 17 The confus
ing aiTay of results-including misinformation on PEVs
emphasizes the need for a central, credible (unbiased), easy
to~use resource to simplify consumer information needs. 

If consumers are lucky, they will find the useful fed
eral government websitcs tOr PEVs. The Alternative Fuels 

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

Vehicle reviews 

Vehicle industry b!ogs 
and websites 

http:l/www.edmunds.com'hybridl 

http:l/wv,n.v.kbb.com/electric-carl'?vehicleclass=newcar&intcnt=buy-ncw&filtef""'hasincentives 

http://www.consumerreports.orglcro/carsihybrids-cvs.htm 

http://\V\vw.cars.comlguides/all/alli'?prop63=Eiectric%20Powercd&highMpgld""ISJ6&sf1Dir=ASC 

http:l/www.grcencarrcports.com/ 

http://www .epri.co m'Our- \V ork/ Pages/Electric-Transportal ion. a spx 

http://www .electri ficationcoalitionorgl 

http://www .plugi nears .com! 

http://wv.w.howtoelectriccar.comlis-an-electric-car-right-for-me/ 

hllps://www.aepohio.comlsave/EiectricVehicles/EVRight.aspx 

http:!/www.electricdrive.org/ 

http://www.clcctriccarbuycr.com/guide/ 

http://insideevs.com/ 

http://www.pluginamerica.org/ 

http://drivcelectricweek.org/ 

http://grcen.autoblog.comt 

http://cvso lutions.a vinc.com/elec tric _vehicles/ 

http://cleantechnica.com'catcgory/clcan-trnnsport-l/electric-vehicles/ 

http://chargedevs.coml 

http://wwvl.thecan:onnection.comlcategory/new,electric-car 

http://www.hufilngtonpost.comlnews/electric-car~/ 

http://www .tva.com'envi ronmcntltechnolo gy/clectric _transportation. htm 

https://www.alamcdamp.comftypes-of-electric-vehicles 

http://transportevoh·ed.com/ 

Nonprofit organizations http :/lwww .nrdc.orglenergy/ve hie les/grccn-car -tcch.asp 

http://w\V\V.ed(orgltmnsportationlfuel-economy-standards 

http://content.sierraclub.orglevguidel 

Charging-infrastructure 
locators 

Cost of ownership 
calculators 

Federal go,·cmmcnt 
resoun:es 

State government 
resoun:es 
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http://www.plugshare.com/ 

http:l/www.afdc.energy.gov/fucls/clcctricity_infrnstructure.html 

http://www.nrgevgo.coml 

http :1/www .chargepoint.comf 

www.juiccbarcv.com 

http://www.afdc.cncrgy.gov/calc/ 

http://cncrgy.gov/maps/egallon 

http://www .electrificationcoalition.org!sites/deC:mllffilel'/EC _State_ of_ PEV -~ Iarke!_ Final_l.pdf 

http://avt.inel.gov/ 

http://avt.inel.gov/hev.shtml 

www.fueleconomy.gov 

http://energy.gov/mapslega lion 

http://www .cvroadmap.us/ 

http :J/www .a fdc .energy .gov/ve hicles!electric. htm I 

http://wwwl.cere.energy.gov/cleancities/ 

http:l/cnergy.gov/ccrc/vehicleslvehicle-te..::hnologies-office-hybrid-and-vchiclc-systems 

http://energy.gov/eere/vehicleslvehiclc-tcchnologies-office-infonnation-resoun:es 

http://encrgy.gov/ccre/vehicleslvehicle-technologies·office-ev-cverywhcre-grnnd-challenge 

http://www.epa.gov/b>reenvehicles 

https:l/cnergyccnter.org/ 

http :1/www. westcoastgreenhighway. co mfelectrichighwa y. ht m 

http://www.in.gov/ocd/2675.htm 

http://www.plugandgonow.coml 

Type oflnformation Available 

Reviews, technical specifications, 
make and model availability 

Market trends, including sales 
volumes, PEV news, reviews 

Environmental impacts ofPEVs, 
incentives, policy, dispelling myths 

Maps and sean:h tools to find 
charging infrnstructure, availability 
of chargers, subscription plans 

Calculators for cost of ownership 
ofPEVs based on local and 
individual variables 

Incentive infonnation, regulation 
information, data on PEVs, 
gm·emment rcscan:h, and 
deployment initiali\TS 

State-specific incenti\·es and 
policies, consumer guides, 
resoun:es for advocates, state, 
local and regional charger maps 
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Data Center (DOE 201Ja) provides comprehensive infor
mation on vehicle and fuel characteristics and infrastmch1re 
and usetiil ti1el 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 fbr PEV information. 
Moreover, compared with other shorter nnd catchier \Veb ad
dresses-such as grccncarrcports.com, plugincars.com, and 
plugandgonow.com~onsumers might find it difficult tore
member the URLs for the govemmcnt sites (see Table 3-7). 
The committee did not have access to data on the extent to 
which em shoppers relied on government website resources. 

Furthcnnore, given the lack of evidence on how consum
ers use objective infOnnation (versus their perceptions) in 
purchase decisions, the potential efiect of calculators for fuel 
cost and total cost of ownership on a customer's evaluation 
of PEVs is unknown. One common strategy used to evaluate 
the responsiveness of website visitors to various types of mtd 
formats tOr online infonnation is called A-B testing. A-B test
ing presents version A of the intOnnation for a period of time 
and tracks visitor activity and then presents version B for a 
similar period of time. The two infonnation strategies are then 
compared to reveal the ditlCrential impact of the infOnnation 
presentation. 

Finding: Government websites provide useful 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 engage 
a knowledgeable, customer-oriented digital marketing con
sultmtt to market its online resources and then evaluate their 
impact. Marketing activities could include purchasing a us
er-friendly, memorable domain name, nmning various A-B 
tests, optimizing search engine marketing to allow shoppers 
to find useful resources more easily, using sharing tools to 
facilitate dissemination among online networks, and iden
tifying key partners to use application protocol interfaces to 
promote greater consistency of information. 

Test-Drive EYents and Regional Experience Centers 

Test-drives are critically important for potential PEV buy
ers because they allow customers to assess the driving char
acteristics ofPEVs. 18 Because driver experience with PEVs is 

18 The committee notes that a test-drive will not allow the driver 
to experience the etTect of driving factors on mnge and most likely 
will not provide an opportunity to recharge the vehicle. One could 
argue that drivers also do not experience the true range or refueling 
of an ICE vehicle during a test drive. However, IC'E-vehide buy
ers have enough experience to make an infonned decision about 
those topics to alleviate concem. Potential PEV buyers, on the other 
hand, will likely lack infonnation on those topics and willlwve to 
tmst the information provided by the dealer. 

a critical aspect of the purchase decision, vehicle manu£.1ctur
ers, vehicle dealers, nonprofit organizations, and various DOE 
initiatives have experimented with a variety of events to draw 
customers to experience PEVs. For the EVl launch, GM took 
it to several U.S. cities for month-long tests. In 2012, it otlCred 
3-day test-drives of its Chevrolet Volt in major cities. More 
recently, Fiat took its 500e BEV to 30 corporate campuses 
in Califomia and ofti::red lunch and test-drives to employees 
(Anders 20 12). Plug-in America has been organizing National 
Drive Eleetlic Week (tonnerly Natioual Plug-in Day) since 
2011. In 2013, 80 events sponsored by co1porations, nonprof
its, and PEV enthusiasts across the country hosted over 33,000 
participants and gave over 2,700 test-drives (Plug-in America 
20 13). 

DOE recognized the importance of consumer demon
strations in its July 2014 call tor proposals through the Clean 
Cities program (DOE 2014c). It is offering funding tor 7 to 
15 deployment projects in three areas: on-the-road demon
strations, satCty-rclatcd 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 fleet leasing programs, more drivers will understand 
the benefits of PEV s and be more prepared to evaluate them 
knowledgeably and perhaps more likely to purchase them. 

Vehicle manufacturers-including Cadillac, BM\V, and 
Porsche-also are developing regional experience centers 
(Colias 2014). To adapt to shitting shopping habits, vehicle 
manufacturers are ofti::ring customers an opportunity to look 
at vehicles in a less sales-oriented environment. For ex
ample, "BM\V'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 tacilities 
will supplement, not supplant, the existing dealer networks 
and because they address a ditli::rent point in the consumer 
decision-making journey before the actual purchase deci
sion, the regional centers arc (so tltr, at least) not in conflict 
with dealer franchise laws. 

The committee finds that such regional centers could be 
a useful strategy to help mainstream customers gain more 
hands-on experience with PEVs. For customers who want 
to compare and contrast ditTcrent types of PEVs, doing so 
at a central location would be much easier than having to 
visit three or four dealerships, especially given that dealer 
salespeople might not be as knowledgeable as desired and 
given the dearth of PEV models available on the lots. There 
might also be a business model whereby vehicle manufactur
ers hire a third party to provide ride-and-drive opportunities 
at workplaces and community events. 

Finding: The test-drive experience, including an opportu
nity to become Huniliar with vehicle range and charging, is a 
critical aspect of the consumer decision-making process for 
PEVs. Thus, more initiatives that offCr "ride and drives" for 
a range ofPEVs at a single location would be helpful. 
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Recommendation: The federal government should explore 
opportunities tOr a vehicle-industry etlOrt 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 municipalities in Ja
pan allowed citizens to reserve a city-owned PEV to drive 
on weekends (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, either as a perk tOr employees or as a 
way to promote an environmental 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 PHEVs (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 seem like a good choice of vehicle tOr many car-shar
ing enterprises given the often short distances traveled per 
rental 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 tlwt might be 
more expensive and have a limited range, which might make 
them inconvenient for customers. The companies will also 
need charging stations and creative stmtegies for managing 
the operation of the flects. 19 

A successful car-sharing program that uses PEVs has 
been implemented in Madrid. where Rcspiro Car Sharing, 
Nissan Leat~ and NH Hotels have collaborated to develop 
a sustainable mobility plan tOr the city, where many vehi
cles travel fewer than 50 km per day (EnergyNews 2013). 
In Paris, Auto Lib was introduced in 2012 with 250 vehicles 
and 250 stations. Eventually, the company plans to grow to 
3,000 vehicles and l ,000 stations at an investment cost of 
€235 million. PEV car sharing has also been successful 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 fleets 
worldwide (San Diego, Amsterdam, and Stnttgart); its 27 
other locations otl'cr PEVs and gasoline vehicles. And BMW 
has its i-Drive initiative in the San Francisco Bay Area, 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 

19 As noted, car-slwring programs are allowing point-to-point 
rides, but that freedom also makes managing an aii-BEV fleet dit: 
ficult because members could drain the batte1y and leave a vehicle 
stranded. Given the tew public charging stations in San Diego, 
Car2Go has managed an aii-BEV fleet by building and operating 
a charging bam where it charges its entire tleet on average every 
2 days. 
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leave the car at the destination where they want to go. Other 
members find the car through radio-frequency identification 
technology and use it if the location fits their needs. 

To the extent that car-sharing fleets usc PEVs, they also 
represent a way for the public to experience PEVs and might 
represent an important means tOr introducing 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 areas that have high conges~ 
tion and limited parking (Cully 2014). 

FEDERAL GOVERNMENT 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 department's Ve
hicle Technology Office and stems tfom the Energy Policy 
Act of 1992. The program goal is to support local actions for 
reducing petroleum usc in transportation by promoting alter
native-fuel vehicles. Over 80 local Clean Cities coalitions rep
resent about 80 percent of the U.S. population (Frades 2014). 
In 2011, an additional tlmding stream of $8.5 million was al
located tor 16 PEV community-readiness projects to suppot1 
public-private partnerships in deployment of PEVs and their 
associated intfastmcturc. Figure 3-6 shows the Clean Cities 
coalitions that received funding for PEV rcndincss. 

Although the coalitions act locally, one of the most use
HI! and comprehensive resources for PEV owners and policy 
makers tfom the Clean Cities program is the DOE Vehicle 
Technology Office Alternative fuels Data Center website 
in Table 3-7. Particularly useti1l is the station locator (DOE 
2014a), which allows searching tor 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
ies initiative, the 20 ll Clean Cities strategic plan describes 
the key areas tor PEV deployment eftorts, including strong 
coalitions and partnerships. infrastructure deployment in 
vehicle-manut1lcturer target markets, information provision 
and data collection, and training (DOE 2011 ). In their readi
ness plans, the 16 Cle~m Cities coalitions identified barriers 
to PEV adoption and infrastmcn1re deployment and implc
mellted plans to overcome the barriers. One of the primary 
barriers identified was lack of awareness of and intOrmation 
about PEVs on the part of many stakeholders. including ve
hicle purchasers and the government. To overcome the bar
riers. the coalitions supported outreach, education, training, 
and marketing ctlOrts. 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 (Fradcs 2014). The committee tound that 
Clean Cities conlitions were vital to increased deployment 
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FIGURE 3-6 Clean Cities coalitions funded for community-readiness and planning for PEVs and PEV charging infrastmcture. The 
grants arc to Clean Cities coalitions with a tbcus on PEV deployment. SOURCE: Fradcs (2014). 

in some places, such as Atlanta. Aside tfom DOE's research 
fimding, the Clean Cities coalitions that arc 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 localities nnd represent DOE's most 
prominent etlOrts in PEV deployment aside from its research 
ftmding. 

FLEET PURCHASES 

One method to increase PEV deployment is purchasing 
them for fleets. particularly fleets where vehicles leave and 
return 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 20 13 ). 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 usc. Figure 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 responsibilities 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 for fleet man
agers who are tasked with greening their fleets are plentiful. 
However, PEV deployment in fleets has not been strong. Ac
cordingly, this final section provides a brief overview of the 
three main classes of fleet buyers and an assessment 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 difficulty of gauging the resale value of a 
PEV (El-Moursi 2013). Rates for renting PEVs are generally 
higher than tOr conventional vehicles, and their availability is 
harder to ascertain. \Vhen coupled with uncertainties about 
charging and how H1r 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 tram Automotive Fleet (2013). 

TABLE 3-8 Inlormation Resources for Fleet Managers 
Resource URL 

EV Solutions: Operation Audits http://evsolutions.avinc.com/yourbusiness/flcet:s/gov 

Vehicle Trends & Maintenance Costs Survey http://ww"\v .. fleetanswers .. comlsitc~de£.·mltJfilcs/Dmv"/o20Kokam%20 
Survey'%20Report _ O .. pdf 

Plug-In Vehicle Strategic Planning/Feasibility Study 
Template, Denver Metro Clean Cities Coalition 

http://www .. denvercleancities .. org!Piug-ln%20Vehicle%20Assessment
%20Denver%20Metro%20Ciean%20Cities%20with%201ogo .. pdf 

De1i1and Assessment of First-Mover Hybrid and Electric 
Tntck Fleets, CALSTART 

h Up:/ /www .. calstart.org/l.. ibrarieslPubli cation sf Demand_ Assessment_ of_ First
Mover _I fybrid _and_ Electric_ Tmck _ Fleets.sflb .. ashx 

Fleet Electrification Roadmap, Electrification Coalition http://wv."ov .. electrificationcoalition.org/sitc~de£.1ult/file.siEC-Fleet-Roadmap-screen .. prlf 

PG&E in Califomia: PEV Case Sttzdy: It's Electrifying: http://flcetanswers .. comfsites/defaultJfilcsiPGE%20casc0/o20study%20Final..pdf 
Positive Retu.ms in PEV Deployment, Electrification Coalition 

FedEx: EV Case Sttzdy, The Electric Drive Bellwether?, 
Electrification Coalition 

http://www .. flcetanswers .. com/si tesfdef.1ul tJfi les/ F edEx __ case_ sntdy .. pdf 

Joint Procurement ofEVs and PHEVs in Sweden, Clean Fleets http://www .. clcnn-fleets .. eu/fileadmiltffiles/CF case study_ sweden 04 .. pdf 

Despite the uncertainty, Hertz is experimenting with PEVs 
in its rental fleets in key locations and where partners~ such 
as nearby hotels. are equipped to address charging (Hidary 
2012). 

Corporate or Business Fleets 

General Electric made big news when it announced in 
20 I 0 that it would convert half of its fleet to PEVs (25,000 
vehicles), of which one-halfwould be Chevrolet Volts (Rich
ard 20 10; Antich 20 ll ). Many other companies, including 
Pepsi, Prito-Lay, and Cisco. have also stated objectives to 
green their fleets. For business fleets, 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, fleet 
managers attend carefully to such issues .. As noted by Wolski 
(20 13 ), "the real tipping point [lor broad implementation of 
PEVs in commercial fleets 1 is when the total operating costs 
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plus the capital costs balance out in three years or less,'' an 
unlikely scenario tOr PEVs in the near term. 

Electric utilities across the counlly provide an interest
ing opportunity for PEV fleet deployment. Given that many 
utilities arc 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 intbrm 
other fleet managers. The DOE Clean Cities program dis
cussed above includes incentives to convert business fleets 
and offers intormationlor fleet managers (DOE 2012); these 
resources will need to be updated as PEV deployment occurs 
and lessons are teamed. 

Government Fleets 

The federal government has a vehicle fleet comprised 
of more than 600,000 vehicles and is~ therefore, the nation's 
single largest fleet operator (GSA 20 ll ). The General Services 
Administration procures about 65,000 vehicles each year and 
owns and leases about 210,000 vehicles to federal agencies. 
State, county, and municipal govemments 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 altcmative-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-fuel
ing infrastmcturc. Through 2013, the majority of alternative
fuel vehicles purchased by federal fleets have been flex-tiiCI 
vehicles that can operate on E-85 rather than vehicles fueled 
by electricity, natural gas, or other fuels (GSA 20 13). Specif
ically, about half of reported federal fleet purchases in 2013 
were flex-fuel vehicles, and 36 percent were conventional 
gasoline vehicles, some of which might even satisfy the 
mandate in areas where alternative tl1els are not considered 
to be available. few PHEVs or BEYs 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 arc PEVs. 

Like individual consumers, the government tbces bar
riers in adopting PEVs. The price of PEVs is a particularly 
high barrier for the federal agencies; tax incentives avail
able to consumers arc not available for government fleets. 
Another barrier is that vehicle purclwses come from the 
capital budgets, and fuel expenses come from operating bud
gets (DOE 2014d). The need to provide charging infrastmc
ture at its fleet facilities poses yet another banier. Finally, 
govemment procurement practices have been described as 
excessively complicated and lead some to wonder whether 
govemment fleet sales are a realistic way to demonstrate the 
suitability of PEVs in fleets. 

The committee 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 ofthe fleets to PEVs is important. First, people 
expect leadership from their government. Given the man
dates for energy security and clean transportation-the very 
motivations for this committee's work-the symbolic im
portance of the govemment's own efforts lend authenticity to 
the mandates. Second. the large number of people working at 
all levels of government, particularly in the federal govern
ment. could play a role in information ditTusion 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 batTiers in its own or
ganization is poor policy. 

Recommendation: To lend authenticity to the federal gov
ernment's initiative and to enhance the visibility of PEVs 
generally, the federal government should demonstrate lead
ership by adding PEVs to its fleets and offering charging in
fi·astmcture at its t1tcilities. 

Recommendation: DOE should itself serve as a model by 
adding PEVs to its fleets and use its experience to discern 
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best practices for dissemination to the private sector and 
other government fleets. 
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Government Support for Deployment of Plug-in Electr·ic Vehicles 

The successful 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 barriers related to purchas
ing and charging PEVs, and this chapter specifically explores 
how federal, state, and local govcmments and their various 
administrative arms can be more supportive and implement 
policies to sustnin beneficial strategies for PEV deployment. 
Although electric utilities can also provide institutional sup
port for PEV deployment, they and their associated poli
cies are discussed in Chapter 6. \Vhere opportunities exist 
to improve the viability of PEVs but no single institution is 
clearly 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 engineering research 
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 applied 
science and engineering research for vehicle energy stor
age is being undertaken by vehicle manut1tcturers and in the 
laboratories of the U.S. Department of Energy (DOE). the 
Department of Defense (DOD), and academic institutions. 
Research into the deployment of PEV infrastructure and 
markets is much less developed. Both areas are discussed 
below. 

Engineering Research and 
Development of Battery Science 

As discussed in Chapter 2, the battery is the most costly 
component of PEVs and represents the majority of the cost 
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ditTcrential between PEVs and internal-combustion engine 
(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 energy den
sity of PEV batteries and to lower their cost. The improved 
battery technology can then be used to lower vehicle cost, 
increase vehicle range, or both, and those improvements 
would likely lead to increased PEV deployment. 

As in many areas of fundamental research and develop
ment, the tCderal government has an important role to play. 
Although basic science and engineering research is funded 
by both government and the private sector, the government 
role is to fund long-term, exploratory research that has the 
potential tOr positive national impact. Stable funding for ex
ploratory research allows investments in research fb.cilities 
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 batteries used in early hybrid electric vehicles 
(HEVs) and to the lithium-ion battety technology used in the 
Chevrolet Volt (DOE 2008). 

The largest funder of energy storage research in the fed
eral government is DOE, !allowed by DOD. From 2009 to 
2012, across all areas of the federal government~ investment 
in energy-storage research. development, and technology de
ployment totaled $1.3 billion, which includes batteries for all 
applications, not only vehicles (GAO 20 12a), In Fiscal Year 
(FY) 20!3, the DOE Vehicle Technology Otlice funded $88 
million tOr battery research and development tOcused on ve
hicle applications (DOE 2014a). Much of the ltmding is lbr 
grants or cooperative research agreements with government, 
industry, or university laboratories, but a growing proportion 
is also funding loan guarantees to deploy new technologies. 
Worthy DOE goals for battety storage improvements include 
halving the size and weight of PEV batteries and reducing 
the production costs to one quarter of its 20 12 value by 2022 
(DOE 2013a), Recently, DOE has initiated and supported 
several collaborative Tesearch programs with even more 
ambitious goals to accelerate basic and applied research, 
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development, and deployment. They include Energy Fron
tier Research Centers, several Advanced Research Projects 
Agency-Energy (ARPA-E) programs in energy storage, and 
the Battery and Energy Storage Hub, which is fimded at up 
to $25 million per year for 5 years and aims to increase bat
tery energy density five times and reduce cost by RO percent 
(DOE 2013b). 

Finding: Investment in battery research is critical tOr pro
ducing lower cost. higher perfOrming batteries that give 
PEVs the range consumers expect from ICE vehicles. 

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

Research on Deployment of Ping-in Electric Vehicles 

In contrast to the substantial investment 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 inth1structurc 
deployment. Supporting that research is an appropriate role 
for the federal govemment given that it might be motivated 
to deploy infrastructure if by doing so it encourages PEV 
deployment and increases eVMT. 

The primmy DOE eftort to understand PEV vehicle and 
intl-astmcture 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, 
DOE awarded in 2009 a $99.8 million grant tor deployment 
of charging infrastructure in private residences and in public 
areas in 20 of the target launch markets of the Nissan Leaf 
and the Chevrolet Volt, including San Francisco, Seattle, 
San Diego, Los Angeles, Portland, and Nashville. The pro
gram has grown with an additional $15 million grant from 
DOE and partner matches from the vehicle manufacturers 
and charging providers to a total of $230 million (ECOtal
ity 2013; INL 2014a). When it concluded collecting data 
in December 2013, over 8,200 vehicles were participating 
and over 8,200 residential chargers, 3,500 public AC level 2 
chargers, and 107 DC tastchargers had been installed (Smart 
and White 2014; INL 2014b). 

The EV Project included data collection on where and 
when the vehicles in the project clwrgcd 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 ofPEVs in large 
metropolitan areas, including location of charging, eVMT, 
impacts on utilities, impact of workplace charging, and re
gional vnriations 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. 

Recommendation: The federal government should HtrH.I 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 research 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 ecosys
tem of automotive technology, including its supporting infi·a
stmcture. regulations, financial incentives, consumer informa
tion, ami 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 hHs 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 20 14), DOE's Plug-ill Electric Vehicle Readiness 
Scorecanl (DOE 2014a), Michigan Clean Energy Coalition's 
Pl11g-in Ready Michiga11 (Michigan Clean Energy Coalition 
2011), Califomia PEV Collaborative's PEV Readi11ess Toolkit 
(CAL PEV 2012a), and the Center tor Climate and Energy 
Solutions' State DOT PEV Actio11 Tool (C2ES 20 14). 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 to become PEV ready (DOE 2014a). Table 4-1 indicates 
the many common factors that constitute PEV readiness and 
the ditTerent institutions or organizations that might have a 
role to play. 

State governments will be particularly important actors 
in supporting PEV deployment. Most supportive PEV actions 
at the state level can be carried out by various administrative 
agencies, including environmental and clean air agencies, 
utility commissions, depat1ments of energy, transportation 
agencies, licensing and inspection agencies, general services 
agencies, and worktbrce training or education agencies. In the 
committee's interim report, the committee noted several areas 
where the federal government could play a convening role to 
coordinate state and local govemment activities in support of 
the emerging PEV sector (NRC 2013, pp. 2, 4, 52). 
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TABLE 4-1 Factors Determining PEV Readiness and Organizations Involved 
Readiness Feature Federnl Government State Government ~{unicipal Government Electric Utility Private Industry 

Permit streamlining Environmental and Building and 
archeological electrical codes 

Utility regulatory policies PUC regulation of Muni-owned cost 
cost recovery and recovery policies 
reh1il markets 

Building code requirements Model ordinances Model state ordinances Local ordinances PEV-ready buildings 

Infrastructure DOE funding, Interregional and Regional and Distribution network Strategic investment 
deployment plans assistance, nnd interstate plans metropolitan area plans and capacity plnns and sites 

dissemination 

Land use and Federal regulations Stnte regulations Comprehensive plans 
unifom1 signage and policies and zoning 

Electricity pricing policies NISI metering and State laws and PUC ~[uni-owned policies Smart grid and EVSE pricing stmtegies 
pricing standards rate regulation and technology metering technologies 

Training personnel Workforce !mining First-responder Skilled trades 
and permits safe practices 

Vehicle finnncial incentives PEV subsidies Rebates, tax exemptions Utility taxes, parking Relxltes Equity investments, 
from registration, tolls fees financing 

lnfhlstructure financial Equipment subsidies Equipment subsidies Equipment subsidies, Cost sharing in Workplace and fleet 
incentives land gifts any upgrndes, charging 

equipment subsidies 

Energy policies Clean energy programs Zero-emission-vehicle TOU or special TOU or special Green power programs 
standards PEV rates PEV rates 

Dealership franchise laws State laws and Vehicle manufacturers' 
regulations policies and pmctices 

Environmentfll policies EPA regulations Clean air laws Cmhon reduction plans Clean power 
and regulr~tions generation 

Procurement policies GSA regulations State purchasing Purr:hasing cooperatives Bulk purchase discounts 
and goals r~nd policies and bulk orders 

Business policies and Research and State-backed Municipal-owned Own or Innovative financing 
permissible models demonstration projects financing assistance infrastructure operate EVSE 

NOTE: DOE, U.S. Department of Energy; EPA, U.S. Environmental Protection Agency; EVSE, electric vehicle supply equip
ment; GSA, Geneml Services Administration; NIST, National Institute of Standards and Technology; PEV, plug~in electric 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 ofPEVs, 1 

in particular, taxation for the purpose of recovering the cost 
of maintaining, repairing, and improving the roadways. As 
described below, the paradigm for roadway taxation in the 
United States has depended on motor fuel taxes, which me 
indirect user fees. The advent of PEVs poses a dilemma for 
public officials responsible for transportation-tax policy be
cause battery electric vehicles (BEYs) use no gasoline and 
plug-in hybrid electric vehicles (PHEVs) usc much less than 
ICE vehicles. 2 To titrther complicate matters, there appears 

1 Chapter 7 addresses the issue of tax incentives; this chapter dis
cusses tax disincentives. 

1 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 future. This section explores the issue in depth, attempts 
to bring more clarity to current tax policy and impacts, nnd 
makes recommendations tOr 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 l9l9 
(ODOT 2007). Within I 0 years atler that, every state had en
acted a fi1el tax. The federal government did not enact a fuel 
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 eco
nomical method of collecting a fee for roadway constmction 
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 59 percent of all federal, state, and 
locnl highway-user revenues (fuel taxes, fees, and tolls) used 
tOr highways nnd 2S 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 fhel 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 economy. 
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 economy. In later years, the federal government 
enacted Corporate Average Fuel Economy (CAFE) regula
tions, which 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, 
fuel taxes are based on a flat cents-per-gallon tax levied on 
motor fhel; the extent of reliance on the fuel taxes varies 
trom state to state (Rail 2013). For example, gasoline taxes 
range from $0.08 per gallon in Alaska to $0.53 per gallon in 
California (the nationwide average is $0.31 per gallon) (Rail 
20 13 ). Of all government tax and fee revenues used for high
ways in 2012, 20 percent came from the federal government, 
49 percent from state governments, and 31 percent from lo
cal governments (FHWA 2014, Table HF-1 0). 

•)'I 

•,q 

Fuel consumption depends on both the number of miles 
driven and the fuel economy of the vehicle fleet. Therefore, 
any decrease in the number of miles driven or increase in 
the fuel economy of the vehicle fleet will result in less tax 
revenue generated for a cost-per-gallon tax. One of those 
fhctors can otTset the other and moderate the negative etTect 
on the revenue stream. For example, the fuel economy of the 
light-duty vehicle fleet has been increasing since 2005 (EPA 
2013). From 2005 to 2007, light-duty vehicle miles traveled 
(VMT) also increased, which helped mask the negative et~ 
feet on the revenue stream of improving fleet fuel economy. 
However, VMT and ti1el consumption both declined with the 
recession in 2007 and 200S and have remained flat since then 
(Figure 4-3). \Vithout the revenue-bolstering etTect tl'om in
creasing VMT, transportation budgeters and policy makers 
have become acutely aware of how rising fleet vehicle econ
omy atTects transportation fund balances. 

Federal and State Concerns 

\Vith the recent increases in federal CAFE standards,3 

the flattening of VMT, and political opposition to raising 
the tax rate itselt~ federal and state officials are increasingly 
concemed with the potential effects ofhigh-mpg vehicles on 
their transportation budgets. The poster child for their wor
ries is the BEY, which uses no gasoline and whose drivers 
therefore pay no ti1el tax. 

A recent survey of 50 state departments of transportntion 
(DOTs) reflected the strong sentiment that PEVs threaten loss 
of revenue for transpotiation. The majority of state DOTs re
sponded that they would suppm1 federally led field tests of 
mileage tCes for PEVs to improve the equity and sustainability 
ofHighwayTmst Fund revenues (GAO 2012b, p. 45). 

-~ 49 CFR Parts 523, 531, 533 et nl., 2017 and Later Model Year 
Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Av~ 
erage Fuel Economy Standnrds; Final Rule. 
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FIGURE 4-1 Corporate Average Fuel Economy requirements by year. SOURCE: DOE (2013c). 
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,------- 0.9% 
Tire tax 

,------ 2.4% 
Heavy-vehicle use 

~-~tr:a:~--- 4.3% 
Truck and trailer sales 

Diesel and special fuels 

67.6% 

L----~L--- Gasoline 

CJ High Nay Trust Fund rece1pts that come from fuel taxes 

f:,---):_<_: I H;gh-Hay Tius\ Fund receipts that come from sources other than fuBIIa:w:Bs 

FIGURE 4-2 Sources of revenue tOr the federal Highway Tmst Fund, FY 2010. These revenue sources exclude transfers from the 
general fund because those are not considered re\·enues in the tedcral nomenclature. SOURCE: GAO (2012b, p. 6). 

A common refrain is that "PEYs pay nothing to use the 
highways" because they usc little if any gasoline (Battaglia 
2013). That is not, however. the case. At the federal level, 
the highway t111st fund has relied on transfers of general tax 
revenues to maintain sufficient balances to meet its transpor
tation timding obligations (GAO 20 II). There tore, all U.S. 
taxpayers-including PEV drivers-are paying for the fed
eral transportation system from their general tax payments, 
in addition to the 18.4 cent per gallon federal gasoline tax. 

That misunderstanding is even more acute at the state 
level. where many states and local governments levy a myr
iad of taxes and tees that arc dedicated to transportation, 
including roadway funding.4 Specifically, most local trans
portation funding comes from property taxes, general fund 
appropriations, and fhres tOr mass transit; at the state level, 
motor fuel taxes arc significant, but motor vehicle taxes, 
fees, and other revenue, such as sales taxes, play important 
roles. \Vashington State recently estimated that, on average, 
BEY drivers pay $210 per year in transportation-related state 
and local taxes and fees even though they pay no fuel tnxes 
(WSDOT 2013).5 That equates to 44 percent of what is paid 
by the average gasoline-powered passenger vehicle in that 
state. Figure 4-4 compares trnnsportation-related taxes paid 
by \V.1shington state drivers ofditTerent classes of vehicles. 

-1 For a breakdown of transportation funding sources at the fedeml. 
state and local levels, see http://wv.'WJmnsportation-finance.org/ 
thnding _ _financingltlmding/. 

5 Calculations are based on the II ,489 miles per year driven, on 
average, by drivers residing in the greater Seattle metro area. 
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The committee recognizes that PEVs and current trans
portation tax policies raise the following important questions: 

Is the ditlerence in transportation taxes collected from 
PEVs and ICE vehicles significant in the context of ted· 
era I or state transportation budgets, either now or in the 
near future? . 

Even if the amount of unrealized revenue is negligible, 
do PEYs raise issues of thirness in the user-pays pl'in
ciple underlying the U.S. transportation tax system that 
has been in place for almost a century? 
To remedy the issues inherent in the first two questions, 
should PEVs be a focus tOr new methods of taxation, 
considering that the unrealized revenue fi·om high-mpg 
vehicles will dwarf that ofPEVs'! 
Are there other intervening policy considerations that 
might tnunp 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 ofthe transportation system given vari
ous transportation-related taxes and fees that must be paid 
by all vehicle drivers. It is true that BEYs pay no federal or 
state gasoline taxes, and it is also tme that PHEYs, such as 

the Chevrolet Volt, might pay proportionately very little in 
gasoline taxes. 

Recommendation: Governments (federal, state, and locnl) 
should fnlly and tairly disclose all transportation-related tax-
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FIGURE 4-3 U.S. annual light-duty fuel consumption and VMT. NOTE: VMT, vehicle miles traveled; LDV, light-duty vehicle. 
SOURCE: DOE (2014b). 

es and fees currently paid by all vehicles, including average 
passenger vehicles, alternative-fuel vehicles (such as com
pressed natural gas), HEYs, PHEYs, and BEYs. 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, !he lack of ti•el!axcs paid by PEYs is having 
a negative efTect on federal or state transportation budgets, 
either now or within the next 10 years. At the federal level, 
estimates can be made of the unrealized fuel tax revenues 
from PEVs; the results are shown in Table 4-2. On the basis 
oflhe number of PEYs sold through 2013, an additional $14 
million annually could be generated for the federal Highway 
Tmst Fund if each PEY was required lo pay $96 per year, the 
same amount paid by a driver of a 22 mpg gasoline-powered 
sedan. To put that amount in context, the federal Highway 
Tmsl Fund collects fuel-tax revenues of about $33 billion 
each year (CBO 20 13). 

PEV industty analysts have also examined the impact of 
PEYs on lmnsporla!ion budgets. The California PEY Collab
orative-a public-private consot1ium ofgovemments, private 
businesses. vehicle numut11cturers. and nongovcmmcnt orga
nizations allied lo promote PEYs-rcccn!ly found that if the 
Obama administration goal of putting 1 million PEVs on the 
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road by 2015 were met with BEYs, !he resulting unrealized 
revenue from motor tltcl taxes would be less than 0.5 percent 
of the lola! projected revenue sh011L111 for the federal Highway 
Tmsl Fund (CAL PEY 2012b). 

Finding: For the next tCw years. the fiscal impact of not col
lecting a fuel lax !rom PEYs is negligible. 

Fairness and Equity in Transportation Taxes 

The second policy question is whether PEV drivers who 
pay little or no fuel taxes raise issues of t'hirncss, 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 !he general public remains that PEY drivers should 
be paying the fuel tax (or its equivalent) as their fair share 
for maintHining and improving the roadways on which they 
drive. Although its study did not focus on equity issues re
lated to laxation of PEYs, TRB (2011) did identify strongly 
held notions of fhimess and equity that arc 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 more acute at the state and local levels, where many 
elected officials are actively consideling fuel-tax increases 
to reduce the backlog of roadway maintenance and improve-
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Transportation-related taxes paid by 
Washington state drivers 

Taxes -Paid by EVs: 

../ Retail sales tax on new car 

purchase 
v Vehicle registration fee 

" Weight fee 
../ Motor vehicle excise tax 

" County road levy (property) 
v' Transportation benefit 

district fee 
/ Drivers license fee 
/ Filing fee 
.,; Servicing fee 
.,; License replacement fee 

Avg. 
Sedan 
(24 mpg) 

Avg. 
Hybrid 
(40 mpg) 

100% 
Battery 
Electric 

X Federal and state fuel tax 

FIGURE 4-4 Ammal transportation-related taxes paid by Washington state drivers. SOURCE: IV SOOT (20 13). 

mcnt projects. As noted by the TRB (2011, p. 103). for politi
cians and other decision makers, one of the first hurdles to 
overcome in embarking on a new transportation initiative
which will require finnncing, 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) arc 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 unrealized revenue from PEV driv
ers (Vckshin 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. lvlany 
of the efforts were undertaken as part ot~ or coincident with, 
proposals to increase the fuel tax on all motorists. 

Finding: Perceptions of fairness and equity are important 
factors to consider in PEV tax policies, even though the ac
tual revenue impact ofPEV taxation is negligible in the short 
nm and likely to remain minimal over the next decade. 

Govemment 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 tOcus fOr new methods of taxation, 

considering the much larger impact other high-mileage ve
hicles will have on transportation tlmding levels, particularly 
once the 2025 CAFE standards (54.5 mpg) take effect. The 
fuel economy oft he entire light-duty passenger vehicle fleet is 
increasing and will continue to increase in the coming decades 
largely due to tederal CAFE standards (sec 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 tall by 21 percent. The 
CBO analysis demonstrated that !rom 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 
higiHnileage vehicles, many states arc now actively explor
ing potential solutions to the forecasted revenue shortfalls (sec 
Figure 4-5). At least one state (Washington) has tbrccast the 
potential transportation-revenue shortfalls attributable to im
proving fuel economy and to alternative-fuel vehicles, such 
as PEVs, and tOund that the potential drop in revenues ranges 
from I 0 to 28 percent over the next 25 years (WSTC 2014 ). 

Both federal and state policy makers and the public arc 
becoming increasingly aware of the impact that high-mile
age and alternative-fuel vehicles will have on roadway fund
ing (\Veissmann 2012). The Texas Transportation Institute 
recently convened several focus groups to better understand 
public sentiment. Participants strongly preferred mileage 
fees tOr 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 Unrealized Revenue from Battery Electric Vehicles and Plug-in Hybrid Electric Vehicles 
Fuel Economy Annual Gallons Federal Gas Annual Unrealized 

Vehicle Type U.S. Total20!3' Average Annual VMT (MPG or MPGe) Consmned Tax Rate Revenue 

Avg. Sedanh 11,489 22 522 gal $0.184 $96 per vehicled 

BEV 72,028 11,489 $0.184 $6.9 million 

PHEV' 95,589 11,489 98 117 gal $0.184 $7.1 million 

''Electric Drive Transportation Association Sales D<L<>hboard, Totals from December 2010 to December 2013. 
'The data comprising the base case arc adapted from GAO (2012b, p. 9). 
c 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. 
d This estimate is the baseline annual gasoline tax paid per vehicle, not annual unrealized revenue. 
NOTE: BEV, battery electric vehicle; ~·lPG, miles per gallon; MPGc, miles per gallon gasoline equivalent; PHEV, plug-in hybrid 
electric vehicle; 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 I get what I pay for People who use a £.1.eility the most pay the most. 

Ability to pay I pay more because I have more money 

Return to source We get hack what we put in 

Costs imposed I pay for the burden I impose on others 

Process (or participation) I had a voice when the decision was made 

SOURCE: TRB (2011, p. 41). 

\Vhether the concern is limited to PEVs or more broad
ly centered 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 commissions-the National Surt1tcc Transpor
tation Policy and Revenue Study Commission and the Na
tional Surt1tcc Transportation Infrastructure Financing Com
mission-have independently called for a transition from 
the current fuel-tax system to a mileage-based fcc system to 
timd the nation's highway infrastrttcturc (NSTPRSC 2007, 
pp. 51-54; NSTlFC 2009, p. 7). A recent report by !he Gov
ernment Accountability Office (GAO) examined the feasibil
ity of mileage fees and recommended a federally sponsored 
pilot program to evaluate the viability, costs, and benefits of 
mileage fee systems, particularly for commercial trucks and 
PEVs (GAO 2012b). GAO (2012b. p. 45) lound that two
thirds of stale DOTs (34 of 51, including the District of Co
lumbia) reported that they would support federally led field 
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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 express bus sen' ice for suburb
to-city commuters is recovered by charging fares for this service. 

Public outreach regarding proposed new high-occupancy-toll lanes 
provides transparent infonnation and seeks to involve all affected 
parties in public hearings and workshops. 

tests of mileage-based tCcs for PEVs; none reported that they 
would be opposed to such tests tor PEVs. The Road Usage 
Fee Pilot Program Act of2013 was introduced in the U.S. 
House of Representatives to authorize, fund, and partner 
with states to conduct V.MT pilot projects across the nation. 

Separate from the federal government etiorts, over 20 
states arc 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). rcgHrdlcss of the vehicle type, fuel 
source, or engine technology. 

Recommendation: In jurisdictions that do impose special 
taxes, fCcs, or surcharges on PEVs as a means of requiring 
contribution to roadway upkeep, governments should ensure 
that such taxes arc proportionate to actual usage, just as cur
rent motor fuel taxes are proportionate to usage. 
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.FIGURE 4-5 Historic and forecast gasoline
tax revenue for Washington state, FY 1990 
to FY 2040. SOURCE: \VSTC (2014, p. 5). 
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Interyening Policy Considerations in the 
Taxation of Plug-in Electric Vehicles 

The last policy issue examined is whether other inter
vening policy considerations might trump the general trans
portation-tax paradigm of user pays, at least until PEVs have 
reached some level of market penetration. U.S. tax policy 
has a long and successful track record of encouraging in
novation (Reuters 20 13 ). There are many examples in the 
current U.S. tax code (and state tax codes) where taxes arc 
exempted, credited, or rebated to promote the development 
or proliferation of services. assets, or activities deemed to 
provide a publlc 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 
societal good produced. 

Most tax incentives are limited in scope, duration. or 
amount, so tts to target more carefully the specific activity 
to be encouraged and to limit the public's subsidization (or 
investment). The current federal $7,500 tax credit for PEVs 
is a 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 

PEVs and most in need of technological breakthrough. The 
tnx credit is also limited in the mnount available per taxpayer 
($7,500) and limited in duration (credit is phased out after 
the manufacturer reaches vehicle sales of200,000). 

In contrast, there is no intentional or targeted tax in· 
centive to encourage PEVs to drive on public roadways. 6 

Instead, the government's pro-PEV scheme consists of tax 
credits, rebates, fcc 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 thcl tax or 
a similar road usage tax stands apart from the vast majority 
of tax policies that are transparent, legislatively granted, and 
targeted in scope, qwmtity, or duration. 

To the extent policy makers wish to continue providing 
PEV drivers with the financial benefit of not paying the fitcl 
tax (or altcmative road user charge). serious consideration 
should be given to explicitly and intentionally adopting such 
a policy in the same manner ns other tax incentives. Although 
it might initially seem odd to enact a law or regulation that 
specifically exempts an activity (PEV driving) that is already 

6 One could argue that allowing PEVs to drive in the high-occu
pancy-vehicle lane 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. SOURCE: l3ased 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 elaborat
ing the 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 govemments 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 there arc some applicable federal and state 
permitting processes that aftCct PEV infrastructure deploy
ment-such as federal environmental laws (for example, the 
National Environmental Policy Act, NEPA) and state regu
lations----cities, counties, and regional governments are at 
ground-zero tOr 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 uscli•lness of the vehicles will largely de-
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pend on the availability of charging intiastmcn1re, whether 
at home, at work, or in public locations (sec Chapter 5 tOr an 
in-depth discussion of charging intiastmcn1re needs). 

Electrical permit requirements appear to vary widely 
tiom jurisdiction to jurisdiction (sec Table 4-4), as does the 
amount of time required to apply for and process permits 
and to obtain a final electrical inspection to certifY compli
ance with applicable electrical codes. Consumer interest in 
PEVs could be seriously impeded if PEV buyers must bear 
high permit and installation costs and experience delay in the 
activation of their home chargers. 

Some forward-looking jurisdictions arc making adjust
ments in their electrical codes and permit processes to expe
dite installation and activation of a home-based charger. 7 Fur
thennorc, many jurisdictions arc proactively amending their 
building codes to require that new constmction be ''tOrwm-d 
compatible" with devices tor charging at home (DOE 20 14c). 

In its interim report, the committee suggested that state 
and local governments ensure that their permit processes are 
appropriate for the type of intiastrucn1re project and potcn~ 

7 Portland, Oregon; Raleigh, North Carolina; and San Francisco, 
California are three municipalities that have instituted programs to 
expedite electrical penn it processes. 
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tial impact to the site or broader environment (NRC 2013). 
There are instances where extensive permit processes and 
environmental review have been undertaken that would have 
been appropriate tOr a highway expansion project but arc 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 fi1st-charging stations installed in 
Oregon were provided under a master contract by a single 
vendor, the environmental permit process tOr each station 
differed based on the source of funding used to pay the con
tractor tOr otherwise identical stations (A. Horvat, Oregon 
Department of Transportation. personal communication, 
June 2014). If the charging station was funded with U.S. 
DOT money through the fedeml Transportation Investment 
Generating Economic Recovery (TIGER) grant program, 
each 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 tOr ordinary state and local pennits. 

Finding: Regulatoty and environmental otTi.cials 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
lic charging stations. 

Recommendation: Federal officials should examine cunent 
NEPA and other permitting requirements to determine the 
most appropriate requirements tOr the class of infrastructure 
to be installed; the federal government should adopt uniform 
mles that would apply to all charging installations of a simi
lar asset class, regardless of the capital funding source used 
to pay tOr them. 

Finding: The permitting and npproval processes tOr home
based and public charging installations need more clarity, 
predictability, and speed. 

Recommendation: Local govemments should streamline 
permitting and adopt building codes that require new con
stmction to be capable of supporting future chnrging instal
lations. Governments could implement new approaches, per
haps on a trial basis, to lcnrn more about their ctTcctiveness 
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 a!Tcct the 
costs and acceptance ofPEVs and the infrastmcture require
ments to support them. At the end of its usetl1l life in the 
vehicle, the battery must be disposed ot: either by applying it 
to a secondary use (tOr 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 secondmy 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 manufacturers, waste disposal firms, and others 
arc working to create PEV bnttery recycling and disposal 
systems. If their c!Torts lag expansion of the PEV market, it 
is conceivable that when significant numbers of PEVs begin 
to reach the end of their lives, a battery-disposal bottleneck 
could present an obstacle to PEV production and sales. PEV 
and battery manufacturers have stated that lithium batteries 
contain no toxic substances that would preclude their dis
posal in the ordinary waste stream (Kelty 2008; Panasonic 
20 14 ). However, because reducing the environmental eftCcts 
of motor vehicle tmnsportation motivates public support 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 ($) 

Region Number ofPemtils AYemge Minimum Maximum 

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 29.00 500.00 

Tennessee 322 47.15 7.50 108.00 

Oregon 316 40.98 12.84 355.04 

Washington 497 78.27 27.70 317.25 

SOURCE: ECOtality (20 l3 ). 
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In the longer term, recycling of high-value materials or 
components could be important for restraining PEV battery 
costs. Although projections indicate that material shortages 
are unlikely to seriously constrain PEV battery production, 
large-scale conversion of the fleet to PEVs probably would 
increase consumption of certain materials, including lithium 
and cobalt, enough to raise prices significantly. Etllcicnt re
cycling would moderate material price increases (Gaines and 
Nelson2010). 

The sections below describe the status of recycling tcch
nolobry; the regulations ami standards atl'ecting recycling; 
prospects tOr sccondmy uses of batteries; present involve
ment of vehicle and battery manufacturers, recycling firms, 
and others; and possible areas for tCdcral action. 

Finding: Reducing the environmental impact of motor ve
hicle transportation attracts buyer interest and public support 
tor PEVs. Therefore, although the disposal of lithium-iou 
PEV batteries docs not appear to present adverse health risks 
nor docs it have substantial financial advantages, provision 
tOr environmentally sound battery disposal will £1cilitate de
velopment of the PEV market. 

Recycling Technology 

Technologies available today for lithium-ion battety re
cycling recover certain elementary materials from the bat
tety structure and the cathode, such as cobalt and nickel. The 
lithium in the cathode is not recovered (ANL 2013; Gaines 
2014). Most of the materials obtainable from recycling lithi
mn-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. Therefore, recycling is not 
economical (Kunwr 2011; Gaines 2012 ). Processes under 
development seck to recover intact, reusable cathode materi
als that have more value than their elemental components 
(ANL 2013). 

Standardf and Regulations 

Battety standards arc essential fOr efficient and safe dis
posal and recycling. Designing batteries with recycling in 
mind reduces the cost of recycling, and standardization of 
designs simplifies the operation of recycling facilities. La
beling is necessmy to ensure that batteries of different com
position can be properly sorted tOr recycling. Design stan
dards also could facilitate secondmy uses. 

The Society of Automotive Engineers (SAE) is actively 
engaged in vehicle electrification standards. Standards under 
development related to battery disposal include Vehicle Bat
tery Labeling Guidelines (J2936), Identification ofTranspor
tation Battery Systems tOr Recycling Recommended Practice 
(J2984), Standards tor Battery Secondary Use (13097), and 
Recommended Practices for Transportation and Handling 
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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 batteries. In New York, sell
ers arc required to receive used batteries of that type, and 
battery manufacturers are required to develop plans tOr col
lection and recycling. The CalifOrnia law requires sellers 
to accept used batteries (Gaines 2014). Those laws could 
provide a pattern for future laws applying to PEV batteries. 
The federal government regulates the tnmsportation of bat
teries as hazardous materials (PRBA 2014), but the transport 
regulations appear to be aimed mainly at the risk of fire from 
sparks or short circuits. 

European Union regulations have established require
ments for collection and recycling of all batteries sold to 
consumers in the European Union. The manufacturer or dis
tributor of the consumer product is responsible tOr compli
ance (European Commission 2014). 

Finding: Industry standards regarding design and labeling of 
PEV batteries arc necessary for ctllcicnt and safe recycling. 

Secondm)' Uses 

PEV battery pertonnance (energy storage capacity) de
clines with use until it becomes unacceptable for powering a 
vehicle. A battery in this condition, however, might still be us
able tOr other applications, such as energy storage by utilities 
to satisfY peak demand, storage of energy n·om an intcnnittcnt 
generator like a solar energy fhcility, or as backup power in 
a residence. Developing the market tbr 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 
tOr eventual recycling or disposal of the battery. 

It is most helpful to view battery secondary use (B2U) 
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 arc set by the 01iginal design and architecture of 
the vehicle-battety system. Because the vehicle manut1tctur
ers specify the design tOr the vehicle-battery pack and the 
parameters for its production, they are currently the most 
critical player in the development of such an ecosystem. To 
enable a B2U market to evolve, the vehicle manufacturers 
must find enough value from pm1icipating in the B2U eco
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 usc in the vehicle and (2) another 
application, most likely stationary. An optimal B2U strategy 
requires the design and usc of the battery to maximize the 
value of the system over its entire extended life cycle. Bowl-



Govermnenl Support for Deployment a_( Plug-in Electric Vehicles 77 

er (2014) developed a model to evaluate trade-oils along the 
secondary usc value chain. The modeling showed that cir
cumstances can exist in which the economic incentives tOr 
secondmy use become attractive, but this can only be accom
plished with the active participation of all the stakeholders in 
the B2U value chain. 

Each vehicle manut1tcturer 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 usc 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 stationaty use would seem a 
logical next step. Ford, Testa, and Toyota have been reported 
as pursuing various strategies (Woody 2014 ). 

PEV manufacturers are engaged in developing technol
ogy and exploring the market tbr stationary battery applica
tions. Most such eftbrts arc in early stages and include the 
following examples: 

Nissan Motor Company and Sumitomo Corporation 
have tbnned a joint venture (4R Energy Corporation) 
to store energy from solar generators and other appli
cations using PEV batteries (Srebnik 2012; 4R Energy 
20 13; Sumitomo 2014 ). Sumitomo announced installa
tion of a prototype system assembled from 16 used PEV 
batteries at a solar fannin Japan in Fcbmary 2014. A 
battery system has been installed in an apartment build
ing in Tokyo (Nissan Motor Corporation 2013). The 
venture is working on developing additional applica
tions for used batteries. 
Testa Motors is supplying batteries to SolarCity, a com
pany that leases and installs solar panels tbr residential 
and business customers. The battery is a component of 
the solar panel system. Trial residential systems were 
installed in 2013 (Woody 2013). The system is notre
pot1cd to be reusing PEV batteries but represents a po
tential mmket for reuse. 
A Toyota subsidiary (Toyota Turbine) has begun reus
ing Toyota HEY NiMH batteries in solar panel energy 
management systems that have been sold to Toyota ve
hicle dealerships (Toyota Turbine 20 13; Nikkei Asian 
Review 20 14). 
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 20 12). 

Alternatively, the federal government could develop a 
comtnon public framework that would disseminate intbnna
tion on the actions and processes that create second-use val
ue to the potential participants in a national B2U value chain. 
That approach might become appropriate as standardization 
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increases among vehicle batteries, charging systems, and the 
national electric grid. 

Finding: Vehicle manufacturers appear to recognize a prac
ticHI responsibility tbr disposal of batteries from their ve
hicles, although their willingness to bear this responsibility 
voluntarily as PEV sales grow and the fleet ages remains to 
be seen. Unlike the European Union, the United States im
poses no legal requirements for battery disposal on manufac~ 
Hirers or sellers. 

Finding: There is a potential market for secondary uses of 
PEV battct·ies that arc no longer suitable for automotive usc 
but retain a large share of their storage capacity. \Vhcther led 
by private companies or public agencies, an efl'ectlve collabo
ration among the entities that design and manut3.cture 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 participants in the PEY batte1y 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 manufhcturer), compnnies in the recycling 
industry, and producers and purchasers of stationary storage 
units that can reuse PEV batteries. At present, most PEV bat
teries that have gone out of use probably have passed through 
PEV dealerships. and nmnuthchtrers appear to recognize that 
they will be expected to provide for battery disposal. 

Lead-acid batte1y 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 recycling 
technology and in the logistics of batte1y collection, trans
port, and handling can provide the industrial base for PEV 
battery recycling (Gaines 2014). The U.S. battery recycling 
finn Retriev Technologies (until 2013 known as Toxco In
dustries) recycles lithium-ion PEV batteries (Retricv Tech
nologies 2014). Retriev and the U.K. battery recycling finn 
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 finn Umicore has established a Htcility in 
North Carolina to dismantle PEV and HEY batteries before 
shipment of components to its processing plant in Belgium 
(Umicorc 2014). 

Vehicle manufacturers have arrangements with recy
clers tbr battery disposal and have had some involvement 
in developing improved processes. For example, Testa has 
arrangements with recycling companies in Europe and North 
America for recycling and disposal of used battery packs 
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(Kelty 20 II) and plans to recycle batteries in-house at what 
it calls the Gigafactory, a battery plant that it intends to build 
(Tesla 20 14). 

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 recycling will not pay tor itself ti·om the value of 
recycled materials. 

Finding: Battery disposal is not a ncar-term obstacle to PEV 
deployment; PEV batteries can be safely disposed of in the 
general waste stream, and regulating battery disposal at this 
time could increase the cost ofPEV ownership. Thus, federal 
regulatory action does not appear necessary at this time. 

Finding: PEV manufacturers, the solid waste industry, and 
standards organizations arc working to develop disposal, re
cycling, and reuse technologies. Although federal action is 
not required, there appear to be opportunities for fCdcral sup
port of industry etl'orts. 

Recommendation: Although battery recycling docs not 
present a batTier to PEVs in the ncar term. the federal gov
ernment should monitor the developments in this area and 
be prepared to engage in research to establish the following: 
etlicient recycling technologies, standards for battery design 
and labeling that will tacilitate safe handling of used bat
teries and etlicient recycling, and regulation to ensure safe 
transportation and environmentally acceptable disposal of 
batteries that promotes efficient recycling and avoids creat
ing unintended obstacles. 

Emergency Response 

Police, firefighters, and emergency medical services 
(EMS) personnel responding to road crashes that involve 
PEVs must be aware of the hazards associated with PEVs 
that ditlCr 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 electri
cal 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 police, fire, and EMS organizations, training and 
comrnunication of information are challenging activities. All 
the emergency responders will require training and access to 
the necessary equipment to discharge batteries safCiy 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 research. 
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The training program is funded by a grant from DOE. as 
part of the department's etl'ort to promote PEV use (NFPA 
2014). The NFPAproject has developed a variety 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 full
scale testing, to determine best practices for response to in
cidents involving PEVs. The research has been supported by 
DOE, the National Highway Traffic Safety Administration 
(NHTSA), and the automotive industry (Long ct al. 2013). 

At the federal level, NHTSA develops and distributes 
EMS training standards and curricula, organizes coopera
tive activities, maintains databases, and evaluates state EMS 
systems (NHTSA 2014a). NHTSA has published guidance 
on safety precautions tbr vehicle occupants. emergency 
responders, and towing and repair workers when a PEV is 
damaged by a collision (NHTSA 2012; NHTSA2014b). The 
guidance is brief and general and does not contain detailed 
technical information or response instructions. 

Recommendation: DOE and NHTSA should cooperate in 
long-term monitoring of the implementation and etlCctiveness 
of the NFPA EV Satcty Training program. The monitoring 
should detennine 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 electric vehicles (PEVs) and 
the fraction of vehicle miles traveled that are fueled by elec
tricity (eVMT) depend critically on charging infrastructure. 
PEV charging infrastructure (described in Chapter 2) is tim
damentally different from the well-developed intfastmcturc 
tbr gasoline fueling. It can be found in a variety of loca
tions, from a PEV owner's home to a workplace to parking 
lots of restaurants, malls, and airports. A variety of clun·g
ing options arc available, from AC level l chargers that usc 
120 V ac electric circuits that arc present in almost every 
building to DC fast chargers that do not yet have a technol
ogy standard. The charging rate also varies from slow (time
insensitive) charging to 61st (time-sensitive) charging. Each 
infrastructure category also has ditTerent up front 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 govemments that could spend $100,000 to build a DC 
tbst-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 tbcilitate charging within a conve
nient time frarnc. Thus, critical questions for vehicle manu
tbcturers and policy makers are how are vehicle deployment 
and cVMT atiected by the availability of various charging 
intfastructure types and what is the cost effectiveness of in
frastmcture investments relative to other investments that 
manutbcturcrs and the government could make to overcome 
barriers to PEV deployment. 

This chapter considers scenarios tOr deploying PEV 
charging infrastructure and the potential etiect of that infra
structure on PEV deployment and eVMT. The committee has 
categorized intl·astmcturc by location (home, workplace, in
tracity, intercity, and interstate) and power (AC level I, AC 
level2, and DC fast). The intfastructure 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 experience and needs of current 
early adopters were considered by the committee, but deploy
ment scenarios are fOcused on mainstream PEV deployment. 
The chapter concludes by considering which entities might 
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have an incentive to build each category of charging intl·a
stmcture, with particular attention to how infrastmcture in
vestments would be recovered. The committee provides its 
findings and recommendations throughout this chapter. 

In this chapter, the committee's analysis of infrastructure 
deployment assumes (1) no dismptivc changes to current PEV 
perfOrmance and only gradual improvements in battery capac
ity over time, (2) early majority buyers who do not plan to 
make changes to their lifestyles to acquire a PEV, (3) elec
tricity costs that arc significantly less expensive than those 
of gasoline per mile of travel, and ( 4) a cost tOr public and 
workplace charging that is at least as high as that tOr 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 al
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 Israel and 
Denmark but declared bankruptcy in May 2013. Testa has an
nounced a plan to add battery-swap technology at its network 
of last-charging stations (Vance 2013). However, this mudcl 
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 VEHICLES 
AND ON ELECTRIC VEHICLE MILES TRAVELED 

As discussed in Chapter 2, today's charging infi·astmcture 
technology consists of AC level 1 and AC level 2 chargers, 
which arc typically used when charging time is not a prime 
consideration, and DC fhst chargers, which arc typically used 
when charging time is an important consideration. All PEVs 
can charge with AC level I and level 2 chargers, and most 
battery electric vehicles (BEYs) can also charge at DC tbst 
chargers. In the future, some plug-in hybrid electric vehicles 
(PHEVs) might be equipped to use DC tbst chargers, but there 
is little motivation to make such a change because PHEV scan 
usc their intemal-combustion engines (ICEs) to circumvent 
the need to charge. Charging intfastructure locations and in
vestments range widely tfom an existing extensive network 
of private chargers (or simply ordinary outlets) at homes and 
workplaces to an expanding intfastmcturc of public chargers, 
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such as those at retailers or shopping malls or along highways. 
\Vorkplace and public charging infrastructure might require 
payment for electricity or time occupying the charger or be 
restricted to vehicles belonging to a subscription plan or to a 
certain vehicle manufacturer. 

In the mature market, the ideal number, location, and type 
of charging infrastructure will depend on the demand for dif
ferent types ofPEVs, 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 availability 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 arc defined by location and power. The 
tenn intercity refers to travel over distances less than twice the 
range of limited-range BEYs, and interstate refers to travel 
over longer distances. 

Table 5-l provides the committee's assessment of the 
etl'cct of charging infrastructure on ditl'erent PEV classes. 
Evaluating intl"astmcture by type of PEV might help to ad
dress misconceptions about charging infrastructure needs. 
For example, PHEVs do not require electric charging for 
range extension because drivers have the option of tbeling 
with gasoline. BEYs, which have only electricity as a fuel 
option, are much more a!Tected by the availability of charg-
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ing infrastructure. That docs not mean that electric-charging 
infrastructure is not important tOr 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 early adopters of the Chevrolet Volt 
show that 14 percent of charging events occurred away from 
home, which is similar to the percentage of charging away 
from home ( 16 percent) for Nissan Leaf drivers (ECOtality 
2013; Smart and Schey 2012). Each charging-intrastmcture 
categ01y and the impact of each category on ditlerent PEV 
classes arc discussed in detail in the sections 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 I) 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-l PEV charging infrastmcture categories, ranked by their likely importance to PEV deployment, with the most important, 
home charging, on the bottom, and the least important, interstate DC Htst charging, at the top. NOTE: AC, alternating current; DC, 
direct current. 
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FIGURE S-2 Vehicle locations throughout the week on the basis of data from the 2001 National Household Travel Survey. SOURCE: 
Tate and Sa vag ian (2009). Reprinted with permission from SAE paper 2009-01-1311 Copyright ·'!J 2009 SAE [nternational. 

large 85 kWh battery in a Model Scan be ti1lly charged over
night with the 10 kW AC level 2 charger recommended by 
Tesla for home usc. A full battcl)' charge will not usually be 
needed each 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 few hours of charging 
will be required for all types of PEVs. 

Home charging is a paradigm shitl in rctl~eling behavior 
tOr drivers accustomed to retheling 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 home (Smart 2014a). 

Home-charging infrastructure is not a barrier to PEV 
deployment fOr households with a dedicated parking spot 
with an electric outlet nearby. According to the U.S. Cen
sus Bureau (20 II a), nearly two-thirds of U.S. housing stmc
turcs have garages or carports. 1 Similarly, a representative 
telephoue survey of I ,004 U.S. ad nits found that 84 percent 
of respondents had dedicated on: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 20 13 ). Traut et al. (20 13) nsed data 

1 Some of the stmctures accommodate multiple households. 

SC-2 

!rom the U.S. Census and the U.S. Department of Energy 
(DOE) Residential Energy Consumption Survey to estimate 
the potential tOr residential charging of PEVs using various 
assumptions 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 tOr park
ing. Although 79 percent of U.S. households have dedicated 
otT-street parking, many households have multiple vehicles, 
and under base-case assumptions. only 56 percent of vehi
cles have dedicated otT-street 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 some 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 households with access to dedi
cated parking with an outlet, PEVs could become a much 
larger share of the U.S. vehicle market while still relying on 
ubiquitous residential circuits to accommodate most charg
ing needs. Given the large number of households that do not 
yet drive PEVs and could take advantage of the convenience 
of charging at home, the scenario that seems most likely to 
emerge over the next decade is one in which the growth of 
demand tOr PEV s comes primarily from households who 
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TABLE 5-1 E!fect of Charging-Infrastructure Categories on Mainstream PEV Owners by PEV Class" 
Infrastmcture Category PEV Class Effect of Infrnstmcture on Mainstream PEV Owners 

Interstate 
DC fast charge 

Intercity 
DC fast charge' 

Intracity 
DC fast _chargi 

Long-range BEV 

Limited-range BEV 

Range-extended PHEV 

Minimal PHEV 

Long-range BEY 

Limited-range BEY 

Range-extended PHEY 

Minimal PHEY 

Long-range BEY 

Limited-range BEY 

Range-extended PHEY 

Range extension, expands market 

Not practical for long trips 

NA- not equipped 

NA- not equipped 

Range extension, expands market 

2 x Range extension, increases confidence 

NA- not equipped 

NA -not equipped 

Not necessary 

R.'lnge extension, increases Confidence 

NA- not equipped 

~~~~~~~~~~~~~~~~~~c~o~st~s~~~~~~ ~~~~~co~s~ts~,~~~~~~~1\~~JJ 
would generally cost as much as or more than charging, that people would not plan to change mobility to 
acquire a PEV, and that there would be no dismptive changes to current PEV performance and only gradual improvements in 
battery capacity over time. 
hIt is possible that 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 other infrastmcture categories. 
NOTE: AC, alternating current; BEY, battery electric vehicle; DC, direct current; eVMT, electric vehicle miles traveled; NA, not 
applicable; PEV, plug-in electric vehicle; PHEY, plug-in hybrid electric vehicle. 

intend to meet their charging needs predominantly through 
slow charging at home. 

Lack of access to charging intfastmcturc 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 £1r tfom access to electricity. Those demo
graphic groups include many owners and renters of housing 
in multinunily dwellings and many households in large cities 
with on-street parking. About 25 percent of U.S. households 
live in multifamily residential complexes (U.S. Census Bu
reau 2011 b). and the telephone survey noted above indicated 
that although 61 percent ofsinglc-t1unily houses had access to 

SC-2 

charging, only 27 percent of multitiunily dwellings had park
ing spaces with access to charging (Consumers Union and 
the Union of Conccmcd Scientists 2013). Multitiunily resi
dential complexes can thee many challenges in installing PEV 
charging equipment; some are similar to a typical commer
cial building, and others arc unique to multinunily dwellings. 
Similar to commercial buildings. the elechical panel might 
be far tfom the desired charging location, and installation can 
therefore be costly. 

Unique to multifamily residential complexes are the own~ 
crship, responsibility, liability, and control of each individual 
parking space. Multifhmily 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 stmcture for multifhmily res
idential complexes concerning ( l) who should bem· the cost 
of upgrading the main panel (if needed) and (2) who will pay 
lor the electricity lor 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 tOr the multi
family dwelling. For residents who have shared spaces, ad
ditional questions need to be resolved within the govemance 
structure of the multifhmily 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 to use it. In ad
dition, the use of the charging station can no longer 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 PEY charging equipment: 
which entity should pay lor the PEY charging equipment and 
how should liability be assigned? If tenants are liable for all 
upgrades, they have a disincentive to perform the upgrades 
because they might leave. If the owners arc liable for all up
grades, they have a disincentive to install them unless they 
can charge a premium tOr 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 local city government 
that must make policy decisions surrounding installation and 
operation of PEY charging equipment (Peterson 20 II). 

Lack of home charging at multinunily complexes or in 
neighborhoods with on-street parking is a batTier to deploy
ment for owners of all types of PEYs, but most importantly 
BEYs. particularly limited-range BEYs for which daily charg
ing cannot, like PHEYs. be replaced with gasoline or. like 
long-range BEYs, postponed. It is also a banier to increased 
cVMT for all PEV owners. Overcoming lack of home chmg
ing at multit1nnily residential complexes and in neighborhoods 
with on-street parking requires providing such consumers 
with designated parking spaces to charge their vehicles dur
ing prolonged times when their vehicles are not in use, such 
as at workplaces. Although retrofits of multinunily housing 
for PEY charging might be difficult, t1tcilitating 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 multinnnily 
dwellings to be capable of supporting ll1ture charging installa
tions (DOE 20 14a). 2 Additionally. multiliunily dwelling own
ers might choose to contract with a charging provider to tbcili
tatc installation and payment tOr charging services. Another 

2 For an explanation of these codes, see Calitbmia Green Building 
Code A4.106.8.2 and California AB 1092. 
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interesting model tOr extending PEV driving to households 
without access to home charging is to deploy PEVs in car
sharing fleets. That approach is particularly important for the 
large portion of multifamily dwelling residents who are not in 
the new vehicle market as compared with single-tlunily home 
residents. Car sharing is discussed from a consumer perspec
tive in Chapter 3. 

Finding: Homes arc and willlikcly remain the most impor
tant location for charging infrastmcture. 

Finding: Lack of access to charging infrastructure for resi
dents of multifiunily dwellings is a barrier that will need to be 
overcome to promote PEV deployment to that segment. 

Workplace Charging 

Charging at workplaces provides an important opportu
nity to encourage the adoption of PEVs and increase eVMT. 
BEY drivers could potentially double their daily range as long 
as their vehicles could be fully charged both at work and at 
home, and PHEY drivers could potentially double their all
electric miles. Extending the electric range of PHEYs with 
workplace charging improves the value proposition fOr PHEV 
drivers because electric fueling is less expensive than gaso
line. For BEYs and PHEYs. workplace charging could expand 
the number of people whose needs could be served by a PEY, 
thereby expanding the market tor 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-enective than installing 
public charging; however, it should be noted that installing 
workplace or public chnrging was substantially less cost eflCc
tive than improving the all-electric range of a vehicle. 

Data from early adopters in the EY Project shows that 
workplace charging is used when it is available (Table 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 obtained 37 percent at work. Furthennore, 
there is some evidence that workplace charging enables 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 number of challenges. One set of clutl-
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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 

All Drivers 

Nissan Leaf 

Chevrolet Volt 

Drivers with Access to Workplace Charging 

Nissan Leaf(~l2%)'1 

Chevrolet Volt (~5%t 

86 

85 

68 

60 

30 

37 

14 

IS 

2 

3 

a Numbers in parentheses arc percentage of drivers known to have access to workplace charging. 
SOURCE: Based on data from ECOtality (20 14a,b ). 

lcnges is to determine the mte ofPEY adoption by employees, 
what level of charging would be sufficient for their needs, and 
how access to chargers can be ensured as the number ofPEVs 
increases. A worker who relies on workplace charging of a 
BEY 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 (lRS 2014).3 A requirement to assess the value of 
the charging or report the imputed incorne could be an impedi
ment to workplace charging. Yet another potential impediment 
arises tl·om 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. 

\Vorkplace charging is becoming available at a small 
but growing number of companies that otTer it as a way of 
attracting and retaining employees and as a way of distin
guishing themselves as green companies.4 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 concems about carbon emissions from commuting will 
eventually generate much stronger pressures for workplace 
charging and are attempting to move expeditiously by exM 
panding their network of charging stations now (Ahmed 
2013). Because of the costs involved and the tact that add
ing a charging station leaves fewer parking spaces available 
tor employees who do not drive PEVs, Cisco has a policy 

-' IRS Publication 15-B states that any fringe benefit is taxable 
and must be included in the recipient's pay unless the law explic
itly 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 infrastmcture) to manage the charging 
units and collect a monthly fee from workers who use them. 

-1 To facilitate the process, the Department of Energy (DOE), un
der the Workplace Charging Clwllenge launched in January 20 13, 
otTers various resources to interested employers, building owners, 
employees, and others. The resources include information about 
PEVs, their charging needs, and activities that DOE and communiM 
ties across the country are doing to support PEV deployment. 

SC-2 

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 
cfl'ects as increases in the number employees who usc work
place charging stations stimulate other employees' interests 
in acquiring PEYs (Jennings 20 13 ), thereby contributing to a 
continuing expansion in the number of workplace chargers. 
Other firms, however, have been reluctant to provide work
place charging on grounds of equity, expressing concems 
about providing a perk that would benefit only a relatively 
small number of employees, at least initially ("Musgrove 
2013). Recognizing workplace charging as an important opM 
portunity to expand PEV deployment and eYMT, 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 em
ployers to simplify the process of adding workplace charg
ing (DOE 2014b; DOE 2013). 

Finding: \Vorkplacc charging could be an altemativc to 
home charging for those who do not have access to charging 
infrastmcture at home. 

Finding: Charging at workplaces provides an impotiant opM 
portunity to encourage PEV adoption and increase the frac
tion of miles that arc fueled by electricity. 

Finding: The administrative cost to assess the value of charg
ing or report the imputed income could be an impediment to 
workplaces to install charging. 

Recommendation: The federal govennnent should explicitly 
address whether the provision of workplace charging at the 
expense of employers should be included in the recipient's 
pay or regarded as a benefit that is exempted tl·om taxation. 

Public Charging Infrastructm·e 

A critical question to answer is whether lack of public 
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charging infrastmcturc is a barrier to PEV deployment. 5 As 
shown in Figure 5-I ~ 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 intl'astmcturc on PEV 
deployment. Experience in Japan indicates that increased 
availability of public charging stations reduces range anxiety 
and leads to more miles driven by BEVs. For example, the 
building of a single additional tirst charger for a TEPCO fleet 
of BEVs increased cVMT from 203 km/monlh to 1,472 km/ 
month. Interestingly, no additional energy consumption tl'om 
the public charger was observed after building the second 
charger, but drivers allowed their slate of charge to go below 
50 percent, a sign that their fear of nmning 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 April20l5; 
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 tl'equently 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 
1 0-20 miles of range to a vehicle for each hour of charging, 
depending on the model and driving conditions. More than 
800 public DC f.1st-charging stations had also been installed 
by April 2015 (DOE 2015). Networks of DC last chargers 
have been installed in \Vashington, Oregon, and CalifOrnia; 
along the East Coast I-95 corridor; ami the "Tennessee Tri
angle," which connects Nashville, Chattanooga, and Knox
ville. Clusters of DC fast chargers are also in Dallas-Fort 
\Vorth, 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 proprietary Tesla network of Su
perchargers (sec Chapter 2, Figure 2-10). Tesla had installed 
more than 190 charging stations in the continental United 
States and Canada by April20l5 and has plans to expand its 
network to several hundred stations by the end of20 15, with 
the slated goal that 98 percent of U.S. drivers are within 100 
miles of a Supercharger by 2015 (Tesla 2014). Nissan has 
announced plans to add at least 500 thst-charging stations 
by mid-20 15 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 \Vashington, 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-

5 The term puMic cluuging iujl·astructure refers to charging infra
stmcture tlmt is locnted in public spaces but does not imply that the 
services are otrered for free. 
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range BEV drivers, who have the greatest need tbr charging. 
One study looked at the locations where light-duty vehicles 
parked and modeled optimal charging locations assuming 
similar trip needs for PEV drivers and ICE drivers (Chen et 
al. 2013 ). Other studies have examined trip diary data tiom 
such cities as Seattle and Chicago and such states as Califomia 
to see which trips were not likely to be completed with to
day's BEYs and sought to place chargers to allow completion 
of these "tbiled" trips. Models were optimized by minimiz
ing time or distance deviations from trips required to drive to 
charging locations. The study ofCalitbrnia drivers found that 
with an 80-mile limited-range BEV, 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 
H1st chargers in the state would allow those drivers to complete 
over 90 percent of miles with two or fewer charges (Nicholas 
el al. 20 13 ). The data from Chicago and Seattle metro areas 
showed that no public charging was needed to complete 94 
percent and 97 percent of trips. respectively, and optimally lo
cating 100 or 50 stations with 10 AC level2 chargers each in 
Chicago or Seattle 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 ctTect of charging infrastmcture deployment on 
vehicle deployment. 

The majority of public charging stations arc not yet 
heavily used. For example, public DC fast chargers in the 
EV Project were occupied on average 2.3 percent of the time 
trom 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 tOr a charging 
plug to become available. In addressing the adequacy of the 
existing network of public charging intl'astructure, it is im
portant to understand the fhctors that contribute to both over
utilization and undemtilization. The tbctors include the ratio 
of charging stations to PEVs in any given area, the location 
of charging stations, the cost of using 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 area docs not necessarily imply that the 
network of charging intl'astmcture is adequate and could in
stead reflect any combination of the H1ctors noted. Similarly, 
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 
usc charging stations is not unitbnnly 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. ln addi
tion, at stations that do not impose usage fees or charges tOr 
electricity consumed, queuing might partly reflect the fact 
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that using those stations is cheaper than charging at home. 
For some locations. such as retail establishments, medical 
tbcilities, and commercial parking lots, tOr~pay AC level 2 
infrastmcture is used more frequently than free public AC 
level 2 infrastructure; this might indicate better siting of or 
more chargers to reduce queueing at tOr~pay intiastructure 
(Smart and White 20 14 ). 

Over the course of its study, the committee heard con~ 
cems that public flmding combined with pressures to install 
public infrastmcture 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~ 
lie charging infrastmcture 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 
level I, AC level 2, and DC 11lst charging. It can be costly to 
install and maintain, and its efiect on deployment and eYMT 
remains unclear, although it enables PEV drivers to extend the 
electric range of their vehicles beyond the mileage that can be 
driven on a single charge and might encourage the adoption of 
limited-range BEYs by mitigating concems about becoming 
stranded. However, a substantial amount of public charging 
infrastmcture that is obviously unused could become a symbol 
that PEVs are not as practical as had been hoped. The follow
ing sections consider the location of public infrastructure and 
its effects on PEV deployment and eVMT. 

Finding: Public charging infrastmcture has the potential to 
provide range confidence and extend the range for limited~ 

range BEY drivers, to allow long~distance travel for long
range BEY drivers, and to increase eYMT and the value prop
osition for PHEY drivers. 

Finding: More research and market experience are needed 
to determine how much public infrastmcture is needed and 
where it should be sited to promote PEV deployment and to 
encourage PEY owners to optimize vehicle usage. 

Recommendation: The federal govemment through the De
partments of Enc~t,ry or Transpotiation should sponsor research 
to study the impact ofthe public charging infrastmcture, includ
ing the extent to which its availability atlCcts PEY adoption. 

lutracity AC Lel'e/ I and Lel'el 2 
Chmging il!fl·aslructure 

Public AC level I and level 2 chargers are now avail~ 
able in some cities, especially where PEV deployment has 
been relatively strong. Because AC level I 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 arc also 
becoming increasingly available at locations where vehicles 
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arc 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 otten 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 part of 
their subscription-based business model. Some utilities are 
also installing infrastructure and arc motivated to provide 
public charging to encourage PEY deployment and hence 
sell more electricity to residential customers with PEVs. In~ 
frastmcture~deployment models are discussed in more detail 
at the conclusion of this chapter. 

Although the committee did not attempt to establish 
guidelines for locating public charging infrastmcture, 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~ 
lie 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 government, 
to induce customers to stop at their establishments, to take 
advantage of f.'lvorable conditions (such as no-cost land or 
easy access to electricity source), to increase deployment 
of vehicles, to increase e V~VIT, or to relieve range anxiety. 
Data from intracity AC lcvcl2 infmstmcture associated with 
the EV Project indicate that chargers located 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 ctl'ccts of intracity AC level I and level 2 charg
ing infrastructure vary by PEY class as seen in Table 5~ 1. 
Long~rangc BEYs will have little use for slow charging 
in public locations as there will be little value of charging 
slowly given their sutlicicnt aH~electric range. However, 
they might choose to top~otT their charge when convenient 
or if perks, such as free parking at an airport, arc available. 
Limitcd~rangc BEYs are expected to experience the most 
utility from intracity AC level 1 and level 2 charging by as
suring them that they will nut be stranded if their charge is 
depleted and by allowing them to extend their daily mileage 
beyond a full battery charge. With limited battery ranges and 
no other choice for fhel, charging in public is an attractive 
option for limited~rangc BEYs. Both minimal and extended~ 
range PHEVs arc predicted to usc intracity AC level I and 
levcl2 charging for increased eVMT and hence to realize an 
increased value proposition of their vehicles. However, they 
do not need intracity chnrgers for range extension or range 
confidence because they can also fuel on gasoline. Increased 
c VMT !rom charging in public might be particularly useful 
for minimal PHEYs whose smaller batteries could be nearly 
fully charged in a shorter time, thus extending their small 
ranges subst~mtially if they arc able to charge frequently 
throughout the day. 
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Intracity DC Fast-Chmging b~f}·astructure 

DC f.1st-charging technology was described in Chapter 2. 
Although DC fast chargers are otlen considered for corridor 
travel. such as between cities or states. the majority of the fast
charge infrastmcturc is installed within cities and their metro 
areas. There are some data to indicate that BEV owners prefer 
t11st charging to complete a jountcy or otherwise to create op~ 
tions for using the vehicle beyond its routine range. E V Project 
data on the percent of DC fast charges that occurred on trips 
of a given length provide infonnation on charging behavior of 
Nissan Leaf drivers (Smart and White 2014; J. Smart, Idaho 
National Laboratmy. personal communication, November 6, 
2014). In the fourth quarter of 2013, at1er the iustitutiou of 
tees to charge at some DC fast-charging locations, 56 percent 
of outings that included a fhst charge were greater than 60 
miles round trip, and 44 percent of outings that included a fhst 
charge were less than 60 miles round trip. Some of the less 
than 60 mile round-trips that included a DC f.1st charge might 
reflect the value a driver pla.ces on a DC t11st charge even when 
it is not required to complete the trip. However, many of the 
short trips (63 percent) started with a less than Iilli battery, 
indicating that the charge might have been required to return 
home. \Vhen 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 f.1st charge required a clwrge to complete, and DC fast 
charging might have been the most convenient way to acquire 
the charge. 

The impact of intracity DC fast-charging infrastructure 
varies by PEY type. as noted in Table 5-1. Long-range BEYs 
will have little use for t:1st charging in cities as their vehicle 
range is unlikely to require range extension or range confi
dence. However, charging at a DC tl1st-charging station would 
allow them to acquire a tidl battery charge more quickly than 
home charging; this option might be valuable to a long-range 
BEV owner. particularly one who docs 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 t1tst charger stations is included in 
the price of the vehicle. Limited-range BEYs arc expected to 
experience the most utility tl·om intracity DC fast charging as 
it provides range confidence that they will not be stranded and 
range extension in less time than that required tOr AC level l 
or lcvel2 charging. In April2014, Nissan began otlering new 
Leaf buyers in several markets tree public charging through 
a special card that allows using several charging providers. 
Range-extended and minimal PHEVs arc unable to usc DC 
fast-charging infrastmcture, so this segment of infrast111cture 
deployment does not apply to PHEY owners. 

Intercity and Interstate DC 
Fast-Charging lt~/iYJstructure 

The availability of DC tl1st chargers along highways 
connecting cities and states has facilitated regional travel tOr 

limited-range BEYs and enabled long-distance travel for long
range BEVs. An example of such a network is the conidor 
of DC fast chargers installed at about 40-milc intervals along 
Interstate 5 in \Vashington and Oregon. Such infrastmch1re 
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 fhst chargers arc expected to be used primarily for range 
extension and arc expected to receive less use than DC fast 
chargers within cities. Although data from the EV Project is 
primarily from cities, a preliminary study of charging along 
the I -5 corridor shows that most charges do in t1lct occur with
in cities rather than between them (Smart 2014d). Although 
some early adopters of limited-range BEVs have chosen to 
drive their vehicles long distances requiring multiple battery 
charges, the committee's view is that the vast majority of lim
ited·range BEV drivers will restrict themselves to a range that 
requires at most one t11ll charge between neighboring cities. 
As noted, PHEYs are not equipped to use DC f.1st-charging 
stations and can extend their range by refueling on gasoline. 

Thus, interstate DC fi1st chargers arc projected to be the 
least important type of intfastmcture tOr PEVs because it will 
not (or camwt) be used by PHEVs and will be inconvenient 
for limited-range BEYs. However, it should be noted that 
there arc 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 inti'astmcturc will continue 
to be most important tbr drivers' everyday usage, and work
place and intracity intl'astmch1re will be relatively unimport
ant. Intercity and interstate charging would, in that scenario, 
enable long-range BEVs to take longer trips with relative ease. 
Vehicle manut:'lcturers, especially those tOcused on BEVs, arc 
building intracity, intercity, and interstate DC tbst-charging 
infi:astmcture; this indicates that they think it is valuable. It is 
not clear whether they are doing this fbr mmkcting or business 
strategy reasons or to spur vehicle deployment in the near tenn 
or whether they believe that this type of infrastmcture will be 
necessmy in the tltturc. 

MODELS FOR INFRASTRUCTURE DEPLOYMENT 

To understand how best to overcome any inthtstmcturc 
barriers to PEV deployment, one must consider the installa
tion and operating costs for the difl'erent categories of charg
ing intfastructure, the possible deployment models. and who 
might have an incentive to build such infrastructure. Several 
ditl'erent entities might have an incentive to build or operate 
charging infrastructure; these include vehicle owners, work
places, retailers, charging providers, utilities, vehicle manu
t11cturers, and the government. Their motivations might in· 
elude generating revenue, improving 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 

Location 

Interstate 

Intercity 

Intracity 

Infrastructure Category 

Type 

DC fast 

DC fast 

DC fast 

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 uoted that the most critical 
intrastmcture (home charging) is also the least logistically 
complicated and least expensive to build, and the costs and 
complications generally increase for t11stcr charging and 
more public locations. The following paragraphs discuss the 
infrastructure-deployment models associated with each in
fi'astmcture segment and the installation and operating costs. 

Home Charging 

Private charging infrastmcture at home is likely to be 
funded by the homeowner. Financing and logistics of install
ing home charging infmstmcture 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 also 
find the expense of upgrading to AC level 2 infrastructure to 
be a good investment, especially owners of long-range BEVs 
who might want to charge their vehicle batteries more quickly. 
Aside from vehicle owners paying to install charging infra
stmcture. other deployment models arc being implemented. 
Some providers of subscription-based charging have expand
ed into providing residential charging intfastmcture as part of 
their subscription service. Utilities might also have an interest 
in providing residential charging infrastmcture as it would in
crease electricity usage at the residence. 

As discussed previously, multinunily 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 multifhmily 
residences or at on-street charging locations in residential 
neighborhoods. However. owners of multit1unily residences 
might be motivated to install chargers because they can earn 
points toward Leadership in Energy and Environmental De
sign certification (AeroVironment 20 10). They might also be 
able to market their property as green and oftCr charging as 
an attractive amenity to prospective renters. 

Who Has an Incentive to Install? 

Vehicle manufacturer, government 

Vehicle manufacturer, government 

Vehicle manufucturer, government, charging provider, utility 

Workplace Charging 

Private charging infrastmcture 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 long 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 I outlets that can be rcpurposed 
tbr vehicle charging; however, more convenient or upgraded 
intfastructure might also be installed. Another entity that 
might have an interest in installing workplace charging is a 
utility, which could earn additional revenue Jfom the sale of 
electricity at worksites. 

The cost of installing charging varies from workplace 
to workplace but is generally higher than that tbr installing 
single-family home charging and lower than that for public 
charging infrastmcture. The costs of labor and conduit for 
installing charging units in existing parking lots and garages 
depend mainly on how much digging ~md 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 currently available PEVs that 
have large electric ranges. Cisco provided a set of ballpark 
estimates to the committee and indicated that the average 
cost of installing an AC level 2 charging station has been 
$10,000-$15,000 (with economies of scale), that the ongoing 
costs of paying a vendor to manage the stations has aver
aged about $25 per station per month. and that the electricity 
costs have been low (Ahmed 20 13 ). 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 !rom three 
separate sources. 

In addition to installation costs, operating costs of pro
viding charging to employees must be considered. The com
mittee received repot1s that the costs of electricity were not a 
barrier to deployment of workplace charging, but two logisti-
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cal concerns were raised. As mentioned above and discussed 
fi.lrthcr in Chapter 6, demand charges that could increase the 
cost of electricity to the employer could be a cost barrier to 
workplaces installing charging for employees. Also, the po
tenthtl need to classifY workplace charging as imputed income 
has resulted in logistical barriers given the associated admin
istrative requirements for monitoring charging time or energy 
and making associated payroll adjustments. In part to avoid 
that potential problem and also to outsourcc charger installa
tion and maintenance, some employers have chosen to con
tract with charging providers to install and operate charging 
infrastructure, including clmrging 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 recmit employees. 

Recommendation: Local govcmmcnts should engage with 
and encourage workplaces to consider investments in charging 
infrastmcn1re and provide infonnation about best practices. 

Public Chorgiug lufrastmcture 

As discussed above, charging infrastructure generally 
becomes more complicated and more costly to build and 
operate as it becomes more publicly accessible and delivers 
f.1ster 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 government. 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 models will be sustain
able in the absence of public fimding. 

The costs of DC fast-charging stations are generally 
much higher than the costs ofAC level2 stations. In general, 
the capital costs depend on several f.1ctors: 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 arc required, for example. because of insufficient 
tnmstbnner 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 tfom 
$100,000 to $200,000. As an example, Table 5-4 shows the 
average costs of installing charging stations in \Vashington 
State with DC f.1st chargers and AC level 2 chargers as part 
of the publicly timdcd West Coast Electric Highway proj
ect. The totals shown in the table-ranging from $109,500 
to $122,000-excludc the costs of purchasing, renting, or 
leasing land. The basic cost of a DC fast -charging station 
is about $10,000 to $15,000, but the total equipment cost 
of the \Vashington state stations averaged $58,000, reflect-
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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 collect payment from customers. Installation costs can 
also vary because of other enhanced satCty and security mea
sures that arc often required by local permitting authorities, 
such as lighting and revenue-grade meters. Those options 
can add up to $90,000 to the basic cost of the £.1st-charging 
equipment itself. 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),6 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 tbr the retailers. Most of the charging units that re
tailers have provided to date have been AC level I or level 2 
stations, which are used primarily tbr intracity clmrging. The 
costs of building charging infrastmcture 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 statlons is sutllcient to provide retailers with 
incentives to incur the capital costs of installing charging 
stations, as distinct from simply covering electricity charges 
and service costs. \Vhcn 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 tbr their use. 

Electric Utilities 

The electric utility companies could emerge as a willing 
source of capital tOr 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 electric
ity at residences served by the utilities. If public charging in
frastntcturc drives greater eVMT and greater deployment of 
vehicles, capital and variable costs for public infrastrucn1re 
might be covered by the incremental revenue tfom additional 
electricity that PEV drivers consume at home, where rough
ly 80 percent of PEV charging takes place (Francfort 20 II). 
Most such charging inti'astmcturc is expected to be built intra
city. Austin Enctl,')' (2012), with the help of a series of federal 
govemmcnt grants, is an example of a utility that has chosen 

fi M~jor retail companies that have installed or plan to install charg
ing stations for their customers include Best Buy, Chili's, Cracker 
Barrel, Kroger, t-.•lacy's, 7 -Eleven. Tim Hortons, \Valgreens, :md 
Whole Foods. 
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TABLE 5-4 Costs of installing Public DC Fast-Charging Stations tor the West Coast Electric Highway Project" 
Component 

DC ftzst-clwrging equipment 
• 50 kW DC public fast-charging station (480 V ac input) 
• 3-year warranty and point-of-sale capabilities" 
• Payment of all electricity dispensed (including utility demand charges) 
• Overhead lighting and required safety equipment 

/.eve/2 charger colocated next to D({Qst-c/uuging station 
• 240 V/30 A AC level2 public charger 
• Same tem1s and conditions as listed above 

l:'qmjmzenltitslallation (labor and eleclric-panelupgrade) 
• Separate power drop or meter for the charging station 
• Electric panel upgrade (if required) 
• Construction and environmental and electricity permits 
• Trenching, backfill, and site restoration 
• Installation of conduit and power lines to charging station 
• Installation of concrete pad and ehx:tric stub-out 
• Installation of curb or wheel stop and overhead lighting 
• Installation and testing of equipment 

Utility intercmmection 

Cost 

S58,000 
per unit 

S2.SOO 
per unit 

S26,000 
per location 

• Costs are highly variable and depend on cost-recovery policies of the electric-power provider and condition of 
existing power distribution components"-

St 2,500 to S25,000 
per location 

• Generally includes utility costs for preliminary engineering and design, transfom1er upgrades, and labor for 
connection to the grid 

/lost-site identification, ana(rsis, and screening 
• Identification of potential sites 
• Consultation with electric-power providers 

Negotiation, legal review, ami execution of lease 
• Making contact with several property owners 
• Exchanging and negotiating lease doctm1ents 
• Executing and recording documents 

SS,OOO 
per location 

S6,000 
per location 

Tolalfor DCfOst charger and 3-year service $109,500 to S 122,000 

'' Land costs are not included here. 
h 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. 
c Additional costs could be incurred if addition of multiple chargers increases demand charges or requires additional electricity 
service upgrades. 
NOTE: A, amperes; AC, altemating current; DC, direct current; k\V, kilowatt; V, volt. 
SOURCE: Based on data from Pll (2009), 

to install a network ofAC level 2 charging stations in its ser
vice area, where it is the only electricity provider, and to oft'er 
its residential customers unlimited usc of the chargers tOr 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 Energy, personal 
communication, December I H, 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 ( l) 
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 ditTer
cnt utilities contributed to investments in public charging 
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infrastmcture. 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 regulatmy policies that arc used to encourage utility 
investment. 

Commercial Charging Pnwiders 

Mostly in response to government grants, several pri
vate companies have entered the business of installing and 
managing public charging stations. These charging stations 
are a mix ofAC level 2 and DC t1tst chargers and arc located 
both between and within cities. The companies have been 
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experimenting with ditTcrcnt models in their efforts to recov
er their capital costs and the costs of electricity. For example, 
ChargcPoint (2014) is pricing on a per-charge-event basis, 
while NRG/eVgo (2014) relics on both a monthly subscrip
tion fee and a fcc per minute of plug-in time. Depending on 
state legislative and regulatory rulings, chnrging providers 
might avoid being regulated as utilities by not charging in 
proportion to the amount of electricity consumed (sec fur
ther discussion in Chapter 6). NRG/cVgo relics 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 it 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 
event or per minute of charging time), generating an attrac
tive rate of return on invested capital is much more challeng
ing. One of the early providers of charging infrastructure, 
ECOtality, encountered financial ditliculties and filed for 
bankmptcy in October 2013; its Blink assets, including the 
network of Blink charging stations, have been purchnsed by 
Cm·Charging (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/cVgo (2014) olfers 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 pub lie stations at 10 cents per minute 
of plug-in time. And unlike most other public stations, its 
Freedom Chargers include DC l11st chargers and AC level 2 
chargers and arc located mainly along major transportation 
corridors within the metropolitan areas it serves. 7 

Box 5-1 provides a hypothetical calculation tOr the eco
nomics of providing public charging stations using a business 
model that collects monthly subscription fees and also charges 
customers tOr charging time. The calculation suggests that it 
might be ditficult for charging providers to survive unless 
their capital costs arc at least patiially subsidized by public 
funding or by others, such as vehicle manut1tcturers. That said, 
the committee heard concems flum private charging develop~ 
ers that subsidizing infrastructure investments tended to un
dennine the business models of firms that were prepared to 
finance infrastmchtrc with their own capital. 

Vehicle J\1am{/ilclurers 

Vehicle manufacturers might deploy public charging in
ffastmcturc to drive sales of PEVs or to position themselves 

7 eVgo areas include Houston, Dallas~Fort Worth, Los Angeles, Snn 
Fmncisco, Snn Diego, the San Joaquin Valley, nnd Wnshington, D.C. 
To the extent that the provision ofn network oftflst-clmrging stntions 
helps cntalyze PEV sales, totnl electricity consumption will increase 
by much more than electricity consumption 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 government subsidies, it seems unlikely 
that any companies other than BEY manufacturers could have 
a business case tOr covering the installation and maintenance 
costs of DC fast-charging intfastmcture deployed in intercity 
and interstate highway corridors. \Vhether the infrastructure 
would be publicly accessible is uncertain as a vehicle man
ut3cturer would have little incentive for providing charging 
infrastmcture tOr PEVs that it did not produce. For example, 
only Tesla customers can use Tesla-built chargers because of a 
Tesla-spccific plug. In the case ofNissan, 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 Gow!rnment 

If a categoty of charging infrastruch1re is deemed to be 
particularly effective at inducing PEV deployment but no 
private sector entity has a strong case for building such infra
stmcture, the federal government might consider funding it 
as a worthwhile investment. The committee heard concems 
that government money was likely to crowd out private in
vestments 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 
comprise 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 infrastrucn1re 
lead to increases in deployment and eVMT. 

Finding: Utilities that can capnue the entire residential elec
tricity consumption of PEV owners appear to have a viable 
business model for investing in public charging infrastrucn1re. 

Finding: Initiatives undertaken by Tesla and Nissan suggest 
that vehicle manufacnuers that wish to penetrate the market 
for BEYs perceive a business case for investing in extensive 
networks of DC fast-charging stations. 

Finding: Apart tt·om BEY manufacnuers and utilities (or 
groups of utilities), the committee has not been able to iden
til)' any private sector entities that have an attractive busi
ness case for absorbing the full capital costs of investments 
in public charging intfastructure. 
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BOX 5-1 Some Hypothetical Economics for Providers of Public Charging 

This box considers the economics of providing a network of K public AC level 2 charging stations to serve N customers who rely 
primarily on residential charging but, on average, add 30 minutes of charge four limes a month (or 1 hour of charge twice a month) 
at public chargers. 

Assume !hal each charging station involves a capital oullay of $10,000 and !hal !he investor requires a payback in 3 years, which in 
round lenns amounts to about $3,600 per year per station, or $300 per month per station. 

Assume that customers are charged 10 cents for each minute of plug-in time and that each hour of charging generates $2 of revenue 
over and above electricity costS plus maintenance costs. Thus. use of the charging network generates net revenues of $4N per month. 

Assume that customers are willing to pay a subscription fee of $F per month for the assurance of access to the network of stations. 
implying subscription revenue of $NF per month. 

Then the break-even value of N, calculated as a function ofF, must satisfy NF = 300K- 4N, or 

N= 300K!(F+ 4) 

And the break-even value ofF as a function of KIN can be expressed as 

F = 300(K!N) • 4 

This suggests !hal a finn with 200 subscribers for every 10 charging stations could break even by charging a subscription fee of $11 
per month. 

Note, however, !hal the economics becomes much more difficult for networks of DC fast chargers, which require much larger capital 
ouUays, or for AC level 2 networks !hal have to compete with networks of fast chargers. 

Finding: The tCdeml government might decide that provid
ing public charging infntstructure serves a public good when 
others do not have a business case or other incentive to do so. 

Recommendation: The federal government should refrain 
tt·om additional direct investment in the installation of pub
lic charging infrastmcture pending an evaluation of the rela
tionship between the availability of public charging and PEV 
adoption or use. 

REFERENCES 

AeroVironment. 2010. "EVs and LEED Certification." AV 
Connect, October. http://www.avinc.com/plugin/nl002/ev 
s _and _leed _certification. 

Ahmed, A. 2013. "Workplace Electric Vehicle Charging." Pre
sentation to the Committee on Overcoming BmTiers to 
Electric-Vehicle Deployment, Washington, DC, August 13. 

Andrews, M., M.K. Dogm, J.D. Hobby, Y. Jin, and G.H. Tucci. 
2013. "Modeling and Optimization for Electric Vehicle 
Charging Infrastructure." Innovative Smart Grid Tech
nologies Conference, Washington, DC, Febmary 24-27. 

Ancgawa, T. 2010. "Development of Quick Charging System 
for Electric Vehicle." World Energy Congress, Montre
aL Canada, September 12-16. http:/189.206.150.89/doc 
uments/congresspapers/322.pdf. 

SC-2 

Austin Energy. 2012. "For Less Than $5 Per Month, Austin 
Energy Offers Unlimited Electric Vehicle Charging at 
More Than 100 EVerywhcreTM Stations." Press release, 
March 2. 

Borden, E.J., and L.B. Boske. 2013. Electric Vehicles and 
Public Charging Infrastmcturc: Impediments and Oppor
tunities tOr Success in the United States. Center tOr Trans~ 
portation Research, University ofTexas at Austin, July. 

CarCharging. 2013. "Nissan and CarCharging to Expand 
Electric Vehicle Quick Charger Network." News release, 
May 14. http://www.earchargi ng.com/about/news/all/nis 
san-and-carcharging-to-expand-elcctric-vehicle-quick
charger -network/. 

ChargePoint. 2014. "Start Charging Today." https://www.char 
gepoint.com/get-started/. Accessed October 23, 2014. 

Chen, T.D., K.M. Kockclman, and M. Khan. 2013. "The 
Electric Vehicle Charging Station Location Problem: A 
Parking-Based Assignment Method tbr Seattle.'' Pre
sented at the 92nd Annual Meeting of the Transportation 
Research Board, Washington, DC, January 13-17. http:// 
www. cacc. u texas. edu/pro f/koc ke l man/public_ htm ll 
TRB 13EVparking.pd[ 

Consumers Union and the Union of Concerned Scientists. 
2013. "Electric Vehicle Survey Methodology and As
sumptions: American Driving Habits, Vehicle Needs, and 



Overcomi11g Barriers to Deployment a_( Plug-in Electric Vehicles 

Attitudes Towards Electric Vehicles." December. http:// 
www.ucsusa.org/asscts/documents/clean_ vehicles/UCS
aud-CU-Electric-Veh ide-Survey-Methodology. pd t: 

DeMorro, C. 2014. "Nissau Launches "No Charge to Charge" 
Program for LEAF Buyers." Clean Technica, July 10. 
http://cleantechnica.com/20 14/0711 0/nissan-launches
clm rgc-c ha rge-pro gra m-1 ea f-bu ycrs. 

DOE (U.S. Department of Energy). 2013. Plug-In Electric 
Vehicle Handbook for Workplace Charging Hosts. Clean 
Cities, August. http://\\~vw.afdc.energy.govluploads/pub
lication/pev _workplace_ charging_hosts.pdf 

DOE. 2014a. "California Laws and Incentives." Alternative 
Fuels Data Center. Last updated November 2014. http:// 
www.afdc. energy.gov/laws/statc _ summmy?state=CA. 

DOE. 2014b. "EV Everywhere Workplace Charging Chal
lenge." http://cncrgy.gov/eere/vehicles/cv-cvcrywhere
workplacc-charging-challengc. Accessed December 30, 
2014. 

DOE. 2015. "Alternative Fuels Data Center: Alternative Fu
els Station Locator." http://www.afdc.energy.gov/loca
torlstations. Accessed April 8, 2015. 

ECOtality. 2013. "What Kind of Charging Infrastructure Do 
Chevrolet Volt Drivers in The EV Project Use?" The EV 
Project. Lessons Learned White Paper. September. http:// 
avt.inl.gov/pdfiEVProj/VoltCharginglnfrastructureUs
ageSep2013.pdf. 

ECOtality. 2014a. "Where Do Nissan Leaf Drivers in The 
EV Project Charge When They Have the Opportunity 
to Charge at Work?" The EV Project. Lessons Learued 
White Paper. March. http://avt.inel.govlpdfiEVProjiChar 
gingLocation-WorkplaceLeafsMar20 14. pdf. 

ECOtality. 2014b. "Where Do Chevrolet Volt Drivers in The 
EV Project Charge When They Have the Oppm1unity to 
Charge at Work?" The EV Project. Lessons Learned White 
Paper. March. http://avt.inel.gov/pdllEVProj/ChargingL 
ocation-WorkplaceVoltsMar20 14.pdf. 

Francfort, J. 2011. "U.S. Department of Energy's Vehicle 
Technology Program: Plug-inElectric Vehicle Real World 
Data from DOE's AVTA. Idaho National Laboratory, 
EPRI Infrastructure Working Council, Tempe,AZ.:" De
cember. http :/I my docs .epri .com/docs/pub! icmceti ngma 
terials/1112/PDNNSH5Q3Z2/Day%20 I %20Plu
gin%20Electric%20Vehicle%20Codes%20&%20Stan
dards.pdt: 

INL (Idaho National Laboratory). 2014. EV Project Electric 
Vehicle Charging Infmstructure Summary Report: Octo
ber 2013 through December 2013. INL/MIS-10-19479. 
http :/Ia vt. i ne l.gov lpd fiE VPro j IE V Project In frastruc
tureQ42013.pdf. 

IRS (lntcmal Revenue Service). 2014. Publication 15-B: Em
ployer's Tax Guide to Fringe Benefits. Washington, DC: 
Government Printing Office. 

Jennings, D. 2013. "EV Charging at Lynda.com." Presenta
tion to the Committee on Overcoming Barriers to Elec
tric-Vehicle Deployment, Washington, DC, August 13. 

SC-2 

Motavalli, J. 2013. "Shop While You Charge: Consumers and 
Retailers Are Plugging In." New York Times, July 9. 

Musgrove, R. 2013. "Global Vehicles." Presentation to the 
Committee on Overcoming Barriers to Electric-Vehicle 
Deployment, Washington, DC, December 3. 

Nicholas, M .. G. Tal, and J. Woodjack. 2013. "Calilomia State
wide Charging Assessment Model tor Plug-in Electric Ve
hicles: Learning from Statewide Travel Surveys." \Vorking 
Paper UCD-ITS-\VP-13-01. Institute of Transp011ation 
Studies, University ofCalitOmia. Davis. January. 

Nissan. 2013. "Nissan to Triple Electric Vehicle Fast-Chargers; 
Partners with NRG Energy to Build First Fast-Charge 
Network in \Vashington D.C. Area." Press release, Jamt
ary 31. http://nissanncws.com/en-US/nissan/usa/rcleases/ 
nissan-to-triple-electric-vehicle-fast-chargcrs-partncrs
with- nrg -energy-to-build- first- Htst -chargc-n etwork- in
washington-d-e-area. 

Nissan. 2014. "Nissan launches programs to make LEAF 
charging free and 'EZ.' Press release, April 16. http:// 
n i ssan news. com/ en-US/ n i ssan/ usa/re lea ses/n lssan
launches-programs-to-make-leaf-charging-frce-and-cz. 

NRG/eVgo. 2014. "Electric Car Charging Plans." http:// 
www.nrgevgo.com. 

PB (Parsons Brinckerhoft). 2009. "Alternative Fuels Corri
dor Economic Feasibility Study." Prepared lor Washing
ton State Department of Transportation, Office of Pub
lic/Private Partnerships, January 23. http://www.wsdot. 
wa.gov/NR/rdonlyres/5C 14E61 0-713A-4600-A88D
C56 7 AF 49D096/0I A ltFue lsFinalReport .pdf. 

Peterson, D. 2011. Addressing Challenges to Electric Vehi
cle Charging in Multitiunily Residential Buildings. The 
Luskin Center for Innovation. Los Angeles, CA. June. 
http :llwww.luskin.ucla. edu/sitcs/dctimltlfiles/EV _ M ul
tif.1mily _Report_ I 0 _ 20 ll.pdf. 

Peterson, S .. and J. Michalek. 2013. Cost effectiveness of 
plug-in hybrid electric vehicle battery capacity and charg
ing inf11tstructurc investment for reducing U.S. gasoline 
consumption. Energy Policy 52: 429-438. 

Recargo. 2014. "Charging Station Finder." http://www.plug
share.com/. Accessed October 23, 2014. 

Smart, J. 2014a. "PEV Infrastructure Deployment Costs and 
Drivers' Charging Preferences in the EV Project." SAE 
2014 Hybrid and Electric Vehicle Technologies Sympo
sium, La Jolla, CA. Febmary II. http://avt.inl.gov/pdl/ 
E VProj/SAEHybridEVSympF cb20 14. pdf. 

Smart, J. 20 14b. "Workplace Lessons Learned through the Na
tion's Largest PEV Charging Projects." DOE Workplace 
Charging Challenge Summit, Alexandria, VA, November 
18. http://avt.inl.gov/pdllEVProjiWorkplaceChargingDa
tainsights.pdf. 

Smart, J. 2014c. "EV Charging Intrastmcture Usage in Large
Scale Charging Infrastmcture Demonstrations: Public 
Charging Station Case Studies lor ARB." Plug-in Electric 
Vehicle Intiastmcture IntOnnation Gathering Meeting, 



Charging fl{/1-cl.<;lructure fOr Plug-in Electric Vehicles 

July 15. http://avt.inel.gov/pdi/EVProjiEVIntrastmcturc
UsageARBJul20 14.pdf 

Smart, J. 20 14d. "Latest Insights ti·mn The EV Project and 
ChargePoint America PEV Infrastmcture Demos." Pre
sentation at the GITT meeting at INL, August 12. http:// 
avt. inel.gov lpdt/E V Proj/GITTE VProjectAug20 14. pdf. 

Smart, J., and S. Schey. 2012. Battety electric vehicle driv
ing and charging behavior observed early in the EV 
Project. SAE International Journal of Alternative Pow
ertrains I( I): 37-33. 

Smart, J., and S. White. 2014. "Electric Vehicle Charging 
Infrastmcture Usage Observed in Large-scale Charg
ing Infrastructure Demonstrations.'' Presentation to the 
Committee on Overcoming Barriers to Electric-Vehicle 
Deployment, Irvine, CA, Februmy 25. 

Tate, E., and P. Savagian. 2009. "The C02 Benefits of Elec
trification E-REVs, PHEVs and Charging Scenarios." 
SAE Technical Paper 2009-01-1311. SAE lntemational, 
Warrendale, PA. 

SC-2 

97 

Tesla. 2014. "Supercharger: The Fastest Charging Station on 
the Planet." http://www.teslamotors.com/supercharger. 
Accessed May 18,2014. 

Traut, E.J., C.C. TsuWei, C. Hendrickson, and J.J. Michalek. 
2013. US residential charging potential for electric ve
hicles. Transportation Research Part D 25: 139-145. 

U.S. Census Bureau. 20 II a. "20 II American Housing Sur
vey tor the United States, Table C-02-AH." http://www. 
census.gov/housing/ahs/datalnational.html. 

U.S. Census Bureau. 20 II b. "20 II American Housing Sur
vey tor the United States, Table C-0 1-AH." http://www. 
census.gov/housing/ahs/data/national.html. 

Vance, A. 2013. "Gone in 90 Seconds: Tesla's Battery-Swap
ping Magic." Bloomberg Businesswcek, June 21. http:// 
www.busincsswcck.com/articles/20 13-06-21 /gonc-in-
90-seconds-teslas-battery-swapping-magic. 

Wald, M. 2013. "A Recharging Industry Rises." New York 
Times, November 12. http:l/w\\~v.nytimes.com/20 131111 
13/busi ness/energy -en vi ron men tJ electric-ears-give-rise
to-a-recharging-industry.html. 



6 

Implications of Plug-in Electric Vehicles for the Electricity Sector 

An important component of the ecosystem of the plug-in 
electric vehicle (PEV) is the electric utility, which provides 
the electricity that powers the vehicle.' Electric utilities in 
the twenty-first century have experienced eroding demand 
(see Figure 6-1) and view PEVs as a potential source of in
creased demand (Kind 2013; EEl 2014). The Edison Electric 
Institute, the largest trade association for electric 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 (EE12014). 

An important concern raised by the public and policy 
makers, however, is the abillty of electric utilities to accom
modate PEV charging, a concem 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 20!2).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; EIA2012).3 Accordiugly, the electric
ity sector does not perceive PEVs as posing any ncar-tcnn or 
mid-tenn challenges. However, some have assumed that elec
tric utilities cannot accommodate transportation clcctrificHtion 
with the current grid infmstructurc. That mistaken belief is 
also held in other countries and has been cited as a key reHson 

1 An electric utility is a publicly or privately owned company that 
generates, transmits, and distributes electricity tbr sale to the public 
and includes vertically integrated utilities that own their generation 
plants, transmission components, and distribution wires and un
bundled utilities that separate the generation, transmission, distri
bution, and retail into difthent businesses. Although the majority of 
electric 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 ret'erred to as lllllllis. The largest muni in the United States is 
the Los Angeles Department of\Vnter and Power. 

2 This estimate assumes that ench PEV consumes about I 0 kWh/ 
day. 

3 This estimate assumes the aforementioned consumption tbr ve
hicle charging and that there would be 192.5 million light-duty ve
hicles on the road. which is equivalent to the number in 2011 in the 
United States (DOT 2014). 
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why elechic utilities have not been allowed to take a more 
proactive role in fhcilitating the deployment of PEYs and the 
Hssociatcd chmging intfastmcturc (Ancgawa 2010). There
fore, it is important to examine the cunent electricity sector 
and consider what impediments might exist. 

Accordingly, this chapter examines potential impedi
ments from the perspective of the individual components of 
electric utilities (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 strucn1re of electric utilities. Physical constraints 
in the distribution infrastructure tOr PEV charging are iden
tified next. followed by a discussion of potential economic 
constraints and impediments within the delivery system. One 
scenario tOr a hypothetical utility of the future is described at 
the conclusion of the clmpter. The committee's findings and 
recommendations arc provided throughout the chapter. 

One important point that should be noted betOre begin
ning the discussion of the electricity sector is that the federal 
govcmmcnt 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 inter
state commerce, the retail electricity sector is regulated heav
ily and almost entirely by individual stHte regulatory com
missions. Thus, the ability of private-investor-owned electric 
utilities to fOster or impede the development of PEVs will 
vary significantly based on the Hctions of the individual state 
utility commissions. Furthermore, ditl'erent regulatory bodies 
oversee municipal-owned utilities, federally owned utilities, 
cooperative utilities, and, as indicated, the wholesale markets. 
These jmisdictional and regional regulatory ditlCrences limit 
the tCdcral govemmcnt's ability to atTect 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 federal role in directing the electricity sector to tOster PEV 
gro\\1h. 
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FIGURE 6-I U.S. electricity demand growth, 
1950-2040. From the 7 percent annual growth 
rates from the 1950s through the 1970s to the 
declines of the 1980s and 1990s when aver
age growth in demand was about 3 percent per 
year, the first decade of this century has been 
nearly flat with an average growth rate of only 
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 PHYSICAL AND ECONOMIC 
STRUCTURE OF THE ELECTRICITY SECTOR 

Figure 6-2 is a schematic of the U.S. electricity sector. 
Generation companies produce electricity from fossil or non
fossil (nuclear and renewable) sources. Transmission entities 
arc 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 energy to retail customers, residen
tial, commercial. and industrial. They may be independent 
or part of a vertically integrated electric utility. 
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Today's stmcture of the electricity sector and the busi
ness entities 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 tbrmally separated genera
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). ln the 
Northeast, Midwest, Southwest, Texas (ERCOT), and Cali
fOrnia, Order 888 has resulted in the creation oflndepcndent 
System Operators (ISOs); in the remainder of the country, 
Regional Transmission Operators (RTOs) act as wide area 
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system operators. The ISOs and RTOs operate and control 
the transmission system and manage the organized whole
sale markets between generators and retail suppliers and 
large industrial customers. Independently owned electricity 
generators operate by selling wholesale electricity into or
ganized or bilateral markets; that electricity is transmitted 
by separate c01vorate and operational entities to distribution 
companies. which serve retail consumers. 

GENERATION AND TRANSMISSION 

For roughly 60 percent of the United States, the electric
ity sector operates through organized markets coordinated 
by ISOs (EIA 20 II). Most electric consumers in the United 
States get their energy fl·om generators within large, central
ly controlled regional networks. Their energy is transmitted 
over high-voltage wires that arc regulated by the FERC. That 
energy is finally delivered through a distribution system reg
ulated by state public utility commissions (PUCs) that arc re
sponsible tOr setting the price paid per kilowatt hour. \\1here 
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 stmeture their ser
vices rather than set the price per kilowatt hour tOr electricity 
delivered to consumers. 

Understanding the electric power delivery chain is criti
cal tOr understanding the current and fuh1re interactions be
tween electric utilities and PEV charging systems and for 
identifYing any impediments that might be introduced by 
electric 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 inll"astmcture (Maitra 
20 II). 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 genemtion and the transmission sec
tors are critical to the ultimate delivery of electricity tOr 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 
electricity sector. From the perspective of the largely competi~ 
tive wholesale electricity market, any increase in demand is 
welcome, particularly demand that has the potential 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. 
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PHYSICAL CONSTRAINTS IN THE 
DISTRIBUTION INFRASTRUCTURE 

Although the introduction of PEVs is not constrained by 
the transmission system or the generation capacity. the electric 
sector distribution infrastructure. which is a lower voltage and 
lower capacity segment of the electric power system, could 
face operational constraints. PEVs are not, nor are they antici
pated to be, unitOnnly distributed within the country or any 
region but are instead generally expected to be locally concen~ 
trated (sec Chapter 3). PEVs have typically been concentrated 
in specific geographic areas that have higher median incomes, 
place higher values on environmental issues and energy se~ 
curity, and have higher average educational levels. Those de~ 
mobrraphics suggest that PEV acquisition will be concentrated 
in particular residential areHs of the distribution system. As a 
result, any of the potential problems tOr the distribution sys
tem noted above will most likely be localized (Maitra 20 II). 
Several scenarios in which problems could arise are discussed 
below. 

The first scenmio in which PEVs could pose an operation
al constraint on the distribution infrastmcture is when several 
PEVs are simultaneously being charged on one transtOnner 
or one branch circuit that was designed to serve the traditional 
loads of a few residences. In that scenario, PEV charging could 
affect power system stability; for example. charging could 
cause a voltage drop in the local distribution system or cause 
voltage and current phase imbalances. Thus, the introduction 
of several PEVs could necessitate upgrades to the distribution 
system, such as a new transtOnner or a larger branch circuit that 
would not otherwise have been needed. 

The charging of an individual PEV could be a challenge 
to the distribution company if that charging is coincident with 
peak electricity consumption on any individual distribution 
system element operating at full capacity. It would be ex
tremely rare tOr PEV charging to coincide in time 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 II 
p.m. That scenario at the residential circuit level could over~ 
load four components of the distribution infrastructure: the 
service drop (the wire fi·om local transtOnncr to the home or 
other point of charge), the local distribution tmnstOrmer, feed
ers (wires from local distribution transtOnner to distribution 
substation), or a substation transtOrmer. Figure 6-3 provides 
an example of hourly demand tOr electricity at a substation 
within a residential distribution system and illustrates the pat
tem of residential consumption for several cases. Case 1 illus
trates what might happen without any incentives tOr otf-peak 
charging. It shows a mcasumble impact on the peak and indi
cates that without incentives to reduce charging on peak, there 
could be specific locations where additional capital invest
ments might be needed to accommodate the added demand 
li"Om PEV charging. 
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FIGURE 6w3 Hourly demand for electricity at a substation in a residential distribution system. NOTE: A, amperes; k\V, kilowatt; 
PHEV, plug-in hybrid electric vehicle; V, volt. SOURCE: Maitra et al. (2009). Image courtesy of Electric Power Research Institute. 

From the perspective of the distribution company, PEV 
charging represents an added uncertainty tOr 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 pattcm of charging will be coinci
dent with local peak electricity consumption. Finally, there is 
the question of whether there arc 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 eflects, such as strong pricing incentives, timing re~ 
strictions, or indirect or direct charging controL Research done 
in CalifOrnia on different pticing incentives shows that PEV 
owners arc price responsive, that larger price diftCrentials 
encourage customers to charge otT-peak, and that customers 
tend to remain on these timc-of~day, price ditlCrentiated taritls 
(CPUC 2012a). 

Research also indicates that even without time-ditlercn
liated rales, PEV charging patterns tend lo tollow a pattern 
that has only moderate ctlCcts on distribution system peaks 
(CPUC 2014). With the near-term adoption levels antici
pated tOr 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 arc 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-less than 
0.75 percent ofPEVs have required a local dish·ibution sys
tem to upgrade a component-and has cost ratepayers only 
$36,029 overall (CPUC 2014). 

Anolher study, by the largest Calilornia utilities (E3 
2014), demonslrates that even at high PEV adoption levels, 
the impacls on the distribution grid are minimal. The E3 study 
used the distribution data and load patlems tor the Califor
nia utililies, analyzed the dislribulion 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 2030 for two scenarios: a normal case that meets the 
Califomia zero~vehiclc-emission mandate and a case that 
has adoption levels three times higher than the nonnal case. 
The study found that even for the highest adoption levels, the 
cost would be less than I 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 expressed about future pattcms 
of charging and the resulting impact on the reliability of the 
distribution system with the introduction of DC fhst charging 
(see Table 5-l ). However, because the typical driving distance 
tOr a PEV is not likely to change because of f3st charging. the 
higher charging levels simply mean that PEVs will charge in a 
shorter period of time while requiring the same overall quan
tity of energy. The higher power, shorter duration charging is 
unlikely to have a substantial efl'ect on the distribution infra
structure. Furthermore, data from the EV Project indicate that 
DC t11st charging represents only a small proportion of charg
ing tOr vehicles (less than I percent of the encrb1Y demand for 
the Nissan Leafs in the sn•dy) (lNL 2014). 

Finding: PEV charging has had a negligible cftcct on the 
distribution-system components to date and is expected to 
have a negligible future et1cct at the anticipated rates ofPEV 
adoption. 

POTENTIAL ECONOMIC CONSTRAINTS OR 
Ii\IPEDIMENTS WITHIN THE DELIVERY SYSTEM 

\Vith its existing capabilities, the generation and trans
mission elements of the U.S. electric power system arc suf
ficiently robust to provide the infrastructure and deliver the 
energy required tbr PEV charging. As indicated above, any 
physical constraints or impediments to the distribution sys
tem will be highly localized and most likely will be only 
within individual distribution branches in the ncar to mid
tenn. Thus, any constraints on PEV adoption that could arise 
from the electricity sector arc more likely to be economic 
rather than physical or technical. 

The economic constraints arc primarily associated with 
two fhctors: high underlying electricity costs and inctlCctivc
ly aligned rate structures. High underlying electricity costs 
reduce the financial benefit of owning a PEV by making the 
costs to drive the PEV closer to those of an ICE vehicle. 
The elechicity cost is most often a function of the underly
ing characteristics of generation on a regional basis, with the 
hydroelectric generation of the Northwest producing much 
less expensive electricity than fossil-fuel generation of the 
Northeast. The regional dill'erenecs in electricity costs add 
confusion to uniform explanations of the economic operat
ing benefits ofPEV ownership, as noted in Chapter 3. 

A minor economic concern is the small possibility that 
system 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 set 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 taritlS that govern wheth
er individual customers are responsible tbr any electricity 
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system upgrades that are incurred solely on their behalf or 
whether those costs can be spread over all electric customers. 

The distribution company rate taritlS that are oftCred to 
end-use retail customers could raise obstacles to PEV adop
tion, including (I) inconsistency between rate tm·i!ls, (2) Jack 
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 tbr descriptions of various rate stmctures). 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 tfom 
region to region, state to state, and distribution company to 
distribution company. State-regulated rate structures arc de
signed to allow a regulated retailer to recover its fixed and 
variable costs and earn a tltir rate of retum. The costs in~ 
elude 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 l\11l 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 
itsel[ Uniform change appears to be nearly impossible given 
the fhct that electric tariflS 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 companies tltce, and the vagaries of be
ing regulated by 50 dilferent state regulators and the local 
regulatory bodies that oversee more than 2,000 municipal 
and cooperative utilities. On the other hand, that same vari
ability has allowed for multiple experiments in how to de
sign rate structures for PEV charging. 

The substantial ditTerences in electric rates tfom one 
utility to another and between states arc impediments to 
PEV adoption because it prevents a sales campaign tfom 
communicating easily or simply the economic benefits and 
costs of PEVs to potential buyers. Consumers have become 
accustomed to translating mpg values in national advertis
ing tbr 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 Connecticut (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 diflCrcntials in peak and otl'"-peak 
rates~ if they exist, or any demand charges that might be ap
plied. Also, it does not consider the variety of types ofPEVs, 
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TABLE 6-1 Definitions. Advantages, and Disadvantages of Various Types of Electric Rates 
Type of Rate 

Flat rate 

Fixed charge ami 
volumetric charge 

Tiered mtes 

Demand charges 

Time-of-Use 
(TOU) rate 

Critical Peak 
Pricing (CPP) 

Dynamic rate 

Relevant Definition 

An avcrJ.gc rate charged volumetrically in cents per kWh: it would apply 
to all usage (e.g., $0.18/kWh). 

Fixed charges are monthly chargcl'i (e.g., $5/month) applicable to all customers 
regardless of IL~agc: they are intended to reflect cost.' that do not change with 
usage and are necel'osary to ensure constant availability of service. 
Volumetric charges are per kWh charge:. ba.,ed on electricity usage during the 
billing cycle (e.g., $0.15fkWh); they arc intended to reflect cost~ that change 
with usage (e.g .. variable genemtion charges) ami typically include generation, 
distribution, transmission, and public purpose program cost~. 

A mte that changes a.~ a function of cumulative cu.,tomer electricity usage in a 
monthly bill cycle. The tiers generally are defined from a baseline quantity or 
monthly minimum. Prices in an "invo:rted tier" or "inclining block" mte increa.~e 
as cumulative electricity u~age increases. For example, Tier I, electricity u.~agc 
up to the ba.~eline amount: Tier 2, electricity usage from I 0 I to \30 percent of 
ba.~eline; Tier 3, electricity u.~age from 131 to 200 percent of baseline; Tier 4, 
electricity usage greater than 200 percent ofba.~eline. 

Calculated on a per·kW ba.~~~ for a customer's monthly maximum power usage 
(e.g .. $5/kW). Demand charges are generally calculated to reflect tho:: cost of 
transmission and distribution facilities built to meet cu.~tomer.;' maximum power 
demands. Demand charges aro::: in addition to vo\umo:::tric energy charge:. (per 
kWh), but the volumo:::tric energy charge:. are lower than those on mtc schedules 
without demand charges. 

A rnte that prices electricity according to the sea.~on or tim<: of day that it i,, used. 
A TOU r.tte design more closely reflect.~ the actual cost of providing electricity; 
it is chamcterized by 

• Lower rates during a utility's off·peak and partial-peak do:::mand periods. 
• Higher rates during sea.~onal and daily peak demand periods. 
• Becau.~e TOU rntes are higher during the peak period, when incremental 

cost.~ are highest, they send more accurate price signals to customers. 

A dynamic mte that allows a short-term price increa.~c to a predetermined 
level (or levels) to reflect real-time system conditions. In a fixed-period CPP, 
the time and dur.ttion of the price increase arc predetermined, but the days arc 
not predetcnnined. CPP progmm~ provide participating customo:::r.; an incentive 
to :.hift u.'age away from peak hours on a CPP event day. CPP event days are 
generally called 24 hour.; in advance. 

A dynamic r.ttc allows prices to be adjusted at short notice (typically an hour or 
a day ahead) as a function of system condition.~. Either the price or the timing or 
both arc unknown until real-time system condition.~ warmnt a price adju.,tment. 
Examples include real~time pricing (RTP) and critical peak pricing (CPP). 
RTP allows prices to be adjusted frequently, typically on an hourly ba.~i.,, to 
reflect real~time system condition.~. 

SOURCE: Based on data from CPUC (2012b). 

Advantages 

• Simple and understandable. 

• Simple and understandable. 
• May better reflect cost~causation. 
• Reflect~ the per cu.~tomer fixed cost~ required 

to serve each customer on per month ba.~i.,. 

• Ba.~elinc promotes affordability for ba.~ic 
needs. 

• Higher tier r.ttcs are perceived to encoumge 
conservation. 

• Two tiers are relatively simple to understand 
compared with a more complex r.tte structure. 

• Might better reflect cost causation. 

• Accomplishes sever.tl goak reflect' economic 
value (marginal cost) of energy. encoumges 
conservation and reduces po:::ak u.~e. and leads 
to economically efficient decision making. 

• Depending on their consumption pattern, 
cu~tomcr.; could sec lower or higher bills. 

• Encourages off-po:::ak charging ofPEVs and 
greater use of re:.idential or commercial solar 
photovoltaics. 

• Provides direct peak reduction for tho:: utility. 
• Enro\l~..>J cu.~totners wbo respond to event 

notifications will see lower bills. 

• Accomplishes seveml goals: reflect.~ economic 
value (marginal co~t) of energy, encourages 
con.~enr.ttion and reduces po:::ak usc, and lead~ 
to economically efficient deci~ion making. 

Disadvantages 

• Unlikely to reflect cost causation fully (the impact of a 
customer's consumption on the total cost of the system). 

• Docs not encoumge behavioral changes in energy usage 
(e.g., switching from on-peak to off-peak). 

• Likely to increa.~e bills for low-use customer.; compared 
with flat rate or tiered structure. 

• Fixed charges might not fully reflect co:.t-cau:.ation for 
c\a.,se~ of customers (e.g.. multifamily vs single-family 
residences). 

• Might decrea.~c incentives to conserve. 

• Doe:. not reflect different consumption needs of single vs 
multifamily residences. 

• ~ultiple lien. are more difficult for customers to understand. 
• lncrea.~ed monthly usage might not actually raise utility's 

cost per kWh. 
• Price signals arc apparent only after bill i.~ received. 
• Poorly differentiated tier:. might cause significant cross 

~ub.,idie:. between customer groups. 

• Might not be :.imple and understandable for residential 
customer.; (typically used for larger, more sophi.~ticated 
commercial and indu.,trial customers). 

• Likely to increa.'e bills for low-u.'e cu.,tomers compared 
with tiered structure. 

• Could di.,courage energy efficiency, conservation mca.~ures, 
customer demand n.-spoo.~e. and cu.~tomer gener.ttion. 

• Could cause some customers' bilb to increa.-;e, cpo:::cially 
tho~c with above-average peak-period usagc. 

• Might increa.~e carbon em~~:.ioo.~ if coal i~ the marginal 
genemting fuel during \ow-priced, off-peak hour.; of 
charging. 

• Enrolled customer.; that do not respond to event 
notifications are likely to see bill increases. 

• Customer response to RTP is enhanced by and gcncr.tlly 
requires tcchnolob'Y controb for monitoring and respoo.~e. 

• Might increa.~c carbon emission~ if coal is the marginal 
gcnemting fuel during low-priced, off-peak hours of 
charging. 
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which include BEYs that nm only on electricity and PHEVs 
that can nm 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 factor of at least two and can vary by a 
factor of 4 or more.4•5 The difficulty in generalizing fueling 
costs is discussed further in Chapter 3. 

Residential electric rate stmctures tOr vehicle charg
ing can also be an impediment to PEV adoption. Flat rates 
provide no incentive fOr the owner to charge the vehicle at 
the optimal time fOr the utility. Given that flat rates represent 
averages over a broad customer base, if the PEV is used for 
commuting and thus is charged at night. tOr example, the flat 
rate is likely to be high relative to the distribution company's 
actual marginal cost of supplying electricity at that time and 
at that location within the distribution system. The incentives 
provided by time-of-usc (TOU) rates are substantially better 
aligned with the tme costs of serving electric customers but 
add to the distribution compnny 's cost if digital, multiregister 
meters are not already installed at the home. Although timc
ditlerentiated rates generally benefit PEV owners, they can be 
a disincentive if owners need to charge during high-priced, 

1 The estimates conservatively assume that TOU or RTP rates 
have only twice the variability seen in average rates. 

5 Assuming that an ICE vehicle gets 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 $ Ll69 if electric costs are 
$0.05/k\Vh, $997 if electric costs are $0.10 /kWh, and only $824 if 
electric costs are $0. 15/k\Vh at 300 \Vh per mile. 
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generally midday, time periods. figure 6-4 shows an example 
of the impact ofTOU 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 teiTitories of the Nashville Electric 
Service (NES) and Pacific Gas and Electric (PG&E). NES 
docs not offer TOU rates. but PG&E docs. Figure 6-4 shows 
that while the vehicles were connected to residential chargers 
for similar times in the two service areas, demand fOr charging 
energy was very ditlerent in the service nreH with TOU pric
ing. PG&E. That finding indicates that nscr 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 otlcn is discretionary, in that it cHn occur any time after 
the vehicle returns home and before it is needed the next day, 
PEV owners can take advantage of time-differentiated 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 
communication, December 10, 2013). TEPCO says that the 
company has not needed to add any new generating capacity 
in over 20 years in large part becHuse its rate structures send 
the Hppropriate price signals to customers, who in turn have 
responded by conserving electricity during peak periods. 

Distribution rates tOr 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 residential 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 usc. SOURCE: ECOtality (20 13). 
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feet on commercial or industrial customers that arc 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 consumption 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 done by the EY Project demonstrates the 
importance of this issue; it found that demand charges could 
account tbr over 90 percent of the utility bill in some areas 
(ECOtality 2012). Thus, it is critical to note that although the 
peak occurs only once and only for a brief period, the ctTcct 
on the customer's bill could be felt fOr far longer, and more 
important, the increased cost could outweigh any potential 
benefits gained by providing PEV charging infrastmcturc. 

There exists one additional impediment to PEVs that is 
directly related to the rate stmcture but difficult to quantify. 
PEVs individually and in combination with other technolo
gies likely to be implemented in the distribution system (such 
as distributed storage. distribtued generation, Elnd advtmced 
controls) might be able to provide a ben~(it to the utility in 
tenus of ancillary services, such as regulation or reserves. The 
supply of those necessmy services to the utility has a positive 
value in tenns of cost savings---costs that the utility would 
have had to expend but tor 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 arc real, even if difficult 
to separate !rom the benefits of other technologies in the dis
tribution system. The fact that PEVs and other technologies 
in the system can and do provide those services provides a 
positive benefit to the operE~tions of the utility and could rep
resent a financial bencfit.6 Although there is some difficulty in 
precisely quantifYing the potential benefit. using the regula
tory framework that exists in Calitbmia would provide about 
$100 per k\V per year of capability and could be an important 
incentive for PEVs if passed on to PEV customers (E3 2014)7 

Rcgulat01y stmctures implemented by PUCs andiSOs could 

6 It has been suggested that benefits should be (and within most of 
the ISOs are) paid tOr 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 h1rther ditlkulty 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 
delivered than the utility requires at any point in time. 

7 This estimate is the net present value over I 0 years tOr a resource 
that would be available tOr the I 00 peak hours of a yem, assuming 
that the cost of a new entry has a weighted average cost of capital of 
an independent power producer. 
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allow these potential revenues to be claimed by PEVs. The ex
isting operating and accounting logics implemented by PUCs 
and ISOs that allow customers to provide these services will 
need to be modified to accommodate PEVs, which arc 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 location. Among those actions, the two 
most important arc deciding which entity in the PEV ecosys
tem should be compensated tbr the service provided and how 
to measure compliance with any dispatch instmction given by 
the electlic utility or ISO. 

Finding: The confusion caused by the substantial differenc
es in electric rates offered to customers by difJerent utilities 
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 trom moving the load !rom peak to ofi~peak. 

Recommendation: To ensure that adopters ofPEVs have in
centives to charge vehicles at times when the cost of supply
ing energy is low, the federal govenunent should propose that 
state regulatory commissions otTer 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 intl-astmcture. Provision of 
PEV charging services can benefit electric utilities as it can 
increase utilization of fixed assets of the distribution infra
structure, potentially lowering rates. increasing revenues, or 
both. As noted. the provision of public charging might also 
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 fhll permission for electric utilities to provide PEV charg
ing services. That action has allowed Austin Energy (Texas), 
Duke Energy (North Carolina), and Portland General Electric 
(Oregon) to fill the need for PEV charging services. In Japan, 
TEPCO is allowed to supp011 the deployment of public charg
ing infrastntcture by providing necessmy interconnection to 
the grid and intemalizing the costs to the shareholders or rate
payers, and this approach has meaningfully reduced the cost 
to install DC tbst chargers in TEPCO's service territory (An
egawa 20 10). 

Thus, many in the PEY and utility industries have called 
tbr 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 utilities to provide charging services and believe that the 
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FIGURE 6~5 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 (20 15). Courtesy of the Center for Climate and Energy Solutions. 

utilities would have an unfair competitive advantage. Such 
policies could put independent public charging providers at 
a competitive disadvantage because utilities have substantial 
existing infrastructure and would be able to spread some of 
the cost of providing charging services across their customer 
base independent of whether any individual customer owned 
a PEV or used the public charging infi:astmcture. 

Another regulatory issue is the extent to which PEV
charging providers me considered to be otTering electricity tOr 
resale and thus would be regulated as a utility. As discussed 
above, in most states, the retail sale of electricity is a com~ 
mercia! 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 stmcture and its po~ 
tential competitive position. In addition, it would atTect the 
company's ability to raise capitaL Many states have not yet 
made a distinction between the retail sale of power and the 
provision ofPEV charging services (Council of State Govern
ments 2013 ). However, a few state PUCs have taken up the 
issue of whether PEV charging services should be a regulated 
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activity, 8 and in a few states, the issue has been addressed by 
the legislature rather than by regulatory intetpretation (see 
Figure 6-5)9 

Finding: Electric utilities that provide PEV charging services 
have multiple reasons for doing so that can positively atrect 
utility ratepayers and the utilities themselves. 

Recommendation: As a means of encouraging consistency 
between jurisdictions, the federal government should propose 
that state regulatory commissions decide that public charg
ing stations arc not utilities and therefOre not subject to utillty 
regulatmy oversight, specifically in setting rates for charging. 

3 For example, see California PUC Rulemaking 09~08·009, Code 
Section 740.2.14, July 2011; Arizona Corporation Conunission 
Docket No. E·Ol345A·IO·OI23, Decision No. 72582. September 
15, 2011; and PUC of Oregon Guidelines Adopted; Utilities Or~ 
dered To Make Revised TarifTFilings, January 19, 2012. 

9 For example, see Washington Substitute I louse Billl571, 62nd 
Legislature, 2011 Regular Session, July 22, 2011; California As~ 
sembly Bill 631; Colorado General Assembly I louse Bill 12-1258; 
and New York !Jill S5110-2013. 
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payers could benefit ffom increased PEV adoption, electric 
utility regulators should encourage their electric utilities to 
provide PEV charging services to their customers when con
ditions indicate that all customers 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 arc taking place on the customer's 
premises or inside the meter, where the customer has more 
control than the utility. 10 Such changes include programmable 
thermostats and smart appliances. There are also many chang
es occuning within the distribution system, including the in
troduction of micro-grids; the increased deployment of dis
tributed electricity generation in the fonn 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. 11 

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 tor charging energy will 
atl'ect the total demand for energy at the distribution level. 
The increase in demand might well be otlSet by an increase 
in supply ffom distributed generation. Combining residential 
PV with the multiple possible fimctions 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 tbr the custmner. 12 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 flexibility and control to manage the overall 
load on the system. 

Finding: PEVs might be a large part of the utility of the fii
ture and could help perform functions that the electric sector 
deems valuable. However, issues associated with customer ac
cess to their vehicles and efJects on battery life will need to be 
resolved befOre vehicles can be fully integmtcd into the utility 
of the futme. 

10 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. 

11 The MIT Energy Initiative sh1dy The Utility of the Fulllre rep
resents one research effort under way to understand the impact of 
disruptive technologies on the utility distribution system. 

12 It should be noted that PEY batteries beyond their useful lite for 
transpo11ation might be useable as stationary stornge 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 detennining what. 
if any, incentives nrc needed to promote this deployment. 
Determining appropriate incentives is difficult because little 
is yet known about the etTcctiveness of PEY incentive pro
grams. Therefore, the committee first considered the price or 
cost cornpetiveness of PEVs and the possibilities tbr reduc
ing production costs. It next considered manut1tcturer and 
consumer incentives for purchasing or owning PEYs 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 vehicle 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 me 
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 ditlCr across vehicles and over time. For example, 
on newly developed vehicles, such as PEVs, vehicle manu
fhcturers might be motivated to incur losses or relatively low 
profit margins in the short nm to promote sales and strength
en their business positions and profit margins over the long 
nm. That type of marketing strategy contributed to the even
nml 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
eling, maintaining, and insuring the vehicle and its resale or 
trade-in value. The total cost ofownership (or overall cost to 
the consumer) of any specific vehicle can be viewed as the 
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etlCctive purchase price (price adjusted for any financial in
centives) plus the costs oftltcling. maintaining, and insuring 
the vehicle, minus the resale or trade-in value. 1 Although the 
distinction between price and total cost of ownership is im
portant, most consumers find it difficult to estimate the latter 
with much 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 bew 
cause fuel costs. maintenance costs. ~md resale values arc 
uncertain, particularly for newer technology vehicles like 
PEVs. That said, tools to help prospective buyers estimate 
and compare the total ownership costs of ditl"'erent 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 diftCrent time horizons under repre
sentative assumptions about other such tltctors as mainte
nance and insurance costs (DOE 20l4a).2 Cumulative cost 
of ownership is distinct 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 ditTcrent 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 of vehicles that consumers choose. As emphasized in 
Chapter 3, PEV adoption also depends importantly on con
sumer awareness, the variety of models available, uncertain
tics about new technologies and resale values, and various 
vehicle attributes that determine its utility to the customer. 
Because there is still much uncertainty about PEV technolo-

1 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). 

2 The website calculator provides zip-code-specific nssumptions 
nbout fuel prices that the user can override. 
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gics and the battery lifetimes, and because there arc not as 
yet well-developed morkets for used PEVs or their botterics, 
consumers arc likely to perceive more uncertainty about the 
total costs of owning PEVs than about the total costs of own
ing conventional vehicles. Those uncertainties make risk
averse consumers less likely to purchase a PEV, other things 
being equaL They also strengthen the incentive to lease a 
PEV rather than purchase one. 

Thus, leasing is a more tiequent choice tOr PEVs than 
tOr conventional vehicles (sec Table 3-3) because it c<mmakc 
monthly payments fbr the vehicle appear more atlordablc and 
reduce the risk of owning one. In a typical leasing ;m·ange
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 ann of the vehicle manufactur
er). In general. the sales price is influenced importantly by the 
amount that the vehicle manutbch1rer charges the dealer tOr 
the car and by any incentive payments or guarantees that the 
manufacturer otl'ers the finance company. 3 The finance com
pany collects the monthly leasing payments and generally also 
receives ( 1) incentives or other subsidies provided by federal 
or state govemments or (2) benefits from lower negotiated 
sales prices resulting from govemment incentives provided to 
manufach1rers or dealers. As such, potential PEV drivers who 
do not have enough income to qualify tOr the tCderal income 
tax credit could still benefit from any credit available with ve
hicle leosing, 

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 dote. 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. 

Tobie 7-1 lists MSRPs for three relatively best-selling 
PEV models, for several hybrid electric vehicles (HEVs), ond 
tOr internal-combustion engine (ICE) vehicles. It excludes the 
Teslo Model S, which tends to be bought by relatively wealthy 
individuals whose purchase decisions might not be highly sen
sitive to price. The table allows 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 
intOnnative because the PEVs and comparative ICE and HEY 
models arc built on the same platforms and thcrctOrc have 
similar production costs tOr components other than those asso-

3 An important influence on the negotiated sales price is the fi
nance company's estimate of the value of the car at the end of the 
lease, taking into account any guamntees by the vehicle manufac
turer. 

SC-2 

ciated with their sources of energy and drive trains.4 The table 
also includes the prices of the Toyota Prius, the Volkswagen 
Passat, and the Nissan Lcat: along with the average transac
tion prices tOr small and midsize vehicle segments, including 
the prices tbr the specialty segment. The committee empha
sizes that the MSRPs shown in the table simply represent price 
points that manufachlfers target, as distinct from the prices at 
which vehicles ore och1olly sold, which arc typically less thon 
the MSRP!:>. Nevertheless, the MSRP comparisons provide 
some useful perspectives. The average transaction price data 
reflect the achml prices paid by the consumer. 

In addition to providing infOrmation on vehicle prices, 
Table 7-l 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 assump
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 cstimotcs of 5-year cumulotive costs of 
ownership assume that purchasers pay MSRPs and receive 
maximum tax credits, and the estimated costs in years two 
through five have not been discounted.5 

As indicoted in Tobie 7- L the MSRPs before consider
ation of the federal tax credits for the PEVs arc all substan
tiolly higher than the MSRPs for the HEVs and ICE vehicles 
listed in the toble. Atler considemtion of the $7,500 federol 
tox credit, the odjusted MSRP for the Chevrolet Volt still sub
stontiolly exceeds the MSRPs for the Chevrolet Cmze LS 
Automatic, the Toyota Prius, and the Volkswagen Passat and 
the average transaction price tOr the specialty small vehicle 
segment. It somewhat exceeds the .MSRP of the Chevrolet 
Cmze Diesel Automotic. The MSRP tbr the Ford Fusion En
ergi, atler odjusting for the $4,007 federal tox 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 5-year 
cumulative cost of owning a Chevrolet Volt-as estimated by 
the DOE calculator using representative assumptions-is. re
spectively, about $2,300 ond $3,400 higher thon the compa
mble 5-yeor costs for the Toyota Prius and the Volkswagen 
Passat at o gasoline price of $2.50 per gallon ond higher by 

<l It is common practice for a vehicle manufacturer to build mul
tiple vehicle models on the same platfonn but that are in different 
market segments. Although the Chevrolet Cruze and Volt are in the 
same size segment, they are not in the same market segment (stan
dan! compact vs premium compact). 

5 In theory, car payments that are spread over 5 years or less have 
present discounted values that equal. or closely approximate, the 
vehicle rviSRP when the payments are discounted at the rate of in
terest charged in financing the car payments. And while discount 
rates between 0 and 6 percent would imply that the present dis
counted value of the 5-year stream of other costs ( tbr fud, tires, 
maintenance, insurance, inspection, and registration) was up to 
several thousand doUars less than five times the annual average of 
those costs-with relatively smaller ditTerences tbr vehicles that 
have relatively lower annual fuel costs (such as PEVs)-the quali
tative comparisons and the finding would not be atl\-::cted, 
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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) 

Model" Vehicle Type MSRP'' MSRP Less Federal Tax Credit" Range of Annual Fuel CostJ 

Chevrolet Volt PHEY 34,185 26.685 540~636 

Chevrolet Cruze LS Automatic (6S) ICE vehicle 19.530 19,530 915-1.464 

Chevrolet Cruze Diesel Automatic (6S) ICE vehicle 25,810 25,810 990-1,485 

Ford Fusion Energi PHEY 34,700 30,693 657-897 

Ford Fusion Automatic ICE vehicle 22.400 22.400 L002-L605 

Ford Fusion Hybrid (FWD) HEY 27.280 27.280 680-1.088 

Nissan Leaf BEY 29.010 21.510 435 

Toyota Priu-; Hybrid HEY 24.200 24,200 581-932 

Volkswagen Passat (6S) ICE vehicle 20,995 20,995 1 ,005-1.608 

Alternative Comparators Average Transactions Pried 

Small vehicles (average) 20.374 

Small vehicles (specialty) 23.129 

Midsize vehicles (average) 25.677 

Midsize vehicles (specialty) 29.759 

"All HEY and ICE vehicle models are ones with four-cylinder engines. 

Range tbr 5-Year Cumulative 
Cost ofOwnershipJ,,· 

40,564-41.03 s 

35.280-38,025 

41,935-44,410 

45,153-46.353 

3 8.589-41.598 

41,855-43,895 

34,860 

38,284-40,033 

37.195-40.210 

"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 5 kWh, up to a maximum of $7,500. The subsidy extends to the first 200,000 PEVs sold by each 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 300 (IRS 2009). 
d Based on 11,500 vehicle miles traveled, S2.50-S4.00 per gallon for gasoline, $3.00-$4.50 per gallon for diesel fuel, $0.125 per kWh for electricity, and DOE assumptions about 
normal daily usc. 
"Includes DOE estimate of$2,235 annual costs for tires, maintenance, insurance, licensing, and registration when vehicle is driven l 1.500 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. 
foata provided by Baum & Associates (A. Baum, personal communication, April22, 2014). 
I\OTE: BEV. battery electric vehicle: FWD, front-wheel drive: HEV, hybrid electric vehicle; ICE, internal-combustion engine: MSRP, manufacturers' suggested retail price; 
PHEV, plug-in hybrid electric vehicle: S, speed. 
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about $1,000 and $800 at a gasoline price of$4.00 per gallon. 
The 5-year cumulative cost of owning a Ford Fusion Encrgi 
is higher than those of all the HEY and ICE vehicles listed in 
Table 7-l, even at a gasoline price of$4.00 per gallon. 

In contrast, the MSRP of the Nissan LeaC 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 small vehicle segment. The 5-year cumula
tive ownership cost of the Nissan Leaf, as estimated using the 
DOE calculator, 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 $5,400 less at a gasoline price of$4.00 per gallon. 

A second approach to assessing the price-competitive
ness ofPEVs 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 I, about 290,000 
highway-capable PEYs were sold in the United States by 
the close of 2014. Although there is no generally accepted 
wisdom on how rapidly sales of a new product line should 
expand during the early introductory stage, the number of 
PEYs sold in the United States to date has fallen short of 
aspirational goals, 6 despite substantial incentives. 

Consumer survey data provide yet another approach 
for evaluating whether price is cunently an obstacle to PEV 
deployment. The annual New Vehicle Experience Studies 
conducted by Strategic Vision have surveyed large samples 
of new-vehicle buyers and distinguished 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 lease rates were appealing (Edwards 2013). The 
survey data also showed that 43 percent and 45 percent of 
BEY and PHEY buyers, respectively, considered their pur
chases "value tOr the money." The data suggest that current 
pricing might not be a primmy barrier to greater PEV sales 
among emly adopters, who tend to be less price sensitive 
than the mainstream market, and that buyers arc rejecting the 
vehicles tOr other reasons. Strategic Vision also tOund that 
10 percent of new-vehicle buyers are actively shopping or 
plan to shop for a PEV and that about 33 percent are open to 
hearing more about what PEVs can do tOr them. Given that 
15 million new vehicles are sold each year, the data suggests 
an active potential market of about I .5 million PEVs with 
about two-thirds finding the pricing or lease rates appealing. 
Despite these results, Strategic Vision stated that it still be
lieves that "price is a critical barrier~even for more affluent 
customers" (Edwards 2013, p. 45). 

6 For example, in early 2011 DOE projected cumulative U.S. sales 
of 1.22 million PEVs by 2015 (DOE 2011). 
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Finding: Under the cunent 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 PEYs. 

Finding: Sales data and consumer survey data arc difficult 
to interpret. They arc 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 
vchiclcs. 7 The three factors are not completely independent. 
Government policies toward research and development can 
atJect battery costs, and policies, such as zero-emission re
quirements, can induce vehicle manufacturers to change 
their pricing strategies. This section focuses on likely reduc
tions over time in the production costs of PEVs. 

In general, the costs of producing PEVs will be driven 
down over time by a number of Htctors. The technologies be
ing used tOr PEVs arc relatively new compared with technolo
gies used to produce ICE vehicles, which have been evolving 
and improving tOr 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 lives.8 

7 rvfanuntctmers typically estinmte 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 manuHtcturers found that the 
average markup factor for the automobile industry was about 1.5 
(RTI!UMTRI 2009). However, manufacturers will sell vehicles at 
prices that the market will bear; thus, the marh1p on one vehicle 
model can be much greater than that on another vehicle modeL 

R Innovutions in other elements of vehicle technology are likely to 
lead to improved vehicle perfonnance without necessarily gener
ating substantial reductions in cost. hnproving the aerodynamics, 
reducing friction, reducing the rolling resistance of tires, and reduc
ing weight could lead to a vehicle design with, for example, better 
perfommnce or more driving range, depending on what trade-oft's 
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 weigheJ against the increased cost of the above-mentioned 
improvements because such improvements generally come at 
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Cost reduction might also be realized as PEV production 
volume increases and both the capital costs of investments in 
production t1tcilitics and the indirect costs of research and de
velopment, corporate operations, dealer suppoli, and market~ 
ing arc spread over more vehicles. Such scale economics will 
also be realized in the supplier base with increases in the de
mand for components, such as batteries, motors, and inverters, 
enabling suppliers to reduce the prices that vehicle manut1tc
turcrs arc charged for those components. In addition, increases 
in the number of vehicles and the demand for components 
will likely lead to greater competition among suppliers, which 
could intensify the downward pressure on component prices 
as suppliers innovate and generate better designs. And once 
a new vehicle technology becomes H1irly finnly established, 
components tend to become more standardized, leading to ad
ditional reductions in production costs. 

As emphasized in Chapter 2, the diiTerence between 
the costs of producing PEVs and comparative conventional 
vehicles can be largely attributed to the high cost of high
energy batteries. Accordingly, the prospect for large-scale 
deployment of PEVs depends importantly on how much 
battery costs decline over time. Other things equal, if bat
tely pack costs declined by as much as 50 percent over the 
next 5 to 10 years, consistent with optimistic projections (see 
discussion in Chapter 2), the cost of producing a BEV with 
24 k\Vh nominal batte1y capacity (analogous to the Nissan 
Leal) would decline 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 batte1y 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 manufacn1rers to reduce the NfSRPs for 
PEV s by amounts that largely otTset, or more thtm offset, the 
etiects of the pending expiration of the current program of 
federal tax credits. 

A detailed analysis of how the nonbattery costs ofPEVs 
are likely to evolve relative to those of comparative vehicles 
is beyond the scope of this report. Recent NRC reports on 
the costs of ditTcrcnt vehicle types, however, conclude that 
the costs of producing PHEVs and BEYs will likely remain 
greater than the costs of producing ICE vehicles and HEVs 
lor at least the next two decades (NAS/NAE/NRC 2009; 
NRC 2013b). 

It should be noted that PEV adoption docs not require 
PEV s to be priced at or below the prices of conventional ve· 
hiclcs. Some might buy PEVs because they arc less expensive 

some incremental cost (NRC 2011a, 2013a). These innovations in 
technology will likely also be applied to conventional vehicles as 
manutbcturers strive to meet tliel-economy requirements, but also 
at some incremental cost. 
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to fuel and perhaps less expensive to maintain. Others might 
value 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 convenience 
of home fueling, less maintenance (fewer or no oil changes), 
and the potential for reducing vehicle emissions and petro
leum usage. 

Finding: Although batte1y costs could decline by 50 or per
haps even 75 percent over the next decade, it is not clear 
whether such a decline would be sufficient~by itself---to en
sure widespread adoption of PEVs once the current quotas for 
federal tax credits are exhausted. 

Finding: The decline over time in PEV production costs is 
likely to occur gradually, and existing quotas tOr federal tax 
credits might be exhausted for manufacturers of relatively 
popular PEVs before costs can be substantially reduced. 

INCENTIVES 

The production and purchase of PEVs is a classic chick
en-mtd-cgg problem. Manut11cturers do not want to produce 
PEVs if no customers exist, and consumers cannot buy PEVs 
if vehicles are not available that meet their expectations. 
TheretOre, regulatory requirements and incentives tOr manu
t1tcntrers and consumers have been provided over the past few 
years by states and the federal government to encourage PEV 
production and deployment. Most manut1tcturcr incentives 
and mandates are contained in federal or state regulatory pro
grams discussed below. Most consumer incentive programs 
described below have involved purchase incentives, although 
some have included 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. 

i\·lanufacturer Incentives and Regulatory Requirements 

Incentives for manufacturers to produce PEVs are 
contained in the federal Corporate Average Fuel Economy 
(CAFE) Standards and the Greenhouse Gas (GHG) Emis
sion Standards tOr light-duty vehicles. California and other 
states have Zero-Emission-Vehicle (ZEV) programs that re
quire the sale of PEVs in those states because PEVs are the 
only qualifying technology that are currently mass produced. 
These manuHtcturer incentives and regulatory requirements 
can have the effect of reducing the vehicle price of PEVs 
relative to other vehicles; they are reviewed in detail below. 

Federal Regula/my Inceulh'esfor 
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 manufac~ 
turers must comply with fuel economy and GHG standards 
that are equivalent to about 54.5 mpg and 163 grams of 
carbon dioxide (C02) per mile for the fleet average of new 
vehicles by model year (MY) 2025 (EPNNHTSA 2012a). 
Although GHG emissions tlum 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 Tratllc and Safety Administration 
(NHTSA) under the CAFE program, the federal agencies 
have developed a single national progrmn. 9 The standards 
are fteet~based standards, meaning that a manufacturer can 
build vehicles that arc certified above and below the stan
dards as long as the fleet-wide average meets the standards. 
The standards also otTer an array of regulatory flcxibilitics, 
including the ability to bank or buy compliance credits and 
incentives for various types of technologies. Although the 
analyses done by EPA and NHTSA tor their most recent reg
ulation tor 2017-2025 developed a cost-etl'ective compliance 
demonstration pathway that shows how the standards for ve~ 
hides in 2025 can be achieved almost exclusively through 
conventional gasolinc~powcred vehicles, the regulations de
veloped by EPA and NHTSAhave generous credits tor PEYs 
that make it attractive for vehicle manut~ICturers 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 crediting manu~ 
t11cturcrs 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 Stales. Federal law requires the CAFE pro
gram to evaluate PEVs and all other alternative-fuel vehicles 
by using a petroleum equivalency t1tctor (PEF) to calculate 
a tlwl economy compliance number for such vehicles. 10 

PEFs are used to convert the electric energy consumption 
measured in the certification test cycle of alternative~ fuel 
vehicles, including BEYs and PHEYs, to an equivalent ti1el 
economy number. Manut1tcturcrs usc the miles per gallon 
equivalent (MPGe) to calculate their fleet average mpg tor 
compliance 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 alternative
thel vehicles to comply with CAFE program requirements. 
For example, a BEV that is rated on the certification test 
cycle at230 Wh/mile (roughly equivalent to the certification 
test cycle value for a Nissan Leat) is treated as equivalent to 
a 357 mpg gasoline-powered car (sec Box 7-1). 

9 The lnrgest source of GHG emissions from light-duty vehicles 
is CO~ that results from the combustion of gasoline or diesel fuel. 
and this implies that fuel economy and GHG emissions are directly 
correlated, necessitating the development of a common set of stan
dards. 

10 49 U.S.C. 32904(a)(2}(B) and 49 U.S.C. 32905(a}. 

PHEYs are treated as dual-fuel vehicles that use both 
electricity and gasoline. Federal regulations stipulate how the 
gasoline and electric energy consumption is measured in cer
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 tltctor method. The clcc
ttic MPGe and gasoline mpg must be weighted to obtain the 
fuel economy value used in CAFE compliance. Until 2019, 
PHEVs arc assumed to usc electric tltcl 50 percent of the time 
and gasoline 50 percent of the time (EPNNHTSA 2012b). Be
ginning in MY 2020, the weighting will be detennined on the 
basis of the SAE Jl7ll tiiCI economy test method that uses 
a utility factor to estimate the tfaction of driving on electric
ity and assumes that the vehicle owner charges once per day 
and drives in much the same way HS today's typical light-duty 
vehicle drivers. Given that method, a PHEY with 20-milc all
electric range (PHEY20) would be treated as a 90 mpg gaso
line-powered car, Hnd a PHEV with 60-mile all-electric range 
(PHEY60) would be treated as a 226 mpg gasoline-powered 
car (AI-Aiawi and Bmdley 2014). 

The EPA GHG standards provide two tempormy incen
tives to vehicle manuh1cturers to produce PEVs. The first in
centive is temporary treatment ofPEVs HS zero emissions (that 
is, upstream emissions of power plants are ignored) tOr the 
portion of operation assumed to be powered by electricity. For 
BEYs and fuel-cell vehicles (FCYs), the MY 2017-2021 GHG 
standards set a value ofO g/milc for the tailpipe C02 emissions 
compliance value (EPNNHTSA 2012b). PHEYs also receive 
a value ofO g/mile based on a fonnula to estimate the tfaction 
of electricity usage. For MY 2022-2025, the program allows 
the 0 g/mile treatment up to a cumulative sales cap tOr each 
manut3cturer. 11 Aller that cap is reached, the compliance val· 
ues for BEYs and the elcctlic portion of PHEVs arc based on 
an estimate of the national average emissions associated with 
producing the electricity needed to charge PEVs. However, 
the cumulative sales caps appear to be generous, so it is pos
sible that most PEYs will be treated as ZEYs. 

The second manuHtcturer incentive under the EPA GHG 
standards is sales multipliers that effectively treat a single 
PEV sold as more than one vehicle for compliance purposes. 
The PEY sales multipliers start at 2.0 in MY 2017 tor BEYs 
and FCYs and 1.6 tor PHEYs and then gradually decline to 
1.0 by MY 2022, when they are proposed to be completely 
phased out. The larger multiplier in the earlier years rewards 
manut11cturcrs that arc early market leaders. Allowing each 
PEV to count as more than one vehicle lowers the average 
GHG per mile for a manuHtcturer. 

By increasing the iVIPGe and decreasing the grams C02 
per mile of PEVs, the federal incentives from the PEF, zero 

ll Manufacturers that sell 300,()00 PIIEVs, BEVs, and FCVs be
tween 20 l9 and 2021 can use the 0 g/mile value tOr a maximum 
of 600,000 vehicles starting in 2022. For all other manufacturers 
(those who sdl less than the 300,000), the 0 glmile value can be 
used only up to 200,000 vehicles. After the sales cap is reached, 
emissions will be calculated using an upstream emission standard 
calculated by EPA. 
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BOX 7·1 OerivaUon of Petroleum Equivalent for a Battery Electric Vehicle 

The PEF is derived by first catcutaUng a full fuel cycle, gasoline-equivalent energy content of electricity and then dividing it by a 0.15 
fuel-content factor. The PEF was developed to motivate the producUon of vehicles fueled with 85 percent ethanol (E85), and the 0.15 
factor reflects the petroleum consumption of E85 vehicles. The gasoline-equivalent energy content of electricity (E

9
) is calculated as 

follows: 

E
9 

=gasoline-equivalent energy content of electricity= (T
9 

x T1 x C) IT• 

where 

T
9 
= U.S. average fossil-fuel electricity generation efficiency = 0.328 

T1 = U.S. average electricity transmission and distribuUon efficiency= 0.924 

TP =petroleum refining and distribution efficiency= 0.830 

C =watt-hours of energy per gallon of gasoline conversion factor= 33,705 Whlgal 

Therefore, 

E
9 

= (0.328 x 0.924 x 33,705)10.830 =12,307 Wh/gal 

The Nissan Leaf, which requires 230 Wh/mile, exhibits a range of 53.5 miles on the electric-energy equivalent of 1 gallon of gasoline 
(12,307/230 = 53.5). That is the certification test-cycle result. To provide an incentive for allemaUve-fuel vehicles, only 15 percent 
of the fuel consumed in the test cycle is counted, and the resulting MPGe for the Nissan Leaf is 12,307/(230 x 0.15) = 357 mpg for 
CAFE purposes. 

emissions treatment, and sales multipliers allow the manu
f..1cturers to produce higher emitting and less tltel-efficient 
gasoline-vehicle fleets and still meet 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 gasoline-vehicle fleet by producing PEVs. 
Furthermore, because credits can be traded between manu
filcturcrs, such companies as Testa that produce excess CAFE 
and GHG credits can sell their credits to other manufacturers 
(Energy Independence and Security Act 2007). The value of 
the PEV credits under EPA and NHTSA regulations is ditC 
ficult to estimate but might be about a few thousand dollars 
per vehicle based on the costs of regulatory compliance in 
the absence ofPEVs (EPNNHTSA 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 Tcsla Model S, which generates 
up to seven credits per vehicle sold (Ohnsman 20 13). 

State lero-Emission-Vehicle Programs 

The California ZEV program provides an important 
manufacturer requirement for PEVs. The Clean Air Act 
Amendments of 1969 authorized Calitbmia to develop more 
stringent tailpipe stand<~rds than the rest of the countty, and 
the California 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 meet federal and state ambient air quality 
standards. Later amendments to the Clean Air Act Hllowed 
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other states to opt into the Calitbrnia standard. Nine states
Connecticut, Maine, :Maryland, Massachusetts, 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 meet federal 
ambient air quality standards. The nine states and Califomia 
account for 28 percent of total U.S. light-duty vehicle sales. 
Recently, eight slates that have the ZEV program signed a 
joint memorandum of agreement to cooperate on developing 
policies to accelerate PEV deployment in their states (State 
ZEV Programs 2013). The a~,~·eement includes the develop
ment of a Multi state ZEV Action Plan that describes state ac
tions to promote PEV deployment and recommends research 
and stakeholder partnerships to support long-term develop
ment of the PEV market (ZEV Program Implementation Task 
Force 20 14). Additionally, many ofthe ZEV states participate 
in the Northeast Electric Vehicle Network, which works to 
promote PEV deployment. 

For a manufacturer to receive credit tOr vehicle sales 
under the ZEV program, a vehicle mm.t be categorized under 
the PW!,'fam as either a ZEV (a BEY or an FCV) as defined 
by the program or a PHEV with an all-electric range of great
er than or equal to 10 miles (CARB 2013). CARB estimates 
that the total number ofZEVs (BEYs 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 20 18 and 
725,000 by 2025 (Keddie 2013). The ZEV Program Imple
mentation Task Force (2014) predicts that by 2025, a little 
more than 15 percent of new vehicles sold in participating 
states will be either ZEVs or PHEVs. 



l/6 Overcoming Barriers to Deployment f~/'Plug-iu Electric Vehicles 

Finding: By creating an internal cross subsidy, extstmg 
federal and state regulatory programs for fuel economy and 
emissions (CAFE, GHG, and ZEY) have been etfectivc 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 ofPEVs, its impact could be larger than the 
incentives under the federal CAFE-GHG national program. 

Consumer Incentives 

The U.S. federal. state, and local govemmcnts 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 
ditTerent types of financial incentives that have been used, and 
Table 7-2 summarizes the various financial and nonfinancial 
incentives and the entities that have used them. The incen
tives that have been used to promote PEV deployment arc 
discussed below. 

The committee defined four categories of financial in
centives. Purchase incentives arc one-time financial benefits 
eamed by purchase of a PEV and include tax credits, tax de
ductions, tax exemptions, and rebates. Ownership incentives 
are recurring annual or periodic financial benefits that accrue 
to PEV owners regardless of use and include exemptions 
from (or reductions in) rcgistmtion taxes or fees, weight sur
charges, environmental taxes, or vehicle inspections. Use in
centi\·es are ongoing financial benefits realized by driving a 
PEV and include exemptions ttom motor fuel taxes, reduced 
roadway taxes or tolls, and discounted or free PEY charg
ing or parking. PEV il!fl·astructure in('enlh'es arc one-time 
financial benefits for deploying PEV charging stations and 
include tax credits, rebates, or other subsidies. A variety of 
these incentives have been used throughout the United States 
and in other countries. Educating consumers on all the in
centives is challenging, and some confusion results because 
incentives val)' by location and often come and go without 
much warning. 

The primary consumer incentive otlered by the U.S. 
federal 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 second calendar quarter a iter the 
manufacturer produces 200,000 eligible PEYs as counted 
ti"om January 1, 20l0. 12 To claim the credit, consumers who 
purchase a PEV must have sufficient tax liability and will 
not sec the benefit until they file an annual tax return. For 

12 The fedeml tax credit is $2.500 tOr PEVs that have hattery 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. 

consumers who lease, the leasing company typically claims 
the credit and reflects the credit in the monthly lease rate, so 
teasers essentially see the benefit of the tax credit at the point 
of sale. Although the PEY tax credits arc analogous to the 
HEY 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 HEY and 
diesel credits. Because more people lease PEVs than pur
chase them, a higher fraction of PEV drivers see the benefits 
of the credit sooner; therefOre, the etlCct ofthe PEV tax cred
its could be greater than the eflect of the now expired HEY 
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) were not aware ofPEV incen
tives and suggests that the effectiveness of the PEV credits 
could be enhanced through greater consumer awareness and 
education (Krause et at. 2013 ). 

The U.S. state governments have offered a variety 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. 13 Several states have utTered 
purchase incentives in the fonn oftax credits in addition to the 
one offered by the federal government. The monetmy amount 
vaties tt·om state to state; for example, as of August 2014, 
available tax credits ranged !rom $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 tOr cal
culating the credit varies from state to state; some states sim
ply calculate it on the basis of purchase price, and others use 
battery capacity and purchase price to detenninc the amount. 
Several states have also used sales-tax exemptions or rebates 
to make the etlect of the purchase incentive more immediate 
tOr 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 \Vashington and 
New Jersey arc restricted to BEYs, and the rebate in Illinois 
is restricted to BEYs and range-extended PHEYs. California, 
however, provides rebates to BEYs and PHEYs, although the 
amount ditfers ($2,500 for BEYs and $1,500 for PHEYs in 
2014). Using rebates and sales-tax exemptions is consistent 
with recent research that compares the effectiveness of HEY 
tax credits, sales-tax exemptions, and rebates nnd finds that 
the sales-tax exemptions and rebates appear to be more ef
fective than tax credits possibly because of their immediacy, 
transparency, and simplicity (Chandra et al. 20 I 0; Gallagher 
and Muehlegger 20 II). 

State govemments 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 taxes 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 

13 See U.S. Department of Energy, "State Laws and Incentives," 
http :1 /www.a tOe .energy .gov /Ia ws /state. 
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BOX 7 .. 2 Financial Incentives 

Tax credits and lax deductions are taken at the end of the tax reporting period. They act to tower the final year-end taxes owed to 
federal or state governments. Tax credits are considered more desirable because they directly offset a taxpayer's liability in the exact 
amount of the credit. For example, if the end-of-year tax liability for a person was $18,000, a tax credit of $5,000 would direclly lower 
the lola! taxes owed by that same amount, to $13,000. 

In contrast, lax deductions reduce the amount of reported income that is subject to taxation, rather than directly offsetting taxes owed. 
If persons had taxable income of $60,000 (taxed at 25 percent), !hey would owe $15,000. If they took a $5,000 lax deduction, !heir 
taxable income would be reduced by !hat amount, to $55,000, which in turn would lower their tax liability by $1,250 to $13,750. Tax 
deductions are often subject to rules that limit the amounts that can be deducted or !hat restrict higher-income taxpayers from taking 
!he full deduction. 

As financial incentives, many lax credils are available to all persons who file a tax return whereas lax deductions are available only to 
those persons who file a tax return that itemizes deductions. Studies show that in the United States fewer than 50 percent of all federal 
tax retums claim itemized deductions (Pranle 2007). 

Tax exemptions are recognized at the time of a transaction (for example, at the point of sale) or during a regular tax reporting period 
(for example, vehide registration renewal process). By exempting an entire asset or activity from taxation, the financial benefits are 
often realized immediately, such as with a sales lax exemption on a vehide purchase. Tax exemptions are not usually subject to 
income-based qualifications or limitations, as is the case with many tax deductions. 

Rebates provided by the government can take several forms, depending on their structuring. The key distinguishing feature of a 
rebate is !hat it is earned (and often processed) at !he time of a qualifying purchase. Some rebate programs require an individual to 
submit proof of a qualifying purchase direclly to the government to receive a rebate check; other rebates are provided to !he seller of 
qualifying 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 to prefer rebates over tax credits, deductions, or exemptions because the financial benefits are im
mediately realized at the time of the purchase transaction, regardless of tax rates and method of tax filing. 

A fee-bate is a method of taxing or applying a surcharge or fee on certain activities or classes of assets that are deemed to have un
desirable social attributes to generate sufficient revenue to provide direct rebates for other activities or assets that are deemed to be 
more desirable. Because this section is more narrowly focused on the types of financial incentives that can be provided rather than the 
method of funding those incentives, a fee-bate system and rebates are treated in the same way because they both result in a rebate. 

A subsidy is a more general term used to describe methods for government-provided financial assistance. A subsidy can take the 
common form of tax credits, deductions, exemptions, or rebates; or, a subsidy can indude direct government grants, lower than mar
ket rate loans, loan guarantees, or myriad other ways for government to provide financial support. 

sure that they will be able to chmge their vehicle away H·om 
home. The most common and popular nonfinancial incentive 
otlCrcd 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). 

nually, and receive tfee parking, which is worth $5,000. They 
arc also permitted to drive in bus lanes and have access to 
free public charging at over 450 locations in Oslo (Doyle and 
Adomaitis 20!3). 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 particularly important because electricity prices are 
so high that the consumer's incentive to use electricity as a 
ti•el is small. 

Other countries have used incentives similar to those 
used by the United States. as summarized in Table 7-2. The 
most popular have been purchase incentives in the fonn oftax 
exemptions or rebates, ownership incentives in the fonn of 
exemptions 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 otTers substantial tax breaks (no 
purchase tax, no annual 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
nmters also do not pay road tolls, which are worth $1 ,400 an-
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One interesting purchase rebate program is the one of
t'ered by the Clean Energy Vehicle 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 government depends 
on whether vehicle manufacturers meet a preset annual price 
target (see Figure 7-1 ). The administering agency, the Minis
try of Economy, Trade and industry (MET! 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 Incel/fives-one-timefinancial benefit earned hy purchase of PEl' 

Tax credits or deductions {realized only on 
filing tax return) 

Tax exemptions or rebates {realized at the 
point of sale) 

U.S. federal government 
United States: Colorado, Georgia, Louisiana, South Carolina, Utah 
Other countries: Australia, Austria, Belgium, Israel 

United States: California, District of Columbia, fllinois, Massachusetts, 
New Jersey, Pennsylvania, Texas, Washington 
Other countries: Canada (Ontario [for leased vehicles], British Columbia [purchased 
or leased], and Quebec [leased]), China, Estonia, France, Iceland, Ireland, Israel, 
Japan, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, U.K. 

Ownership Incentives-recurring amwal or periodic fimmcial henejlt that accmes to PEV owners, regard/e.\·.\· of use 

Exemption from or reduction in registration or 
ownership taxes or fees 

Exemption from or reduction in weight surcharge:. 
(collected annually at time of registration or renewal) 

Exemption from environmental taxes 

Exemption from vehicle inspection 

United States: Arizona, Connecticut, District of Columbia, Illinois, Maryland 
Other countries: Australia (Victoria), Austria, Belgium (Flanders), Denmark, 
Finland, Germany, Greece, Ireland, Italy, Japan Latvia, the Netherlands, Norway, 
Romania, Sweden, Switzerland (varies by region), U.K. 

United States: Colorado 
Other countries: Japan 

Other countries: Denmark 

United States: Arizona, California, Colorado, Connecticut, Delaware, District of 
Columbia, Georgia, Idaho, Illinois, Maryland, r..·lassachusetts, Missouri, Nevada, 
New Je~ey, New Mexico, New York, Oregon, Pennsylvania, Tennessee, Utah, 
Virginia, Washington, Wisconsin 

Use lncentives--on-goingjinancial benefits realized l~v driving a PEV 

Exemption from motor fuel taxes 

Reduced roadway taxes or tolls 

Discounted or free PEV charging 

Discounted or free PEV parking 

United States: North Carolina, Utah, Wisconsin 
Other countries: European Union, Japan, Norway 

United States: California, New Jersey, New York 
Other countries: Austria, Czech Republic, Japan, the Netherlands, Norway, 
Switzerland (varies by region), U.K. 

United States: Arizona, California, Delaware, Georgia, Illinois, Indiana, Kentucky, 
Maryland, Michigan, Minnesota, Nevada, Virginia 
Other countries: Japan, Norway 

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 lnjhtstmcture lncemives---one-timefimmcial benefit for deploying PEV charging stations 

Tax credit or rebate for installing PEV charging station 

PEV charging infrastmcture deployment subsidies 

Nonfinancial Incentives 

United States (individual and business): Arizona, California, Florida, Georgia, 
Illinois, Indiana, louisiana, Maryland, Michigan, New York, Oklahoma, Oregon 

United States (individual and business): California, Colorado, Connecticut, District 
of Columbia, Florida, Illinois, Maryland, ivlassachusetts, Nebraska, New i\'lexico, 
Ohio, Texas, Utah, Washington 
Other countries: Canada, European Union, Israel, Japan, Korea, Norway 

Uve /ncentiws·- --on-going special pri\'ileges granted to PEV driwrs 

Access to restricted Janes, such as bus-only, high
<>ccupancy-vehicle, and high-occupancy-toll lanes 

United States: Arizona, California, District of Columbia, Florida, Georgia, Hawaii, 
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); Beltmmello (2012); Morrow ct al. (2010); 
Tcsla (2013); DOE (2014b); Doyle and Adomaitis (2013); EV Norway (2014); Mock and Yang (2014); lEA (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 l 00 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
tbcturer exceeds the annual price target. 

It is difficult to draw firm conclusions about the expe
riences with incentive programs in other countries given the 
culturaL political. and geographical ditTerences. However, 
countries with substantial financial incentives for PEVs, 
such as Norway and the Netherlands, have seen a high rate 
of PEV adoption. Those with little or no financial incentives 
tOr PEVs-most notably Gennany, which has not offered con
sumer incentives and has relied on demonstration programs in 
tOur major regions-have experienced minimal sales. Finan
cial incentives. however, are not working everywhere, most 
notably in China, where there has been tepid consumer uptake 
despite the substantial financial incentives ofihed. One early 
analysis of that puzzling situation concludes that Chinese con
sumers are more concemed about vehicle pertbnnance than 
cost at this stage (Zhang et at. 20 13). Further information on 
the intemational experience is provided in Appendix C. 

There has been little academic research about the ef
fectiveness 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 (sec, tOr example, 
Huang 2010; Sallee 2011; Ozaki and Sevastyanova 2011 ). In 
geneml, it also seems that the more immediate the incentive, 
the more eftective it is at persuading consumers to purchase 
the more fucl-etlicient 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 
2012 

--

Price in 
2013 

--- ---
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to their immediacy and case of transaction. The federal cash
for-clunkers program, tOr example, oftercd 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 into a rebate at the point of sale. 

Finding: The U.S. state and local governments otler a va
riety of financial and nonfinancial incentives; there appears, 
however, to be a lack of research to indicate which incentives 
might be the most efll.xtive at encouraging PEV deployment. 

Finding: The many state incentives that diHi::r in monetary 
value, restrictions, and calculation methods make it challeng
ing to educate consumers on the incentives that arc available 
to them and emphasize the need for a clear, up-to-date source 
of infonnation tOr consumers. 

Finding: Overall, the experience worldwide demonstrates 
that substantial financial incentives are etlective at motivating 
consumers to adopt PEVs. 

PRICE OF CONVENTIONAL 
TRANSPORTATION FUELS AS AN 

INCENTIVE OR A DISINCENTIVE FOR THE 
ADOPTION OF PLUG-IN ELECTRIC VEHICLES 

High gasoline prices motivate consumers to drive less 
and to purchase a more fhel-efficient vehicle, at least for 
some time atlcr 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. If a PEV's price exceeds the dashed black line, the govermnent 
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 tram MET! (2013). 
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FIGURE 7-2 U.S. HEV and PEV sales overlaid with U.S. gasoline prices. NOTE: llEV, hybrid electric vehicle; PEV, plug-in electric 
vehicle. SOURCE: ANL (2014). 

Gasoline prices serve as the most visible signal for con
sumers to think about fuel savings and fuel economy, so 
it is reasonable that relatively minor variations in gasoline 
prices could lead to significant changes in adoption pat
tems, pm1icularly 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 tOr that assertion 
(see Figure 7-2). By the same token, low gasoline prices create 
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 ofPEV ownership appear less 
attractive than the same cost of a conventional ICE vehicle. 

As of January 2015, U.S. gasoline prices were less than 
half of those in most European countries, including Bel
gium, France, Gennany, Italy, the Netherlands, and the U.K. 
(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, numerous studies in the United States and elsewhere 
have concluded that taxes on conventional transportation fuels 
that substantially raise the gasoline price create an incentive 
fOr consumers to purchase more fuel-efficient vehicles and to 
dtive fewer conventional-vehicle miles (Diamond 2009; Mor
row et al. 2010; Small2012; Burke and Nishitatcno 2013). 

Broader market-based policies like carbon taxes and cap
and-trade regimes theoretically could create a disincentive for 
the use of conventional vehicles and an incentive for the usc 
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ofPEVs. 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 fuels do not strongly atlCct the prices 
of petroleum fuels because the carbon content of gasoline 
and diesel titcls is much Jess than that of coal. Califomia's 
low-carbon fuel standard, which imposed a compliance cost 
of$13 per ton C01 emissions, was assessed by Yeh and \\'it
cover (2012) and \vas found to add one-tenth of a penny per 
gallon to the cost of gasoline in 2012. Thus, although carbon 
taxes and cap-and-trade regimes might be the most etlective 
methods fOr reducing GHG emissions. they might not provide 
a meaningfi1l incentive to purchase a PEV. 

PAST INCENTIVES ON OTHER 
ALTERNATIVE VEHICLES AND FUELS 

Over the past few 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
mate change, and energy security concerns have motivated 
the initiatives. The primary altemative 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 
fCE vehicles. 14 Key laws and regulations that arc aimed di-

1 ~ 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 Enetgy Policy Act 
of 1992, the California ZEV program (originally adopted in 
1990), the Renewable Fuel Standard (part of the Energy Pol
icy Act of 2005 and the Energy Independence and Security 
Act of2007), 15 and the GHG and CAFE standards. 

The public sector approach to developing. promoting, 
or deploying altemative-tltcl vehicles includes (I) research 
and development, (2) demonstration projects, (3) fleet 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 thereatler operate without subsidies, 
leading to broad deployment (NRC 2008, 2010a, 2013b). 

In some cases in which advancements in technology were 
needed, govemment and private-sector tlmding of research 
and development led to a technology push. DOE partnered 
with the private sector on vehicle technologies and fuels 
through such activities as the Partnership tbr a New Genera
tion of Vehicles (PNGV), the FreedomCAR and Fuel Pat1ner
ship, and, currently, the U.S. Driving Research and Innova
tion tor Vehicle Efficiency and Enetgy Sustainability (U.S. 
DRIVE) Partnership (NAS/NAE/NRC 2009; NRC 2008, 
2010b, 2013a). Extensive work on bioencrgy crops and tech
nologies for their conversion into ethanol and, now, "drop-in" 
biofuels16 has also been ftmded (NRC 201lb). 

To create a market pull tbr 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 tOr new technologies that were 
projected to be more expensive than the incumbent conven
tional technologies, at least ln the initial and transitional 
phases. For example, tax credits for certain types ofvehiclcs 
and tax breaks tbr certain tl1els were put into the tax code to 
stimulate the adoption of the new, more costly technologies, 
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 thought that adoption by fleets and promotion 
in nlche 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 usetl1l 
(Leiby and Rubin 2004; McNutt and Rodgers 2004; Rob-

"Pub. L.1t0-140, 121 Stat. 1758. USC* 17001. 
16 The tenn drop-in hiojitel refers to the conversion of biomass 

into fuels, such as gasoline and diesel, that are compatible with, 
and can be ''l.lropped into," the current fueling infrastmcture. This 
approach would avoid overcoming the barriers to developing and 
investing in the infmstmcture necessary for a separate fueling sys
tem, 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, 2013a; 
Greene 2012). 

Methanol 

There was great interest in methanol (MeOH) as a poten
tial motor vehicle lite! in the late 1980s and early I 990s tor a 
number of reasons (APIIWRI 1990). Its high octane content 
could be used in some ICEs with a higher compression ratio 
to improve efficiency; it could also result in lower emissions 
than conventional gasolinc-theled vehicles and thus lead to 
improved air quality and better public health. From a national 
security point of view, it could displace imported petroleum if 
it was produced tt·om biomass or from natural gas. The con
version of global sources of remote natural gas that were of 
low economic value was envisioned HS an approach to diver
sify the U.S. global supply chain for light-duty vehicle fuels 
and replace petroleum. 

Given extensive experience with the use of JV[eOH 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 market 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 
MO and M85. These flexible-fuel vehicles (FFVs) were sold 
in the marketplace and represented a strategy for overcom
ing the chicken-and-egg problem of attracting investment 
in a methanol-fueling infrastructure betbre there arc enough 
MeOH-fuelcd vehicles on the road and the lack of demand 
tbr such vehicles until an extensive fueling infrastructure is in 
place. It was anticipated that with MeOH FFVs, the vehicle 
owner could usc the existing gasoline infrastructure while a 
McOH-theling intiastructure was built in response to vehi
cles deployed tOr fleets. incentives were implemented, and a 
business case for tl~el investors became viable. 

Despite subsidies. a broad M85 inffastmcture never mate
rialized. Furthennorc, the continued improvement of gasoline
powered vehicles along with the development of rctbnnulat
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 tor MeOH-tit
cled vehicles. 

Ethanol 

Similar to MeOH, ethanol (EtOH) is a lite! with a high oc
tane content and one that could be produced from a vnricty of 
domestic resources, although it has an energy density per unit 
volume only two-thirds that of gasoline. 17 It continues to be of 
interest with a tOcus on, as with methanol, 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-gallon fuel efficiency compared with gasoline and, all else be
ing equal. will require more frequent refueling. 
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I 00 percent gasoline to S5 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 rncans of displacing petroleum and using do
mestic resources tOr EtOH production. Vehicle manufactur
ers were given credits in CAFE regulations, and this led to a 
significant production of ethanol-capable FFVs. Although the 
program might have been a successful transition strategy for 
ultimately replacing gasoline with ethanol, the reality was that 
most of the ethanol-capable FFVs used little, if any, ethanol 
(NRC 2002). 

In addition, the federal govcnuncnt 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 energy plantations and whose cellulose could serve 
as a feedstock for conversion technologies to produce EtOH 
(NAS/NAEINRC 2009; NRC 2011b). It was envisioned that, 
if successtlJI, renewable fuel production system would have 
low net GHG emissions and enhance energy security and 
would not compete with land tOr the production of food. The 
development of cost~etlective cellulosic-based EtOH tech~ 

nologies that can compete with gasoline has proven more 
difficult to achieve than anticipated. But there is ongoing 
demonstration and development of such biomass conversion 
technologies, and it remains to be seen how much this altema~ 
tive fuel will contribute to the U.S. transportation !tiel 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 through the Renewable Fuel Standard 
(NRC 20llb). To date, most EtOH is produced tt·om corn or 
sugar cane and is used as a rcnewable~tlJel replacement for 
petroleum with up to 10 percent EtOH blended into gasoline. 
In some places, mostly the Midwest, E 15 can be sold and 
used in light-duty vehicles with a model year 200 I or later. 
Increasing the percentage tOr conventional vehicles has re
ceived opposition from some quarters because of the paten~ 
tially deleterious cfTects 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 light-duty vehicles !rom less than 1 percent in 2000, and 
this demonstrates that sustained eflOrts by the federal gov
ernment can have demonstrable effects in the market (Gm~ 
enspecht 2013 ). 

Compressed Natural Gas 

Another 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 otTer air 
quality advantages in urban areas and can be fueled tfom 
domestic sources of natural gas, which seemed plentiful and 
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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-fuel vehicle, although some dual-tltel natu~ 
ral gas vehicles were otl'ered in the market in 2012~2013, 
stimulated by low natural gas prices and projections of future 
plentitlil reserves and associated low prices. 

CNG is typically stored onboard the vehicle at 3,600 psi 
and requires high~pressure tlteling stations. Incentives and 
mandates were provided in the 1990s to bring the vehicles to 
market. but because of the need for high~prcssure 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~powcred vehicles, tnmk space was somewhat 
compromised, driving range was shorter, mtd an extensive 
retheling infrastmcture was not, ~md still is not, available. 
Consumers 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-fueled FCV. 
It uses on-board hydrogen in a fuel 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 
tlmding for research and development, for vehicle demon~ 
strations. and for parts of the needed hydrogen infn1stmcture 
(NRC 2010b, 2013a). There has been significant technical 
progress and promise of driving ranges and fueling times 
comparable with those of conventional vehicles, but they arc 
still a work in progress. Cost-effective production of hydro
gen, deploying the necessary hydrogen infrastructure, and 
overcoming the chicken-and-egg barriers remain formidable 
challenges for these vehicles. Some vehicle manutlJCturcrs 
have indicated that such vehicles will be available for the 
market iu the 2015-2016 time frame, and Hyundai began 
leasing a fuel~cell vehicle in CalitOmia in 2014. However, 
the higher costs of these vehicles compared with convention
al vehicles will be substantial, and thus their deployment will 
require subsidies and other new technologies to overcome 
the initial cost barrier (NRC 2008, 2013b). 

H)·brid Electric Vehicles 

In 1999, HEVs were introduced into the U.S. automotive 
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 Energy 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 tOr the first 60,000 vehicles 
sold by a manutbcturcr, 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 exemptions, access 
to high-occupancy-vehicle (HOY) lanes, reduced registration 
fees, and exemptions from emissions testing. similar to the in
centives now otlCred tOr PEVs. 

The ellectiveness of the purchase incentives for HEVs 
has been cxteusively studied in the United States and else
where. As noted above, the most important finding from the 
litcratw·c is that, immediate purchase incentives (such as 
a sales-tax exemption or instant rebate) are more ell'ective 
than tax credits or deductions because consumers appear to 
tbcus on up-front price and highly discount long-term cost 
savings (Diamond 2009; Chandra et al. 2010; Gallagher and 
Muehlegger 20 I I). 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 value 
given their income bracket. \Vith immediate incentives. the 
purchase price can be adjusted at the time of sale. A study of 
Canadian experience with tax rebates tOr HEVs, which were 
established at the point of sale, found that they were highly 
etTective (Chandra et al. 2010). 

Lessons Lear·ned from Past Incentive Pmgrams 

The past incentive programs for alternative-fuel tech
nologies indicate that the market for advanced technology 
adoption needs to be cultivated to progress beyond early 
adopters. Sustained etlOrts and economic incentives that 
create a profitable business case. however, can have demon
strable ctiects. The ethanol example is one where the regula
tory mandate was successful at advancing an alternative-fuel 
technology; the percentage of ethanol in the domestic gaso
line supply by volume increased from less than I percent in 
2000 to I 0 percent in 20 II. Using fleets to encourage main
stream adoption does not appear to be particularly etlCctive 
(for example, in the case of CNG vehicles). Cost reduction 
and technology advances will continue to evolve as product 
volumes increase, but in the meantime, financial incentives 
arc 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
cesstltl regional and niche markets to mainstream adoption 
remains a challenge. 

RECOi\IMENDATIONS 

Because there has not been any extensive research on 
regulatory 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 batTiers to 
PEV adoption and current and past federal and state incen
tive programs, the committee offers the tbllowing recom
mendations: 

Recommendation: Federal financial incentives to purchase 
PEVs should continue to be provided beyond the current 
production volume limit as manut1tcturers and consumers 
experiment with and learn about the new technology. The 
federal government should re-evaluate the case tOr incen
tives after a suitable period, such as 5 years. Its re-evaluation 
should consider advancements in vehicle technology and 
progress in reducing production costs, total costs of owner
ship, and emissions ofPEVs, HEVs, and ICE vehicles. 

Recommendation: Given the research on etl'ectiveness 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) otlered by states and local governments to deter
mine which) if any. have proven eftCctive in promoting PEV 
deployment. 
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or has served on numerous advisory panels, including the 
North American Electric Reliability Corporation (NERC) 
advisory tcnm tOr demand response, the CalifOrnia Plug-in 
Electric Vehicle Collaborative, and the Calilornia Electric 
Transportation Coalition. Nfr. Kwan has a BS and MS in 
mechanical engineering from the University of Calgary and 
Stanford University, respectively. 

REBECCA LIND LAND is a senior fellow with the King 
Abdullah Petroleum Studies and Research Center and leads 
its work on transportation policy, technology. and consumer 
demand. She was formerly the director of research for IHS 
Automotive where she was responsible tOr evHiuating and 
assessing vehicle manut1tcturers that pHrticipate in the U.S. 
and Canada marketplaces. She has a particulHr interest in 
how manut1tcturers' decisions reflect consumer values. As 
a member of IHS Automotive, Ms Lindland was frequently 
quoted in the media, including the New }l::wk Times, Business 
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Week, Reuters, BloombeJg News, the Los Angeles 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 AlliedSignal in Rumford, Rhode Island, where she 
lorecastcd products, such as Bendix brakes. A life-long auto
motive enthusiast, she began her career as a stafi accountant 
with Mercedes-Benz Credit Corporation in Norwalk, Con
necticut. Ms Lindland holds a double major in accounting 
and business administration from Gordon College, \Venham, 
Massachusetts. 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 Who's Who in American Business. 

RALPH D, MASIELLO 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 utility applications of advanced storage devices 
for ancillary markets, reliability, and energy economics; the 
grid integration of electric vehicles: and the development of 
advanced building-to-grid concepts. He has provided expert 
testimony before Congress on metering systems and mar
ket operations and cosigned a Supreme 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 IEEE Proceedings and on the advisoty 
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 tfom the Massachusetts Institute of Tech
nology in electrical engineering. 

JAKKI MOHR is the Regents Professor of Marketing at 
the University ofMontana~Nfissoula (UM). An international 
expert and innovator in marketing of high-technology prod
ucts and services, she has achieved international acclaim for 
1\:/arketing of High-Technology Products and bmo\•ations 
(coauthor with S. Sengupta and S. Slater, with European and 
lndia/Southeast Asia editions and translations into Chinese, 
Portuguese, and Korean). Motivated by the desire to apply 
the promise of new technologies to solve social 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 Rutlatto 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 published in the Journal f?lkfarketing, the Strategic 
i\Ianagement Journal, the Journal oft he Academy o_l Aiar
keting Science, the Joumal ofPublic Policy and 1Harketing, 
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 20 II. Be tore 
joining UM in fall 1997, Dr. Nfohr was an assistant professor 
at the University of Colorado Boulder (I 989-1997). Before 
beginning her academic career. she worked in Silicon Val
Icy in advertising for Hcwlett-Packard1s Personal Computer 
Group and TclcVideo Systems. Dr. Mohr received her PhD 
from University of \Visconsin-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 i.\1an
agement ofTeclmological Innovation (now in its fourth edi
tion), is the top innovation-strategy text in the world and is 
available in seven languages. Her research in innovation and 
strategy has earned her such awards as the National Science 
Foundation's CAREER Award and the Best Paper in Man
agement Science and Organization Science tbr 2007 Award. 
Her research has appeared in leading academic journals, 
such as the Academy Q./J\1anagement Journal, the Academy 
q_l.J\tlanagement Ret'iew, JHanagement Science, Organization 
Science, the Strategic i.\Ianagement Journal, and the Jour
nal of Economics and 1\lanagement Strategy and Research 
Policy. She sits on the editorial review boards of Organi
zation Science and Strategic 01ganization. Dr. Schilling re
ceived herBS in business administration from the University 
of Colorado, Boulder, and her PhD in strategic management 
tfom the University of \Vashington. 

SC-2 

RICHARD TABORS is president of Across the Charles and 
is director oflhe Utility of the Future Project a! the MIT Ener
gy Initiative. Until July 2012, he was vice president of Charles 
River Associates (CRA) in the Energy & Environment Prac
tice. He tbunded the engineering-economics consulting finn 
of Tabors Caramanis & Associates (TCA) in 1989!o provide 
economic, regulatory, and financial analytic support to the 
restmcturing of the U.S. and intemational electric power in
dustry. TCA was sold to CRAin 2004. He was a researcher 
and member of the H1culty at Harvard University tfom 1970 
to 1976 and was at lvJassachusetts 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 
ofStrathclyde in Glasgow. His research and development ac
tivities at MIT led to his authorship or coauthorship of over 
80 articles and books, including Spot Pricing of Electricity, 
on which the economic restmcturing 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 platfOrms and pricing structure of the 
smart grid. He received a BA in biology tfom Dartmouth and 
an MS and a PhD in geography and economics tfom the Max
well School of Syracuse University. 

TOM TURRENTINE is director of !he Califomia Energy 
Commission's Plug-in Hybrid and Electric Vehicle Research 
Center at the Institute of Transportation Studies, University 
ofCalitbrnia, Davis. For the last 20 years, Dr. Turrentine has 
been researching consumer response to altemative fuels, ve
hicle technologies, road systems, and policies that have envi
ronmental benefits. His most recent work includes multiyear 
projects to study consumer use of plug-in electric vehicles, 
including the BNJ\V Mini E, Prius PHEV conversions, the 
Nissan Leat; GM Volt, PHEV pickups, and specially designed 
energy-feedback displays in vehicles. He and his researchers 
arc studying BEY and PHEV driver travel patterns and use 
of infrastmcture Hnd arc developing planning tools to advise 
on deployment of intfastmcture and optimal ways to integrate 
plug-in electric vehicles into Calitbrnia's grid. He and his 
team wrote "Taking Charge," a plan for Calitbmia to develop 
a PEV market, which is the blueprint for the California PEV 
Collaborative. He holds a PhD in anthropology. 



B 

Meetings and Presentations 

FIRST COi\IMITTEE MEETING 
Octobeo· 28-29, 2012 

EV Evctywherc: Overview and Status 
Patrick B. Davis, Program 1\lanagel; Vehicle Technologies 
Pmgram. U.S. Department of Energy (DOE) 

EV Everywhere Grand Challenge: Charging Infrastructure 
Enabling Flexible EV Design 
Lee Slezak, Technology 1Vlanage1; Vehicle Systems, 
Vehicle Teclmologies Pmgram, DOE 

DOEAVTA: The EV Project and Other Light-Duty Electric 
Drive Vehicle Activities 
James Franc:/brt, Priucipallnvestigatm; Adwmced 
Vehicle Testing Activity, Idaho National Laboratmy 

SECOND COMMITTEE MEETING 
December 17-19,2012 

Charging Infrastructure Needs 
1\farcus Alexande1; 1\1anage1; Vehicle S)wtems Analysis, 
Electric Power Research Iuslitute ( EPR/) 

General Motors: National Research Council 
Britta K. Gross, Directm; Advanced Vehicle 
Commercialization Policy, General J.V!otors 

Overcoming Banicrs to Deployment of Electric Vehicles 
1\like Ihmm; Executive Technical Leade1; Energy Systems 
am/ Sustainability, Ford 1\lotor Company 

Overcoming Baniers to Electric-Vehicle Deployment: 
Barriers to Deployment, an OEM Perspective 
Joseph Thompson, Project A-tanager-Technology 
Plmming, Nissan 

The Electrification Coalition: Revolutionizing 
Transportation and Achieving Energy Security 
Janna Ilamiltou, Vice President fOr Policy, 
Electr(fication Coalition 

SC-2 
133 

Electric Vehicle Charging Services 
Richard Lowenthal, Founder and CTO, ChargePoint 
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THIRD COMMITTEE MEETING 
January 25-26, 2013 

No open session presentations were held during this meeting. 
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May 8-9, 2013 
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SC-2 

Overcoming Barriers to Deployment ctfPlug-iu Electric Vehicles 

\Vorkplace Charging Programs- Nissan 
Tracy Woodard, Senior DirectorjOr 
Government A/fitirs, Nissan 
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Dana Jennings 
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Chris Trm•ell, Vice President ojAutomotive Research, 
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December 3-4, 2013 
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Sales Barriers 
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Tammy DmTish, Vice President, DARC4.RS 
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am/ Stew Hanson 

SEVENTH COMMITTEE MEETING 
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The Future of Automobile Battery Recycling 
Linda Gaines, Transportation Systems Analyst, Center fOr 
Transportation Research, Argonne National LaboraiOIJ' 

Li-Ion Technology Evolution for xEVs: How Far 
and How Fast? 
t\tfenahem Anderman (\•ia WebEr), President, Advanced 
Automotive Batleries 

Electric Vehicle Charging Intrastmcture Usage Observed 
in Large-Scale Charging Infrastructure Demonstrations 
John Smart, Electric Vehicle Test Enginee1; 
Energy Storage & Transportation Systems, 
Idaho National Laboratory 

What Electric-Vehicle Drivers Want in a Charging 
Network (and What They Actually Need) 
t\Iichae/ Nicholas, Institute of Transportation Studies, 
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Reporting on Site Visits to Japnn 
Roland llwang, JHembeJ; CommUtee on Overcoming 
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Program Direct01; Natural Resources Defense Council 

EIGHTH COMMITTEE MEETING 
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John Mille~; JNJ Miller pic 
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Mike Cully, US. Regional Manage1; Car2Go 

DOE Vehicle Electrification Activities 
Patrick Dm'is, Program 1\IanageJ; 
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International Incentives 

This appendix provides some infonnation about the in
centive programs in Japan, France, Norway, Germany, the 
Netherlands, and China. 

JAPAN 

In fiscal year (FY) 2013, the Japanese government ot~ 
fered rebates for 18 ditTerent 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 $28,500) (MET! 
2013). 1 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 percent ofthe purchase price) and from 
the vehicle weight or tonnage tax (Nelson and Tanabe 20 13). 
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 ti·om ¥29,500 to ¥111,000, depending on the 
vehicle's engine displacement. Finally, some prefectures and 
cities oft'er additional incentives at time of purchase. 

FRANCE 

In 2007. France introduced a fcc-bate (bonus-malus) 
system for vehicle purchases based on the carbon dioxide 
(C02) emissions of the vehicle. The policy levies a fee de
pending on the C02 emission performance of the vehicle 
ranging from € 150 to €8,000 and provides a rebate ranging 
ti·mn €150 to €6,300.2 The dealer can advance the bonus at 

1 The fiscal year for the national Japanese budget cyde runs from 
June to t-.'lay. 

2 For more specific break-downs on the bonus-mnlus system, see: 
http://www.developpement -dumb le .gouv. fr/Bonus- Malus-20 14. 
htm\. 
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the point of sale to reduce the purchase price directly. PEVs 
qualify tor the highest bonus of €6,300. The bonus-malus 
system generated deficits in its first few years (2008-20 I 0) 
owing to unexpectedly high demand for the lower-C02 
emitting vehicles but led to substantial reductions in the 
C01 emissions of new vehicles sold in France (Beltramcllo 
2012). Average new light-duty vehicle C02 per kilometer 
rnoved from being the fourth lowest to the lowest in the Eu
ropean Union since the program started in 2007 (Brand ct al. 
2013). The bonus-malus system is periodically updated, with 
the most recent revision having become eft'ective in January 
2014. 

The bonus-malus system appears to be an etTective 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 ofPEVs increased 
by 50 percent and sales ofHEVs 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 govemment ofNorway has made a finn comrnitmcnt 
to battery electric vehicles (BEYs)~ motivated in part by the 
desire to reduce the greenhouse gas (GHG) emissions of its 
transportation fleet. Because almost 100 percent of Norway's 
electricity is generated tfom hydroelectric power, a transition 
to BEYs would decarbonize the passenger vehicle fleet almost 
entirely. Forty percent of Norway's GHG emissions cunently 
come from the transportation sector, and 60 percent of those 
come ti·om road transport (Desha yes 20 II). 

According to a recent study of an incentive scheme 
scheduled to last through 2017 (Doyle and Adomaitis 20 13), 
the Norwegian government provides tax breaks of up to 
$11,000 over 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 value-added tax (VAT) (Doyle and Adomai
tis 20 l3 ). As part of the scheme, commuters do not pay road 



Appendix C 

tolls, worth $1,400 annually, and they receive free parking 
worth $5,000. PEVs arc 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 of20l3, PEY sales accounted for 3 
percent of total passenger car sales, a much higher fraction 
than inmost countries. A total of 12,000 PEYs had been sold 
in Norway as of 2013, with about half in the Oslo region 
(ingram 20 l3a). Nonetheless, some (for example, Doyle and 
Adomaitis 2013) have criticized the incentive program be
cause it encourages t1unilies 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, Hun
ilies might be driving more electric miles during the course 
of everyday life. Although the programs could prove to be an 
environmental benefit, Norway might not be able to sustain 
such a financial commitment. It spends about $13,600 in tax 
incentives to reduce C02 emissions by just one tonne. This 
cost is much higher than the prevailing price of C02 on the 
European Union emissions trading market (Ingram 2013b). 

GERMANY 

Germany does not currently otTer consumer incentives 
and is instead relying on a demonstration program in four 
major regions. German vehicle manufacturers are investing 
heavily in hydrogen fnel-cell vehicles (FCVs), and, other 
than BMW, they have been slow to embrace PEVs. 

THE NETHERLANDS 

The Netherlands has extensive consumer incentives for 
PEYs 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 PEY manut11cturcrs and is Tesla 's second biggest market 
besides the United States alter Nonvay. The Dutch govern
ment is especially motivated to support BEYs because most 
of the larger cities in the Netherlands experience severe ur
ban air pollution. Municipal governments arc also keen to 
reduce urban noise, especially in the evenings, and find that 
noise reduction tl·om BEY taxis and delivery vans greatly 
improves the quality of city life (Nissan 2012). The Dutch 
govemment also views BEY deployment as consistent with 
its climate change goals and stratc1:,ry. Not having significant 
domestic vehicle production, there is little resistance to im
porting BEYs from abroad. 

The tax incentive stmcture 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 employees. Employees 
must pay income tax (bijtelling) for vehicles received from 
their employers. For example, 25 percent 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 C02 per kilome~ 
ter, and for high~emitting vehicles, the tax rate is 25 percent. 
For BEYs. the bijtelling tax rate is 4 percent. BEY buyers 
also enjoy a purchase tax incentive, whereby through 2017 
they pay no tax for vehicles with low C02 emissions and 
arc exempt from a vehicle-use tax, which is normally based 
on weight and kilometers driven. Employees arc therefore 
motivated to encourage their employers to buy them BEYs. 
The federal government is also providing a purchase sub~ 
sidy for BEY 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 tmcks (€40,000) and are particularly motivated as no 
new construction may occur in the city until air pollution has 
been reduced (Dutch Ministry of Economic AlTa irs 2014). 
The incentives are especially important to consumers be
cause Dutch electricity prices are high (€0.28/kWh), so the 
consumer incentive to usc electricity as a fuel is minimal. 

CHINA 

Beginning in 2006, China made a major push toward 
PEYs. Given China's heavy reliance on coal to generate 
electricity, the main environmental benefits for the country 
could be cleaner air in some cities and a reduction in noise 
pollution. However, according to a recent analysis by Ji et al. 
(2012), replacing gasoline vehicles with PEYs in China with 
its current electricity supply mix will result in higher C02 
emissions and increased mortality risk from PM2_5 (particu
late matter less than 2.5 micrometers in diameter) in most 
Chinese cities. In any case, the Chinese government views 
a shilt to PEYs 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 only 31 years (BP 2013). The energy 
security benefits are therefore not apparent. As of March 
2013, there were about 28,000 PEYs registered in China, of 
which about 80 percent were public buses. 

As of 2010, there were !35 million electric bicycles in 
China (Jie and Hagiwara 2013)3 China is already the largest 
electric bicycle producer and consurner, 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 FCYs, BEYs, and 
PHEVs. in China's Five-Year Plan (2006-2010), however, 
the government's emphasis shifted strongly to BEYs. 

The Chinese central govemment has subsidized the de~ 
ployment of PEYs since 2009. Some local governments in 
25 pilot cities also provided subsidies on top of the central 
government subsidies discussed below, mostly to support the 

-'As of 2008, 970 invention patents had been applied tOr through 
the State Intellectual Property Organization (SIPO) based on the 
research of the Chinese govemment's Energy~Saving and New En
ergy Vehicle Programme (Ouyang 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 governments have imposed "buy local" provisions so that 
the local PEV firms benefit at the expense ofPEV companies 
elsewhere in China and around the world (Zeng 20 13 ). 

The Chinese government allowed six cities to experi
ment with subsidies to individual consumers who purchased 
PEVs starting in 20l3:t In those cities, the loc~ll govcmmcnt 
is allowed to provide purchase incentives, and the central 
govemmcnt will also provide up to RMB 50,000 (about 
$8,000) for the purchase of a PHEV and RMB 60,000 (about 
$9,600) for the purchase of a BEY. Beijing has announced 
that it will also subsidize BEYs at a rate of RMB 60,000 
(about $9,600), while Shanghai will provide a subsidy of 
RMB 20,000 (about $3,000) lor a PHEV and RMB 50,000 
(about $8,000) lor a BEY. Changchun will offer ~v!B 40,000 
(about $6,400) tor a PHEV and RMB 45,000 (about $7,200) 
tor a BEY. Shenzhen will otl'er RMB 30,000 (about $4,800) 
lor a PHEV and RMB 60,000 (about $9,600) lor a BEY. He
fci has not yet set individual rates but has set aside a budget 
of RMB 800 million (about $128 million) tor subsidies. To 
qualify for the subsidies, there are minimum battery require
ments (at least 15 kWh for a BEY and at least 10 kWh tor 
a PHEV). As of 2014, fewer than 70,000 PEVs were on the 
road in China, titr from the target set by the government of 
500,000 by 20 15 (Bloomberg News 2014 ). 
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