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QUALIFICATIONS AND PURPOSE OF TESTIMONY 1 

Q. State your name, business name and address. 2 

A. My name is Douglas B. Jester. I am a principal of 5 Lakes Energy LLC, a Michigan 3 

limited liability corporation, located at Suite 710, 115 W Allegan Street, Lansing, 4 

Michigan 48933. 5 

Q. What is the purpose of your testimony? 6 

A. In its Order1 of 26 October 2016, this Commission suspended implementation of Ameren 7 

Missouri’s proposed tariff for direct current fast charging of electric vehicles at public 8 

stations in its service territory, pending additional testimony and briefing in this case. The 9 

Commission subsequently ordered a procedural conference on 2 November 2016 to 10 

establish the procedure to be followed in response to that Order. According to the 11 

transcript of that procedural conference2, the Commission requested testimony and 12 

briefing that would include “information about the Commission’s jurisdiction, whether or 13 

not the Commission should regulate this type of activity, and policy reasons for and 14 

against regulation.” I offer this testimony in response to both the Commission’s request 15 

and in response to the direct testimony filed by Ameren Missouri in this case. I am 16 

testifying that: 17 

• the Commission should act to accelerate adoption of electric vehicles through 18 

utility engagement in electric vehicle charging infrastructure, 19 

• the Commission should take steps to ensure that vehicle charging will be well 20 

integrated with the electric power system in order to maximize benefits, and 21 
                                                
1 Order Regarding Tariff, File No. ET-2016-0246 (filed October 26, 2016).  
2 Transcript Volume 1 (Procedural Conference 11-2-2016), File No. Et-2016-0246 (filed November 21, 2016) at 
page 9, line 21 through page 10, line 7. 
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• the Commission should take steps to enable development of a competitive 1 

vehicle charging market, while supporting utility engagement in this market. 2 

Q. On whose behalf are you appearing in this case? 3 

A. I am testifying on behalf of the Sierra Club. 4 

Q. Summarize your experience in the field of electric utility regulation. 5 

A. I have worked for more than 20 years in regulating the electricity industry and in related 6 

fields.  My work experience is summarized in my resume, attached as Schedule SC-1.  7 

Q. Have you testified before this Commission or as an expert in any other proceeding? 8 

A. I have not testified before this Commission.  9 

I have testified before the Michigan Public Service Commission in  10 

• Case U-17473 (Consumers Energy Plant Retirement Securitization) 11 

• Case U-17096-R (Indiana Michigan 2013 PSCR Reconciliation) 12 

• Case U-17301 (Consumers Energy Renewable Energy Plan 2013 Biennial 13 

Review); 14 

• Case U-17302 (DTE Energy Renewable Energy Plan 2013 Biennial Review); 15 

• Case U-17317 (Consumers Energy 2014 PSCR Plan); 16 

• Case U-17319 (DTE Electric 2014 PSCR Plan); 17 

• Case U-17674 (WEPCO 2015 PSCR Plan); 18 

• Case U-17679 (Indiana-Michigan 2015 PSCR Plan); 19 

• Case U-17689 (DTE Electric Cost of Service and Rate Design); 20 

• Case U-17688 (Consumers Energy Cost of Service and Rate Design); 21 
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• Case U-17698 (Indiana-Michigan Cost of Service and Rate Design);  1 

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

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

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

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

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

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

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

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

• Case U-18014 (DTE General Rates). 10 

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

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

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

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

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

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

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

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

the cases were settled before trial. 19 
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Q. Do you have specific qualifications in relation to electric vehicle charging 1 

infrastructure? 2 

A. In 2010, I served as an active member of the Michigan Public Service Commission’s 3 

electric vehicle charging collaborative. 4 

In 2012, my colleagues and I at 5 Lakes Energy, on behalf of the Pew Charitable Trusts, 5 

engaged stakeholders in a number of States in roundtable discussions about the 6 

development of electric vehicle infrastructure and drafted a report about best practices, 7 

which informed Pew’s subsequent work in this field. 8 

 In 2015 and 2016, my colleagues and I at 5 Lakes Energy produced integrated resource 9 

planning tools for least-cost compliance with the Clean Power Plan in ten states. These 10 

tools incorporate means to model the potential effects of various levels of electric vehicle 11 

market penetration on the electricity system. 12 

 Most recently, I testified extensively before the Michigan Public Service Commission in 13 

Case U-17990, concerning an electric vehicle charging infrastructure proposal by 14 

Consumers Energy.  15 

Q. What schedules, if any, are attached to your testimony?  16 

A. SC-1  Resume of Douglas B. Jester 17 

 SC-2 NRC on Overcoming Barriers to Deployment of Plugin EVs 18 

Q. What materials have you reviewed in preparation for your testimony?  19 

A. I reviewed Ameren Missouri’s application in this case and subsequent submissions to the 20 

docket. In addition, there is a substantial literature on electric vehicles and electrical 21 
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vehicle charging that I have routinely read over the last several years. In addition, I cite 1 

sources from my accumulated personal library on relevant subjects. 2 

AMEREN MISSOURI’S ELECTRIC VEHICLE CHARGING PROPOSAL 3 

Q. Please summarize Ameren Missouri’s proposal to develop electric vehicle charging 4 

infrastructure? 5 

A. On 15 August 2016, Ameren Missouri filed with the Commission an “Application for 6 

Approval of a Tariff Authorizing a Pilot Program for Electric Vehicle Charging 7 

Stations.” By this application, seeks authorization to install and operate electric vehicle 8 

charging stations at five sites along I-70 between the City of St. Louis and the City of 9 

Boonville, as well as a sixth site in Jefferson City. Each of these charging sites would be 10 

available for use by the general public and would feature a combination of DC fast-11 

charging and Level 2 AC charging, which would allow access to every type of industry-12 

standard electric vehicle plug. Customers making use of these stations would pay 13 

Commission-approved rates for these vehicle charging services. 14 

 Through this pilot program, Ameren Missouri addresses the currently unmet need for a 15 

public network of easily accessible charging stations for vehicles traveling along the 16 

eastern half of Missouri’s I-70 corridor. Ameren Missouri also hopes to learn a number of 17 

things relevant to future provision of electric vehicle charging stations, and to share those 18 

learnings with the Commission and other utilities. 19 
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 At filing of the Application, Ameren Missouri proposed to charge $2.50 per 15 minute 1 

plug-time interval using a DC fast-charging station and $0.30 per 15 minute plug-time 2 

interval using a Level 2 AC charging station.3  3 

Ameren Missouri projected that this tariff would not fully recover the costs of the 4 

proposed program during the three-year pilot project and anticipated that the majority of 5 

the remaining costs, if not all, would be borne by Ameren Missouri’s shareholders 6 

through reduced earnings.  7 

 In support of its application, Ameren Missouri offered testimony of Mark J. Nealon. 8 

Q.  Has Sierra Club previously offered a recommendation on Ameren Missouri’s 9 

proposed tariff and application?    10 

A.  Yes. Sierra Club filed a response and memorandum on 28 September 2016, 11 

recommending that the Commission act to approve Ameren’s proposed tariff and pilot 12 

program with modifications to the tariff to avoid unequal treatment of EV drivers and 13 

disadvantaging those with lower capacity on-board vehicle chargers.4 These 14 

recommendations were incorporated in Ameren’s revised tariff submitted pursuant to 15 

Commission Order on 11 October 2016. Sierra Club further stated in its response and 16 

memorandum that the proposed pilot program was appropriate for consideration by the 17 

Commission for cost recovery in Ameren’s general rate case.   18 

                                                
3 On 11 October 2016, Ameren filed a revised tariff pursuant to Commission Order, which required modifications to 
be made to the tariff consistent with recommendations separately submitted in this proceeding by the Sierra Club 
and Natural Resources Defense Council. The proposed rates under the revised tariff are 20¢ per kWh for Level 2-
AC charging and 17¢ per minute for Level 2-DC fast charging.  
4 See Sierra Club Recommendation to Approve Proposed Tariff with Modifications, File No. ET-2016-0246 (filed 
September 28, 2016).  
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THE COMMISSION SHOULD ACT TO ACCELERATE EV ADOPTION 1 

Q. Why should the Commission act to accelerate electric vehicle adoption? 2 

A. Vehicle electrification will produce a number of general societal benefits, including 3 

reductions in air pollution that will benefit public health, mitigation of climate change, 4 

improvements in national energy security, and increases in macroeconomic stability. In 5 

addition to these general societal benefits, accelerating electric vehicle adoption in 6 

Missouri will potentially provide substantial benefits to all electric utility customers of 7 

Ameren Missouri, whether or not they own electric vehicles. 8 

 Reliable access to electric vehicle charging infrastructure is critical to the growth of the 9 

electric vehicle market.5 However, electric vehicle adoption and electric vehicle charging 10 

infrastructure suffer a “chicken-or-egg” market coordination problem that is best 11 

addressed through utility engagement in accelerated development of charging 12 

infrastructure. Missouri utility engagement can only occur with the support of the 13 

Commission, so the Commission should act in this case to accelerate electric vehicle 14 

adoption.  15 

Q. How does vehicle electrification reduce air pollution and benefit public health? 16 

A. US EPA estimates that mobile sources (principally on-road vehicles) are the source of 17 

more than 84% of anthropogenic carbon monoxide emissions6, and over 50% of nitrous 18 

oxide emissions, over 30% of volatile organic compounds, and over 20% of fine 19 

particulate matter (PM2.5) emissions7. Carbon monoxide interferes with oxygen uptake 20 

and transport in all animals and can impair vision, motor function, mental acuity, and 21 
                                                
5 National Research Council, Overcoming Barriers to Deployment of Plug-In Electric Vehicles (2015). Available 
from http://www.nap.edu/catalog/21725/overcoming-barriers-to-deployment-of-plug-in-electric-vehicles 
6 https://cfpub.epa.gov/roe/indicator.cfm?i=10#1 
7 https://www.epa.gov/air-pollution-transportation/smog-soot-and-local-air-pollution 
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work performance. Nitrous oxide is the primary precursor of ozone—also known as 1 

smog—which causes respiratory distress including asthma exacerbations, may cause 2 

structural alteration of lungs, and is increasingly understood to cause premature death. 3 

Missouri is currently violating the 2008 and 2015 National Ambient Air Quality 4 

Standards (“NAAQS”) for ozone.8 5 

Fine particulate matter, another pollutant for which St. Louis is in nonattainment9, 6 

aggravates respiratory and cardiovascular problems and has been implicated in heart 7 

disease, lung disease, and miscarriages. National studies10 suggest that these are 8 

substantial, with premature deaths due to vehicle emissions exceeding those due to 9 

vehicle crashes by more than 50%. Caiazzo et al.11 estimate that Missouri annually 10 

suffers 1,192 premature deaths due to PM2.5 and ozone from vehicles. Vehicle 11 

electrification along with cleaner electricity generation can clearly reduce these emissions 12 

and their health effects.  13 

Q. How does vehicle electrification mitigate climate change? 14 

A. Combusting fossil fuels in vehicles produces carbon dioxide and nitrous oxide, two 15 

important greenhouse gases. In 2014, the US EPA12 found that 26.3% of greenhouse gas 16 

emissions in the US in 2014 were from transportation fuels.13 In 2016, the US Energy 17 

                                                
8 St. Louis, in particular, has struggled to meet the 2008 and 2015 ozone standards. In the St. Louis area, the “design 
value” for ozone levels from 2012-2014  was 78 parts per billion (“ppb”), and from 2013-2015 was 71 ppb, 
compared to 75 ppb for the 2008 standard and 70 ppb for the 2015 standard, respectively. 
9 U.S. EPA. (2015). Current Nonattainment Counties for All Criteria Pollutants. 
http://www.epa.gov/airquality/greenbook/ancl.html  
10 See Caiazzo, Fabio et al. 2013. Air Pollution and Early Deaths in the United States. Atmospheric Environment 79: 
198-208.  
11 Ibid., Table 5. 
12 EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2014. April 15, 2016, available from 
https://www.epa.gov/sites/production/files/2016-04/documents/us-ghg-inventory-2016-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 1 

transportation sector exceeded those from the power sector for the first time since 1979.14  2 

Thus, any comprehensive effort to mitigate climate change requires significant reductions 3 

in fossil fuel use in vehicles. 4 

 All analyses of strategies to mitigate climate change that I have read conclude that 5 

substantial reduction of greenhouse gas emissions from vehicles is a necessary step15, and 6 

that the most likely path to do so is vehicle electrification16 in combination with 7 

reductions in the carbon intensity of electric power production.17 Moreover, multiple 8 

studies have shown that vehicle electrification reduces greenhouse gas emissions even 9 

with current generation portfolios. For example, a recent report18 by the Union of 10 

Concerned Scientists illustrates in the following map that electric vehicles charged in 11 

Ameren Missouri’s service territory produce greenhouse gasses equivalent to those from 12 

a gasoline vehicle that averages 36 miles per gallon, which is higher than the vast 13 

majority of gasoline-powered vehicles19: 14 

                                                                                                                                                       
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/mer.pdf.  
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/wp-content/uploads/2014/09/US-Deep-Decarbonization-Report.pdf, which 
concludes that, in concert with other power sector trends, 80-95% of all passenger vehicle miles traveled must come 
from vehicles that use primarily electricity. 
18 Union of Concerned Scientists, 2015. Cleaner Cars from Cradle to Grave. Available from 
http://www.ucsusa.org/clean-vehicles/electric-vehicles/life-cycle-ev-emissions#.V4vXAI-cFJ8. 
19 DOE also has a calculator at http://www.afdc.energy.gov/vehicles/electric_emissions.php that compares emissions 
from powering an electric vehicle to emissions from a comparable internal combustion vehicle. For Missouri, this 
calculator shows that EVs pollute about 28% less CO2. 
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 1 

 With announced coal plant retirements and replacement generation coming from a 2 

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

Missouri will accelerate. 4 

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

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

with electric vehicles. Ramping electric vehicle penetration of new sales to 100% by 7 

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

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

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

necessary. 11 
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Q. How does vehicle electrification improve energy security? 1 

A. Despite the effects of fuel efficiency standards and recent increases in US oil production, 2 

the United States still imports approximately 25% of our oil consumption and is not 3 

currently projected to ever reach oil self-sufficiency.20 Because of the potential disruption 4 

to the US economy due to international oil supply interruptions, the US invests 5 

substantially in a strategic oil reserve and large military presence in oil-producing 6 

regions.21 7 

Since electricity can be produced using a wide variety of technologies and fuels, and in 8 

practice all of these are largely domestic, vehicle electrification will reduce the United 9 

States’ exposure to oil-related risks. As a result, the US Department of Energy found22 10 

that “reliance on oil is the greatest immediate threat to US economic and national 11 

security.... Vehicle efficiency has the greatest short- to mid-term impact on oil 12 

consumption. Electrification will play a growing role in both efficiency and fuel 13 

diversification.”23 14 

Q. How does vehicle electrification positively impact local and regional economies and 15 

increase macroeconomic stability? 16 

A. Transportation is the single largest energy use sector in the state of Missouri, and as such, 17 

plays a significant role in Missouri’s economy.24 In 2012, statewide expenditures on 18 

                                                
20 EIA, 2016. Annual Energy Outlook 2016. Available from http://www.eia.gov/forecasts/aeo/. 
21 DOD, 2014. 2014 Quadrennial Defense Review. Available from 
http://archive.defense.gov/pubs/2014_Quadrennial_Defense_Review.pdf. 
22 DOE, 2011. Report on the First Quadrennial Technology Review. Available from 
http://cms.doe.gov/sites/prod/files/ReportOnTheFirstQTR.pdf. 
23 M.R. Copulos, and A.J. Liska & R.K. Perrin (2010) The Hidden Cost of Oil Securing Foreign Oil: A Case for 
Including Military Operations in the Climate Change Impact of Fuels 
24 Department of Economic Development, Division of Energy, Missouri Comprehensive State Energy Plan (2015) p. 
99, available at https://energy.mo.gov/energy/docs/MCSEP.pdf 
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transportation fuels totaled $15 billion,25 the vast majority of which flowed out of the 1 

state. This is because Missouri is not a major oil producer or refiner, and therefore all 2 

gasoline used for transportation purposes is imported to the state.26 Using electricity as 3 

fuel, which can be locally or regionally sourced, can reverse this trend. In addition, 4 

numerous studies indicate that the fuel savings and maintenance cost savings associated 5 

with driving an EV translate into real and local economic benefits.27 Just the opposite is 6 

true for money spent in the petroleum sector; according to the US Energy Information 7 

Administration, greater than 80% of the cost of gasoline immediately leaves the local 8 

economy.28  9 

Oil price and supply shocks have been a significant contributing factor to economic 10 

recessions. “All but one of the 11 postwar recessions were associated with an increase in 11 

the price of oil, the single exception being the recession of 1960. Likewise, all but one of 12 

the 12 oil price episodes listed in Table 1 were accompanied by US recessions, the single 13 

exception being the 2003 oil price increase associated with the Venezuelan unrest and 14 

second Persian Gulf War.”29 Further, these episodes have particularly acute effects on the 15 

automobile industry as is suggested by the following table of real GDP growth (annual 16 

rate) and contribution of autos to the overall GDP growth rate in five historical oil shock 17 

episodes.30 18 

                                                
25 Id. at 101.  
26 Id. 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. www.eia.gov/petroleum/gasdiesel/  
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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 1 

 2 

Since the auto industry has accounted for 4.5% to 2.8% of GDP31 during this period, 3 

contributions of this magnitude to GDP change by the auto industry illustrates substantial 4 

auto industry recessions, and in some cases the recession was entirely in the auto industry 5 

while the rest of the economy grew, as indicated by an auto industry contribution to the 6 

recession that is larger than the size of the recession itself. 7 

The principal mechanisms by which oil shocks cause recessions are through large shifts 8 

in balance of payments for oil imports and large shifts in automobile product mix demand 9 

that cannot be satisfied with existing capacity32. Vehicle electrification will contribute to 10 

reduced oil imports, weakening the transmission of oil shocks to aggregate demand. 11 

Electricity prices are more stable than oil prices, so vehicle electrification will reduce or 12 

eliminate the effects of oil prices on product demand shifts. Thus, vehicle electrification 13 

will increase macroeconomic stability for the United States and for Missouri. 14 

Q. How does accelerating electric vehicle adoption potentially benefit electric utility 15 

customers? 16 

A. Electric vehicle charging will increase electricity sales, which if well integrated into the 17 

electric power system can dilute the fixed costs of transmission and distribution and 18 

                                                
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 1 

while its owner is sleeping, eating, working, or doing anything other than driving.”33 2 

Consequently, if electric vehicle charging is well-integrated into the near-future electric 3 

power system, it can “fill valleys” in load without proportionally increasing overall 4 

capacity requirements; this can reduce the average cost of power for all utility customers. 5 

As variable renewable resources like wind and solar generation gain larger shares of 6 

electric power generation, flexible electric vehicle charging can add value to the electric 7 

power system by facilitating the integration of these resources and balancing electricity 8 

generation with demand; this can stabilize power flows and reduce the average cost of 9 

power. 10 

 Q. How much will vehicle electrification contribute to utility sales? 11 

A. According to EPA fuel economy labels34 for electric vehicles, current model electric 12 

vehicles use between 28 kWh and 54 kWh per 100 miles, with most models that have 13 

significant sales using between 35 kWh and 42 kWh per 100 miles. I assume for this 14 

illustrative calculation that future vehicles will average 40 kWh per 100 miles. According 15 

to the Federal Highway Administration35, vehicle miles traveled in Missouri in 2014 16 

totaled 70,909 millions. If this amount of vehicle travel had been fully electrified, then 17 

electric vehicles would have consumed about 28.364 TWh. This would have been a 18 

33.8% increase in electricity sales. Of course, this amount will scale with electric vehicle 19 

adoption and will therefore develop only gradually. 20 

                                                
33 NRDC, 2016. Driving Out Pollution: How Utilities Can Accelerate the Market for Electric Vehicles at 6. 
Available from: https://www.nrdc.org/sites/default/files/driving-out-pollution-report.pdf.   
34 These can be viewed at fueleconomy.gov. 
35 Available from the Federal Highway Administration at 
http://www.fhwa.dot.gov/policyinformation/statistics/2014/vm2.cfm.  
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Q. How much would vehicle electrification dilute fixed costs of transmission and 1 

distribution? 2 

A. Many details are important to such a calculation. However, for a rough approximation I 3 

perused the annual reports of major Missouri utilities and determined that approximately 4 

70% of electric utility revenue is to recover generation costs and about 30% is for 5 

transmission, distribution, customer service, and administration. If non-generation costs 6 

could remain unchanged and generation costs per kWh were unchanged as a result of 7 

adding load to fully electrify vehicle travel in Missouri, then average rates would be 8 

reduced by about 8%36. In the alternative, rates could be held constant if generation costs 9 

per kWh were unchanged and the costs of transmission and distribution increased by as 10 

much as 33%. It is likely that some additions to distribution system costs, in particular, 11 

will be required if electric vehicles are ubiquitous but nonetheless likely that the net 12 

effect will be significant dilution of fixed costs of transmission and distribution over 13 

enlarged electricity sales. 14 

Q. Does vehicle electrification cancel the benefits of Demand-Side Management 15 

programs? 16 

A. No. Ameren Missouri’s 2013 Demand-Side Management Potential Study37 estimated 17 

economic potential electricity efficiency as 22.9% of baseline 2030 sales absent energy 18 

efficiency programs. This is roughly two-thirds the amount of electricity as would be 19 

required to fully electrify vehicle travel in Ameren Missouri’s service territory. While 20 

vehicle electrification likely will counterbalance electricity sales reductions through 21 

                                                
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/Missouri-Site/Files/environment/renewables/irp/irp-chapter8-
appendixb-vol1.pdf?la=en. 
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increased efficiency, this does not diminish the value to customers of greater energy 1 

productivity in their businesses and residences. Vehicle electrification, while adding back 2 

the sales reduced by demand-side management, creates new value for customers and 3 

society as described earlier in my testimony. 4 

Q. How much can “valley-filling” by electric vehicle charging reduce the average cost 5 

of power? 6 

A. Pacific Northwest National Laboratory38 found that nationally there is sufficient 7 

generation capacity to charge almost all passenger vehicles through “valley-filling”. 8 

Missouri currently has total generation capacity of about 22 GW, providing 9 

approximately 88 TWh per year for a load factor of about 46%. If vehicle electrification 10 

added 28 TWh generation per year and this load was accommodated by “valley-filling”, 11 

then this load factor would rise to 60%. A 60% load factor is somewhat high for most 12 

utilities but not unreasonable with the load-scheduling flexibility of electric vehicles. 13 

Assuming consistent with the current generation portfolio that generation capacity 14 

represents an average of 35% of total utility costs and that fuel and other variable costs 15 

represent an average of about 35% of total utility costs, then a revision39 of the 16 

calculation I made above concerning the dilution of fixed costs suggests that vehicle 17 

charging would increase utility sales by 33.8% but only increase utility costs by about 18 

12% so that rates would be reduced by 10.6%. In the alternative, rates could be held 19 

constant if the incremental costs of transmission, distribution, and generation capacity to 20 

                                                
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_Part1.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, 1 

distribution, and generation capacity. 2 

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

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

Gas and Electric, consistent with my results. 5 

  6 

Q. To what extent can electric vehicle charging buffer the variability of wind and solar 7 

generation? 8 

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

have been the subject of recent studies. One strategy focuses on integration at a utility 10 

customer site, usually combining solar generation with building loads and electric vehicle 11 

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

vehicles and the electric grid: A review of modeling approaches, impacts, and renewable 13 
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energy integration.40 is a good summary of some of that work which concludes that 1 

“[t]he existing literature is fairly unanimous and conclusive in its assessment that EVs 2 

can increase the amount of renewable energy that can be brought online while reducing 3 

the negative consequences for the grid.” This conclusion is based in part on a number of 4 

studies that look at regional and national scale balancing and show that smart electric 5 

vehicle charging allows significantly greater increases in renewable generation than the 6 

amount of vehicle charging load. With 50% of US electricity generation from wind, the 7 

required regulation services can be provided by electrification of just 3.2% of the vehicle 8 

fleet and operating reserves can be provided by electrification of 38% of the vehicle 9 

fleet.41 In short, vehicle electrification is a key enabler of very high penetration of 10 

renewable generation and is nearly sufficient for that purpose. 11 

 Missouri is far from a level of renewables penetration where electric vehicle charging or 12 

other new storage options are necessary for renewable resource integration to the grid. 13 

However, given the current power sector market trends and reinforcing policies that are 14 

shifting the nation’s generation mix towards greater renewables penetration, it is prudent 15 

to prepare for the strategic integration of these resources and explore other valuable grid 16 

services that electric vehicles can provide. Thus, the Commission should be mindful of 17 

this long-run benefit but remain focused on the rate reduction that electric vehicles offer 18 

through dilution of fixed costs and load “valley-filling”. 19 

                                                
40 Richardson, D. 2013. Electric vehicles and the electric grid: A review of modeling approaches, impacts, and 
renewable energy integration. 
41 Kempton, W and J Tomic. 2005. Vehicle-to-grid power implementation: from stabilizing the grid to supporting 
large-scale renewable energy. Journal of Power Sources 144: pp 280-294. 
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Q. What is the market coordination problem between electric vehicle adoption and 1 

electric vehicle infrastructure development? 2 

A. A driver is reluctant to purchase an electric vehicle unless vehicle charging infrastructure 3 

is generally available, since the absence of charging infrastructure limits the uses of an 4 

electric vehicle and hence reduces its value to the driver. On the other hand, businesses 5 

cannot see a business case for providing electric vehicle charging infrastructure if there 6 

not enough electric vehicles in use to provide sufficient use and revenue to repay the 7 

investment. This problem is common in network industries and has been studied in 8 

contexts including but not limited to information technology hardware, software, 9 

telecommunications, broadcasting, markets for information, banks and ATMs, and 10 

airlines.42 The universal effect of these coordination problems is that such a market grows 11 

or changes more slowly than the market optimum, sometimes to the point that it never 12 

develops. The particular form of this coordination problem present in the case of electric 13 

vehicle charging is called “indirect network effects”. Indirect network effects arise 14 

because a decision by one driver to buy an electric vehicle increases the demand for 15 

vehicle charging infrastructure, supply of which attracts electric vehicle purchase(s) by 16 

other driver(s); thus one purchase indirectly increases other purchase(s). In the case of 17 

electric vehicle charging, there are indirect network effects on both sides of the market.  18 

                                                
42 See Shy, Oz. 2001. The Economics of Network Industries. Cambridge University Press. 
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Q. Why is this market coordination problem best addressed through utility 1 

engagement in accelerated development of charging infrastructure? 2 

A. The Market for Electric Vehicles: Indirect Network Effects and Policy Design is a recent 3 

paper43 that specifically estimates the quantitative elements of this coordination problem. 4 

The authors estimate that a 10% increase in the number of non-residential charging 5 

stations will increase EV sales by 8% and that a 10% increase in the number of EVs will 6 

increase non-residential charging station deployment by 6%. Thus any non-market 7 

“shock” to the supply of either electric vehicles or charging stations will produce a 8 

“virtuous circle” of feedback between the two markets that will significantly accelerate 9 

electric vehicle adoption. They further show based on their parameter estimates that a 10 

given financial subsidy to electric vehicle infrastructure will increase electric vehicle 11 

sales by more than twice the amount of increase if the financial subsidy is offered for 12 

electric vehicle purchase. 13 

 Schedule SC-2 is a 2015 report of The National Research Council Committee on 14 

Overcoming Barriers to Electric Vehicle Deployment. After examining the case for 15 

various entities to provide electric vehicle charging infrastructure in various settings, the 16 

committee concluded with respect to electric utilities: 17 

“The electric utility companies could emerge as a willing source of capital for 18 
public charging stations. That conclusion reflects the prospect that a network of 19 
public charging stations would induce more utility customers to purchase PEVs, 20 
which would lead not only to electricity consumption at the public chargers, but 21 
also to much greater consumption of electricity at residences served by the 22 
utilities. If public charging infrastructure drives greater eVMT and greater 23 
deployment of vehicles, capital and variable costs for public infrastructure might 24 
be covered by the incremental revenue from additional electricity that PEV 25 

                                                
43 Li, S. et al. 2016. The Market for Electric Vehicles: Indirect Network Effects and Policy Design. SSRN 2515037. 
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drivers consume at home, where roughly 80 percent of PEV charging takes place 1 
(Francfort 2011).”44 2 

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

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

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

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

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

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

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

infrastructure. 10 

 Further, because the utility already has established connections to its customer base it is 11 

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

drivers and charging site hosts. The benefit of increased electricity sales from electric 13 

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

relationships to meaningfully engage potential electric vehicle drivers and site hosts on 15 

the aforementioned benefits of vehicle electrification. 16 

UTILITY EV CHARGING PROGRAM STRUCTURE 17 

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

adoption? 19 

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

drivers. 21 

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

                                                
44 National Research Council, Overcoming Barriers to Deployment of Plug-In Electric Vehicles (2015) at 92. 
Available from http://www.nap.edu/catalog/21725/overcoming-barriers-to-deployment-of-plug-in-electric-vehicles 
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vehicle drivers? 1 

A. This is shaped by the technical possibilities for vehicle charging and depends on the type 2 

of electric vehicle and driving pattern of the driver. Chapter 2 of Schedule SC-2 is a 3 

detailed discussion of charging technologies. I summarize the most salient points here. 4 

The industry has developed standards and equipment for three types of charging.  5 

AC Level 1 Charging standard is for charging equipment that plugs into a 120 V wall 6 

outlet and delivers up to 12 amps to a SAE J1772 plug that connects into a socket in the 7 

car. AC Level 1 equipment is typically carried in the car and enables charging wherever 8 

there is access to a “wall outlet”. At 12 amps, an AC Level 1 charger transfers energy at a 9 

rate of 1.4 kW. Each hour of AC Level 1 charging adds range of 4 to 5 miles, depending 10 

on vehicle efficiency and driving conditions. 11 

AC Level 2 Charging standard is for charging equipment that uses 240V, split-phase 12 

alternating current circuit and connects to the car through a SAE J1772 plug. AC Level 2 13 

charging allows up to 80 amps of current, which would transfer up to 19 kW power but 14 

the on-board chargers (which convert AC to DC power) in most vehicles cannot accept 15 

that throughput. Moreover, most residential circuits and many small commercial circuits 16 

cannot support that much current, so common installations are 40 amps or less. Each hour 17 

of charging at maximum current for AC Level 2 could add approximately 60 miles to 18 

vehicle range but vehicle and circuit limits make 20 to 30 miles per hour of charging 19 

more representative. 20 

DC Fast Charging has multiple, competing, incompatible “standards”—the Tesla 21 

Supercharger, CHAdeMO, and Combined Charging System (CCS). Tesla superchargers 22 

only work with Tesla vehicles. Other vehicles, if they accept fast charging, are 23 
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compatible with one, but not both, of the CHAdeMO or CCS connection. Faster charging 1 

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

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

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

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

per hour of charging.  6 

It should be apparent that AC Level 1 and AC Level 2 charging is suitable for either quite 7 

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

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

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

complete. 11 

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

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

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

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

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

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

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

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

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

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

                                                
45 https://www.fueleconomy.gov/feg/pdfs/guides/FEG2016.pdf, which does not yet list the Chevrolet Bolt that is 
reported to have a range of about 200 miles. 
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Given these technologies, the evolving paradigm for charging infrastructure to 1 

comprehensively meet the needs of electric vehicle drivers is to supply AC Level 1 or AC 2 

Level 2 charging in places where people naturally park for extended periods and DC Fast 3 

Charging along travel corridors. The various charging and vehicle technology 4 

combinations and the related effects of infrastructure are well summarized in Table 5-1 of 5 

Schedule SC-2, reproduced here for ready reference. 6 

 7 
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The typical electric vehicle is driven 4% of the time, is parked at home 50% of the time, 1 

and is parked elsewhere 46% of the time.46 In most cases, the majority of time parked 2 

elsewhere is at the workplace. 3 

Q. Where should charging infrastructure be deployed in order to enable electric 4 

vehicle adoption? 5 

A. In order to enable electric vehicle adoption, each infrastructure category needs to be 6 

available to all potential electric vehicle drivers.  7 

In particular, AC charging at home is a “virtual necessity” and must potentially be 8 

available before a potential electric vehicle driver will make an electric vehicle purchase.  9 

Employers with employees who commute any significant distance will need workplace 10 

charging. For extended range travel using battery electric vehicles, fast charging must be 11 

available along enough routes to effectively connect most trip origin-destination 12 

combinations.  13 

Q. What is your evaluation of Ameren Missouri’s proposal by these criteria? 14 

A. Ameren Missouri’s proposal primarily addresses the need for fast charging along 15 

extended travel routes. This is appropriate for a pilot project and is also the infrastructure 16 

category for which the market coordination problem is most acute; DC fast charging 17 

stations have “high upfront costs” and “require significant revenues for the owner-18 

operator to achieve profitability.”47 19 

                                                
46 Natural Resources Defense Council, Driving Out Pollution: How Utilities Can Accelerate the Market for Electric 
Vehicles at Exhibit 2. Available from: https://www.nrdc.org/sites/default/files/driving-out-pollution-report.pdf.  
47 Nick Nigro et al. (2015) Strategic Planning to Implement Publicly Available EV Charging Stations: A Guide for 
Businesses and Policymakers. Available from: http://www.c2es.org/docUploads/ev-charging-guide.pdf.   
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While access to home charging is commonly understood as foundational for EV 1 

ownership, access to direct current (“DC”) fast charging likewise influences consumer’s 2 

choices and is therefore an important part of a comprehensive charging network. One 3 

critical benefit of DC fast charging is that it enables inter-city and long-distance travel 4 

that is otherwise impossible or impractical for all-electric vehicle drivers.48 Further, 5 

consumer research indicates that a “lack of robust DC fast charging infrastructure is 6 

seriously inhibiting the value, utility, and sales potential” of typical pure-battery electric 7 

vehicles.49 Consequently, increased access to DC fast charging stations must be achieved 8 

in order to build an effective EV infrastructure that will drive EV adoption. 9 

 The foundational vehicle charging infrastructure category is home charging. However, 10 

residents of multifamily housing may not be able to control individual parking places or 11 

the use of charging infrastructure and may therefore face an insurmountable market 12 

failure. This may be an appropriate topic for future consideration by Ameren Missouri 13 

and the Commission. 14 

 The second-most important charging location is the workplace. Ameren Missouri’s 15 

proposal also does not address this infrastructure category. It is feasible for many 16 

employers to provide electric vehicle charging infrastructure in private parking lots and to 17 

regulate the use of that equipment by its employees. Employees in urban downtown 18 

areas, on the other hand, often rely on shared, public parking and may not be able to 19 

make appropriate arrangements for electric vehicle charging infrastructure. This may also 20 

warrant future attention by Ameren Missouri and the Commission.  21 

                                                
48 48 Nick Nigro et al. Strategic Planning to Implement Publicly Available EV Charging Stations: A Guide for 
Businesses and Policymakers (2015) at 11.  
49 PlugShare, New Survey Data: BEV Drivers and the Desire for DC Fast Charging (March 2014).  
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 AC Level 2 charging like that proposed by Ameren Missouri can add value for an electric 1 

vehicle owner. However, as these require long dwell times to provide significant driving 2 

distance, the provision of Level 2 charging at the six locations proposed by Ameren 3 

Missouri will provide “emergency” or convenience charging opportunity for some 4 

vehicles that are not equipped for DC fast charging but are unlikely to promote electric 5 

vehicle ownership. 6 

 Ameren Missouri’s proposed focus on Intercity Fast Charging stations is reasonable, and 7 

is an appropriate pilot strategy. However, to stimulate significant electric vehicle 8 

purchases, it will likely be necessary to provide a more comprehensive network in future 9 

based on the experience that Ameren Missouri gains from this pilot. 10 

PROMOTING DEVELOPMENT OF A COMPETITIVE EV CHARGING MARKET 11 

Q. Why should the Commission promote development of a competitive electric vehicle 12 

charging market? 13 

A. First, it is a well-established conclusion of economics that in the long-run effective 14 

competition produces better prices and greater supply of services. Secondly, this is a 15 

period of rapid innovation in the electric vehicle and vehicle charging markets and the 16 

Commission should avoid locking-in a particular business model or set of technologies 17 

for vehicle charging infrastructure. 18 

Q. How should the Commission promote development of a competitive electric vehicle 19 

charging market, while supporting utility engagement? 20 

A. It is important to understand in some detail the structure of costs and scope of potential 21 

competition for vehicle charging. The following diagram represents the approach Pacific 22 
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Gas & Electric (PG&E) has taken to vehicle charging infrastructure and is a useful 1 

reference for examining this question. 2 

 3 

PEV infrastructure costs consist of three groups: the “EV Service Connection”; the “EV 4 

Supply Infrastructure”; and the “EV Charger Equipment.” The EV Service Connection 5 

refers to the utility distribution infrastructure, including transformers, utility services, and 6 

meters. The EV Supply Infrastructure is comprised of the electricity panels, conduit and 7 

wiring. 8 

The EV Charger Equipment to the right in this diagram is analogous to other end-use 9 

equipment that is normally supplied by competitive markets; there are currently a number 10 

of competitors in the marketplace for manufacturing, installing, and servicing such 11 

equipment. This is also the locus of innovation activity in vehicle charging technology 12 

and business models and should therefore be the focus of any effort by the Commission 13 

to promote development of a competitive market for vehicle charging.  14 

There are three ways that competition can occur in this realm: utility procurement, utility-15 

facilitated market access, and open market competition. In the utility procurement 16 

approach, the utility would specify and purchase equipment. To ensure that this approach 17 
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fosters innovation in the EV services market and leverages the market expertise of third 1 

party providers of EV services, utility specifications should specify “what” minimum 2 

specifications equipment must meet but not “how” to meet them. Utility-facilitated 3 

market access would provide a list of qualified vendors who will work with the utility but 4 

could potentially allow competing business models and technologies to compete for 5 

selection by the prospective site host. Open market competition would provide all of the 6 

benefits of competition but risks shifting onto the site host considerable transaction costs 7 

in the form of learning about electric vehicle charging, vendor selection, coordination of 8 

utility and vendor installation, and resolution of any operating problems. For the pilot 9 

program, I recommend that Ameren obtain EVSE through utility procurement given the 10 

small nature of the deployment (6 stations). I further recommend that the Commission 11 

require Ameren Missouri to facilitate open market competition in addition to either utility 12 

procurement or utility-facilitated market access for its pilot, primarily by clarifying that 13 

non-utility owners and operators of EV charging stations are not public utilities subject to 14 

the Commission’s full jurisdiction solely by virtue of operating EV charging stations and 15 

by establishing appropriate tariff(s) by which such non-utility owners and operators of 16 

EV charging stations can obtain electricity for use in vehicle charging on terms 17 

competitive with the utility’s self-supply for that purpose. 18 

Q. How do you recommend that costs of electric vehicle charging equipment be 19 

recovered? 20 

A. There are several approaches available, each of which can be compatible with 21 

both development of a competitive market and with utility engagement in this market.  22 
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The first alternative is to charge the electric vehicle driver in addition to the delivered 1 

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

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

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

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

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

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

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

operated by the utility or a third party.  9 

The second alternative is to allow a station host to contribute toward equipment costs, 10 

either upfront or in “rental” rate via monthly charges that include maintenance and 11 

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

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

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

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

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

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

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

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

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

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

programs that are designed to accelerate the market. Ameren has proposed such a limited 22 
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pilot, and seeks to invest in a market segment for EV charging in which high upfront 1 

capital costs present a unique barrier to investment.    2 

SPECIFIC VEHICLE CHARGING RECOMMENDATIONS 3 

Q. Please summarize your preceding recommendations. 4 

A. I want to clearly recommend that the Commission act to accelerate adoption of electric 5 

vehicles through utility engagement in electric vehicle charging infrastructure. It should 6 

do so in this case by approving a tariff and pilot program along the lines proposed by 7 

Ameren Missouri and with the tariff as modified by recommendations of Sierra Club and 8 

NRDC.  9 

In the long run, costs of fast charging should be paid by electric vehicle drivers. In the 10 

short run, there will be insufficient sales volume for full cost recovery, due to the 11 

“chicken or egg” problem; the Commission should use its authority to establish the 12 

proposed tariff for Ameren Missouri which will appropriately allocates subsidy and 13 

volume risk in order to enable utility engagement in accelerating the adoption of electric 14 

vehicles. 15 

The approach for selection of charging station equipment and for recovery of equipment 16 

and infrastructure costs undertaken and/or proposed by Ameren in this case is not 17 

inconsistent with the development of a competitive market.  18 

 To further ensure the development of a competitive market for electric vehicle charging 19 

services, the Commission should act in this or a future case to clarify that non-utility 20 

owners and operators of EV charging stations are not public utilities subject to the 21 

Commission’s full jurisdiction solely by virtue of operating EV charging stations, and by 22 
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establishing appropriate tariff(s) by which such non-utility owners and operators of EV 1 

charging stations can obtain electricity for use in vehicle charging on terms competitive 2 

with the utility’s self-supply for that purpose. The costs of delivered power used in 3 

vehicle charging should ordinarily be paid by the electric vehicle driver, although the 4 

Commission should not foreclose host decisions to pay such charges or different 5 

approaches at third-party charging stations, assuming limits for reasonable electricity 6 

pricing in cases of utility investment.  7 

 8 

Q. Do you have any other recommendations with respect to electric vehicle charging? 9 

A. Yes. Leading the market requires learning by doing. The Commission should actively 10 

engage in such learning both to ensure that Ameren Missouri is actively learning but also 11 

for the benefit of the Commission and other stakeholders. To that end, I recommend that 12 

the Commission require regular reporting by Ameren Missouri to the Commission and 13 

interested stakeholders in order to provide for continuous monitoring and review of 14 

Ameren Missouri’s electric vehicle charging pilot project. This should include but not be 15 

limited to stations planned and implemented; station usage and load patterns; distribution 16 

system impacts; host and customer satisfaction and issues; electric vehicle sales and 17 

electric vehicle miles traveled in Missouri; implications of ubiquitous vehicle charging on 18 

Ameren Missouri’s future distribution system architecture; and the effects of Ameren 19 

Missouri’s programs on development of a competitive market for vehicle charging 20 

equipment and services.  21 

Q. Does that complete your testimony? 22 

A. Yes. 23 
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Douglas B. Jester 

Personal 
Information 

 
Contact Information: 

115 W Allegan Street, Suite 710 
Lansing, MI 48933 
517-337-7527 
djester@5lakesenergy.com 

Professional 
experience 

January 2011 – present                             5 Lakes Energy 
Principal Member 

Co-owner of a consulting firm working to advance the clean energy 
economy in Michigan and beyond. Consulting engagements with 
foundations, startups, and 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             Michigan Department of 
Energy, Labor and Economic Growth 
Senior Energy Policy Advisor 

Advisor to the Chief Energy Officer of the State of Michigan with primary 
focus on institutionalizing energy efficiency and renewable energy 
strategies and policies and developing clean energy businesses in 
Michigan. Provided several policy analyses concerning utility regulation, 
grid-integrated storage, performance contracting, feed-in tariffs, and low-
income energy efficiency and assistance. Participated in Pluggable 
Electric Vehicle Task Force, Smart Grid 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             Efficient Printers Inc 
President/Co-Owner 

� 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 entry, 
tracking, and service support systems for numerous large federal 
telecommunications contracts such as the US Post Office, Federal 
Aviation Administration, and Navy-Marine Corps 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 Michigan State University 
Adjunct Instructor 

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

1977 – 1984 Michigan Department of Natural Resources 
Fisheries Research Biologist 

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

Education 
 
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 
 
¾ 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. 

¾ Member of Michigan Green Jobs Initiative, representing the Council for Labor and Economic 
Growth. 

¾ 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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¾ 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. 

¾ Angel investor in startup off-shore wind technology company, recently awarded ARPA-E 
commercialization grant. 

¾ 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 
 
¾ 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. 

¾ 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. 

¾ 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. 

¾ Participant by invitation in Michigan Senate Energy and Technology Committee stakeholder 
work group preliminary to introduction of a comprehensive legislative package. 

¾ Participant by invitation in Michigan Public Service Commission PURPA Avoided Cost 
Technical Advisory Committee. 

¾ Participant by invitation in Michigan Public Service Commission Standby Rate Working 
Group. 

¾ Participant by invitation in Michigan Public Service Commission Street Lighting Collaborative. 
¾ Participant by invitation in State of Michigan Agency for Energy Technical Advisory 

Committee on Clean Power Plan implementation. 
¾ 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 North Carolina 
o For Colorado Dept of Public Health and Environment - Colorado currently beginning 

development. 
¾ 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. 
¾ 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. 

¾ 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). 

¾ Coauthored “Charge without a Cause: Assessing Utility Demand Charges on Small 
Customers” 

¾ Currently under contract to the Michigan Agency for Energy to develop a Roadmap for CHP 
Market Development in Michigan, including evaluation of various CHP technologies and 
applications using STEER Michigan as an integrated resource planning tool. 

¾ 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”. 

¾ Developed presentation on “Whole System Perspective on Energy Optimization Strategy” for 
Michigan Energy Optimization Collaborative. 

¾ Under contract to NextEnergy, assisted in development of industrial energy efficiency 
technology development strategy. 

¾ Under contract to a multinational solar photovoltaics company, developed market strategy 
recommendations. 

¾ For an automobile OEM, developed analyses of economic benefits of demand response in 
vehicle charging and vehicle-to-grid electricity storage solutions. 

¾ Under contract to Pew Charitable Trusts, assisted in development of a report of best 
practices for electric vehicle charging infrastructure. 

¾ 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. 

¾ Assisted in Michigan market development for a solar panel manufacturer, clean energy 
finance company, and industrial energy management systems company. 

¾ 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 
 
¾ 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. 

¾ Lead development of a social-media-based community for energy practitioners in Michigan at 
www.MichEEN.org. 

¾ Drafted analysis and policy paper concerning customer and third-party access to utility meter 
data. 

¾ 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. 

¾ Analyzed relationship of marginal locational 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. 

¾ Developed analyses and recommendations concerning the use of feed-in tariffs in Michigan. 
¾ Participated in Pluggable Electric Vehicle Task Force and initiated changes in State building 

code to accommodate installation of vehicle charging equipment. 
¾ Organized December 2010 conference on Biomass Waste to Energy technologies and 

market opportunities. 
¾ Participated in and provided support for teams working on developing Michigan businesses 

involved in renewable energy, storage, and smart grid supply chains. 
¾ Developed analyses and recommendations concerning low-income energy assistance 

coordination with low-income energy efficiency programs and utility payment collection 
programs. 

¾ Drafted State of Michigan response to a US Department of Energy request for information on 
offshore wind energy technology development opportunities. 

¾ Assisted in development of draft performance contracting enabling legislation, since adopted 
by the State of Michigan. 

 
For Verizon Business 
 
¾ 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. 

¾ Provided market analysis and participation in various conferences to aid in positioning 
Verizon in the “Smart Grid” market. Recommendations are proprietary to Verizon. 

¾ 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. 

¾ Participated in the “Smart Grid” architecture team sponsored by the corporate Chief 
Technology Officer with sub-team lead responsibilities in the areas of Software and System 
Integration and Network and Systems Management. This team established a reference 
architecture for the company’s “Smart Grid” offerings, identified necessary changes in 
networks and product offerings, and recommended public policy positions concerning 
spectrum allocation by the FCC, security standards being developed by the North American 
Reliability Council, and interoperability standards being developed by the National Institute of 
Standards and Technology. 

¾ 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. 

¾ 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. 

¾ Presented Verizon’s “Smart Grid” capabilities to seventeen utilities. 
¾ Presented “Role of Telecommunications Carriers in Smart Grid Implementation” to 2009 Mid-

America Regulatory Conference. 
¾ Presented “Smart Grid: Transforming the Electricity Supply Chain” to the 2009 World Energy 

Engineering Conference. 
¾ 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. 

¾ 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 
¾ Determined permit requirements under Section 316 of the Clean Water Act for all steam 

electric plants currently operating in the State of Michigan. 
¾ 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. 

¾ 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. 

¾ 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. 

¾ Reviewed (as regulator) the environmental impacts and benefit-cost analyses of all major 
steam electric and most hydroelectric plants in the State of Michigan. 

¾ 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. 

¾ 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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ix

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 
TXDOLW\��+RZHYHU��WKHUH�DUH�PDQ\�EDUULHUV�WR�LWV�PDLQVWUHDP�
adoption regardless of incentives and enticing promises to 
VROYH� GLI¿FXOW� SUREOHPV�� 6XFK� YHKLFOHV� KDYH� VRPH� OLPLWD-
tions owing to current battery technology, such as restricted 
electric driving range and the long times required for battery 
charging. Furthermore, they cost more than conventional 
vehicles and require an infrastructure for charging the bat-
tery. Given those concerns, the U.S. Congress asked the De-
partment of Energy to commission a study by the National 
Research Council (NRC) that would investigate the barriers 
and recommend ways to overcome them.

,Q� WKLV� ¿QDO� FRPSUHKHQVLYH� UHSRUW�� WKH� &RPPLWWHH� RQ�
2YHUFRPLQJ� %DUULHUV� WR� (OHFWULF�9HKLFOH� 'HSOR\PHQW� ¿UVW�
discusses the current characteristics of PEVs and charging 
WHFKQRORJLHV��,W�WKHQ�EULHÀ\�UHYLHZV�WKH�PDUNHW�GHYHORSPHQW�
process, presents consumer demographics and attitudes to-
ward PEVs, and discusses the implications of that infor-
mation and other factors on PEV adoption and diffusion. 
7KH�FRPPLWWHH�QH[W� H[SORUHV�KRZ� IHGHUDO�� VWDWH�� DQG� ORFDO�
governments and their various administrative arms can be 
PRUH� VXSSRUWLYH� DQG� LPSOHPHQW� SROLFLHV� WR� VXVWDLQ� EHQH¿-
cial strategies for PEV deployment. It then provides an in-
depth discussion of the PEV charging-infrastructure needs 
and evaluates the implications of PEV deployment on the 
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Summary

The plug-in electric vehicle (PEV) has a long history. 
In 1900, 28 percent of the passenger cars sold in the United 
States were electric, and about one-third of the cars on the 
URDG�LQ�1HZ�<RUN�&LW\��%RVWRQ��DQG�&KLFDJR�ZHUH�HOHFWULF��
7KHQ��KRZHYHU��PDVV�SURGXFWLRQ�RI�DQ�LQH[SHQVLYH�JDVROLQH�
powered vehicle, invention of the electric starter for the 
gasoline vehicle, a supply of affordable gasoline, and de-
velopment of the national highway system, which allowed 
ORQJ�GLVWDQFH�WUDYHO�� OHG�WR� WKH�GHPLVH�RI� WKRVH�¿UVW�3(9V��
In the 1970s and 1990s, interest in PEVs resurfaced, but the 
vehicles simply could not compete with gasoline-powered 
ones. In the last few years, interest in PEVs has been reig-
nited because of advances in battery and other technologies, 
QHZ�IHGHUDO�VWDQGDUGV�IRU�FDUERQ�GLR[LGH�HPLVVLRQV�DQG�IXHO�
HFRQRP\��VWDWH�]HUR�HPLVVLRQ�YHKLFOH�UHTXLUHPHQWV��DQG�WKH�
current administration’s goal of putting millions of alterna-
tive-fuel vehicles on the road. People are also beginning to 
UHFRJQL]H� WKH�DGYDQWDJHV�RI�3(9V�RYHU�FRQYHQWLRQDO�YHKL-
cles, such as lower operating costs, smoother operation, and 
EHWWHU�DFFHOHUDWLRQ��WKH�DELOLW\�WR�IXHO�XS�DW�KRPH��DQG�]HUR�
tailpipe emissions when the vehicle operates solely on its 
battery. There are, however, barriers to PEV deployment, in-
cluding the vehicle cost, the short all-electric driving range, 
the long battery-charging time, uncertainties about battery 
life, the few choices of vehicle models, and the need for a 
charging infrastructure to support PEVs whether at home, at 
work, or in a public space. Moreover, many people are still 
not aware of or do not fully understand the new technology. 
*LYHQ� WKRVH�UHFRJQL]HG�EDUULHUV� WR�3(9�GHSOR\PHQW��&RQ-
gress asked the Department 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 
Academies, appointed the Committee on Overcoming Bar-
riers to Electric-Vehicle Deployment, which prepared this 
report.

1� 6HH� &RQVROLGDWHG�$SSURSULDWLRQV� $FW�� ������ 3�/�� �������� +��
5HSW�����������+�5HSW�����������

THE COMMITTEE’S TASK

The committee’s analysis was to be provided in two 
UHSRUWV²D�VKRUW�LQWHULP�UHSRUW�DQG�D�¿QDO�FRPSUHKHQVLYH�UH-
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 federal government in overcoming the barriers. 
It did not offer any recommendations because the commit-
tee was still in the early stages of gathering data. The cur-
UHQW�UHSRUW�LV�WKH�FRPPLWWHH¶V�¿QDO�FRPSUHKHQVLYH�UHSRUW�WKDW�
addresses its full statement of task, which can be found in 
Chapter 1.

This report focuses on light-duty vehicles (passenger 
cars and light-duty trucks) in the United States and restricts 
its discussion to PEVs, which include battery electric vehi-
FOHV��%(9V��DQG�SOXJ�LQ�K\EULG�HOHFWULF�YHKLFOHV��3+(9V��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 BEVs operate solely on electricity 
stored in the battery (there is no other energy source), and 
3+(9V�KDYH�DQ�LQWHUQDO�FRPEXVWLRQ�HQJLQH��,&(��WKDW�FDQ�
supplement the electric power train or charge the battery dur-
LQJ�D�WULS��3+(9V�FDQ�XVH�HQJLQHV�SRZHUHG�E\�YDULRXV�IXHOV��
but this report focuses on those powered by gasoline because 
they are the ones currently available in the United States.

The premise of the committee’s task is that there is a 
EHQH¿W� WR� WKH�8QLWHG�6WDWHV� LI�D�KLJKHU� IUDFWLRQ�RI�PLOHV� LV�
fueled by electricity rather than by petroleum. Two reasons 
IRU�WKLV�EHQH¿W�DUH�FRPPRQO\�DVVXPHG��)LUVW��D�KLJKHU�IUDF-
tion of miles fueled by electricity would reduce the U.S. de-
pendence on petroleum. Second, a higher fraction of miles 
IXHOHG�E\�HOHFWULFLW\�ZRXOG�UHGXFH�FDUERQ�GLR[LGH�DQG�RWKHU�
air pollutants emitted into the atmosphere. The committee 

2�%(9V�DQG�3+(9V�QHHG�WR�EH�GLVWLQJXLVKHG�IURP�FRQYHQWLRQDO�
K\EULG�HOHFWULF�YHKLFOHV��+(9V���VXFK�DV�WKH�7R\RWD�3ULXV�WKDW�ZDV�
LQWURGXFHG�LQ�WKH�ODWH�����V��+(9V�GR�QRW�SOXJ�LQWR�WKH�HOHFWULF�JULG�
but power their batteries from regenerative braking and an internal-
combustion engine. They are 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 
future 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-
KRXVH�JDVHV��*+*V��SHU�PLOH�WKDQ�DQ�,&(�YHKLFOH3 or a hy-
EULG�HOHFWULF�YHKLFOH��+(9���3(9V�ZLOO�PDNH�IXUWKHU�UHGXF-
WLRQV�LQ�*+*�HPLVVLRQV�DV�WKH�8�6��HOHFWULF�JULG�FKDQJHV�WR�
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 
WKDW�WKH�8QLWHG�6WDWHV�FRQWLQXHV�WR�UHGXFH�WKH�*+*V�WKDW�LW�
produces in generating electricity. A more detailed discus-
sion of the committee’s analysis of the near-term and long-
term impacts of PEV deployment on petroleum consumption 
DQG�*+*�HPLVVLRQV�LV�SURYLGHG�LQ�&KDSWHU���RI�WKLV�UHSRUW��

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

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

PLUG-IN ELECTRIC VEHICLES  
AND CHARGING TECHNOLOGIES

Today, there are several makes and models of PEVs on 
the market, and PEV sales reached about 0.76 percent of the 
light-duty sales in the United States by the close of 2014. Be-
cause the obstacles to consumer adoption and the charging 
infrastructure requirements depend on PEV type, the com-
mittee used the all-electric range (AER) of the vehicles to 
distinguish four PEV classes (see Table S-1). Several impor-
tant points regarding the PEV classes should be highlighted. 
First, the Tesla Model S clearly demonstrates the possibility 
RI� SURGXFLQJ� D� ORQJ�UDQJH� %(9� WKDW� KDV� EHHQ� UHFRJQL]HG�
as a high-performing vehicle. Second, limited-range BEVs 
are the only type of PEV that have a substantial range limi-
tation. Although they are not practical for trips that would 
require more than one fast charge given the substantial re-
IXHOLQJ�WLPH�UHTXLUHG�� WKHLU�UDQJHV�DUH�PRUH�WKDQ�VXI¿FLHQW�
for the average daily travel needs of the majority of U.S. 
GULYHUV��7KLUG�� WKH� UDQJH�H[WHQGHG�3+(9�KDV�D� WRWDO� UDQJH�
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-
JHU�WKDQ�WKH�$(5��)RXUWK��PLQLPDO�3+(9V�ZLWK�$(5V�PXFK�
shorter than the average daily driving distance in the United 
6WDWHV�DUH�HVVHQWLDOO\�+(9V�

There are three options for charging the high-energy 
batteries in PEVs.4 First, AC level 1 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.

TABLE S-1 Four Classes of Plug-in Electric Vehicles 
PEV Class Description ([DPSOH��5DQJHa) 
Long-range BEV Can travel 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 Model S (AER = 265 miles) 

Limited-range BEV Is made more affordable than the long-range BEV by  
UHGXFLQJ�WKH�VL]H�RI�WKH�KLJK-energy battery. Its limited  
range can more than suffice for many commuters, but it is 
impractical for long trips. 

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

Range-H[WHQGHG�3+(9 7\SLFDOO\��RSHUDWHV�DV�D�]HUR-emission vehicle until its battery  
LV�GHSOHWHG��ZKHUHXSRQ�DQ�,&(�WXUQV�RQ�WR�H[WHQG�LWV�UDQJH� 

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

0LQLPDO�3+(9 Its small battery can be charged from the grid, but its AER  
is much less than the average daily U.S. driving distance. 

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

a The AERs noted are average values estimated by the U.S. Environmental Protection Agency. Total ranges are provided for 
3+(9V��WKH�$(5�LV�WKH�WRWDO�UDQJH�IRU�%(9V� 
NOTE: AER, all-electric range; BEV, battery electric vehicle; ICE, internal-combustion engine; PEV, plug-in electric vehicle; 
3+(9��SOXJ-in hybrid electric vehicle. 
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charging. It is considered too slow to be the primary charg-
ing method for fully depleted batteries of PEVs that have 
large batteries because charging times would be longer than 
the time a vehicle is normally parked at home or the work-
place. Second, AC level 2 uses a 240 V, split-phase ac circuit 
like those used by electric dryers, electric stoves or ovens, 
and large air conditioners; it provides about 10-20 miles of 
electric range per hour of charging depending on how much 
current the vehicle is allowed to draw. Third, DC fast charg-
ing is an option available only to BEVs today and uses high-
voltage circuits to charge the battery much more rapidly. 
DC fast charging is generally not an option for residential 
charging given the high-power circuits required. In the Unit-
ed States, there is one standard plug for the AC level 1 and 
AC level 2 chargers, but there are at least three incompatible 
plugs and communication protocols being used for DC fast 
charging. Plug and protocol incompatibility is a barrier to 
PEV adoption 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 
(1) eliminate the proliferation of plugs and communication 
protocols for DC fast 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, face 
challenges in developing a market and motivating consum-
ers to purchase or use their products. Incumbent technolo-
JLHV²LQ�WKLV�FDVH��,&(�YHKLFOHV²FDQ�EH�GLI¿FXOW�WR�XQVHDW��
WKH\�KDYH�\HDUV�RI�SURGXFWLRQ�DQG�GHVLJQ�H[SHULHQFH��ZKLFK�
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 diffusion of PEVs is likely to 
EH�D�ORQJ�WHUP��FRPSOH[�SURFHVV��(YHQ�PRGHVW�PDUNHW�SHQH-
tration could take many years. Furthermore, market penetra-
tion rates will likely be a function not only of the product it-
VHOI�EXW�DOVR�RI�WKH�HQWLUH�LQGXVWU\�HFRV\VWHP��+HQFH��SURGXFW�
technologies (such as low-cost batteries), downstream infra-
structure (such as dealers and repair facilities), and comple-
mentary infrastructure (such as charging stations) will need 
to be developed simultaneously.

2QH�VWUDWHJ\�IRU�GHDOLQJ�ZLWK�PDUNHW�FRPSOH[LW\�KDV�EHHQ�
to identify a narrow market segment for which the new tech-
nology offers a compelling reason to buy. Offering a compel-
OLQJ�YDOXH�SURSRVLWLRQ�VSHFL¿FDOO\�WDUJHWHG�WR�PHHW�WKH�QHHGV�
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 
PDUNHW�VHJPHQW�FDQ�EH�XVHG�PRUH�HI¿FLHQWO\�DQG�HIIHFWLYHO\�
to drive sales in related, adjacent segments. That approach ap-
pears reasonable for PEVs because the PEV market has been 
FKDUDFWHUL]HG�E\�VWURQJ�UHJLRQDO�SDWWHUQV�WKDW�UHÀHFW�VXFK�DWWUL-
EXWHV�DV�H[SHQVLYH�JDVROLQH��IDYRUDEOH�GHPRJUDSKLFV��YDOXHV��
and lifestyles; a regulatory environment favorable to PEVs; 
DQG�DQ�H[LVWLQJ�RU�DW�OHDVW�UHDGLO\�GHSOR\DEOH�LQIUDVWUXFWXUH��

The purchase of a new vehicle is typically a lengthy pro-
cess that often involves substantial research and is strongly 
affected by consumer perceptions. In evaluating the pur-
FKDVH�SURFHVV�IRU�3(9V�VSHFL¿FDOO\��WKH�FRPPLWWHH�LGHQWL¿HG�
several barriers—in addition to the cost differences between 
PEVs and ICE vehicles—that affect consumer perceptions 
and their decision process and ultimately (negatively) their 
purchase decisions. The barriers include the limited variety 
of PEVs available; misunderstandings concerning the range 
RI�WKH�YDULRXV�3(9V��GLI¿FXOWLHV�LQ�XQGHUVWDQGLQJ�HOHFWULFLW\�
consumption, calculating fuel costs, and determining charg-
LQJ� LQIUDVWUXFWXUH� QHHGV�� FRPSOH[LWLHV� RI� LQVWDOOLQJ� KRPH�
FKDUJLQJ��GLI¿FXOWLHV�LQ�GHWHUPLQLQJ�WKH�JUHHQQHVV�RI�WKH�YH-
hicle; lack of information on incentives; and lack of knowl-
HGJH� RI� XQLTXH� 3(9� EHQH¿WV�� &ROOHFWLYHO\�� WKH� LGHQWL¿HG�
barriers indicate that consumer awareness and knowledge 
of PEV offerings, incentives, and features are not as great 
as needed to make fully informed decisions about whether 
to purchase a PEV. Furthermore, many factors contribute to 
consumer uncertainty and doubt about the viability of PEVs 
and create a perceptual hurdle that negatively affects PEV 
SXUFKDVHV�� 7RJHWKHU�� WKH� EDUULHUV� HPSKDVL]H� WKH� QHHG� IRU�
better consumer information and education that can answer 
all their questions. Consumers have traditionally relied on 
dealers to provide vehicle information; however, in spite of 
education efforts by some manufacturers, dealer knowledge 
RI�3(9V�KDV�EHHQ�XQHYHQ�DQG�RIWHQ�LQVXI¿FLHQW� WR�DGGUHVV�
consumer questions and concerns. The committee does ac-
knowledge, however, that even well-informed consumers 
might not buy a PEV because it does not meet some of their 
basic requirements for a vehicle (that is, consumer informa-
tion and education cannot overcome the absence of features 
desired by a consumer). 

Recommendation: To provide accurate consumer informa-
tion and awareness, the federal government should make use 
of its Ad Council program, particularly in key geographic 
PDUNHWV�� WR�SURYLGH�DFFXUDWH� LQIRUPDWLRQ�DERXW� IHGHUDO� WD[�
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 federal government can play a substantive role in 
encouraging PEV deployment by supporting research that 
KDV�WKH�SRWHQWLDO�WR�UHPRYH�EDUULHUV��6SHFL¿FDOO\��LQYHVWPHQW�
in battery research is critical for producing lower cost, higher 
performing batteries. Improved battery technology will lower 
vehicle cost, increase the all-electric range, or both, and those 
improvements will likely lead to increased PEV deployment. 
Furthermore, research is needed to understand the relationship 
between charging infrastructure availability and PEV adop-
WLRQ�DQG�XVH��6SHFL¿FDOO\��UHVHDUFK�VKRXOG�EH�FRQGXFWHG�WR�GH-
termine how much public infrastructure is needed and where it 
should be sited to induce PEV adoption and to encourage PEV 
RZQHUV� WR�RSWLPL]H� WKHLU�YHKLFOH�XVH��7KDW� UHVHDUFK� LV�HVSH-
cially critical if the federal government is allocating resources 
to fund public infrastructure deployment.

Recommendation: The federal government should continue 
to sponsor fundamental and applied research to facilitate and 
H[SHGLWH�WKH�GHYHORSPHQW�RI�ORZHU�FRVW��KLJKHU�SHUIRUPLQJ�YH-
hicle batteries. Stable funding is critical and should focus on 
improving energy density and addressing durability and safety.

Recommendation: The federal government should fund 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-
HUQPHQW�FRQWURO�LV�WD[DWLRQ�RI�3(9V�DQG��LQ�SDUWLFXODU��WD[D-
tion for the purpose of recovering the costs of maintaining, 
repairing, and improving roadways. In the United States, 
IXHO�WD[HV�KDYH�EHHQ�XVHG�WR�¿QDQFH�WUDQVSRUWDWLRQ�EXGJHWV��
%HFDXVH�%(9V�XVH�QR�JDVROLQH�DQG�3+(9V�XVH�PXFK� OHVV�
gasoline than ICE vehicles, there is the belief that PEV own-
ers pay nothing to support transportation infrastructure and 
VKRXOG� EH� WD[HG� RU� FKDUJHG� D� VSHFLDO� IHH�� +RZHYHU�� 3(9�
RZQHUV�SD\�WD[HV�DQG�IHHV�RWKHU�WKDQ�IXHO�WD[HV�WKDW�VXSSRUW�
WUDQVSRUWDWLRQ�EXGJHWV��)XUWKHUPRUH��WKH�¿VFDO�LPSDFW�DW�WKH�
SUHVHQW�WLPH�DQG�OLNHO\�RYHU�WKH�QH[W�GHFDGH�RI�QRW�FROOHFWLQJ�
IXHO� WD[HV�IURP�3(9�RZQHUV� LV�QHJOLJLEOH��HVSHFLDOO\�FRP-
pared with the impact of high-mileage vehicles that are being 
produced to meet fuel-economy standards. 

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

Some federal and state permitting processes have been 
ill-suited for the simple installation of some PEV charging 
infrastructure. As a result, unnecessary permit burdens and 

costs have been introduced into the installation process. Be-
cause most charging will occur at home, PEV deployment 
could be seriously impeded if the buyers must bear high 
SHUPLW�DQG�LQVWDOODWLRQ�FRVWV�DQG�H[SHULHQFH�GHOD\�LQ�WKH�DF-
tivation of their home chargers. Accordingly, clarity, predict-
ability, and speed are needed in the permitting and approval 
process for installation of home and public charging stations.

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

CHARGING INFRASTRUCTURE FOR  
PLUG-IN ELECTRIC VEHICLES

PEV deployment and the fraction of vehicle miles fu-
eled by electricity (eVMT) critically depend on the charging 
LQIUDVWUXFWXUH�� )RU� LWV� DQDO\VLV�� WKH� FRPPLWWHH� FDWHJRUL]HG�
the infrastructure by location (home, workplace, intracity, 
intercity, and interstate) and power (AC level 1, AC level 2, 
and DC fast charging), evaluated it from the perspective of 
WKH�3(9�FODVVHV�GH¿QHG�LQ�7DEOH�6����DQG�GHWHUPLQHG�ZKLFK�
entities might have a motivation to install which category of 
charging infrastructure. The results of the committee’s anal-
\VLV�DUH�VXPPDUL]HG�LQ�7DEOH�6����7KH�WDEOH�UHÀHFWV�WKH�UHOD-
tive importance of each infrastructure category as assessed 
E\� WKH� FRPPLWWHH��ZLWK� KRPH� OLVWHG� ¿UVW� �PRVW� LPSRUWDQW��
and interstate listed last (least important).

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

Second, charging at workplaces offers an important op-
portunity to encourage PEV adoption and increase eVMT. 
6SHFL¿FDOO\��LW�FRXOG�GRXEOH�WKH�GDLO\�WUDYHO�GLVWDQFH�WKDW�LV�
fueled by electricity if combined with home charging and 
could in principle make possible the use of limited-range 
BEVs when no home charging is available. Some businesses 
appear to be motivated to provide workplace charging as a 
means to attract and retain employees or to brand the compa-
Q\�ZLWK�D�JUHHQ�LPDJH��+RZHYHU��RQH�FRQFHUQ�LV�WKDW�XWLOLWLHV�
FRXOG�LPSRVH�GHPDQG�FKDUJHV�LI�WKH�EXVLQHVVHV�H[FHHG�WKHLU�
PD[LPXP�SRZHU�GHPDQG�WKUHVKROGV��VXFK�FKDUJHV�FRXOG�EH�
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 governments should engage with 
and encourage workplaces to consider investments in charging 
infrastructure and provide information about best practices. 
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TABLE S-2 Effects of Charging Infrastructure by PEV Class and Entities Motivated to Install Infrastructure Categoriesa

Infrastructure Categoryb PEV Class Effect of Infrastructure on Mainstream PEV Owner :KR�+DV�DQ�,QFHQWLYH�WR�,QVWDOO"

+RPH
AC levels 1 and 2

Long-range BEV
Limited-range BEV
5DQJH�H[WHQGHG�3+(9
0LQLPDO�3+(9

Virtual necessity
Virtual necessity
Virtual necessity
Virtual necessity

Vehicle Owner, Utility

Workplace
AC levels 1 and 2

Long-range BEV
Limited-range BEV
5DQJH�H[WHQGHG�3+(9
0LQLPDO�3+(9

5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW
5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW
,QFUHDVHV�H907�DQG�YDOXH�SURSRVLWLRQ��H[SDQGV�PDUNHW
,QFUHDVHV�H907�DQG�YDOXH�SURSRVLWLRQ��H[SDQGV�PDUNHW

Business Owner, Utility

Intracityc

AC levels 1 and 2
Long-range BEV
Limited-range BEV
5DQJH�H[WHQGHG�3+(9
0LQLPDO�3+(9

Not necessary
5DQJH�H[WHQVLRQ��LQFUHDVHV�FRQ¿GHQFH
Increases eVMT and value proposition
Increases eVMT and value proposition

Utility, Retailer, Charging Provider, 
Vehicle Manufacturer

Intracityc

DC fast charge
Long-range BEV
Limited-range BEV
5DQJH�H[WHQGHG�3+(9
0LQLPDO�3+(9

Not necessary
5DQJH�H[WHQVLRQ��LQFUHDVHV�FRQ¿GHQFH
NA – not equipped
NA – not equipped

Utility, Charging Provider, Vehicle 
Manufacturer, Government

Intercityc 
DC fast charge

Long-range BEV
Limited-range BEV
5DQJH�H[WHQGHG�3+(9
0LQLPDO�3+(9

5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW
��î�5DQJH�H[WHQVLRQ��LQFUHDVHV�FRQ¿GHQFH
NA – not equipped
NA – not equipped

Vehicle Manufacturer, Government

Interstate
DC fast charge

Long-range BEV
Limited-range BEV
5DQJH�H[WHQGHG�3+(9
0LQLPDO�3+(9

5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW
Not practical for long trips
NA – not equipped
NA – not equipped

Vehicle Manufacturer, Government

a 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 disrup-
tive changes to current PEV performance and only incremental improvements in battery capacity over time.
b The term intercity refers to travel over distances less than twice the range of limited-range BEVs, and the term interstate refers to travel over longer 
distances. 
c�,W�LV�SRVVLEOH�WKDW�WKHVH�LQIUDVWUXFWXUH�FDWHJRULHV�FRXOG�H[SDQG�WKH�PDUNHW�IRU�WKH�YDULRXV�W\SHV�RI�3(9V�DV�DSSURSULDWH��EXW�WKDW�OLQN�LV�PRUH�WHQXRXV�
than the cases noted in the table for other infrastructure categories.
NOTE: AC, alternating current; BEV, battery electric vehicle; DC, direct current; eVMT, electric vehicle miles traveled; NA, not applicable; PEV, 
SOXJ�LQ�HOHFWULF�YHKLFOH��3+(9��SOXJ�LQ�K\EULG�HOHFWULF�YHKLFOH�

Third, public charging infrastructure has the potential to 
SURYLGH�UDQJH�FRQ¿GHQFH�DQG�H[WHQG�WKH�UDQJH�IRU�OLPLWHG�
range BEV drivers, allow long-distance travel for long-range 
BEV drivers, and increase eVMT and the value proposition 
IRU� 3+(9� GULYHUV�� +RZHYHU�� IXQGDPHQWDO� TXHVWLRQV� WKDW�
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-
¿HG�VHYHUDO�HQWLWLHV�WKDW�PLJKW�EH�PRWLYDWHG�WR�LQVWDOO�SXEOLF�
charging infrastructure, it could identify only two entities—
BEV manufacturers and utilities—that might have an attrac-
tive business case for absorbing the full capital costs of in-
vestments in public charging infrastructure. The government 
might decide that providing public charging infrastructure 
serves a public good when others do not have a business case 
or incentive to do so.

Recommendation: The federal government should refrain 
from additional direct investment in the installation of public 
charging infrastructure pending an evaluation of the relation-
ship between the availability of public charging and PEV adop-
tion or use.

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

An important concern raised by the public and policy 
makers pertains to the capability of electric utilities to pro-
vide for PEV charging. At the current time, PEV charging 
requirements account for about 0.02 percent of the energy 
produced and consumed in the continental United States. 
:HUH�WKH�3(9�ÀHHW�WR�UHDFK�DV�KLJK�DV����SHUFHQW�RI�SULYDWH�
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, 
3(9�FKDUJLQJ�LV�H[SHFWHG�WR�KDYH�D�QHJOLJLEOH�HIIHFW�RQ�WKH�
distribution system at the anticipated rates of PEV adoption.

Thus, the constraints on PEV adoption that could arise 
from the electricity sector are more likely to be economic 
rather than physical or technical. Potential impediments to 
PEV adoption include (1) high electricity costs that reduce 
WKH�¿QDQFLDO�EHQH¿W�RI�3(9�RZQHUVKLS������UHJLRQDO�GLIIHU-
ences in electricity costs that add confusion and prevent a 
XQLIRUP�H[SODQDWLRQ�RI�WKH�HFRQRPLF�EHQH¿WV�RI�3(9�RZQ-
ership, (3) residential electric rate structures that provide no 
incentive to charge the vehicle at the optimal time for the 
utility, and (4) high costs for commercial and industrial cus-
tomers if demand charges are incurred as noted above. The 
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 regulatory commissions offer 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-
FHQWLYHV�LV�GLI¿FXOW�EHFDXVH�OLWWOH�LV�\HW�NQRZQ�DERXW�WKH�HI-
IHFWLYHQHVV�RI�3(9�LQFHQWLYH�SURJUDPV��+RZHYHU��WZR�IDF-
tors to consider are vehicle price and cost of ownership. To 
H[DPLQH� WKRVH�IDFWRUV�� WKH�FRPPLWWHH�FRQVLGHUHG�VDOHV�DQG�
consumer survey data and compared manufacturer suggest-
HG�UHWDLO�SULFHV��0653V��RQ�VHOHFWHG�3(9V��+(9V��DQG�,&(�
vehicles. The committee found that although sales data and 
FRQVXPHU�VXUYH\�GDWD�DUH�GLI¿FXOW�WR�LQWHUSUHW��WKH\�DUH�FRQ-
sistent with the view that price is a barrier to some buyers but 
that others might be rejecting PEVs for other reasons. Com-
parisons of MSRPs and cumulative ownership costs that in-
FRUSRUDWH�FXUUHQW�IHGHUDO�WD[�FUHGLWV�SURYLGH�PL[HG�HYLGHQFH�
RQ�ZKHWKHU�SULFH�LV�DQ�REVWDFOH�WR�3(9�DGRSWLRQ��+RZHYHU��
LQ�WKH�DEVHQFH�RI�WD[�FUHGLWV�RU�RWKHU�VXEVLGLHV��FRPSDULVRQV�
at today’s MSRPs would be unfavorable to PEVs.

Another factor to consider is the possibility of declines 
in production costs for PEVs so that manufacturers can price 
them attractively in comparison with conventional vehicles. 
The decline over time in PEV production costs, however, is 
OLNHO\�WR�RFFXU�JUDGXDOO\��DQG�H[LVWLQJ�TXRWDV�RI�IHGHUDO�WD[�
FUHGLWV� FRXOG� EH� H[KDXVWHG� IRU�PDQXIDFWXUHUV� RI� UHODWLYHO\�

popular PEVs before costs can be substantially reduced. 
Thus, the deployment of PEVs might be at risk unless the 
IHGHUDO� JRYHUQPHQW� H[WHQGV�PDQXIDFWXUHU� RU� FRQVXPHU� LQ-
centives, at least temporarily.

Regulatory requirements and incentives for manufactur-
ers and consumers have been introduced over the past few 
years by states and the federal government to encourage 
PEV production and deployment. Most manufacturer incen-
tives and mandates are contained in the federal Corporate 
$YHUDJH�)XHO�(FRQRP\�VWDQGDUGV��WKH�IHGHUDO�*+*�HPLVVLRQ�
VWDQGDUGV��DQG�VWDWH�]HUR�HPLVVLRQ�YHKLFOH��=(9��SURJUDPV��
Most consumer incentive programs have involved purchase 
LQFHQWLYHV�LQ�WKH�IRUP�RI�WD[�FUHGLWV��WD[�UHEDWHV��RU�WD[�H[-
HPSWLRQV��+RZHYHU��VWDWHV�KDYH�DOVR�XVHG�RZQHUVKLS�LQFHQ-
WLYHV��VXFK�DV�H[HPSWLRQV�IURP�RU�UHGXFWLRQV�LQ�UHJLVWUDWLRQ�
WD[HV� RU� IHHV� DQG� YHKLFOH� LQVSHFWLRQV�� DQG� XVH� LQFHQWLYHV�
�VXFK� DV� H[HPSWLRQV� IURP�PRWRU� IXHO� WD[HV�� UHGXFHG� URDG-
ZD\�WD[HV�RU�WROOV��DQG�GLVFRXQWHG�RU�IUHH�3(9�FKDUJLQJ�RU�
SDUNLQJ���6RPH�VWDWHV�KDYH�DOVR�RIIHUHG�QRQ¿QDQFLDO�LQFHQ-
tives that allow access to restricted lanes, such as bus-only, 
high-occupancy-vehicle, and high-occupancy-toll lanes. In-
centives have also been provided to install charging stations, 
WKH�DYDLODELOLW\�RI�ZKLFK�PLJKW�DOVR�LQÀXHQFH�SHRSOH¶V�ZLOO-
ingness to purchase PEVs. 

On the basis of the committee’s analysis, several points 
VKRXOG�EH�KLJKOLJKWHG��)LUVW��H[LVWLQJ�IHGHUDO�DQG�VWDWH�UHJX-
latory programs for fuel-economy and emissions have been 
effective at stimulating manufacturers to produce some 
PEVs, and sale of credits from these programs between 
manufacturers has also provided an important incentive for 
PEV manufacturers to price PEVs more attractively. The 
FRPPLWWHH�HPSKDVL]HV�WKDW�WKH�VWDWH�=(9�UHTXLUHPHQWV�KDYH�
been particularly effective at increasing PEV production and 
adoption. Second, the effectiveness of the federal income 
WD[�FUHGLW�DW�PRWLYDWLQJ�SHRSOH�WR�SXUFKDVH�3(9V�ZRXOG�EH�
enhanced by converting it into a rebate at the point of sale. 
7KLUG��VWDWH�DQG�ORFDO�JRYHUQPHQWV�RIIHU�D�YDULHW\�RI�¿QDQ-
FLDO� DQG� QRQ¿QDQFLDO� LQFHQWLYHV�� EXW� WKHUH� DSSHDUV� WR� EH� D�
lack of research to indicate which incentives might be the 
most effective 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 
WKHP�DQG�HPSKDVL]H�WKH�QHHG�IRU�D�FOHDU��XS�WR�GDWH�VRXUFH�
of information for consumers. Fifth, the overall international 
H[SHULHQFH�DSSHDUV� WR� VXJJHVW� WKDW� VXEVWDQWLDO�¿QDQFLDO� LQ-
centives are effective in motivating consumers to buy PEVs.

Recommendation:�)HGHUDO�¿QDQFLDO�LQFHQWLYHV�WR�SXUFKDVH�
PEVs should continue to be provided beyond the current 
production volume limit as manufacturers and consumers 
H[SHULPHQW�ZLWK� DQG� OHDUQ� DERXW� WKH� QHZ� WHFKQRORJ\��7KH�
federal government should re-evaluate the case for incen-
tives after a suitable period, such as 5 years. Its re-evaluation 
should consider advancements in vehicle technology and 
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progress in reducing production costs, total costs of owner-
VKLS��DQG�HPLVVLRQV�RI�3(9V��+(9V��DQG�,&(�YHKLFOHV�

Recommendation: Given the research on effectiveness of 
purchase incentives, the federal government should consider 
FRQYHUWLQJ�WKH�WD[�FUHGLW�WR�D�SRLQW�RI�VDOH�UHEDWH�

Recommendation: Given the sparse research on incentives 
RWKHU�WKDQ�¿QDQFLDO�SXUFKDVH�LQFHQWLYHV��UHVHDUFK�VKRXOG�EH�
conducted on the variety of consumer incentives that are (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-
SRUWDQW�LQ�WKH�VXPPDU\��+RZHYHU��WZR�SRLQWV�VKRXOG�EH�IXU-
WKHU�HPSKDVL]HG��)LUVW��YHKLFOH�FRVW�LV�D�VXEVWDQWLDO�EDUULHU�WR�
PEV deployment. As noted above and discussed in detail in 
&KDSWHU����ZLWKRXW�WKH�IHGHUDO�¿QDQFLDO�SXUFKDVH�LQFHQWLYHV��
PEVs are not currently cost-competitive with ICE vehicles 
on the basis of either purchase price or cumulative cost of 
ownership. Therefore, one of the most important commit-
WHH� UHFRPPHQGDWLRQV� LV� FRQWLQXLQJ� WKH� IHGHUDO� ¿QDQFLDO�
purchase incentives and re-evaluating them after a suitable 
period. Second, developing lower cost, better performing 
batteries is essential for reducing vehicle cost because it is 
the high-energy batteries that are primarily responsible for 
the cost differential between PEVs and ICE vehicles. It is 
therefore important that the federal government continue to 
fund battery research at least at current levels. Technology 

development to improve and lower the cost of batteries (and 
electric-drive technologies) for PEVs represents a technolo-
gy-push strategy that complements the market-pull strategy 
UHSUHVHQWHG�E\�WKH�IHGHUDO�¿QDQFLDO�SXUFKDVH�LQFHQWLYHV�WKDW�
ORZHU�WKH�EDUULHU�WR�PDUNHW�DGRSWLRQ��$�VLJQL¿FDQW�ERG\�RI�
research, however, demonstrates that having the right tech-
QRORJ\��ZLWK�D�FRPSHOOLQJ�YDOXH�SURSRVLWLRQ��LV�VWLOO�LQVXI¿-
cient to achieve success in the market. That technology must 
be complemented with a planned strategy to create market 
awareness and to overcome customer fear, uncertainty, and 
doubt about the technology.

(TXDOO\� LPSRUWDQW� WR� UHFRJQL]H� LV� D� UHFRPPHQGDWLRQ�
that the committee does not make. The committee does not 
at this point recommend additional direct federal investment 
in the installation of public charging infrastructure until the 
relationship between infrastructure availability and PEV 
adoption and use is assessed. That statement does not mean 
or should not be construed to mean that no federal invest-
ment or additional public infrastructure is needed. Other en-
tities—including vehicle manufacturers, utilities, and other 
private companies—are actively deploying and planning to 
deploy public infrastructure and have concluded that addi-
WLRQDO�SXEOLF�LQIUDVWUXFWXUH�LV�QHHGHG��+RZHYHU��WKH�FRPPLW-
tee is recommending research to help determine the relation-
ship between charging infrastructure availability and PEV 
adoption and use. Although some data have been collected 
through various projects, the data-collection efforts were not 
designed to understand that fundamental relationship, and 
WKH� FRPPLWWHH� FDXWLRQV� DJDLQVW� H[WUDSRODWLQJ� ¿QGLQJV� RQ�
WKH�¿UVW�DGRSWHUV�WR�WKH�PDLQVWUHDP�PDUNHW��*LYHQ�WKH�VWUDLQ�
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 
RI�WKHLU�SURSXOVLRQ�IURP�DQ�H[WHUQDO�HOHFWULFLW\�VRXUFH�KDYH�
received critical attention in recent years. They are espe-
cially attractive because they have the potential to reduce 
JUHHQKRXVH�JDV��*+*��HPLVVLRQV�DQG�WR�GHFUHDVH�SHWUROHXP�
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 element of their long-term 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 are 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 still others are related 
to developing an infrastructure to support charging of the 
vehicles and addressing possible effects of the new charg-
ing infrastructure on the 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 
infrastructure.1 Accordingly, the National Research Council 
(NRC), which is a part of the National Academies, appointed 
the Committee on Overcoming Barriers to Electric-Vehicle 
'HSOR\PHQW��ZKLFK�SUHSDUHG�WKLV�¿QDO�UHSRUW�

HISTORICAL AND POLICY CONTEXT

7KH�3(9�LV�QRW�D�QHZ�LQYHQWLRQ�RI�WKH�WZHQW\�¿UVW�FHQ-
tury. In 1900, 28 percent of the passenger vehicles sold in the 
United States were electric, and about one-third of the vehi-
FOHV�RQ�WKH�URDG�LQ�1HZ�<RUN�&LW\��%RVWRQ��DQG�&KLFDJR�ZHUH�
electric (Schiffer et al. 1994). The demise of PEVs resulted 
IURP�WKH�PDVV�SURGXFWLRQ�RI�DQ�LQH[SHQVLYH�JDVROLQH�SRZHUHG�

1 6HH� &RQVROLGDWHG� $SSURSULDWLRQV� $FW�� ������ 3�/�� �������� +��
5HSW�����������+�5HSW�����������

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 affordable gasoline, and the development 
of the national highway system, which allowed long-distance 
travel (Schiffer et al. 1994). In the 1970s, interest in PEVs 
resurfaced with the Arab oil embargo and the emerging en-
YLURQPHQWDO�DQG�HQHUJ\�VHFXULW\�FRQFHUQV��2YHU�WKH�QH[W�IHZ�
GHFDGHV��LQWHUHVW�LQ�3(9V�ZD[HG�DQG�ZDQHG�DV�JDVROLQH�SULFHV�
remained roughly constant. In the 1990s, interest in PEVs was 
UHYLYHG�E\�&DOLIRUQLD¶V�]HUR�HPLVVLRQ�YHKLFOH��=(9��SROLFLHV�
but lagged again primarily because battery technology was 
not as advanced as it is today. Recent advances in battery and 
RWKHU�WHFKQRORJLHV��QHZ�IHGHUDO�VWDQGDUGV�IRU�FDUERQ�GLR[LGH�
(CO2��HPLVVLRQV�DQG�IXHO�HFRQRP\��VWDWH�UHTXLUHPHQWV�IRU�]H-
ro-emission vehicles, and the current administration’s goal of 
putting millions of alternative-fuel vehicles on the road have 
reignited interest in PEVs. 

Recent incentives to increase the number of PEVs on the 
URDG�EHJDQ�ZLWK�WKH�(PHUJHQF\�(FRQRPLF�6WDELOL]DWLRQ�$FW�
RI�������ZKLFK�SURYLGHG�D��������WR��������WD[�FUHGLW�IRU�WKH�
purchase of PEVs (Public Law 110-343 §205). The American 
Recovery and Reinvestment Act of 2009 (Public Law 111-5 
�������LQFUHDVHG�LQFHQWLYHV�IRU�3(9V�E\�H[SDQGLQJ�WKH�OLVW�RI�
YHKLFOHV�WKDW�DUH�HOLJLEOH�IRU�D�WD[�FUHGLW��,W�DOVR�DSSURSULDWHG�
$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 infrastructure 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-
WKHUPRUH��WKH�'2(�2I¿FH�RI�(QHUJ\�(I¿FLHQF\�DQG�5HQHZ-
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 for PEVs (NRC 2013a). 

Various state-level efforts—such as consumer incen-
WLYHV�WKDW�LQFOXGH�WD[�FUHGLWV�IRU�YHKLFOH�SXUFKDVH��DFFHVV�WR�
carpool lanes, free public parking, and emission-inspection 
H[HPSWLRQV²DUH�DLPHG�DW� LQFUHDVLQJ� WKH�QXPEHU�RI�3(9V�
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on the road (DOE 2013b). Other efforts, such as reimburse-
PHQWV� DQG� WD[� LQFHQWLYHV� IRU� SXUFKDVLQJ� RU� OHDVLQJ� FKDUJ-
ing equipment and low-cost loans for installation projects, 
are aimed at building the charging infrastructure (DOE 
����E���&DOLIRUQLD
V�=(9�SURJUDP�LV�SDUWLFXODUO\�LPSRUWDQW�
EHFDXVH�RI�WKH�VL]H�RI�WKH�&DOLIRUQLD�PRWRU�YHKLFOH�PDUNHW��
Each motor-vehicle manufacturer in the state is required to 
VHOO�DW� OHDVW�D�PLQLPXP�SHUFHQWDJH�RI�=(9V��YHKLFOHV� WKDW�
SURGXFH�QR�H[KDXVW�HPLVVLRQV�RI�DQ\�FULWHULD�SROOXWDQW��DQG�
WUDQVLWLRQDO�=(9V��YHKLFOHV� WKDW�FDQ� WUDYHO�VRPH�PLQLPXP�
GLVWDQFH�VROHO\�RQ�D�=(9�IXHO��VXFK�DV�HOHFWULFLW\������&&5�
§1962.1 [2013]). Nine states—Connecticut, Maine, Mary-
ODQG��0DVVDFKXVHWWV��1HZ�-HUVH\��1HZ�<RUN��5KRGH�,VODQG��
Vermont, and Oregon—have also adopted the California 
=(9�SURJUDP�DV�SDUW�RI�WKHLU�SODQV�WR�PHHW�IHGHUDO�DPELHQW�
air quality standards.

The policies that promote early PEV deployment are 
DLPHG�DW�EHQH¿WV�EH\RQG�QHDU�WHUP�UHGXFWLRQV�LQ�SHWUROHXP�
consumption and pollutant emissions. The strategy is to 
speed the long-term process of converting the motor-vehicle 
ÀHHW� WR� DOWHUQDWLYH� HQHUJ\� VRXUFHV� E\� H[SRVLQJ� FRQVXPHUV�
now to PEVs, by encouraging governments and service pro-
viders to plan for infrastructure, and by encouraging the mo-
WRU�YHKLFOH�LQGXVWU\�WR�H[SHULPHQW�ZLWK�SURGXFW�GHVLJQ�DQG�
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 efforts 
is that market development and technology development that 
proceed in parallel will lead to earlier mass adoption than if 
technology advances are required before beginning market 
development. The early deployment efforts also might speed 
technology breakthroughs by maintaining visibility and in-
terest in PEVs. The risk entailed by this strategy is that if 
PEV promotion efforts are premature relative to the develop-
ment of the technology, the costs of the promotion will have 
KDG�OLWWOH�EHQH¿W�LQ�WKH�IRUP�RI�PDUNHW�GHYHORSPHQW�

The motivation for pursuing PEV-deployment policies 
EH\RQG�WKHLU�QHDU�WHUP�EHQH¿W�FDQ�EH�XQGHUVWRRG�IURP�WKH�
¿QGLQJV�RI� DQRWKHU�15&� UHSRUW��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-
WLRQ�DQG�*+*�UHGXFWLRQ�WDUJHWV�RI����WR����SHUFHQW�E\�WKH�
���������� WLPHIUDPH� �15&�����E���$Q� LPSRUWDQW�¿QGLQJ�
RI� WKDW� UHSRUW� LV� WKDW�PDMRU� SROLF\� LQLWLDWLYHV²VXFK� DV� WD[�
incentives, subsidies, or regulations—are required to obtain 
such large-scale reductions. That conclusion is relevant for 
WKH�FXUUHQW�VWXG\�EHFDXVH�LW�SURYLGHV�FRQWH[W�DV�WR�ZK\�IHG-
eral policy (or an NRC study) might focus on barriers. If 
policy makers decide that such major reductions in petro-
OHXP�FRQVXPSWLRQ�RU�*+*�HPLVVLRQV�DUH�UHTXLUHG�WR�PHHW�
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

This report focuses on light-duty vehicles (passenger 
cars and light-duty trucks) in the United States and restricts 
its discussion to PEVs, which include battery electric vehi-
cles (BEVs)2�DQG�SOXJ�LQ�K\EULG�HOHFWULF�YHKLFOHV��3+(9V��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 BEVs operate solely on electricity 
stored in the battery (there is no other power source), and 
3+(9V�KDYH�DQ�LQWHUQDO�FRPEXVWLRQ�HQJLQH��,&(��WKDW�FDQ�
supplement the electric power train,4,5 PEVs are often de-
¿QHG� E\� WKH� QXPEHU� RI� HOHFWULF�PLOHV� WKDW� WKH\� FDQ� GULYH��
A BEV that can drive 100 miles on one battery charge is 
GHVLJQDWHG�DV�D�%(9����� OLNHZLVH��D�3+(9�WKDW�FDQ�GULYH�
���PLOHV�RQ�RQH�EDWWHU\�FKDUJH�LV�GHVLJQDWHG�DV�D�3+(9����
A more detailed discussion of PEV technology is provided in 
Chapter 2 of this report. 

Although a few makes and models of PEVs were avail-
DEOH�LQ�WKH�PLG�����V��IRU�H[DPSOH��WKH�*HQHUDO�0RWRUV�(9��
DQG�WKH�+RQGD�(9���UHOHDVHG�LQ�������VHH�8&6��������PDQ\�
consider the December 2010 introduction of the Nissan Leaf 
DQG�&KHYUROHW�9ROW²WKH�¿UVW�PDVV�SURGXFHG�3(9V²WR�EH�
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 BEV (the Tesla Model S); limited-
range BEVs (such as the Daimler Smart EV and the BMW 
L����UDQJH�H[WHQGHG�3+(9V��VXFK�DV�WKH�)RUG�)XVLRQ�(QHUJL�
DQG�WKH�)RUG�&�0D[�(QHUJL���DQG�PLQLPDO�3+(9V��VXFK�DV�
the Toyota Plug-In Prius).6 Several manufacturers are also 
selling limited-volume BEVs, including the Ford Focus EV, 
WKH�+RQGD�)LW�(9�� WKH�)LDW� ���H�� DQG� WKH�&KHYUROHW�6SDUN�
WR� PHHW� IXHO�HI¿FLHQF\� DQG� =(9� UHJXODWRU\� UHTXLUHPHQWV��
In addition, a number of PEVs are not yet available in the 
8QLWHG�6WDWHV��QRWDEO\�WKH�0LWVXELVKL�2XWODQGHU�3+(9�DQG�D�
QXPEHU�RI�5HQDXOW�%(9V�DQG�9RONVZDJHQ�3+(9V�

Figures 1-1 and 1-2 show monthly sales for BEVs 
DQG� 3+(9V�� UHVSHFWLYHO\�� 3(9� VDOHV� LQ� WKH� 8QLWHG� 6WDWHV�
were about 56,000 units in 2012, 96,000 units in 2013, and 

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

3�%(9V�DQG�3+(9V�QHHG�WR�EH�GLVWLQJXLVKHG�IURP�FRQYHQWLRQDO�
K\EULG�HOHFWULF�YHKLFOHV� �+(9V��� VXFK�DV� WKH�7R\RWD�3ULXV��ZKLFK�
ZDV�LQWURGXFHG�LQ�WKH�ODWH�����V��+(9V�GR�QRW�SOXJ�LQWR�WKH�HOHF-
tric grid but power their batteries from regenerative braking and an 
internal-combustion engine. They are not included in the PEV cat-
HJRU\�DQG�DUH�QRW�FRQVLGHUHG�IXUWKHU�LQ�WKLV�UHSRUW�H[FHSW�WR�PDNH�D�
comparison on some issue.

4�6HYHUDO�GHVLJQ�DUFKLWHFWXUHV�DUH�DYDLODEOH�IRU�3+(9V��DQG��GH-
pending on the design, the engine may be used to drive the vehicle 
directly or act as a generator to recharge the battery or both.

5�3+(9V�FDQ�XVH�HQJLQHV�SRZHUHG�E\�YDULRXV�IXHOV��7KLV�UHSRUW��
KRZHYHU��IRFXVHV�RQ�3+(9�HQJLQHV�WKDW�DUH�SRZHUHG�E\�JDVROLQH�
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.



Copyright © National Academy of Sciences. All rights reserved.

Overcoming Barriers to Deployment of Plug-in Electric Vehicles 

10 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

120,000 units in 2014 (Inside EVs 2015). Total U.S. vehi-
cle sales in 2014 were nearly 16.5 million, a record year in 
which people were replacing their vehicles after not buying 
during the recession (Woodall and Klayman 2015). 

In the U.S. market, PEV sales increased from 0.62 per-
cent in 2013 to 0.76 percent in 2014 (Cobb 2014, 2015); total 
accumulated sales in the United States were about 291,000 
vehicles by the close of 2014 (Inside EVs 2015). To put the 
U.S. sales data in perspective, Figure 1-3 shows that North 
America accounted for almost half of the world PEV sales in 
2013. Worldwide sales of PEVs were about 132,000 in 2012, 
213,000 in 2013, and 318,000 in 2014 (Pontes 2015). PEV 
sales have not 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. 
%\�ZD\�RI�FRPSDULVRQ��K\EULG�HOHFWULF�YHKLFOHV��+(9V��ZHUH�
LQWURGXFHG�LQ������LQ�-DSDQ�DQG�LQ������LQ�WKH�8QLWHG�6WDWHV��
$OWKRXJK�+(9V�KDYH�EHHQ�PRUH�VXFFHVVIXO�LQ�-DSDQ�WKDQ�LQ�
WKH�8QLWHG�6WDWHV²QRZ�DW����SHUFHQW�RI�WKH�WRWDO�-DSDQHVH�
light-duty vehicle market (Nikkei Asian Review 2012) and 
RYHU����SHUFHQW�RI�7R\RWD¶V�-DSDQHVH�YHKLFOH�VDOHV��7R\RWD�
�����²LW�WRRN����\HDUV�IRU�+(9V�WR�H[FHHG���SHUFHQW�RI�DQ-
nual new light-duty vehicle sales in the United States (Cobb 
�������+RZHYHU��LQ�FHUWDLQ�PDUNHWV��VXFK�DV�&DOLIRUQLD�DQG�

:DVKLQJWRQ��+(9V�FRPSULVH����SHUFHQW�RI�QHZ�SDVVHQJHU�
vehicle sales (see Chapter 3 for a discussion of factors that 
DIIHFW�YHKLFOH�SUHIHUHQFHV���)LJXUH�����FRPSDUHV�+(9�DQG�
3(9�VDOHV�RYHU� WKHLU�¿UVW����PRQWKV�RI�KDYLQJ�EHHQ� LQWUR-
duced to the U.S. market and indicates that PEVs are pen-
HWUDWLQJ�WKH�PDUNHW�IDVWHU�WKDQ�+(9V�

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 2015). California has a long history of 
VWURQJ�VDOHV�IRU�QHZ�YHKLFOH�WHFKQRORJLHV��HVSHFLDOO\�+(9V�
as noted above. California is a favorable market for PEVs be-
cause it has many wealthy buyers of new technology, broad 
social support for PEVs in light of its history of air pollu-
tion, an active regulatory regime with purchase incentives 
and mandates for reducing carbon emissions and increasing 
PEV sales, and favorable weather that is easy on battery life 
and on charge available for vehicle miles. Furthermore, Cali-
fornia has had a consistent, long-standing effort to provide 
basic Web-based and printed information resources on low- 
DQG�]HUR�HPLVVLRQ�YHKLFOHV�DQG�WR�KROG�VRPH�ULGH�DQG�GULYH�
events. Those activities have likely contributed to greater 
public awareness of PEVs.

FIGURE 1-1 U.S. BEV monthly sales data from 2010 to 2014. NOTE: BEV, battery electric vehicle. SOURCE: Based on data from 
Inside EVs (2015). 
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FIGURE 1-2�8�6��3+(9�PRQWKO\�VDOHV�GDWD�IURP������WR�������127(��3+(9��SOXJ�LQ�K\EULG�HOHFWULF�YHKLFOH��6285&(��%DVHG�RQ�
data from Inside EVs (2015). 

FIGURE 1-3 World PEV sales in 2012, 2013, and 2014. NOTE: PEV, plug-in electric vehicle. SOURCE: Based on data from Pontes 
(2015). 
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As shown in Figure 1-5, other strong PEV markets are 
:DVKLQJWRQ��2UHJRQ��*HRUJLD��0DU\ODQG��9HUPRQW��DQG�+D-
waii. Those markets have also been driven primarily by social 
VHQWLPHQW� �DQ�HQYLURQPHQWDOO\� IULHQGO\�SRSXODWLRQ�EDVH���¿-
nancial incentives, and regulatory mandates for reducing car-
bon emissions. 

Finding: +(9� DGRSWLRQ�� ZKLFK� HQWDLOHG� IHZHU� WHFKQRORJ\�
FKDQJHV�WKDQ�3(9V��UHTXLUHG����\HDUV�WR�H[FHHG���SHUFHQW�RI�
annual new light-duty vehicle sales in the United States.

Finding: 3(9V�KDYH�KDG�KLJKHU�VDOHV�WKDQ�+(9V�ZLWKLQ�WKH�
¿UVW����PRQWKV�RI�WKHLU�LQWURGXFWLRQ�LQWR�WKH�PDUNHW��DOWKRXJK�
the higher sales for PEVs could be the result of the various 
incentives that have been offered. 

PLUG-IN ELECTRIC VEHICLES:  
BENEFITS AND TRADE-OFFS

3(9V�RIIHU�VHYHUDO�EHQH¿WV�RYHU�FRQYHQWLRQDO�YHKLFOHV��
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 
]HUR�WDLOSLSH�HPLVVLRQV�ZKHQ�WKH�YHKLFOH�RSHUDWHV�VROHO\�RQ�
its battery. BEVs have no conventional transmissions or fu-
el-injection systems to maintain, do not require oil changes, 
and have regenerative braking systems that greatly prolong 

the life of conventional brakes and thus reduce brake repair 
and replacement costs. On a large scale, PEVs offer the po-
tential to reduce petroleum consumption and improve urban 
air quality; the degree to which PEVs affect pollutant emis-
sions will depend on how the electricity that fuels a vehicle 
is generated, the degree to which charging of the vehicle is 
managed, and the degree to which emissions from power-
generation sources are controlled (Peterson et al. 2011; see 
further discussion below). PEVs might also act as an enabler 
for renewable power generation by providing storage or rap-
id demand response through smart-grid applications. 

PEVs, however, also have important trade-offs. Current 
limitations in battery technology result in restricted electric-
driving range, high battery cost, long battery-charging time, 
and uncertain battery life. Concerns about battery safety, de-
pending on the chemistry and energy density of the battery, 
have also arisen. PEVs have higher upfront costs than their 
conventional-vehicle counterparts and are available in only a 
few vehicle models. There is also a need to install a charging 
infrastructure to support PEVs whether at home, at work, or 
in a public space. Beyond the technical and economic barri-
ers, people are not typically familiar with the capabilities of 
3(9V��DUH�XQFHUWDLQ�DERXW�WKHLU�FRVWV�DQG�EHQH¿WV��DQG�KDYH�
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.

FIGURE 1-4 7KH�UDWH�RI�3(9�PDUNHW�JURZWK�LQ�LWV�¿UVW����PRQWKV�VXSHULPSRVHG�RQ�WKH�UDWH�RI�+(9�PDUNHW�JURZWK�GXULQJ�LWV�¿UVW����
PRQWKV��127(��+(9��K\EULG�HOHFWULF�YHKLFOH��3(9��SOXJ�LQ�HOHFWULF�YHKLFOH��6285&(��'2(��������
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FIGURE 1-5 Projected annual light-duty PEV sales as a percentage of total light-duty vehicle sales. NOTE: PEV, plug-in electric 
vehicle. SOURCE: Data courtesy of Navigant Research in Shepard and Gartner (2014).

THE COMMITTEE AND ITS TASK

7KH�FRPPLWWHH�LQFOXGHG�H[SHUWV�RQ�YHKLFOH�WHFKQRORJ\��
HOHFWULF� XWLOLWLHV�� EXVLQHVV� DQG� ¿QDQFLDO� PRGHOV�� HFRQRP-
ics, public policy, and consumer behavior and response (see 
$SSHQGL[�$�IRU�ELRJUDSKLFDO� LQIRUPDWLRQ���$V�QRWHG�DERYH��
the committee was asked to identify market barriers that are 
slowing the purchase of PEVs and hindering the deployment 
of supporting infrastructure in the United States and to recom-
mend ways to mitigate the barriers. The committee’s analysis 
was to be documented in two reports: an interim report and 
D�¿QDO�FRPSUHKHQVLYH�UHSRUW��7KH�FRPPLWWHH¶V�LQWHULP�UHSRUW�
ZDV�UHOHDVHG�0D\������DQG�LGHQWL¿HG�LQIUDVWUXFWXUH�QHHGV�IRU�
electric vehicles, barriers to deploying that infrastructure, and 
possible roles for the federal government in overcoming the 
barriers. It did not make any recommendations because the 
committee was in its initial stages of gathering data. After re-
lease of the interim report, the committee continued to gather 
DQG� UHYLHZ� LQIRUPDWLRQ�DQG� WR�FRQGXFW�DQDO\VHV��7KLV�¿QDO�
comprehensive report addresses the committee’s full state-

PHQW�RI�WDVN��DV�VKRZQ�LQ�%R[������DQG�SURYLGHV�UHFRPPHQ-
GDWLRQV�RQ�ZD\V�WR�PLWLJDWH�WKH�EDUULHUV�LGHQWL¿HG��

The premise of the statement of task is that there is 
D�EHQH¿W� WR� WKH�8QLWHG�6WDWHV� LI� D�KLJKHU� IUDFWLRQ�RI�PLOHV�
driven in the United States is fueled by electricity rather 
than by petroleum and that PEV deployment will lead to this 
desired outcome. Two reasons are commonly assumed for the 
EHQH¿W��)LUVW��D�KLJKHU�IUDFWLRQ�RI�PLOHV�IXHOHG�E\�HOHFWULFLW\�
would reduce U.S. dependence on petroleum. Second, a 
higher fraction of miles fueled by electricity would reduce 
the amount of CO2 and other air pollutants emitted into the 
atmosphere. The committee was not asked to research and 
evaluate the premise for the statement of task, and it has not 
WULHG�WR�GR�VR��+RZHYHU��LW�LV�DSSURSULDWH�WR�VXPPDUL]H�WKH�
VFLHQWL¿F�FDVH�RQ�ZKLFK�WKH�SUHPLVH�LV�EDVHG�DQG�DVN�LI�DQ\�
recent developments might call the premise into question.

U.S. energy independence and security have been long-
WHUP�8�6��JRDOV��(YHU\�DGPLQLVWUDWLRQ�IURP�5LFKDUG�1L[RQ¶V�
onward has proclaimed its importance. A PEV uses no petro-
leum onboard when it is being fueled by electricity, and in 
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BOX 1-1 Statement of Task

An ad hoc committee will conduct a study identifying the market barriers slowing 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 
KHDY\�GXW\�YHKLFOH�PDUNHW�VHJPHQW��6SHFL¿FDOO\��WKH�FRPPLWWHH�ZLOO�

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 deployment 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 include an evaluation of the successes, failures, and lessons learned from EV deployment occur-
ring both within and outside the United States.
���([DPLQH�WKH�UHVXOWV�RI�SULRU��DQG�FXUUHQW��LQFHQWLYH�SURJUDPV��ERWK�¿QDQFLDO�DQG�RWKHU��WR�SURPRWH�RWKHU�LQLWLDOO\�XQHFRQRPLF�

WHFKQRORJLHV��VXFK�DV�ÀH[�IXHO�YHKLFOHV��K\EULG�HOHFWULF�YHKLFOHV��DQG�QRZ�3+(9V�%(9V�WR�GHULYH�DQ\�OHVVRQV�OHDUQHG��
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, 
WKH�FRPPLWWHH�ZLOO�FRQVLGHU�WKH�SRWHQWLDO�LPSDFWV�RQ�WKH�HOHFWULFLW\�V\VWHP�DV�D�ZKROH��SRWHQWLDOO\�LQFOXGLQJ��LPSDFWV�RQ�WKH�WUDQV-
mission system; dispatch of electricity 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 different infrastructure deployment strategies and scenarios might impact the costs and barriers. This might 
LQFOXGH�ORRNLQJ�DW�WKH�LPSDFWV�RI�IRFXVLQJ�WKH�LQIUDVWUXFWXUH�GHSOR\PHQW�RQ�PHHWLQJ�WKH�QHHGV�IRU�(9V�LQ�YHKLFOH�ÀHHWV��ZKHUH�WKH�
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 patterns 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 
LQWHULP�UHSRUW�ZLOO�DGGUHVV��EDVHG�RQ�SUHVHQWDWLRQV�WR�WKH�FRPPLWWHH�DQG�WKH�H[LVWLQJ�OLWHUDWXUH��WKH�IROORZLQJ�LVVXHV��

1. The infrastructure needs for electric vehicles; 
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.

7KH�¿QDO�UHSRUW�ZLOO�GLVFXVV�DQG�DQDO\]H�WKHVH�LVVXHV�LQ�PRUH�GHWDLO�DQG�SUHVHQW�UHFRPPHQGDWLRQV�RQ�WKH�IXOO�UDQJH�RI�WDVNV�
OLVWHG�LQ�,WHPV�����WR������IRU�WKH�IXOO�VWXG\��7KH�¿QDO�UHSRUW�ZLOO�LQFOXGH�FRQVLGHUDWLRQ�RI�WKH�LQIUDVWUXFWXUH�UHTXLUHPHQWV�DQG�EDUULHUV�
as well as technological, behavioral, economic, and any other barriers that may slow the deployment of electric vehicles, as well 
DV�UHFRPPHQGDWLRQV�IRU�PLWLJDWLQJ�WKH�LGHQWL¿HG�PDUNHW�EDUULHUV��,W�LV�HQYLVLRQHG�WKDW�WKH�FRPPLWWHH�ZLOO�KROG�PHHWLQJV�LQ�GLIIHUHQW�
locations around the United States, as well as collect information on experiences in other countries, in order to collect information 
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 from petroleum.7 Thus, widespread adoption of PEVs 
would lead to a large decrease in petroleum use. There is a 
modest caveat, however, to that conclusion. U.S. petroleum 
FRQVXPSWLRQ� LQ� WKH� OLJKW�GXW\� YHKLFOH� ÀHHW� LV� UHJXODWHG� E\�
1DWLRQDO� +LJKZD\� 7UDI¿F� 6DIHW\�$GPLQLVWUDWLRQ� �1+76$��
through its Corporate Average Fuel Economy (CAFE) pro-
gram (see Chapter 7 for a detailed discussion). CAFE stan-
dards are based on average fuel economy of a manufacturer’s 
YHKLFOH�ÀHHW��VR�UHGXFWLRQV�LQ�IXHO�XVH�DWWULEXWHG�WR�WKH�VDOH�RI�
a single PEV could be offset by the sale of an ICE vehicle8 that 
consumes more fuel, resulting in no net fuel savings from PEV 
GHSOR\PHQW� �*HFDQ� HW� DO�� ������� +RZHYHU�� SHWUROHXP� FRQ-
sumption might still be reduced by PEV deployment because 
the CAFE program underestimates the petroleum-reduction 
EHQH¿W� RI�3(9V��6SHFL¿FDOO\�� WKH� IDFWRU� XVHG�E\� WKH�&$)(�
program to calculate a fuel-economy rating for compliance is 
equivalent to assuming that 15 percent of the electrical energy 
used by a PEV is generated from petroleum, which is clearly 
an overestimate of the petroleum used by the U.S. electric sec-
WRU��(3$�1+76$�������S����������0RUHRYHU��VXFFHVVIXO�GH-
ployment of PEVs would help to enable the implementation 
of increasingly stringent CAFE standards, resulting in lower 
petroleum consumption, as noted by the Congressional Bud-
JHW�2I¿FH��*HFDQ�HW�DO��������

In addition to reduced petroleum consumption, lower 
*+*�HPLVVLRQV�DUH�QRWHG�DV�D�UHDVRQ�IRU�3(9�GHSOR\PHQW��
$�VHULHV�RI�DXWKRULWDWLYH�VFLHQWL¿F�UHSRUWV��,3&&�������1&$�
������ 15&� ������ VWUHVV� WKDW� WKH� HPLVVLRQ� RI� *+*V�� SDU-
ticularly CO2, is contributing in a measurable way to global 
warming and urge the United States to reduce its CO2 emis-
sions. Because light-duty vehicles were responsible for 17.4 
SHUFHQW� RI� WRWDO�8�6��*+*� HPLVVLRQ� LQ� ����� �(3$� ����D���
UHGXFLQJ� *+*� HPLVVLRQV� IURP� WKH� OLJKW�GXW\� YHKLFOH� ÀHHW�
LV�VHHQ�DV�DQ� LPSRUWDQW�DSSURDFK�IRU� UHGXFLQJ�RYHUDOO�*+*�
emissions. A vehicle completely powered by electricity from 
WKH�8�6��HOHFWULF�JULG�LV�RIWHQ�FDOOHG�D�]HUR�HPLVVLRQ�YHKLFOH�
�=(9��LQVRIDU�DV�LW�HPLWV�QR�&22 or other pollutants from its 
WDLOSLSH��+RZHYHU��ZKHWKHU�3(9V�UHGXFH�WRWDO�8�6��HPLVVLRQV�
of CO2�DQG�RWKHU�*+*V�GHSHQGV�RQ�WKH�HPLVVLRQV�DVVRFLDWHG�
with the production of the grid electricity that the vehicles use 
DQG��LQ�WKH�FDVH�RI�3+(9V��RQ�WDLOSLSH�HPLVVLRQV��(VWLPDWLRQ�
of the emissions attributed to a vehicle whether operating on 
gasoline or electricity is often referred to as a well-to-wheels 
analysis.9 For a gasoline vehicle, a well-to-wheels analysis 
ZRXOG�FRQVLGHU�HPLVVLRQV�IURP�IRVVLO�IXHO�H[WUDFWLRQ��UH¿QLQJ��
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 conventional vehicle refers to a 
light-duty vehicle that obtains all of its propulsion from an internal-
combustion engine.

9 A more complete analysis is a lifecycle assessment that, in ad-
dition to the well-to-wheels assessment, includes environmental 
impacts from vehicle production (all aspects), vehicle use, and dis-
posal of the vehicle at the end of its life.

fuel combustion. For a PEV, a well-to-wheels analysis would 
include emissions associated with electricity generation, such 
DV�H[WUDFWLRQ�RI�IXHOV�� WKHLU� WUDQVSRUWDWLRQ��DQG�WKH�WUDQVPLV-
VLRQ�RI�WKH�HOHFWULFLW\��)RU�3+(9V��D�ZHOO�WR�ZKHHOV�DQDO\VLV�
would be a weighted average of the emissions from electrici-
ty-fueled and petroleum-fueled operation.

7KHUH�DUH�VHYHUDO��RIWHQ�FRQÀLFWLQJ��PHWKRGV�WR�HYDOX-
DWH�ZHOO�WR�ZKHHOV�*+*�HPLVVLRQV�RI�YHKLFOHV��2QH�PHWKRG�
is to use well-to-wheels emission factors produced by DOE. 
Given that method, an analysis of the 30 mpg 2014 Chevrolet 
&UX]H��DQ�,&(�YHKLFOH���WKH����PSJ������7R\RWD�3ULXV��RQH�
RI�WKH�FOHDQHVW�+(9V���DQG�WKH�1LVVDQ�/HDI�%(9�FKDUJHG�RQ�
WKH������8�6��DYHUDJH�HOHFWULFLW\�JHQHUDWLRQ�PL[�VKRZV�WKDW�
WKH�&UX]H��3ULXV��DQG�/HDI�SURGXFH�*+*V�RI�����J�PL������
g/mi, and 200 g/mi, respectively.10 Accordingly, the opera-
tion of the BEV is estimated to produce about 46 percent less 
*+*� WKDQ� WKH� ,&(�YHKLFOH� DQG����SHUFHQW� OHVV�*+*� WKDQ�
the best hybrid. If one considered cleaner electricity sources 
�IRU�H[DPSOH��RQHV�LQ�&DOLIRUQLD�RU�:DVKLQJWRQ��ZKHUH�ODUJH�
numbers of PEVs are purchased), the BEV would produce 
RQO\�DERXW�KDOI�RI�WKH�*+*�RI�WKH�EHVW�+(9��'2(��������
Well-to-wheels analyses of this type have been reported for 
DYHUDJH�*+*�HPLVVLRQV�ZLWKLQ�HDFK�JULG�VXEUHJLRQ�DV�GH-
¿QHG�E\� WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\� �(3$��
(Anair and Mahmassani 2012). 

$Q�DOWHUQDWLYH� DQDO\VLV� H[DPLQHV� WKH� HPLVVLRQV� DWWULE-
uted to PEV charging by taking into account not only the 
average emissions at a given location, but also the variation 
in emissions due to time of day and the type of generation 
added to provide the additional electricity needed for charg-
ing. Analyses of this type differ on the emissions resulting 
from PEVs, depending on the modeling approach and the 
time frame used. On the one hand, EPA in its latest rulemak-
ing for light-duty CO2 standards found that the additional 
power plants used to meet PEV load in the 2022-2030 time 
frame would have lower emissions than the national aver-
DJH�SRZHU�SODQW�DW�WKDW�WLPH��(3$�1+76$�������S����������
On the other hand, a model that attempts to simulate emis-
sions from today’s grid using older data from 2007 to 2009 
suggests that the marginal emission rates for PEV charging 
might be higher than the average power plant emissions and 
in the worst case might even be higher than emissions attrib-
XWHG�WR�+(9V�DQG�,&(�YHKLFOHV��*UDII�=LYLQ��������

$QRWKHU� IDFWRU� WR� FRQVLGHU� LV� WKH� WUHDWPHQW� RI� *+*�
HPLVVLRQV�IURP�3(9V�XQGHU�WKH�MRLQW�&$)(�*+*�VWDQGDUGV�
(see Chapter 7 for a more detailed discussion). Similar to 
WKH�&$)(�SURJUDP�UHTXLUHPHQW�IRU�D�ÀHHWZLGH�DYHUDJH�IXHO�
HFRQRP\��ÀHHWZLGH�DYHUDJH�*+*�HPLVVLRQ�UDWHV�DUH�UHVWULFW-
ed to a certain average grams of CO2 per mile. Therefore, 
lower PEV emission rates are averaged with higher emis-
sion rates from ICE vehicles. If, however, standards become 
increasingly more stringent, PEV sales might be needed 

10 The latest data for ICE tailpipe emissions and for the “upstream 
HPLVVLRQV´�RI�*+*V� �&22 equivalent) to produce electricity from 
the 2010 U.S. electricity grid are available at www.fueleconomy.gov.
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to meet them, and early deployment of PEVs encouraged 
through incentives might allow the implementation of more 
VWULQJHQW�*+*�VWDQGDUGV� LQ� WKH� IXWXUH��7R�HQFRXUDJH�3(9�
deployment in the near term, EPA temporarily allows the 
portion of PEV miles that are estimated to be driven on elec-
WULFLW\�WR�EH�WUHDWHG�DV�]HUR�HPLVVLRQV�DQG�OHWV�D�VLQJOH�3(9�
count as more than one vehicle. That favorable treatment 
FUHDWHV�D�VKRUW�WHUP�WUDGH�RII�LQ�*+*�HPLVVLRQV�WKDW�LV�DQ-
WLFLSDWHG�WR�EULQJ�ORQJ�WHUP�EHQH¿WV�IURP�3(9�GHSOR\PHQW�

Emissions attributed to PEV operation might change 
over time with changes in emissions from electricity genera-
WLRQ��7KH�8QLWHG�6WDWHV�KDV�UHGXFHG�LWV�*+*�HPLVVLRQV�RYHU�
the last several years by converting some of its electricity 
production from coal to natural gas. The result is that, on 
average, a PEV fueled by electricity is now responsible for 
OHVV�*+*�SHU�PLOH�GULYHQ��:HOO�WR�ZKHHOV�HPLVVLRQV�PXVW�
continue to consider the evolving understanding of upstream 
methane emissions from coal and natural gas production and 
distribution (EPA 2014b). The substantial reductions in U.S. 
*+*�HPLVVLRQV�IURP�HOHFWULFLW\�JHQHUDWLRQ�DUH�H[SHFWHG�WR�
FRQWLQXH�IRU�VRPH�WLPH��HVSHFLDOO\�LI�WKH�SURSRVHG�(3$�*+*�
UHJXODWLRQV�RI�QHZ�DQG�H[LVWLQJ�SRZHU�SODQWV�DQG�RLO�DQG�JDV�
wells are enacted. Thus, PEVs will make further reductions 
LQ�*+*�HPLVVLRQV�DV�WKH�8�6��HOHFWULF�JULG�FKDQJHV�WR�ORZHU�
carbon sources for its electricity—a fact that is sometimes 
overlooked. And PEVs fueled on electricity have the poten-
tial to produce no well-to-wheels emissions if the electricity 
is generated from carbon-free sources. That is not the case 
IRU�HYHQ�WKH�PRVW�HI¿FLHQW�SHWUROHXP�IXHOHG�,&(�YHKLFOHV��,I�
WKH�8QLWHG�6WDWHV�LQWHQGV�WR�UHDFK�ORZ�OHYHOV�RI�*+*�HPLV-
sions (80 percent reduction), large-scale adoption of PEVs is 
one viable option (NRC 2013b).

The committee concludes that the premise for the state-
ment of task—that there is an advantage to the United States 
if a higher fraction of the miles driven here is fueled from 
the U.S. electric grid—is valid now. The advantage becomes 
even greater each year that the United States continues to 
UHGXFH�WKH�*+*V�WKDW�LW�SURGXFHV�LQ�JHQHUDWLQJ�HOHFWULFLW\��

Finding: 7KH�DYHUDJH�*+*�HPLVVLRQV�IRU�ZKLFK�3(9V�DUH�
responsible are currently lower than emissions from even the 
cleanest gasoline vehicles and will be further reduced as the 
electricity for the U.S. grid is produced from lower carbon 
sources. 

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

7KH�FRPPLWWHH�QRWHV�WKDW�WKH�XVH�RI�+(9V�UDWKHU�WKDQ�
ICE vehicles would provide a large reduction in U.S. petro-
leum use and emissions. If their small market share could be 
VXEVWDQWLDOO\�LQFUHDVHG��WKH�PDQ\�W\SHV�RI�+(9V�DOUHDG\�RQ�

the market could rapidly bring about substantial reductions 
in petroleum use and emissions in the time that a comparable 
variety of PEVs are brought to market. Accordingly, the fo-
cus in this report on PEVs should not be misinterpreted so 
as to keep policy makers from encouraging the switch from 
,&(�YHKLFOHV�WR�+(9V�

THE COMMITTEE’S APPROACH TO ITS TASK

Ten meetings were held over the course of this study. 
Seven meetings included open sessions during which the 
committee heard from the sponsor and invited speakers rep-
resenting national laboratories, state agencies, university 
centers, vehicle manufacturers and dealers, and other pri-
YDWH�LQGXVWULHV�DQG�FRQVXOWDQWV��VHH�$SSHQGL[�%�IRU�D�OLVW�RI�
speakers from all the open sessions). Committee subgroups 
also visited several sites in this country and abroad, includ-
LQJ�7H[DV��-DSDQ��*HUPDQ\��DQG� WKH�1HWKHUODQGV�� WR�JDWKHU�
information on electric-vehicle programs. On those trips, the 
committee members met with national and regional govern-
PHQW�RI¿FLDOV��DXWRPRELOH�PDQXIDFWXUHUV��FKDUJLQJ�FRPSD-
QLHV��DQG�RWKHU�UHOHYDQW�RUJDQL]DWLRQV��2Q�WKH�EDVLV�RI�LQIRU-
mation received at its meetings, its on-site visits, and from 
WKH�OLWHUDWXUH��WKH�FRPPLWWHH�SUHSDUHG�WKLV�¿QDO�UHSRUW��

As discussed above, the committee accepted its charge 
and is not debating the merits of promoting, enabling, or in-
FUHDVLQJ�3(9�DGRSWLRQ��7KLV�UHSRUW�IRFXVHV�RQ�ZD\V�WR�H[-
tend the market from “early adopters” to more mainstream 
customers. Early-market customers for PEVs tend to base 
their purchase decisions more on personal values and less on 
purchase price. In contrast, mainstream-market customers 
tend to weigh price and overall vehicle utility more heavily 
in their purchase decisions.

2QH� ¿QDO� LVVXH� FRQFHUQV� WKH� UDSLGO\� FKDQJLQJ�PDUNHW�
and the various factors that hinder the adoption of PEVs—
SDUWLFXODUO\�WKH�SULFH�RI�JDVROLQH��:LGH�ÀXFWXDWLRQV�LQ�JDVR-
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 are an important factor in determining 
WKH�EHQH¿WV�RI�3(9�RZQHUVKLS�DQG�FDQ�SURYLGH�DQ�LQFHQWLYH�
or a disincentive for purchasing a PEV. To address the issue 
RI�ÀXFWXDWLQJ�JDVROLQH�SULFHV��WKH�FRPPLWWHH�GHFLGHG�WKDW�WKH�
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

7KLV� ¿QDO� UHSRUW� LV� RUJDQL]HG� LQWR� VHYHQ� FKDSWHUV� DQG�
WKUHH�DSSHQGL[HV��&KDSWHU���GLVFXVVHV�WKH�FXUUHQW�FKDUDFWHU-
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 affecting PEV deployment. 
Chapter 4 discusses what can be done to improve institu-
tional support for PEV deployment. Chapter 5 provides an 
in-depth discussion of the charging infrastructure needed 
for 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. Chap-
WHU���GLVFXVVHV�ZD\V�WR�PRWLYDWH�WKH�FRQVXPHU��$SSHQGL[�$�
provides biographical information for committee members, 
$SSHQGL[�%�OLVWV�WKH�PHHWLQJV�DQG�WKH�SUHVHQWDWLRQV�PDGH�LQ�
RSHQ�VHVVLRQV��DQG�$SSHQGL[�&�SURYLGHV�VRPH�LQIRUPDWLRQ�
on international programs to support PEV deployment.
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2 

Plug-in Electric Vehicles and Charging Technologies

As discussed in Chapter 1, the assigned task for the pres-
HQW�UHSRUW� LV� WR�H[DPLQH�EDUULHUV�WR�WKH�DGRSWLRQ�RI�SOXJ�LQ�
electric vehicles (PEVs), which use 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 
QR� FDUERQ�GLR[LGH� �&22) or other harmful pollutants from 
the tailpipe (EPA 2012). The premise for the assigned task is 
WKDW�VXFK�YHKLFOHV�KDYH�WKH�SRWHQWLDO�IRU�VLJQL¿FDQWO\�ORZHU-
ing petroleum consumption and decreasing emissions now 
and even more so in the future. The CO2 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 alternatively 
by using carbon capture and sequestration for coal and natu-
ral gas plants if that technology ever proves to be practical. 

As described in more detail in this chapter, electric-
ity from a battery powers the electric motor of a PEV and 
is thus the analog of the gasoline in a tank that powers the 
internal-combustion engine (ICE) of a conventional vehicle. 
The hundreds 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 travel fueled only by the electricity that can be stored 
LQ�LWV�EDWWHU\��GHSHQGV�RQ�WKH�VL]H�RI�WKH�EDWWHU\�DQG�WKH�HI-
¿FLHQF\�RI�WKH�YHKLFOH��7KH�$(5��OLNH�WKH�UDQJH�RI�DQ�,&(�
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 of heating and cooling that is used; and 
how aggressively the vehicle is driven (NREL 2013). Some 
factors, such as outside temperature, will have a greater ef-
fect on PEVs than ICE vehicles. The ranges quoted in the 
present report are taken from the U.S. Environmental Protec-
tion Agency (EPA) data on results from the standard driving 
cycle (EPA 2014). 

This chapter begins with a discussion of the capabili-
ties and limitations of four classes of PEVs, each presenting 
different obstacles to widespread consumer adoption. It con-

tinues with a discussion of high-energy batteries, the critical 
DQG� H[SHQVLYH� FRPSRQHQWV� IRU� DOO�3(9V�� DQG� WKH�SRVVLELO-
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 
FRPPLWWHH¶V� ¿QGLQJV� DQG� UHFRPPHQGDWLRQV� DUH� SURYLGHG�
throughout this chapter. 

TYPES OF PLUG-IN ELECTRIC VEHICLES

Essentially all U.S. vehicles today have an ICE that uses 
gasoline or diesel fuel that is derived from petroleum and 
produces CO2 and other harmful emissions as the vehicles 
WUDYHO��+\EULG�HOHFWULF�YHKLFOHV��+(9V��DFKLHYH�D�ORZHU�IXHO�
FRQVXPSWLRQ�WKDQ�FRQYHQWLRQDO�YHKLFOHV�RI�WKH�VDPH�VL]H�DQG�
performance. They typically have a smaller ICE and a high-
power battery and electric motor to increase the vehicle’s 
DFFHOHUDWLRQ�ZKHQ�QHHGHG�DQG�WR�SRZHU�WKH�YHKLFOH�EULHÀ\�DW�
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-
WD�3ULXV�� WKH�EHVW�VHOOLQJ�+(9��7KHUH�DUH�PDQ\�RWKHU�+(9�
models available in the market, most of which use much less 
IXHO�WKDQ�WKHLU�,&(�FRXQWHUSDUWV��$OWKRXJK�+(9V�VWLOO�FRQVWL-
WXWH�D�VPDOO�IUDFWLRQ�RI�WKH�8�6��YHKLFOH�ÀHHW��WKH�PRUH�UDSLG�
DGRSWLRQ�RI�HI¿FLHQW�+(9V�FRXOG�EH�LPSRUWDQW�IRU�PHHWLQJ�
the increasingly stringent corporate average fuel economy 
�&$)(��DQG�JUHHQKRXVH�JDV��*+*��HPLVVLRQ�VWDQGDUGV�WKDW�
are helping to drive down the demand for petroleum and 
WR� GHFUHDVH� YHKLFOH� WDLOSLSH� HPLVVLRQV��+RZHYHU�� DOWKRXJK�
+(9V� XVH� EDWWHULHV� DQG� HOHFWULF�PRWRUV�� WKH\� GHULYH� DOO� RI�
their electric and mechanical energy from their gasoline or 
GLHVHO�IXHO��7KXV��+(9V�DUH�XVHG�DV�D�SRLQW�RI�FRPSDULVRQ�IRU�
the present report, but they are not its primary focus. 

As noted in Chapter 1, the PEVs that are the focus of 
the present report are often divided into two categories: bat-
tery electric vehicles (BEVs) and plug-in hybrid electric ve-
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KLFOHV� �3+(9V�� WKDW� LQFOXGH�DQ�,&(�DQG�DQ�HOHFWULF�PRWRU��
This chapter uses vehicle AER to distinguish four classes of 
PEVs. The reason is that the obstacles to consumer adoption 
and the charging infrastructure requirements differ for the 
four classes of PEVs. BEVs are separated into long-range 
%(9V� DQG� OLPLWHG�UDQJH�%(9V�� DQG� 3+(9V� DUH� VHSDUDWHG�
LQWR�UDQJH�H[WHQGHG�3+(9V�DQG�PLQLPDO�3+(9V��

7KHUH�DUH�QRZ�H[DPSOHV�LQ�WKH�PDUNHW�IRU�HDFK�W\SH�RI�
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 

types and features are available compared with the types and 
IHDWXUHV�DYDLODEOH�IRU�FRQYHQWLRQDO�,&(�YHKLFOHV�DQG�+(9V��
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 
PRGHOV�FRXOG�HPHUJH�WKDW�GR�QRW�¿W�SHUIHFWO\�LQWR�RQH�RI�WKH�
four categories described here. 

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

TABLE 2-1 'H¿QLWLRQV�DQG�([DPSOHV�RI�WKH�)RXU�7\SHV�RI�3OXJ�LQ�(OHFWULF�9HKLFOHV

a�1RPLQDO�EDWWHU\�FDSDFLWLHV��UHSRUWHG�E\�PDQXIDFWXUHUV�LQ�SURGXFW�VSHFL¿FDWLRQV��DUH�IRU�D�EDWWHU\�EHIRUH�LW�JRHV�LQWR�D�YHKLFOH��9HKLFOH�HOHFWURQLFV�
restrict the usable battery capacity to what becomes the vehicle’s all-electric range.
b�7KH�DOO�HOHFWULF�UDQJHV�QRWHG�DUH�DYHUDJH�YDOXHV�HVWLPDWHG�E\�(3$��7KH�PRWRU�VL]H�DQG�GHVLJQ�DUFKLWHFWXUH�RI�WKH�7R\RWD�3OXJ�LQ�3ULXV�UHTXLUH�WKH�
use of its ICE to complete the Federal Test Procedure; therefore, its range is given for both blended, charge-depleting operation and battery-only 
RSHUDWLRQ��$OO�RWKHU�YHKLFOH�UDQJHV�DUH�JLYHQ�RQO\�IRU�IXOO\�HOHFWULF��FKDUJH�GHSOHWLQJ�RSHUDWLRQ��127(��+(9��K\EULG�HOHFWULF�YHKLFOH��,&(��LQWHUQDO�
combustion engine. 
SOURCES: Based on data from Duoba (2012); DOE/EPA (2014a, 2014b, 2014c, 2014d, 2014e); DOE (2012, 2013); EPA (2014); Ford (2014); and 
Toyota (2014).

Vehicle Battery Capacitya All-Electric Rangeb 
Type 1. Long-Range Battery Electric Vehicle. Can travel 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, much like an ICE vehicle or HEV. 

 
2014 Tesla Model S 

© Steve Jurvetson, licensed under  
Creative Commons 2.0 (CC-BY-2.0) 

85 kWh nominal 265 miles 

Type 2. Limited-Range Battery Electric Vehicle. Is made more affordable than the long-range BEV by reducing the size of the  
high-energy battery. Its limited range more than suffices for many commuters, but it is impractical for long trips. 

 
2014 Nissan Leaf 

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

logo are registered trademarks of Nissan 

24 kWh nominal (~21 kWh usable) 84 miles 

 
2014 Ford Focus Electric 

Image courtesy of Ford Motor Company 

23 kWh nominal 76 miles 

Type 3. Range-Extended Plug-in Hybrid Electric Vehicle. Operates as a zero-emission vehicle until its battery is depleted, 
whereupon an ICE turns on to extend its range. 

 
2014 Chevrolet Volt 

© General Motors 

16.5 kWh nominal (~11 kWh usable) 38 miles 

Type 4. Minimal Plug-in Hybrid Electric Vehicle. Is mostly an HEV. Its small battery can be charged from the grid, but it has an  
all-electric range that is much smaller than the average daily U.S. driving distance. 

 
2014 Toyota Plug-in Prius 

Image courtesy of Toyota Motor Corporation 

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

 



Copyright © National Academy of Sciences. All rights reserved.

Overcoming Barriers to Deployment of Plug-in Electric Vehicles 

Plug-in Electric Vehicles and Charging Technologies 21

features are currently available than are available for con-
YHQWLRQDO�,&(�YHKLFOHV�DQG�+(9V�

Type 1: Long-Range Battery Electric Vehicles

7RGD\¶V�GULYHUV�DUH�DFFXVWRPHG�WR�,&(�DQG�+(9�YHKLFOHV�
that are able to drive for hundreds of miles and then be refu-
HOHG�DW�DQ\�JDVROLQH�VWDWLRQ�LQ�VHYHUDO�PLQXWHV��([WHQGHG�WULSV�
are practical insofar as the refueling time is much shorter than 
the additional driving time that refueling provides. The full-
VL]H�7HVOD�0RGHO�6�LV�D�GHPRQVWUDWLRQ�WKDW�KXQGUHGV�RI�PLOHV�
are also possible with a BEV 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 battery (DOE/
(3$�����D���+DOI�RI�WKH�FKDUJH�RI�D�GHSOHWHG�EDWWHU\�FDQ�EH�UH-
plenished in 20 minutes at any of the superchargers that Tesla 
is installing for its customers along major U.S. highways. That 
FKDUJH�ZRXOG�H[WHQG�WKH�GULYLQJ�GLVWDQFH�E\�DERXW�����PLOHV��
Thus, the Tesla Model S is considered a long-range BEV be-
cause it can drive for hundreds of miles on a charge and then 
be refueled in a time that is much shorter than the additional 
GULYLQJ�WLPH�WKDW�WKH�UHIXHOLQJ�DOORZV��$OWKRXJK�¿OOLQJ�D�YHKL-
cle with gasoline or diesel would be much quicker, the ability 
to travel almost 400 miles stopping only once for a 20-minute 
recharge is a notable achievement for a BEV. With its high 
DFFHOHUDWLRQ�SHUIRUPDQFH��ORZ�QRLVH��KLJK�HQG�VW\OLQJ��DQG�H[-
pected low maintenance, the Tesla Model S has earned several 
FRQVXPHU�SHUIRUPDQFH�DZDUGV��0DF.HQ]LH�������&RQVXPHU�
Reports 2014). 

7KH�7HVOD�0RGHO�6�LV�SULFHG�DV�D�KLJK�HQG�OX[XU\�YHKLFOH�
comparable to a high-end BMW and is not affordable for most 
U.S. drivers.1 Nonetheless, it is an important demonstration of 
the possibility of a long-range BEV for consumers. For now, 
however, high battery cost is a barrier to the mass adoption of 
the Tesla Model S and other BEVs. The fuel cost per mile and 
maintenance costs are much smaller for BEVs than for ICE 
vehicles, but not enough to offset their higher purchase price 
at current U.S. petroleum prices. The situation can be quite 
different in countries where gasoline and diesel fuel cost 2 or 
3 times as much as in the United States.

Finding: The possibility of a long-range BEV that is pow-
ered by grid electricity rather than gasoline or diesel and that 
meets consumer performance needs has been clearly demon-
VWUDWHG�E\�WKH�IXOO�VL]H�7HVOD�0RGHO�6��

Type 2: Limited-Range Battery Electric Vehicles

The high cost of high-energy batteries leads to three types 
RI�PRUH� DIIRUGDEOH� 3(9V��7KH� ¿UVW� VDFUL¿FHV� GULYLQJ� UDQJH�
DQG�WKH�RWKHU�WZR�VDFUL¿FH�]HUR�WDLOSLSH�HPLVVLRQV�IRU�ORQJHU�

1 The cost of producing a Model S is currently offset somewhat in 
WKDW�7HVOD�LV�DEOH�WR�VHOO�WKH�]HUR�HPLVVLRQ�YHKLFOH��=(9��FUHGLW�LW�
earns for each vehicle to other vehicle manufacturers to allow them 
WR�FRPSO\�ZLWK�WKH�=(9�PDQGDWH��6HH�&KDSWHU���IRU�D�GHWDLOHG�GLV-
FXVVLRQ�RI�WKH�=(9�SURJUDP�

trips. A limited-range BEV is more affordable simply because 
a smaller high-energy battery is installed, giving it a shorter 
UDQJH��7KH������1LVVDQ�/HDI��D�PLGVL]H�FDU��LV�WKH�EHVW�VHOOLQJ�
H[DPSOH��,W�KDV�D����N:K�EDWWHU\�DQG�DQ����PLOH�UDQJH��'2(�
EPA 2014b). 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 BEV will depend on a variety of factors, 
including climate, road grade, and driver behavior. The differ-
ence between the range, fuel economy, and emission perfor-
mance estimated for regulatory compliance and what is actu-
DOO\�H[SHULHQFHG�E\�GULYHUV�RI�DOO�W\SHV�RI�OLJKW�GXW\�YHKLFOHV�
continues to be controversial and is discussed in other NRC 
reports (NRC 2011, 2013).

The ranges that are achievable by limited-range BEVs 
are much longer than the 40 or fewer miles that 68 percent of 
U.S. drivers drive in a day, making these vehicles adequate for 
QRUPDO�FRPPXWLQJ�DQG�WKH�DYHUDJH�GDLO\�XVH��)+:$��������
+RZHYHU�� GULYHUV� RI� ,&(� YHKLFOHV� DUH� DFFXVWRPHG� WR� EHLQJ�
able to travel well beyond the average daily distance when the 
need arises and can add hours of additional traveling time by 
VLPSO\�UH¿OOLQJ�D�JDVROLQH�RU�GLHVHO�IXHO�WDQN�LQ�VHYHUDO�PLQ-
utes. For a limited-range BEV, however, a half hour of the 
fastest available charging will typically allow an hour or even 
OHVV�RI�DGGLWLRQDO�GULYLQJ��PDNLQJ�H[WHQGHG�WULSV�LPSUDFWLFDO��
)RU� H[WHQGHG� WULSV� DQG� GULYLQJ� GLVWDQFHV� PXFK� EH\RQG� WKH�
AER, the limited-range BEV driver needs to have access to a 
second vehicle that has no serious range limitations or to some 
other transportation means. As discussed in Chapter 3, many 
households have two or more vehicles, so trading vehicle util-
ity within a household is already common. For its customers, 
%0:�LV�H[SHULPHQWLQJ�ZLWK�RIIHULQJ�DFFHVV�WR�DQ�,&(�YHKLFOH�
for the occasional long trip to see if this perk lowers the barrier 
WR�DGRSWLRQ�RI�LWV�YHKLFOHV��5HQWDO�FRPSDQLHV�OLNH�+HUW]�KDYH�
DOVR�LQGLFDWHG�WKDW�WKH\�DUH�LQWHUHVWHG�LQ�¿OOLQJ�WKDW�VDPH�QLFKH�
�+LGDU\��������

Finding: Limited-range BEVs are the only type of PEV that 
KDYH� D� FRQVLGHUDEOH� UDQJH� OLPLWDWLRQ�� +RZHYHU�� WKH� UDQJH�
WKDW� WKH\�GR�KDYH�PRUH� WKDQ� VXI¿FHV� IRU� WKH�DYHUDJH�GDLO\�
travel needs of many U.S. drivers. 

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

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

$� UDQJH�H[WHQGHG�3+(92 is similar to a long-range or 
limited-range BEV in that the battery can be charged from 

2 The term range-extended�3+(9�LV�D�JHQHUDO�FDWHJRU\�EDVHG�RQ�
WKH�DOO�HOHFWULF�UDQJH�RI�WKH�3+(9�DQG�VKRXOG�QRW�EH�FRQIXVHG�ZLWK�
the term extended-range electric vehicle that General Motors uses 
to describe the Chevrolet Volt.
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WKH�HOHFWULF�JULG��+RZHYHU��WKH�EDWWHU\�LV�VPDOOHU�WKDQ�WKDW�LQ�
a BEV, and the vehicle has an onboard ICE fueled by gaso-
line or diesel fuel that is able to charge the battery during a 
WULS��$OWKRXJK�H[WHQGHG�WULSV�IXHOHG�RQO\�E\�HOHFWULFLW\�DUH�QRW�
practical, the vehicle has a total range comparable with that of 
a conventional vehicle because of the onboard ICE. The 2014 
Chevrolet Volt with an AER of 38 miles (DOE/EPA 2014d) 
LV�WKH�EHVW�VHOOLQJ�H[DPSOH��DQG�WKH������)RUG�(QHUJL�PRGHOV�
�)XVLRQ�(QHUJL�DQG�&0D[�(QHUJL��WKDW�KDYH�$(5V�RI����PLOHV�
DUH�RWKHU�SURPLQHQW�H[DPSOHV��7KH�$(5V�DUH�FRPSDUDEOH�WR�
the average daily driving distance in the United States. 

 The consequence of eliminating the range restrictions of 
a limited-range BEV is that the added ICE uses petroleum and 
produces tailpipe emissions. Although the ICE can be oper-
DWHG�WR�PD[LPL]H�HI¿FLHQF\�DQG�PLQLPL]H�HPLVVLRQV��WKH�IUDF-
tion of miles traveled propelled by electricity depends on how 
willing and able a driver is to recharge the battery during a trip 
longer than the AER. On the basis of data collected by DOE 
through its EV Project, early adopters of the Chevrolet Volt 
DSSHDU�WR�EH�YHU\�PRWLYDWHG�WR�PLQLPL]H�WKHLU�XVH�RI�WKH�,&(�
engine by charging more frequently and logging more electric 
miles per day than Nissan Leaf drivers (Schey 2013). Blanco 
(2014) reported that 63 percent of all miles traveled by the 
Chevrolet Volt are fueled by electricity.

Finding: The Chevrolet Volt demonstrates that if they become 
ZLGHO\�DGRSWHG�� UDQJH�H[WHQGHG�3+(9V�ZLWK�$(5V�FRPSD-
rable to or greater than the average U.S. travel distance offer 
WKH�SRVVLELOLW\�RI�VLJQL¿FDQW�8�6��SHWUROHXP�DQG�HPLVVLRQ�UH-
ductions without range limitations. 

Type 4: Minimal Plug-in Hybrid Electric Vehicles

0LQLPDO�3+(9V�DUH�3(9V�ZKRVH�VPDOO�EDWWHULHV�FDQ�EH�
initially charged from the electric grid to provide electric pro-
pulsion for an AER that is much less than the average daily 
WUDYHO�GLVWDQFH�IRU�WKH�8�6��GULYHU��$PRQJ�PDQ\�H[DPSOHV��WKH�
�����3OXJ�LQ�7R\RWD�3ULXV�LV�D�PLQLPDO�3+(9�LQ�WKDW�LWV�$(5�
LV�RQO\���PLOHV��'2(�(3$�����H���,W�LV�DQ�H[WUHPH�H[DPSOH�
of a car that is designed for minimum compliance with regu-
lations rather than to give good electric-drive performance. 
0LQLPDO�3+(9V�DOORZ�D�PDQXIDFWXUHU�WR�FRPSO\�ZLWK�UHJXOD-
WLRQV�IRU�REWDLQLQJ�3(9�HPLVVLRQ�FUHGLWV�ZLWKRXW�WKH�H[SHQVH�
RI�GHVLJQLQJ�DQG�SURGXFLQJ�D�FDU�WKDW�LV�RSWLPL]HG�IRU�XVLQJ�
electricity instead of petroleum. They allow their drivers to 
FRPSO\�ZLWK�UHTXLUHPHQWV�IRU�KLJK�RFFXSDQF\�YHKLFOH��+29��
lane access whether or not they bother to charge from the grid 
�&&6(��������$V�PLJKW�EH�H[SHFWHG��GULYHU�XVDJH�VXUYH\V�RI�
Plug-in Prius drivers show that a substantial fraction do not 
regularly charge their vehicles (Chernicoff 2014). Minimal 
3+(9V�DUH�HVVHQWLDOO\�+(9V��

Finding: 0LQLPDO�3+(9V�ZLWK�$(5V�PXFK�VKRUWHU�WKDQ�WKH�
average daily driving distance in the United States are es-
VHQWLDOO\�+(9V�

Recommendation:� 0LQLPDO� 3+(9V� VKRXOG� EH� WUHDWHG� DV�
+(9V� ZLWK� UHVSHFW� WR� ¿QDQFLDO� UHEDWHV�� +29� DFFHVV�� DQG�
other incentives to encourage PEV adoption. 

HIGH-ENERGY BATTERIES

The capacity, weight, and volume of the high-energy bat-
tery in a PEV largely determine its range, performance, and 
FRVW�UHODWLYH�WR�DQ�+(9�RU�DQ�,&(�YHKLFOH��7KLV�VHFWLRQ�VXP-
PDUL]HV�WKH�HQHUJ\�GHQVLWLHV�ZLWK�UHVSHFW�WR�ZHLJKW�DQG�YRO-
ume that have been achieved with battery chemistries so far 
DQG�FRQVLGHUV�SRVVLEOH�LPSURYHPHQWV��GHVSLWH�WKH�GLI¿FXOW\�RI�
precisely predicting future developments. Differences in cur-
rent battery geometries and cooling strategies are discussed, 
along with the associated uncertainties about long-term bat-
tery durability. 

Energy Density and Battery Chemistry

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

A battery’s energy density (see Figure 2-1) determines the 
mass and volume of the battery necessary to store the energy 
WKDW�D�3(9�UHTXLUHV��7KH�YHUWLFDO�D[LV�LQ�)LJXUH�����LV�WKH�HQ-
ergy storage capacity per unit volume (Wh/L), and the hori-
]RQWDO�D[LV�LV�WKH�HQHUJ\�VWRUDJH�FDSDFLW\�SHU�XQLW�PDVV��:K�
kg). Lead acid batteries have a relatively small energy density, 
even though they provide starting, lighting, and ignition for 
essentially all the ICE vehicles around the world. The Toyota 
3ULXV�ZDV�WKH�¿UVW�PDVV�SURGXFHG�YHKLFOH�WR�XVH�QLFNHO�PHWDO�
K\GULGH� �1L0+�� EDWWHULHV�� 6XFK� EDWWHULHV� KDYH� DERXW� WZLFH�
the energy density of lead acid batteries, and they proved to 
EH�YHU\�UHOLDEOH�ZKHQ�WKH\�ZHUH�XVHG�LQ�DOO�WKH�HDUO\�+(9V��
+RZHYHU��WKHUH�VHHPV�WR�EH�QR�SURVSHFW�IRU�WKH�ODUJH�LQFUHDVHV� 
in energy density that would be required to make them at-
tractive for use in PEVs. Lithium-ion batteries were invented 
LQ� WKH�����V� �*RRGHQRXJK�DQG�0L]XVKLPD�������DQG�PDVV�
SURGXFHG�IRU� WKH�¿UVW� WLPH�E\�6RQ\�IRU� ODSWRS�FRPSXWHUV� LQ�
������<RVKLQR��������,Q�WKH�IROORZLQJ�WZR�GHFDGHV��OLWKLXP�
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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; 
/3%��OLWKLXP�SRO\PHU�EDWWHU\��1L�&G��QLFNHO�FDGPLXP��1L�0+��QLFNHO�PHWDO�K\GULGH��1L�=Q��QLFNHO�]LQF��:K�NJ��ZDWW�KRXU�SHU�NLOR-
gram; Wh/L, watt-hour per liter. SOURCE: Amine (2010). 

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 PEVs and for 
QHZ�+(9�PRGHOV��

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 turn the wheels. Most of the energy 
that combustion releases from the fuel within an ICE is wasted 
DV�KHDW�WKDW�LV�GLVVLSDWHG�WKURXJK�WKH�UDGLDWRU�DQG�H[KDXVW��7KH�
ODUJH�HI¿FLHQF\�DGYDQWDJH�RI�WKH�3(9��KRZHYHU��LV�PRUH�WKDQ�
overcome by the much smaller energy density in a charged 
battery compared with the energy density of gasoline. The re-
sult is that PEV batteries now weigh much more and occupy 
D�PXFK�ODUJHU�YROXPH�WKDQ�D�WDQN�¿OOHG�ZLWK�JDVROLQH��)RU�H[-
ample, the 85 kWh battery in a Tesla Model S, the largest pro-
duction vehicle battery so far, weighs about 1,500 lb3 (Tesla 
2014a). 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. 

7KH� LQFUHDVHG� ZHLJKW� �DERXW� WKDW� RI� VHYHQ� H[WUD� SDV-
sengers) reduces the acceleration and the range that would 
RWKHUZLVH� EH� UHDOL]HG�� DOWKRXJK� WKH� SRZHUIXO�PRWRU� LQ� WKH�
Model S overcomes the acceleration problem. Accommodat-
LQJ� ODUJH�� KHDY\� EDWWHULHV�PDNHV� LW� GLI¿FXOW� WR� XVH� DQ� ,&(�
RU�+(9�SODWIRUP�IRU�DQ�HOHFWULF�YHKLFOH��$�YHKLFOH�GHVLJQHG�
from its beginning to have electric propulsion has more op-
WLRQV��7KH�0RGHO�6��IRU�H[DPSOH��ZDV�GHVLJQHG�ZLWK�D�EDWWHU\�
FRPSDUWPHQW�XQGHU� WKH�YHKLFOH¶V� HQWLUH�ÀRRU�ERDUG� VR� WKDW�
the heavy batteries are used to keep the vehicle’s center of 
gravity low to improve handling. 

3 The estimate is based on Tesla’s reported energy density for the 
Model S battery of 121 Wh/kg (Tesla 2014a).

The lithium-ion batteries in vehicles differ in the chem-
istries and materials that are used and in the energy densities 
achieved (Table 2-2). In a lithium-ion battery (see Figure 
������ WKH�SRVLWLYH�OLWKLXP�LRQV�ÀRZ�EHWZHHQ�WKH�DQRGH�DQG�
WKH�FDWKRGH�ZLWKLQ�WKH�HOHFWURO\WH��DV�GR�HOHFWURQV�LQ�DQ�H[-
ternal circuit connected between the anode and cathode. The 
cathodes used are described using chemical formulae that 
provide their composition. All anodes but one are carbon. 
All PEV batteries use an organic solution of LiPF6 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-
WLRQV��)RU�H[DPSOH��3+(9V�UHTXLUH�PRUH�SRZHU�WKDQ�%(9V��
thus, BEVs can use thicker, cheaper electrodes. Furthermore, 
3+(9�EDWWHULHV�PXVW�EH�F\FOHG�PRUH�IUHTXHQWO\�WKDQ�%(9�
EDWWHULHV�� VR� 3+(9�EDWWHULHV� WHQG� WR� XVH� D� VPDOOHU� SRUWLRQ�
of the nominal battery capacity. Those two facts affect the 
battery structure and cost per kilowatt-hour and are taken 
into account in various analyses of PEV battery costs (Dan-
LHO�������6DNWL�HW�DO��������DQG�LQ�WKH�(3$�1+76$�DQDO\VLV�
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 are 
naturally the subject of research and development efforts. 
,W� LV�GLI¿FXOW� WR�SUHGLFW� VXFFHVV�RU� LWV� WLPLQJ��EXW� WKUHH�DS-
proaches that are being pursued are worthy of mention.
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FIGURE 2-2 Representation of a lithium-ion battery that shows lithium ions traveling between the anode and the cathode and elec-
WURQV�WUDYHOLQJ�WKURXJK�WKH�H[WHUQDO�FLUFXLW�WR�SURGXFH�DQ�HOHFWULF�FXUUHQW��6285&(��.DP�DQG�'RHII��������

�� Increasing the number of lithium atoms in a layered 
cathode structure has been shown in the laboratory to 
LQFUHDVH�WKH�HQHUJ\�GHQVLW\��-XOLHQ�HW�DO���������

�� 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 (Ge et al. 
2013). Theoretically, a pure silicon anode would have 
an energy density 10 times that of a pure carbon anode. 
+RZHYHU��SXUH�VLOLFRQ�DQRGHV�DUH�QRW�SUDFWLFDO�EHFDXVH�
they crumble during a charging cycle, being unable to 
withstand having their volume changed by more than a 
IDFWRU�RI�WKUHH��0L[WXUHV�RI�VLOLFRQ�DQG�FDUERQ�ZLWK�DS-
SURSULDWH�ELQGHUV�PLJKW�PLQLPL]H� WKH�YROXPH�FKDQJH�
and yet provide an increased energy density. 

The committee estimates that although there can be no 
guarantee, as much as a twofold increase in energy density 
could come from some combination of the three approaches 
ZLWKLQ�WKH�QH[W�GHFDGH��6XFK�DQ�LQFUHDVH�ZRXOG�DOORZ�DQ�LP-
portant reduction in the volume and weight of high-energy 
batteries. Most important, however, the cost per kilowatt-
hour needs to decrease; a battery having twice the energy 
density at twice the cost would not make PEVs any more 
affordable. 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-
QL¿FDQWO\�LQFUHDVH�WKH�HQHUJ\�GHQVLW\��7KH�WKHRUHWLFDO�HQHUJ\�
density for a lithium-air battery is 5,200 Wh/kg (Rahman et al. 
2014), which is comparable to that of gasoline. Such a battery 
XVHV�R[\JHQ�IURP�DLU�DQG�WKHUHIRUH�GRHV�QRW�QHHG�WR�VWRUH�DQ�

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. of Cells Energy (kWh) Power (kW) 
Tesla Model S NCA = LiNi0.8Co0.15Al0.05O2 Carbon Panasonic Cylindrical ~8,000 85 270 

Chevrolet Volt LMO = LiMn2O4 Carbon LG Chem Prismatic 288 16.5 111 

Nissan Leaf LMO = LiMn2O4 Carbon Nissan/NEC Prismatic 192 24 90 

+RQGD�)LW NMC = LiNi1/3Mn1/3Co1/3O2 Li4Ti5O12 Toshiba Prismatic 432 20 92 
NOTE: Al, aluminum; Co, cobalt; kWh, kilowatt-hour; Li, lithium; /02��OLWKLXP�PDQJDQHVH�R[LGH��0Q��manganese; NCA, nick-
HO�FREDOW�DOXPLQXP�R[LGH��10&��QLFNHO�PDQJDQHVH�FREDOW�R[LGH��Ni, nickel; 2��R[\JHQ; Ti, titanium. 
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R[LGL]HU��3RO\3OXV��������FODLPV�WR�KDYH�D�EDWWHU\�FDSDEOH�RI�
����:K�NJ�DQG�H[SHFWV�WR�SURGXFH�D�UHFKDUJHDEOH�EDWWHU\�ZLWK�
a higher energy density. Another promising approach is the 
development of a high-energy density lithium-sulfur battery. 
Sion 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 are achievable 
in the near future” (Sion Power 2014). Substantial challenges 
remain for both lithium-air and lithium-sulfur batteries, how-
ever, particularly in producing batteries that survive frequent 
UHFKDUJLQJ�� VR� LW� LV�GLI¿FXOW� WR�SUHGLFW� LI� DQG�ZKHQ�EDWWHULHV�
with much higher energy densities will be available. 

Finding: Affordable batteries with higher energy densities 
and longer useful 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 
twofold increase in energy density from present values of 100-
150 Wh/kg could come from some combination of current re-
VHDUFK�HIIRUWV�ZLWKLQ�WKH�QH[W�GHFDGH��

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

-XVW�DV�WKHUH�LV�QR�FRQVHQVXV�RQ�ZKDW�LV�WKH�EHVW�OLWKLXP�
ion battery 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 of battery longevity. As more PEVs are 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. 

Tesla connects many thousands of small cylindrical cells, 
HDFK�KDYLQJ�WKH�VDPH�SK\VLFDO�VKDSH�DQG�VL]H�DV�WKRVH�WKDW�DUH�
FRPPRQO\�XVHG�LQ�FRPSXWHU�EDWWHULHV��WKHUHE\�SUR¿WLQJ�IURP�
WKH� H[WHQVLYH� PDQXIDFWXULQJ� H[SHULHQFH� IRU� FHOOV� ZLWK� WKLV�
geometry. All other manufacturers use many fewer but much 
larger cells in so-called prismatic or pouch geometries. A Nis-
san Leaf air-cools its batteries, while the Chevrolet Volt and 
WKH�7HVOD�0RGHO�6�XVH�D�OLTXLG�V\VWHP�DQG�KHDW�H[FKDQJHUV�WR�
UHJXODWH�EDWWHU\�WHPSHUDWXUH��2YHU�WKH�QH[W�VHYHUDO�\HDUV��WKH�
UHDO�ZRUOG�H[SHULHQFH�UHSRUWHG�E\�HDUO\�DGRSWHUV�VKRXOG�PDNH�
clear the advantages and disadvantages of each strategy. 

Concerns about the durability and performance of the 
FXUUHQW�OLWKLXP�LRQ�EDWWHULHV�DW�H[WUHPHO\�KLJK�DQG�ORZ�WHP-
peratures could be a barrier to PEV adoption, depending 
on the durability observed as more vehicles are driven for 
longer times (Steffke et al. 2008). One study that evaluated 
D�3+(9�ZLWK�D����N:K�EDWWHU\�VKRZHG� WKDW�D�KRW�FOLPDWH�
accelerates the normal degradation of battery capacity with 

time (see Figure 2-3) (Pesaran et al. 2013). Reports on short-
HU�EDWWHU\�OLIH�IRU�1LVVDQ�/HDIV� LQ�$UL]RQD�VHHP�FRQVLVWHQW�
ZLWK� WKDW� REVHUYDWLRQ� �*RUGRQ�%ORRP¿HOG� �������$V� D� UH-
sult, Nissan has tested new battery pack designs to address 
WKH�REVHUYHG�SUREOHP��*RUGRQ�%ORRP¿HOG��������DQG�SUHVV�
reports of the increased rate of battery deterioration have not 
FRQWLQXHG��+RZHYHU��LW�LV�QRW�FOHDU�ZKHWKHU�WKH�SUREOHP�KDV�
been solved. Although Figure 2-3 illustrates preliminary re-
sults of studying the effect of temperature on battery capac-
ity, battery life depends also on cycling at various depths of 
charge, rate of charge and discharge, and likely many other 
YDULDEOHV�EHVLGHV�WHPSHUDWXUH��2QO\�ORQJ�WHUP�H[SHULHQFH�LQ�
hot climates will establish whether some manufacturers must 
improve battery temperature regulation, use different battery 
chemistries, or restrict sales in hot climates. 

ICE vehicle manufacturers have a good understanding 
of how long their products will perform, and this knowledge 
allows them to predict warranty costs. PEV manufacturers 
are still learning about battery longevity. As more PEVs en-
WHU�WKH�PDUNHW��YHKLFOH�PDQXIDFWXUHUV�KDYH�WKH�FKDQFH�WR�H[-
periment with various warranties and battery maintenance 
contracts as they look for affordable ways to reassure and 
share risk among consumers that use these vehicles under re-
al-world conditions. Vehicle leasing is becoming more popu-
lar and promoted by some manufacturers partly because this 
option allows a consumer to avoid long-term liability for a 
battery if over time the battery performance degrades below 
an acceptable level.

Finding: Concerns about the durability and performance of 
WKH�FXUUHQW�OLWKLXP�LRQ�EDWWHULHV�DW�H[WUHPHO\�KLJK�DQG�ORZ�
temperatures could be a barrier to PEV adoption, depending 
on the durability observed as more vehicles are driven for 
longer times.

RELATIVE COSTS OF PLUG-IN  
ELECTRIC AND ICE VEHICLES

Studies of current and projected costs of high-energy bat-
WHULHV�DQG�QRQEDWWHU\�FRPSRQHQWV��(3$�1+76$�������VXJ-
gest that the difference in cost of producing a PEV and an 
ICE vehicle is (and will be) primarily due to the cost of the 
high-energy battery. Those studies are part of the regulatory 
DQDO\VLV�SHUIRUPHG�E\�(3$�DQG�WKH�1DWLRQDO�+LJKZD\�7UDI-
¿F�6DIHW\�$GPLQLVWUDWLRQ��1+76$��IRU�WKH�UHFHQW�����������
FRPELQHG�&$)(�*+*�VWDQGDUGV�IRU�OLJKW�GXW\�YHKLFOHV��7KH�
comprehensive regulatory analysis includes vehicle-simu-
lation modeling and detailed component cost analysis (cost 
WHDUGRZQ�VWXGLHV��SHUIRUPHG�E\�H[WHUQDO�FRQVXOWDQWV�WR�GHWHU-
mine cost and effectiveness of a wide range of technologies, 
LQFOXGLQJ�FRQYHQWLRQDO�,&(�YHKLFOHV��+(9V��DQG�3(9V��7KXV��
IRU� LWV�DVVHVVPHQW�� WKH�FRPPLWWHH�UHOLHG�RQ�WKH�&$)(�*+*�
UHJXODWRU\�DQDO\VLV� �(3$�1+76$�������� DV�ZHOO� DV�RQ�SUH-
sentations from vehicle manufacturers, suppliers, and market 
analysts (Tamor 2012; Ward 2013; Woodard 2012; Sriramulu 
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and Barnett 2013; Anderman 2014), because a detailed in-
dependent cost analysis was beyond its scope and resources. 
The committee also reviewed the cost information provided 
in Transitions to Alternative Vehicles and Fuels (NRC 2013). 
That committee estimated battery costs by assuming that fu-
ture costs for Li-ion cells for vehicles would follow a similar, 
DOWKRXJK�VORZHU��FRVW�UHGXFWLRQ�WUDMHFWRU\�DV�WKDW�H[SHULHQFHG�
by Li-ion 18650 cells. Although cost projections were some-
ZKDW� VLPLODU�� WKLV� UHSRUW�PDNHV� XVH� RI� WKH� UHFHQW� H[WHQVLYH�
DQDO\VLV�GRQH�VSHFL¿FDOO\�IRU�WKH�FRVWV�RI�YHKLFOH�/L�LRQ�EDW-
teries. Costs of the batteries and nonbattery components are 
discussed below; vehicle price and cost of ownership are dis-
cussed further in Chapter 7.

Lithium-Ion Battery Costs

A high-energy battery costs much more than a sheet-met-
al gasoline tank. Studies of current and projected battery costs 
DUH�VXPPDUL]HG�KHUH�WR�HVWLPDWH�WKH�PDJQLWXGH�RI�WKH�FRVW�GLI-
ferential and whether it is likely to continue. Cost refers to 
what a vehicle manufacturer would pay a supplier, which is 
NQRZQ�DV�WKH�GLUHFW�PDQXIDFWXULQJ�FRVW��'0&���(3$�1+76$�
2012). What a consumer would pay for a battery (the retail 
SULFH� HTXLYDOHQW�� LV� H[SHFWHG� LQ� WKH� DXWRPRWLYH� LQGXVWU\� WR�
be about 50 percent more than what a vehicle manufacturer 
ZRXOG�SD\��15&��������/DUJH�SULFH�ÀXFWXDWLRQV�PXVW�EH�H[-
pected until battery supply and demand for PEVs becomes 

FIGURE 2-3 (IIHFW�RI�DPELHQW�WHPSHUDWXUH�RQ�EDWWHU\�FDSDFLW\�RQ�D����N:K�EDWWHU\�LQ�D�3+(9��127(��'R'��GHSWK�RI�GLV-
FKDUJH��3+(9��SOXJ�LQ�K\EULG�HOHFWULF�YHKLFOH��6285&(��3HVDUDQ�HW�DO���������

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

8QIRUWXQDWHO\�� WKHUH� DUH�QR�GH¿QLWLYH� VWXGLHV�RI�EDWWHU\�
costs from battery manufacturers given their need to protect 
proprietary information. The range of cost projections from 
studies of current and future battery costs is considerable. An 
additional complication is that vehicle manufacturers make 
different choices on how much of the total capacity of a bat-
tery is made available for use; GM uses about 70 percent of 
the nominal capacity, and Nissan uses about 90 percent (see 
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 for complete battery packs, 
H[FOXGLQJ�DQ\�FRROLQJ�V\VWHP��

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

4�7KH� YDOXHV� FLWHG� VHHP� DSSURSULDWH� JLYHQ� WKDW� 3+(9� EDWWHULHV�
could be cycled more times per trip than BEV batteries and that us-
ing a smaller portion of the nominal capacity increases battery life.
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�� 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 2013). 

�� '2(�KDV�HVWLPDWHG�D�FXUUHQW�FRVW�RI������N:K��+RZHOO�
2013).5

�� (3$�1+76$� ������� SURMHFWHG� ������ ������ DQG� �����
N:K�IRU�D�3+(9���ZLWK�D����N:K�EDWWHU\�SDFN�LQ�������
2020, and 2025, for an annual volume of 400,000. 

�� A 2011 McKinsey study estimated the costs to be $350 
to $420/kWh; it predicted that these costs would drop 
to about $140/kWh by 2020 and $112/kWh by 2025 
�+HQVOH\�HW�DO���������

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

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

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

The range of estimates in the current studies show that 
FXUUHQW�FRVWV�DUH�GLI¿FXOW�WR�REWDLQ�DQG�WKDW�WKH�IXWXUH�SURMHF-
WLRQV�DUH�HYHQ�PRUH�GLI¿FXOW��UHTXLULQJ��IRU�H[DPSOH��DQ�HVWL-
mate of how many PEVs will be purchased. For the purposes 
of this report, the committee decided to use the $500/kWh 
as the current cost of the lithium-ion battery pack and about 
$250/kWh as the cost in about 10 years. Thus, at $500/kWh, 
the DMC of the Tesla battery would be $42,500, the DMC 
of the Leaf battery would be $12,000, the DMC of the Volt 
battery would be $8,250, and the DMC of the Plug-in Prius 
battery would be $2,200.

Figure 2-4 shows the decrease in costs of the Li-ion bat-
tery cell over the last 13 years and illustrates how Tesla has 
SUR¿WHG� IURP� WKH� UHGXFHG� SULFHV� IRU� WKH� VPDOO� FHOO� SDFNDJH�
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/kWh 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 
manufacturers might be reducing prices to cope with having 

5 A current cost estimated to be $300/kWh becomes $240/kWh for 
the total battery capacity, assuming that the original estimate was 
IRU�DQ����SHUFHQW�XWLOL]DWLRQ�RI�WKH�EDWWHU\�

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 
UHGXFH�EDWWHU\�FRVWV��7UH¿V�7HDP��������7KH�FRPPLWWHH�GRHV�
not have any information about how the cost reductions will 
be achieved, but the factory investment appears to be a strong 
LQGLFDWLRQ�WKDW�7HVOD�LV�FRQ¿GHQW�WKDW�LW�FDQ�EXLOG�KLJK�HQHUJ\�
batteries more economically than has so far been possible.

Finding: It is not possible to determine a completely reliable 
SURMHFWLRQ�RI�IXWXUH�EDWWHU\�FRVW��+RZHYHU��JLYHQ�WKH�DYDLO-
able data, the committee assumed for this report a battery 
pack cost of $500/kWh in 2013 and a 50 percent lower cost 
in about 10 years. 

Finding: The high cost of high-energy batteries is primarily 
responsible for the higher initial cost of PEVs compared with 
+(9V�DQG�,&(�YHKLFOHV�DQG�LV�D�EDUULHU�WR�3(9�DGRSWLRQ��

Finding: Even if the higher initial battery cost drops as pre-
GLFWHG�RYHU�WKH�QH[W����\HDUV��EDWWHU\�FRVW�ZLOO�UHPDLQ�D�EDU-
rier to PEV adoption. 

Nonbattery 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 current (dc) power 
from the battery to the alternating current (ac) power needed 
to drive the electric motor; and electronics needed to charge 
WKH�EDWWHU\��$�3+(9�LQFOXGHV�ERWK�VHWV�RI�FRPSRQHQWV��7KH�
nonbattery costs of the PEV are primarily attributable to the 
power electronic controls and the electric motor and genera-
tors. The committee reviewed and accepted the estimates for  
QRQEDWWHU\�FRVWV�IURP�WKH�(3$�1+76$��������VWXG\�WKDW�ZDV�
used to evaluate CAFE standards because it found that the cost 
analysis performed by the agencies was thorough and compre-
hensive. 

The simplicity of a BEV compared with an ICE vehicle 
PDNHV�LW�VRPHZKDW�VXUSULVLQJ�WKDW�WKH�(3$�1+76$��������
study estimates that the direct manufacturing cost of the 
nonbattery components for a BEV with a range of 75 miles 
is about $1,255 higher than the cost of the ICE power-train 
components it replaces. The increased cost includes $3,810 

TABLE 2-3 Estimates of Dollars per Kilowatt-hour for a 25 kWh Battery 
<HDU Manufacturing Volume (packs/year) Cell Materials ($/kWh) Cell Price ($/kWh) Pack Price ($/kWh) 
2013 25,000 110-150 275-325 400-500 

2016 50,000 90-130 185-230 275-350 

2020 100,000 85-110 140-190 225-275 
SOURCE: Based on data from Anderman (2014).  
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FIGURE 2-4�&KDQJH� LQ� WKH�VDOHV�SULFH�RI�1L0+��/L�LRQ��DQG�1L&G�EDWWHU\�FHOOV� IURP������ WR�������3ULFHV�DUH�VKRZQ� LQ�
2012 dollars. The graph is based on data from a production survey conducted by the Ministry of Economy, Trade, and Indus-
WU\��-DSDQ��127(��N:K��NLORZDWW�KRXU��/L�LRQ��OLWKLXP�LRQ��1L&G��QLFNHO�FDGPLXP��1L0+��QLFNHO�PHWDO�K\GULGH��6285&(��
Maruyama (2013). 

TABLE 2-4 Summary of Estimated Costs of Total Energy from Various Sources (2013 U.S.$/kWh) 

Source 
<HDU 

Currenta 2017 2020 2022 2025 
Argonne      

2000 250-706 — — — — 

2012 — — 50 kW = 336 
100 kW = 404 

— — 

TIAX 2013 310 — — — — 

DOE 2013 300 — — 125 — 

(3$�1+76$����� — 540 346 — 277 

McKinsey 2011 350-420 — 140 — 112 

Anderman      

2012 340-450 — — — — 

2014 400-500 — 220-275 — — 
a Current as defined in the respective studies. 
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for 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-
LQJV�RI��������LQ�GLUHFW�PDQXIDFWXULQJ�FRVWV��(3$�1+76$�
�������7KH�(3$�1+76$�HVWLPDWHV�WKDW�WKH�QRQEDWWHU\�FRVWV�
LQ������ZLOO�GURS�WR����SHUFHQW�RI�WKHLU������FRVWV��+RZHYHU��
even if the cost reduction is less, the cost of the high-energy 
battery will still account for most of the difference in cost 
between a BEV and an ICE vehicle. 

%HFDXVH�D�3+(9�KDV�ERWK�DQ�HOHFWULF�GULYH�DQG�DQ�,&(��
it has a higher nonbattery cost. The same study evaluated a 
3+(9�ZLWK�D����PLOH�$(5�DQG�FRQFOXGHG�WKDW�D�3+(9�KDV�
nonbattery cost that is $3,700 higher than the nonbattery cost 
of an ICE vehicle. Multiplying by 1.5 increases the price to 
the consumer to $5,550 beyond the price of the battery. 

A dramatic reduction in the price of power 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 
UHVLVWDQFH�WR�LPSURYH�WKH�LQYHUWHU�HI¿FLHQF\��7KRVH�PDWHUL-
als operate at much higher temperatures than the silicon used 
in today’s power electronics, and that characteristic would 
PDNH�FRROLQJ�HDVLHU�DQG�WKHUHE\�UHGXFH�WKH�VL]H�RI�WKH�SRZHU�
HOHFWURQLFV�SDFNDJH�DQG�SRVVLEO\�VLPSOLI\�WKH�KHDW�H[FKDQJ-
HUV��251/��������+RZHYHU��ZKHQ�VXFK�WHFKQRORJ\�ZLOO�EH�
IDU�HQRXJK�DORQJ�WR�FRPH�WR�PDUNHW�LV�GLI¿FXOW�WR�SUHGLFW��

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

VEHICLE CHARGING AND CHARGING OPTIONS

&KDUJLQJ�D�3(9�LV�DQDORJRXV� WR�¿OOLQJ�D�FRQYHQWLRQDO�
vehicle’s fuel tank with gasoline. A gasoline-powered vehi-
cle is attached to a pump that sends gasoline through a hose 
LQWR�WKH�IXHO� WDQN��$�W\SLFDO�ÀRZ�UDWH�RI���JDO�PLQ��IRU�H[-
ample, means that typical gasoline tanks with capacities of 
���WR����JDO�ZLOO�EH�¿OOHG�LQ�D�IHZ�PLQXWHV��6LPLODUO\��D�3(9�
LV�SOXJJHG�LQWR�WKH�HOHFWULF�JULG�VR�WKDW�HOHFWULFLW\�FDQ�ÀRZ�
WKURXJK�ZLUHV�LQWR�WKH�EDWWHU\��$Q�HQHUJ\�ÀRZ�UDWH�RI�����N:��
IRU�H[DPSOH��ZRXOG�¿OO�DQ�HPSW\�EDWWHU\�ZLWK�D�XVDEOH�FDSDF-
ity of 21 kWh in about 4 hours. 

7KH�PD[LPXP�FKDUJLQJ� UDWH� IRU� UHVLGHQWLDO� FKDUJLQJ� LV�
OLPLWHG�E\�WKH�VL]H�RI�WKH�FKDUJHU�LQ�WKH�YHKLFOH�WKDW�FKDQJHV�
ac electricity into dc electricity. A fully discharged battery ini-
WLDOO\�FKDUJHV�DW�WKH�PD[LPXP�UDWH�WKDW�WKH�RQERDUG�FKDUJHU�
can manage and then charges more slowly as the battery nears 
capacity. Thus, a vehicle battery does not charge at a constant 
UDWH��DQG�WKDW�LV�ZK\�LW�WDNHV�DERXW���KRXUV�WR�¿OO�D����N:K�
battery at 6.6 kW. For DC fast charging (discussed below), 
the component that changes ac to dc is outside the vehicle and 
is governed by control signals from the vehicle. Regulating 
the charging rate is necessary to ensure safety and to protect 

battery life. 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 
WKH�H[WHQW�WR�ZKLFK�IDVWHU�FKDUJLQJ�DW�KLJK�SRZHU�KDVWHQV�WKH�
normal aging of a battery (Francfort 2013). 

The “pressure” with which an electric circuit in a home 
or business can force electricity through wires into some de-
YLFH�LV�PHDVXUHG�LQ�YROWV��9���7KH�DPRXQW�RI�HOHFWULFLW\�ÀRZ-
ing through various devices, the electric current, is measured 
in amperes (A). The product of the two is the power in watts 
(W). Every circuit delivering electricity has a circuit breaker 
RU�IXVH�WKDW�NHHSV�WKH�ÀRZ�RI�HOHFWULFLW\�IURP�H[FHHGLQJ�WKH�
DPSHUHV�WKDW�WKH�FLUFXLW�FDQ�VDIHO\�SURYLGH��)RU�H[DPSOH��D�
2014 Nissan Leaf is capable of accepting no more than 30 A 
of electric current when it is connected to a 240 V electric 
FLUFXLW��VR�LWV�PD[LPXP�SRZHU�FRQVXPSWLRQ�LV�����N:��7KH�
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 affect safety or 
the equipment (Rawson and Kateley 1998). The NEC (2008) 
GH¿QHV�WKH�(96(�DV�³WKH�FRQGXFWRUV��LQFOXGLQJ�WKH�XQJURXQG-
ed, grounded, and equipment grounding conductors and the 
HOHFWULF�YHKLFOH�FRQQHFWRUV��DWWDFKPHQW�SOXJV��DQG�DOO�RWKHU�¿W-
WLQJV��GHYLFHV��SRZHU�RXWOHWV�RU�DSSDUDWXV�LQVWDOOHG�VSHFL¿FDOO\�
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 
DQG� WKH�FXUUHQW�ÀRZ�EHIRUH�DQ\RQH� LV� LQMXUHG��)XUWKHUPRUH��
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 V is typically a portable 
device that can be carried in the vehicle for possible use at re-
mote locations. The EVSE for normal 240 V charging is typi-
cally mounted on a garage wall or on a purpose-built column. 
Fast chargers that use high dc 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 
VHWV� WKH�PD[LPXP� FXUUHQW� WKDW� WKH�(96(� FDQ� SURYLGH�� DO-
though individual vehicles will typically accept less current. 
In the United States, there is one standard plug that is used 
to charge vehicles from the normal 120 V and 240 V circuits 
IRXQG� LQ� UHVLGHQFHV�� WKH�6$(�-�����VWDQGDUG� �6$(��������
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This interchangeability removes what otherwise could be 
D�VXEVWDQWLDO�EDUULHU�WR�WKH�DGRSWLRQ�RI�3(9V��+RZHYHU��IRU�
faster charging options, fast chargers are being installed that 
have one or more of three incompatible plugs and protocols 
described below. 

AC Level 1 Charging

0RVW�HOHFWULF�GHYLFHV�LQ�WKH�8QLWHG�6WDWHV��IRU�H[DPSOH��
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 off the electricity if the current 
ÀRZLQJ�WKURXJK�WKH�FLUFXLW�H[FHHGV����WR����$�WR�SUHYHQW�¿UHV�
and other damage to the circuits. 

AC level 1 charging standard is for an EVSE that plugs 
into a 120 V wall plug (Figure 2-5) and delivers up to 12 A to 
D�6$(�-�����SOXJ��)LJXUH�������ZKLFK�FRQQHFWV�ZLWK�D�VRFNHW�
in the car. Most PEVs today have an onboard charger that 
changes the ac current into the dc current that charges the bat-
tery. The charger is able to accept only up to 12 A from the 
EVSE and transfer energy at a rate of up to 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 
RQO\�GHYLFH�GUDZLQJ�FXUUHQW�IURP�WKH�FLUFXLW�WR�DYRLG�H[FHHG-
LQJ�WKH�PD[LPXP�FXUUHQW�WKDW�WKH�FLUFXLW�EUHDNHU�RU�IXVH�ZLOO�
allow the circuit to provide. 

PEVs are typically sold with a small and portable EVSE 
that can be carried in the car to allow AC level 1 charging 
IURP�XELTXLWRXV�����9�ZDOO�UHFHSWDFOHV��$�GH¿FLHQF\�RI�WKH�
standard is that the portable EVSE is not secured to either the 
120 V socket or to the vehicle to deter EVSE theft or vandal-
ism. AC level 1 charging with this EVSE is the only charging 
RSWLRQ�W\SLFDOO\�QHHGHG�RU�DYDLODEOH�IRU�WKH�PLQLPDO�3+(9V��
Each hour of charging typically provides an additional elec-
tric range of about 4 to 5 miles, depending on the vehicle. 
)RU�D�UDQJH�H[WHQGHG�3+(9��VXFK�DV�D�&KHYUROHW�9ROW��VRPH�
drivers use only AC level 1 charging, while others prefer to 
charge about twice as fast using the AC level 2 charging that 
is discussed below. 

For charging the fully depleted batteries of PEVs with 
large batteries, AC level 1 charging is too slow to be the 
primary charging method because charging times could be 
longer than the time that a car is parked at the home or work-
SODFH��)RU�H[DPSOH��ZLWK�DQ�$&�OHYHO���FKDUJHU�� WKH�QRPL-
nal time for fully charging the usable 21 kWh capacity of a 

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

FIGURE 2-6�7KH�6$(�-�����SOXJ�WKDW�FRQQHFWV�DOO�3(9V�WR�$&�OHYHO���DQG�OHYHO�
2 is an agreed-on universal standard for 120 V and 240 V ac charging. SOURCE: 
��0LFKDHO�+LFNV��OLFHQVHG�XQGHU�&UHDWLYH�&RPPRQV������&&�%<������
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Nissan Leaf battery is more than 17 hours, and the nominal 
time to fully charge the 85 kWh battery of a Tesla Model S 
LV�PRUH�WKDQ����KRXUV��+RZHYHU��$&�OHYHO���FKDUJLQJ�FRXOG�
EH�XVHIXO�LQ�VRPH�FDVHV�WR�PHUHO\�H[WHQG�WKH�UDQJH�RI�WKRVH�
BEVs 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 are used by electric dryers, 
electric stoves and ovens, and large air conditioners. Since 
2009, the AC level 2 standard allows up to 80 A of current to 
be delivered for an energy transfer rate of 19 kW, although 
the wiring in many houses will have trouble delivering that 
much current, and only a long-range BEV is capable of ac-
cepting it. A Chevrolet Volt and a 2014 Nissan Leaf are able 
WR�DFFHSW�D�PD[LPXP�RI����$�RU����$��UHVSHFWLYHO\��ZKLFK�
FRUUHVSRQGV�WR�HQHUJ\�EHLQJ�WUDQVIHUUHG�DW�PD[LPXP�UDWHV�RI�
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 
RQ�D�SRVW�QH[W�WR�D�SDUNLQJ�VSRW��DQG�LQ�WKH�8QLWHG�6WDWHV��LW�LV�
FRQQHFWHG�WR�WKH�YHKLFOH�WKURXJK�WKH�VDPH�6$(�-�����SOXJ�
(Figure 2-6) used for AC leve1 1 charging. 

The 85 kWh battery of the Tesla 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 10 
kW to a “single” charger installed in the Tesla Model S. If 
enough current is available in a home, a “double” charger 
can instead be installed in the car to accept 80 A and 19 kW 
power for much faster charging. With that option, Tesla ad-
vertises that the car can travel an additional 58 miles for 
each hour of charging (Tesla 2014b). For emergency use, the 

Tesla 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 dc voltage directly to the battery. In this case, the char-
ger that turns the ac electricity available from the grid into 
the dc 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 BEVs, such as the 
Nissan Leaf and the Tesla Model S, and only BEVs are 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 fast chargers installed in the United States so far are 
&+$GH02�FKDUJHUV�ZLWK� WKH� H[FHSWLRQ�RI� WKH�7HVOD� VXSHU-
chargers.6�7KH�1LVVDQ�/HDI�DFFHSWV�D�&+$GH02�SOXJ��)LJXUH�
2-8A), which provides the high voltage dc and control signals 
WR�WKH�YHKLFOH��$����N:�&+$GH02�FKDUJHU�FDQ�FKDUJH�D�1LV-
san Leaf to 80 percent of its capacity in 30 minutes (see Figure 
2-9). 

The Tesla Model S accepts a proprietary fast-charging 
plug (Figure 2-8C), and charges are free at Tesla supercharg-
ers for models with an 85 kWh battery (that is, such charging 
LV� LQFOXGHG� LQ� WKH� SXUFKDVH� SULFH� RI� WKH� YHKLFOH��� ([LVWLQJ�
90 kW superchargers are being upgraded to 120 kW so that 

6�,Q�2FWREHU�������WKH�WRWDO�QXPEHU�RI�&+$GH02�FKDUJHUV�ZRUOG-
ZLGH�ZDV��������ZLWK�WKH�IROORZLQJ�EUHDNGRZQ��-DSDQ���������(X-
URSH���������8QLWHG�6WDWHV�������DQG�RWKHU������&+$GH02�������

FIGURE 2-7 For AC level 2 charging, a vehicle is plugged into a split-phase 240 V electric circuit like those used by electric dryers, 
stoves, and large air conditioners through a wall- or post-mounted safety device called an electric vehicle supply equipment (EVSE). 
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FIGURE 2-8�)RXU�SOXJV�DQG�FRQWURO�SURWRFROV�DUH�QRZ�EHLQJ�XVHG�IRU�'&�IDVW�FKDUJLQJ���$��WKH�&+$GH02�SOXJ�WKDW�LV�XVHG�IRU�WKH�
1LVVDQ�/HDI���%��WKH�6$(�-�����FRPER�VWDQGDUG�WKDW�LV�XVHG�RQ�WKH�%0:�L��DQG�WKH�&KHYUROHW�6SDUN��7KH�XSSHU�SDUW�RI�WKH�FRQQHF-
WRU�LV�WKH�VDPH�DV�WKH�6$(�-�����SOXJ�WKDW�LV�XVHG�XQLYHUVDOO\�LQ�WKH�8QLWHG�6WDWHV�IRU�$&�OHYHO���FKDUJLQJ��VHH�)LJXUH��������&��WKH�
proprietary Tesla plug that is used for the Tesla supercharger network; and (D) the Mennekes plug recently adopted by the European 
8QLRQ�IRU�XVH�LQ�(XURSH��6285&(���$����&�&DU�7RP��OLFHQVHG�XQGHU�&UHDWLYH�&RPPRQV������&&�%<��������%��6$(���������UH-
SULQWHG�ZLWK�SHUPLVVLRQ�IURP�6$(�-�����)HE������������6$(�,QWHUQDWLRQDO��DQG��'����ORUHPR��OLFHQVHG�XQGHU�&UHDWLYH�&RPPRQV�
�����&&�%<������

FIGURE 2-9 DC fast charging a Nissan Leaf. DC fast charging 
is able to charge a Nissan Leaf battery to 80 percent capacity in 
30 min. The charge would typically allow a 2014 Nissan Leaf to 
travel about 67 miles. SOURCE: Copyright © 2010 by the eVgo 
1HWZRUN��OLFHQVHG�XQGHU�&UHDWLYH�&RPPRQV������&&�%<�������

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

7KH�6$(�DGGHG�D�GF�DQG�D�JURXQG�OHDG�WR�WKH�6$(�-�����
plug universally used for AC level 2 charging (Figure 2-6) to 
PDNH�D�-�����FRPER�SOXJ��)LJXUH����%���7KHUH�DUH�DOPRVW�
no installed combo chargers in the United States to date and 
IHZ�3(9V�WKDW�DUH�DEOH�WR�XVH�WKHP��+RZHYHU��WKH�&KHYUROHW�
Spark and the BMW i3 that is just becoming available in the 
United States use them. 

The European Union recently adopted the Mennekes 
(Masson 2013) plug (Figure 2-8D) for its 240 V AC level 2 
standard for charging rates up to 39 kW. That standard is not 
GLVFXVVHG�LQ�GHWDLO�EHFDXVH�LW� LV�QRW�H[SHFWHG�WR�EH�XVHG�LQ�
the United States. 

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

Finding: A network of fast-charging stations is currently 
being completed by Tesla without the use of public funds. 
+RZHYHU��LW�LV�D�SURSULHWDU\�QHWZRUN�WKDW�PLJKW�QRW�EH�DYDLO-
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able for the use of all drivers when more long-range BEVs 
come to market.

Finding: The various plugs and communication protocols 
that are used across the world for charging PEVs are a bar-
rier to the adoption of PEVs insofar as they prevent 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 
(1) eliminate the proliferation of plugs and communication 
protocols for DC fast 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 sta-
tion. The Society of Automotive Engineers, the International 
Electrotechnical Commission, and the Verband der Elektro-
WHFKQLN²FRPSDQLHV� WKDW� IRUPHG� &+$GH02²DQG� 7HVOD�
should be included in the deliberations on plugs and com-
munication protocols.

Wireless Charging

So far, essentially all PEVs are charged by plugging a 
FKDUJLQJ�FDEOH� LQWR� WKH�YHKLFOH� VR� WKDW� HOHFWULFLW\�FDQ�ÀRZ�
from the EVSE to the battery. The process is simple and rap-
id (less than a minute), and control electronics are included 
to enhance safety. 

FIGURE 2-10 As of February 2015, Tesla had installed 190 units in the United States. SOURCE: DOE (2015). 

Wireless charging would instead transfer the energy 
from the grid to the vehicle by using inductive coupling be-
tween a wireless transmitter located near the vehicle and a 
wireless receiver attached to the vehicle (Miller et al. 2014). 
$Q�DOWHUQDWLQJ�PDJQHWLF�¿HOG�SURGXFHG�E\�SDVVLQJ�DF� FXU-
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 
QRW�PRYLQJ��DV�GHVFULEHG��7KH�HQHUJ\�WUDQVIHU�LV�OHVV�HI¿FLHQW�
than using a charging cable, but there would be no cable to 
handle or keep clean. For publicly available charging, stan-
dards would be needed to make it possible to charge most 
PEVs with most wireless charging systems. The opportu-
nity for theft or vandalism of the cable or EVSE is greatly 
reduced because the transmitter could be embedded in the 
parking space and controlled remotely. A safety standard to 
establish the acceptable levels of oscillating electromagnetic 
¿HOGV�PLJKW�DOVR�EH�QHHGHG��

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 BEV could be refueled on long trips with-
RXW� VWRSSLQJ� WR� UHIXHO��+RZHYHU�� WKHUH� DUH�PDQ\� WHFKQLFDO�
problems to overcome for dynamic wireless charging, one of 
WKHP�EHLQJ�D�YHU\�ORZ�FKDUJLQJ�HI¿FLHQF\��
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3

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

7KH� SURFHVV� RI� EX\LQJ� D� YHKLFOH� LV� D� FRPSOH[�� KLJKO\�
involved consumer decision (Solomon 2014). A vehicle is 
RQH� RI� WKH� PRVW� H[SHQVLYH� SXUFKDVHV� PDGH� E\� LQGLYLGXDOV�
or households, often equal to many months or even years of 
income, and will 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 are not stuck 
with a poor purchase choice for years to come. In general, 
consumers want vehicles that are affordable, safe, reliable, 
and comfortable for travel and meet many practical needs, 
such as getting them to work, school, stores, and recreation 
and vacation areas. Some also want vehicles to meet their 
SV\FKRVRFLDO�QHHGV�� IRU�H[DPSOH��YHKLFOHV�FDQ� VHUYH�DV� VWD-
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-
¿HV�DOO�WKHLU�YDULRXV�QHHGV��

Plug-in electric vehicles (PEVs) must compete effec-
tively with internal-combustion engine (ICE) vehicles in 
PHHWLQJ�FRQVXPHU�QHHGV��+RZHYHU��3(9V��PDQ\�RI�ZKLFK�
DUH�LQ�WKHLU�¿UVW�JHQHUDWLRQ�RI�GHSOR\PHQW��DGG�FRPSOH[LW\�
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 
Kahneman’s (2013) work, Thinking Fast and Slow, which 
spurred much recent work in behavioral economics. Because 
innovative products require a higher degree of learning than 
H[LVWLQJ�SURGXFWV��WKH�HIIRUW�FXVWRPHUV�PXVW�SXW�LQWR�WKH�GH-
cision process is greater than for more familiar products. To 
unseat incumbent technologies, the new technology must 
RIIHU�DGYDQWDJHV�DQG�EHQH¿WV�VXI¿FLHQW� WR�RIIVHW�DQ\�SULFH�
differential and the perceived risk and uncertainty of pur-
chasing an innovation (Aggarwal et al. 1998). Thus, the 
FRPPLWWHH� HPSKDVL]HV� WKDW� FRQVXPHU� FRQVLGHUDWLRQV� ORRP�
large for the deployment of PEVs in the nation’s transporta-
WLRQ�PL[��DQG�XQGHUVWDQGLQJ�FRQVXPHU�SHUFHSWLRQV��NQRZO-
edge, and behavior are key to crafting viable strategies for 
VXFFHVVIXO�FRPPHUFLDOL]DWLRQ�RI�3(9V�

This chapter begins with a general discussion of models 
of adoption and diffusion of innovation. It presents evidence 
on how new technologies are adopted by various categories 
of customers and discusses the factors that affect the pace 
of adoption and diffusion of a new technology through soci-
HW\���1H[W��WKH�FKDSWHU�GLVFXVVHV�FRQVXPHU�GHPRJUDSKLFV�DQG�
evaluates the implications of that information and other fac-
tors that affect adoption and diffusion of PEVs. The chapter 
then reviews what motivates the purchases of mainstream 
consumers and possible barriers for their adoption of PEVs. 
1H[W��WKH�FKDSWHU�UHYLHZV�VWUDWHJLHV�IRU�DGGUHVVLQJ�FRQVXPHU�
FRQFHUQV�DQG�GHVFULEHV�JRYHUQPHQW�HIIRUWV�WR�IDPLOLDUL]H�WKH�
public with PEVs. Throughout the chapter, at the conclu-
sions of the various sections, the committee highlights rel-
HYDQW�¿QGLQJV��5HFRPPHQGDWLRQV�IRU�DGGUHVVLQJ�FRQVXPHU�
perceptions (or misperceptions) and barriers to adoption are 
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 conclusion of this 
chapter. 

UNDERSTANDING AND PREDICTING THE  
ADOPTION OF NEW TECHNOLOGIES

Models for the Adoption of Innovative Products

Developers of new technologies generally, and of PEVs 
VSHFL¿FDOO\��IDFH�FKDOOHQJHV�LQ�GHYHORSLQJ�D�PDUNHW�DQG�PR-
tivating consumers to purchase or use their products (Mohr 
et al. 2010). Incumbent technologies—in this case, ICE ve-
KLFOHV²FDQ�EH� GLI¿FXOW� WR� XQVHDW�� WKH\� KDYH� \HDUV� RI� SUR-
GXFWLRQ�DQG�GHVLJQ�H[SHULHQFH��ZKLFK�PDNH�WKHLU�SURGXFWLRQ�
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 
JDV�HPLVVLRQ�VWDQGDUGV��(3$�1+76$��������DUH�GHVFULEHG�
in the NRC report Transitions to Alternative Vehicles and 
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Fuels (NRC 2013a) . The necessary infrastructure—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 for 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 for hybrid 
HOHFWULF�YHKLFOHV��+(9V��WR�H[FHHG���SHUFHQW�RI�DQQXDO�QHZ�
light-duty vehicle sales in the United States (Cobb 2013).1

To compare various rates of market penetration, Figure 
3-1 shows the consumer technologies with the fastest growth 
UDWHV��$V�WKH�¿JXUH�VKRZV��QHZ�SURGXFWV�FDQ�WDNH�PDQ\�\HDUV�
to be adopted by a large percentage of the consumers in a 
PDUNHW��)RU�H[DPSOH��FRQVLGHU�WKDW�WKH�PLFURZDYH²D�UHOD-

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

WLYHO\� LQH[SHQVLYH� DQG� SUDFWLFDO� LWHP�ZLWK� QR� FRPSOLFDWHG�
infrastructure needs—took 15 years to reach just 50 percent 
PDUNHW� SHQHWUDWLRQ�� &RQVXPHUV� GLG� QRW� KDYH� H[SHULHQFH�
with microwave ovens nor did they initially see the value 
or usefulness of such a product; its means of cooking was 
not understood, and it did a poor job of “baking” compared 
with conventional ovens. Indeed, calling the microwave an 
“oven” was probably an error, as that term confused con-
sumers about the microwave’s functions. Initial uses of the 
PLFURZDYH�ZHUH� WR�KHDW�ZDWHU�� WKDZ�DQG�KHDW� IUR]HQ�IRRG��
and reheat leftovers—few of these tasks had much to do with 
how conventional ovens were used. It took many years to 
HGXFDWH�WKH�FRQVXPHU�DERXW�H[DFWO\�ZKDW�D�PLFURZDYH�FRXOG�
do. Consumer knowledge, societal lifestyle changes, and 
lower prices due to volume production over decades resulted 
in microwaves being a primary appliance in the household, 
QHDUO\����IXOO�\HDUV�DIWHU�WKH\�ZHUH�¿UVW�LQWURGXFHG��

One insight is that adoption and diffusion of new inno-
vations can be a long-term, complicated process that is espe-
cially slow for 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-

FIGURE 3-1 <HDUV�QHHGHG�IRU�IDVWHVW�JURZLQJ�FRQ-
sumer technologies to achieve penetration (0-50 per-
cent or 51-80 percent). SOURCE: Dediu (2012) © 
+RUDFH�'HGLX��$V\PFR��
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tenance concerns. Accordingly, the innovation ecosystem for 
PEVs has its own transition barriers that must be addressed 
IRU� PD[LPXP� PDUNHW� SHQHWUDWLRQ� WR� RFFXU�� $GQHU� �������
suggests that wide-scale deployment of new technologies is 
a function of three aspects of infrastructure development: (1) 
SURGXFW� WHFKQRORJ\²IRU� H[DPSOH�� YLDEOH�� ORZ�FRVW� EDWWHU\�
WHFKQRORJ\�� ���� GRZQVWUHDP� LQIUDVWUXFWXUH²IRU� H[DPSOH��
dealers, repair facilities, emergency roadside services, and 
battery recycling options; and (3) complementary infrastruc-
WXUH²IRU� H[DPSOH�� FKDUJLQJ� VWDWLRQV� �ZKHWKHU� UHVLGHQWLDO��
workplace, or public), knowledgeable electricians, and ame-
QDEOH�]RQLQJ�DQG�SHUPLWWLQJ�DW�WKH�PXQLFLSDO�OHYHO�

Adner’s work on innovation ecosystems provides guid-
ance for how industry stakeholders might make investment 
GHFLVLRQV�WR�HQFRXUDJH�DGRSWLRQ�RI�QHZ�WHFKQRORJLHV��)RU�H[-
DPSOH��LI�LQIUDVWUXFWXUH�LV�LGHQWL¿HG�DV�WKH�FULWLFDO�ERWWOHQHFN�
that affects customer adoption and use, industry stakeholders 
might decide to invest more in infrastructure development 
WKDQ�LQ�WKH�SURGXFW�LWVHOI��,QGHHG��-DSDQ�KDV�UHFRJQL]HG�WKDW�
QHHG�DQG�KDV�LQVWLWXWHG�D�PDMRU�LQLWLDWLYH�WR�EXLOG�DQ�H[WHQVLYH�
FKDUJLQJ�LQIUDVWUXFWXUH�WR�LQVWLOO�UDQJH�FRQ¿GHQFH�DQG�HQVXUH�
a safety net for limited-range battery electric vehicle (BEV) 
GULYHUV��0(7,��������%URZQ�HW�DO���������DOVR�HPSKDVL]HG�
the importance of supporting infrastructure development and 
DGYRFDWHG� IRU� VWDQGDUGL]DWLRQ�RI�FRGHV�� WUDLQLQJ��DQG�RWKHU�
aspects of infrastructure to facilitate the PEV market.

*LYHQ�WKH�FRPSOH[LW\�RI�WKH�LQQRYDWLRQ�HFRV\VWHP��PDLQ-
stream consumers typically are 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 
UDWHV�FDQ�EH�VXEVWDQWLDOO\�ORZHU�WKDQ�LQLWLDO�H[SHFWDWLRQV�

Adoption and diffusion models provide insight into what 
PLJKW�EH�FRQVLGHUHG�UHDOLVWLF�H[SHFWDWLRQV�DERXW�PDUNHW�SHQ-
etration rates. Given that about 16 million new vehicles are 
purchased each year, it would take at least 16 years to con-
YHUW�WKH�WRWDO�8�6��ÀHHW�RI�����PLOOLRQ�SDVVHQJHU�YHKLFOHV�DQG�
light-duty trucks if only PEVs were sold. In addition, not all 
KRXVHKROGV�H[KLELW�WKH�GHPRJUDSKLF�DQG�OLIHVW\OH�WUDLWV�WKDW�
PDNH�3(9V�D�YLDEOH�SXUFKDVH�RSWLRQ��6SHFL¿FDOO\��ZKHQ�HVWL-
mating the total addressable market for PEV sales, one must 
FRQVLGHU�ZKDW�SHUFHQWDJH�RI�WKH�WRWDO�SRSXODWLRQ�ZRXOG�¿QG�
PEVs practical for their travel patterns and needs. A nation-
ally representative telephone survey of adult vehicle owners 
found that 42 percent of drivers—45 million households—
meet the basic criteria2 necessary to use a plug-in hybrid 
HOHFWULF�YHKLFOH��3+(9���VXFK�DV�WKH�&KHYUROHW�9ROW��IRU�WKHLU�

2�%DVLF�FULWHULD�IRU�3+(9V�LQGHSHQGHQW�RI�SULFLQJ�LQFOXGHG�DFFHVV�
to parking and an electric outlet at home or work, seating capacity 
for no more than four occupants, and no hauling or towing capabil-
LW\��$�%(9�ZDV�FRQVLGHUHG�VXLWDEOH�QRW�RQO\�ZKHQ�WKH�3+(9�FULWH-
ULD�ZHUH�PHW�EXW�DOVR�ZKHQ�WKH�PD[LPXP�ZHHNGD\�GULYLQJ�GLVWDQFH�
was less than 60 miles and other household vehicles were avail-
DEOH�LI�ZHHNHQG�GULYLQJ�IUHTXHQWO\�H[FHHGHG�WKH�FXUUHQW�%(9�UDQJH�
(Consumers Union and the Union of Concerned Scientists 2013).

transportation needs with few, if any, changes in behavior 
(Consumers Union and the Union of Concerned Scientists 
�������2I�WKH�GULYHUV�ZKR�FRXOG�XVH�D�3+(9�����SHUFHQW�DOVR�
¿W�WKH�SUR¿OH�RI�WKRVH�ZKR�FRXOG�XVH�D�OLPLWHG�UDQJH�%(9��
such as the Nissan Leaf, without major life changes. 

Therefore, market adoption and diffusion of PEVs, which 
DUH�H[SHQVLYH�� LQIUHTXHQWO\�SXUFKDVHG�� ORQJ�ODVWLQJ�SURGXFWV�
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 1 regarding early-market growth 
rates and market shares of PEVs.

Finding: Market penetration for new technology—particu-
ODUO\� H[SHQVLYH�� LQIUHTXHQWO\� SXUFKDVHG�� ORQJ�ODVWLQJ� LQQR-
vations with a complicated ecosystem—is typically a slow 
process that takes 10-15 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 
HFRV\VWHP��+HQFH��SURGXFW�WHFKQRORJLHV��GRZQVWUHDP�LQIUD-
structure, and complementary infrastructure all must be at-
tended to simultaneously during the development process.

Finding: PEVs on the market as of 2014 are not a viable 
option for all vehicle owners; rather, perhaps only about 40 
SHUFHQW� RI� 8�6�� KRXVHKROGV� H[KLELW� OLIHVW\OHV� DPHQDEOH� WR�
owning and operating a PEV. 

Consumer Diffusion Models and Market Segments

'LIIXVLRQ�PRGHOV�FDWHJRUL]H�FRQVXPHUV��DGRSWHUV��RQ�WKH�
basis of their propensity to adopt new technologies and iden-
tify the factors that facilitate adoption and diffusion. Figure 
����LOOXVWUDWHV�WKDW�PDUNHWV�IRU�LQQRYDWLRQ�FRPSULVH�¿YH�GLV-
tinct categories of adopters; Table 3-1 describes each category 
in terms of demographic and psychographic characteristics 
and buying motivations. Psychographics refer to values and 
lifestyles of consumers and can be determined empirically 
through market research on their activities, attitudes, inter-
ests, and opinions (Kahle and Chiagorous 1997; Wells 2011). 
$OWKRXJK�GHPRJUDSKLFV�FDQ�H[SODLQ�who is buying particular 
W\SHV�RI�SURGXFWV��SV\FKRJUDSKLFV�DUH�PRUH�OLNHO\�WR�H[SODLQ�
why customers buy; therefore, psychographics generally are 
more useful than demographics in understanding customer 
decisions. Major factors that affect diffusion include com-
munication (word-of-mouth) between consumers and social 
networks (Mahajan et al. 1990).

DEMOGRAPHICS AND IMPLICATIONS FOR 
ADOPTION AND DIFFUSION OF VEHICLES 

Demographic Traits of Buyers of Plug-in Electric Vehicles

Demographic traits of PEV buyers are compared with 
those of ICE-vehicle buyers in Table 3-2, which shows that 
many characteristics of PEV buyers correspond to the traits 
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of early market adopters. PEV buyers had a median income 
of nearly $128,000 to $148,000 whereas ICE-vehicle buy-
ers had a median income of about $83,000 (Strategic Vi-
VLRQ��������%\�ZD\�RI�FRPSDULVRQ��+(9�EX\HUV�KDG�D�PH-
dian household income of $90,204, and the average median 
U.S. household income was $51,017 (U.S. Census Bureau 
2013a). Consistent with traits of early adopters, PEV buyers 
were better educated than ICE-vehicle buyers. 

Table 3-3 lists demographic data for purchasers of a 
YHKLFOH� IURP�HDFK�FDWHJRU\�RI�3(9�DV�GH¿QHG� LQ�&KDSWHU���
�ORQJ�UDQJH�%(9��OLPLWHG�UDQJH�%(9��UDQJH�H[WHQGHG�3+(9��
DQG�PLQLPDO�3+(9��FRPSDUHG�ZLWK�GDWD�IRU�DOO�QHZ�YHKLFOH�
buyers. The table shows that of the four types of PEVs, Tesla 
Model S 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 
KRXVHKROG�VL]HV��&KHYUROHW�9ROW�EX\HUV�H[KLELW�ORZHU�HGXFD-
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 
from the California Plug-in Electric Vehicle Survey indicate 
that PEVs are leased at a rate of 28.8 percent in California, 

FIGURE 3-2 Distribution of adopter categories. Labels 
UHÀHFW�RULHQWDWLRQ�WR�WHFKQRORJ\��6285&(��0RRUH��������
©1991 by Geoffrey A. Moore. Reprinted by permission of 
+DUSHU&ROOLQV�3XEOLVKHUV�

TABLE 3-1 Categories and Descriptions of Adopters 
Category Description 
Innovators or enthusiasts Are technology enthusiasts or lovers. 

Are willing to buy early release versions even if product quality or reliability are not yet proven or 
established.  

Want to work with developers and infrastructure providers to improve new 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. 

Early Adopters or Visionaries Are less concerned about price and more motivated by psychosocial benefits, such as visibility of  
their purchase in their peer group.  

Are more affluent, cosmopolitan, and, typically, younger than other categories.  
Are willing and 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 (IRU�H[DPSOH�  

with a different vehicle make or model) but with some other major purchase.  

Early Majority or Pragmatists Are very concerned about value (benefits received relative to price paid).  
Want to evaluate several different models or options within the product category. 
Are willing to purchase only when all elements of the requisite infrastructure are in place.  
Want a hassle-free solution that performs as promised.  
Are QRW�ZLOOLQJ�WR�WROHUDWH�DQ[LHW\�RU�GRXEW.  
Are first VL]DEOH segment of the market by volume. 

Late Majority or Conservatives  Tend to buy when there are 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. 
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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 and 
are therefore unfamiliar with the process, leasing a PEV 
removes the risk to the consumer that is associated with 
unknown resale value, battery decay, and rapid technology 
changes. Moreover, leasing agencies are able to incorporate 
WKH�IHGHUDO�WD[�LQFHQWLYHV�LQWR�D�VKRUWHU�SHULRG�RI�WLPH��$V�D�
result, attractive leasing deals have positively affected PEV 
sales (Loveday 2013a). Whether leases appeal differentially 
to early adopters or mainstream customers is unknown.

To date, male buyers dominate the PEV market. Figure 
3-3 shows that although women make between 50 and 60 
percent of vehicle purchases generally (the top two bars in 

WKH�¿JXUH�UHSUHVHQW�8�6��GDWD�RQ�DOO�YHKLFOHV���WKHLU�LQYROYH-
ment in PEV purchases ranges between only 15 and 30 per-
FHQW��WKH�ERWWRP�IRXU�EDUV�LQ�WKH�¿JXUH�UHSUHVHQW�GDWD�RQ�&DO-
ifornia PEV buyers or lessees only) (Caperello et al. 2014). 
7KH�DXWKRUV¶�GHWDLOHG�LQWHUYLHZV�DQG�IRFXV�JURXSV�¿QG�WKDW�
men treat PEV purchases as “projects”—a classic feature 
RI�HDUO\�PDUNHW�DGRSWHUV²ZKHUHDV�ZRPHQ�LQ�WKH�VWXG\�H[-
SUHVVHG�PRUH�SUDFWLFDO�FRQFHUQV�DQG�GLG�QRW�ZDQW�WR�H[SHUL-
ment, a buying trait more typical of mainstream adopters. 
+HQFH��WKH�JHQGHU�GDWD�DOVR�DUH�FRQVLVWHQW�ZLWK�GLIIHUHQFHV�
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 

TABLE 3-2  Comparison of New B(9�%X\HUV��3+(9�%X\HUV��DQG�,&(-Vehicle Buyers 
Characteristic BEV Buyer 3+(9�%X\HU ICE-Vehicle Buyer 
Gender ����male ����male ����male 

Marital status  ����married ����married ����married 

Average age 48 years 52 years 52 years 

Education ����Follege graduate ����Follege graduate ����Follege graduate 

Occupation  ����professional ����professional ����professional 

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

Number of respondents 3,556 1,000 186,662 
NOTE: BEV, battery electric vehicle; ICE, internal-FRPEXVWLRQ�HQJLQH��3+(9��SOXJ-in hybrid electric vehicle. 
SOURCE: Strategic Vision 1HZ�9HKLFOH�([SHULHQFe Study of Vehicle Registrants, October 2013--XQH������ 

TABLE 3-3 Comparison of All New-Vehicle Buyers to Buyers of Specific Plug-in Electric Vehiclesa 
Characteristic All New-Vehicle Buyers  Tesla Model S Nissan Leaf  Chevrolet Volt Toyota Prius Plug-in 
Gender (M/F) 61/39 82/18 77/23 74/26 66/34 

Married or partnered 71 83 87 82 76 

$JH���� 56 68 37 61 39 

+RXVHKROG�VL]H�RI���RU�� 58 56 35 53 46 

College grad or more 59 87 86 77 83 

,QFRPH������. 40 88 66 63 62 

Caucasian 79 86 70 82 56 

Purchased/leased 78/22 95/5 14/86 56/44 68/32 

Paid cash 14 36 5 12 2 

Received special financial incentives 64 24 76 73 88 

Did not seriously consider any other vehicle NA 62 50 42 48 

Seriously considered other models NA Chevrolet  
9ROW����� 

Chevrolet  
9ROW������ 

Toyota Plug-in  
3ULXV����� 

Chevrolet  
9ROW����� 

Number of respondents 237,235 285 2,257 556 169 
a Entries are provided as percent of respondents. 
SOURCE: 6WUDWHJLF�9LVLRQ�1HZ�9HKLFOH�([SHULHQFH�6WXG\�RI�9HKLFOH�5HJLVWUDQWV��2FWREHU�����--XQH�����.  
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traits and buying motives are different from those of the 
mainstream market segment.

Selecting a Beachhead

Diffusion is a social and geographic process; at any 
point in time, diffusion in one region of a large country can 
be ahead of diffusion in another, as is illustrated in Figure 
3-4, which shows the variation in PEV deployment across 
the United States and provides the projected cumulative PEV 
volume in 2014 for the 100 largest urban areas. PEVs tend 
to be sold in states and municipalities where both the demo-
JUDSKLF�DQG�SV\FKRJUDSKLF�SUR¿OHV�RI�UHVLGHQWV�DUH�FRQVLV-
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 
+(9V�LQ�WKH�8QLWHG�6WDWHV��DQG�WKH�7R\RWD�3ULXV�K\EULG�ZDV�
the best-selling vehicle in California in 2012 and 2013. 

To ensure that new technologies succeed with main-
stream consumers, Moore (2014) suggests selecting a “beach-
head,” a narrow market segment of consumers for whom the 
new technology offers “a compelling reason to buy.” That 
approach is in contrast to conventional thinking that a broad 
mass market is desirable. The logic behind a beachhead is 
WKDW��E\�RIIHULQJ�D�FRPSHOOLQJ�YDOXH�SURSRVLWLRQ�VSHFL¿FDOO\�
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-

QDQFH�LQ�WKH�LQLWLDO�EHDFKKHDG�FDQ�EH�XVHG�PRUH�HI¿FLHQWO\�
and effectively to drive sales in related, adjacent segments. 
)RU� H[DPSOH��ZRUG�RI�PRXWK� FRPPXQLFDWLRQ� LV� HDVLHU� DQG�
more effective between adjacent market segments (related 
geographically, by common lifestyles, or by common profes-
VLRQDO�FLUFOHV��EHFDXVH�SHRSOH�ZLOO�¿QG�FRPPXQLFDWLQJ�ZLWK�
others who have similar traits more credible and relevant 
than with those who have dissimilar traits. Thus, rather than 
attempting to succeed in the broad mass market, providers of 
QHZ�DQG�FRPSOH[�WHFKQRORJLHV�¿QG�LW�DGYDQWDJHRXV�WR�IRFXV�
on a narrow segment of consumers for whom the innovation 
offers a compelling reason to buy. Success in that initial seg-
ment then can be leveraged powerfully in adjacent segments. 

For the PEV market, a beachhead approach logically 
would focus on key geographic regions or regional corri-
dors where 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 of PEV makes and models; 
DQG�ZKHUH�JDVROLQH�LV�H[SHQVLYH�RU�HOHFWULFLW\�LV�FKHDS��$V�
RQH�PLJKW�H[SHFW��&DOLIRUQLD�LV�D�SDUWLFXODUO\�DWWUDFWLYH�PDU-
ket; it accounts for over one-third of annual PEV sales in the 
United States, and sales of PEVs in California at the close of 
2014 comprised 3.2 percent of new light-duty vehicle sales 
and 5.2 percent of new passenger vehicles (CNCDA 2015). 
,W�DOVR�KDV�D�VXSSRUWLYH�UHJXODWRU\�HQYLURQPHQW�ZLWK�LWV�]HUR�
HPLVVLRQ�YHKLFOH� �=(9��PDQGDWH��ZKLFK�KDV�EHHQ� D�SULPH�
contributor to the availability of PEV models in California. 
6WDWHV� WKDW� KDYH� DJUHHG� WR� LPSOHPHQW� WKH� PXOWLVWDWH� =(9�

FIGURE 3-3 :RPHQ¶V�UDWH�RI�SDUWLFLSDWLRQ�LQ�WKH�PDUNHWV�IRU�DOO�YHKLFOHV�DQG�IRU�3(9V��7KH�¿JXUH�VKRZV�WKDW�ZRPHQ¶V�SDUWLFLSDWLRQ�LQ�
vehicle purchases is much lower for PEVs than for vehicles as a whole. Data in blue represent the entire used and new-vehicle market for 
WKH�HQWLUH�8QLWHG�6WDWHV��'DWD�LQ�UHG�UHÀHFW�&DOLIRUQLD�3(9�SXUFKDVHUV��127(��3(9��SOXJ�LQ�HOHFWULF�YHKLFOH��6285&(��,PDJH�FRXUWHV\�
of Kenneth S. Kurani, University of California, Davis, Institute of Transportation. Data compiled from NBCUniversal, Center for Sus-
tainable Energy, California Air Resources Board Clean Vehicle Rebate Project, and EV Consumer Survey Dashboard.
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DFWLRQ�SODQ� �PRGHOHG�DIWHU�&DOLIRUQLD¶V�=(9�PDQGDWH��DQG�
that have greater availability of PEV models are also favor-
able places for the beachhead approach. They include Con-
QHFWLFXW��0DU\ODQG��0DVVDFKXVHWWV��1HZ�-HUVH\��1HZ�<RUN��
Oregon, and Rhode Island.3 Places where there is clean and 
low-cost hydroelectric power are also favorable locales for 
WKH�EHDFKKHDG�DSSURDFK��2QH�VXFK�H[DPSOH� LV�:DVKLQJWRQ�
state, which has higher PEV per capita sales than California.

2QH�¿QDO�VHJPHQW�WKDW�FRXOG�FRQVWLWXWH�D�IDYRUDEOH�3(9�
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 
PRUH�YHKLFOHV��8�6��&HQVXV�%XUHDX�����E���+DYLQJ�PXOWLSOH�
vehicles offers the opportunity to choose among vehicles 
WKDW�KDYH�GLIIHUHQW�XWLOLWLHV��)RU�H[DPSOH��D�PXOWLSOH�YHKLFOH�
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; William Chernicoff, Toyota, 
$XJXVW�����������.HYLQ�.HOO\��-RH�/D0XUDJOLD��DQG�6KDG�%ODQFK��
*0��$XJXVW�����������-DPHV�.OLHVFK��+RQGD��6HSWHPEHU����������
1DQF\�+RPHLVWHU��)RUG��6HSWHPEHU����������DQG�'DQ� ,UYLQ��0LW-
subishi, September 10, 2014.

LQJ�D�OLPLWHG�UDQJH�%(9�LI�LW�DOVR�RZQV�D�3+(9�RU�DQ�,&(�
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:�7KH�3(9�PDUNHW�LV�FKDUDFWHUL]HG�E\�VWURQJ�UHJLRQ-
DO�SDWWHUQV�WKDW�UHÀHFW�FHUWDLQ�NH\�GHPRJUDSKLFV��YDOXHV��DQG�
lifestyle preferences and have favorable regulatory environ-
ments for PEVs.

Finding:�,QLWLDO�EHDFKKHDGV�IRU�3(9�GHSOR\PHQW�DUH�VSHFL¿F�
JHRJUDSKLF�DUHDV��VXFK�DV�&DOLIRUQLD��WKDW�KDYH�H[SHQVLYH�JDV-
oline; key demographics, values, and lifestyles; a regulatory 
environment favorable to PEVs; a variety of PEV makes and 
PRGHOV�DYDLODEOH��DQG�H[LVWLQJ�LQIUDVWUXFWXUH�RU�DQ�DELOLW\�WR�
readily deploy such infrastructure. 

Driving Characteristics and Needs  
of the Mainstream Consumer

As discussed, selecting a beachhead plants the seeds 
for the diffusion and adoption of PEVs, but PEVs will need 
to meet more consumer needs to gain greater market share 
or become widely adopted. To understand what mainstream 

FIGURE 3-4 3URMHFWHG������OLJKW�GXW\�3(9�YROXPH�LQ�WKH�����ODUJHVW�06$V��'RW�VL]H�LV�SURSRUWLRQDO�WR�WKH�SURMHFWHG�WRWDO�3(9�YROXPH�
LQ�WKDW�06$�LQ�������,W�FDQ�EH�VHHQ�WKDW�ODUJH�QXPEHUV�RI�YHKLFOHV�DUH�ORFDWHG�LQ�/RV�$QJHOHV��WKH�6DQ�)UDQFLVFR�%D\�$UHD��1HZ�<RUN��
6DQ�'LHJR��6HDWWOH��DQG�$WODQWD��$V�QRWHG�LQ�WKH�¿JXUH��6DQ�-RVH��6DQ�)UDQFLVFR��+RQROXOX��/RV�$QJHOHV��DQG�6DQ�'LHJR�KDYH�WKH�ODUJHVW�
per capita concentrations of PEVs (volume projected for 2014 per 1,000 people based on 2012 census projections). NOTE: MSA, met-
ropolitan statistical areas; PEV, plug-in electric vehicle. SOURCE: Data courtesy of Navigant Research in Shepard and Gartner (2014).
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consumers might want, it is important to consider how people 
use vehicles and how those driving habits intersect with the 
IRXU�FODVVHV�RI�3(9V�GH¿QHG�LQ�&KDSWHU����$V�RI�������WKHUH�
were more than 233 million light-duty vehicles registered in 
the United States, each traveling on average 11,346 miles per 
\HDU� �)+:$� ������� 7KH� )HGHUDO� +LJKZD\�$GPLQLVWUDWLRQ�
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 of 3.02 trips 
per vehicle per day and 28.97 miles per day per vehicle and 
DQ�DYHUDJH�YHKLFOH�WULS�OHQJWK�RI������PLOHV��)+:$��������
Changing trends in vehicle ownership and use are discussed 
LQ�JUHDWHU�GHWDLO�LQ�WKH�QH[W�VHFWLRQ��

Although averages provide some important information 
about how people use their vehicles, there is substantial vari-
ability in use among drivers and vehicle type and over time 
�IRU�H[DPSOH��IURP�RQH�GD\�WR�WKH�QH[W���VR�WKDW�DYHUDJH�XVH�
might not fully capture consumer needs over the life of the 
YHKLFOH��)RU�H[DPSOH��WKH�1DWLRQDO�+RXVHKROG�7UDYHO�6XUYH\�
shows that trips of fewer than 10 miles constituted 71 percent 
of trips and accounted for 25 percent of miles traveled. Com-
muting is a common routine trip that averages lengths of 6 
miles and represents 27.8 percent of miles. Routine trips are 
important to consider because they represent an opportunity to 
HOHFWULI\�PLOHV�DQG�PD[LPL]H�WKH�YDOXH�SURSRVLWLRQ�IRU�3(9V��
Long trips (over 100 miles) represented less than 1 percent of 
WULSV�EXW����SHUFHQW�RI�PLOHV�WUDYHOHG��)+:$��������$V�QRWHG�
in Chapter 2, long trips are an issue for BEVs because trips 
WKDW�H[FHHG�WKH�DOO�HOHFWULF�UDQJH�EHFRPH�LQFRQYHQLHQW�

Mainstream consumers consider what kinds of trips 
they need to complete when purchasing (and using) a ve-
hicle. Those considerations will affect their views on the util-
LW\�RI�WKH�YHKLFOH��0DQ\�FRQVXPHUV�PLJKW�QRW�¿QG�WKH�XWLOLW\�
of a long-range BEV to be substantially limited by trip dis-
WDQFH��6RPH�FRQVXPHUV�PLJKW�¿QG�WKDW�DOWKRXJK�D�OLPLWHG�
range BEV might meet their average travel needs, it does not 
meet their needs to make the occasional long trip. A high fre-
quency of those “inconvenient days” might greatly dissuade 
D�FRQVXPHU�IURP�SXUFKDVLQJ�D�OLPLWHG�UDQJH�%(9��+RZHYHU��
if consumers have multiple options for making longer trips, 
such as public transportation or a second vehicle, they might 
¿QG�WKDW�D�OLPLWHG�UDQJH�%(9�EHVW�PHHWV�WKHLU�URXWLQH�QHHGV��
3+(9V�FDQ�DFFRPPRGDWH�DOO�SRVVLEOH�WULS�OHQJWKV�ZLWK�HDV\�
UHIXHOLQJ�� EXW� WKH\� VDFUL¿FH� HOHFWULF�PLOHV� IRU� JDVROLQH�IX-
eled miles on longer trips. Average or routine travel needs, 
VXFK�DV�D�FRPPXWH��PLJKW�DOVR�DIIHFW�WKH�3+(9�UDQJH�WKDW�
D�FRQVXPHU�PLJKW�FKRRVH�EHFDXVH�PDWFKLQJ�3+(9�UDQJH�WR�
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.

Finding: Although there is substantial variability in vehicle 
use, average daily travel or other routine use provides a met-
ric that can help evaluate the utility of a PEV. 

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

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

Social and demographic changes are affecting the amount 
that people drive and the demand for new vehicles; these 
changes have implications for PEV sales and their use. Vehi-
cle miles traveled (VMT) per capita generally increased from 
1960 to 2007, outpacing growth in gross domestic product per 
capita. After 2007, VMT peaked, and VMT per capita began 
to decline as unemployment and gasoline prices rose, result-
ing in fewer commuters, fewer driving vacations, and more at-
WHQWLRQ�WR�WKH�FRVW�RI�IXHO��)+:$�����D��8�6��&HQVXV�%XUHDX�
����D��=PXG�HW�DO���������$������UHSRUW�IURP�WKH�7UDQVSRUWD-
WLRQ�5HVHDUFK�%RDUG�LGHQWL¿HG�DQ�DJLQJ�DQG�PRUH�HWKQLFDOO\�
diverse population, along with changing patterns in the work-
force, urban living, household formation, views on environ-
mentalism, and use of digital technology, which are affecting 
WRWDO�DQG�SHU�FDSLWD�907��=PXG�HW�DO���������$OWKRXJK�907�
LV�RQ�WKH�ULVH�DJDLQ��LW�LV�VWLOO�EHORZ������OHYHOV��)+:$�������
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-
%HDX��������5HODWHG�UHVHDUFK�IURP�-�'��3RZHU��+HQU\�������
shows that the average trade-in vehicle at dealerships is 
now 6.5 years old, 1 year older than the average in 2007. In 
contrast to almost all products, vehicles have a robust sec-
ondary (used) market that is larger than the new market; in 
fact, two-thirds of all U.S. vehicle purchases are for used 
vehicles (35.7 million in 2013) (Edmunds 2013). Those data 
have implications for vehicle purchases generally and PEV 
SXUFKDVHV� VSHFL¿FDOO\�� *LYHQ� WKH� OHQJWK� RI� WLPH� EHWZHHQ�
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 
XQGHUWDNH�D�OHQJWK\�DQG�H[KDXVWLYH�SURFHVV�EHIRUH�SXUFKDVH�
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 for new vehicles and 
the lengthy research process will certainly affect the adop-
tion and diffusion rates for PEVs.
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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 
fewer households in the market for PEVs. The percentage of 
households without a vehicle also varies widely by geograph-
LFDO�DUHD��1HZ�<RUN�&LW\��:DVKLQJWRQ�'�&���%RVWRQ��3KLODGHO-
phia, San Francisco, Baltimore, Chicago, and Detroit all have 
more than 25 percent of households without a vehicle (Sivak 
2014). The geographic variation will affect where PEVs sell 
well. 

Another factor that is changing is household formation. 
,Q������������SHUFHQW�RI�KRXVHKROGV�ZHUH�GH¿QHG�DV�³IDPLO\´�
(married couples with children, married couples without chil-
dren, single parents with children, or other family). In 2010, 
that estimate decreased to 66.4 percent because single-person 
households increased from 25.8 percent to 26.7 percent (U.S. 
Census Bureau 2013a). As single-person households and ur-
EDQL]DWLRQ�LQFUHDVH��FKDUJLQJ�YHKLFOHV�DW�KRPH�FRXOG�EHFRPH�
even more complicated as people move into apartments and 
multifamily dwellings and away from single-family homes 
WKDW�KDYH�JDUDJHV�RU�GHGLFDWHG�SDUNLQJ��$V�XUEDQL]DWLRQ�FRQ-
tinues to rise, people might use transportation modes other 
than the traditional ICE vehicles. Although urban dwellers 
tend to log fewer VMTs (a characteristic favorable to PEV 
RZQHUVKLS��� WKH\�PLJKW� IDFH�FKDOOHQJHV� LQ�¿QGLQJ�D� UHOLDEOH�
and regular place to plug in and recharge in a city. 

7KH�VRFLHWDO�FKDQJHV�QRWHG�DUH� LQÀXHQFLQJ� WKH�JURZWK�
of alternative transportation methods, such as on-demand 
WUDQVSRUW� VHUYLFHV� �IRU� H[DPSOH�� 8EHU� DQG� /\IW�� DQG� FDU�
VKDULQJ� SURJUDPV� �IRU� H[DPSOH�� &DU�*R� DQG� =LSFDU���$F-
cording to Susan Shaheen and Adam Cohen (2013), there 
are about 850,000 car-sharing members and 15,000 vehicles 
in North America (see Figure 3-5). Frost and Sullivan esti-
mate in their optimistic scenario that up to 7 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 are growing and tailoring their services to city liv-
ing, urban consumers are becoming reluctant to assume the 
UHVSRQVLELOLW\�DQG�H[SHQVH�RI�D�YHKLFOH�

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 for drivers outside the new-vehicle market to 
XVH�3(9V��+RZHYHU�� LI� SRWHQWLDO�3(9�EX\HUV� FKRVH� WR�XVH�
car sharing and car-sharing programs use only ICE vehicles, 
3(9� VDOHV� FRXOG� EH� KXUW� DQG� IHZHU�PLOHV� HOHFWUL¿HG�� &DU�
sharing programs are discussed further later in this chapter. 

Finding: Demographics, values, and lifestyles affect not only 
vehicle preferences but also the practicality of a given PEV for 
a given individual. Different market solutions will be needed 
for different market categories and segments. 

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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THE MAINSTREAM CONSUMER AND  
POSSIBLE BARRIERS TO THEIR ADOPTION  

OF PLUG-IN ELECTRIC VEHICLES

Insights into strategies to diffuse new vehicle technolo-
gies beyond early adopters can be gleaned from industry 
studies on what consumers consider when they make a pur-
FKDVH�DQG�E\�H[DPLQLQJ�JHQHUDO�IDFWRUV�WKDW�DIIHFW�DGRSWLRQ�
and diffusion of new technologies (Rogers 2003). Five fac-
tors typically affect the rates of adoption and diffusion for 
innovative products; these factors are shown in Table 3-4, 
ZKLFK� DOVR� SURYLGHV� LPSOLFDWLRQV� VSHFL¿F� WR� 3(9� GHSOR\-
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 mainstream 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 
increasing PEV deployment. 

7KH� WRS�¿YH� UHDVRQV� FRQVXPHUV� JLYH� IRU� WKHLU� YHKLFOH�
SXUFKDVH�FKRLFHV�JHQHUDOO\� �QRW� VSHFL¿F� WR�3(9V��DUH� UHOL-
ability, durability, quality of workmanship, value for the 
money, and manufacturer’s reputation (Strategic Vision 
�������$OWKRXJK�RIWHQ�DVVXPHG�WR�EH�D�NH\�LQÀXHQWLDO�IDFWRU�
in vehicle purchases, fuel economy is a primary consider-
ation for 45 percent of consumers (compared with reliabil-
ity, a primary consideration for 68 percent of consumers). 
In fact, fuel economy ranked 11 of 54 reasons on the basis 

of Strategic Vision’s May 2013 survey results. Interestingly, 
the average gasoline price per gallon was $4.02 at the time 
of the survey, and yet consumers still ranked such features as 
seating comfort above fuel economy as a purchase reason. 
-XVW���SHUFHQW�RI�8�6��FRQVXPHUV�ZKR�SXUFKDVHG�D�YHKLFOH�
responded that they were willing to pay more for an environ-
mentally friendly vehicle (Strategic Vision 2013). Additional 
survey data from “rejecters” (people who considered buying 
a PEV but chose not to buy one) reveal consumer concerns 
about the reliability of the technology and the durability of 
the battery (Strategic Vision 2013). Those data suggest that 
consumers appear to use traditional criteria (reliability and 
durability) in their PEV evaluations and that PEVs today 
must compare effectively with ICE vehicles on traditional 
criteria to be competitive.

(JEXH� DQG�/RQJ� ������� FRQGXFWHG� D� VWXG\� WR� H[SORUH�
FRQFHUQV�DERXW�3(9V�VSHFL¿FDOO\��,QWHUHVWLQJO\��LQ�WKHLU�VDP-
ple of respondents (a population of faculty, staff, and stu-
dents from a technically oriented university), battery range 
ZDV�WKH�ELJJHVW�FRQFHUQ�H[SUHVVHG�DERXW�3(9V��IROORZHG�E\�
the cost differential 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 %XVLQHVV� H[SHUWV�QRWH� VHYHUDO� FDYHDWV� LQ� FRQGXFWLQJ�DQG� LQWHU-
preting consumer research on new technologies (Leonard-Barton 
et al. 1995; Rayport and Leonard-Barton 1997; Seybold 2001; 
McQuarrie 2008). First, consumers necessarily are constrained in 
their responses by their knowledge of and familiarity with a given 
technology. Although they provide answers to research questions, 
the validity of their responses can be suspect. Moreover, the na-
ture of the research protocols is similarly constrained by the known 

TABLE 3-4 Factors That Affect Adoption and Diffusion of Innovation 
Factor Description 
Relative advantage 7KH�EX\HU¶V�SHUFHLYHG�EHQHILWV�RI�DGRSWLRQ��VXFK�DV�IXHO�VDYLQJV��UHODWLYH�WR�WKH�SULFH�SDLG��3(9V�DUH�H[SHQVLYH�

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

&RPSOH[LW\ 'LIILFXOW\�RI�XVLQJ�WKH�QHZ�SURGXFW��)RU�H[DPSOH��ZKDW�LV�LQYROYHG�LQ�FKDUJLQJ�DW�KRPH��DW�ZRUN��RU�DW�public 
stations? Are permits required for at-home installation? Is membership needed for a charging network?  
+RZ�PXFK�ZLOO�WKH�HOHFWULFLW\�WR�IXHO�WKH�YHKLFOH�FRVW��DQG�KRZ�LV�WKDW�FRVW�FDOFXODWHG"  

Compatibility  +RZ�ZHOO�GRHV�WKH�QHZ�WHFKQRORJ\�ILW�LQWR WKH�EX\HU¶V�OLIHVW\OH"�)RU�H[DPSOH��LV�WKH�UDQJH�RI�D�OLPLWHG-range  
BEV adequate? 

&RQVXPHU�FRQFHUQV�DERXW�VWDQGDUGV��IRU�H[DPSOH��GLIIHUHQW�SOXJ�W\SHV�DQG�FKDUJLQJ�QHWZRUNV�ZLWK�GLIIHUHQW�
communications protocols and payment methods; mainstream consumers take a wait-and-see attitude to avoid 
purchasing the wrong product that does not become the dominant design.  

Trial-ability +RZ�HDV\�LV�LW�IRU�D�SRWHQWLDO�FXVWRPHU�WR�WU\�WKH�QHZ�WHFKQRORJ\"�$�W\SLFDO�WHVW-drive for a PEV can demonstrate  
its acceleration VSHHG�DQG�GULYDELOLW\�EXW�GRHV�QRW�DOORZ�WKH�EX\HU�WR�H[SHULHQFH�FKDUJLQJ�or to resolve other 
concerns that inhibit purchase of a PEV.  

Observability  +RZ�REVHUYDEOH�DUH�WKH�EHQHILWV�RI�WKH�QHZ�SXUFKDVH�WR�WKH�FRQVXPHU��VXFK�DV�IXHO�VDYLQJV�UHODWLYH�WR�Hlectricity 
FRVWV��FRQYHQLHQFH�RI�FKDUJLQJ�DW�KRPH�DQG�QRW�KDYLQJ�WR�JR�WR�D�JDVROLQH�VWDWLRQ��DQG�TXLHW�GULYLQJ�H[SHULHQFH�� 

+RZ�REVHUYDEOH�DUH�WKH�QHZ�WHFKQRORJ\�DQG�LWV�EHQHILWV�WR�RWKHU�FRQVXPHUV��IRU�H[DPSOH��VHHLQJ�QHLJKERUV� 
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. (2010). 
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the Strategic Vision study above, Egbue and Long (2012) 
similarly found that environmental considerations carry less 
weight in the purchase decision for PEVs than battery range 
and cost. Their study further suggests that even with incen-
WLYHV� WR� VXEVLGL]H� WKH� FRVW� RI� 3(9V�� SHQHWUDWLRQ� UDWHV� DUH�
OLNHO\� WR� UHPDLQ� ORZ� LI� FRQVXPHUV�KDYH� ORZ�FRQ¿GHQFH� LQ�
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 
IDFWXDO�GDWD��$VWXWH�PDUNHWHUV�UHDOL]H�WKDW�FRQVXPHU�SHUFHS-
tions form the basis of their reality—even if their perceptions 
are factually inaccurate. Although objectively, PEVs might 
H[KLELW� D� ORZHU� WRWDO� FRVW� RI�RZQHUVKLS� WKDQ� ,&(�YHKLFOHV��
whether consumers actually compute a total cost of owner-
ship in making vehicle purchase decisions is not apparent.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 fact, 
even for high-involvement purchase decisions, in which the 
assumption of a “rational consumer” is often made, psycho-
social factors can be more important than rational consider-
ations. 

In addition to the price differential between PEVs and 
conventional vehicles and the range concerns for limited-
UDQJH� %(9V�� WKH� FRPPLWWHH� LGHQWL¿HG� VHYHUDO� DGGLWLRQDO�
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; 
PLVXQGHUVWDQGLQJV�FRQFHUQLQJ�UDQJH�RI�3(9V��GLI¿FXOWLHV�LQ�
understanding electricity consumption, calculating fuel costs, 
DQG�GHWHUPLQLQJ�FKDUJLQJ� LQIUDVWUXFWXUH�QHHGV��FRPSOH[LWLHV�
RI� LQVWDOOLQJ� KRPH� FKDUJLQJ�� GLI¿FXOWLHV� LQ� GHWHUPLQLQJ� WKH�
“greenness” of the vehicle; lack of information on incentives; 
DQG�ODFN�RI�NQRZOHGJH�RI�XQLTXH�3(9�EHQH¿WV��7KRVH�EDUULHUV�
DUH�GLVFXVVHG�EULHÀ\�LQ�WKH�IROORZLQJ�VHFWLRQV�

and familiar. When replicating vehicle surveys to assess PEVs, the 
surveys do not include questions to assess consumer knowledge 
of and preference for charging infrastructure, range, and other rel-
evant factors. As a result of those and other limitations, innova-
WLRQ�H[SHUWV�UHFRPPHQG�DOWHUQDWLYH�PHWKRGV�RI�PDUNHW�UHVHDUFK�WR�
FRPSOHPHQW� WUDGLWLRQDO� VXUYH\V�DQG� IRFXV�JURXSV���0�� ,QWHO��+3��
and other companies known for their culture of innovation rely on 
a variety of alternative research protocols, many of them more ob-
VHUYDWLRQDO�LQ�QDWXUH��WR�UHFRJQL]H�VXFK�OLPLWDWLRQV�

5 As a point of reference, the same survey showed 61 percent of 
FRQVXPHUV�KDYH�³D�IDYRUDEOH�RU�YHU\�IDYRUDEOH´�LPSUHVVLRQ�RI�+(9V�
that have sales of about 3-3.5 percent of new passenger vehicle sales.

6 Despite the lack of information, Eppstein et al. (2011) found in 
a simulation model that making available estimates of lifetime fuel 
costs associated with different vehicle types could enhance market 
penetration substantially. That possibility is supported by market-
LQJ�LQ�-DSDQ��ZKHUH�DW�OHDVW�RQH�3(9�PDQXIDFWXUHU�LV�DFWLYHO\�XVLQJ�
marketing messaging with information on total cost of ownership.

Limited Variety and Availability of  
Plug-in Electric Vehicles

&RQVXPHUV�DUH�DFFXVWRPHG�WR�D�GL]]\LQJ�DUUD\�RI�,&(�
YHKLFOH�PRGHOV�DQG�VW\OHV�DYDLODEOH�IURP�PRUH�WKDQ�D�GR]HQ�
manufacturers. They include performance sports cars, mid-
VL]HG�SDVVHQJHU�FDUV��VSRUW�XWLOLW\�YHKLFOHV��FURVVRYHUV��OX[-
ury sedans, compact and subcompact economy cars, sporty 
FRPSDFWV��SLFNXS�WUXFNV��PLQLYDQV��DQG�IXOO�VL]HG�YDQV��%H-
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 fact that not all PEVs are available for 
sale in all states. Two main considerations affect vehicle 
availability. One is the availability of PEVs to the dealers, 
which is dictated by the vehicle manufacturers. Given the 
TXHVWLRQDEOH� SUR¿W� PDUJLQV� �/XW]� ������ 9RHOFNHU� ����D��
Loveday 2013b), some vehicle manufacturers might not be 
motivated to offer PEVs for sale in all 50 states. The other 
consideration is the availability of PEVs to customers—
VSHFL¿FDOO\�� WKH�QXPEHU�RI�GHDOHUV� LQ�D�JLYHQ�DUHD�DFWXDOO\�
stocking the vehicle and the number of vehicles on the lot. 
PEV availability is highly variable by dealer and by location. 
Lack of availability and the limited diversity of PEV options 
are barriers to consumer adoption.

Range of Plug-in Electric Vehicles

Range anxiety refers to the fear of running out of charge 
DQG�EHLQJ�VWUDQGHG��7KH�GULYHU¶V�H[SHULHQFH�RI�UDQJH�DQ[L-
ety can be mild or strong and depends on the vehicle range, 
charging routines, and driving patterns (Frank et al. 2011). 
As discussed in Chapter 2, range limitation should be an is-
VXH�RQO\� IRU� OLPLWHG�UDQJH�%(9V��<HW�� GDWD� FROOHFWHG� IURP�
people who considered a PEV but did not buy one (rejecter 
GDWD��UHYHDO�LQDFFXUDWH�SHUFHSWLRQV�DERXW�3(9�UDQJH��)RU�H[-
ample, some buyers who considered the Chevrolet Volt did 
not buy it because it “lacked range,” despite the fact that the 
Volt’s onboard ICE gives the vehicle a range similar to that 
RI�D�FRQYHQWLRQDO�YHKLFOH��6SHFL¿FDOO\��DIWHU�LWV����PLOHV�RI�
all-electric range are depleted, it offers another 344 miles on 
gasoline. Such observations show that a lack of familiarity 
with PEVs poses a barrier to vehicle deployment; this nega-
tive effect is corroborated by the modeling work of Lim et al. 
(2014), who found that range concerns, as well as concerns 
over unknown resale value, inhibit mass adoption of PEVs.

Understanding Electricity Consumption

Drivers of ICE vehicles are accustomed to fueling with 
gasoline and understand how much range they have left and 
where gasoline stations are located relative to that range. 
3(9�GULYHUV��KRZHYHU��IDFH�D�QHZ�H[SHULHQFH²IXHOLQJ�ZLWK�
electricity—and will need to understand the interaction be-
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tween several factors, 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. 
3(9�RZQHUV�ZLOO�H[SHULHQFH�FRQVXPLQJ�WKH�HOHFWULF�HQHUJ\�
(depleting the battery) quickly or slowly, depending on driv-
ing speed (fast or slow), conditions (such as ambient air tem-
perature and steepness of the road grade), and driving style 
of the driver (light-footed or heavy-footed) (Turrentine et al. 
2011). A PEV on a cold day can consume its stored electric 
energy quickly because some portion of that energy goes to 
heat the vehicle interior; hence, drivers might see the bat-
WHU\�HQHUJ\�RQ�WKH�GDVKERDUG�GLVSOD\�GURS�UDSLGO\��)RU�H[-
ample, the range of a Nissan Leaf is 84 miles on the EPA test 
cycle, but if the owner drives 90 percent of his or her miles 
at speeds above 70 mph and lives in a cold climate, the range 
could be as low as 50 miles. Thus, to feel comfortable pur-
chasing a PEV, consumers generally must understand PEV 
fuel consumption.

Calculating Fuel Costs

Determining electricity costs relative to gasoline costs 
is yet another factor that affects consumer perceptions and 
purchase decisions.7� %R[� ���� VKRZV� KRZ� HOHFWULFLW\� FRVW�
FRXOG� EH� FDOFXODWHG�� 7KH� FRPPLWWHH� ZDV� QRW� DEOH� WR� ¿QG�
data on consumer perceptions of electricity costs compared 
ZLWK� JDVROLQH� FRVWV��+RZHYHU�� WKH� FDOFXODWLRQV� LQ�%R[� ����
DUH�OLNHO\�FRPSOH[�HQRXJK�WR�EH�RYHUZKHOPLQJ�IRU�D�W\SLFDO�
PDLQVWUHDP�FRQVXPHU�DQG�KLJKOLJKW�WKH�GLI¿FXOW\�WKDW�FRQ-
sumers face in computing fuel costs, particularly compared 
with those for ICE vehicles. In fact, few consumers are likely 
to go into this level of detail to understand fuel costs when 
considering a vehicle purchase. The unknown costs repre-
sent yet another source of doubt and are therefore another 
barrier.

Overall, the data indicate that energy costs for PEVs are 
likely to be lower, even one-half of gasoline costs. Enrolling 
in special rate plans, taking advantage of nighttime prices in 
some markets, accessing some free electricity at workplaces, 
and relying on public charging could save PEV drivers even 
PRUH�� ,W� LV� LPSRUWDQW� WR� QRWH� WKDW� 3(9� GULYHUV� H[SHULHQFH�
VXEVWDQWLDO�YDULDWLRQ�DQG�FRPSOH[LW\�LQ�HQHUJ\�FRVWV�DFURVV�
regions. Even within a given region, there is much local vari-
ation because of local rates and special PEV rates offered 
by the thousands of electric companies in the United States, 
differences in prices charged at public charging stations, and 
in some cases free charging at public and work locations. 

7�0XFK�RI�H[LVWLQJ�GDWD�DERXW�3(9�GULYHU�EHKDYLRU�ZLWK�UHVSHFW�WR�
electricity prices are shaped by the high income of the initial buy-
ers who are not as sensitive to gasoline or electricity costs as later 
adopters are likely to be.

Determining Charging Infrastructure Needs

The charging infrastructure is a new part of the vehicle 
ecosystem that customers must navigate. Potential PEV pur-
chasers need to know what type of charging infrastructure 
WKH\�ZLOO�QHHG��KRZ�WR�JHW�LW�LQVWDOOHG�DW�KRPH��KRZ�WR�¿QG�
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 are the standard, PEVs may be fueled with electricity 
at home, at workplaces, or at public charging stations (see 
&KDSWHU����� ,Q� IDFW�� HDUO\� DGRSWHUV�KDYH�SULPDULO\� VDWLV¿HG�
their charging needs at home, and the majority of main-
VWUHDP�3(9�DGRSWHUV�DUH�DOVR�OLNHO\�WR�¿QG�KRPH�FKDUJLQJ�
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 are needed. 

Although home charging has been the primary method 
of refueling, public charging does have an important role to 
SOD\��7KH�3(9�GULYHU�H[SHULHQFH�LV�VKDSHG�E\�WKH�SUHVHQFH�
(availability and visibility) of the charging network in his 
or her region, and a perception of a lack of public charging 
LQIUDVWUXFWXUH�PLJKW�KLQGHU�3(9�GHSOR\PHQW��)RU�H[DPSOH��
the United States has over 100,000 gasoline stations com-
pared with about 8,400 public charging stations (U.S. Cen-
VXV�%XUHDX��������-DSDQ�KDV�UHFRJQL]HG� WKH� LPSRUWDQFH�RI�
public visibility and access to charging and has instituted a 
PDMRU�LQLWLDWLYH�WR�EXLOG�DQ�H[WHQVLYH�FKDUJLQJ�LQIUDVWUXFWXUH�
WR� LQVWLOO� UDQJH�FRQ¿GHQFH�DQG�HQVXUH�D�VDIHW\�QHW� IRU� OLP-
ited-range BEV drivers (METI 2010). Drivers of all types 
of PEVs can use their mobile phones or dashboard displays 
WR�QDYLJDWH�DQG�¿QG�IXHOLQJ�VWDWLRQV��$SSV�IRU�3(9�RZQHUV�
WR�PRQLWRU�WKHLU�VWDWH�RI�FKDUJH�DQG�WR�¿QG�IXHOLQJ�VWDWLRQV�
compatible with their vehicles might be particularly impor-
tant to mitigate consumer concerns about location of fueling 
stations. 

7KH�H[WHQW�WR�ZKLFK�FXVWRPHUV�XQGHUVWDQG�FKDUJLQJ�LQ-
frastructure 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 effect of public-charging availability on 
PEV deployment is not well understood (Lim et al. 2014).

Installing Home Charging

'HSHQGLQJ�RQ�UHJLRQDO�YDULDWLRQV��%(9�DQG�3+(9�EX\-
HUV�PLJKW�QHHG� WR�FKRRVH��DFTXLUH��SHUPLW��¿QDQFH��DQG� LQ-
stall a charger for their primary parking location even before 
purchasing the vehicle. The decision process will require the 
buyer to understand the differences in charging technolo-
gies and possibly to answer the following questions: Do they 
want or need AC level 1 or level 2 charging? Are upgrades of 
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household circuits, panels, and even transformers required? 
+RZ�PXFK�ZLOO�WKH�FKDQJHV�FRVW"�:KDW�SHUPLWWLQJ�SURFHVV-
es, fees, and timing are involved? Will installing a charger 
UHTXLUH�¿QDQFLQJ��PRVW�VWDWHV�UHTXLUH�¿QDQFLQJ�RI�WKH�FKDU-
JHU�WR�EH�VHSDUDWH�IURP�WKDW�RI�WKH�YHKLFOH�"�+RZ�PXFK�ZLOO�
WKH�H[WUD�FDEOH�IRU�����9��OHYHO���FKDUJLQJ��FRVW"8 

Whether the vehicle is leased or purchased might have 
an effect on the home-charging decision; people who lease 
PLJKW� EH� OHVV�ZLOOLQJ� WR� FRPPLW� WR� WKH� H[SHQVH� DQG� HIIRUW�
of installing home charging. In other cases, installation con-
FHUQV�PLJKW�EH�DOOHYLDWHG�LI�3(9�RZQHUV�FDQ�XVH�DQ�H[LVWLQJ�
outlet in their garage. The charging concerns for 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 
�$[VHQ�DQG�.XUDQL��������%DUULHUV�WR�KRPH�EDVHG�FKDUJLQJ�
for that market segment are discussed in Chapter 5. 

To help mainstream PEV consumers navigate their 
home-charging needs, some vehicle manufacturers have 

8 The 240 V cables are different from the 110 V cables that come 
ZLWK�WKH�YHKLFOH�DQG�UHSUHVHQW�DQ�DGGLWLRQDO�FXVWRPHU�H[SHQVH�

formed partnerships to streamline the purchase and installa-
WLRQ�RI�KRPH�FKDUJHUV��7KUHH�H[DPSOHV�RI�SDUWQHUVKLSV��OLVW-
HG�EHORZ��DUH�FLWHG�LQ�WKH�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�
DFWLRQ�SODQ��)+:$�����E���EXW�RQH�KDV�EHHQ�GLVFRQWLQXHG�
and another has been reworked. 

�� Ford and Best Buy. Ford initially partnered with Best 
Buy to offer buyers an integrated process for purchas-
ing a vehicle and installing a home charger; Best Buy’s 
Geek Squad and third-party electrical contractors pro-
vided installation services. The charging equipment 
provided by Leviton could be removed, so that own-
ers could easily take the charger with them when they 
moved. Ford 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 2013).

�� General Motors and SPX. General Motors initially of-
fered an AC level 2 home-charging system through a 
partnership with SPX. The equipment costs were $490; 
LQVWDOODWLRQ�FRVWV�YDULHG�GHSHQGLQJ�RQ�WKH�H[LVWLQJ�KRPH�

BOX 3-1 Calculating Electricity or Fuel Costs for Plug-in Electric and Other Vehicles

3HRSOH�VKRSSLQJ�IRU�D�YHKLFOH�IDFH�GLI¿FXOWLHV�LQ�FDOFXODWLQJ�IXHO�FRVWV�SHU�PLOH��HVSHFLDOO\�LI�WKH\�DUH�WU\LQJ�WR�FRPSDUH�WKH�IXHO�FRVWV�
of vehicles operating on different fuels, including BEVs, PHEVs, HEVs, and ICE vehicles. A typical customer’s thought process 
PLJKW�SURFHHG�DV�IROORZV��

Possible Cost Calculation for a PEV

7DNH�DV�DQ�H[DPSOH�WKH�¿YH�SDVVHQJHU�1LVVDQ�/HDI��ZKLFK�JHWV���RU���PLOHV�SHU�NLORZDWW�KRXU��GHSHQGLQJ�RQ�VSHHG�DQG�WKH�KHDW-
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 (EIA 2014b), and this in 
WXUQ�WUDQVODWHV�WR���WR���FHQWV�SHU�PLOH��2Q�DYHUDJH��WKHUHIRUH��D�/HDI�RZQHU�ZKR�FKDUJHV�DW�KRPH�ZLOO�SD\�DERXW���FHQWV�SHU�PLOH�
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 $3.35 in the 
*XOI�&RDVW�UHJLRQ�WR�������LQ�WKH�:HVW�&RDVW�UHJLRQ���(,$�����F���$Q�HVSHFLDOO\�HI¿FLHQW�+(9��WKH�3ULXV��JHWV�DERXW����PLOHV�SHU�
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 
OHVV�WKDQ�RQH�KDOI�DV�PXFK�SHU�PLOH�DV�D�FRPSDUDEOH�VL]HG�JDVROLQH�YHKLFOH��6SHFL¿FDOO\��GULYLQJ��������PLOHV�LQ�D�JDVROLQH�IXHOHG�
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 greatly 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 time of day, by total monthly 
consumption, or by climate zone 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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wiring but were typically about $1,500 (GM Authority 
2010). General Motors appears to have discontinued 
its offer for an AC level 2 charging system because the 
Chevrolet Volt can recharge overnight using an AC level 
1 charger.

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

Charging decisions are unique to PEVs and can be over-
whelming. Indeed, until the purchase and use process is sim-
SOHU²IRU�H[DPSOH��D�GHDOHU�KHOSV�WKH�FXVWRPHU�PDQDJH�WKH�
whole process—mainstream consumers simply might revert 
to the more familiar purchase of an ICE vehicle that does not 
have these added complications (Moore 2014).

Greenness of Plug-in Electric Vehicles

Perceived favorable environmental impact (the green-
ness) of PEVs motivated some early adopters to purchase 
PEVs, 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 
�������2WKHUV�DOVR�¿QG�WKDW�WKH�LPSDFW�RI�D�JUHHQ�SURGXFW�RQ�
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-
LQJ�D�3(9�DFWXDOO\�EHQH¿W�WKH�HQYLURQPHQW"�$UH�JUHHQKRXVH�
gas emissions and local pollutants decreased if I drive a PEV? 
Is my electric company a low- or high-carbon emitter? Is my 
electric company lowering its carbon emissions over time? 
Similar to computing electricity costs, assessing the greenness 
of a vehicle is complicated;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 for 
a discussion of battery 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 factual details about the clean-
ness of the electric grid (see Chapter 1) might not be widely 
known, consumer uncertainty about how green PEVs actually 
are might cause customers to balk at purchasing one. 

9�7DNH�� IRU�H[DPSOH�� WKH�JUHHQQHVV�RI� WKH�HOHFWULF�JULG��'HSHQG-
ing on whether the power plants in a given area produce electricity 
from coal, nuclear, wind, hydropower, or other energy source, the 
greenness can vary greatly.

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

Lack of Information on Incentives

As discussed in Chapters 2 and 7, the prices of PEVs 
DUH�KLJKHU�WKDQ�WKRVH�RI�FRPSDUDEOH�,&(�YHKLFOHV��+RZHYHU��
YDULRXV�¿QDQFLDO�LQFHQWLYHV�IRU�FRQVXPHUV�FDQ�KHOS�RIIVHW�WKH�
GLIIHUHQFH��3(9V�FDQ�DOVR�KDYH�QRQ¿QDQFLDO�LQFHQWLYHV��VXFK�
as access to high-occupancy-vehicle lanes (see Chapter 7 for 
DQ�H[WHQVLYH�GLVFXVVLRQ�RI�LQFHQWLYHV���&RQVXPHU�DZDUHQHVV�
DQG�SHUFHSWLRQV�RI�LQFHQWLYHV�LQÀXHQFH�WKHLU�SXUFKDVH�GHFL-
VLRQV�� ,Q�1RUZD\�DQG� WKH�1HWKHUODQGV�� IRU�H[DPSOH��3(9V�
are particularly popular because people are aware of and 
want to take advantage of the generous incentives. In the 
United States, however, a study by Indiana University shows 
that 95 percent of the U.S. population in the 21 largest cities 
is unaware of such incentives (Ingram 2013). A further com-
plication is that federal, state, and municipal incentives are 
often designed to start and stop at certain times or when cer-
tain sales volumes have been achieved. The variability and 
inconsistency of incentives contribute to customer confusion 
in evaluating and purchasing PEVs. 

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

Lack of Knowledge about the  
%HQH¿WV�RI�3OXJ�LQ�(OHFWULF�9HKLFOHV

3(9�RZQHUVKLS�RIIHUV�EHQH¿WV�WKDW�DUH�IDPLOLDU�WR�DQG�
valued by their drivers but are probably unfamiliar to main-
VWUHDP�FRQVXPHUV��)RU�H[DPSOH��SHRSOH�GLVFRYHU�RQ�GULYLQJ�
PEVs that they are “peppy” and provide smooth accelera-
tion; moreover, they are quiet (Cahill et al. 2014). In addi-
WLRQ��3+(9V�GR�QRW�QHHG�RLO�FKDQJHV�DV�IUHTXHQWO\�DV�,&(�
vehicles, and BEVs do not require any oil changes (Voelcker 
2013b, 2014). Furthermore, regenerative braking and energy 
recovery, which is novel to many new PEV drivers, provides 
a unique sensation. Whether engineered as part of the tradi-
tional braking system (as in the Toyota Prius) or integrated 
into the acceleration system (as in the BMW i3 and Tesla 
Model S), or both, regenerative braking creates a unique 
GULYLQJ�H[SHULHQFH��,Q�FRQWUDVW�WR�V\VWHPV�WKDW�FDSWXUH�NLQHW-
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 from the gasoline pedal. Some drivers perceive the au-
WRPDWLF�EUDNLQJ�DV�DQ�DGYDQWDJH��HVSHFLDOO\�LQ�KHDY\�WUDI¿F��

7KXV��3(9V�SURYLGH�D�GULYLQJ�H[SHULHQFH�WKDW�LV�GLIIHU-
ent from that of a traditional ICE vehicle. Such differences 
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might appeal more to early adopters than to mainstream con-
sumers, but mainstream consumers will never know whether 
3(9V�PHHW�RU�HYHQ�H[FHHG�WKHLU�H[SHFWDWLRQV�XQOHVV�WKH\�FDQ�
GULYH�RQH��PDNLQJ�WKH�WHVW�GULYH�D�FULWLFDOO\�LPSRUWDQW�H[SHUL-
ence, as discussed later in this chapter.

Summary of Major Perceptual Barriers

From the committee’s perspective, the factors discussed 
above pose major barriers to consumer adoption of PEVs. 
Confusion continues to loom large in the consumer purchase 
GHFLVLRQ�IRU�3(9V��7DEOH�����LGHQWL¿HV�TXHVWLRQV�WKDW�FXVWRP-
ers might have when contemplating a PEV purchase. Some 
TXHVWLRQV²:LOO�P\�EDWWHU\�FDWFK�¿UH"�+RZ�GR�,�FKDQJH�P\�
battery?—might seem nonsensical to a current PEV owner, 
but they are questions that consumers have asked and demon-
VWUDWH�WKH�H[WHQW�RI�PLVLQIRUPDWLRQ�DQG�WKH�QDWXUH�RI�WKH�SHU-
ceptual barriers that must be overcome before PEV deploy-
ment becomes widespread. 

Uncertainty and perceived risk plague consumer willing-
QHVV�WR�SXUFKDVH�LQQRYDWLYH�SURGXFWV��SDUWLFXODUO\�H[SHQVLYH��
long-lived ones, such as vehicles; consumers instead revert to 

the known and familiar (Mohr et al. 2006). Until they are suf-
¿FLHQWO\�LQIRUPHG�DQG�HGXFDWHG��WKH\�ZLOO�OLNHO\�FRQWLQXH�WR�
prefer the relative safety, security, and familiarity of an ICE 
vehicle. Therefore, mainstream adopters require additional 
encouragement, information, and incentives to overcome the 
EDUULHUV�LGHQWL¿HG��

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

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

VEHICLE DEALERSHIPS:  
A POTENTIAL SOURCE OF INFORMATION?

A well-known aspect of the vehicle-purchase process en-
tails visits to various dealerships for test-drives and purchase 
negotiations. Vehicle dealerships traditionally have offered 

TABLE 3-5 Consumer Questions Related to Plug-in Electric Vehicle (PEV) Ownership 
Vehicle Technology  Vehicle Charging  Other Concerns 
Questions PEV Customers Might Have 

:K\�DUH�3(9V�PRUH�H[SHQVLYH�WKDQ� 
conventional vehicles? 

What is the battery range?  
+RZ�PDQ\�\HDUV�ZLOO�WKH�EDWWHU\�ODVW"� 
Do I need to replace it?  
Is there a risk of fire?  
Does the vehicle have sufficient power to  

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

Where can I charge the vehicle?  
Can I charge it at home?  
Do I need a special plug? 
+RZ�PXFK�ZLOO�WKH�HOHFWULFLW\�FRVW"� 
+RZ�ORQJ�GRHV�LW�WDNH�WR�FKDUJH"� 

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

+RZ�JUHHQ�LV�D�SDUWLFXODU�3(9"� 
Do the batteries end up in landfills? 

Questions Customers Might Not Know to Ask 

+RZ�PXFK�RI�P\�EDWWHU\�UDQJH�ZLOO�EH�VDFULILFHG� 
to interior heating and cooling in cold or hot 
temperatures?  

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

+RZ�GRHV�UHJHQHUDWLYH�EUDNLQJ�ZRUN"� 
Will my battery degrade over time if I use DC  

fast charging?  
What are the savings in maintenance and fuel  

relative to the purchase price of the vehicle? 

Where do I charge if I do not have a garage?  
Are there permitting fees to get a dedicated  

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

install charging equipment in my home? 
If I want AC level 2 charging, do I need additional 

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

the time of day?  
If I belong to a charging network, can I use  

chargers from other networks?  
+RZ�GR�,�ILQG�D�FKDUJLQJ�ORFDWLRQ"� 
Can I reserve a charging location?  
What if the charger I need to use is being  

blocked by another vehicle?  

+RZ�GR�,�ILOH�IRU�P\�WD[�FUHGLW"� 
'RHV�P\�VWDWH�RIIHU�D�WD[�FUHGLW"� 
Do I get free parking?  
Do I get access to a high-occupancy-vehicle  

lane with a PEV?  
Does my employer offer charging at work?  
Because the car is so quiet, how do I know if  

it is running?  

Questions Friends, Neighbors, and Even Strangers Might Ask 

'LG�P\�WD[�GROODUV�VXEVLGL]H�WKH�SXUFKDVH� 
of your PEV?  

'R�WKHVH�YHKLFOHV�SXW�H[FHVVLYH�GHPDQGV�RQ� 
the electric grid?  

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

Do you pay any fuel fees for highway  
IXQGV�RU�URDG�WD[HV"� 
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PDQ\� VHUYLFHV� WR� KHOS�ZLWK� WKH� FRPSOH[LW\� RI� WKH� SXUFKDVH�
process. In fact, in the early years of the automobile market, 
dealers supported Americans with their vehicle purchases by 
WHDFKLQJ� WKHP� WR�GULYH� DQG�E\�SURYLGLQJ�¿QDQFLQJ��PDLQWH-
nance advice, and service to keep vehicles running. Accord-
ingly, dealers have always played a critical role in the decision-
making process of people purchasing a vehicle (Ingram 2014). 
Given that 56 percent of PEV buyers make over three visits 
to dealerships, which is twice the number made by non-PEV 
buyers (Cahill et al. 2014), vehicle dealerships could serve as 
an important source of information for potential PEV buyers. 

'HVSLWH� WKH� LPSRUWDQFH�RI� WKH�FRQVXPHU�H[SHULHQFH�DW�
the dealership, research on dealers and PEVs reveals sys-
temic problems. A Center for Sustainable Energy survey 
of over 2,000 PEV buyers in California in December 2013 
showed that 45 percent of those buyers were “very dissatis-
¿HG´�DQG�DQRWKHU����SHUFHQW�ZHUH�³GLVVDWLV¿HG´�ZLWK� WKHLU�
SXUFKDVH�H[SHULHQFH��&DKLOO�HW�DO���������,Q�WKH�VDPH�VXUYH\��
PEV buyers were asked “how valuable was it to have deal-
ers knowledgeable about various topics.” The responses in 
7DEOH�����VKRZ�WKDW�3(9�EX\HUV�H[SHFW�GHDOHU�VDOHVSHRSOH�
to be informed about much more than just the vehicle char-
DFWHULVWLFV��+RZHYHU��D�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 take three times longer to close a PEV sale than 
an ICE vehicle sale—time for which they are not differentially 
compensated. Furthermore, because dealership revenues in-
clude charges for after-sales service and support and because 
PEV maintenance requirements are lower than those for ICE 
vehicles, that service revenue is missed. Moreover, sales staff 
at dealerships often turnover rapidly; thus, technically savvy 
sales staff who are knowledgeable about PEVs are not always 
available at a given dealer on a given day. Given such turn-
over, sales training on new products is not always a good in-
vestment for the dealership (Darvish 2013). 

To address those issues, some dealers in California have 
KLUHG�3(9�DGYRFDWHV�WR�VHOO�3(9V�VSHFL¿FDOO\��5DWKHU�WKDQ�
train the entire sales force, high-volume PEV dealerships 
have one or two PEV gurus. Moreover, some dealerships 
QRZ�VHSDUDWH�ÀRRU��SHUVRQDO��VDOHV�IURP�,QWHUQHW�VDOHV��DQG�
in some situations, 100 percent of PEV sales come from In-
ternet inquiries (UC Davis 2014).11 The PEV gurus usually 
are part of the Internet sales team for the dealer; social me-
dia are used to steer buyers to those individuals. Partially 
because dealership salespeople might lack the ability, time, 
or incentives to educate customers adequately about PEVs, 
Tesla decided to operate its own dedicated showrooms in 
ZKLFK� VSHFLDOO\� WUDLQHG� HPSOR\HHV� IRFXV� H[FOXVLYHO\� RQ�
educating customers about Tesla vehicle ownership. Tesla 
VKRZURRPV�DUH�W\SLFDOO\�VW\OHG�OLNH�ERXWLTXHV�LQ�KLJK�WUDI¿F�
locations, such as a mall, much like Apple stores. 

11 Nissan initially sold Leafs only on the Internet.

In addition to the paucity of knowledgeable salespeople, 
the Consumer Reports study (Evarts 2014) also found that 
dealers simply did not have PEVs in stock. Only 15 of 85 
GHDOHUV� LQ� IRXU�VWDWHV� �&DOLIRUQLD��1HZ�<RUN��0DU\ODQG��DQG�
Oregon)12 had more than 10 PEVs on their lots; indeed, most 
GHDOHUV�KDG�RQO\���RU���3(9V�RQ�WKHLU�ORWV��7KDW�¿QGLQJ�LV�VXS-
ported by a UC Davis study, which found that 65 percent of 
California dealerships had no PEVs for sale (UC Davis 2014). 

([SODQDWLRQV� IRU� WKH� ODFN� RI� LQYHQWRU\� RQ� GHDOHU� ORWV�
vary. Consumer Reports stated that of those with limited or 
no stock, most (21) dealers attributed limited stock to “high 
GHPDQG�´� WKH� QH[W� PRVW� FRPPRQ� H[SODQDWLRQ�� KRZHYHU��
ZDV�D�³ODFN�RI�FRQVXPHU�LQWHUHVW´�LQ�3(9V��DOVR�H[SUHVVHG�
as “nobody buys them.” Another possible reason for lack of 
LQYHQWRU\�RQ�GHDOHU�ORWV�LV�EDVHG�RQ�WKH�¿QDQFLDO�UHWXUQV�IURP�
selling PEVs. If vehicle manufacturers are losing money on 
3(9V��WKH\�FRXOG�OLPLW�DYDLODELOLW\�GHOLEHUDWHO\��VHH��IRU�H[-
DPSOH��%HHFK� ������ /XW]� ������9RHOFNHU� ����D�� /RYHGD\�
2013b). The strategy of limiting inventory further hurts sales 
and makes it harder to generate economies of scale to drive 
down manufacturing costs. If production costs are not re-
duced, prices will remain high. 

Additional pressure on dealerships comes from Tesla’s 
challenges to the vehicle dealership franchise laws. In the 
United States, direct manufacturer-to-consumer vehicle sales 
are prohibited by franchise laws that require new vehicles to 
be sold only by licensed, independently owned dealers (Quin-
land 2013). Such licensed dealers sell new and used cars, in-
FOXGLQJ�FHUWL¿HG�SUHRZQHG�YHKLFOHV�� HPSOR\� WUDLQHG�YHKLFOH�
WHFKQLFLDQV�� DQG� RIIHU� ¿QDQFLQJ�� 7KH� 1DWLRQDO� $XWRPRELOH�
Dealers Association has challenged Tesla’s showroom model 
in a handful of states (Colorado, Massachusetts, Illinois, New 
<RUN��2UHJRQ��7H[DV��DQG�1RUWK�&DUROLQD��13 So far, because 
Tesla 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 Tesla has advocated for a 
federal law to overturn the state franchise laws, to date it has 
been unsuccessful. 

Finding: Knowledge of PEVs at dealerships is (at best) un-
HYHQ�DQG��DW�ZRUVW�� LQVXI¿FLHQW� WR�DGGUHVV�FRQVXPHU�TXHV-
tions and concerns. 

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

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

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).

14�6HH��IRU�H[DPSOH��WKH�VLWXDWLRQ�LQ�1HZ�-HUVH\��)ULHGPDQ�������
Gilbert 2014).
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STRATEGIES TO OVERCOME BARRIERS TO  
DEPLOYMENT OF PLUG-IN ELECTRIC VEHICLES

This chapter began by describing diffusion models for 
new technologies, including PEVs, and then discussed the 
demographics and behavior of early adopter and mainstream 
market segments and their implications for adoption and dif-
fusion. A number of barriers consumers face in the PEV pur-
FKDVH�SURFHVV�ZHUH�GLVFXVVHG�QH[W��7KH�VHFWLRQV�WKDW�IROORZ�
consider ways to address consumer barriers to PEV deploy-
ment, including advertising strategies to educate consumers, 
greater use of Internet resources to disseminate information, 
and more opportunities for test-drives. 

Advertising of Plug-in Electric Vehicles

*LYHQ� WKH� FRPSOH[LW\�RI� WKH� LVVXHV� FRQVXPHUV� IDFH� LQ�
WKH�3(9�SXUFKDVH�GHFLVLRQ�� WKH� FRPPLWWHH� H[DPLQHG�YDUL-
ous information sources that consumers commonly rely on 
for decision making. One such source is the advertising and 
marketing of the vehicle manufacturer. Advertising histori-
cally has been a way to stimulate interest in new products 
and to steer customers to dealers. Because advertising and 
marketing plans are critical aspects of a vehicle manufac-
turer’s strategy, they are proprietary, and the committee did 
not receive information on individual company efforts, such 
as how much they spend on advertising to promote PEVs. 
Although PEVs are advertised in traditional media, casual 
observation suggests that company efforts to promote PEVs 
are not nearly as aggressive as their efforts for traditional 
ICE vehicle makes and models. 

Reasons for limited PEV advertising could include the 
IDFW�WKDW�WKH�PDUNHW�LV�VPDOO��$�ODFN�RI�SUR¿WDELOLW\�DOVR�FRXOG�
EH�D�UHDVRQ�FRPSDQLHV�GR�QRW�ZDQW�WR�DGYHUWLVH��VHH��IRU�H[-
DPSOH��%HHFK� ������ /XW]� ������9RHOFNHU� ����D�� /RYHGD\�
����E���&RPSDQLHV�ZDQW�WR�PD[LPL]H�WKH�UHWXUQ�IURP�WKHLU�
DGYHUWLVLQJ�EXGJHWV�� DQG�ZKHWKHU� WKH�3(9�PDUNHW� LV� VXI¿-

FLHQWO\�UHVSRQVLYH�WR�ZDUUDQW�ODUJHU�DGYHUWLVLQJ�H[SHQGLWXUHV�
is questionable. Regardless of the underlying reasons for 
what would appear to be a limited effort by any one com-
pany to advertise its PEVs, the lack of promotion creates a 
VHOI�IXO¿OOLQJ�SURSKHF\��

One strategy that might be used to overcome barriers 
to vehicle manufacturers advertising their PEVs is coopera-
tive advertising or joint promotion efforts to communicate 
the advantages of PEVs. Cooperative advertising is a shared 
campaign whereby companies work together to achieve an 
LPSRUWDQW�JRDO��)RU�H[DPSOH��WUDGH�DVVRFLDWLRQV�IRU�WKH�¿VK-
ing industry15 and the recreational-vehicle industry16 run 
campaigns to stimulate demand for the product category 
as a whole. Rather than any one company having to incur 
WKH� H[SHQVH� RI� VWLPXODWLQJ� FRQVXPHU� GHPDQG�� DQ� LQGXVWU\�
trade association or other third party undertakes such efforts 
RQ�EHKDOI�RI�LWV�PHPEHUV��2WKHU�H[DPSOHV�KHUH�LQFOXGH�WKH�
“Beef: It’s What’s for Dinner” and “Got Milk” campaigns. 

&RRSHUDWLYH�DGYHUWLVLQJ�FDPSDLJQV�W\SLFDOO\�H[LVW�XQGHU�
at least one of the following conditions: 

�� The industry as a whole is facing a decline in demand 
EHFDXVH� RI� FRPSHWLWLYH� WKUHDWV� �ZKHQ�� IRU� H[DPSOH��
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 efforts of the new 
technology providers might be able to educate con-
sumers in a synergistic fashion.

�� The products are commodities; thus, the goods of any 
one provider are indistinguishable from those of the 
RWKHUV��IRU�H[DPSOH��PLON���

15�6HH��IRU�H[DPSOH��WKH�5HFUHDWLRQDO�%RDWLQJ�DQG�)LVKLQJ�)RXQGD-
WLRQ��KWWS���WDNHPH¿VKLQJ�RUJ���

16�6HH��IRU�H[DPSOH��*R�59LQJ��,QF���KWWS���JRUYLQJ�FRP���

TABLE 3-6 Ratings of Dealer Knowledge about Various Topics 
Topic 3HUFHQWDJH�RI�5HVSRQGHQWV�:KR�$VVLJQHG�WKH�'HDOHU�D�5DWLQJ�RI�³9HU\�9DOXDEOH´��+LJKHVW�5DQNLQJ� 
Financial incentives  62 

Vehicle performance  62 

Nonfinancial incentives 48 

Cost of ownership  46 

+RPH�FKDUJLQJ 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). 
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Although the third situation does not apply in the automotive 
industry, the second one is critical. When the motives of an 
LQGLYLGXDO�VWDNHKROGHU�DUH�LQVXI¿FLHQW��D�FROOHFWLYH�DSSURDFK�
to stimulating awareness and action can be effective. Thus, 
vehicle manufacturers, suppliers of vehicle components, and 
charging providers, if united by a strong enough common 
LQWHUHVW�DQG�D�FDSDEOH�WKLUG�SDUW\�RUJDQL]DWLRQ�WR�PDQDJH�WKH�
FDPSDLJQ��FRXOG�¿QG�YDOXH�LQ�EDQGLQJ�WRJHWKHU�LQ�D�PDQQHU�
similar to other industries. 

Another partnership that might prove advantageous is 
between vehicle dealerships and electric utilities. Together 
WKH\�FRXOG�ZRUN�WR�SURPRWH�WKH�YHKLFOHV�E\�HPSKDVL]LQJ�WKH�
FRQYHQLHQFH�DQG�DIIRUGDELOLW\�RI� HOHFWULF� IXHO��)RU� H[DPSOH��
Austin Energy works with local vehicle dealerships to provide 
prepaid unlimited public fueling cards for $50 per year (K. 
Popham, Austin Energy, personal communication, December 
18, 2014). The program allows salespeople to offer “free un-
limited public charging” on every new vehicle for a year.

In addition to the marketing activities of industry stake-
holders, the federal government has played an important role 
in sponsoring advertising campaigns to support socially ben-
H¿FLDO�EHKDYLRUV��7KH�$G�&RXQFLO���������IRXQGHG�LQ�������LV�
D�IHGHUDOO\�VXEVLGL]HG�DGYHUWLVLQJ�SURJUDP�WKDW�SDUWQHUV�ZLWK�
QDWLRQDO�QRQSUR¿WV�RU�IHGHUDO�DJHQFLHV�RQ�PXOWLPHGLD�PDU-
keting campaigns. It selects important public issues (such as 
WKH�6PRNH\�WKH�%HDU�³2QO\�<RX�&DQ�3UHYHQW�)RUHVW�)LUHV�´�
the United Negro College Fund “A Mind Is a Terrible Thing 
to Waste,” and “Friends Don’t Let Friends Drive Drunk”), 
SDUWQHUV�ZLWK�D�VSRQVRULQJ�RUJDQL]DWLRQ��DQG�WKHQ�VWLPXODWHV�
action on those issues through advertising programs. Partner 
RUJDQL]DWLRQV��VXFK�DV�WKH�'HSDUWPHQW�RI�(QHUJ\�>'2(@�LQ�
WKH�FDVH�RI�3(9V��DUH�FRQVLGHUHG� WKH� LVVXH�H[SHUWV�DQG��DV�
such, sponsor the campaign and are 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 campaign commitment of at least 3 years, which is con-
sistent with models of consumer learning and engagement 
for risky, durable purchases. For an Ad Council campaign,   
'2(�FRXOG�ZRUN�ZLWK�PDUNHWLQJ�H[SHUWV�WR�FUDIW�DSSURSULDWH�
PHVVDJLQJ��LQFOXGLQJ�DFFXUDWH�LQIRUPDWLRQ�DERXW�IHGHUDO�WD[�
credits and other incentives; the value proposition for PEVs 
JHQHUDOO\��LQFOXGLQJ�ORZHU�RSHUDWLQJ�FRVWV��DQG�WKH�LGHQWL¿-
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 
PDUNHWV�� WR�SURYLGH�DFFXUDWH� LQIRUPDWLRQ�DERXW� IHGHUDO� WD[�

credits and other incentives, the value proposition for 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, 
SULFHV�� WHFKQLFDO� VSHFL¿FDWLRQV� DQG� UHYLHZV�� GHVFULEH� WKH�
charging infrastructure, including locations of public charg-
LQJ� VWDWLRQV�� OLVW� LQFHQWLYHV� E\� VWDWH� RU� ]LS� FRGH�� DQG� HYHQ�
give estimates of total cost of ownership. Traditional car-
buying websites, such as Kelley Blue Book and Edmunds, 
have areas dedicated to PEVs. Manufacturers of PEVs have 
information on their websites. Many automotive enthusiasts 
also provide information on various other websites. Because 
of the importance of electricity and charging to their busi-
ness models, most utilities have a section of their websites 
GHGLFDWHG�WR�3(9V��0DQ\�QRQSUR¿W�HQYLURQPHQWDO�RUJDQL]D-
tions have sections for PEVs. Consumers looking for infor-
PDWLRQ�RQ�FKDUJLQJ�LQIUDVWUXFWXUH�VSHFL¿FDOO\�FDQ�¿QG�PDQ\�
resources through the various private companies offering 
public charging. Finally, federal and state websites offer use-
ful resources, including calculators for electricity costs. 

The plethora of online information provides an op-
portunity to overcome the lack of consumer awareness and 
knowledge about PEVs, but two potential problems arise. 
First, the sheer number of Web resources might cause con-
sumers to become overwhelmed and confused. Studies of 
consumer decision making show that information overload 
LV�QHJDWLYHO\�DVVRFLDWHG�ZLWK�SXUFKDVH��+HUELJ�DQG�.UDPHU�
������� WRR�PDQ\�RSWLRQV�FUHDWH�FRQIXVLRQ��6FKZDUW]�������
Scheibehenne et al. 2010). Despite the wealth of information 
or perhaps because of it, consumer knowledge about PEVs is 
not as great or as sophisticated as it could be, and mispercep-
WLRQV�FHUWDLQO\�FRQWLQXH�WR�H[LVW��

6HFRQG��¿QGLQJ�DQ�HDV\�WR�XVH�VRXUFH�RI�FUHGLEOH��UHSX-
WDEOH� LQIRUPDWLRQ� FDQ� EH� GLI¿FXOW�� )RU� H[DPSOH�� DQ� RQOLQH�
VHDUFK�WR�¿QG�LQIRUPDWLRQ�UHODWHG�WR�SXUFKDVLQJ�D�3(9�\LHOGV�
a wide array of links, such as sponsored advertisements for 
PEVs, vehicle-manufacturer websites, news articles about 
PEVs, blog posts from PEV enthusiasts, buyer guides, infor-
PDWLRQ�IURP�QRQSUR¿WV�HQFRXUDJLQJ�3(9V�� LQIRUPDWLRQ�RQ�
WD[�FUHGLWV��DQG�HYHQ�SDLG�*RRJOH�$G:RUGV�FDPSDLJQV�IRU�
IXHO�HI¿FLHQW�,&(�YHKLFOHV�DQG�WHFKQRORJLHV�17 The confus-
ing array of results—including misinformation on PEVs—
HPSKDVL]HV�WKH�QHHG�IRU�D�FHQWUDO��FUHGLEOH��XQELDVHG���HDV\�
to-use resource to simplify consumer information needs.

,I� FRQVXPHUV� DUH� OXFN\�� WKH\�ZLOO� ¿QG� WKH� XVHIXO� IHG-
eral government websites for PEVs. The Alternative Fuels 

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

http://www.kbb.com/electric-FDU�"YHKLFOHFODVV QHZFDU	LQWHQW EX\-QHZ	ILOWHU KDVLQFHQWLYHV 
http://www.consumerreports.org/cro/cars/hybrids-evs.htm 
KWWS���ZZZ�FDUV�FRP�JXLGHV�DOO�DOO�"SURS�� (OHFWULF���3RZHUHG	KLJK0SJ,G ����	VI�'LU $6& 

Reviews, technical specifications, 
make and model availability 

Vehicle industry blogs  
and websites 

http://www.greencarreports.com/ 
http://www.epri.com/Our-Work/Pages/Electric-7UDQVSRUWDWLRQ�DVS[ 
http://www.electrificationcoalition.org/ 
http://www.plugincars.com/ 
http://www.howtoelectriccar.com/is-an-electric-car-right-for-me/ 
https://www.aepohio.com/savH�(OHFWULF9HKLFOHV�(95LJKW�DVS[ 
http://www.electricdrive.org/ 
http://www.electriccarbuyer.com/guide/ 
http://insideevs.com/ 
http://www.pluginamerica.org/ 
http://driveelectricweek.org/ 
http://green.autoblog.com/ 
http://evsolutions.avinc.com/electric_vehicles/ 
http://cleantechnica.com/category/clean-transport-2/electric-vehicles/ 
http://chargedevs.com/ 
http://www.thecarconnection.com/category/new,electric-car 
http://www.huffingtonpost.com/news/electric-cars/ 
http://www.tva.com/environment/technology/electric_transportation.htm 
https://www.alamedamp.com/types-of-electric-vehicles 
http://transportevolved.com/ 

Market trends, including sales 
volumes, PEV news, reviews 

1RQSURILW�RUJDQL]DWLRQV http://www.nrdc.org/energy/vehicles/green-car-tech.asp 
http://www.edf.org/transportation/fuel-economy-standards 
http://content.sierraclub.org/evguide/ 

Environmental impacts of PEVs, 
incentives, policy, dispelling myths  

Charging-infrastructure 
locators 

http://www.plugshare.com/ 
http://www.afdc.energy.gov/fuels/electricity_infrastructure.html 
http://www.nrgevgo.com/ 
http://www.chargepoint.com/ 
www.juicebarev.com 

Maps and search tools to find 
charging infrastructure, availability  
of chargers, subscription plans 

Cost of ownership 
calculators 

http://www.afdc.energy.gov/calc/ 
http://energy.gov/maps/egallon 
http://www.electrificationcoalition.org/sites/default/files/EC_State_of_PEV_Market_Final_1.pdf 

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

Federal government 
resources 

http://avt.inel.gov/ 
http://avt.inel.gov/hev.shtml 
www.fueleconomy.gov 
http://energy.gov/maps/egallon 
http://www.evroadmap.us/ 
http://www.afdc.energy.gov/vehicles/electric.html 
http://www1.eere.energy.gov/cleancities/ 
http://energy.gov/eere/vehicles/vehicle-technologies-office-hybrid-and-vehicle-systems 
http://energy.gov/eere/vehicles/vehicle-technologies-office-information-resources 
http://energy.gov/eere/vehicles/vehicle-technologies-office-ev-everywhere-grand-challenge 
http://www.epa.gov/greenvehicles  

Incentive information, regulation 
information, data on PEVs, 
government research, and  
deployment initiatives 

State government 
resources 

https://energycenter.org/ 
http://www.westcoastgreenhighway.com/electrichighway.htm 
http://www.in.gov/oed/2675.htm 
http://www.plugandgonow.com/ 

State-specific incentives and  
policies, consumer guides,  
resources for advocates, state,  
local and regional charger maps 
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Data Center (DOE 2013a) provides comprehensive infor-
mation on vehicle and fuel characteristics and infrastructure 
and useful fuel cost calculators (DOE 2013b, 2014a). The 
'2(�(QHUJ\�(I¿FLHQF\�DQG�5HQHZDEOH�(QHUJ\�&OHDQ�&LW-
ies website (DOE 2014b) also provides valuable information 
VSHFL¿F�WR�ORFDOLWLHV�DQG�UHJLRQV�ZKHUH�D�&OHDQ�&LW\�&RDOL-
tion operates. Unfortunately, those websites do not appear 
consistently high in search results for PEV information. 
Moreover, compared with other shorter and catchier Web ad-
dresses—such as greencarreports.com, plugincars.com, and 
SOXJDQGJRQRZ�FRP²FRQVXPHUV�PLJKW�¿QG�LW�GLI¿FXOW�WR�UH-
member the URLs for the government sites (see Table 3-7). 
7KH�FRPPLWWHH�GLG�QRW�KDYH�DFFHVV�WR�GDWD�RQ�WKH�H[WHQW�WR�
which car shoppers relied on government website resources. 

Furthermore, given the lack of evidence on how consum-
ers use objective information (versus their perceptions) in 
purchase decisions, the potential effect 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 and 
formats for online information is called A-B testing. A-B test-
ing presents version A of the information for a period of time 
and tracks visitor activity and then presents version B for a 
similar period of time. The two information strategies are then 
compared to reveal the differential impact of the information 
presentation. 

Finding: Government websites provide useful information 
for motivated PEV shoppers; however, the degree to which 
WKH\�DUH�HDV\�WR�¿QG��UHPHPEHU��DQG�VKDUH�LV�XQNQRZQ��DV�LV�
their actual impact on consumer perceptions and behavior. 

Recommendation: The federal government should engage 
a knowledgeable, customer-oriented digital marketing con-
sultant to market its online resources and then evaluate their 
impact. Marketing activities could include purchasing a us-
er-friendly, memorable domain name, running various A-B 
WHVWV��RSWLPL]LQJ�VHDUFK�HQJLQH�PDUNHWLQJ�WR�DOORZ�VKRSSHUV�
WR�¿QG�XVHIXO� UHVRXUFHV�PRUH�HDVLO\��XVLQJ�VKDULQJ� WRROV� WR�
facilitate dissemination among online networks, and iden-
tifying key partners to use application protocol interfaces to 
promote greater consistency of information.

Test-Drive Events and Regional Experience Centers

Test-drives are critically important for potential PEV buy-
ers because they allow customers to assess the driving char-
acteristics of PEVs.18�%HFDXVH�GULYHU�H[SHULHQFH�ZLWK�3(9V�LV�

18 The committee notes that a test-drive will not allow the driver 
WR�H[SHULHQFH�WKH�HIIHFW�RI�GULYLQJ�IDFWRUV�RQ�UDQJH�DQG�PRVW�OLNHO\�
will not provide an opportunity to recharge the vehicle. One could 
DUJXH�WKDW�GULYHUV�DOVR�GR�QRW�H[SHULHQFH�WKH�WUXH�UDQJH�RU�UHIXHOLQJ�
RI�DQ�,&(�YHKLFOH�GXULQJ�D�WHVW�GULYH��+RZHYHU��,&(�YHKLFOH�EX\-
HUV�KDYH�HQRXJK�H[SHULHQFH� WR�PDNH�DQ� LQIRUPHG�GHFLVLRQ�DERXW�
those topics to alleviate concern. Potential PEV buyers, on the other 
hand, will likely lack information on those topics and will have to 
trust the information provided by the dealer.

a critical aspect of the purchase decision, vehicle manufactur-
HUV��YHKLFOH�GHDOHUV��QRQSUR¿W�RUJDQL]DWLRQV��DQG�YDULRXV�'2(�
LQLWLDWLYHV�KDYH�H[SHULPHQWHG�ZLWK�D�YDULHW\�RI�HYHQWV�WR�GUDZ�
FXVWRPHUV�WR�H[SHULHQFH�3(9V��)RU�WKH�(9��ODXQFK��*0�WRRN�
it to several U.S. cities for month-long tests. In 2012, it offered 
3-day test-drives of its Chevrolet Volt in major cities. More 
recently, Fiat took its 500e BEV to 30 corporate campuses 
in California and offered lunch and test-drives to employees 
�$QGHUV��������3OXJ�LQ�$PHULFD�KDV�EHHQ�RUJDQL]LQJ�1DWLRQDO�
Drive Electric Week (formerly National Plug-in Day) since 
2011. In 2013, 80 events sponsored by corporations, nonprof-
its, and PEV enthusiasts across the country hosted over 33,000 
participants and gave over 2,700 test-drives (Plug-in America 
2013).

'2(� UHFRJQL]HG� WKH� LPSRUWDQFH� RI� FRQVXPHU� GHPRQ-
VWUDWLRQV�LQ�LWV�-XO\������FDOO�IRU�SURSRVDOV�WKURXJK�WKH�&OHDQ�
Cities program (DOE 2014c). It is offering funding for 7 to 
15 deployment projects in three areas: on-the-road demon-
strations, safety-related training, and emergency prepared-
QHVV��2Q�URDG�GHPRQVWUDWLRQV�ZLOO�DOORZ�SHRSOH�WR�KDYH�¿UVW�
KDQG�3(9�H[SHULHQFH�IRU�H[WHQGHG�SHULRGV�RI�WLPH��:KHWKHU�
WKH� H[SHULHQFH� LV� WKURXJK� FDU� VKDULQJ�� UHQWDO� FDU�� RU� FRP-
PHUFLDO�ÀHHW�OHDVLQJ�SURJUDPV��PRUH�GULYHUV�ZLOO�XQGHUVWDQG�
WKH�EHQH¿WV�RI�3(9V�DQG�EH�PRUH�SUHSDUHG�WR�HYDOXDWH�WKHP�
knowledgeably and perhaps more likely to purchase them. 

Vehicle manufacturers—including Cadillac, BMW, and 
3RUVFKH²DOVR� DUH� GHYHORSLQJ� UHJLRQDO� H[SHULHQFH� FHQWHUV�
(Colias 2014). To adapt to shifting shopping habits, vehicle 
manufacturers are offering customers an opportunity to look 
DW� YHKLFOHV� LQ� D� OHVV� VDOHV�RULHQWHG� HQYLURQPHQW�� )RU� H[-
ample, “BMW’s new retail sales model includes plans for 
regional pools of test cars with a wider range of models, 
giving dealers access to more demo models than any store 
could stock” (Colias 2014). Because the regional facilities 
ZLOO�VXSSOHPHQW��QRW�VXSSODQW��WKH�H[LVWLQJ�GHDOHU�QHWZRUNV�
and because they address a different point in the consumer 
decision-making journey before the actual purchase deci-
VLRQ��WKH�UHJLRQDO�FHQWHUV�DUH��VR�IDU��DW�OHDVW��QRW�LQ�FRQÀLFW�
with dealer franchise laws. 

7KH�FRPPLWWHH�¿QGV�WKDW�VXFK�UHJLRQDO�FHQWHUV�FRXOG�EH�
a useful strategy to help mainstream customers gain more 
KDQGV�RQ� H[SHULHQFH�ZLWK�3(9V�� )RU� FXVWRPHUV�ZKR�ZDQW�
to compare and contrast different 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: 7KH� WHVW�GULYH� H[SHULHQFH�� LQFOXGLQJ� DQ� RSSRUWX-
nity to become familiar with vehicle range and charging, is a 
critical aspect of the consumer decision-making process for 
PEVs. Thus, more initiatives that offer “ride and drives” for 
a range of PEVs at a single location would be helpful. 



Copyright © National Academy of Sciences. All rights reserved.

Overcoming Barriers to Deployment of Plug-in Electric Vehicles 

Understanding the Customer Purchase and Market Development Process for Plug-in Electric Vehicles 57

Recommendation:�7KH�IHGHUDO�JRYHUQPHQW�VKRXOG�H[SORUH�
opportunities for a vehicle-industry effort to provide a re-
JLRQDO�3(9�H[SHULHQFH�FHQWHU�WR�SURYLGH�LPSRUWDQW�WHVW�GULYH�
opportunities. 

Other Opportunities to Experience  
Plug-in Electric Vehicles

$QRWKHU�RSSRUWXQLW\�IRU�SHRSOH�WR�H[SHULHQFH�3(9V�FDQ�
FRPH�IURP�ÀHHWV��)RU�H[DPSOH�� VRPH�PXQLFLSDOLWLHV� LQ� -D-
SDQ�DOORZHG�FLWL]HQV� WR�UHVHUYH�D�FLW\�RZQHG�3(9�WR�GULYH�
RQ�ZHHNHQGV��+��0DWVXXUD��.DQDJDZD�3UHIHFWXUDO�*RYHUQ-
ment, personal communication, December 11, 2013). Em-
SOR\HUV�WKDW�KDYH�3(9V�LQ�WKHLU�FRUSRUDWH�ÀHHWV�FRXOG�FRQ-
sider a similar idea, either as a perk for employees or as a 
ZD\� WR�SURPRWH�DQ�HQYLURQPHQWDO� LPDJH��5HQWDO� FDU�ÀHHWV�
FRXOG�DOVR�SURYLGH�DQ�RSSRUWXQLW\�IRU�FXVWRPHUV� WR�H[SHUL-
HQFH�3(9V��+HUW]�KDV� LWV�³JUHHQ�FROOHFWLRQ�´�ZKLFK�DOORZV�
GULYHUV�WR�H[SHULHQFH�3+(9V��QRW�%(9V���

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 for many car-shar-
ing enterprises given the often short distances traveled per 
rental and the environmental values that motivate some car 
VKDUHUV��+RZHYHU��FRPSDQLHV�WKDW�ZDQW�WR�XVH�3(9V�LQ�FDU�
VKDULQJ�ÀHHWV� IDFH�EDUULHUV�� VXFK�DV�YHKLFOHV� WKDW�PLJKW�EH�
PRUH�H[SHQVLYH�DQG�KDYH�D�OLPLWHG�UDQJH��ZKLFK�PLJKW�PDNH�
them inconvenient for customers. The companies will also 
need charging stations and creative strategies for managing 
WKH�RSHUDWLRQ�RI�WKH�ÀHHWV�19

A successful car-sharing program that uses PEVs has 
been implemented in Madrid, where Respiro Car Sharing, 
1LVVDQ�/HDI�� DQG�1+�+RWHOV� KDYH� FROODERUDWHG� WR� GHYHORS�
a sustainable mobility plan for the city, where many vehi-
cles travel fewer than 50 km per day (EnergyNews 2013). 
In Paris, AutoLib was introduced in 2012 with 250 vehicles 
and 250 stations. Eventually, the company plans to grow to 
3,000 vehicles and 1,000 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-
LQJ� ORFDWLRQ� LV� YDOXDEOH�� &DU�*R� KDV� WKUHH� DOO�%(9� ÀHHWV�
worldwide (San Diego, Amsterdam, and Stuttgart); its 27 
other locations offer PEVs and gasoline vehicles. And BMW 
has its i-Drive initiative in the San Francisco Bay 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-sharing programs are allowing point-to-point 
ULGHV��EXW�WKDW�IUHHGRP�DOVR�PDNHV�PDQDJLQJ�DQ�DOO�%(9�ÀHHW�GLI-
¿FXOW�EHFDXVH�PHPEHUV�FRXOG�GUDLQ�WKH�EDWWHU\�DQG�OHDYH�D�YHKLFOH�
stranded. Given the few public charging stations in San Diego, 
&DU�*R�KDV�PDQDJHG�DQ�DOO�%(9�ÀHHW�E\�EXLOGLQJ�DQG�RSHUDWLQJ�
D�FKDUJLQJ�EDUQ�ZKHUH�LW�FKDUJHV�LWV�HQWLUH�ÀHHW�RQ�DYHUDJH�HYHU\�
2 days.

leave the car at the destination where they want to go. Other 
PHPEHUV�¿QG�WKH�FDU�WKURXJK�UDGLR�IUHTXHQF\�LGHQWL¿FDWLRQ�
WHFKQRORJ\�DQG�XVH�LW�LI�WKH�ORFDWLRQ�¿WV�WKHLU�QHHGV��

7R�WKH�H[WHQW�WKDW�FDU�VKDULQJ�ÀHHWV�XVH�3(9V��WKH\�DOVR�
UHSUHVHQW�D�ZD\�IRU�WKH�SXEOLF�WR�H[SHULHQFH�3(9V�DQG�PLJKW�
represent an important means for introducing PEVs to mar-
ket segments that might not be traditional new-vehicle buy-
HUV��)RU�H[DPSOH��&DU�*R�LQGLFDWHG�WKDW�LWV�FXVWRPHUV�WHQG�WR�
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-
KLFOH�7HFKQRORJ\�2I¿FH� DQG� VWHPV� IURP� WKH�(QHUJ\�3ROLF\�
Act of 1992. The program goal is to support local actions for 
reducing petroleum use 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 funding stream of $8.5 million was al-
located for 16 PEV community-readiness projects to support 
public-private partnerships in deployment of PEVs and their 
associated infrastructure. Figure 3-6 shows the Clean Cities 
coalitions that received funding for PEV readiness. 

Although the coalitions act locally, one of the most use-
ful and comprehensive resources for PEV owners and policy 
makers from the Clean Cities program is the DOE Vehicle 
7HFKQRORJ\� 2I¿FH�$OWHUQDWLYH� )XHOV� 'DWD� &HQWHU� ZHEVLWH�
in Table 3-7. Particularly useful is the station locator (DOE 
2014a), which allows searching for PEV charging by loca-
tion, by charging technology, by station type, and by pay-
ment method accepted.

Although PEVs are only a small part of the Clean Cit-
ies initiative, the 2011 Clean Cities strategic plan describes 
the key areas for PEV deployment efforts, including strong 
coalitions and partnerships, infrastructure deployment in 
vehicle-manufacturer target markets, information provision 
and data collection, and training (DOE 2011). In their readi-
QHVV�SODQV��WKH����&OHDQ�&LWLHV�FRDOLWLRQV�LGHQWL¿HG�EDUULHUV�
to PEV adoption and infrastructure deployment and imple-
mented plans to overcome the barriers. One of the primary 
EDUULHUV�LGHQWL¿HG�ZDV�ODFN�RI�DZDUHQHVV�RI�DQG�LQIRUPDWLRQ�
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 efforts, including hosting events for people to 
H[SHULHQFH�3(9V��7KH\�DOVR�SURGXFHG�WHPSODWHV��JXLGHV��DQG�
tools for outreach to the public, businesses, and local gov-
HUQPHQW�RI¿FLDOV��)UDGHV��������7KH�FRPPLWWHH�IRXQG�WKDW�
Clean Cities coalitions were vital to increased deployment 
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in some places, such as Atlanta. Aside from DOE’s research 
funding, the Clean Cities coalitions that are working on PEV 
deployment represent DOE’s most prominent efforts in PEV 
deployment.

Finding: Clean Cities coalitions have been vital to increased 
deployment in some localities and represent DOE’s most 
prominent efforts in PEV deployment aside from its research 
funding.

FLEET PURCHASES

One method to increase PEV deployment is purchasing 
WKHP�IRU�ÀHHWV��SDUWLFXODUO\�ÀHHWV�ZKHUH�YHKLFOHV�OHDYH�DQG�
return to the same base and have similar daily routes. Vehicle 
ÀHHW�VDOHV�PDNH�XS�������SHUFHQW�RI�WKH�8�6��PDUNHW��$XWR-
PRWLYH�)OHHW��������7KH�H[DFW�VL]H�RI�WKH�ÀHHW�PDUNHW�LV�KDUG�
to measure because not all purchasers identify themselves as 
D�EXVLQHVV�SXUFKDVHU��DQG�VRPH�ÀHHW�YHKLFOHV�DUH�GULYHQ�IRU�
SULYDWH�XVH��)LJXUH�����VKRZV�WKDW�WKH�ÀHHW�FDWHJRU\�LQFOXGHV�
an array of buyers, including rental companies, which ac-
FRXQW� IRU�RYHU����SHUFHQW�RI�ÀHHW�SXUFKDVHV��*RYHUQPHQWV�
FRPSULVH�WKH�VPDOOHVW�FDWHJRU\�RI�ÀHHW�EX\HUV��DERXW�����SHU-

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. 

$V�7DEOH�����VKRZV��LQIRUPDWLRQ�UHVRXUFHV�IRU�ÀHHW�PDQ-
DJHUV�ZKR�DUH�WDVNHG�ZLWK�JUHHQLQJ�WKHLU�ÀHHWV�DUH�SOHQWLIXO��
+RZHYHU��3(9�GHSOR\PHQW�LQ�ÀHHWV�KDV�QRW�EHHQ�VWURQJ��$F-
FRUGLQJO\��WKLV�¿QDO�VHFWLRQ�SURYLGHV�D�EULHI�RYHUYLHZ�RI�WKH�
WKUHH�PDLQ�FODVVHV�RI�ÀHHW�EX\HUV�DQG�DQ�DVVHVVPHQW�RI�WKH�
barriers to and opportunities for facilitating PEV deployment 
in this segment.

Rental Fleets

$OWKRXJK� UHQWDO� FRPSDQLHV� FRPSULVH� WKH� ODUJHVW� ÀHHW�
EX\HUV��WKH�YLDELOLW\�RI�3(9V�LQ�WKHLU�ÀHHWV�LV�FRQVWUDLQHG�E\�
not knowing a typical customer’s driving range and the need 
IRU�FKDUJLQJ�DQG�WKH�GLI¿FXOW\�RI�JDXJLQJ�WKH�UHVDOH�YDOXH�RI�D�
PEV (El-Moursi 2013). Rates for renting PEVs are generally 
higher than for conventional vehicles, and their availability is 
harder to ascertain. When coupled with uncertainties about 
charging and how far customers will drive the rental vehicle, 
WKH�EXVLQHVV�SURSRVLWLRQ�IRU�3(9V�LQ�UHQWDO�ÀHHWV�LV�XQFOHDU��

FIGURE 3-6 Clean Cities coalitions funded for community-readiness and planning for PEVs and PEV charging infrastructure. The 
grants are to Clean Cities coalitions with a focus on PEV deployment. SOURCE: Frades (2014).
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'HVSLWH� WKH� XQFHUWDLQW\��+HUW]� LV� H[SHULPHQWLQJ�ZLWK�3(9V�
LQ�LWV�UHQWDO�ÀHHWV�LQ�NH\�ORFDWLRQV�DQG�ZKHUH�SDUWQHUV��VXFK�
DV�QHDUE\�KRWHOV�� DUH�HTXLSSHG� WR�DGGUHVV�FKDUJLQJ� �+LGDU\�
2012). 

Corporate or Business Fleets

General Electric made big news when it announced in 
�����WKDW�LW�ZRXOG�FRQYHUW�KDOI�RI�LWV�ÀHHW�WR�3(9V���������
vehicles), of which one-half would be Chevrolet Volts (Rich-
ard 2010; Antich 2011). Many other companies, including 
Pepsi, Frito-Lay, and Cisco, have also stated objectives to 
JUHHQ�WKHLU�ÀHHWV��)RU�EXVLQHVV�ÀHHWV��LVVXHV�UHODWHG�WR�OLPLWHG�
choice of models, charging infrastructure, and higher initial 
prices compared with ICE vehicles pose barriers to adoption 
E\�ÀHHWV��)XUWKHUPRUH��ÀHHW�PDQDJHUV�IDFH�FKDOOHQJHV�LQ�WU\-
LQJ�WR�PDQDJH�URXWHV��:HVWHUYHOW�������+DQVRQ��������8Q-
like consumers, who do not appear to consider total cost of 
RZQHUVKLS�ZKHQ�GHFLGLQJ�ZKHWKHU�WR�SXUFKDVH�D�3(9��ÀHHW�
managers attend carefully to such issues. As noted by Wolski 
(2013), “the real tipping point [for broad implementation of 
3(9V�LQ�FRPPHUFLDO�ÀHHWV@�LV�ZKHQ�WKH�WRWDO�RSHUDWLQJ�FRVWV�

plus the capital costs balance out in three years or less,” an 
unlikely scenario for PEVs in the near term. 

Electric utilities across the country provide an interest-
LQJ�RSSRUWXQLW\�IRU�3(9�ÀHHW�GHSOR\PHQW��*LYHQ�WKDW�PDQ\�
utilities are actively working with the vehicle industry in 
3(9�GHSOR\PHQW��WKH\�VKRXOG�EH�RQH�RI�WKH�PDLQ�ÀHHW�RZQ-
ers transitioning to PEVs. Their lessons could help to inform 
RWKHU� ÀHHW�PDQDJHUV��7KH�'2(�&OHDQ�&LWLHV� SURJUDP�GLV-
FXVVHG�DERYH�LQFOXGHV�LQFHQWLYHV�WR�FRQYHUW�EXVLQHVV�ÀHHWV�
DQG�RIIHUV�LQIRUPDWLRQ�IRU�ÀHHW�PDQDJHUV��'2(��������WKHVH�
resources will need to be updated as PEV deployment occurs 
and lessons are learned. 

Government Fleets

7KH� IHGHUDO� JRYHUQPHQW� KDV� D� YHKLFOH� ÀHHW� FRPSULVHG�
of more than 600,000 vehicles and is, therefore, the nation’s 
VLQJOH�ODUJHVW�ÀHHW�RSHUDWRU��*6$��������7KH�*HQHUDO�6HUYLFHV�
Administration procures about 65,000 vehicles each year and 
owns and leases about 210,000 vehicles to federal agencies. 
State, county, and municipal governments also have their own 
ÀHHWV��

FIGURE 3-7 )OHHW�VDOHV�IRU�SDVVHQJHU�YHKLFOHV�IRU������E\�ÀHHW�SXUFKDVH�DJHQF\��
SOURCE: Based on data from Automotive Fleet (2013). 

TABLE 3-8 Information Resources for Fleet Managers  
Resource URL 
EV Solutions: Operation Audits http://evsolutions.avinc.com/yourbusiness/fleets/gov 

9HKLFOH�7UHQGV�	�0DLQWHQDQFH�&RVWV�6XUYH\ KWWS���ZZZ�IOHHWDQVZHUV�FRP�VLWHV�GHIDXOW�ILOHV�'RZ���.RNDP��� 
6XUYH\���5HSRUWB��SGI 

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

http://www.denvercleancities.org/Plug-,Q���9HKLFOH���$VVHVVPHQW-
���'HQYHU���0HWUR���&OHDQ���&LWLHV���ZLWK���ORJR�SGI 

Demand Assessment of First-0RYHU�+\EULG�DQG�(OHFWULF� 
Truck Fleets, CALSTART 

http://www.calstart.org/Libraries/Publications/Demand_Assessment_of_First-
0RYHUB+\EULGBDQGB(OHFWULFB7UXFNB)OHHWV�VIOE�DVK[ 

Fleet Electrification Roadmap, Electrification Coalition http://www.electrificationcoalition.org/sites/default/files/EC-Fleet-Roadmap-screen.pdf 

3*	(�LQ�&DOLIRUQLD��3(9�&DVH�6WXG\��,W¶V�(OHFWUifying:  
Positive Returns in PEV Deployment, Electrification Coalition 

KWWS���IOHHWDQVZHUV�FRP�VLWHV�GHIDXOW�ILOHV�3*(���FDVH���VWXG\���)LQDO�SGI 

)HG([��(9�&DVH�6WXG\��7KH�(OHFWULF�'ULYH�%HOOZHWKHU"�� 
Electrification Coalition 

KWWS���ZZZ�IOHHWDQVZHUV�FRP�VLWHV�GHIDXOW�ILOHV�)HG([BFDVHBVWXG\�SGI 

-RLQW�3URFXUHPHQW�RI�(9V�DQG�3+(9V�LQ�6ZHGHQ��&OHDQ�)OHHWV http://www.clean-fleets.eu/fileadmin/files/CF_case_study_sweden_04.pdf 
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In 2011, President Obama ordered that by the end of 
2015, all new light-duty vehicles purchased or leased by 
federal agencies be alternative-fuel vehicles, which include 
ÀH[�IXHO�YHKLFOHV��+(9V��3(9V��FRPSUHVVHG�QDWXUDO�JDV�DQG�
biofuel vehicles (Obama 2011). The order also encouraged 
the agencies to support the development of alternative-fuel-
ing infrastructure. Through 2013, the majority of alternative-
IXHO�YHKLFOHV�SXUFKDVHG�E\�IHGHUDO�ÀHHWV�KDYH�EHHQ�ÀH[�IXHO�
vehicles that can operate on E-85 rather than vehicles fueled 
by electricity, natural gas, or other fuels (GSA 2013). Specif-
LFDOO\��DERXW�KDOI�RI�UHSRUWHG�IHGHUDO�ÀHHW�SXUFKDVHV�LQ������
ZHUH� ÀH[�IXHO� YHKLFOHV�� DQG� ��� SHUFHQW�ZHUH� FRQYHQWLRQDO�
gasoline vehicles, some of which might even satisfy the 
mandate in areas where alternative fuels are not considered 
WR�EH�DYDLODEOH��)HZ�3+(9V�RU�%(9V�KDYH�EHHQ�SXUFKDVHG��
3(9V� UHSUHVHQW� DERXW� ���� SHUFHQW� RI� UHSRUWHG� IHGHUDO� ÀHHW�
vehicle purchases. DOE itself has purchased few PEVs; only 
�����SHUFHQW�RI�LWV�ÀHHW�DUH�3(9V��

Like individual consumers, the government faces bar-
riers in adopting PEVs. The price of PEVs is a particularly 
KLJK� EDUULHU� IRU� WKH� IHGHUDO� DJHQFLHV�� WD[� LQFHQWLYHV� DYDLO-
DEOH� WR� FRQVXPHUV� DUH�QRW� DYDLODEOH� IRU�JRYHUQPHQW�ÀHHWV��
Another barrier is that vehicle purchases come from the 
FDSLWDO�EXGJHWV��DQG�IXHO�H[SHQVHV�FRPH�IURP�RSHUDWLQJ�EXG-
gets (DOE 2014d). The need to provide charging infrastruc-
WXUH� DW� LWV�ÀHHW� IDFLOLWLHV� SRVHV�\HW� DQRWKHU� EDUULHU��)LQDOO\��
government procurement practices have been described as 
H[FHVVLYHO\�FRPSOLFDWHG�DQG�OHDG�VRPH�WR�ZRQGHU�ZKHWKHU�
JRYHUQPHQW�ÀHHW�VDOHV�DUH�D�UHDOLVWLF�ZD\�WR�GHPRQVWUDWH�WKH�
VXLWDELOLW\�RI�3(9V�LQ�ÀHHWV��

The committee notes that although the total number of 
YHKLFOHV� LQ� JRYHUQPHQW� ÀHHWV� LV� VPDOO� FRPSDUHG� ZLWK� WKH�
total number of vehicles in the overall market, converting 
VRPH�SRUWLRQ�RI�WKH�ÀHHWV�WR�3(9V�LV�LPSRUWDQW��)LUVW��SHRSOH�
H[SHFW� OHDGHUVKLS� IURP� WKHLU� JRYHUQPHQW�� *LYHQ� WKH�PDQ-
dates for energy security and clean transportation—the very 
motivations for this committee’s work—the symbolic im-
portance of the government’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 diffusion and the edu-
cation of friends and neighbors. Third, given that DOE is the 
main government agency working to deploy PEVs, it should 
VHUYH� DV� D�PRGHO�E\�GHSOR\LQJ�3(9V� LQ� LWV� RZQ�ÀHHWV��7R�
H[SORUH�ZD\V�WR�UHPRYH�EDUULHUV�WR�3(9�GHSOR\PHQW�DFURVV�
the private sector while not removing barriers in its own or-
JDQL]DWLRQ�LV�SRRU�SROLF\��

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-
HUVKLS�E\�DGGLQJ�3(9V�WR�LWV�ÀHHWV�DQG�RIIHULQJ�FKDUJLQJ�LQ-
frastructure at its facilities.

Recommendation: DOE should itself serve as a model by 
DGGLQJ�3(9V� WR� LWV�ÀHHWV�DQG�XVH� LWV�H[SHULHQFH� WR�GLVFHUQ�

best practices for dissemination to the private sector and 
RWKHU�JRYHUQPHQW�ÀHHWV��
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4

Government Support for Deployment of Plug-in Electric Vehicles

The successful deployment of plug-in electric vehicles 
(PEVs) involves many entities and will require the resolution 
RI�PDQ\�FRPSOH[�LVVXHV��7KH�SUHVHQW�UHSRUW�IRFXVHV�RQ�LQGL-
vidual strategies for overcoming barriers related to purchas-
LQJ�DQG�FKDUJLQJ�3(9V��DQG�WKLV�FKDSWHU�VSHFL¿FDOO\�H[SORUHV�
how federal, state, and local governments and their various 
administrative arms can be more supportive and implement 
SROLFLHV�WR�VXVWDLQ�EHQH¿FLDO�VWUDWHJLHV�IRU�3(9�GHSOR\PHQW��
Although electric utilities can also provide institutional sup-
port for PEV deployment, they and their associated poli-
FLHV� DUH�GLVFXVVHG� LQ�&KDSWHU����:KHUH�RSSRUWXQLWLHV� H[LVW�
to improve the viability of PEVs but no single institution is 
FOHDUO\�SRVLWLRQHG�WR�FDSLWDOL]H�RQ�WKH�RSSRUWXQLW\��WKH�FRP-
PLWWHH�KLJKOLJKWV�SRVVLEOH�SDUWQHUVKLSV� WKDW�PLJKW�¿OO� WKHVH�
YRLGV��7KH� FRPPLWWHH¶V�¿QGLQJV� DQG� UHFRPPHQGDWLRQV� DUH�
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 
&KDSWHU����WKH�¿UVW�LV�EDVLF�VFLHQFH�DQG�HQJLQHHULQJ�UHVHDUFK�
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 manufacturers 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 

differential 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 federal government has an important role to play. 
Although basic science and engineering research is funded 
by both government and the private sector, the government 
UROH�LV� WR�IXQG�ORQJ�WHUP��H[SORUDWRU\�UHVHDUFK�WKDW�KDV�WKH�
SRWHQWLDO�IRU�SRVLWLYH�QDWLRQDO�LPSDFW��6WDEOH�IXQGLQJ�IRU�H[-
ploratory research allows investments in research facilities 
and human capital that are necessary for the research to bear 
fruit. The federal government has directly supported battery 
research and development for electric vehicles since 1976 
�(OHFWULF� DQG�+\EULG�9HKLFOH�5HVHDUFK��'HYHORSPHQW�� DQG�
Demonstration Act 1976, Pub. L. 94-413). Past investment 
in research and development contributed to the development 
RI�WKH�1L0+�EDWWHULHV�XVHG�LQ�HDUO\�K\EULG�HOHFWULF�YHKLFOHV�
�+(9V��DQG�WR�WKH�OLWKLXP�LRQ�EDWWHU\�WHFKQRORJ\�XVHG�LQ�WKH�
Chevrolet Volt (DOE 2008).

The largest funder of energy storage research in the fed-
eral government is DOE, followed by DOD. From 2009 to 
2012, across all areas of the federal government, investment 
in energy-storage research, development, and technology de-
ployment totaled $1.3 billion, which includes batteries for all 
DSSOLFDWLRQV��QRW�RQO\�YHKLFOHV��*$2�����D���,Q�)LVFDO�<HDU�
�)<��������WKH�'2(�9HKLFOH�7HFKQRORJ\�2I¿FH�IXQGHG�����
million for battery research and development focused on ve-
hicle applications (DOE 2014a). Much of the funding is for 
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 battery storage improvements include 
KDOYLQJ�WKH�VL]H�DQG�ZHLJKW�RI�3(9�EDWWHULHV�DQG�UHGXFLQJ�
the production costs to one quarter of its 2012 value by 2022 
(DOE 2013a). Recently, DOE has initiated and supported 
several collaborative research programs with even more 
ambitious goals to accelerate basic and applied research, 
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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 
WKH�%DWWHU\�DQG�(QHUJ\�6WRUDJH�+XE��ZKLFK�LV�IXQGHG�DW�XS�
to $25 million per year for 5 years and aims to increase bat-
WHU\�HQHUJ\�GHQVLW\�¿YH�WLPHV�DQG�UHGXFH�FRVW�E\����SHUFHQW�
(DOE 2013b).

Finding: Investment in battery research is critical for pro-
ducing lower cost, higher performing batteries that give 
3(9V�WKH�UDQJH�FRQVXPHUV�H[SHFW�IURP�,&(�YHKLFOHV�

Recommendation: The federal government should continue 
to sponsor fundamental and applied research to facilitate and 
H[SHGLWH�WKH�GHYHORSPHQW�RI�ORZHU�FRVW��KLJKHU�SHUIRUPLQJ�
vehicle batteries. Stable funding is critical and should focus 
on improving energy density and addressing durability and 
safety.

Research on Deployment of Plug-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 infrastructure 
deployment. Supporting that research is an appropriate role 
for the federal government given that it might be motivated 
to deploy infrastructure if by doing so it encourages PEV 
deployment and increases eVMT. 

The primary DOE effort to understand PEV vehicle and 
infrastructure deployment is the EV Project, an infrastructure 
deployment and evaluation program managed by the Idaho 
National Laboratory (INL) in partnership with ECOtality. 
Around the time of the most recent wave of PEVs in 2009, 
DOE awarded in 2009 a $99.8 million grant for deployment 
of charging infrastructure in private residences and in public 
areas in 20 of the target 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 fast chargers had been installed (Smart 
and White 2014; INL 2014b).

The EV Project included data collection on where and 
when the vehicles in the project charged so that DOE could 
learn more about how drivers were using the vehicles and the 
associated charging infrastructure. Thus, the data provided 
important information about early adopters of PEVs in large 
metropolitan areas, including location of charging, eVMT, 
impacts on utilities, impact of workplace charging, and re-
gional variations in charging behavior. Because privacy is 

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 fund re-
search to understand the role of public charging infrastruc-
ture (as compared with home and workplace charging) in 
encouraging PEV adoption and use.

Recommendation: A new research protocol should be de-
signed that would facilitate access to raw charging data to 
UHOHYDQW�VWDNHKROGHUV�ZLWKLQ�WKH�FRQ¿QHV�RI�SULYDF\�ODZV�

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 infra-
VWUXFWXUH��UHJXODWLRQV��¿QDQFLDO�LQFHQWLYHV��FRQVXPHU�LQIRUPD-
tion, and public policies, programs, and plans that can make 
PEVs a viable choice for drivers. Several tools have been cre-
DWHG�WR�DVVHVV�ZKHWKHU�D�JLYHQ�RUJDQL]DWLRQ��FRPPXQLW\��VWDWH��
or even country has in place the essential elements to be con-
VLGHUHG�3(9�UHDG\��([DPSOHV�RI�DVVHVVPHQW�WRROV�LQFOXGH�WKH�
Rocky Mountain Institute’s Project Get Ready (Rocky Moun-
tain Institute 2014), DOE’s Plug-in Electric Vehicle Readiness 
Scorecard (DOE 2014a), Michigan Clean Energy Coalition’s 
Plug-in Ready Michigan (Michigan Clean Energy Coalition 
2011), California PEV Collaborative’s PEV Readiness Toolkit 
(CAL PEV 2012a), and the Center for Climate and Energy 
Solutions’ State DOT PEV Action Tool (C2ES 2014). Further-
more, $8.5 million has been provided through the DOE Clean 
Cities program to 16 projects across 24 states to assess PEV 
UHDGLQHVV�DQG�GHYHORS�VSHFL¿F�SODQV�WR�HQDEOH�WKH�FRPPXQL-
ties to become PEV ready (DOE 2014a). Table 4-1 indicates 
the many common factors that constitute PEV readiness and 
WKH� GLIIHUHQW� LQVWLWXWLRQV� RU� RUJDQL]DWLRQV� WKDW�PLJKW� KDYH� D�
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, departments of energy, transportation 
agencies, licensing and inspection agencies, general services 
agencies, and workforce 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 government activities in support of 
the emerging PEV sector (NRC 2013, pp. 2, 4, 52). 
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TRANSPORTATION TAXATION AND  
FINANCING ISSUES RELATED TO  

PLUG-IN ELECTRIC VEHICLES

One potential barrier for PEV adoption that is solely 
ZLWKLQ�WKH�JRYHUQPHQW¶V�GLUHFW�FRQWURO�LV�WD[DWLRQ�RI�3(9V��1 
LQ�SDUWLFXODU��WD[DWLRQ�IRU�WKH�SXUSRVH�RI�UHFRYHULQJ�WKH�FRVW�
of maintaining, repairing, and improving the roadways. As 
GHVFULEHG�EHORZ�� WKH�SDUDGLJP�IRU� URDGZD\�WD[DWLRQ� LQ� WKH�
8QLWHG�6WDWHV�KDV�GHSHQGHG�RQ�PRWRU�IXHO�WD[HV��ZKLFK�DUH�
indirect user fees. The advent of PEVs poses a dilemma for 
SXEOLF�RI¿FLDOV�UHVSRQVLEOH�IRU�WUDQVSRUWDWLRQ�WD[�SROLF\�EH-
cause battery electric vehicles (BEVs) use no gasoline and 
SOXJ�LQ�K\EULG�HOHFWULF�YHKLFOHV��3+(9V��XVH�PXFK�OHVV�WKDQ�
ICE vehicles.2 To further complicate matters, there appears 

1�&KDSWHU���DGGUHVVHV�WKH�LVVXH�RI�WD[�LQFHQWLYHV��WKLV�FKDSWHU�GLV-
FXVVHV�WD[�disincentives.

2�7KH� DPRXQW� RI� JDVROLQH�XVHG�E\� D�3+(9�GHSHQGV�RQ� WKH� DOO�
electric range and the frequency with which the vehicle is charged.

WR�EH�ZLGHVSUHDG�PLVXQGHUVWDQGLQJ�DERXW�WKH�H[WHQW�WR�ZKLFK�
3(9V� FXUUHQWO\� SD\� WUDQVSRUWDWLRQ� WD[HV� DQG� WKH� UHVXOWLQJ�
¿VFDO� LPSDFWV� WR� WUDQVSRUWDWLRQ�EXGJHWV�ERWK�QRZ�DQG� LQWR�
WKH�IXWXUH��7KLV�VHFWLRQ�H[SORUHV�WKH�LVVXH�LQ�GHSWK��DWWHPSWV�
WR�EULQJ�PRUH�FODULW\�WR�FXUUHQW�WD[�SROLF\�DQG�LPSDFWV��DQG�
PDNHV� UHFRPPHQGDWLRQV� IRU� KRZ� WUDQVSRUWDWLRQ�WD[� SROLF\�
PLJKW�EH�KDUPRQL]HG�ZLWK�D�WUDQVSRUWDWLRQ�LQQRYDWLRQ�SROLF\�
for PEVs. 

Current State of Transportation Taxation

0RWRU� IXHO� WD[HV�KDYH�EHHQ� WKH�PRVW� LPSRUWDQW� VLQJOH�
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 
LQVWLWXWHG�WKH�QDWLRQ¶V�¿UVW�SHU�JDOORQ�WD[�RQ�JDVROLQH�LQ������
(ODOT 2007). Within 10 years after that, every state had en-
DFWHG�D�IXHO�WD[��7KH�IHGHUDO�JRYHUQPHQW�GLG�QRW�HQDFW�D�IXHO�
WD[�XQWLO������DQG�GLG�QRW�GHGLFDWH�WKH�WD[�WR�WUDQVSRUWDWLRQ�

TABLE 4-1 )DFWRUV�'HWHUPLQLQJ�3(9�5HDGLQHVV�DQG�2UJDQL]DWLRQV�,QYROYHG 
Readiness Feature Federal Government State Government Municipal Government Electric Utility Private Industry 

Permit streamlining __ Environmental and 
archeological  

Building and  
electrical codes 

__ __ 

Utility regulatory policies __ PUC regulation of  
cost recovery and  
retail markets 

Muni-owned cost  
recovery policies 

__ __ 

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

Infrastructure  
deployment plans 

DOE funding,  
assistance, and 
dissemination 

Interregional and  
interstate plans 

Regional and  
metropolitan area plans 

Distribution network  
and capacity  

Strategic investment 
plans and sites 

Land use and  
uniform signage 

Federal regulations State regulations  
and policies 

Comprehensive plans  
DQG�]RQLQJ 

__ __ 

Electricity pricing policies NIST metering and 
pricing standards 

State laws and PUC  
rate regulation 

Muni-owned policies  
and technology 

Smart grid and  
metering technologies 

EVSE pricing strategies 

Training personnel __ Workforce training  
and permits  

First-responder  
safe practices 

__ Skilled trades 

Vehicle financial incentives PEV subsidies 5HEDWHV��WD[�H[HPSWLRQV�
from registration, tolls 

8WLOLW\�WD[HV��parking  
fees 

Rebates Equity investments, 
financing 

Infrastructure financial 
incentives 

Equipment subsidies Equipment subsidies Equipment subsidies,  
land gifts 

Cost sharing in  
any upgrades,  
equipment subsidies 

Workplace and fleet 
charging 

Energy policies Clean energy programs =HUR-emission-vehicle 
standards 

TOU or special  
PEV rates 

TOU or special  
PEV rates 

Green power programs 

Dealership franchise laws __ State laws and  
regulations 

__ __ Vehicle manufacturers’ 
policies and practices 

Environmental policies EPA regulations Clean air laws  
and regulations 

Carbon reduction plans Clean power  
generation 

__ 

Procurement policies  
and goals 

GSA regulations  
and policies 

State purchasing  Purchasing cooperatives  
and bulk orders 

__ Bulk purchase discounts 

Business policies and 
permissible models 

Research and 
demonstration projects 

State-backed  
financing assistance 

Municipal-owned 
infrastructure 

Own or  
operate EVSE 

Innovative financing 

NOTE: DOE, U.S. Department of Energy; EPA, U.S. Environmental Protection Agency; EVSE, electric vehicle supply equip-
ment; GSA, General Services Administration; NIST, National Institute of Standards and Technology; PEV, plug-in electric vehi-
cle; PUC, public utility commission; TOU, time of use.  
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FIGURE 4-1 Corporate Average Fuel Economy requirements by year. SOURCE: DOE (2013c). 

SURMHFWV�XQWLO�������)+:$�������&KDSWHU�,9���$W�WKH�WLPH�RI�
WKHLU�LQWURGXFWLRQ��IXHO�WD[HV�ZHUH�YLHZHG�DV�WKH�PRVW�HFR-
nomical method of collecting a fee for roadway construction 
DQG�PDLQWHQDQFH�IURP�WKRVH�ZKR�GLUHFWO\�EHQH¿WHG��PRWRU�
YHKLFOH�RSHUDWRUV��+RZHYHU��WKH�VKDUH�RI�KLJKZD\�VSHQGLQJ�
FRYHUHG�E\� IXHO�WD[� UHYHQXHV�KDV�EHHQ�GHFOLQLQJ�� ,Q�������
IXHO�WD[HV�DFFRXQWHG�IRU����SHUFHQW�RI�DOO�IHGHUDO��VWDWH��DQG�
ORFDO�KLJKZD\�XVHU�UHYHQXHV��IXHO�WD[HV��IHHV��DQG�WROOV��XVHG�
for highways and 28 percent of total government disburse-
PHQWV�IRU�KLJKZD\V��)+:$�������7DEOH�+)������

)RU�PRVW�RI�WKH�SDVW�FHQWXU\��WKH�IXHO�WD[�KDV�EHHQ�YLHZHG�
DV�D�UHDVRQDEO\�IDLU�DQG�UHOLDEOH�WD[�UHYHQXH�WR�IXQG�WUDQVSRU-
tation. The fuel economy of most vehicles remained fairly 
consistent across different models (NSTIFC 2009) as there 
were no strong incentives (such as increasing gasoline prices 
or stricter government regulation) to improve fuel economy. 
+RZHYHU��WKH������<RP�.LSSXU�:DU�DQG�UHVXOWLQJ�RLO�$UDE�
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 
VWDWHV�UHO\�KHDYLO\�RQ�PRWRU�IXHO�WD[�UHYHQXH��ZKLFK�LQFOXGHV�
WD[HV�RQ�JDVROLQH�DQG�GLHVHO��WR�PDLQWDLQ�WKH�WUDQVSRUWDWLRQ�
system. At the federal level and in the vast majority of states, 
IXHO�WD[HV�DUH�EDVHG�RQ�D�ÀDW�FHQWV�SHU�JDOORQ�WD[�OHYLHG�RQ�
PRWRU� IXHO�� WKH� H[WHQW� RI� UHOLDQFH� RQ� WKH� IXHO� WD[HV� YDULHV�
IURP�VWDWH�WR�VWDWH��5DOO��������)RU�H[DPSOH��JDVROLQH�WD[HV�
range from $0.08 per gallon in Alaska to $0.53 per gallon in 
California (the nationwide average is $0.31 per gallon) (Rall 
�������2I�DOO�JRYHUQPHQW�WD[�DQG�IHH�UHYHQXHV�XVHG�IRU�KLJK-
ways in 2012, 20 percent came from the federal government, 
49 percent from state governments, and 31 percent from lo-
FDO�JRYHUQPHQWV��)+:$�������7DEOH�+)�����

Fuel consumption depends on both the number of miles 
GULYHQ�DQG�WKH�IXHO�HFRQRP\�RI�WKH�YHKLFOH�ÀHHW��7KHUHIRUH��
any decrease in the number of miles driven or increase in 
WKH�IXHO�HFRQRP\�RI�WKH�YHKLFOH�ÀHHW�ZLOO�UHVXOW� LQ�OHVV�WD[�
UHYHQXH� JHQHUDWHG� IRU� D� FRVW�SHU�JDOORQ� WD[�� 2QH� RI� WKRVH�
factors can offset the other and moderate the negative effect 
RQ�WKH�UHYHQXH�VWUHDP��)RU�H[DPSOH��WKH�IXHO�HFRQRP\�RI�WKH�
OLJKW�GXW\�YHKLFOH�ÀHHW�KDV�EHHQ�LQFUHDVLQJ�VLQFH�������(3$�
2013). From 2005 to 2007, light-duty vehicle miles traveled 
(VMT) also increased, which helped mask the negative ef-
IHFW�RQ�WKH�UHYHQXH�VWUHDP�RI�LPSURYLQJ�ÀHHW�IXHO�HFRQRP\��
+RZHYHU��907�DQG�IXHO�FRQVXPSWLRQ�ERWK�GHFOLQHG�ZLWK�WKH�
UHFHVVLRQ�LQ������DQG������DQG�KDYH�UHPDLQHG�ÀDW�VLQFH�WKHQ�
(Figure 4-3). Without the revenue-bolstering effect from in-
creasing VMT, transportation budgeters and policy makers 
KDYH�EHFRPH�DFXWHO\�DZDUH�RI�KRZ�ULVLQJ�ÀHHW�YHKLFOH�HFRQ-
omy affects transportation fund balances. 

Federal and State Concerns

With the recent increases in federal CAFE standards,3 
WKH� ÀDWWHQLQJ� RI� 907�� DQG� SROLWLFDO� RSSRVLWLRQ� WR� UDLVLQJ�
WKH�WD[�UDWH�LWVHOI��IHGHUDO�DQG�VWDWH�RI¿FLDOV�DUH�LQFUHDVLQJO\�
concerned with the potential effects of high-mpg vehicles on 
their transportation budgets. The poster child for their wor-
ries is the BEV, which uses no gasoline and whose drivers 
WKHUHIRUH�SD\�QR�IXHO�WD[�

A recent survey of 50 state departments of transportation 
�'27V��UHÀHFWHG�WKH�VWURQJ�VHQWLPHQW�WKDW�3(9V�WKUHDWHQ�ORVV�
of revenue for transportation. The majority of state DOTs re-
VSRQGHG� WKDW� WKH\�ZRXOG� VXSSRUW� IHGHUDOO\� OHG�¿HOG� WHVWV� RI�
mileage fees for PEVs to improve the equity and sustainability 
RI�+LJKZD\�7UXVW�)XQG�UHYHQXHV��*$2�����E��S�������

3����&)5�3DUWV���������������HW�DO��������DQG�/DWHU�0RGHO�<HDU�
Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Av-
erage Fuel Economy Standards; Final Rule.
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FIGURE 4-2�6RXUFHV�RI�UHYHQXH�IRU�WKH�IHGHUDO�+LJKZD\�7UXVW�)XQG��)<�������7KHVH�UHYHQXH�VRXUFHV�exclude transfers from the 
general fund because those are not considered revenues in the federal nomenclature. SOURCE: GAO (2012b, p. 6).

A common refrain is that “PEVs pay nothing to use the 
highways” because they use little if any gasoline (Battaglia 
2013). That is not, however, the case. At the federal level, 
WKH�KLJKZD\�WUXVW�IXQG�KDV�UHOLHG�RQ�WUDQVIHUV�RI�JHQHUDO�WD[�
UHYHQXHV�WR�PDLQWDLQ�VXI¿FLHQW�EDODQFHV�WR�PHHW�LWV�WUDQVSRU-
tation funding obligations (GAO 2011). Therefore, all U.S. 
WD[SD\HUV²LQFOXGLQJ�3(9�GULYHUV²DUH�SD\LQJ�IRU�WKH�IHG-
HUDO�WUDQVSRUWDWLRQ�V\VWHP�IURP�WKHLU�JHQHUDO�WD[�SD\PHQWV��
LQ�DGGLWLRQ�WR�WKH������FHQW�SHU�JDOORQ�IHGHUDO�JDVROLQH�WD[�

That misunderstanding is even more acute at the state 
level, where many states and local governments levy a myr-
LDG� RI� WD[HV� DQG� IHHV� WKDW� DUH� GHGLFDWHG� WR� WUDQVSRUWDWLRQ��
including roadway funding.4�6SHFL¿FDOO\��PRVW� ORFDO� WUDQV-
SRUWDWLRQ�IXQGLQJ�FRPHV�IURP�SURSHUW\�WD[HV��JHQHUDO�IXQG�
appropriations, and fares for mass transit; at the state level, 
PRWRU� IXHO� WD[HV� DUH� VLJQL¿FDQW�� EXW� PRWRU� YHKLFOH� WD[HV��
IHHV��DQG�RWKHU�UHYHQXH��VXFK�DV�VDOHV�WD[HV��SOD\�LPSRUWDQW�
roles. Washington State recently estimated that, on average, 
BEV drivers pay $210 per year in transportation-related state 
DQG�ORFDO�WD[HV�DQG�IHHV�HYHQ�WKRXJK�WKH\�SD\�QR�IXHO�WD[HV�
(WSDOT 2013).5 That equates to 44 percent of what is paid 
by the average gasoline-powered passenger vehicle in that 
VWDWH��)LJXUH�����FRPSDUHV�WUDQVSRUWDWLRQ�UHODWHG�WD[HV�SDLG�
by Washington state drivers of different classes of vehicles.

4 For a breakdown of transportation funding sources at the federal, 
VWDWH� DQG� ORFDO� OHYHOV�� VHH� KWWS���ZZZ�WUDQVSRUWDWLRQ�¿QDQFH�RUJ�
IXQGLQJB¿QDQFLQJ�IXQGLQJ��

5 Calculations are based on the 11,489 miles per year driven, on 
average, by drivers residing in the greater Seattle metro area.

7KH�FRPPLWWHH�UHFRJQL]HV�WKDW�3(9V�DQG�FXUUHQW�WUDQV-
SRUWDWLRQ�WD[�SROLFLHV�UDLVH�WKH�IROORZLQJ�LPSRUWDQW�TXHVWLRQV�

�� ,V� WKH�GLIIHUHQFH�LQ� WUDQVSRUWDWLRQ�WD[HV�FROOHFWHG�IURP�
3(9V�DQG�,&(�YHKLFOHV�VLJQL¿FDQW�LQ�WKH�FRQWH[W�RI�IHG-
eral or state transportation budgets, either now or in the 
near future?

�� (YHQ�LI�WKH�DPRXQW�RI�XQUHDOL]HG�UHYHQXH�LV�QHJOLJLEOH��
do PEVs raise issues of fairness in the user-pays prin-
FLSOH�XQGHUO\LQJ�WKH�8�6��WUDQVSRUWDWLRQ�WD[�V\VWHP�WKDW�
has been in place for almost a century? 

�� 7R�UHPHG\�WKH�LVVXHV�LQKHUHQW�LQ�WKH�¿UVW�WZR�TXHVWLRQV��
VKRXOG�3(9V�EH�D�IRFXV�IRU�QHZ�PHWKRGV�RI�WD[DWLRQ��
FRQVLGHULQJ�WKDW�WKH�XQUHDOL]HG�UHYHQXH�IURP�KLJK�PSJ�
vehicles will dwarf that of PEVs? 

�� Are there other intervening policy considerations that 
PLJKW�WUXPS�WKH�JHQHUDO�WUDQVSRUWDWLRQ�WD[�SDUDGLJP�RI�
user pays, at least for a period of time?

Finding: It is not true that PEV drivers pay nothing for the 
maintenance and use of the transportation system given vari-
RXV� WUDQVSRUWDWLRQ�UHODWHG� WD[HV�DQG� IHHV� WKDW�PXVW�EH�SDLG�
by all vehicle drivers. It is true that BEVs pay no federal or 
VWDWH�JDVROLQH�WD[HV��DQG�LW�LV�DOVR�WUXH�WKDW�3+(9V��VXFK�DV�
the Chevrolet Volt, might pay proportionately very little in 
JDVROLQH�WD[HV��

Recommendation: Governments (federal, state, and local) 
VKRXOG�IXOO\�DQG�IDLUO\�GLVFORVH�DOO�WUDQVSRUWDWLRQ�UHODWHG�WD[-
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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-
SUHVVHG�QDWXUDO�JDV���+(9V��3+(9V��DQG�%(9V��3URYLGLQJ�
WKDW�LQIRUPDWLRQ�WR�HOHFWHG�RI¿FLDOV�DQG�WKH�SXEOLF�ZLOO�JLYH�
them an accurate baseline against which policy discussions 
and choices can be made. 

Impacts on Transportation Budgets

$V�QRWHG��WKH�¿UVW�SROLF\�TXHVWLRQ�LV�ZKHWKHU��IURP�D�¿V-
FDO�YLHZSRLQW��WKH�ODFN�RI�IXHO�WD[HV�SDLG�E\�3(9V�LV�KDYLQJ�
a negative effect on federal or state transportation budgets, 
HLWKHU�QRZ�RU�ZLWKLQ�WKH�QH[W����\HDUV��$W�WKH�IHGHUDO�OHYHO��
HVWLPDWHV� FDQ�EH�PDGH�RI� WKH�XQUHDOL]HG� IXHO� WD[� UHYHQXHV�
from PEVs; the results are shown in Table 4-2. On the basis 
of the number of PEVs sold through 2013, an additional $14 
PLOOLRQ�DQQXDOO\�FRXOG�EH�JHQHUDWHG�IRU�WKH�IHGHUDO�+LJKZD\�
Trust Fund if each PEV was required to pay $96 per year, the 
same amount paid by a driver of a 22 mpg gasoline-powered 
VHGDQ��7R�SXW� WKDW�DPRXQW� LQ�FRQWH[W�� WKH�IHGHUDO�+LJKZD\�
7UXVW� )XQG� FROOHFWV� IXHO�WD[� UHYHQXHV� RI� DERXW� ���� ELOOLRQ�
each year (CBO 2013). 

3(9�LQGXVWU\�DQDO\VWV�KDYH�DOVR�H[DPLQHG�WKH�LPSDFW�RI�
PEVs on transportation budgets. The California PEV Collab-
orative—a public-private consortium of governments, private 
businesses, vehicle manufacturers, and nongovernment orga-
QL]DWLRQV�DOOLHG�WR�SURPRWH�3(9V²UHFHQWO\�IRXQG�WKDW�LI�WKH�
Obama administration goal of putting 1 million PEVs on the 

URDG�E\������ZHUH�PHW�ZLWK�%(9V��WKH�UHVXOWLQJ�XQUHDOL]HG�
UHYHQXH�IURP�PRWRU�IXHO�WD[HV�ZRXOG�EH�OHVV�WKDQ�����SHUFHQW�
RI�WKH�WRWDO�SURMHFWHG�UHYHQXH�VKRUWIDOO�IRU�WKH�IHGHUDO�+LJKZD\�
Trust Fund (CAL PEV 2012b). 

Finding:�)RU�WKH�QH[W�IHZ�\HDUV��WKH�¿VFDO�LPSDFW�RI�QRW�FRO-
OHFWLQJ�D�IXHO�WD[�IURP�3(9V�LV�QHJOLJLEOH�

Fairness and Equity in Transportation Taxes

The second policy question is whether PEV drivers who 
SD\�OLWWOH�RU�QR�IXHO�WD[HV�UDLVH�LVVXHV�RI�IDLUQHVV��JLYHQ�WKH�
VWURQJ� XVHU�IHH� SDUDGLJP� IRU� IXQGLQJ� WKH� H[SHQVHV� RI� WKH�
highway infrastructure in the United States. Even though the 
JRYHUQPHQW�ZRXOG�RQO\�GHULYH�DQ�H[WUHPHO\�VPDOO�VKDUH�RI�
UHYHQXH�E\�WD[LQJ�3(9V��WKH�VHQWLPHQW�DPRQJ�HOHFWHG�RI¿-
cials and the general public remains that PEV drivers should 
EH�SD\LQJ�WKH�IXHO�WD[��RU�LWV�HTXLYDOHQW��DV�WKHLU�IDLU�VKDUH�
for maintaining and improving the roadways on which they 
drive. Although its study did not focus on equity issues re-
ODWHG�WR�WD[DWLRQ�RI�3(9V��75%��������GLG�LGHQWLI\�VWURQJO\�
held notions of fairness and equity that are inherent in the 
WUDQVSRUWDWLRQ� WD[�V\VWHP�DQG� WKDW�DUH� LPSRUWDQW� IRU�SXEOLF�
SROLF\�PDNLQJ��WKH\�DUH�VXPPDUL]HG�LQ�7DEOH�����

7KH�IDLUQHVV�LVVXH�LQ�WKH�WD[�WUHDWPHQW�RI�3(9V�DSSHDUV�
to be more acute at the state and local levels, where many 
HOHFWHG�RI¿FLDOV� DUH� DFWLYHO\�FRQVLGHULQJ� IXHO�WD[� LQFUHDVHV�
to reduce the backlog of roadway maintenance and improve-
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FIGURE 4-4 $QQXDO�WUDQVSRUWDWLRQ�UHODWHG�WD[HV�SDLG�E\�:DVKLQJWRQ�VWDWH�GULYHUV��6285&(��:6'27��������

ment projects. As noted by the TRB (2011, p. 103), for politi-
FLDQV�DQG�RWKHU�GHFLVLRQ�PDNHUV��RQH�RI�WKH�¿UVW�KXUGOHV�WR�
overcome in embarking on a new transportation initiative—
ZKLFK�ZLOO�UHTXLUH�¿QDQFLQJ��SHUKDSV�WKURXJK�DQ�LQFUHDVH�LQ�
WKH�IXHO�WD[²LV�WR�JDLQ�SXEOLF�VXSSRUW��'HFLVLRQ�PDNHUV�JR�
WR�JUHDW�OHQJWKV�WR�HQVXUH�WKDW�WKH�EXUGHQV��WD[HV��DQG�EHQH-
¿WV��FDSLWDO�SURMHFWV��DUH�DOORFDWHG�LQ�ZD\V�WKDW�DUH�SHUFHLYHG�
DV�IDLU��,W�LV�LQ�WU\LQJ�WR�UDOO\�SXEOLF�VXSSRUW�IRU�WD[�LQFUHDVHV�
that some politicians have sought to remedy the perceived 
XQIDLUQHVV� FRQFHUQLQJ� XQUHDOL]HG� UHYHQXH� IURP� 3(9� GULY-
ers (Vekshin 2013). Washington, Virginia, North Carolina, 
6RXWK� &DUROLQD�� 1HZ� -HUVH\�� ,QGLDQD��$UL]RQD�� 0LFKLJDQ��
2UHJRQ�� DQG�7H[DV� KDYH� DOO� FRQVLGHUHG� RU�� LQ� VRPH� FDVHV��
HQDFWHG�OHJLVODWLRQ�WKDW�LPSRVHV�D�IHH�RU�WD[�RQ�3(9V��0DQ\�
of the efforts were undertaken as part of, or coincident with, 
SURSRVDOV�WR�LQFUHDVH�WKH�IXHO�WD[�RQ�DOO�PRWRULVWV�

Finding: Perceptions of fairness and equity are important 
IDFWRUV�WR�FRQVLGHU�LQ�3(9�WD[�SROLFLHV��HYHQ�WKRXJK�WKH�DF-
WXDO�UHYHQXH�LPSDFW�RI�3(9�WD[DWLRQ�LV�QHJOLJLEOH�LQ�WKH�VKRUW�
UXQ�DQG�OLNHO\�WR�UHPDLQ�PLQLPDO�RYHU�WKH�QH[W�GHFDGH��

Government Responses to Plug-in Electric  
Vehicles and High-Mileage Vehicles

7KH� WKLUG� SROLF\� TXHVWLRQ� UDLVHG� LV� WKH� H[WHQW� WR�ZKLFK�
3(9V�VKRXOG�EH�D�VSHFL¿F�IRFXV�IRU�QHZ�PHWKRGV�RI�WD[DWLRQ��

considering the much larger impact other high-mileage ve-
hicles will have on transportation funding levels, particularly 
once the 2025 CAFE standards (54.5 mpg) take effect. The 
IXHO�HFRQRP\�RI�WKH�HQWLUH�OLJKW�GXW\�SDVVHQJHU�YHKLFOH�ÀHHW�LV�
increasing and will continue to increase in the coming decades 
largely due to federal CAFE standards (see Figure 4-1). The 
&RQJUHVVLRQDO�%XGJHW�2I¿FH� �&%2��HVWLPDWHG� WKDW� WKH�QHZ�
&$)(�VWDQGDUGV�ZRXOG�JUDGXDOO\�ORZHU�IHGHUDO�JDVROLQH�WD[�
revenues, eventually causing them to fall by 21 percent. The 
CBO analysis demonstrated that from 2012 through 2022, 
which is before the most stringent CAFE standards take ef-
fect, there will be a $57 billion drop in revenues (CBO 2012). 

In addition to federal consideration of the impacts of 
KLJK�PLOHDJH�YHKLFOHV��PDQ\�VWDWHV�DUH�QRZ�DFWLYHO\�H[SORU-
ing potential solutions to the forecasted revenue shortfalls (see 
Figure 4-5). At least one state (Washington) has forecast the 
potential transportation-revenue shortfalls attributable to im-
proving fuel economy and to alternative-fuel vehicles, such 
as PEVs, and found that the potential drop in revenues ranges 
IURP����WR����SHUFHQW�RYHU�WKH�QH[W����\HDUV��:67&��������

Both federal and state policy makers and the public are 
becoming increasingly aware of the impact that high-mile-
age and alternative-fuel vehicles will have on roadway fund-
LQJ� �:HLVVPDQQ� �������7KH�7H[DV�7UDQVSRUWDWLRQ� ,QVWLWXWH�
recently convened several focus groups to better understand 
public sentiment. Participants strongly preferred mileage 
fees for vehicles that might only pay state vehicle registra-
tion and title fees for their road use (GAO 2012b).
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Whether the concern is limited to PEVs or more broad-
ly centered on high-mileage vehicles, states are beginning 
WR�WDNH�DFWLRQ��6HYHUDO�VWDWHV�KDYH�HQDFWHG�VSHFLDO�WD[HV�RQ�
3(9V�RU�DUH�FRQVLGHULQJ�KRZ�WR�WD[�WKHP��2WKHU�VWDWHV�DUH�
H[SORULQJ� QHZ� WUDQVSRUWDWLRQ�WD[� PHWKRGV� WR� DGGUHVV� QRW�
only PEVs but all high-mileage vehicles (see Figure 4-6).

Two congressionally chartered transportation funding 
DQG�¿QDQFLQJ�FRPPLVVLRQV²WKH�1DWLRQDO�6XUIDFH�7UDQVSRU-
tation Policy and Revenue Study Commission and the Na-
tional Surface Transportation Infrastructure Financing Com-
mission—have independently called for a transition from 
WKH�FXUUHQW�IXHO�WD[�V\VWHP�WR�D�PLOHDJH�EDVHG�IHH�V\VWHP�WR�
fund the nation’s highway infrastructure (NSTPRSC 2007, 
pp. 51-54; NSTIFC 2009, p. 7). A recent report by the Gov-
HUQPHQW�$FFRXQWDELOLW\�2I¿FH��*$2��H[DPLQHG�WKH�IHDVLELO-
ity of mileage fees and recommended a federally sponsored 
SLORW�SURJUDP�WR�HYDOXDWH�WKH�YLDELOLW\��FRVWV��DQG�EHQH¿WV�RI�
mileage fee systems, particularly for commercial trucks and 
PEVs (GAO 2012b). GAO (2012b, p. 45) found that two-
thirds of state DOTs (34 of 51, including the District of Co-
OXPELD��UHSRUWHG�WKDW�WKH\�ZRXOG�VXSSRUW�IHGHUDOO\�OHG�¿HOG�

tests of mileage-based fees for PEVs; none reported that they 
would be opposed to such tests for PEVs. The Road Usage 
Fee Pilot Program Act of 2013 was introduced in the U.S. 
+RXVH� RI� 5HSUHVHQWDWLYHV� WR� DXWKRUL]H�� IXQG�� DQG� SDUWQHU�
with states to conduct VMT pilot projects across the nation.

Separate from the federal government efforts, over 20 
states are actively studying, testing, or, in the case of Or-
egon, implementing some version of a mileage-based fee, 
also known as road usage charges or VMT fees or simply 
WD[HV��'¶$UWDJQDQ�&RQVXOWLQJ��������7KH�IXQGDPHQWDO�FRQ-
FHSW� LV� WKDW�GULYHUV�ZRXOG�EH�DVVHVVHG�D�FHQWV�SHU�PLOH� WD[�
IRU� HYHU\�PLOH� WKDW� LV� GULYHQ�ZLWKLQ� WKH� WD[LQJ� MXULVGLFWLRQ�
(region, state, or nation), regardless of the vehicle type, fuel 
source, or engine technology. 

Recommendation: In jurisdictions that do impose special 
WD[HV��IHHV��RU�VXUFKDUJHV�RQ�3(9V�DV�D�PHDQV�RI�UHTXLULQJ�
contribution to roadway upkeep, governments should ensure 
WKDW�VXFK�WD[HV�DUH�SURSRUWLRQDWH�WR�DFWXDO�XVDJH��MXVW�DV�FXU-
UHQW�PRWRU�IXHO�WD[HV�DUH�SURSRUWLRQDWH�WR�XVDJH�

TABLE 4-3 Types of EquiW\�DQG�([DPSOHV�LQ�WKH�7UDQVSRUWDWLRQ�7D[�6\VWHP 
Type of Equity Simple Definition 7UDQVSRUWDWLRQ�([DPSOH 
Benefits received  I get what I pay for People who use a facility the most pay the most. 

Ability to pay I pay more because I have more money A SURMHFW�LV�ILQDQFHG�WKURXJK�D�SURJUHVVLYH�WD[�WKDW�LV�
disproportionately paid by higher income people. 

Return to source We get back what we put in Transit investment in each county is matched to that county’s  
VKDUH�RI�PHWURSROLWDQ�WD[�UHYHQXHV�XVHG�IRU�WUansit. 

Costs imposed I pay for the burden I impose on others ([WUD�H[SHQVH�UHTXLUHG�WR�SURYLGH�H[SUHVV�EXV�VHUYLFH�IRU�VXEXUE- 
to-city commuters is recovered by charging fares for this service. 

Process (or participation) I had a voice when the decision was made Public outreach regarding proposed new high-occupancy-toll lanes 
provides transparent information and seeks to involve all affected 
parties in public hearings and workshops. 

SOURCE: TRB (2011, p. 41). 

TABLE 4-2 &RPSDULVRQ�RI�8QUHDOL]HG�5HYHQXH�IURP�%DWWHU\�(OHFWULF�9HKLFOHV�DQG�3OXJ-LQ�+\EULG�(OHFWULF�9HKLFOHV 

Vehicle Type U.S. Total 2013a Average Annual VMT 
Fuel Economy  
(MPG or MPGe) 

Annual Gallons 
Consumed 

Federal Gas  
7D[�5DWH 

$QQXDO�8QUHDOL]HG�
Revenue  

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

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

3+(9c 95,589 11,489 98 117 gal $0.184 $7.1 million 
a Electric Drive Transportation Association Sales Dashboard, Totals from December 2010 to December 2013. 
b The data comprising the base case are adapted from GAO (2012b, p. 9). 
c %HFDXVH�3+(9�PRGHOV�YDU\�ZLGHO\��WKH�&KHYUROHW�9ROW�ZDV�XVHG�DV�WKH�UHIHUHQFH�case as it has the longest all-electric range of 
WKH�3+(9V�RQ�WKH�PDUNHW� 
d 7KLV�HVWLPDWH�LV�WKH�EDVHOLQH�DQQXDO�JDVROLQH�WD[�SDLG�SHU�YHKLFOH��QRW�DQQXDO�XQUHDOL]HG�UHYHQXH�  
NOTE: BEV, battery electric vehicle; MPG, miles per gallon; MPGe, miles per gallRQ�JDVROLQH�HTXLYDOHQW��3+(9��SOXJ-in hybrid 
electric vehicle; VMT, vehicle miles traveled. 
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FIGURE 4-5�+LVWRULF�DQG�IRUHFDVW�JDVROLQH�
WD[� UHYHQXH� IRU�:DVKLQJWRQ� VWDWH��)<������
WR�)<�������6285&(��:67&��������S�����

Intervening Policy Considerations in the  
Taxation of Plug-in Electric Vehicles

7KH� ODVW�SROLF\� LVVXH�H[DPLQHG� LV�ZKHWKHU�RWKHU� LQWHU-
vening policy considerations might trump the general trans-
SRUWDWLRQ�WD[�SDUDGLJP�RI�XVHU�SD\V��DW�OHDVW�XQWLO�3(9V�KDYH�
UHDFKHG� VRPH� OHYHO� RI�PDUNHW� SHQHWUDWLRQ��8�6�� WD[� SROLF\�
has a long and successful track record of encouraging in-
QRYDWLRQ� �5HXWHUV� �������7KHUH� DUH�PDQ\� H[DPSOHV� LQ� WKH�
FXUUHQW�8�6��WD[�FRGH��DQG�VWDWH�WD[�FRGHV��ZKHUH�WD[HV�DUH�
H[HPSWHG��FUHGLWHG��RU�UHEDWHG�WR�SURPRWH�WKH�GHYHORSPHQW�
or proliferation of services, assets, or activities deemed to 
SURYLGH�D�SXEOLF�EHQH¿W��VXFK�DV�GHSHQGHQW�FDUH�WD[�EHQH¿WV�
DQG�UHVHDUFK�DQG�GHYHORSPHQW�RU�PDQXIDFWXULQJ�WD[�FUHGLWV��
7KDW� WD[�IRUEHDUDQFH�DFWV�DV� WKH�SXEOLF¶V� LQYHVWPHQW� LQ� WKH�
societal good produced.

0RVW� WD[� LQFHQWLYHV� DUH� OLPLWHG� LQ� VFRSH�� GXUDWLRQ�� RU�
DPRXQW�� VR�DV� WR� WDUJHW�PRUH�FDUHIXOO\� WKH�VSHFL¿F�DFWLYLW\�
WR�EH�HQFRXUDJHG�DQG�WR�OLPLW�WKH�SXEOLF¶V�VXEVLGL]DWLRQ��RU�
LQYHVWPHQW���7KH�FXUUHQW�IHGHUDO��������WD[�FUHGLW�IRU�3(9V�
LV� D� JRRG� H[DPSOH� RI� D� QDUURZO\� WDUJHWHG� IHGHUDO� VXEVLG\�
(IRS 2009). As currently enacted, the amount of the credit 
increases on the basis of the capacity of the PEV battery be-
FDXVH�WKH�EDWWHU\�LV�WKH�PRVW�H[SHQVLYH�FRPSRQHQW�XQLTXH�WR�

PEVs and most in need of technological breakthrough. The 
WD[�FUHGLW�LV�DOVR�OLPLWHG�LQ�WKH�DPRXQW�DYDLODEOH�SHU�WD[SD\HU�
($7,500) and limited in duration (credit is phased out after 
the manufacturer reaches vehicle sales of 200,000).

,Q� FRQWUDVW�� WKHUH� LV� QR� LQWHQWLRQDO� RU� WDUJHWHG� WD[� LQ-
centive to encourage PEVs to drive on public roadways.6 
,QVWHDG�� WKH�JRYHUQPHQW¶V�SUR�3(9�VFKHPH�FRQVLVWV�RI� WD[�
FUHGLWV��UHEDWHV��IHH�UHGXFWLRQV��DQG�H[HPSWLRQV�IRU�WKH�SXU-
chase and ownership of the PEV—but not for its use of pub-
OLF�URDGZD\V��7KH�IDFW�WKDW�3(9V�GR�QRW�SD\�WKH�IXHO�WD[�RU�
D�VLPLODU�URDG�XVDJH�WD[�VWDQGV�DSDUW�IURP�WKH�YDVW�PDMRULW\�
RI�WD[�SROLFLHV�WKDW�DUH�WUDQVSDUHQW��OHJLVODWLYHO\�JUDQWHG��DQG�
targeted in scope, quantity, or duration.

7R�WKH�H[WHQW�SROLF\�PDNHUV�ZLVK�WR�FRQWLQXH�SURYLGLQJ�
3(9�GULYHUV�ZLWK�WKH�¿QDQFLDO�EHQH¿W�RI�QRW�SD\LQJ�WKH�IXHO�
WD[� �RU� DOWHUQDWLYH� URDG� XVHU� FKDUJH��� VHULRXV� FRQVLGHUDWLRQ�
VKRXOG�EH�JLYHQ�WR�H[SOLFLWO\�DQG�LQWHQWLRQDOO\�DGRSWLQJ�VXFK�
D�SROLF\�LQ�WKH�VDPH�PDQQHU�DV�RWKHU�WD[�LQFHQWLYHV��$OWKRXJK�
it might initially seem odd to enact a law or regulation that 
VSHFL¿FDOO\�H[HPSWV�DQ�DFWLYLW\��3(9�GULYLQJ��WKDW�LV�DOUHDG\�

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�3(9�VSHFL¿F�PHDVXUHV�IRU�WUDQVSRUWDWLRQ�IXQGLQJ��127(��3(9��SOXJ�LQ�HOHFWULF�YHKLFOH��6285&(��%DVHG�RQ�GDWD�IURP�
C2ES (2015). Courtesy of the Center for Climate and Energy Solutions.

XQWD[HG�� LW�FRXOG�EH�DQ�HIIHFWLYH�VWUDWHJ\� IRU�DGGUHVVLQJ� WKH�
perceived issues around fairness and more clearly elaborat-
ing the government’s innovation policy by setting criteria like 
WKRVH�IRU�RWKHU�WD[�LQFHQWLYHV�IRXQG�LQ�WKH�8�6��DQG�VWDWH�WD[�
codes. 

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

STREAMLINING CODES,  
PERMITS, AND REGULATIONS

Although there are some applicable federal and state 
permitting processes that affect PEV infrastructure deploy-
PHQW²VXFK�DV�IHGHUDO�HQYLURQPHQWDO�ODZV��IRU�H[DPSOH��WKH�
National Environmental Policy Act, NEPA) and state regu-
lations—cities, counties, and regional governments are at 
JURXQG�]HUR�IRU�FRQVXPHU�DGRSWLRQ�DQG�XVH�RI�3(9V��7UDYHO�
distances, trip patterns, and vehicle registration data show 
that most PEV registrations and travel will be within urban-
L]HG� DUHDV��7KH� XVHIXOQHVV� RI� WKH� YHKLFOHV�ZLOO� ODUJHO\� GH-

pend on the availability of charging infrastructure, whether 
at home, at work, or in public locations (see Chapter 5 for an 
in-depth discussion of charging infrastructure needs). 

Electrical permit requirements appear to vary widely 
from jurisdiction to jurisdiction (see Table 4-4), as does the 
amount of time required to apply for and process permits 
DQG�WR�REWDLQ�D�¿QDO�HOHFWULFDO�LQVSHFWLRQ�WR�FHUWLI\�FRPSOL-
ance with applicable electrical codes. Consumer interest in 
PEVs could be seriously impeded if PEV buyers must bear 
KLJK�SHUPLW�DQG�LQVWDOODWLRQ�FRVWV�DQG�H[SHULHQFH�GHOD\�LQ�WKH�
activation of their home chargers. 

Some forward-looking jurisdictions are making adjust-
PHQWV�LQ�WKHLU�HOHFWULFDO�FRGHV�DQG�SHUPLW�SURFHVVHV�WR�H[SH-
dite installation and activation of a home-based charger.7 Fur-
thermore, many jurisdictions are proactively amending their 
building codes to require that new construction be “forward 
compatible” with devices for charging at home (DOE 2014c).

In its interim report, the committee suggested that state 
and local governments ensure that their permit processes are 
appropriate for the type of infrastructure project and poten-

7 Portland, Oregon; Raleigh, North Carolina; and San Francisco, 
California are three municipalities that have instituted programs to 
H[SHGLWH�HOHFWULFDO�SHUPLW�SURFHVVHV�
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tial impact to the site or broader environment (NRC 2013). 
7KHUH� DUH� LQVWDQFHV�ZKHUH� H[WHQVLYH� SHUPLW� SURFHVVHV� DQG�
environmental review have been undertaken that would have 
EHHQ�DSSURSULDWH�IRU�D�KLJKZD\�H[SDQVLRQ�SURMHFW�EXW�DUH�LOO�
suited for the simple installation of a DC fast-charging sta-
WLRQ��&�(6��������)RU�H[DPSOH��2UHJRQ�'27�KDV�UHSRUWHG�
that even though the DC fast-charging stations installed in 
Oregon were provided under a master contract by a single 
vendor, the environmental permit process for each station 
differed based on the source of funding used to pay the con-
WUDFWRU� IRU�RWKHUZLVH� LGHQWLFDO� VWDWLRQV� �$��+RUYDW��2UHJRQ�
Department of Transportation, personal communication, 
-XQH� ������� ,I� WKH� FKDUJLQJ� VWDWLRQ� ZDV� IXQGHG� ZLWK� 8�6��
DOT money through the federal Transportation Investment 
Generating Economic Recovery (TIGER) grant program, 
each station was required to undergo heightened NEPA per-
mitting, including an assessment of potential underground 
KD]DUGRXV�PDWHULDOV��+RZHYHU��LI�WKH�VWDWLRQ�ZDV�WR�EH�IXQG-
ed through DOE, there were no permit requirements beyond 
those for ordinary state and local permits. 

Finding:� 5HJXODWRU\� DQG� HQYLURQPHQWDO� RI¿FLDOV� RIWHQ� GR�
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 for pub-
lic charging stations.

Recommendation:�)HGHUDO�RI¿FLDOV�VKRXOG�H[DPLQH�FXUUHQW�
NEPA and other permitting requirements to determine the 
most appropriate requirements for the class of infrastructure 
to be installed; the federal government should adopt uniform 
rules that would apply to all charging installations of a simi-
lar asset class, regardless of the capital funding source used 
to pay for them.

Finding: The permitting and approval processes for home-
based and public charging installations need more clarity, 
predictability, and speed.

Recommendation: Local governments should streamline 
permitting and adopt building codes that require new con-
struction to be capable of supporting future charging instal-
lations. Governments could implement new approaches, per-
haps on a trial basis, to learn more about their effectiveness 
while still ensuring personal and environmental safety. 

ANCILLARY INSTITUTIONAL ISSUES  
RELATED TO SUPPORT FOR  

PLUG-IN ELECTRIC VEHICLES

Battery Recycling and Disposal

PEV battery recycling and disposal needs will affect the 
costs and acceptance of PEVs and the infrastructure require-
ments to support them. At the end of its useful life in the 
vehicle, the battery must be disposed of, either by applying it 
WR�D�VHFRQGDU\�XVH��IRU�H[DPSOH��DV�D�EDFN�XS�SRZHU�VRXUFH�
in a stationary application) or by reusing materials and com-
ponents that have value and disposing of the remainder as 
waste. The cost of disposal, less any value in secondary use 
or of recycled parts and materials, ultimately must be paid by 
the vehicle owner. Actions that reduce this cost will lower a 
cost barrier to PEV use. 

� 3(9�PDQXIDFWXUHUV��ZDVWH� GLVSRVDO� ¿UPV�� DQG� RWKHUV�
are working to create PEV battery recycling and disposal 
V\VWHPV��,I�WKHLU�HIIRUWV�ODJ�H[SDQVLRQ�RI�WKH�3(9�PDUNHW��LW�
LV�FRQFHLYDEOH�WKDW�ZKHQ�VLJQL¿FDQW�QXPEHUV�RI�3(9V�EHJLQ�
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 
FRQWDLQ� QR� WR[LF� VXEVWDQFHV� WKDW�ZRXOG� SUHFOXGH� WKHLU� GLV-
posal in the ordinary waste stream (Kelty 2008; Panasonic 
�������+RZHYHU��EHFDXVH�UHGXFLQJ�WKH�HQYLURQPHQWDO�HIIHFWV�
of motor vehicle transportation 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  

Region Number of Permits 
Permit Fee ($) 

Average Minimum 0D[LPXP 
$UL]RQD 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 (2013). 
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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, 
ODUJH�VFDOH�FRQYHUVLRQ�RI�WKH�ÀHHW�WR�3(9V�SUREDEO\�ZRXOG�
increase consumption of certain materials, including lithium 
DQG�FREDOW��HQRXJK�WR�UDLVH�SULFHV�VLJQL¿FDQWO\��(I¿FLHQW�UH-
cycling would moderate material price increases (Gaines and 
Nelson 2010).

The sections below describe the status of recycling tech-
nology; the regulations and standards affecting recycling; 
prospects for secondary uses of batteries; present involve-
PHQW�RI�YHKLFOH�DQG�EDWWHU\�PDQXIDFWXUHUV��UHF\FOLQJ�¿UPV��
and others; and possible areas for federal action. 

Finding: Reducing the environmental impact of motor ve-
hicle transportation attracts buyer interest and public support 
for PEVs. Therefore, although the disposal of lithium-ion 
PEV batteries does not appear to present adverse health risks 
QRU�GRHV�LW�KDYH�VXEVWDQWLDO�¿QDQFLDO�DGYDQWDJHV��SURYLVLRQ�
for environmentally sound battery disposal will facilitate de-
velopment of the PEV market. 

Recycling Technology

Technologies available today for lithium-ion battery re-
cycling recover certain elementary materials from the bat-
tery 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-
um-ion batteries are of little value compared with the cost of 
UHFRYHU\��DQG�QHZHU�EDWWHU\�GHVLJQV�WKDW�XVH�OHVV�H[SHQVLYH�
materials (in particular, cathodes that do not contain cobalt) 
yield even less value in recycling. Therefore, recycling is not 
economical (Kumar 2011; Gaines 2012). Processes under 
development seek to recover intact, reusable cathode materi-
als that have more value than their elemental components 
(ANL 2013).

Standards and Regulations

%DWWHU\�VWDQGDUGV�DUH�HVVHQWLDO�IRU�HI¿FLHQW�DQG�VDIH�GLV-
posal and recycling. Designing batteries with recycling in 
PLQG� UHGXFHV� WKH� FRVW�RI� UHF\FOLQJ�� DQG� VWDQGDUGL]DWLRQ�RI�
GHVLJQV� VLPSOL¿HV� WKH�RSHUDWLRQ�RI� UHF\FOLQJ� IDFLOLWLHV��/D-
beling is necessary to ensure that batteries of different com-
position can be properly sorted for recycling. Design stan-
dards also could facilitate secondary uses. 

The Society of Automotive Engineers (SAE) is actively 
HQJDJHG�LQ�YHKLFOH�HOHFWUL¿FDWLRQ�VWDQGDUGV��6WDQGDUGV�XQGHU�
development related to battery disposal include Vehicle Bat-
WHU\�/DEHOLQJ�*XLGHOLQHV��-�������,GHQWL¿FDWLRQ�RI�7UDQVSRU-
tation Battery Systems for Recycling Recommended Practice 
�-�������6WDQGDUGV�IRU�%DWWHU\�6HFRQGDU\�8VH��-�������DQG�
5HFRPPHQGHG� 3UDFWLFHV� IRU� 7UDQVSRUWDWLRQ� DQG� +DQGOLQJ�

of Automotive-type Rechargeable Energy Storage Systems 
�-�������6$(�,QWHUQDWLRQDO�������

No federal or state laws yet require recycling of the bat-
WHULHV�FRQWDLQHG�LQ�3(9V��&DOLIRUQLD�DQG�1HZ�<RUN�UHTXLUH�
UHF\FOLQJ�RI�VPDOO�UHFKDUJHDEOH�EDWWHULHV��,Q�1HZ�<RUN��VHOO-
ers are required to receive used batteries of that type, and 
battery manufacturers are required to develop plans for 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 transportation of bat-
WHULHV�DV�KD]DUGRXV�PDWHULDOV��35%$��������EXW�WKH�WUDQVSRUW�
UHJXODWLRQV�DSSHDU�WR�EH�DLPHG�PDLQO\�DW�WKH�ULVN�RI�¿UH�IURP�
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 for compli-
ance (European Commission 2014). 

Finding: Industry standards regarding design and labeling of 
3(9�EDWWHULHV�DUH�QHFHVVDU\�IRU�HI¿FLHQW�DQG�VDIH�UHF\FOLQJ�

Secondary Uses

PEV battery performance (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 for other applications, such as energy storage by utilities 
to satisfy peak demand, storage of energy from an intermittent 
generator like a solar energy facility, or as backup power in 
a residence. Developing the market for such secondary uses 
would reduce the cost of the battery to its initial owner, the 
PEV purchaser. Reuse delays but does not eliminate the need 
for eventual recycling or disposal of the battery. 

It is most helpful to view battery secondary use (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-
WHP�� 7KH� PD[LPXP� SRWHQWLDO� DQG� OLPLWDWLRQV� RI� WKH� %�8�
ecosystem are set by the original design and architecture of 
the vehicle-battery system. Because the vehicle manufactur-
ers specify the design for the vehicle-battery pack and the 
parameters for its production, they are currently the most 
critical player in the development of such an ecosystem. To 
enable a B2U market to evolve, the vehicle manufacturers 
PXVW�¿QG�HQRXJK�YDOXH�IURP�SDUWLFLSDWLQJ�LQ�WKH�%�8�HFR-
system to develop a strategy that complements their propri-
etary PEV technologies.

A B2U strategy must consider the design, development, 
and manufacture of a battery system with the intent to serve 
two purposes: (1) the initial use in the vehicle and (2) another 
application, most likely stationary. An optimal B2U strategy 
UHTXLUHV� WKH�GHVLJQ�DQG�XVH�RI� WKH�EDWWHU\� WR�PD[LPL]H� WKH�
YDOXH�RI�WKH�V\VWHP�RYHU�LWV�HQWLUH�H[WHQGHG�OLIH�F\FOH��%RZO-
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er (2014) developed a model to evaluate trade-offs along the 
secondary use value chain. The modeling showed that cir-
FXPVWDQFHV�FDQ�H[LVW�LQ�ZKLFK�WKH�HFRQRPLF�LQFHQWLYHV�IRU�
secondary 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 manufacturer could independently develop 
and use such a model to integrate its own technical param-
eters into the development of a proprietary B2U strategy. 
Current evidence suggests that the market will begin with 
VXFK�SURSULHWDU\�GHSOR\PHQWV��)RU�H[DPSOH��1LVVDQ�ZDV�¿UVW�
to announce the use of an on-vehicle battery to supplement 
electric energy to a demonstration home near its headquar-
ters (Pentland 2011). The removal of a depleted PEV bat-
WHU\�WKDW�KDG�EHHQ�RSWLPL]HG�IRU�VWDWLRQDU\�XVH�ZRXOG�VHHP�D�
ORJLFDO�QH[W�VWHS��)RUG��7HVOD��DQG�7R\RWD�KDYH�EHHQ�UHSRUWHG�
as pursuing various strategies (Woody 2014).

PEV manufacturers are engaged in developing technol-
RJ\�DQG�H[SORULQJ�WKH�PDUNHW�IRU�VWDWLRQDU\�EDWWHU\�DSSOLFD-
tions. Most such efforts are in early stages and include the 
IROORZLQJ�H[DPSOHV��

�� Nissan Motor Company and Sumitomo Corporation 
have formed a joint venture (4R Energy Corporation) 
to store energy from solar generators and other appli-
cations using PEV batteries (Srebnik 2012; 4R Energy 
2013; Sumitomo 2014). Sumitomo announced installa-
tion of a prototype system assembled from 16 used PEV 
EDWWHULHV�DW�D� VRODU� IDUP� LQ�-DSDQ� LQ�)HEUXDU\�������$�
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. 

�� Tesla Motors is supplying batteries to SolarCity, a com-
pany that leases and installs solar panels for 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 not re-
ported to be reusing PEV batteries but represents a po-
tential market for reuse. 

�� A Toyota subsidiary (Toyota Turbine) has begun reus-
LQJ�7R\RWD�+(9�1L0+�EDWWHULHV�LQ�VRODU�SDQHO�HQHUJ\�
management systems that have been sold to Toyota ve-
hicle dealerships (Toyota Turbine 2013; Nikkei Asian 
Review 2014).

�� General Motors and ABB in 2012 demonstrated a sys-
WHP�WKDW�SDFNDJHG�¿YH�XVHG�&KHYUROHW�9ROW�EDWWHULHV�LQ�
a stationary back-up power unit for residential or busi-
ness applications (General Motors 2012). 

Alternatively, the federal government could develop a 
common public framework that would disseminate informa-
tion on the actions and processes that create second-use val-
ue to the potential participants in a national B2U value chain. 
7KDW�DSSURDFK�PLJKW�EHFRPH�DSSURSULDWH�DV�VWDQGDUGL]DWLRQ�

increases among vehicle batteries, charging systems, and the 
national electric grid.

Finding: 9HKLFOH�PDQXIDFWXUHUV�DSSHDU�WR�UHFRJQL]H�D�SUDF-
tical responsibility for disposal of batteries from their ve-
hicles, although their willingness to bear this responsibility 
YROXQWDULO\�DV�3(9�VDOHV�JURZ�DQG�WKH�ÀHHW�DJHV�UHPDLQV�WR�
be seen. Unlike the European Union, the United States im-
poses no legal requirements for battery disposal on manufac-
turers or sellers.

Finding: There is a potential market for secondary uses of 
PEV batteries that are no longer suitable for automotive use 
but retain a large share of their storage capacity. Whether led 
by private companies or public agencies, an effective collabo-
ration among the entities that design and manufacture PEVs, 
the vehicle owners, and the users and purveyors of stationary 
electric systems can materially assist the development of an 
HFRQRPLFDOO\�HI¿FLHQW�VHFRQGDU\�XVH�PDUNHWSODFH��

Recycling Arrangements and Capabilities

The principal participants in the PEV battery recycling 
system will be the vehicle owner, the party that accepts or is 
required to accept the responsibility for battery disposal (most 
likely the vehicle manufacturer), companies in the recycling 
industry, and producers and purchasers of stationary storage 
units that can reuse PEV batteries. At present, most PEV bat-
teries that have gone out of use probably have passed through 
3(9�GHDOHUVKLSV��DQG�PDQXIDFWXUHUV�DSSHDU�WR�UHFRJQL]H�WKDW�
WKH\�ZLOO�EH�H[SHFWHG�WR�SURYLGH�IRU�EDWWHU\�GLVSRVDO��

Lead-acid battery recycling is well established in the 
United States and internationally and is sustained by the 
value of the recycled lead (that is, recyclers pay for the used 
batteries they process). Nearly all lead-acid batteries are re-
F\FOHG��7KH�HVWDEOLVKHG�¿UPV�ZLWK�H[SHULHQFH� LQ� UHF\FOLQJ�
technology and in the logistics of battery collection, trans-
port, and handling can provide the industrial base for PEV 
battery recycling (Gaines 2014). The U.S. battery recycling 
¿UP�5HWULHY�7HFKQRORJLHV� �XQWLO������NQRZQ�DV�7R[FR�,Q-
dustries) recycles lithium-ion PEV batteries (Retriev Tech-
QRORJLHV��������5HWULHY�DQG�WKH�8�.��EDWWHU\�UHF\FOLQJ�¿UP�
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-
DOV�DQG�UHF\FOLQJ�¿UP�8PLFRUH�KDV�HVWDEOLVKHG�D�IDFLOLW\�LQ�
1RUWK�&DUROLQD�WR�GLVPDQWOH�3(9�DQG�+(9�EDWWHULHV�EHIRUH�
shipment of components to its processing plant in Belgium 
(Umicore 2014).

Vehicle manufacturers have arrangements with recy-
clers for battery disposal and have had some involvement 
LQ�GHYHORSLQJ� LPSURYHG�SURFHVVHV��)RU�H[DPSOH��7HVOD�KDV�
arrangements with recycling companies in Europe and North 
America for recycling and disposal of used battery packs 
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(Kelty 2011) and plans to recycle batteries in-house at what 
it calls the Gigafactory, a battery plant that it intends to build 
(Tesla 2014). 

Finding: The solid waste disposal industry has developed 
technologies for acceptable disposal of PEV batteries, and 
WHFKQRORJLFDO� LPSURYHPHQWV� PLJKW� VXFFHHG� LQ� H[WUDFWLQJ�
JUHDWHU� QHW� YDOXH� IURP� UHF\FOHG�PDWHULDOV�� +RZHYHU�� 3(9�
battery recycling will not pay for itself from the value of 
recycled materials.

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

Finding: PEV manufacturers, the solid waste industry, and 
VWDQGDUGV�RUJDQL]DWLRQV�DUH�ZRUNLQJ�WR�GHYHORS�GLVSRVDO��UH-
cycling, and reuse technologies. Although federal action is 
not required, there appear to be opportunities for federal sup-
port of industry efforts. 

Recommendation: Although battery recycling does not 
present a barrier to PEVs in the near term, the federal gov-
ernment should monitor the developments in this area and 
be prepared to engage in research to establish the following: 
HI¿FLHQW�UHF\FOLQJ�WHFKQRORJLHV��VWDQGDUGV�IRU�EDWWHU\�GHVLJQ�
and labeling that will facilitate safe handling of used bat-
WHULHV�DQG�HI¿FLHQW�UHF\FOLQJ��DQG�UHJXODWLRQ�WR�HQVXUH�VDIH�
transportation and environmentally acceptable disposal of 
EDWWHULHV�WKDW�SURPRWHV�HI¿FLHQW�UHF\FOLQJ�DQG�DYRLGV�FUHDW-
ing unintended obstacles.

Emergency Response

3ROLFH�� ¿UH¿JKWHUV�� DQG� HPHUJHQF\� PHGLFDO� VHUYLFHV�
(EMS) personnel responding to road crashes that involve 
3(9V�PXVW�EH�DZDUH�RI� WKH�KD]DUGV�DVVRFLDWHG�ZLWK�3(9V�
WKDW�GLIIHU�IURP�WKH�KD]DUGV�DVVRFLDWHG�ZLWK�JDVROLQH�SRZHUHG�
vehicles in wrecks, and they must be trained in procedures 
IRU�PLWLJDWLQJ�WKHVH�KD]DUGV��7KH�KD]DUGV�DUH�ULVNV�RI�HOHFWUL-
FDO� VKRFN��¿UH�� DQG� H[SRVXUH� WR� WR[LF� VXEVWDQFHV� �1+76$�
2012, p. 2). Because highway emergency response in the 
United States is the responsibility of thousands of indepen-
GHQW�ORFDO�SROLFH��¿UH��DQG�(06�RUJDQL]DWLRQV��WUDLQLQJ�DQG�
communication of information are challenging activities. All 
the emergency responders will require training and access to 
the necessary equipment to discharge batteries safely after an 
accident and on other safe handling procedures.

The most important nationwide PEV emergency re-
sponse training activity is Electric Vehicle Safety Training, a 
project of the National Fire Protection Association (NFPA). 
1)3$� LV� D� QRQSUR¿W�PHPEHUVKLS� RUJDQL]DWLRQ� HQJDJHG� LQ�
development of codes and standards, training, and research. 

The training program is funded by a grant from DOE, as 
part of the department’s effort to promote PEV use (NFPA 
2014). The NFPA project 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 
'2(�� WKH�1DWLRQDO�+LJKZD\�7UDI¿F�6DIHW\�$GPLQLVWUDWLRQ�
�1+76$���DQG�WKH�DXWRPRWLYH�LQGXVWU\��/RQJ�HW�DO��������

$W� WKH� IHGHUDO� OHYHO��1+76$�GHYHORSV� DQG�GLVWULEXWHV�
(06� WUDLQLQJ� VWDQGDUGV� DQG� FXUULFXOD�� RUJDQL]HV� FRRSHUD-
tive activities, maintains databases, and evaluates state EMS 
V\VWHPV� �1+76$�����D���1+76$�KDV�SXEOLVKHG�JXLGDQFH�
on safety precautions for vehicle occupants, emergency 
responders, and towing and repair workers when a PEV is 
GDPDJHG�E\�D�FROOLVLRQ��1+76$�������1+76$�����E���7KH�
guidance is brief and general and does not contain detailed 
technical information or response instructions. 

Recommendation: '2(� DQG� 1+76$� VKRXOG� FRRSHUDWH� LQ�
long-term monitoring of the implementation and effectiveness 
of the NFPA EV Safety Training program. The monitoring 
should determine whether the program is reaching local emer-
gency responders, whether the skills it teaches prove useful in 
practice, and whether it is timely. 
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5

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 fun-
damentally different from the well-developed infrastructure 
for 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 charg-
ing options are available, from AC level 1 chargers that use 
120 V ac electric circuits that are present in almost every 
building to DC fast chargers that do not yet have a technol-
ogy standard. The charging rate also varies from slow (time-
insensitive) charging to fast (time-sensitive) charging. Each 
infrastructure category also has different upfront and ongo-
ing investment costs and returns and different entities that 
would have an incentive to build such infrastructure, rang-
ing from vehicle owners who might spend about $1,000 to 
upgrade their home outlet or electric panel to corporations 
and governments that could spend $100,000 to build a DC 
fast-charging station. The public charging stations might 
also require technology to monitor usage and bill customers. 
PEV deployment and eVMT will be constrained if charging 
infrastructure is not conveniently located or if the available 
infrastructure does not facilitate charging within a conve-
nient time frame. Thus, critical questions for vehicle manu-
facturers and policy makers are how are vehicle deployment 
and eVMT affected by the availability of various charging 
infrastructure types and what is the cost effectiveness of in-
frastructure investments relative to other investments that 
manufacturers and the government could make to overcome 
barriers to PEV deployment.

This chapter considers scenarios for deploying PEV 
charging infrastructure and the potential effect of that infra-
structure on PEV deployment and eVMT. The committee has 
FDWHJRUL]HG�LQIUDVWUXFWXUH�E\�ORFDWLRQ��KRPH��ZRUNSODFH�� LQ-
tracity, intercity, and interstate) and power (AC level 1, AC 
level 2, and DC fast). The infrastructure categories are ranked 
in order of importance for increasing PEV deployment and 
eVMT from the perspective of owners of the four PEV classes 
DV�GH¿QHG�LQ�&KDSWHU����7KH�H[SHULHQFH�DQG�QHHGV�RI�FXUUHQW�
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 

have an incentive to build each category of charging infra-
structure, with particular attention to how infrastructure in-
vestments would be recovered. The committee provides its 
¿QGLQJV�DQG�UHFRPPHQGDWLRQV�WKURXJKRXW�WKLV�FKDSWHU�

In this chapter, the committee’s analysis of infrastructure 
deployment assumes (1) no disruptive 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-
WULFLW\� FRVWV� WKDW� DUH� VLJQL¿FDQWO\� OHVV� H[SHQVLYH� WKDQ� WKRVH�
of gasoline per mile of travel, and (4) a cost for public and 
workplace charging that is at least as high as that for home 
charging. The committee notes that the need for charging in-
frastructure could conceivably be mitigated by investments in 
battery swapping stations, which use robotic processes and al-
ORZ�GULYHUV�WR�VZDS�EDWWHULHV�LQ�OHVV�WKDQ���PLQXWHV��7KH�¿UVW�
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. Tesla has an-
nounced a plan to add battery-swap technology at its network 
RI�IDVW�FKDUJLQJ�VWDWLRQV��9DQFH��������+RZHYHU��WKLV�PRGHO�
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 infrastructure 
technology consists of AC level 1 and AC level 2 chargers, 
which are typically used when charging time is not a prime 
consideration, and DC fast chargers, which are typically used 
when charging time is an important consideration. All PEVs 
can charge with AC level 1 and level 2 chargers, and most 
battery electric vehicles (BEVs) can also charge at DC fast 
chargers. In the future, some plug-in hybrid electric vehicles 
�3+(9V��PLJKW�EH�HTXLSSHG�WR�XVH�'&�IDVW�FKDUJHUV��EXW�WKHUH�
LV�OLWWOH�PRWLYDWLRQ�WR�PDNH�VXFK�D�FKDQJH�EHFDXVH�3+(9V�FDQ�
use their internal-combustion engines (ICEs) to circumvent 
the need to charge. Charging infrastructure locations and in-
YHVWPHQWV� UDQJH�ZLGHO\� IURP�DQ�H[LVWLQJ�H[WHQVLYH�QHWZRUN�
of private chargers (or simply ordinary outlets) at homes and 
ZRUNSODFHV�WR�DQ�H[SDQGLQJ�LQIUDVWUXFWXUH�RI�SXEOLF�FKDUJHUV��
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such as those at retailers or shopping malls or along highways. 
Workplace and public charging infrastructure might require 
payment for electricity or time occupying the charger or be 
restricted to vehicles belonging to a subscription 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 of PEVs, their use, and their geographic distribu-
tion. Conversely, although there has been little research on the 
relationship between charging-station deployment and PEV 
deployment, the availability of charging infrastructure and the 
UDWH�RI�LWV�GHSOR\PHQW�PLJKW�LWVHOI�LQÀXHQFH�3(9�GHSOR\PHQW�
DQG�XVH��)LJXUH� ���� VKRZV� VL[� FDWHJRULHV� RI� FKDUJLQJ�LQIUD-
VWUXFWXUH�GHSOR\PHQW��UDQNHG�LQ�D�S\UDPLG�WKDW�UHÀHFWV�WKHLU�
relative importance as assessed by the committee. As noted 
DERYH��WKH�FDWHJRULHV�DUH�GH¿QHG�E\�ORFDWLRQ�DQG�SRZHU��7KH�
term intercity refers to travel over distances less than twice the 
range of limited-range BEVs, and interstate refers to travel 
over longer distances.

Table 5-1 provides the committee’s assessment of the 
effect of charging infrastructure on different PEV classes. 
Evaluating infrastructure by type of PEV might help to ad-
dress misconceptions about charging infrastructure needs. 
)RU� H[DPSOH�� 3+(9V� GR� QRW� UHTXLUH� HOHFWULF� FKDUJLQJ� IRU�
UDQJH�H[WHQVLRQ�EHFDXVH�GULYHUV�KDYH�WKH�RSWLRQ�RI�IXHOLQJ�
with gasoline. BEVs, which have only electricity as a fuel 
option, are much more affected by the availability of charg-

ing infrastructure. That does not mean that electric-charging 
LQIUDVWUXFWXUH�LV�QRW�LPSRUWDQW�IRU�3+(9�GHSOR\PHQW��KRZ-
HYHU��3+(9�GULYHUV�PLJKW�VWLOO�KHDYLO\�XVH�FKDUJLQJ�DW�SUL-
YDWH�DQG�SXEOLF� ORFDWLRQV� WR�PD[LPL]H� WKHLU�YDOXH�SURSRVL-
tion in terms of cheaper charging, convenience, or personal 
YDOXHV��VXFK�DV�HQYLURQPHQWDO�FRQFHUQV��)RU�H[DPSOH��GDWD�
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-infrastructure 
category and the impact of each category on different PEV 
classes are discussed in detail in the sections below.

Home Charging

+RPH� FKDUJLQJ� LV� D� YLUWXDO� QHFHVVLW\� IRU� PDLQVWUHDP�
PEV buyers of all four vehicle classes given that the vehicle 
is typically parked at a residence for the longest portion of 
WKH�GD\��$V�VKRZQ�LQ�)LJXUH������WKH�8�6��YHKLFOH�ÀHHW�VSHQGV�
about 80 percent of its time parked at home, and more than 
���SHUFHQW�RI�WKH�8�6��YHKLFOH�ÀHHW�LV�SDUNHG�DW�KRPH�HYHQ�
during weekday work hours. Most early adopters of PEVs 
KDYH� VDWLV¿HG� WKHLU� FKDUJLQJ� QHHGV� SULPDULO\� E\� SOXJJLQJ�
their vehicles into 120 V (AC level 1) or 240 V (AC level 2) 
receptacles at home during overnight hours or other periods 
when it is convenient to leave their vehicles idle. Even the 

FIGURE 5-1 PEV charging infrastructure categories, ranked by their likely importance to PEV deployment, with the most important, 
home charging, on the bottom, and the least important, interstate DC fast charging, at the top. NOTE: AC, alternating current; DC, 
direct current.
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large 85 kWh battery in a Model S can be fully charged over-
night with the 10 kW AC level 2 charger recommended by 
Tesla for home use. A full battery charge will not usually be 
needed 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. 

+RPH�FKDUJLQJ�LV�D�SDUDGLJP�VKLIW�LQ�UHIXHOLQJ�EHKDYLRU�
for drivers accustomed to refueling quickly at gasoline sta-
WLRQV��0DQ\�¿QG�KRPH�FKDUJLQJ�PRUH�FRQYHQLHQW�WKDQ�UHIX-
HOLQJ�DW�SXEOLF�VWDWLRQV��)RU�H[DPSOH��LQ�WKH�(9�3URMHFW�VWXG\��
about 85 percent of Volt charging events and 80 percent of 
Leaf charging events occurred at home (Smart 2014a). 

+RPH�FKDUJLQJ� LQIUDVWUXFWXUH� LV� QRW� D� EDUULHU� WR� 3(9�
deployment for households with a dedicated parking spot 
with an electric outlet nearby. According to the U.S. Cen-
sus Bureau (2011a), nearly two-thirds of U.S. housing struc-
tures have garages or carports.1 Similarly, a representative 
telephone survey of 1,004 U.S. adults found that 84 percent 
of respondents had dedicated off-street parking and 52 per-
cent of respondents had a garage or dedicated parking spot 
with access to an outlet (Consumers Union and the Union 
of Concerned Scientists 2013). Traut et al. (2013) used data 

1 Some of the structures accommodate multiple households.

from the U.S. Census and the U.S. Department of Energy 
(DOE) Residential Energy Consumption Survey to estimate 
the potential for residential charging of PEVs using various 
DVVXPSWLRQV�DERXW�PLVVLQJ�GDWD�RQ�� IRU�H[DPSOH�� WKH�SUHV-
HQFH�DQG�VL]H�RI�GULYHZD\V��WKH�XVDELOLW\�RI�HOHFWULF�RXWOHWV��
and the number of parking spaces actually available for park-
ing. Although 79 percent of U.S. households have dedicated 
off-street parking, many households have multiple vehicles, 
and under base-case assumptions, only 56 percent of vehi-
cles have dedicated off-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 
UHDFK�RI�DQ�RXWOHW�VXI¿FLHQW�WR�UHFKDUJH�D�VPDOO�3(9�EDWWHU\�
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 
HPHUJH�RYHU�WKH�QH[W�GHFDGH�LV�RQH�LQ�ZKLFK�WKH�JURZWK�RI�
demand for PEVs comes primarily from households who 

FIGURE 5-2�9HKLFOH�ORFDWLRQV�WKURXJKRXW�WKH�ZHHN�RQ�WKH�EDVLV�RI�GDWD�IURP�WKH������1DWLRQDO�+RXVHKROG�7UDYHO�6XUYH\��6285&(��
Tate and Savagian (2009). Reprinted with permission from SAE paper 2009-01-1311 Copyright © 2009 SAE International.
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intend to meet their charging needs predominantly through 
slow charging at home.

Lack of access to charging infrastructure at home will 
FRQVWLWXWH�D�VLJQL¿FDQW�EDUULHU�WR�3(9�GHSOR\PHQW�IRU�KRXVH-
holds without a dedicated parking spot or for whom the park-
ing location is far from access to electricity. Those demo-
graphic groups include many owners and renters of housing 
in multifamily dwellings and many households in large cities 
with on-street parking. About 25 percent of U.S. households 
OLYH� LQ�PXOWLIDPLO\� UHVLGHQWLDO� FRPSOH[HV� �8�6��&HQVXV�%X-
reau 2011b), and the telephone survey noted above indicated 
that although 61 percent of single-family houses had access to 

charging, only 27 percent of multifamily dwellings had park-
ing spaces with access to charging (Consumers Union and 
the Union of Concerned Scientists 2013). Multifamily resi-
GHQWLDO�FRPSOH[HV�FDQ�IDFH�PDQ\�FKDOOHQJHV�LQ�LQVWDOOLQJ�3(9�
charging equipment; some are similar to a typical commer-
cial building, and others are unique to multifamily dwellings. 
Similar to commercial buildings, the electrical panel might 
be far from the desired charging location, and installation can 
therefore be costly.

8QLTXH�WR�PXOWLIDPLO\�UHVLGHQWLDO�FRPSOH[HV�DUH�WKH�RZQ-
ership, responsibility, liability, and control of each individual 
SDUNLQJ�VSDFH��0XOWLIDPLO\�UHVLGHQWLDO�FRPSOH[HV�KDYH�PDQ\�

TABLE 5-1 Effect of Charging-Infrastructure Categories on Mainstream PEV Owners by PEV Classa 

Infrastructure Category PEV Class Effect of Infrastructure on Mainstream PEV Owners 
Interstate 
DC fast charge 

Long-range BEV 5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW 
Limited-range BEV Not practical for long trips 
Range-H[WHQGHG�3+(9 NA – not equipped 
0LQLPDO�3+(9 NA – not equipped 

Intercity 
DC fast chargeb 

Long-range BEV 5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW 
Limited-range BEV ��î�5DQJH�H[WHQVLRQ��LQFUHDVHV�FRQILGHQFH 
Range-H[WHQGHG�3+(9 NA – not equipped 
0LQLPDO�3+(9 NA – not equipped 

Intracity 
DC fast chargeb 

Long-range BEV Not necessary 
Limited-range BEV 5DQJH�H[WHQVLRQ��LQFUHDVHV�FRQILGHQFH 
Range-H[WHQGHG�3+(9 NA – not equipped 
0LQLPDO�3+(9 NA – not equipped 

Intracity 
AC levels 1 and 2b 

Long-range BEV Not necessary 
Limited-range BEV 5DQJH�H[WHQVLRQ��LQFUHDVHV�FRQILGHQFH 
Range-H[WHQGHG�3+(9 Increases eVMT and value proposition 
0LQLPDO�3+(9 Increases eVMT and value proposition 

Workplace Long-range BEV 5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW 
Limited-range BEV 5DQJH�H[WHQVLRQ��H[SDQGV�PDUNHW 
Range-H[WHQGHG�3+(9 ,QFUHDVHV�H907�DQG�YDOXH�SURSRVLWLRQ��H[SDQGV�PDUNHW 
0LQLPDO�3+(9 ,QFUHDVHV�H907�DQG�YDOXH�SURSRVLWLRQ��H[SDQGV�PDUNHW 

+RPH� Long-range BEV Virtual necessity 
Limited-range BEV Virtual necessity 
Range-H[WHQGHG�3+(9 Virtual necessity 
0LQLPDO�3+(9 Virtual necessity 

a Assumptions in this analysis are that electricity costs would be cheaper than gasoline costs, that away-from-home charging 
would generally cost as much as or more than home charging, that people would not plan to change their mobility needs to 
acquire a PEV, and that there would be no disruptive changes to current PEV performance and only gradual improvements in 
battery capacity over time. 
b ,W�LV�SRVVLEOH�WKDW�WKHVH�LQIUDVWUXFWXUH�FDWHJRULHV�FRXOG�H[SDQG�WKH�PDUNHW�IRU�WKH�YDULRXV�W\SHV�RI�3(9V�DV�DSSURSULDWH��EXW that 
link is more tenuous than the cases noted in the table for other infrastructure categories. 
NOTE: AC, alternating current; BEV, battery electric vehicle; DC, direct current; eVMT, electric vehicle miles traveled; NA, not 
applicable; PEV, plug-LQ�HOHFWULF�YHKLFOH��3+(9��SOXJ-in hybrid electric vehicle. 
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ways to assign parking to their residents, including dedicated, 
shared, and leased parking. For residents who have dedicated 
spaces, the main challenges besides the installation costs are 
questions within the governance structure for multifamily res-
LGHQWLDO�FRPSOH[HV�FRQFHUQLQJ�����ZKR�VKRXOG�EHDU� WKH�FRVW�
of upgrading the main panel (if needed) and (2) who will pay 
for the electricity for charging the PEV. Those costs can be 
prohibitive for an individual consumer if he or she is respon-
sible for upgrading service to the main panel for the multi-
family dwelling. For residents who have shared spaces, ad-
ditional questions need to be resolved within the governance 
VWUXFWXUH� RI� WKH�PXOWLIDPLO\� UHVLGHQWLDO� FRPSOH[� FRQFHUQLQJ�
installation costs, use of charge-enabled spaces, and payment 
for the electricity. Because no charging space is dedicated to 
D�VSHFL¿F�UHVLGHQW��DQ�LQGLYLGXDO�LV�GLVFRXUDJHG�IURP�LQYHVW-
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 PEV charging equipment: 
which entity should pay for the PEV charging equipment and 
how should liability be assigned? If tenants are liable for all 
upgrades, they have a disincentive to perform the upgrades 
because they might leave. If the owners are liable for all up-
grades, they have a disincentive to install them unless they 
can charge a premium for them or otherwise be compensated.

For residents who do not have any parking available and 
PXVW�UHO\�RQ�RQ�VWUHHW�SDUNLQJ��WKH�VDPH�FKDOOHQJHV�H[LVW�H[-
cept that the owner or deciding body is not the multifamily 
UHVLGHQWLDO�FRPSOH[��,QVWHDG��LW�LV�WKH�ORFDO�FLW\�JRYHUQPHQW�
that must make policy decisions surrounding installation and 
operation of PEV charging equipment (Peterson 2011). 

/DFN�RI�KRPH�FKDUJLQJ�DW�PXOWLIDPLO\�FRPSOH[HV�RU� LQ�
neighborhoods with on-street parking is a barrier to deploy-
ment for owners of all types of PEVs, but most importantly 
BEVs, particularly limited-range BEVs for which daily charg-
LQJ� FDQQRW�� OLNH� 3+(9V�� EH� UHSODFHG�ZLWK� JDVROLQH� RU�� OLNH�
long-range BEVs, postponed. It is also a barrier to increased 
eVMT for all PEV owners. Overcoming lack of home charg-
LQJ�DW�PXOWLIDPLO\�UHVLGHQWLDO�FRPSOH[HV�DQG�LQ�QHLJKERUKRRGV�
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 
DV� DW�ZRUNSODFHV��$OWKRXJK� UHWUR¿WV� RI�PXOWLIDPLO\� KRXVLQJ�
IRU�3(9�FKDUJLQJ�PLJKW�EH�GLI¿FXOW��IDFLOLWDWLQJ�LQVWDOODWLRQ�RI�
home-charging infrastructure can be accomplished by prepar-
ing the sites for installation during initial construction. Cali-
fornia mandatory building codes will require new multifamily 
dwellings to be capable of supporting future charging installa-
tions (DOE 2014a).2  Additionally, multifamily dwelling own-
ers might choose to contract with a charging provider to facili-
tate installation and payment for charging services. Another 

2�)RU�DQ�H[SODQDWLRQ�RI�WKHVH�FRGHV��VHH�&DOLIRUQLD�*UHHQ�%XLOGLQJ�
Code A4.106.8.2 and California AB 1092.

LQWHUHVWLQJ�PRGHO� IRU� H[WHQGLQJ�3(9�GULYLQJ� WR� KRXVHKROGV�
without access to home charging is to deploy PEVs in car-
VKDULQJ�ÀHHWV��7KDW�DSSURDFK�LV�SDUWLFXODUO\�LPSRUWDQW�IRU�WKH�
large portion of multifamily dwelling residents who are not in 
the new vehicle market as compared with single-family home 
residents. Car sharing is discussed from a consumer perspec-
tive in Chapter 3. 

Finding: +RPHV�DUH�DQG�ZLOO�OLNHO\�UHPDLQ�WKH�PRVW�LPSRU-
tant location for charging infrastructure.

Finding: Lack of access to charging infrastructure for resi-
dents of multifamily 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. 
BEV drivers could potentially double their daily range as long 
as their vehicles could be fully charged both at work and at 
KRPH��DQG�3+(9�GULYHUV�FRXOG�SRWHQWLDOO\�GRXEOH� WKHLU� DOO�
HOHFWULF�PLOHV�� ([WHQGLQJ� WKH� HOHFWULF� UDQJH� RI� 3+(9V�ZLWK�
ZRUNSODFH�FKDUJLQJ�LPSURYHV�WKH�YDOXH�SURSRVLWLRQ�IRU�3+(9�
GULYHUV�EHFDXVH�HOHFWULF� IXHOLQJ� LV� OHVV�H[SHQVLYH� WKDQ�JDVR-
OLQH��)RU�%(9V�DQG�3+(9V��ZRUNSODFH�FKDUJLQJ�FRXOG�H[SDQG�
the number of people whose needs could be served by a PEV, 
WKHUHE\�H[SDQGLQJ�WKH�PDUNHW�IRU�3(9V��:RUNSODFH�FKDUJLQJ�
might also allow households that lack access to residential 
charging the opportunity to commute with a PEV. Further-
more, Peterson and Michalek (2013) estimated that installing 
workplace charging was more cost-effective than installing 
public charging; however, it should be noted that installing 
workplace or public charging was substantially less cost effec-
tive than improving the all-electric range of a vehicle.

Data from early adopters in the EV Project shows that 
workplace charging is used when it is available (Table 5-2). 
6SHFL¿FDOO\��1LVVDQ�/HDI�GULYHUV�ZKR�KDG�DFFHVV� WR�ZRUN-
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. Furthermore, 
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, 
1LVVDQ�/HDI�GULYHUV�H[WHQGHG�WKHLU�UDQJH�E\����PLOHV�RU����
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 chal-
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lenges is to determine the rate of PEV adoption by employees, 
ZKDW�OHYHO�RI�FKDUJLQJ�ZRXOG�EH�VXI¿FLHQW�IRU�WKHLU�QHHGV��DQG�
how access to chargers can be ensured as the number of PEVs 
increases. A worker who relies on workplace charging of a 
BEV might not be able to return home if no charger is avail-
able. There is also the possibility that electricity provided to 
HPSOR\HHV�ZLOO�KDYH�WR�EH�SDLG�IRU�E\�WKH�HPSOR\HHV�RU�WD[HG�
as income (IRS 2014).3  A requirement to assess the value of 
the charging or report the imputed income could be an impedi-
PHQW�WR�ZRUNSODFH�FKDUJLQJ��<HW�DQRWKHU�SRWHQWLDO�LPSHGLPHQW�
arises from the surcharges that utilities impose on companies 
that draw more than a threshold level of power. Such demand 
charges (discussed in Chapter 6) can be substantial.

Workplace charging is becoming available at a small 
but growing number of companies that offer it as a way of 
attracting and retaining employees and as a way of distin-
guishing themselves as green 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 concerns about carbon emissions from commuting will 
eventually generate much stronger pressures for workplace 
FKDUJLQJ� DQG� DUH� DWWHPSWLQJ� WR�PRYH� H[SHGLWLRXVO\�E\� H[-
panding their network of charging stations now (Ahmed 
2013). Because of the costs involved and the fact that add-
ing a charging station leaves fewer parking spaces available 
for employees who do not drive PEVs, Cisco has a policy 

3� ,56� 3XEOLFDWLRQ� ���%� VWDWHV� WKDW� DQ\� IULQJH� EHQH¿W� LV� WD[DEOH�
DQG�PXVW�EH� LQFOXGHG� LQ� WKH� UHFLSLHQW¶V�SD\�XQOHVV� WKH� ODZ�H[SOLF-
LWO\�H[FOXGHV�LW��$OWKRXJK�H[FOXVLRQV�FXUUHQWO\�DSSO\�WR�PDQ\�IULQJH�
EHQH¿WV��WKH�LVVXH�RI�H[FOXGLQJ�HOHFWULFLW\�WKDW�HPSOR\HUV�SURYLGH�DW�
ZRUNSODFH�FKDUJHUV�KDV�DSSDUHQWO\�QRW�\HW�EHHQ�H[SOLFLWO\�DGGUHVVHG��
The issue does not arise at workplaces that engage an outside entity 
(the installer of the charging infrastructure) to manage the charging 
units and collect a monthly fee from workers who use them.

4 To facilitate the process, the Department of Energy (DOE), un-
GHU�WKH�:RUNSODFH�&KDUJLQJ�&KDOOHQJH�ODXQFKHG�LQ�-DQXDU\�������
offers various resources to interested employers, building owners, 
employees, and others. The resources include information about 
PEVs, their charging needs, and activities that DOE and communi-
ties across the country are doing to support PEV deployment.

of increasing the number of workplace charging stations in 
SURSRUWLRQ�WR�WKH�QXPEHU�RI�HPSOR\HHV�ZKR�H[SUHVV�DQ�LQ-
terest in using them. This tends to have positive feedback 
effects as increases in the number employees who use work-
place charging stations stimulate other employees’ interests 
LQ�DFTXLULQJ�3(9V��-HQQLQJV��������WKHUHE\�FRQWULEXWLQJ�WR�D�
FRQWLQXLQJ�H[SDQVLRQ�LQ�WKH�QXPEHU�RI�ZRUNSODFH�FKDUJHUV��
2WKHU�¿UPV��KRZHYHU��KDYH�EHHQ�UHOXFWDQW�WR�SURYLGH�ZRUN-
SODFH� FKDUJLQJ� RQ� JURXQGV� RI� HTXLW\�� H[SUHVVLQJ� FRQFHUQV�
DERXW�SURYLGLQJ�D�SHUN�WKDW�ZRXOG�EHQH¿W�RQO\�D�UHODWLYHO\�
small number of employees, at least initially (Musgrove 
�������5HFRJQL]LQJ�ZRUNSODFH�FKDUJLQJ�DV�DQ�LPSRUWDQW�RS-
SRUWXQLW\�WR�H[SDQG�3(9�GHSOR\PHQW�DQG�H907��'2(�VXS-
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: Workplace charging could be an alternative to 
home charging for those who do not have access to charging 
infrastructure at home. 

Finding: Charging at workplaces provides an important op-
portunity to encourage PEV adoption and increase the frac-
tion of miles that are fueled by 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: 7KH�IHGHUDO�JRYHUQPHQW�VKRXOG�H[SOLFLWO\�
address whether the provision of workplace charging at the 
H[SHQVH� RI� HPSOR\HUV� VKRXOG� EH� LQFOXGHG� LQ� WKH� UHFLSLHQW¶V�
SD\�RU�UHJDUGHG�DV�D�EHQH¿W�WKDW�LV�H[HPSWHG�IURP�WD[DWLRQ�

Public Charging Infrastructure

A critical question to answer is whether lack of public 

TABLE 5-2  Charging Patterns for Nissan Leafs and Chevrolet Volts 

Vehicle 
Percent Charging Energy Obtained at Various Locations 

+RPH Work Other 
All Drivers    

Nissan Leaf 86 — 14 

Chevrolet Volt 85 — 15 

Drivers with Access to Workplace Charging 

Nissan Leaf (a���)a 68 30 2 

Chevrolet Volt (a��)a 60 37 3 
a Numbers in parentheses are percentage of drivers known to have access to workplace charging. 
SOURCE: Based on data from ECOtality (2014a,b). 
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charging infrastructure is a barrier to PEV deployment.5 As 
shown in Figure 5-1, home charging infrastructure is and is 
H[SHFWHG�WR�UHPDLQ�PRUH�FRQYHQLHQW�DQG�PRUH�FULWLFDO�WR�3(9�
deployment than public charging infrastructure. There is no 
consensus in the research and policy communities, howev-
er, on the impact of public charging infrastructure on PEV 
GHSOR\PHQW�� ([SHULHQFH� LQ� -DSDQ� LQGLFDWHV� WKDW� LQFUHDVHG�
DYDLODELOLW\�RI�SXEOLF�FKDUJLQJ�VWDWLRQV�UHGXFHV�UDQJH�DQ[LHW\�
DQG�OHDGV�WR�PRUH�PLOHV�GULYHQ�E\�%(9V��)RU�H[DPSOH��WKH�
EXLOGLQJ�RI�D�VLQJOH�DGGLWLRQDO�IDVW�FKDUJHU�IRU�D�7(3&2�ÀHHW�
of BEVs increased eVMT from 203 km/month to 1,472 km/
month. Interestingly, no additional energy consumption from 
the public charger was observed after building the second 
charger, but drivers allowed their state of charge to go below 
50 percent, a sign that their fear of running out of charge had 
been alleviated (Anegawa 2010). 

DOE (2015) estimates that there were more than 9,300 
public charging stations in the United States as of April 2015; 
many stations, however, are only accessible to members of 
associated subscription-based plans or to vehicles produced 
by individual manufacturers. Interactive maps of charg-
ing stations are updated frequently on the DOE Alternative 
Fuels Database and through the PlugShare website (DOE 
2015; Recargo 2014). Nearly 8,700 of the public charging 
stations provide AC level 2 chargers, which can add about 
10-20 miles of range to a vehicle for each hour of charging, 
depending on the model and driving conditions. More than 
800 public DC fast-charging stations had also been installed 
by April 2015 (DOE 2015). Networks of DC fast chargers 
have been installed in Washington, Oregon, and California; 
along the East Coast I-95 corridor; and the “Tennessee Tri-
DQJOH�´�ZKLFK�FRQQHFWV�1DVKYLOOH��&KDWWDQRRJD��DQG�.QR[-
ville. Clusters of DC fast chargers are also in Dallas-Fort 
:RUWK��+RXVWRQ�� 3KRHQL[��$WODQWD�� &KLFDJR�� DQG� 6RXWKHUQ�
Florida. Tesla and Nissan Motors—manufacturers of the ve-
hicles that have led BEV sales in the United States—have 
EHHQ�DFWLYHO\� HQJDJHG� LQ� H[SDQGLQJ� WKHLU� QHWZRUNV�RI� IDVW�
chargers. In fact, most of the chargers outside of the regions 
noted above are part of the proprietary Tesla network of Su-
perchargers (see Chapter 2, Figure 2-10). Tesla had installed 
more than 190 charging stations in the continental United 
6WDWHV�DQG�&DQDGD�E\�$SULO������DQG�KDV�SODQV�WR�H[SDQG�LWV�
network to several hundred stations by the end of 2015, with 
the stated 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 fast-charging stations 
E\�PLG������DQG�KDV�SDUWQHUHG�ZLWK�&DU&KDUJLQJ�WR�H[SDQG�
networks in California and on the East Coast and with NRG/
eVgo to develop a network in the Washington, D.C. area 
(CarCharging 2013; Nissan 2013). 

Several studies have modeled optimal numbers and loca-
tions of PEV charging sites from the perspective of limited-

5 The term public charging infrastructure refers to charging infra-
structure that is located in public spaces but does not imply that the 
services are offered for free.

range BEV drivers, who have the greatest need for 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 
DO���������2WKHU�VWXGLHV�KDYH�H[DPLQHG� WULS�GLDU\�GDWD�IURP�
such cities as Seattle and Chicago and such states as California 
to see which trips were not likely to be completed with to-
day’s BEVs and sought to place chargers to allow completion 
RI� WKHVH�³IDLOHG´� WULSV��0RGHOV�ZHUH�RSWLPL]HG�E\�PLQLPL]-
ing time or distance deviations from trips required to drive to 
charging locations. The study of California 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 
fast chargers in the state would allow those drivers to complete 
over 90 percent of miles with two or fewer charges (Nicholas 
et al. 2013). The data from Chicago and 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 level 2 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 effect of charging infrastructure deployment on 
vehicle deployment. 

The majority of public charging stations are not yet 
KHDYLO\�XVHG��)RU� H[DPSOH��SXEOLF�'&� IDVW� FKDUJHUV� LQ� WKH�
EV Project were occupied on average 2.3 percent of the time 
from October-December 2013, and public AC level 2 char-
gers were occupied 5.5 percent of the time on average (INL 
�������'HVSLWH�WKDW�ORZ�XWLOL]DWLRQ��LW�LV�QRW�XQXVXDO�DW�VRPH�
popular stations for drivers to have to wait for a charging 
plug to become available. In addressing the adequacy of the 
H[LVWLQJ�QHWZRUN�RI�SXEOLF�FKDUJLQJ�LQIUDVWUXFWXUH��LW�LV�LP-
portant to understand the factors that contribute to both over-
XWLOL]DWLRQ�DQG�XQGHUXWLOL]DWLRQ��7KH�IDFWRUV�LQFOXGH�WKH�UDWLR�
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 use as-
sociated with either subscription-membership requirements 
RU� LQFRPSDWLEOH� KDUGZDUH��/RZ�XWLOL]DWLRQ�RI� WKH� FKDUJLQJ�
stations in a given area does not necessarily imply that the 
network of charging infrastructure is adequate and could in-
VWHDG�UHÀHFW�DQ\�FRPELQDWLRQ�RI�WKH�IDFWRUV�QRWHG��6LPLODUO\��
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-
SOH�FKDUJHV�WR�EH�FRPSOHWHG��7R�WKH�H[WHQW�WKDW�WKH�GHPDQG�WR�
use charging stations is not uniformly distributed over time 
and that investments in charging stations are costly, a certain 
degree of queuing is inherent in a network of charging sta-
tions that optimally balances the cost of waiting to charge 
against the cost of building more charging stations. In addi-
tion, at stations that do not impose usage fees or charges for 
HOHFWULFLW\� FRQVXPHG�� TXHXLQJ�PLJKW� SDUWO\� UHÀHFW� WKH� IDFW�
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that using those stations is cheaper than charging at home. 
For some locations, such as retail establishments, medical 
facilities, and commercial parking lots, for-pay AC level 2 
infrastructure is used more frequently than free public AC 
level 2 infrastructure; this might indicate better siting of or 
more chargers to reduce queueing at for-pay infrastructure 
(Smart and White 2014).

Over the course of its study, the committee heard con-
cerns that public funding combined with pressures to install 
public infrastructure quickly has led to some poor siting de-
cisions. So, the fundamental questions remain—how much 
public infrastructure is needed and where should it be located? 
7KHUH�DUH�PDQ\�FRPSOH[LWLHV�DVVRFLDWHG�ZLWK�LQVWDOOLQJ�SXE-
lic charging infrastructure that need to be considered. It can 
be located within cities, such as at malls or parking lots, or 
along interstate highways or other corridors. It can include AC 
level 1, AC level 2, and DC fast charging. It can be costly to 
install and maintain, and its effect on deployment and eVMT 
UHPDLQV�XQFOHDU��DOWKRXJK�LW�HQDEOHV�3(9�GULYHUV�WR�H[WHQG�WKH�
electric range of their vehicles beyond the mileage that can be 
driven on a single charge and might encourage the adoption of 
limited-range BEVs by mitigating concerns about becoming 
VWUDQGHG��+RZHYHU�� D� VXEVWDQWLDO� DPRXQW�RI�SXEOLF�FKDUJLQJ�
infrastructure 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 infrastructure has the potential to 
SURYLGH� UDQJH� FRQ¿GHQFH� DQG� H[WHQG� WKH� UDQJH� IRU� OLPLWHG�
range BEV drivers, to allow long-distance travel for long-
range BEV drivers, and to increase eVMT and the value prop-
RVLWLRQ�IRU�3+(9�GULYHUV�

Finding: 0RUH�UHVHDUFK�DQG�PDUNHW�H[SHULHQFH�DUH�QHHGHG�
to determine how much public infrastructure is needed and 
where it should be sited to promote PEV deployment and to 
HQFRXUDJH�3(9�RZQHUV�WR�RSWLPL]H�YHKLFOH�XVDJH�

Recommendation: The federal government through the De-
partments of Energy or Transportation should sponsor research 
to study the impact of the public charging infrastructure, includ-
LQJ�WKH�H[WHQW�WR�ZKLFK�LWV�DYDLODELOLW\�DIIHFWV�3(9�DGRSWLRQ�

Intracity AC Level 1 and Level 2  
Charging Infrastructure

Public AC level 1 and level 2 chargers are now avail-
able in some cities, especially where PEV deployment has 
been relatively strong. Because AC level 1 chargers provide 
about 4-5 miles of operation per hour of charge, they could 
be used when charging time is not a primary concern, such 
as at airports and train stations, where people park their cars 
for prolonged periods. They can also be installed easily us-
ing accessible 120 V outlets. AC level 2 chargers are also 
becoming increasingly available at locations where vehicles 

are often parked for just an hour or two, such as at shop-
ping malls, museums, libraries, and restaurants. Installation 
of chargers at those locations is often seen as a way for busi-
nesses to attract customers. Charging providers are also in-
stalling AC level 1 and AC level 2 within cities as part of 
their subscription-based business model. Some utilities are 
also installing infrastructure and are motivated to provide 
public charging to encourage PEV deployment and hence 
sell more electricity to residential customers with PEVs. In-
frastructure-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 infrastructure, it 
VHHPV�UHDVRQDEOH�WR�DVVXPH�WKDW�WR�PD[LPL]H�WKH�XVH�RI�LQ-
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-
OLF� DQG� IRU�SUR¿W� HQWLWLHV��&KDUJLQJ�SURYLGHUV�PLJKW� ORFDWH�
SXEOLF�VWDWLRQV� WR�PD[LPL]H�UHYHQXH�IURP�IRU�SD\�VWDWLRQV��
to establish their image as a green business or government, 
to induce customers to stop at their establishments, to take 
advantage of favorable conditions (such as no-cost land or 
easy access to electricity source), to increase deployment 
RI�YHKLFOHV�� WR� LQFUHDVH�H907��RU� WR� UHOLHYH�UDQJH�DQ[LHW\��
Data from intracity AC level 2 infrastructure 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 effects of intracity AC level 1 and level 2 charg-
ing infrastructure vary by PEV class as seen in Table 5-1. 
Long-range BEVs will have little use for slow charging 
in public locations as there will be little value of charging 
VORZO\� JLYHQ� WKHLU� VXI¿FLHQW� DOO�HOHFWULF� UDQJH�� +RZHYHU��
they might choose to top-off their charge when convenient 
or if perks, such as free parking at an airport, are available. 
/LPLWHG�UDQJH� %(9V� DUH� H[SHFWHG� WR� H[SHULHQFH� WKH�PRVW�
utility from intracity AC level 1 and level 2 charging by as-
suring them that they will not be stranded if their charge is 
GHSOHWHG�DQG�E\�DOORZLQJ�WKHP�WR�H[WHQG�WKHLU�GDLO\�PLOHDJH�
beyond a full battery charge. With limited battery ranges and 
no other choice for fuel, charging in public is an attractive 
RSWLRQ�IRU�OLPLWHG�UDQJH�%(9V��%RWK�PLQLPDO�DQG�H[WHQGHG�
UDQJH�3+(9V�DUH�SUHGLFWHG�WR�XVH�LQWUDFLW\�$&�OHYHO���DQG�
OHYHO���FKDUJLQJ�IRU�LQFUHDVHG�H907�DQG�KHQFH�WR�UHDOL]H�DQ�
LQFUHDVHG�YDOXH�SURSRVLWLRQ�RI�WKHLU�YHKLFOHV��+RZHYHU��WKH\�
GR�QRW�QHHG�LQWUDFLW\�FKDUJHUV�IRU�UDQJH�H[WHQVLRQ�RU�UDQJH�
FRQ¿GHQFH�EHFDXVH�WKH\�FDQ�DOVR�IXHO�RQ�JDVROLQH��,QFUHDVHG�
eVMT from charging in public might be particularly useful 
IRU�PLQLPDO�3+(9V�ZKRVH�VPDOOHU�EDWWHULHV�FRXOG�EH�QHDUO\�
IXOO\� FKDUJHG� LQ� D� VKRUWHU� WLPH�� WKXV� H[WHQGLQJ� WKHLU� VPDOO�
ranges substantially if they are able to charge frequently 
throughout the day.
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Intracity DC Fast-Charging Infrastructure

DC fast-charging technology was described in Chapter 2. 
Although DC fast chargers are often considered for corridor 
travel, such as between cities or states, the majority of the fast-
charge infrastructure is installed within cities and their metro 
areas. There are some data to indicate that BEV owners prefer 
fast charging to complete a journey or otherwise to create op-
tions for using the vehicle beyond its routine range. EV Project 
data on the percent of DC fast charges that occurred on trips 
of a given length provide information on charging behavior of 
1LVVDQ�/HDI�GULYHUV��6PDUW�DQG�:KLWH�������-��6PDUW��,GDKR�
National Laboratory, personal communication, November 6, 
2014). In the fourth quarter of 2013, after the institution of 
fees to charge at some DC fast-charging locations, 56 percent 
of outings that included a fast charge were greater than 60 
miles round trip, and 44 percent of outings that included a fast 
charge were less than 60 miles round trip. Some of the less 
than 60 mile round-trips that included a DC fast charge might 
UHÀHFW�WKH�YDOXH�D�GULYHU�SODFHV�RQ�D�'&�IDVW�FKDUJH�HYHQ�ZKHQ�
LW�LV�QRW�UHTXLUHG�WR�FRPSOHWH�WKH�WULS��+RZHYHU��PDQ\�RI�WKH�
short trips (63 percent) started with a less than full battery, 
indicating that the charge might have been required to return 
home. When an outing included a DC fast charge and began 
with a full battery, average round trip distance was 87.5 miles. 
That observation again indicates that many trips that include 
a DC fast charge required a charge to complete, and DC fast 
charging might have been the most convenient way to acquire 
the charge. 

The impact of intracity DC fast-charging infrastructure 
varies by PEV type, as noted in Table 5-1. Long-range BEVs 
will have little use for fast charging in cities as their vehicle 
UDQJH� LV� XQOLNHO\� WR� UHTXLUH� UDQJH� H[WHQVLRQ�RU� UDQJH� FRQ¿-
GHQFH��+RZHYHU��FKDUJLQJ�DW�D�'&�IDVW�FKDUJLQJ�VWDWLRQ�ZRXOG�
allow them to acquire a full battery charge more quickly than 
home charging; this option might be valuable to a long-range 
BEV owner, particularly one who does not have a place to 
charge at home. The committee notes that Tesla—the only cur-
rent producer of a long-range BEV—is implementing a model 
in which charging at its DC fast charger stations is included in 
WKH�SULFH�RI�WKH�YHKLFOH��/LPLWHG�UDQJH�%(9V�DUH�H[SHFWHG�WR�
H[SHULHQFH�WKH�PRVW�XWLOLW\�IURP�LQWUDFLW\�'&�IDVW�FKDUJLQJ�DV�
LW�SURYLGHV�UDQJH�FRQ¿GHQFH�WKDW�WKH\�ZLOO�QRW�EH�VWUDQGHG�DQG�
UDQJH�H[WHQVLRQ�LQ�OHVV�WLPH�WKDQ�WKDW�UHTXLUHG�IRU�$&�OHYHO���
or level 2 charging. In April 2014, Nissan began offering new 
Leaf buyers in several markets free public charging through 
a special card that allows using several charging providers. 
5DQJH�H[WHQGHG�DQG�PLQLPDO�3+(9V�DUH�XQDEOH� WR�XVH�'&�
fast-charging infrastructure, so this segment of infrastructure 
GHSOR\PHQW�GRHV�QRW�DSSO\�WR�3+(9�RZQHUV��

Intercity and Interstate DC  
Fast-Charging Infrastructure

The availability of DC fast chargers along highways 
connecting cities and states has facilitated regional travel for 

limited-range BEVs and enabled long-distance travel for long-
UDQJH�%(9V��$Q�H[DPSOH�RI� VXFK�D�QHWZRUN� LV� WKH�FRUULGRU�
of DC fast chargers installed at about 40-mile intervals along 
Interstate 5 in Washington and Oregon. Such infrastructure 
provides long-range BEVs with multiple places to acquire a 
FKDUJH�RQ�DQ�H[WHQGHG�WULS�DQG�HQDEOHV� OLPLWHG�UDQJH�%(9V�
to travel between two cities in the same region. For travel 
between cities where stops to charge might be inconvenient, 
'&�IDVW�FKDUJHUV�DUH�H[SHFWHG�WR�EH�XVHG�SULPDULO\�IRU�UDQJH�
H[WHQVLRQ�DQG�DUH�H[SHFWHG� WR�UHFHLYH� OHVV�XVH� WKDQ�'&�IDVW�
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 fact 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 full charge between neighboring cities. 
$V�QRWHG��3+(9V�DUH�QRW�HTXLSSHG�WR�XVH�'&�IDVW�FKDUJLQJ�
VWDWLRQV�DQG�FDQ�H[WHQG�WKHLU�UDQJH�E\�UHIXHOLQJ�RQ�JDVROLQH�

Thus, interstate DC fast chargers are projected to be the 
least important type of infrastructure for PEVs because it will 
QRW��RU�FDQQRW��EH�XVHG�E\�3+(9V�DQG�ZLOO�EH�LQFRQYHQLHQW�
IRU� OLPLWHG�UDQJH� %(9V�� +RZHYHU�� LW� VKRXOG� EH� QRWHG� WKDW�
there are alternative scenarios in which interstate DC fast 
chargers do become an important type of infrastructure. An 
H[DPSOH�RI�VXFK�D�VFHQDULR� LV� LI� WKH�PDUNHW�EHFRPHV�GRPL-
nated by long-range BEVs that are used as primary vehicles. 
If that is the case, home charging infrastructure will continue 
to be most important for drivers’ everyday usage, and work-
place and intracity infrastructure will be relatively unimport-
ant. Intercity and interstate charging would, in that scenario, 
enable long-range BEVs to take longer trips with relative ease. 
Vehicle manufacturers, especially those focused on BEVs, are 
building intracity, intercity, and interstate DC fast-charging 
infrastructure; this indicates that they think it is valuable. It is 
not clear whether they are doing this for marketing or business 
strategy reasons or to spur vehicle deployment in the near term 
or whether they believe that this type of infrastructure will be 
necessary in the future.

MODELS FOR INFRASTRUCTURE DEPLOYMENT

To understand how best to overcome any infrastructure 
barriers to PEV deployment, one must consider the installa-
tion and operating costs for the different categories of charg-
ing infrastructure, the possible deployment models, and who 
might have an incentive to build such infrastructure. Several 
different entities might have an incentive to build or operate 
charging infrastructure; these include vehicle owners, work-
places, retailers, charging providers, utilities, vehicle manu-
facturers, and the government. Their motivations might in-
clude generating revenue, improving air quality, selling more 
electricity, or selling more PEVs. On the basis of information 
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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-
PDUL]HG�LQ�7DEOH������,W�VKRXOG�EH�QRWHG�WKDW�WKH�PRVW�FULWLFDO�
infrastructure (home charging) is also the least logistically 
FRPSOLFDWHG�DQG�OHDVW�H[SHQVLYH�WR�EXLOG��DQG�WKH�FRVWV�DQG�
complications generally increase for faster charging and 
more public locations. The following paragraphs discuss the 
infrastructure-deployment models associated with each in-
frastructure segment and the installation and operating costs.

Home Charging

Private charging infrastructure at home is likely to be 
funded by the homeowner. Financing and logistics of install-
ing home charging infrastructure is not considered to be an 
important barrier for homeowners who have dedicated parking 
VSRWV�DGMDFHQW�WR�WKHLU�KRPHV��+RPHRZQHUV�ZKR�RZQ�3(9V�
have a clear incentive to install home charging. Many will also 
¿QG�WKH�H[SHQVH�RI�XSJUDGLQJ�WR�$&�OHYHO���LQIUDVWUXFWXUH�WR�
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-
structure, other deployment models are being implemented. 
6RPH�SURYLGHUV�RI�VXEVFULSWLRQ�EDVHG�FKDUJLQJ�KDYH�H[SDQG-
ed into providing residential charging infrastructure as part of 
their subscription service. Utilities might also have an interest 
in providing residential charging infrastructure as it would in-
crease electricity usage at the residence. 

As discussed previously, multifamily residential home 
charging faces many more barriers, and it is not clear that 
PDQ\�RZQHUV�RI�FRPSOH[HV��GULYHUV�RI�YHKLFOHV��RU�PXQLFL-
palities will have incentive to install charging at multifamily 
residences or at on-street charging locations in residential 
QHLJKERUKRRGV��+RZHYHU��RZQHUV�RI�PXOWLIDPLO\�UHVLGHQFHV�
might be motivated to install chargers because they can earn 
points toward Leadership in Energy and Environmental De-
VLJQ�FHUWL¿FDWLRQ��$HUR9LURQPHQW��������7KH\�PLJKW�DOVR�EH�
able to market their property as green and offer charging as 
an attractive amenity to prospective renters.

Workplace Charging

Private charging infrastructure at workplaces is likely 
WR�EH�IXQGHG�E\�WKH�EXVLQHVVHV�RU�RUJDQL]DWLRQV��7KH�LQVWDO-
lation and operating costs of workplace charging might be 
MXVWL¿HG�E\�WKH�HPSOR\HU�DV�D�SHUN�WR�DWWUDFW�DQG�UHWDLQ�HP-
ployees or to brand the company with a green image. Be-
cause vehicles are parked at work for long periods of time 
�VHH�)LJXUH�������PDQ\�ZRUNSODFHV�GR�QRW�¿QG�LW�QHFHVVDU\�
to upgrade even to AC level 2 charging. Some parking lots 
might already have AC level 1 outlets that can be repurposed 
for vehicle charging; however, more convenient or upgraded 
infrastructure might also be installed. Another entity that 
might have an interest in installing workplace charging is a 
utility, which could earn additional revenue from the sale of 
electricity at worksites.

The cost of installing charging varies from workplace 
to workplace but is generally higher than that for installing 
single-family home charging and lower than that for public 
charging infrastructure. The costs of labor and conduit for 
LQVWDOOLQJ�FKDUJLQJ�XQLWV�LQ�H[LVWLQJ�SDUNLQJ�ORWV�DQG�JDUDJHV�
depend mainly on how much digging and resurfacing is in-
volved. There are also potential costs associated with elec-
tric service upgrades for AC level 2 chargers, which might 
be the best choice for most 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 $25 per station per month, and that the electricity 
FRVWV�KDYH�EHHQ�ORZ��$KPHG��������+RZHYHU��%RUGRQ�DQG�
Boske (2013) suggest that the cost of installing an AC level 
2 charger in a commercial garage or on a public street ranges 
from $2,000 to $8,000 on the basis of estimates from three 
separate sources.

In addition to installation costs, operating costs of pro-
viding charging to employees must be considered. The com-
mittee received reports that the costs of electricity were not a 
barrier to deployment of workplace charging, but two logisti-

TABLE 5-3 (QWLWLHV�7KDW�0LJKW�+DYH�DQ�,QFHQWLYH�WR�,QVWDOO�(DFK�&KDUJLQJ�,QIUDVWUXFWXUH�Category 
Infrastructure Category 

:KR�+DV�DQ�,QFHQWLYH�WR�,QVWDOO" 
Location Type 
Interstate DC fast Vehicle manufacturer, government 

Intercity DC fast Vehicle manufacturer, government 

Intracity DC fast Vehicle manufacturer, government, charging provider, utility 

Intracity AC level 1 or level 2 Utility, retailer, charging provider, vehicle manufacturer 

Workplace AC level 1 or level 2 Business owner, utility 

+RPH�RU�IOHHW�EDVH AC level 1 or level 2 Vehicle owner, utility 
NOTE: AC, alternating current; DC, direct current. 
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cal concerns were raised. As mentioned above and discussed 
further in Chapter 6, demand charges that could increase the 
cost of electricity to the employer could be a cost barrier to 
workplaces installing charging for employees. Also, the po-
tential 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 outsource charger installa-
tion and maintenance, some employers have chosen to con-
tract with charging providers to install and operate charging 
infrastructure, including charging for the electricity provided.

Finding: Some workplaces appear to have incentives for in-
stalling charging infrastructure, including fostering an envi-
ronmentally friendly image and providing the perk to retain 
and recruit employees.

Recommendation: Local governments should engage with 
and encourage workplaces to consider investments in charging 
infrastructure and provide information about best practices. 

Public Charging Infrastructure

As discussed above, charging infrastructure generally 
becomes more complicated and more costly to build and 
operate as it becomes more publicly accessible and delivers 
faster charging. The potential owners and operators of public 
charging infrastructure are discussed in the sections below. 
Generally, companies that install and operate public charg-
LQJ�VWDWLRQV�KDYH�¿YH�VRXUFHV�IURP�ZKLFK�WKH\�FDQ�VHHN�WR�
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 
WR�¿QDQFH�D�ODUJH�SDUW�RI�WKHLU�LQYHVWPHQWV�WR�GDWH��DQG�LW�LV�
GLI¿FXOW�WR�WHOO�ZKHWKHU�WKHLU�EXVLQHVV�PRGHOV�ZLOO�EH�VXVWDLQ-
able in the absence of public funding.

The costs of DC fast-charging stations are generally 
much higher than the costs of AC level 2 stations. In general, 
the capital costs depend on several factors: whether the prop-
erty must be purchased, leased, or rented; what distance must 
be spanned to connect to higher voltage supply lines; wheth-
HU�XSJUDGHV�DUH�UHTXLUHG��IRU�H[DPSOH��EHFDXVH�RI�LQVXI¿FLHQW�
transformer capacity; how much trenching and conduit are 
needed to reach the charging station; and how much repav-
ing or restriping of the parking area is required to accommo-
date the charging station. In total, the costs can range from 
���������WR�����������$V�DQ�H[DPSOH��7DEOH�����VKRZV�WKH�
average costs of installing charging stations in Washington 
State with DC fast chargers and AC level 2 chargers as part 
RI� WKH� SXEOLFO\� IXQGHG�:HVW�&RDVW�(OHFWULF�+LJKZD\�SURM-
ect. The totals shown in the table—ranging from $109,500 
WR� ��������²H[FOXGH� WKH� FRVWV� RI� SXUFKDVLQJ�� UHQWLQJ�� RU�
leasing land. The basic cost of a DC fast-charging station 
is about $10,000 to $15,000, but the total equipment cost 
RI� WKH�:DVKLQJWRQ�VWDWH�VWDWLRQV�DYHUDJHG���������� UHÀHFW-

LQJ�WKH�DX[LOLDU\�VHUYLFHV�DQG�IHDWXUHV�QHHGHG�IRU�D�SXEOLFO\�
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 safety and security mea-
sures that are 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 fast-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-
XODUO\�ZKHQ�WKH�FDSLWDO�FRVWV�DUH�VXEVLGL]HG��6XFK�LQIUDVWUXF-
ture can attract customers to park and spend time and money 
in the retail establishments and might also provide favorable 
branding for the retailers. Most of the charging units that re-
tailers have provided to date have been AC level 1 or level 2 
stations, which are used primarily for intracity charging. The 
costs of building charging infrastructure at retail establish-
ments range widely but are probably similar to workplaces 
and related to the amount of conduit required to provide 
HOHFWULF�DFFHVV�DW�SDUNLQJ�VSRWV��,W�LV�QRW�FOHDU�WKDW�WKH�H[WUD�
money spent in retail establishments by customers who use 
WKH� FKDUJLQJ� VWDWLRQV� LV� VXI¿FLHQW� WR� SURYLGH� UHWDLOHUV�ZLWK�
incentives to incur the capital costs of installing charging 
stations, as distinct from simply covering electricity charges 
and service costs. When capital costs are covered by others, 
however, retailers have tended to contract with charging pro-
viders to build and maintain charging stations and possibly 
charge customers for their use.

Electric Utilities

The electric utility companies could emerge as a willing 
source of capital for public charging stations. That conclusion 
UHÀHFWV�WKH�SURVSHFW�WKDW�D�QHWZRUN�RI�SXEOLF�FKDUJLQJ�VWDWLRQV�
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-
frastructure drives greater eVMT and greater deployment of 
vehicles, capital and variable costs for public infrastructure 
might be covered by the incremental revenue from additional 
electricity that PEV drivers consume at home, where rough-
ly 80 percent of PEV charging takes place (Francfort 2011). 
0RVW�VXFK�FKDUJLQJ�LQIUDVWUXFWXUH�LV�H[SHFWHG�WR�EH�EXLOW�LQWUD-
city. Austin Energy (2012), with the help of a series of federal 
JRYHUQPHQW�JUDQWV��LV�DQ�H[DPSOH�RI�D�XWLOLW\�WKDW�KDV�FKRVHQ�

6 Major retail companies that have installed or plan to install charg-
ing stations for their customers include Best Buy, Chili’s, Cracker 
%DUUHO�� .URJHU�� 0DF\¶V�� ��(OHYHQ�� 7LP� +RUWRQV�� :DOJUHHQV�� DQG�
Whole Foods.
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to install a network of AC level 2 charging stations in its ser-
vice area, where it is the only electricity provider, and to offer 
its residential customers unlimited use of the chargers for less 
than $5 a month. In addition, Austin Energy provides incen-
tives for a range of additional infrastructure charging catego-
ries as part of its strategic objectives in demand management 
and ancillary services (K. Popham, Austin Energy, personal 
communication, December 18, 2014).

The committee notes that theoretically all utilities ser-
vicing a given geographical area would collectively have 
a viable business model if there were a mechanism to (1) 
separate out and pool the electricity sales to all households 
that owned PEVs within that area and (2) share the revenues 
from that pool in proportion to the amounts that the differ-
ent utilities contributed to investments in public charging 

infrastructure. Such a mechanism would not have to rely 
RQ�JRYHUQPHQW�VXEVLGLHV�RU�FURVV�VXEVLGL]DWLRQ�IURP�KRXVH-
holds that did not own a PEV. That said, whether utilities that 
invested their own capital in charging stations could earn a 
respectable rate of return over time would depend on state-
level regulatory policies that are used to encourage utility 
investment.

Commercial Charging Providers

Mostly in response to government grants, several pri-
vate companies have entered the business of installing and 
managing public charging stations. These charging stations 
DUH�D�PL[�RI�$&�OHYHO���DQG�'&�IDVW�FKDUJHUV�DQG�DUH�ORFDWHG�
both between and within cities. The companies have been 

TABLE 5-4  Costs of Installing Public DC Fast-&KDUJLQJ�6WDWLRQV�IRU�WKH�:HVW�&RDVW�(OHFWULF�+LJKZD\�3URMHFWa  
Component Cost 
DC fast-charging equipment 

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

$58,000 
per unit 

Level 2 charger colocated next to DC fast-charging station  
x 240 V/30 A AC level 2 public charger 
x Same terms and conditions as listed above 

$2,500 
per unit 

Equipment installation (labor and electric-panel upgrade)   
x Separate power drop or meter for the charging station 
x Electric panel upgrade (if required) 
x Construction and environmental and electricity permits 
x Trenching, backfill, and site restoration 
x Installation of conduit and power lines to charging station 
x Installation of concrete pad and electric stub-out  
x Installation of curb or wheel stop and overhead lighting 
x Installation and testing of equipment 

$26,000 
per location 

Utility interconnection 
x Costs are highly variable and depend on cost-recovery policies of the electric-power provider and condition of 
H[LVWLQJ�SRZHU�distribution componentsc 

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

$12,500 to $25,000 
per location 

Host-site identification, analysis, and screening  
x Identification of potential sites  
x Consultation with electric-power providers 

$5,000 
per location 

Negotiation, legal review, and execution of lease 
x Making contact with several property owners 
x ([FKDQJLQJ�DQG�QHJRWLDWLQJ�OHDVH�GRFXPHQWV 
x ([HFXWLQJ�DQG�UHFRUGLQJ�GRFXPHQWV 

$6,000 
per location 

Total for DC fast charger and 3-year service $109,500 to $122,000 
a Land costs are not included here. 
b Point-of-sale capabilities might include radiofrequency identification authentication and networking to back-office functions 
(such as account management and customer billing), equipment status signals, and credit card transactions. 
c Additional costs could be incurred if addition of multiple chargers increases demand charges or requires additional electricity 
service upgrades. 
NOTE: A, amperes; AC, alternating current; DC, direct current; kW, kilowatt; V, volt. 
SOURCE: Based on data from PB (2009). 
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H[SHULPHQWLQJ�ZLWK�GLIIHUHQW�PRGHOV�LQ�WKHLU�HIIRUWV�WR�UHFRY-
HU�WKHLU�FDSLWDO�FRVWV�DQG�WKH�FRVWV�RI�HOHFWULFLW\��)RU�H[DPSOH��
ChargePoint (2014) is pricing on a per-charge-event basis, 
while NRG/eVgo (2014) relies on both a monthly subscrip-
tion fee and a fee per minute of plug-in time. Depending on 
state legislative and regulatory rulings, charging providers 
might avoid being regulated as utilities by not charging in 
proportion to the amount of electricity consumed (see fur-
ther discussion in Chapter 6). NRG/eVgo relies on its fee 
per minute of plug-in time as a mechanism for encouraging 
drivers to limit the amount of time that their vehicles occupy 
the parking spaces adjacent to the chargers. 

Although it might be easy to cover the variable costs 
of their operations from the various fees paid by customers 
�IRU�H[DPSOH��PRQWKO\�VXEVFULSWLRQ�IHHV�RU�IHHV�SHU�FKDUJLQJ�
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, 
(&2WDOLW\�� HQFRXQWHUHG� ¿QDQFLDO� GLI¿FXOWLHV� DQG� ¿OHG� IRU�
bankruptcy in October 2013; its Blink assets, including the 
network of Blink charging stations, have been purchased by 
CarCharging (Wald 2013). 

The infrastructure-deployment model adopted by NRG/
eVgo provides a unique approach. It is oriented toward pro-
viding a simple and complete set of services to residential 
FXVWRPHUV��15*�H9JR��������RIIHUV�LWV�+RXVWRQ�FXVWRPHUV�D�
1-year contract for a $15 monthly fee that covers the installa-
tion of charging equipment at home and provides unlimited 
access to its network of public stations at 10 cents per minute 
of plug-in time. And unlike most other public stations, its 
Freedom Chargers include DC fast chargers and AC level 2 
chargers and are located mainly along major transportation 
corridors within the metropolitan areas it serves.7

%R[�����SURYLGHV�D�K\SRWKHWLFDO�FDOFXODWLRQ�IRU�WKH�HFR-
nomics of providing public charging stations using a business 
model that collects monthly subscription fees and also charges 
customers for charging time. The calculation suggests that it 
PLJKW� EH� GLI¿FXOW� IRU� FKDUJLQJ� SURYLGHUV� WR� VXUYLYH� XQOHVV�
WKHLU� FDSLWDO� FRVWV� DUH�DW� OHDVW�SDUWLDOO\� VXEVLGL]HG�E\�SXEOLF�
funding or by others, such as vehicle manufacturers. That said, 
the committee heard concerns from private charging develop-
HUV� WKDW�VXEVLGL]LQJ� LQIUDVWUXFWXUH� LQYHVWPHQWV� WHQGHG� WR�XQ-
GHUPLQH� WKH�EXVLQHVV�PRGHOV�RI�¿UPV� WKDW�ZHUH�SUHSDUHG� WR�
¿QDQFH�LQIUDVWUXFWXUH�ZLWK�WKHLU�RZQ�FDSLWDO�

Vehicle Manufacturers 

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

7�H9JR�DUHDV�LQFOXGH�+RXVWRQ��'DOODV�)RUW�:RUWK��/RV�$QJHOHV��6DQ�
)UDQFLVFR��6DQ�'LHJR��WKH�6DQ�-RDTXLQ�9DOOH\��DQG�:DVKLQJWRQ��'�&��
7R�WKH�H[WHQW�WKDW�WKH�SURYLVLRQ�RI�D�QHWZRUN�RI�IDVW�FKDUJLQJ�VWDWLRQV�
KHOSV�FDWDO\]H�3(9�VDOHV��WRWDO�HOHFWULFLW\�FRQVXPSWLRQ�ZLOO�LQFUHDVH�
by much more than electricity consumption at the eVgo charging sta-
WLRQV�DQG�SURYLGH�DGGLWLRQDO�SUR¿WV�IRU�15*��ZKLFK�JHQHUDWHV�HOHF-
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 
PRVW� H[SHQVLYH� WR� EXLOG� DQG� LV� XQOLNHO\� WR� JHQHUDWH� KLJK�
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 BEV manufacturers could have 
a business case for covering the installation and maintenance 
costs of DC fast-charging infrastructure deployed in intercity 
and interstate highway corridors. Whether the infrastructure 
would be publicly accessible is uncertain as a vehicle man-
ufacturer would have little incentive for providing charging 
LQIUDVWUXFWXUH�IRU�3(9V�WKDW�LW�GLG�QRW�SURGXFH��)RU�H[DPSOH��
only Tesla customers can use Tesla-built chargers because of a 
7HVOD�VSHFL¿F�SOXJ��,Q�WKH�FDVH�RI�1LVVDQ��ZKLFK�LV�DOVR�EXLOG-
LQJ�DQG� VXEVLGL]LQJ�FKDUJHUV�� WKHLU� FKDUJHUV� FDQ�EH�XVHG�E\�
many types of PEVs but might require payment from those 
not covered under Nissan’s No-Charge-to-Charge plan.

Federal Government 

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

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

Finding: Initiatives undertaken by Tesla and Nissan suggest 
that vehicle manufacturers that wish to penetrate the market 
IRU�%(9V�SHUFHLYH�D�EXVLQHVV�FDVH�IRU�LQYHVWLQJ�LQ�H[WHQVLYH�
networks of DC fast-charging stations.

Finding: Apart from BEV manufacturers and utilities (or 
groups of utilities), the committee has not been able to iden-
tify any private sector entities that have an attractive busi-
ness case for absorbing the full capital costs of investments 
in public charging infrastructure. 
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BOX 5-1 Some 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 times a month (or 1 hour of charge twice a month) 
at public chargers.

Assume that each charging station involves a capital outlay of $10,000 and that the investor requires a payback in 3 years, which in 
round terms 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 of F, must satisfy NF = 300K - 4N, or

N = 300K/(F + 4)

And the break-even value of F as a function of K/N can be expressed as

F = 300(K/N) - 4

7KLV�VXJJHVWV�WKDW�D�¿UP�ZLWK�����VXEVFULEHUV�IRU�HYHU\����FKDUJLQJ�VWDWLRQV�FRXOG�EUHDN�HYHQ�E\�FKDUJLQJ�D�VXEVFULSWLRQ�IHH�RI�����
per month. 

1RWH��KRZHYHU��WKDW�WKH�HFRQRPLFV�EHFRPHV�PXFK�PRUH�GLI¿FXOW�IRU�QHWZRUNV�RI�'&�IDVW�FKDUJHUV��ZKLFK�UHTXLUH�PXFK�ODUJHU�FDSLWDO�
outlays, or for AC level 2 networks that have to compete with networks of fast chargers.

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

Recommendation: The federal government should refrain 
from additional direct investment in the installation of pub-
lic charging infrastructure pending an evaluation of the rela-
tionship between the availability of public charging and PEV 
adoption or use. 
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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.1 Electric utilities in 
WKH� WZHQW\�¿UVW� FHQWXU\� KDYH� H[SHULHQFHG� HURGLQJ� GHPDQG�
(see Figure 6-1) and view PEVs as a potential source of in-
creased demand (Kind 2013; EEI 2014). The Edison Electric 
Institute, the largest trade association for electric utilities, 
FRQWHQGV�WKDW�WKH�LQGXVWU\�QHHGV�LQFUHDVHG�HOHFWUL¿FDWLRQ�RI�
the transportation sector for the electricity sector to remain 
viable and sustainable in the long term (EEI 2014).

An important concern raised by the public and policy 
makers, however, is the ability of electric utilities to accom-
modate PEV charging, a concern that impacts not only PEV 
owners but also the public more broadly. At the current time, 
PEV charging requirements account for about 0.02 percent of 
the energy produced and consumed in the continental United 
States (EIA 2012).2�:HUH�WKH�VKDUH�RI�WKH�3(9�ÀHHW�WR�UHDFK�
as high as 20 percent of private vehicles, the estimated impact 
would still account for only 5 percent of today’s electricity 
production (DOT 2014; EIA 2012).3 Accordingly, the electric-
ity sector does not perceive PEVs as posing any near-term or 
PLG�WHUP�FKDOOHQJHV��+RZHYHU��VRPH�KDYH�DVVXPHG�WKDW�HOHF-
WULF�XWLOLWLHV�FDQQRW�DFFRPPRGDWH�WUDQVSRUWDWLRQ�HOHFWUL¿FDWLRQ�
with the current grid infrastructure. That mistaken belief is 
also held in other countries and has been cited as a key reason 

1 An electric utility is a publicly or privately owned company that 
generates, transmits, and distributes electricity for sale to the public 
and includes vertically integrated utilities that own their generation 
plants, transmission components, and distribution wires and un-
bundled utilities that separate the generation, transmission, distri-
bution, and retail into different 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 
DQG�RSHUDWHG�E\�UHJLRQDO�RUJDQL]DWLRQV�RU�PXQLFLSDO�JRYHUQPHQWV��
often referred to as munis. The largest muni in the United States is 
the Los Angeles Department of Water and Power.

2 This estimate assumes that each PEV consumes about 10 kWh/
day.

3 This estimate assumes the aforementioned consumption for 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).

why electric utilities have not been allowed to take a more 
proactive role in facilitating the deployment of PEVs and the 
associated charging infrastructure (Anegawa 2010). There-
IRUH�� LW� LV� LPSRUWDQW�WR�H[DPLQH�WKH�FXUUHQW�HOHFWULFLW\�VHFWRU�
DQG�FRQVLGHU�ZKDW�LPSHGLPHQWV�PLJKW�H[LVW�

$FFRUGLQJO\�� WKLV� FKDSWHU� H[DPLQHV� SRWHQWLDO� LPSHGL-
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-
VLRQ�LQ�FRQWH[W��WKH�FRPPLWWHH�¿UVW�GHVFULEHV�WKH�SK\VLFDO�DQG�
economic structure of electric utilities. Physical constraints 
in the distribution infrastructure for PEV charging are iden-
WL¿HG� QH[W�� IROORZHG� E\� D� GLVFXVVLRQ� RI� SRWHQWLDO� HFRQRPLF�
constraints and impediments within the delivery system. One 
scenario for a hypothetical utility of the future is described at 
WKH�FRQFOXVLRQ�RI� WKH�FKDSWHU��7KH�FRPPLWWHH¶V�¿QGLQJV�DQG�
recommendations are provided throughout the chapter.

One important point that should be noted before begin-
ning the discussion of the electricity sector is that the federal 
JRYHUQPHQW�KDV�RQO\�OLPLWHG�SRZHUV�LQ�GLUHFWO\�LQÀXHQFLQJ�RU�
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 state regulatory com-
missions. Thus, the ability of private-investor-owned electric 
utilities to foster or impede the development of PEVs will 
YDU\�VLJQL¿FDQWO\�EDVHG�RQ�WKH�DFWLRQV�RI�WKH�LQGLYLGXDO�VWDWH�
utility commissions. Furthermore, different regulatory bodies 
oversee municipal-owned utilities, federally owned utilities, 
cooperative utilities, and, as indicated, the wholesale markets. 
These jurisdictional and regional regulatory differences limit 
the federal government’s ability to affect the practices of the 
8�6�� HOHFWULFLW\� VHFWRU� �VHH�� IRU� H[DPSOH��8�6��&RXUW� RI�$S-
peals 2014 decision on FERC Order 745).

Finding: State jurisdiction over retail electric rates constrains 
the federal role in directing the electricity sector to foster PEV 
growth.
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FIGURE 6-1 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 
\HDU�� WKH�¿UVW�GHFDGH�RI� WKLV�FHQWXU\�KDV�EHHQ�
QHDUO\�ÀDW�ZLWK�DQ�DYHUDJH�JURZWK�UDWH�RI�RQO\�
0.7 percent. SOURCE: EIA (2013). 

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 
are responsible for high-voltage transmission and frequently 
for overall system control. Distribution companies are pub-
licly or privately owned companies that sell, state by state, 
price-regulated electric energy to retail customers, residen-
tial, commercial, and industrial. They may be independent 
or part of a vertically integrated electric utility.

Today’s structure of the electricity sector and the busi-
QHVV�HQWLWLHV�ZLWKLQ� LW�KDYH�EHHQ� LQ�D�VWDWH�RI�FRQVWDQW�ÀX[�
and evolution since April 1996, when the FERC issued its 
Orders No. 888 and 889, which formally 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 
KLJKO\�ÀXLG�ZKROHVDOH�HOHFWULF�PDUNHWV��)(5&��������,Q�WKH�
1RUWKHDVW��0LGZHVW��6RXWKZHVW��7H[DV��(5&27���DQG�&DOL-
fornia, Order 888 has resulted in the creation of Independent 
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 
WKH� WUDQVPLVVLRQ� V\VWHP�DQG�PDQDJH� WKH�RUJDQL]HG�ZKROH-
sale markets between generators and retail suppliers and 
large industrial customers. Independently owned electricity 
generators operate by selling wholesale electricity into or-
JDQL]HG� RU� ELODWHUDO�PDUNHWV�� WKDW� HOHFWULFLW\� LV� WUDQVPLWWHG�
by separate corporate and operational entities to distribution 
companies, which serve retail consumers. 

GENERATION AND TRANSMISSION

For roughly 60 percent of the United States, the electric-
LW\� VHFWRU� RSHUDWHV� WKURXJK� RUJDQL]HG�PDUNHWV� FRRUGLQDWHG�
by ISOs (EIA 2011). Most electric consumers in the United 
States get their energy from generators within large, central-
ly controlled regional networks. Their energy is transmitted 
over high-voltage wires that are regulated by the FERC. That 
HQHUJ\�LV�¿QDOO\�GHOLYHUHG�WKURXJK�D�GLVWULEXWLRQ�V\VWHP�UHJ-
ulated by state public utility commissions (PUCs) that are re-
sponsible for setting the price paid per kilowatt hour. Where 
states have opted for retail competition, such as in Ohio and 
7H[DV��WKH�VWDWH�FRPPLVVLRQV�RYHUVHH�DQG�DSSURYH�WKH�PDQ-
ner in which the sellers of retail energy structure their ser-
vices rather than set the price per kilowatt hour for electricity 
delivered to consumers.

Understanding the electric power delivery chain is criti-
cal for understanding the current and future interactions be-
tween electric utilities and PEV charging systems and for 
identifying any impediments that might be introduced by 
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 
UHVLGHQWLDO�FKDUJLQJ��SXEOLF�FKDUJLQJ��RU�ÀHHW�FKDUJLQJ��,W�LV�
at the local electricity distribution level that concentrations 
of PEVs might stress the delivery infrastructure (Maitra 
�������+RZHYHU��HYHQ�ZLWK�KLJK�DGRSWLRQ�UDWHV�IRU�3(9V�DQG�
therefore for vehicle charging, the impact on the electricity 
V\VWHP�DW�ODUJH�LV�LQVLJQL¿FDQW��

Although both the generation and the transmission sec-
tors are critical to the ultimate delivery of electricity for ve-
hicle charging, they are not an impediment to PEV accep-
tance because meeting the demand created by PEV charging 
is well within the planning and operational capability of the 
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 
V\VWHP� IURP� WKH� LQWURGXFWLRQ� RI� 3(9V�� 7KXV�� WKH� H[LVWLQJ�
capability to generate and transmit power within the United 
States is not now nor is it anticipated to be a deterrent to the 
adoption of PEVs.

PHYSICAL CONSTRAINTS IN THE  
DISTRIBUTION INFRASTRUCTURE

Although the introduction of PEVs is not constrained by 
the transmission 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, uniformly distributed within the country or any 
UHJLRQ�EXW�DUH�LQVWHDG�JHQHUDOO\�H[SHFWHG�WR�EH�ORFDOO\�FRQFHQ-
trated (see Chapter 3). PEVs have typically been concentrated 
LQ�VSHFL¿F�JHRJUDSKLF�DUHDV�WKDW�KDYH�KLJKHU�PHGLDQ�LQFRPHV��
place higher values on environmental issues and energy se-
curity, and have higher average educational levels. Those de-
mographics suggest that PEV acquisition will be concentrated 
in particular residential areas of the distribution system. As a 
result, any of the potential problems for the distribution sys-
WHP�QRWHG�DERYH�ZLOO�PRVW�OLNHO\�EH�ORFDOL]HG��0DLWUD��������
Several scenarios in which problems could arise are discussed 
below.

7KH�¿UVW�VFHQDULR�LQ�ZKLFK�3(9V�FRXOG�SRVH�DQ�RSHUDWLRQ-
al constraint on the distribution infrastructure is when several 
PEVs are simultaneously being charged on one transformer 
or one branch circuit that was designed to serve the traditional 
loads of a few residences. In that scenario, PEV charging could 
DIIHFW� SRZHU� V\VWHP� VWDELOLW\�� IRU� H[DPSOH�� FKDUJLQJ� FRXOG�
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 transformer 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 
V\VWHP� HOHPHQW� RSHUDWLQJ� DW� IXOO� FDSDFLW\�� ,W� ZRXOG� EH� H[-
tremely rare for 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 11 
p.m. That scenario at the residential circuit level could over-
load four components of the distribution infrastructure: the 
service drop (the wire from local transformer to the home or 
other point of charge), the local distribution transformer, feed-
ers (wires from local distribution transformer to distribution 
substation), or a substation transformer. Figure 6-3 provides 
DQ�H[DPSOH�RI�KRXUO\�GHPDQG� IRU�HOHFWULFLW\�DW�D� VXEVWDWLRQ�
within a residential distribution system and illustrates the pat-
tern of residential consumption for several cases. Case 1 illus-
trates what might happen without any incentives for off-peak 
charging. It shows a measurable impact on the peak and indi-
cates that without incentives to reduce charging on peak, there 
FRXOG� EH� VSHFL¿F� ORFDWLRQV� ZKHUH� DGGLWLRQDO� FDSLWDO� LQYHVW-
ments might be needed to accommodate the added demand 
from PEV charging.
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FIGURE 6-3�+RXUO\�GHPDQG�IRU�HOHFWULFLW\�DW�D�VXEVWDWLRQ�LQ�D�UHVLGHQWLDO�GLVWULEXWLRQ�V\VWHP��127(��$��DPSHUHV��N:��NLORZDWW��
3+(9��SOXJ�LQ�K\EULG�HOHFWULF�YHKLFOH��9��YROW��6285&(��0DLWUD�HW�DO����������,PDJH�FRXUWHV\�RI�(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH��

From the perspective of the distribution company, PEV 
charging represents an added uncertainty for the planning 
process. There are multiple dimensions to the issue, includ-
ing how many PEVs will be purchased, where PEVs will be 
charged, and whether the pattern of charging will be coinci-
dent with local peak electricity consumption. Finally, there is 
the question of whether there are state-regulator-approved ac-
tions that the distribution company can take to alter the pattern 
RI�FKDUJLQJ�GHPDQG�WR�PLQLPL]H�RU�SRWHQWLDOO\�HOLPLQDWH�DQ\�
negative effects, such as strong pricing incentives, timing re-
strictions, or indirect or direct charging control. Research done 
in California on different pricing incentives shows that PEV 
owners are price responsive, that larger price differentials 
encourage customers to charge off-peak, and that customers 
tend to remain on these time-of-day, price differentiated tariffs 
(CPUC 2012a). 

Research also indicates that even without time-differen-
tiated rates, PEV charging patterns tend to follow a pattern 
that has only moderate effects on distribution system peaks 
(CPUC 2014). With the near-term adoption levels antici-
pated for PEVs, there is still a natural diversity in the time 

and scale of PEV charging that is dictated by the type of 
trips that are taken in the vehicles. Currently, PEV charging 
EHKDYLRU�H[KLELWV�D�JUDGXDO�ORDG�FXUYH�WKDW�SHDNV�DW�DERXW���
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 of PEVs have required a local distribution sys-
tem to upgrade a component—and has cost ratepayers only 
$36,029 overall (CPUC 2014).

Another study, by the largest California utilities (E3 
2014), demonstrates that even at high PEV adoption levels, 
the impacts on the distribution grid are minimal. The E3 study 
used the distribution data and load patterns for the Califor-
QLD�XWLOLWLHV��DQDO\]HG�WKH�GLVWULEXWLRQ�RI�3(9�DGRSWLRQ�DW�WKH�
��GLJLW�]LS�FRGH�OHYHO��DQG�IRUHFDVW�WKH�LQFUHPHQWDO�FRVW�IURP�
PEVs on each individual distribution line and transformer 
until 2030 for two scenarios: a normal case that meets the 
&DOLIRUQLD� ]HUR�YHKLFOH�HPLVVLRQ� PDQGDWH� DQG� D� FDVH� WKDW�
has adoption levels three times higher than the normal case. 
The study found that even for the highest adoption levels, the 
cost would be less than 1 percent of the annual distribution-
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upgrade costs of the California utilities. The study also found 
that time-of-use charging would reduce costs to customers by 
60 percent compared with charging at any time during the day.

6RPH�FRQFHUQ�KDV�EHHQ�H[SUHVVHG�DERXW�IXWXUH�SDWWHUQV�
of charging and the resulting impact on the reliability of the 
distribution system with the introduction of DC fast charging 
�VHH�7DEOH�������+RZHYHU��EHFDXVH�WKH�W\SLFDO�GULYLQJ�GLVWDQFH�
for a PEV is not likely to change because of fast 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 effect on the distribution infra-
structure. Furthermore, data from the EV Project indicate that 
DC fast charging represents only a small proportion of charg-
ing for vehicles (less than 1 percent of the energy demand for 
the Nissan Leafs in the study) (INL 2014). 

Finding: PEV charging has had a negligible effect on the 
GLVWULEXWLRQ�V\VWHP�FRPSRQHQWV� WR� GDWH� DQG� LV� H[SHFWHG� WR�
have a negligible future effect at the anticipated rates of PEV 
adoption.

POTENTIAL ECONOMIC CONSTRAINTS OR  
IMPEDIMENTS WITHIN THE DELIVERY SYSTEM

:LWK�LWV�H[LVWLQJ�FDSDELOLWLHV��WKH�JHQHUDWLRQ�DQG�WUDQV-
mission elements of the U.S. electric power system are suf-
¿FLHQWO\�UREXVW�WR�SURYLGH�WKH�LQIUDVWUXFWXUH�DQG�GHOLYHU�WKH�
energy required for PEV charging. As indicated above, any 
physical constraints or impediments to the distribution sys-
WHP�ZLOO� EH� KLJKO\� ORFDOL]HG� DQG�PRVW� OLNHO\�ZLOO� EH� RQO\�
within individual distribution branches in the near to mid-
term. Thus, any constraints on PEV adoption that could arise 
from the electricity sector are more likely to be economic 
rather than physical or technical. 

The economic constraints are primarily associated with 
two factors: high underlying electricity costs and ineffective-
O\�DOLJQHG�UDWH�VWUXFWXUHV��+LJK�XQGHUO\LQJ�HOHFWULFLW\�FRVWV�
UHGXFH�WKH�¿QDQFLDO�EHQH¿W�RI�RZQLQJ�D�3(9�E\�PDNLQJ�WKH�
costs to drive the PEV closer to those of an ICE vehicle. 
The electricity 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 
OHVV�H[SHQVLYH�HOHFWULFLW\� WKDQ� IRVVLO�IXHO�JHQHUDWLRQ�RI� WKH�
Northeast. The regional differences in electricity costs add 
FRQIXVLRQ�WR�XQLIRUP�H[SODQDWLRQV�RI�WKH�HFRQRPLF�RSHUDW-
LQJ�EHQH¿WV�RI�3(9�RZQHUVKLS��DV�QRWHG�LQ�&KDSWHU����

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 tariffs that govern wheth-
er individual customers are responsible for any electricity 

system upgrades that are incurred solely on their behalf or 
whether those costs can be spread over all electric customers.

The distribution company rate tariffs that are offered to 
end-use retail customers could raise obstacles to PEV adop-
tion, including (1) inconsistency between rate tariffs, (2) lack 
of price incentives, (3) high average costs for electricity usage 
for residential customers, and (4) high costs for commercial 
and industrial customers due to demand charges (see Table 
6-1 for descriptions of various rate structures). These potential 
obstacles can confuse retail customers about the best available 
electricity rate and the price advantage that they might receive 
by using electricity as a transportation fuel. Commercial con-
sumers might have the added disincentive of a demand charge 
that is triggered by increased peak load.

The price paid by the end user for energy varies substan-
tially between customer classes—industrial, commercial, 
and residential—and varies even more substantially from 
region to region, state to state, and distribution company to 
distribution company. State-regulated rate structures are de-
VLJQHG�WR�DOORZ�D�UHJXODWHG�UHWDLOHU�WR�UHFRYHU�LWV�¿[HG�DQG�
variable costs and earn a fair rate of return. The costs in-
clude the variable cost of generated or purchased energy and 
a return on capital invested in generation, transmission, and 
distribution along with the operating costs of the company. 
The task of the PUCs is to allocate the full and reasonable 
costs of providing reliable energy across time, geography, 
and customer class. State jurisdictional authority in setting 
retail electricity rates has resulted in little or no consistency 
LQ�WKH�¿QDO�SULFH�RI�HOHFWULFLW\�LQ�WHUPV�RI�ERWK�WKH�DEVROXWH�
price per kilowatt-hour of electricity and the rate structure 
itself. Uniform change appears to be nearly impossible given 
the fact that electric tariffs seen by all consumers (residen-
tial, commercial, and industrial) vary widely as a function of 
WKH�XQGHUO\LQJ�HQHUJ\�JHQHUDWLRQ�VWUXFWXUH��WKH�WD[�VWUXFWXUHV�
that the distribution companies face, and the vagaries of be-
ing regulated by 50 different state regulators and the local 
regulatory bodies that oversee more than 2,000 municipal 
and cooperative utilities. On the other hand, that same vari-
DELOLW\�KDV�DOORZHG�IRU�PXOWLSOH�H[SHULPHQWV� LQ�KRZ�WR�GH-
sign rate structures for PEV charging.

The substantial differences in electric rates from one 
utility to another and between states are impediments to 
PEV adoption because it prevents a sales campaign from 
FRPPXQLFDWLQJ�HDVLO\�RU�VLPSO\�WKH�HFRQRPLF�EHQH¿WV�DQG�
costs of PEVs to potential buyers. Consumers have become 
accustomed to translating mpg values in national advertis-
LQJ�IRU�,&(�YHKLFOHV��UHFRJQL]LQJ�WKDW�WKH�SULFH�RI�JDVROLQH�
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 differentials in peak and off-peak 
UDWHV��LI�WKH\�H[LVW��RU�DQ\�GHPDQG�FKDUJHV�WKDW�PLJKW�EH�DS-
plied. Also, it does not consider the variety of types of PEVs, 
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ZKLFK�LQFOXGH�%(9V�WKDW�UXQ�RQO\�RQ�HOHFWULFLW\�DQG�3+(9V�
WKDW�FDQ�UXQ�RQ�D�JDVROLQH�RU�HOHFWULFLW\��DQG�ZKRVH�PL[�RI�
those fuels will vary by battery capacity and driving needs. 
Assembling a broad message for consumers on costs and 
EHQH¿WV�LV�SUDFWLFDOO\�LPSRVVLEOH�JLYHQ�WKDW�IXHO�FRVWV�YDU\��
on average, by a factor of at least two and can vary by a 
factor of 4 or more.4,5�7KH�GLI¿FXOW\�LQ�JHQHUDOL]LQJ�IXHOLQJ�
costs is discussed further in Chapter 3.

Residential electric rate structures for vehicle charg-
ing can also be an impediment to PEV adoption. Flat rates 
provide no incentive for the owner to charge the vehicle at 
WKH�RSWLPDO�WLPH�IRU�WKH�XWLOLW\��*LYHQ�WKDW�ÀDW�UDWHV�UHSUHVHQW�
averages over a broad customer base, if the PEV is used for 
FRPPXWLQJ�DQG�WKXV�LV�FKDUJHG�DW�QLJKW��IRU�H[DPSOH��WKH�ÀDW�
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-use (TOU) rates are substantially better 
aligned with the true costs of serving electric customers but 
add to the distribution company’s cost if digital, multiregister 
meters are not already installed at the home. Although time-
GLIIHUHQWLDWHG�UDWHV�JHQHUDOO\�EHQH¿W�3(9�RZQHUV��WKH\�FDQ�EH�
a disincentive if owners need to charge during high-priced, 

4 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 $1,169 if electric costs are 
$0.05/kWh, $997 if electric costs are $0.10 /kWh, and only $824 if 
electric costs are $0.15/kWh at 300 Wh per mile.

JHQHUDOO\�PLGGD\��WLPH�SHULRGV��)LJXUH�����VKRZV�DQ�H[DPSOH�
of the impact of TOU rates on charging behavior as reported 
in the EV Project (ECOtality 2013). The time during which 
a vehicle was connected to a residential charger and the time 
during which the vehicle was actually drawing power were 
H[DPLQHG� LQ� WKH� VHUYLFH� WHUULWRULHV� RI� WKH�1DVKYLOOH�(OHFWULF�
6HUYLFH� �1(6�� DQG� 3DFL¿F�*DV� DQG� (OHFWULF� �3*	(���1(6�
GRHV�QRW�RIIHU�728�UDWHV��EXW�3*	(�GRHV��)LJXUH�����VKRZV�
that while the vehicles were connected to residential chargers 
for similar times in the two service areas, demand for charging 
energy was very different in the service area with TOU pric-
LQJ��3*	(��7KDW�¿QGLQJ�LQGLFDWHV�WKDW�XVHU�EHKDYLRU�LQ�SOXJ-
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-
PL]H�WKHLU�FRVW��*LYHQ�WKDW�3(9�FKDUJLQJ�DW�UHVLGHQWLDO�VLWHV�
most often is discretionary, in that it can occur any time after 
WKH�YHKLFOH�UHWXUQV�KRPH�DQG�EHIRUH�LW�LV�QHHGHG�WKH�QH[W�GD\��
PEV owners can take advantage of time-differentiated rates to 
FKDUJH�WKHLU�YHKLFOHV�GXULQJ�WKH�OHDVW�FRVWO\�SHULRG��EHQH¿WLQJ�
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 because its rate structures send 
the appropriate price signals to customers, who in turn have 
responded by conserving electricity during peak periods. 

Distribution rates for commercial and industrial cus-
tomers typically contain demand charges. The economic ef-

 
(c) Energy Demand, NES, no TOU rates           �G��(QHUJ\�'HPDQG��3*	(��728�rates 

FIGURE 6-4�5HVLGHQWLDO�FKDUJLQJ�EHKDYLRU�LQ�1(6�DQG�3*	(�VHUYLFH�WHUULWRULHV��DV�PHDVXUHG�LQ�WKH�(9�3URMHFW��3DQHOV��D��DQG��E��
VKRZ�DYHUDJH�SHUFHQW�RI�YHKLFOHV�SOXJJHG�LQWR�UHVLGHQWLDO�FKDUJHUV�E\�WLPH�RI�GD\�LQ�WKH�1(6�DQG�3*	(�VHUYLFH�WHUULWRULHV��DQG�SDQHOV�
�F��DQG��G��VKRZ�DYHUDJH�FKDUJLQJ�HQHUJ\�GHPDQG�E\�WLPH�RI�GD\�LQ�WKRVH�WHUULWRULHV��127(��1(6��1DVKYLOOH�(OHFWULF�6HUYLFH��3*	(��
3DFL¿F�*DV�DQG�(OHFWULF��728��WLPH�RI�XVH��6285&(��(&2WDOLW\��������



Copyright © National Academy of Sciences. All rights reserved.

Overcoming Barriers to Deployment of Plug-in Electric Vehicles 

Implications of Plug-in Electric Vehicles for the Electricity Sector 105

fect on commercial or industrial customers that are provid-
ing charging could be substantial and strongly negative if a 
single hour with unusually high charging demand were to 
cause an increase in the demand charge. Although it might 
be argued that one or more charging stations would represent 
only marginal increases in energy consumption for relatively 
ODUJH�FRPPHUFLDO�HQWLWLHV��WR�WKH�H[WHQW�WKDW�D�FKDUJLQJ�VWD-
tion is being used during the peak power consumption time 
RI�GD\��LW�ZLOO�KDYH�DQ�LPSDFW�RQ�WKH�PD[LPXP�GHPDQG�RI�
WKH�FRPPHUFLDO�RU� LQGXVWULDO�HQWLW\��([FHHGLQJ� WKH�GHPDQG�
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 EV Project demonstrates the 
importance of this issue; it found that demand charges could 
account for over 90 percent of the utility bill in some areas 
(ECOtality 2012). Thus, it is critical to note that although the 
peak occurs only once and only for a brief period, the effect 
on the customer’s bill could be felt for far longer, and more 
important, the increased cost could outweigh any potential 
EHQH¿WV�JDLQHG�E\�SURYLGLQJ�3(9�FKDUJLQJ�LQIUDVWUXFWXUH�

7KHUH�H[LVWV�RQH�DGGLWLRQDO�LPSHGLPHQW�WR�3(9V�WKDW�LV�
GLUHFWO\�UHODWHG� WR� WKH�UDWH�VWUXFWXUH�EXW�GLI¿FXOW� WR�TXDQWLI\��
PEVs individually and in combination with other technolo-
gies likely to be implemented in the distribution system (such 
as distributed storage, distributed generation, and advanced 
controls) might be able to provide a EHQH¿W to the utility in 
terms of ancillary services, such as regulation or reserves. The 
supply of those necessary services to the utility has a positive 
value in terms of cost savings—costs that the utility would 
KDYH�KDG�WR�H[SHQG�EXW�IRU�WKH�IDFW�WKDW�WKH�3(9�RU�RWKHU�GLV-
WULEXWHG�GHYLFH�H[LVWV�DQG�LV�DEOH�WR�RSHUDWH�VR�DV�WR�EHQH¿W�WKH�
XWLOLW\��7KH�DQFLOODU\�VHUYLFH�EHQH¿WV�DUH�UHDO��HYHQ�LI�GLI¿FXOW�
WR�VHSDUDWH�IURP�WKH�EHQH¿WV�RI�RWKHU�WHFKQRORJLHV�LQ�WKH�GLV-
tribution system. The fact that PEVs and other technologies 
in the system can and do provide those services provides a 
SRVLWLYH�EHQH¿W�WR�WKH�RSHUDWLRQV�RI�WKH�XWLOLW\�DQG�FRXOG�UHS-
UHVHQW�D�¿QDQFLDO�EHQH¿W�6�$OWKRXJK�WKHUH�LV�VRPH�GLI¿FXOW\�LQ�
SUHFLVHO\�TXDQWLI\LQJ� WKH�SRWHQWLDO�EHQH¿W��XVLQJ� WKH� UHJXOD-
WRU\�IUDPHZRUN�WKDW�H[LVWV�LQ�&DOLIRUQLD�ZRXOG�SURYLGH�DERXW�
$100 per kW per year of capability and could be an important 
incentive for PEVs if passed on to PEV customers (E3 2014).7  
Regulatory structures implemented by PUCs and ISOs could 

6�,W�KDV�EHHQ�VXJJHVWHG�WKDW�EHQH¿WV�VKRXOG�EH��DQG�ZLWKLQ�PRVW�RI�
the ISOs are) paid for based on the “avoided cost” of the utility. The 
GLI¿FXOW\�LV�LQ�FDOFXODWLQJ�WKH�DYRLGHG�FRVW�DQG�WKHUHIRUH�WKH�VL]H�RI�
DQ\�EHQH¿WV��$YRLGHG�FRVWV�UHSUHVHQW�D�FDOFXODWLRQ�RI�ZKDW�LW�ZRXOG�
have cost the utility to acquire the service provided by the distributed 
WHFKQRORJ\�LI�WKH�XWLOLW\�KDG�WR�SURYLGH�LW��$�IXUWKHU�GLI¿FXOW\�LQ�HVWL-
PDWLQJ�WKLV�EHQH¿W�LV�WKDW�WKH�VHUYLFH�LV�OLNHO\�WR�EH�SURYLGHG�E\�PXO-
tiple technologies within the distribution system, requiring sharing of 
DQ\�DYRLGHG�FRVW�EHQH¿WV��DQG�WKDW�IDU�PRUH�RI�WKH�VHUYLFH�FRXOG�EH�
delivered than the utility requires at any point in time.

7 This estimate is the net present value over 10 years for a resource 
that would be available for the 100 peak hours of a year, assuming 
that the cost of a new entry has a weighted average cost of capital of 
an independent power producer.

DOORZ�WKHVH�SRWHQWLDO�UHYHQXHV�WR�EH�FODLPHG�E\�3(9V��7KH�H[-
isting operating and accounting logics implemented by PUCs 
and ISOs that allow customers to provide these services will 
QHHG�WR�EH�PRGL¿HG�WR�DFFRPPRGDWH�3(9V��ZKLFK�DUH�PRELOH�
loads that will be connecting at multiple and diverse locations 
as opposed to most (if not all) other distributed technologies 
WKDW�RSHUDWH�DW�D�¿[HG�ORFDWLRQ��$PRQJ�WKRVH�DFWLRQV��WKH�WZR�
most important are deciding which entity in the PEV ecosys-
tem should be compensated for the service provided and how 
to measure compliance with any dispatch instruction given by 
the electric utility or ISO. 

Finding: The confusion caused by the substantial differenc-
es in electric rates offered to customers by different 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 
XWLOLW\�EHQH¿WV�IURP�PRYLQJ�WKH�ORDG�IURP�SHDN�WR�RII�SHDN�

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 regulatory commissions offer PEV owners the option of 
purchasing electricity under TOU or real-time pricing.

ELECTRICITY SECTOR REGULATORY ISSUES 
FOR OPERATING A PUBLIC CHARGING STATION

As noted in Chapter 5, utilities might have a viable busi-
ness case for deploying charging infrastructure. Provision of 
3(9�FKDUJLQJ�VHUYLFHV�FDQ�EHQH¿W�HOHFWULF�XWLOLWLHV�DV� LW�FDQ�
LQFUHDVH� XWLOL]DWLRQ� RI� ¿[HG� DVVHWV� RI� WKH� GLVWULEXWLRQ� LQIUD-
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 
FXVWRPHU� RU� VRFLHWDO� EHQH¿WV� IURP� UHGXFHG� JUHHQKRXVH� JDV�
HPLVVLRQV�RU�LPSURYHG�ORFDO�DLU�TXDOLW\��+RZHYHU��RQH�FDYHDW�
WKDW�QHHGV�WR�EH�UHFRJQL]HG�LV�WKDW�QRW�DOO�XWLOLWLHV�DUH�DOORZHG�
to provide charging services. Some states have granted partial 
or full permission for electric utilities to provide PEV charg-
LQJ�VHUYLFHV��7KDW�DFWLRQ�KDV�DOORZHG�$XVWLQ�(QHUJ\��7H[DV���
Duke Energy (North Carolina), and Portland General Electric 
�2UHJRQ��WR�¿OO�WKH�QHHG�IRU�3(9�FKDUJLQJ�VHUYLFHV��,Q�-DSDQ��
TEPCO is allowed to support the deployment of public charg-
ing infrastructure by providing necessary interconnection to 
WKH�JULG�DQG�LQWHUQDOL]LQJ�WKH�FRVWV�WR�WKH�VKDUHKROGHUV�RU�UDWH-
payers, and this approach has meaningfully reduced the cost 
to install DC fast chargers in TEPCO’s service territory (An-
egawa 2010). 

Thus, many in the PEV and utility industries have called 
for greater latitude to provide charging services, particularly 
LQ�XQGHUVHUYHG�PDUNHWV�ZKHUH�GHPDQG�IRU�3(9�FKDUJLQJ�H[-
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 



Copyright © National Academy of Sciences. All rights reserved.

Overcoming Barriers to Deployment of Plug-in Electric Vehicles 

106 Overcoming Barriers to Deployment of Plug-in Electric Vehicles

utilities would have an unfair competitive advantage. Such 
policies could put independent public charging providers at 
a competitive disadvantage because utilities have substantial 
H[LVWLQJ� LQIUDVWUXFWXUH�DQG�ZRXOG�EH�DEOH� WR�VSUHDG�VRPH�RI�
the cost of providing charging services across their customer 
base independent of whether any individual customer owned 
a PEV or used the public charging infrastructure. 

$QRWKHU� UHJXODWRU\� LVVXH� LV� WKH� H[WHQW� WR� ZKLFK� 3(9�
charging providers are considered to be offering electricity for 
resale and thus would be regulated as a utility. As discussed 
above, in most states, the retail sale of electricity is a com-
mercial activity heavily regulated as a monopoly business. 
Considering an independent public charging company to be 
a public utility and subject to public utility regulation would 
dramatically alter the company’s cost structure and its po-
tential competitive position. In addition, it would affect the 
company’s ability to raise capital. Many states have not yet 
made a distinction between the retail sale of power and the 
provision of PEV charging services (Council of State Govern-
PHQWV��������+RZHYHU��D�IHZ�VWDWH�38&V�KDYH�WDNHQ�XS�WKH�
issue of whether PEV charging services should be a regulated 

activity,8 and in a few states, the issue has been addressed by 
the legislature rather than by regulatory interpretation (see 
Figure 6-5).9

Finding: Electric utilities that provide PEV charging services 
have multiple reasons for doing so that can positively affect 
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 are not utilities and therefore not subject to utility 
UHJXODWRU\�RYHUVLJKW��VSHFL¿FDOO\�LQ�VHWWLQJ�UDWHV�IRU�FKDUJLQJ��

8�)RU�H[DPSOH��VHH�&DOLIRUQLD�38&�5XOHPDNLQJ������������&RGH�
6HFWLRQ� ���������� -XO\� ������ $UL]RQD� &RUSRUDWLRQ� &RPPLVVLRQ�
Docket No. E-01345A-10-0123, Decision No. 72582, September 
15, 2011; and PUC of Oregon Guidelines Adopted; Utilities Or-
GHUHG�7R�0DNH�5HYLVHG�7DULII�)LOLQJV��-DQXDU\����������

9�)RU�H[DPSOH��VHH�:DVKLQJWRQ�6XEVWLWXWH�+RXVH�%LOO���������QG�
/HJLVODWXUH�� �����5HJXODU�6HVVLRQ�� -XO\����� ������&DOLIRUQLD�$V-
VHPEO\�%LOO������&RORUDGR�*HQHUDO�$VVHPEO\�+RXVH�%LOO����������
DQG�1HZ�<RUN�%LOO�6����������

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 (2015). Courtesy of the Center for Climate and Energy Solutions. 
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Recommendation: Given that electric utilities and their rate-
SD\HUV� FRXOG� EHQH¿W� IURP� LQFUHDVHG� 3(9� DGRSWLRQ�� HOHFWULF�
utility regulators should encourage their electric utilities to 
provide PEV charging services to their customers when con-
GLWLRQV�LQGLFDWH�WKDW�DOO�FXVWRPHUV�EHQH¿W��

THE UTILITY OF THE FUTURE

The interactions of the electricity sector and PEV charg-
ing are not static or unidirectional. Internationally and now 
LQFUHDVLQJO\�LQ�WKH�8QLWHG�6WDWHV��WKH�PRVW�VLJQL¿FDQW�FKDQJHV�
in delivery of electricity are 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 occurring within the distribution system, including the in-
troduction of micro-grids; the increased deployment of dis-
tributed electricity generation in the form 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 for charging energy will 
affect the total demand for energy at the distribution level. 
The increase in demand might well be offset by an increase 
in supply from distributed generation. Combining residential 
PV with the multiple possible functions of a PEV as a distrib-
uted storage device and means of transportation is also seen 
DV�D�PHDQV�RI�ORFDOL]HG�ORDG�EDODQFLQJ�IRU�WKH�XWLOLW\�DQG�FRVW�
savings for the customer.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 
RSHUDWRU�DGGHG�ÀH[LELOLW\�DQG�FRQWURO� WR�PDQDJH� WKH�RYHUDOO�
load on the system.

Finding: PEVs might be a large part of the utility of the fu-
ture and could help perform functions that the electric sector 
GHHPV�YDOXDEOH��+RZHYHU��LVVXHV�DVVRFLDWHG�ZLWK�FXVWRPHU�DF-
cess to their vehicles and effects on battery life will need to be 
resolved before vehicles can be fully integrated into the utility 
of the future.

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 study The Utility of the Future rep-
resents one research effort under way to understand the impact of 
disruptive technologies on the utility distribution system.

12 It should be noted that PEV batteries beyond their useful life for 
transportation might be useable as stationary storage devices within 
the distribution system (see Chapter 4).
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7

Incentives for the Deployment of Plug-in Electric Vehicles

One of the most important issues concerning the deploy-
ment of plug-in electric vehicles (PEVs) is determining what, 
if any, incentives are needed to promote this deployment. 
'HWHUPLQLQJ�DSSURSULDWH�LQFHQWLYHV�LV�GLI¿FXOW�EHFDXVH�OLWWOH�
is yet known about the effectiveness of PEV incentive pro-
JUDPV��7KHUHIRUH��WKH�FRPPLWWHH�¿UVW�FRQVLGHUHG�WKH�SULFH�RU�
cost competiveness of PEVs and the possibilities for reduc-
LQJ� SURGXFWLRQ� FRVWV�� ,W� QH[W� FRQVLGHUHG�PDQXIDFWXUHU� DQG�
consumer incentives for purchasing or owning PEVs and 
then past incentive programs for other alternative-vehicle 
and fuel technologies. The chapter concludes with recom-
mendations on what the committee sees as the most compel-
ling approaches to promoting PEV deployment. 

VEHICLE PRICE AND COST OF OWNERSHIP

A major consideration when purchasing or leasing a 
YHKLFOH� LV� WKH�¿QDQFLDO�FRQVHTXHQFH��7KXV�� WKH� WZR�IDFWRUV�
to consider are the vehicle price and the cost of ownership. 
Most people compare prices or monthly leasing payments 
DQG�WDNH�LQWR�DFFRXQW�DQ\�¿QDQFLDO�LQFHQWLYH�WKDW�ZRXOG�UH-
duce the vehicle price. Because vehicle manufacturers and 
GHDOHUV� DUH� SUR¿W�RULHQWHG� EXVLQHVVHV�� YHKLFOH� SULFHV� DUH�
generally related to production costs��+RZHYHU��WKH�UHODWLRQ-
ship between a manufacturer’s suggested retail price and its 
SURGXFWLRQ�FRVW�W\SLFDOO\�UHÀHFWV�D�QXPEHU�RI�FRQVLGHUDWLRQV�
DQG�PLJKW�GLIIHU�DFURVV�YHKLFOHV�DQG�RYHU�WLPH��)RU�H[DPSOH��
on newly developed vehicles, such as PEVs, vehicle manu-
facturers might be motivated to incur losses or relatively low 
SUR¿W�PDUJLQV�LQ�WKH�VKRUW�UXQ�WR�SURPRWH�VDOHV�DQG�VWUHQJWK-
HQ�WKHLU�EXVLQHVV�SRVLWLRQV�DQG�SUR¿W�PDUJLQV�RYHU�WKH�ORQJ�
run. That type of marketing strategy contributed to the even-
tual success of the Toyota Prius (Tellis 2013). Regardless of 
how the vehicle price is set, price is an important consider-
ation for most consumers when shopping for a new vehicle.

Some prospective buyers also consider more broadly 
the costs of owning a vehicle—in particular, the costs of fu-
eling, maintaining, and insuring the vehicle and its resale or 
trade-in value. The total cost of ownership (or overall cost to 
WKH�FRQVXPHU��RI�DQ\�VSHFL¿F�YHKLFOH�FDQ�EH�YLHZHG�DV�WKH�

HIIHFWLYH�SXUFKDVH�SULFH��SULFH�DGMXVWHG�IRU�DQ\�¿QDQFLDO�LQ-
centives) plus the costs of fueling, 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-
SRUWDQW��PRVW�FRQVXPHUV�¿QG�LW�GLI¿FXOW�WR�HVWLPDWH�WKH�ODWWHU�
ZLWK�PXFK�FRQ¿GHQFH��SDUWO\�EHFDXVH�WKH\�DUH�QRW�FHUWDLQ�DW�
the time of purchase how long they will keep their vehicles 
or how many miles they will drive in them and partly be-
cause fuel costs, maintenance costs, and resale values are 
uncertain, particularly for newer technology vehicles like 
PEVs. That said, tools to help prospective buyers estimate 
and compare the total ownership costs of different vehicles 
are now available at Edmunds.com and elsewhere. 

The U.S. Department of Energy (DOE) has created a 
website calculator where prospective buyers provide various 
GULYHU�VSHFL¿F�LQSXWV��VXFK�DV�QHW�YHKLFOH�SULFH��QRUPDO�GDLO\�
driving distance, annual mileage, and breakdown of mileage 
between city and highway) and can calculate the cumulative 
cost of ownership�RYHU�GLIIHUHQW�WLPH�KRUL]RQV�XQGHU�UHSUH-
sentative assumptions about other such factors as mainte-
nance and insurance costs (DOE 2014a).2 Cumulative cost 
of ownership is distinct from total cost of ownership in that 
LW�LV�D�FDOFXODWLRQ�IRU�D�JLYHQ�WLPH�KRUL]RQ�DQG�W\SLFDOO\�GRHV�
not include the trade-in or resale value. Thus, by focusing on 
the cumulative costs of ownership over different time hori-
]RQV��WKH�'2(�FDOFXODWLRQV�DYRLG�DVVXPSWLRQV�DERXW�UHVDOH�
values, which are highly uncertain for PEVs. 

$IIRUGDELOLW\²DV� UHÀHFWHG� LQ� SULFH� DQG� WRWDO� FRVW� RI�
RZQHUVKLS²LV�QRW�WKH�RQO\�FRQVLGHUDWLRQ�WKDW�LQÀXHQFHV�WKH�
W\SHV�RI�YHKLFOHV�WKDW�FRQVXPHUV�FKRRVH��$V�HPSKDVL]HG�LQ�
Chapter 3, PEV adoption also depends importantly on con-
sumer awareness, the variety of models available, uncertain-
ties about new technologies and resale values, and various 
vehicle attributes that determine its utility to the customer. 
Because there is still much uncertainty about PEV technolo-

1�0RUH�VRSKLVWLFDWHG�GH¿QLWLRQV�RI�WKH�WRWDO�FRVW�RI�RZQHUVKLS�DUH�
based on the present discounted values of the various components 
of cost (that is, they discount future costs relative to current costs).

2�7KH�ZHEVLWH�FDOFXODWRU�SURYLGHV�]LS�FRGH�VSHFL¿F�DVVXPSWLRQV�
about fuel prices that the user can override.
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gies and the battery lifetimes, and because there are not as 
yet well-developed markets for used PEVs or their batteries, 
consumers are likely to perceive more uncertainty about the 
total costs of owning PEVs than about the total costs of own-
ing conventional vehicles. Those 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 frequent choice for PEVs than 
for conventional vehicles (see Table 3-3) because it can make 
monthly payments for the vehicle appear more affordable and 
reduce the risk of owning one. In a typical leasing arrange-
ment, ownership of the vehicle is transferred at a negotiated 
VDOHV�SULFH� IURP� WKH�GHDOHU� WR�D�EDQN�RU� VRPH�RWKHU�¿QDQFH�
FRPSDQ\��RIWHQ�WKH�¿QDQFLDO�DUP�RI�WKH�YHKLFOH�PDQXIDFWXU-
HU���,Q�JHQHUDO��WKH�VDOHV�SULFH�LV�LQÀXHQFHG�LPSRUWDQWO\�E\�WKH�
amount that the vehicle manufacturer charges the dealer for 
the car and by any incentive payments or guarantees that the 
PDQXIDFWXUHU�RIIHUV�WKH�¿QDQFH�FRPSDQ\�3�7KH�¿QDQFH�FRP-
pany collects the monthly leasing payments and generally also 
receives (1) incentives or other subsidies provided by federal 
RU� VWDWH� JRYHUQPHQWV� RU� ���� EHQH¿WV� IURP� ORZHU� QHJRWLDWHG�
sales prices resulting from government incentives provided to 
manufacturers or dealers. As such, potential PEV drivers who 
do not have enough income to qualify for the federal income 
WD[�FUHGLW�FRXOG�VWLOO�EHQH¿W�IURP�DQ\�FUHGLW�DYDLODEOH�ZLWK�YH-
hicle leasing. 

PRICE AND COST COMPETITIVENESS  
OF PLUG-IN ELECTRIC VEHICLES

7KH�FRPPLWWHH�XVHG�WKUHH�DSSURDFKHV�WR�DVVHVV�WKH�H[-
tent to which prices or costs of ownership might have af-
fected PEV deployment to date. First, the committee com-
pared the manufacturers’ suggested retail prices (MSRPs, 
which are essentially the target prices) of various PEV mod-
els with those of comparative vehicles. Second, it evaluated 
sales data, and, third, it considered consumer surveys. No 
approach provided conclusive results.

Table 7-1 lists MSRPs for three relatively best-selling 
3(9�PRGHOV��IRU�VHYHUDO�K\EULG�HOHFWULF�YHKLFOHV��+(9V���DQG�
IRU�LQWHUQDO�FRPEXVWLRQ�HQJLQH��,&(��YHKLFOHV��,W�H[FOXGHV�WKH�
Tesla Model S, which tends to be bought by relatively wealthy 
individuals whose purchase decisions might not be highly sen-
sitive to price. The table allows one to compare the prices of 
WKH�&KHYUROHW�9ROW� DQG� WZR�&KHYUROHW�&UX]H�PRGHOV� DQG� WR�
compare the prices of the Ford Fusion Energi and the Ford 
)XVLRQ�$XWRPDWLF� DQG�+\EULG�PRGHOV�� WKH� FRPSDULVRQV� DUH�
LQIRUPDWLYH�EHFDXVH�WKH�3(9V�DQG�FRPSDUDWLYH�,&(�DQG�+(9�
models are built on the same platforms and therefore have 
similar production costs for components other than those asso-

3�$Q� LPSRUWDQW� LQÀXHQFH�RQ� WKH�QHJRWLDWHG� VDOHV�SULFH� LV� WKH�¿-
nance company’s estimate of the value of the car at the end of the 
lease, taking into account any guarantees by the vehicle manufac-
turer.

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 Leaf, along with the average transac-
WLRQ�SULFHV�IRU�VPDOO�DQG�PLGVL]H�YHKLFOH�VHJPHQWV��LQFOXGLQJ�
the prices for the specialty segment. The committee empha-
VL]HV�WKDW�WKH�0653V�VKRZQ�LQ�WKH�WDEOH�VLPSO\�UHSUHVHQW�SULFH�
points that manufacturers target, as distinct from the prices at 
which vehicles are actually sold, which are typically less than 
the MSRPs. Nevertheless, the MSRP comparisons provide 
some useful perspectives. The average transaction price data 
UHÀHFW�WKH�DFWXDO�SULFHV�SDLG�E\�WKH�FRQVXPHU��

In addition to providing information on vehicle prices, 
Table 7-1 includes ranges for annual fuel costs and 5-year cu-
PXODWLYH�FRVWV�RI�RZQHUVKLS��$V�UHÀHFWHG�LQ�WKH�WDEOH�QRWHV��
the estimates are based on a combination of the assump-
tions included in the DOE calculator and the committee’s 
VSHFL¿F� DVVXPSWLRQV� DERXW� DQQXDO� YHKLFOH� PLOHV� WUDYHOHG��
electricity costs, and gasoline prices ranging from $2.50 to 
$4.00 per gallon. The estimates of 5-year cumulative costs of 
ownership assume that purchasers pay MSRPs and receive 
PD[LPXP�WD[�FUHGLWV��DQG�WKH�HVWLPDWHG�FRVWV�LQ�\HDUV�WZR�
WKURXJK�¿YH�KDYH�QRW�EHHQ�GLVFRXQWHG�5

As indicated in Table 7-1, the MSRPs before consider-
DWLRQ�RI�WKH�IHGHUDO�WD[�FUHGLWV�IRU�WKH�3(9V�DUH�DOO�VXEVWDQ-
WLDOO\�KLJKHU�WKDQ�WKH�0653V�IRU�WKH�+(9V�DQG�,&(�YHKLFOHV�
listed in the table. After consideration of the $7,500 federal 
WD[�FUHGLW��WKH�DGMXVWHG�0653�IRU�WKH�&KHYUROHW�9ROW�VWLOO�VXE-
VWDQWLDOO\� H[FHHGV� WKH� 0653V� IRU� WKH� &KHYUROHW� &UX]H� /6�
Automatic, the Toyota Prius, and the Volkswagen Passat and 
the average transaction price for the specialty small vehicle 
VHJPHQW�� ,W� VRPHZKDW� H[FHHGV� WKH�0653� RI� WKH� &KHYUROHW�
&UX]H�'LHVHO�$XWRPDWLF��7KH�0653�IRU�WKH�)RUG�)XVLRQ�(Q-
HUJL��DIWHU�DGMXVWLQJ�IRU�WKH��������IHGHUDO�WD[�FUHGLW��H[FHHGV�
MSRPs of the two other Fusion models, the Toyota Prius, and 
the Volkswagen Passat but is similar to the average transac-
WLRQ�SULFH�RI�WKH�VSHFLDOW\�PLGVL]H�YHKLFOH�VHJPHQW��7KH���\HDU�
cumulative cost of owning a Chevrolet Volt—as estimated by 
the DOE calculator using representative assumptions—is, re-
spectively, about $2,300 and $3,400 higher than the compa-
rable 5-year costs for the Toyota Prius and the Volkswagen 
Passat at a gasoline price of $2.50 per gallon and higher by 

4 It is common practice for a vehicle manufacturer to build mul-
tiple vehicle models on the same platform but that are in different 
PDUNHW�VHJPHQWV��$OWKRXJK�WKH�&KHYUROHW�&UX]H�DQG�9ROW�DUH�LQ�WKH�
VDPH�VL]H�VHJPHQW��WKH\�DUH�QRW�LQ�WKH�VDPH�PDUNHW�VHJPHQW��VWDQ-
dard compact vs premium compact).

5 In theory, car payments that are spread over 5 years or less have 
SUHVHQW�GLVFRXQWHG�YDOXHV� WKDW� HTXDO��RU� FORVHO\�DSSUR[LPDWH�� WKH�
vehicle MSRP when the payments are discounted at the rate of in-
WHUHVW�FKDUJHG� LQ�¿QDQFLQJ� WKH�FDU�SD\PHQWV��$QG�ZKLOH�GLVFRXQW�
rates between 0 and 6 percent would imply that the present dis-
counted value of the 5-year stream of other costs (for fuel, tires, 
maintenance, insurance, inspection, and registration) was up to 
VHYHUDO�WKRXVDQG�GROODUV�OHVV�WKDQ�¿YH�WLPHV�WKH�DQQXDO�DYHUDJH�RI�
those costs—with relatively smaller differences for vehicles that 
have relatively lower annual fuel costs (such as PEVs)—the quali-
WDWLYH�FRPSDULVRQV�DQG�WKH�¿QGLQJ�ZRXOG�QRW�EH�DIIHFWHG�
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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 Energi 
LV�KLJKHU�WKDQ�WKRVH�RI�DOO�WKH�+(9�DQG�,&(�YHKLFOHV�OLVWHG�LQ�
Table 7-1, even at a gasoline price of $4.00 per gallon. 

In contrast, the MSRP of the Nissan Leaf, after consider-
LQJ� WKH� ������� IHGHUDO� WD[� FUHGLW�� LV� OHVV� WKDQ� WKH�0653�RI�
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 of PEVs is to evaluate data on sales volumes. The idea 
is that low sales volume could indicate that the vehicles are 
not price- or cost-competitive, although the analysis above 
indicates that the Nissan Leaf is highly competitive given 
WKH�IHGHUDO�WD[�FUHGLW��$V�QRWHG�LQ�&KDSWHU����DERXW���������
highway-capable PEVs 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 
H[SDQG�GXULQJ� WKH� HDUO\� LQWURGXFWRU\� VWDJH�� WKH�QXPEHU�RI�
PEVs 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 currently an obstacle to PEV 
GHSOR\PHQW�� 7KH� DQQXDO� 1HZ�9HKLFOH� ([SHULHQFH� 6WXGLHV�
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 
%(9�DQG�3+(9�EX\HUV��UHVSHFWLYHO\��FRQVLGHUHG�WKHLU�SXU-
chases “value for the money.” The data suggest that current 
pricing might not be a primary barrier to greater PEV sales 
among early adopters, who tend to be less price sensitive 
than the mainstream market, and that buyers are rejecting the 
vehicles for other reasons. Strategic Vision also found that 
10 percent of new-vehicle buyers are actively shopping or 
plan to shop for a PEV and that about 33 percent are open to 
hearing more about what PEVs can do for them. Given that 
15 million new vehicles are sold each year, the data suggests 
an active potential market of about 1.5 million PEVs with 
DERXW�WZR�WKLUGV�¿QGLQJ�WKH�SULFLQJ�RU�OHDVH�UDWHV�DSSHDOLQJ��
Despite these results, Strategic Vision stated that it still be-
OLHYHV�WKDW�³SULFH�LV�D�FULWLFDO�EDUULHU²HYHQ�IRU�PRUH�DIÀXHQW�
customers” (Edwards 2013, p. 45).

6�)RU�H[DPSOH��LQ�HDUO\������'2(�SURMHFWHG�FXPXODWLYH�8�6��VDOHV�
of 1.22 million PEVs by 2015 (DOE 2011).

Finding:�8QGHU�WKH�FXUUHQW�SURJUDP�RI�IHGHUDO� WD[�FUHGLWV��
the comparisons of MSRPs and cumulative ownership costs 
SURYLGH�PL[HG�HYLGHQFH�RQ�ZKHWKHU�SULFH�LV�FXUUHQWO\�DQ�RE-
VWDFOH�WR�WKH�GHSOR\PHQW�RI�3(9V��+RZHYHU��LQ�WKH�DEVHQFH�
RI�WKH�WD[�FUHGLWV�RU�RWKHU�VXEVLGLHV��DQDORJRXV�FRPSDULVRQV�
at prevailing MSRPs would be unfavorable to the PEVs. 

Finding: 6DOHV�GDWD�DQG�FRQVXPHU�VXUYH\�GDWD�DUH�GLI¿FXOW�
to interpret. They are consistent, however, with the view that 
price is a barrier to some buyers, but that others might be 
rejecting PEVs for other reasons. 

POSSIBILITIES FOR DECLINES IN PRODUCTION 
COSTS FOR PLUG-IN ELECTRIC VEHICLES 

7KH�H[WHQW�WR�ZKLFK�3(9V�DUH�DGRSWHG�RYHU�WLPH�ZLOO�GH-
pend on reductions in their production costs, on the policies 
that governments implement to promote PEV deployment, 
DQG�RQ�WKH�H[WHQW�WR�ZKLFK�YHKLFOH�PDQXIDFWXUHUV�GHFLGH�WR�
price PEVs more attractively by relying on relatively low 
markups in pricing and perhaps compensating for the loss 
of revenue by raising mark-ups on their portfolios of other 
vehicles.7 The three factors are not completely independent. 
Government policies toward research and development can 
DIIHFW�EDWWHU\�FRVWV��DQG�SROLFLHV��VXFK�DV�]HUR�HPLVVLRQ�UH-
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 factors. The technologies be-
ing used for PEVs are relatively new compared with technolo-
gies used to produce ICE vehicles, which have been evolving 
and improving for more than a century. Thus, as discussed in 
&KDSWHU����LW�LV�H[SHFWHG�WKDW�UHVHDUFK�DQG�GHYHORSPHQW�ZLOO�
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 Manufacturers typically estimate their direct labor and material 
costs of production and markup prices above direct production costs 
E\�DPRXQWV�VXI¿FLHQW�WR�FRYHU�WKH�¿[HG�FRVWV�RI�SODQW�DQG�HTXLS-
ment, various indirect costs (including the costs of research and 
development, corporate operations, dealer support, and marketing), 
DQG�DQ�DOORZDQFH�IRU�SUR¿WV��$�VWXG\�EDVHG�RQ�GDWD�IURP�WKH������
annual reports of eight major vehicle manufacturers found that the 
average markup factor for the automobile industry was about 1.5 
�57,�8075,��������+RZHYHU��PDQXIDFWXUHUV�ZLOO�VHOO�YHKLFOHV�DW�
prices that the market will bear; thus, the markup on one vehicle 
model can be much greater than that on another vehicle model.

8 Innovations in other elements of vehicle technology are likely to 
lead to improved vehicle performance without necessarily gener-
ating substantial reductions in cost. Improving the aerodynamics, 
reducing friction, reducing the rolling resistance of tires, and reduc-
LQJ�ZHLJKW�FRXOG�OHDG�WR�D�YHKLFOH�GHVLJQ�ZLWK��IRU�H[DPSOH��EHWWHU�
performance or more driving range, depending on what trade-offs 
were made in the overall vehicle design. That could lead to the need 
for a smaller battery, and the reduced cost of the battery would have 
to be weighed against the increased cost of the above-mentioned 
improvements because such improvements generally come at 
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&RVW�UHGXFWLRQ�PLJKW�DOVR�EH�UHDOL]HG�DV�3(9�SURGXFWLRQ�
volume increases and both the capital costs of investments in 
production facilities and the indirect costs of research and de-
velopment, corporate operations, dealer support, and market-
ing are spread over more vehicles. Such scale economies will 
DOVR�EH�UHDOL]HG�LQ�WKH�VXSSOLHU�EDVH�ZLWK�LQFUHDVHV�LQ�WKH�GH-
mand for components, such as batteries, motors, and inverters, 
enabling suppliers to reduce the prices that vehicle manufac-
turers are charged for those components. In addition, increases 
in the number of vehicles and the demand for components 
will likely lead to greater competition among suppliers, which 
could intensify the downward pressure on component prices 
as suppliers innovate and generate better designs. And once 
D�QHZ�YHKLFOH�WHFKQRORJ\�EHFRPHV�IDLUO\�¿UPO\�HVWDEOLVKHG��
FRPSRQHQWV�WHQG�WR�EHFRPH�PRUH�VWDQGDUGL]HG��OHDGLQJ�WR�DG-
ditional reductions in production costs.

$V� HPSKDVL]HG� LQ� &KDSWHU� ��� WKH� GLIIHUHQFH� EHWZHHQ�
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-
tery pack costs declined by as much as 50 percent over the 
QH[W���WR����\HDUV��FRQVLVWHQW�ZLWK�RSWLPLVWLF�SURMHFWLRQV��VHH�
discussion in Chapter 2), the cost of producing a BEV with 
24 kWh nominal battery capacity (analogous to the Nissan 
Leaf) would decline by roughly $6,000. Similarly, the costs 
RI�SURGXFLQJ�3+(9V�ZLWK������N:K�DQG�����N:K�QRPLQDO�
battery capacities (analogous to the Chevrolet Volt and Ford 
Energi) would decline by about $4,100 and $1,900. And a 
75 percent decline in battery pack costs (a highly optimistic 
forecast)—to as low as $125 per kWh of nominal battery 
capacity—would reduce the costs of producing the Nissan 
Leaf, the Chevrolet Volt, and the Ford Energi by an addi-
tional $3,000, $2,050, and $950, respectively. Such optimis-
tic reductions in production costs would provide opportuni-
ties for the vehicle manufacturers to reduce the MSRPs for 
PEVs by amounts that largely offset, or more than offset, the 
HIIHFWV�RI�WKH�SHQGLQJ�H[SLUDWLRQ�RI�WKH�FXUUHQW�SURJUDP�RI�
IHGHUDO�WD[�FUHGLWV�

A detailed analysis of how the nonbattery costs of PEVs 
are likely to evolve relative to those of comparative vehicles 
is beyond the scope of this report. Recent NRC reports on 
the costs of different vehicle types, however, conclude that 
WKH�FRVWV�RI�SURGXFLQJ�3+(9V�DQG�%(9V�ZLOO�OLNHO\�UHPDLQ�
JUHDWHU�WKDQ�WKH�FRVWV�RI�SURGXFLQJ�,&(�YHKLFOHV�DQG�+(9V�
IRU� DW� OHDVW� WKH� QH[W� WZR� GHFDGHV� �1$6�1$(�15&� ������
NRC 2013b). 

It should be noted that PEV adoption does not require 
PEVs to be priced at or below the prices of conventional ve-
KLFOHV��6RPH�PLJKW�EX\�3(9V�EHFDXVH�WKH\�DUH�OHVV�H[SHQVLYH�

some incremental cost (NRC 2011a, 2013a). These innovations in 
technology will likely also be applied to conventional vehicles as 
manufacturers strive to meet fuel-economy requirements, but also 
at some incremental cost.

WR�IXHO�DQG�SHUKDSV�OHVV�H[SHQVLYH�WR�PDLQWDLQ��2WKHUV�PLJKW�
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 battery costs could decline by 50 or per-
KDSV� HYHQ� ��� SHUFHQW� RYHU� WKH� QH[W� GHFDGH�� LW� LV� QRW� FOHDU�
ZKHWKHU�VXFK�D�GHFOLQH�ZRXOG�EH�VXI¿FLHQW²E\�LWVHOI²WR�HQ-
sure widespread adoption of PEVs once the current quotas for 
IHGHUDO�WD[�FUHGLWV�DUH�H[KDXVWHG��

Finding: The decline over time in PEV production costs is 
OLNHO\�WR�RFFXU�JUDGXDOO\��DQG�H[LVWLQJ�TXRWDV�IRU�IHGHUDO�WD[�
FUHGLWV�PLJKW� EH� H[KDXVWHG� IRU�PDQXIDFWXUHUV� RI� UHODWLYHO\�
popular PEVs before costs can be substantially reduced. 

INCENTIVES

The production and purchase of PEVs is a classic chick-
en-and-egg problem. Manufacturers do not want to produce 
3(9V�LI�QR�FXVWRPHUV�H[LVW��DQG�FRQVXPHUV�FDQQRW�EX\�3(9V�
LI� YHKLFOHV� DUH� QRW� DYDLODEOH� WKDW� PHHW� WKHLU� H[SHFWDWLRQV��
Therefore, regulatory requirements and incentives for manu-
facturers and consumers have been provided over the past few 
years by states and the federal government to encourage PEV 
production and deployment. Most manufacturer incentives 
and mandates are contained in federal or state regulatory pro-
grams discussed below. Most consumer incentive 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-
LW\�RI�ZKLFK�PLJKW�DOVR�LQÀXHQFH�SHRSOH¶V�ZLOOLQJQHVV�WR�SXU-
chase PEVs. 

Manufacturer Incentives and Regulatory Requirements

Incentives for manufacturers to produce PEVs are 
contained in the federal Corporate Average Fuel Economy 
�&$)(��6WDQGDUGV� DQG� WKH�*UHHQKRXVH�*DV� �*+*��(PLV-
sion Standards for light-duty vehicles. California and other 
VWDWHV�KDYH�=HUR�(PLVVLRQ�9HKLFOH��=(9��SURJUDPV�WKDW�UH-
quire the sale of PEVs in those states because PEVs are the 
only qualifying technology that are currently mass produced. 
These manufacturer 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 Regulatory Incentives for  
Plug-in Electric Vehicles

)XHO�HFRQRP\�DQG�*+*�HPLVVLRQV�IURP�OLJKW�GXW\�YH-
KLFOHV�DUH�UHJXODWHG�XQGHU�WKH�IHGHUDO�&$)(�*+*�QDWLRQDO�
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program. Under the recently updated rule, vehicle manufac-
WXUHUV�PXVW�FRPSO\�ZLWK�IXHO�HFRQRP\�DQG�*+*�VWDQGDUGV�
that are equivalent to about 54.5 mpg and 163 grams of 
FDUERQ�GLR[LGH��&22��SHU�PLOH�IRU�WKH�ÀHHW�DYHUDJH�RI�QHZ�
YHKLFOHV�E\�PRGHO�\HDU� �0<������� �(3$�1+76$�����D���
$OWKRXJK�*+*�HPLVVLRQV�IURP�OLJKW�GXW\�YHKLFOHV�DUH�UHJX-
lated by the U.S. Environmental Protection Agency (EPA) 
under the Clean Air Act and fuel economy is regulated by 
WKH� 1DWLRQDO� +LJKZD\� 7UDI¿F� DQG� 6DIHW\� $GPLQLVWUDWLRQ�
�1+76$�� XQGHU� WKH� &$)(� SURJUDP�� WKH� IHGHUDO� DJHQFLHV�
have developed a single national program.9 The standards 
DUH�ÀHHW�EDVHG�VWDQGDUGV��PHDQLQJ�WKDW�D�PDQXIDFWXUHU�FDQ�
EXLOG�YHKLFOHV� WKDW� DUH� FHUWL¿HG�DERYH�DQG�EHORZ� WKH� VWDQ-
GDUGV�DV�ORQJ�DV�WKH�ÀHHW�ZLGH�DYHUDJH�PHHWV�WKH�VWDQGDUGV��
7KH�VWDQGDUGV�DOVR�RIIHU�DQ�DUUD\�RI�UHJXODWRU\�ÀH[LELOLWLHV��
including the ability to bank or buy compliance credits and 
incentives for various types of technologies. Although the 
DQDO\VHV�GRQH�E\�(3$�DQG�1+76$�IRU�WKHLU�PRVW�UHFHQW�UHJ-
ulation for 2017-2025 developed a cost-effective compliance 
demonstration pathway that shows how the standards for ve-
KLFOHV� LQ������FDQ�EH�DFKLHYHG�DOPRVW�H[FOXVLYHO\� WKURXJK�
conventional gasoline-powered vehicles, the regulations de-
YHORSHG�E\�(3$�DQG�1+76$�KDYH�JHQHURXV�FUHGLWV�IRU�3(9V�
that make it attractive for vehicle manufacturers to produce 
3(9V��+RZHYHU�� WKH�YHU\�QDWXUH�RI� WKH�VHSDUDWH� OHJLVODWLYH�
DXWKRULWLHV�XQGHU�ZKLFK�(3$�DQG�1+76$�RSHUDWH�WR�UHJXODWH�
light-duty vehicles means that the manner of crediting manu-
facturers of alternative-fuel vehicles, such as PEVs, diverges 
EHWZHHQ�WKH�&$)(�DQG�*+*�VWDQGDUGV��

The CAFE standard focuses on reducing petroleum us-
age in the United States. Federal law requires the CAFE pro-
gram to evaluate PEVs and all other alternative-fuel vehicles 
by using a petroleum equivalency factor (PEF) to calculate 
a fuel economy compliance number for such vehicles.10  
PEFs are used to convert the electric energy consumption 
PHDVXUHG� LQ� WKH� FHUWL¿FDWLRQ� WHVW� F\FOH� RI� DOWHUQDWLYH�IXHO�
YHKLFOHV��LQFOXGLQJ�%(9V�DQG�3+(9V��WR�DQ�HTXLYDOHQW�IXHO�
economy number. Manufacturers use the miles per gallon 
HTXLYDOHQW��03*H��WR�FDOFXODWH�WKHLU�ÀHHW�DYHUDJH�PSJ�IRU�
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-
fuel vehicles to comply with CAFE program requirements. 
)RU� H[DPSOH�� D� %(9� WKDW� LV� UDWHG� RQ� WKH� FHUWL¿FDWLRQ� WHVW�
F\FOH�DW�����:K�PLOH��URXJKO\�HTXLYDOHQW�WR�WKH�FHUWL¿FDWLRQ�
test cycle value for a Nissan Leaf) is treated as equivalent to 
D�����PSJ�JDVROLQH�SRZHUHG�FDU��VHH�%R[�������

9�7KH�ODUJHVW�VRXUFH�RI�*+*�HPLVVLRQV�IURP�OLJKW�GXW\�YHKLFOHV�
is CO2 that results from the combustion of gasoline or diesel fuel, 
DQG�WKLV�LPSOLHV�WKDW�IXHO�HFRQRP\�DQG�*+*�HPLVVLRQV�DUH�GLUHFWO\�
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).

3+(9V� DUH� WUHDWHG� DV� GXDO�IXHO� YHKLFOHV� WKDW� XVH� ERWK�
electricity and gasoline. Federal regulations stipulate how the 
gasoline and electric energy consumption is measured in cer-
WL¿FDWLRQ�WHVW�F\FOHV�IRU�3+(9V��7KH�PHDVXUHG�HOHFWULF�HQHUJ\�
consumption is converted, as in the BEV case, to an MPGe 
by using the petroleum equivalency factor method. The elec-
tric MPGe and gasoline mpg must be weighted to obtain the 
fuel economy value used in CAFE compliance. Until 2019, 
3+(9V�DUH�DVVXPHG�WR�XVH�HOHFWULF�IXHO����SHUFHQW�RI�WKH�WLPH�
DQG�JDVROLQH����SHUFHQW�RI�WKH�WLPH��(3$�1+76$�����E���%H-
JLQQLQJ�LQ�0<�������WKH�ZHLJKWLQJ�ZLOO�EH�GHWHUPLQHG�RQ�WKH�
EDVLV�RI� WKH�6$(�-�����IXHO�HFRQRP\�WHVW�PHWKRG�WKDW�XVHV�
a utility factor to estimate the fraction of driving on electric-
ity and assumes that the vehicle owner charges once per day 
and drives in much the same way as today’s typical light-duty 
YHKLFOH�GULYHUV��*LYHQ�WKDW�PHWKRG��D�3+(9�ZLWK����PLOH�DOO�
HOHFWULF�UDQJH��3+(9����ZRXOG�EH�WUHDWHG�DV�D����PSJ�JDVR-
OLQH�SRZHUHG�FDU��DQG�D�3+(9�ZLWK����PLOH�DOO�HOHFWULF�UDQJH�
�3+(9����ZRXOG�EH�WUHDWHG�DV�D�����PSJ�JDVROLQH�SRZHUHG�
car (Al-Alawi and Bradley 2014).

7KH�(3$�*+*�VWDQGDUGV�SURYLGH�WZR�WHPSRUDU\�LQFHQ-
WLYHV�WR�YHKLFOH�PDQXIDFWXUHUV�WR�SURGXFH�3(9V��7KH�¿UVW�LQ-
FHQWLYH�LV�WHPSRUDU\�WUHDWPHQW�RI�3(9V�DV�]HUR�HPLVVLRQV��WKDW�
is, upstream emissions of power plants are ignored) for the 
portion of operation assumed to be powered by electricity. For 
%(9V�DQG�IXHO�FHOO�YHKLFOHV��)&9V���WKH�0<�����������*+*�
standards set a value of 0 g/mile for the tailpipe CO2 emissions 
FRPSOLDQFH�YDOXH��(3$�1+76$�����E���3+(9V�DOVR�UHFHLYH�
a value of 0 g/mile based on a formula to estimate the fraction 
RI�HOHFWULFLW\�XVDJH��)RU�0<������������WKH�SURJUDP�DOORZV�
the 0 g/mile treatment up to a cumulative sales cap for each 
manufacturer.11 After that cap is reached, the compliance val-
XHV�IRU�%(9V�DQG�WKH�HOHFWULF�SRUWLRQ�RI�3+(9V�DUH�EDVHG�RQ�
an estimate of the national average emissions associated with 
SURGXFLQJ� WKH� HOHFWULFLW\� QHHGHG� WR� FKDUJH�3(9V��+RZHYHU��
the cumulative sales caps appear to be generous, so it is pos-
VLEOH�WKDW�PRVW�3(9V�ZLOO�EH�WUHDWHG�DV�=(9V��

7KH�VHFRQG�PDQXIDFWXUHU�LQFHQWLYH�XQGHU�WKH�(3$�*+*�
standards is sales multipliers that effectively treat a single 
PEV sold as more than one vehicle for compliance purposes. 
7KH�3(9�VDOHV�PXOWLSOLHUV�VWDUW�DW�����LQ�0<������IRU�%(9V�
DQG�)&9V�DQG�����IRU�3+(9V�DQG�WKHQ�JUDGXDOO\�GHFOLQH�WR�
����E\�0<�������ZKHQ�WKH\�DUH�SURSRVHG�WR�EH�FRPSOHWHO\�
phased out. The larger multiplier in the earlier years rewards 
manufacturers that are early market leaders. Allowing each 
PEV to count as more than one vehicle lowers the average 
*+*�SHU�PLOH�IRU�D�PDQXIDFWXUHU�

By increasing the MPGe and decreasing the grams CO2 
SHU�PLOH�RI�3(9V��WKH�IHGHUDO�LQFHQWLYHV�IURP�WKH�3()��]HUR�

11 0DQXIDFWXUHUV�WKDW�VHOO���������3+(9V��%(9V��DQG�)&9V�EH-
WZHHQ������DQG������FDQ�XVH�WKH���J�PLOH�YDOXH�IRU�D�PD[LPXP�
of 600,000 vehicles starting in 2022. For all other manufacturers 
(those who sell less than the 300,000), the 0 g/mile value can be 
used only up to 200,000 vehicles. 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 Derivation of Petroleum Equivalent for a Battery Electric Vehicle

7KH�3()�LV�GHULYHG�E\�¿UVW�FDOFXODWLQJ�D�IXOO�IXHO�F\FOH��JDVROLQH�HTXLYDOHQW�HQHUJ\�FRQWHQW�RI�HOHFWULFLW\�DQG�WKHQ�GLYLGLQJ�LW�E\�D������
fuel-content factor. The PEF was developed to motivate the production of vehicles fueled with 85 percent ethanol (E85), and the 0.15 
IDFWRU�UHÀHFWV�WKH�SHWUROHXP�FRQVXPSWLRQ�RI�(���YHKLFOHV��7KH�JDVROLQH�HTXLYDOHQW�HQHUJ\�FRQWHQW�RI�HOHFWULFLW\��(g) is calculated as 
IROORZV�

Eg = gasoline-equivalent energy content of electricity = (Tg × Tt�î�&����7p

where

Tg� �8�6��DYHUDJH�IRVVLO�IXHO�HOHFWULFLW\�JHQHUDWLRQ�HI¿FLHQF\� ������

Tt� �8�6��DYHUDJH�HOHFWULFLW\�WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ�HI¿FLHQF\� ������

Tp� �SHWUROHXP�UH¿QLQJ�DQG�GLVWULEXWLRQ�HI¿FLHQF\� ������

&� �ZDWW�KRXUV�RI�HQHUJ\�SHU�JDOORQ�RI�JDVROLQH�FRQYHUVLRQ�IDFWRU� ��������:K�JDO

Therefore,

Eg� ��������î�������î��������������� �������:K�JDO

7KH�1LVVDQ�/HDI��ZKLFK�UHTXLUHV�����:K�PLOH��H[KLELWV�D�UDQJH�RI������PLOHV�RQ�WKH�HOHFWULF�HQHUJ\�HTXLYDOHQW�RI���JDOORQ�RI�JDVROLQH�
������������ ��������7KDW�LV�WKH�FHUWL¿FDWLRQ�WHVW�F\FOH�UHVXOW��7R�SURYLGH�DQ�LQFHQWLYH�IRU�DOWHUQDWLYH�IXHO�YHKLFOHV��RQO\����SHUFHQW�
RI�WKH�IXHO�FRQVXPHG�LQ�WKH�WHVW�F\FOH�LV�FRXQWHG��DQG�WKH�UHVXOWLQJ�03*H�IRU�WKH�1LVVDQ�/HDI�LV�������������î������� �����PSJ�IRU�
CAFE purposes. 

emissions treatment, and sales multipliers allow the manu-
IDFWXUHUV� WR�SURGXFH�KLJKHU� HPLWWLQJ�DQG� OHVV� IXHO�HI¿FLHQW�
JDVROLQH�YHKLFOH�ÀHHWV�DQG�VWLOO�PHHW�WKHLU�ÀHHW�DYHUDJH�VWDQ-
dards. The incentives, therefore, create an internal cross sub-
sidy that allows a manufacturer to reduce the cost of com-
SOLDQFH�IRU�WKHLU�JDVROLQH�YHKLFOH�ÀHHW�E\�SURGXFLQJ�3(9V��
Furthermore, because credits can be traded between manu-
IDFWXUHUV��VXFK�FRPSDQLHV�DV�7HVOD�WKDW�SURGXFH�H[FHVV�&$)(�
DQG�*+*�FUHGLWV�FDQ�VHOO�WKHLU�FUHGLWV�WR�RWKHU�PDQXIDFWXUHUV�
(Energy Independence and Security Act 2007). The value of 
WKH�3(9�FUHGLWV�XQGHU�(3$�DQG�1+76$�UHJXODWLRQV�LV�GLI-
¿FXOW�WR�HVWLPDWH�EXW�PLJKW�EH�DERXW�D�IHZ�WKRXVDQG�GROODUV�
per vehicle based on the costs of regulatory compliance in 
WKH�DEVHQFH�RI�3(9V��(3$�1+76$�����E���7KH�&DOLIRUQLD�
DQG�VWDWH�=(9�SURJUDPV��VHH�EHORZ��DOVR�JHQHUDWH�FUHGLWV�IRU�
various attributes, and the value has been estimated at up to 
$35,000 per vehicle for the Tesla Model S, which generates 
up to seven credits per vehicle sold (Ohnsman 2013).

State Zero-Emission-Vehicle Programs

7KH� &DOLIRUQLD� =(9� SURJUDP� SURYLGHV� DQ� LPSRUWDQW�
manufacturer requirement for PEVs. The Clean Air Act 
$PHQGPHQWV�RI������DXWKRUL]HG�&DOLIRUQLD�WR�GHYHORS�PRUH�
stringent tailpipe standards than the rest of the country, and 
the California Air Resources Board (CARB) used the author-
LW\�SURYLGHG�LQ�6HFWLRQ����E�WR�DGRSW�WKH�RULJLQDO�=(9�SUR-
JUDP�LQ�������7KH�=(9�SURJUDP�LV�D�SDUW�RI�WKH�VWDWH¶V�FRP-
prehensive plan to meet federal and state ambient air quality 
standards. Later amendments to the Clean Air Act allowed 

other states to opt into the California standard. Nine states— 
&RQQHFWLFXW��0DLQH��0DU\ODQG��0DVVDFKXVHWWV��1HZ�-HUVH\��
1HZ�<RUN��5KRGH�,VODQG��9HUPRQW��DQG�2UHJRQ²KDYH�DGRSW-
HG�WKH�&DOLIRUQLD�=(9�SURJUDP�DV�DXWKRUL]HG�XQGHU�6HFWLRQ�
177 of the Clean Air Act as part of their plans to meet federal 
ambient air quality standards. The nine states and California 
account for 28 percent of total U.S. light-duty vehicle sales. 
5HFHQWO\�� HLJKW� VWDWHV� WKDW� KDYH� WKH�=(9�SURJUDP� VLJQHG� D�
joint memorandum of agreement to cooperate on developing 
policies to accelerate PEV deployment in their states (State 
=(9�3URJUDPV��������7KH�DJUHHPHQW�LQFOXGHV�WKH�GHYHORS-
PHQW�RI�D�0XOWLVWDWH�=(9�$FWLRQ�3ODQ�WKDW�GHVFULEHV�VWDWH�DF-
tions to promote PEV deployment and recommends research 
and stakeholder partnerships to support long-term develop-
PHQW�RI�WKH�3(9�PDUNHW��=(9�3URJUDP�,PSOHPHQWDWLRQ�7DVN�
)RUFH��������$GGLWLRQDOO\��PDQ\�RI�WKH�=(9�VWDWHV�SDUWLFLSDWH�
in the Northeast Electric Vehicle Network, which works to 
promote PEV deployment.

For a manufacturer to receive credit for vehicle sales 
XQGHU�WKH�=(9�SURJUDP��D�YHKLFOH�PXVW�EH�FDWHJRUL]HG�XQGHU�
WKH�SURJUDP�DV�HLWKHU�D�=(9��D�%(9�RU�DQ�)&9��DV�GH¿QHG�
E\�WKH�SURJUDP�RU�D�3+(9�ZLWK�DQ�DOO�HOHFWULF�UDQJH�RI�JUHDW-
er than or equal to 10 miles (CARB 2013). CARB estimates 
WKDW�WKH�WRWDO�QXPEHU�RI�=(9V��%(9V�DQG�)&9V��DQG�3+(9V�
QHHGHG�WR�FRPSO\�IRU�0<V������WKURXJK������IRU�&DOLIRU-
nia and the nine other states is about 228,000 in 2018 and 
��������E\�������.HGGLH��������7KH�=(9�3URJUDP�,PSOH-
mentation Task Force (2014) predicts that by 2025, a little 
more than 15 percent of new vehicles sold in participating 
VWDWHV�ZLOO�EH�HLWKHU�=(9V�RU�3+(9V��
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Finding: %\� FUHDWLQJ� DQ� LQWHUQDO� FURVV� VXEVLG\�� H[LVWLQJ�
federal and state regulatory programs for fuel economy and 
HPLVVLRQV� �&$)(��*+*��DQG�=(9��KDYH�EHHQ�HIIHFWLYH�DW�
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:�%HFDXVH�WKH�=(9�SURJUDP�PDQGDWHV�VDOHV�RI�D�FHU-
tain percentage of PEVs, its impact could be larger than the 
LQFHQWLYHV�XQGHU�WKH�IHGHUDO�&$)(�*+*�QDWLRQDO�SURJUDP��

Consumer Incentives

The U.S. federal, state, and local governments have all 
H[SHULPHQWHG�ZLWK�FRQVXPHU�LQFHQWLYHV�WR�HQFRXUDJH�3(9�GH-
ployment. Many other countries have also used various policy 
WRROV� WR� HQFRXUDJH� FRQVXPHU� DGRSWLRQ��%R[����� GH¿QHV� WKH�
GLIIHUHQW�W\SHV�RI�¿QDQFLDO�LQFHQWLYHV�WKDW�KDYH�EHHQ�XVHG��DQG�
7DEOH�����VXPPDUL]HV�WKH�YDULRXV�¿QDQFLDO�DQG�QRQ¿QDQFLDO�
incentives and the entities that have used them. The incen-
tives that have been used to promote PEV deployment are 
discussed below. 

7KH�FRPPLWWHH�GH¿QHG�IRXU�FDWHJRULHV�RI�¿QDQFLDO� LQ-
centives. Purchase incentives DUH�RQH�WLPH�¿QDQFLDO�EHQH¿WV�
HDUQHG�E\�SXUFKDVH�RI�D�3(9�DQG�LQFOXGH�WD[�FUHGLWV��WD[�GH-
GXFWLRQV��WD[�H[HPSWLRQV��DQG�UHEDWHV��Ownership incentives 
DUH�UHFXUULQJ�DQQXDO�RU�SHULRGLF�¿QDQFLDO�EHQH¿WV�WKDW�DFFUXH�
WR� 3(9� RZQHUV� UHJDUGOHVV� RI� XVH� DQG� LQFOXGH� H[HPSWLRQV�
IURP��RU�UHGXFWLRQV�LQ��UHJLVWUDWLRQ�WD[HV�RU�IHHV��ZHLJKW�VXU-
FKDUJHV��HQYLURQPHQWDO�WD[HV��RU�YHKLFOH�LQVSHFWLRQV��Use in-
centives�DUH�RQJRLQJ�¿QDQFLDO�EHQH¿WV�UHDOL]HG�E\�GULYLQJ�D�
3(9�DQG�LQFOXGH�H[HPSWLRQV�IURP�PRWRU�IXHO�WD[HV��UHGXFHG�
URDGZD\� WD[HV�RU� WROOV��DQG�GLVFRXQWHG�RU� IUHH�3(9�FKDUJ-
ing or parking. PEV infrastructure incentives are one-time 
¿QDQFLDO�EHQH¿WV� IRU�GHSOR\LQJ�3(9�FKDUJLQJ�VWDWLRQV�DQG�
LQFOXGH�WD[�FUHGLWV��UHEDWHV��RU�RWKHU�VXEVLGLHV��$�YDULHW\�RI�
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 vary by location and often come and go without 
much warning.

The primary consumer incentive offered by the U.S. 
federal government is a purchase incentive in the form of 
D�WD[�FUHGLW��7KH�WD[�FUHGLW�DPRXQW�YDULHV�GHSHQGLQJ�RQ�WKH�
capacity of the battery in the vehicles and will be phased 
out at the beginning of the second calendar quarter after the 
manufacturer produces 200,000 eligible PEVs as counted 
IURP�-DQXDU\���������12 To claim the credit, consumers who 
SXUFKDVH� D�3(9�PXVW�KDYH� VXI¿FLHQW� WD[� OLDELOLW\� DQG�ZLOO�
QRW�VHH� WKH�EHQH¿W�XQWLO� WKH\�¿OH�DQ�DQQXDO� WD[� UHWXUQ��)RU�

12 7KH�IHGHUDO�WD[�FUHGLW�LV��������IRU�3(9V�WKDW�KDYH�EDWWHU\�FD-
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-
WHU\�FDSDFLW\�H[FHHGV���N:K��XS�WR�D�PD[LPXP�RI��������

consumers who lease, the leasing company typically claims 
WKH�FUHGLW�DQG�UHÀHFWV�WKH�FUHGLW�LQ�WKH�PRQWKO\�OHDVH�UDWH��VR�
OHDVHUV�HVVHQWLDOO\�VHH�WKH�EHQH¿W�RI�WKH�WD[�FUHGLW�DW�WKH�SRLQW�
RI�VDOH��$OWKRXJK�WKH�3(9�WD[�FUHGLWV�DUH�DQDORJRXV� WR� WKH�
+(9�DQG�GLHVHO�YHKLFOH�WD[�FUHGLWV�LQ�WKH�����V�DQG�����V��
ZKLFK�KDYH�VLQFH�H[SLUHG��WKH�QRWDEOH�GLIIHUHQFHV�DUH�WKDW�WKH�
WD[�FUHGLW�IRU�PRVW�3(9V�LV�PXFK�KLJKHU�WKDQ�WKH�+(9�DQG�
diesel credits. Because more people lease PEVs than pur-
FKDVH�WKHP��D�KLJKHU�IUDFWLRQ�RI�3(9�GULYHUV�VHH�WKH�EHQH¿WV�
RI�WKH�FUHGLW�VRRQHU��WKHUHIRUH��WKH�HIIHFW�RI�WKH�3(9�WD[�FUHG-
LWV�FRXOG�EH�JUHDWHU�WKDQ�WKH�HIIHFW�RI�WKH�QRZ�H[SLUHG�+(9�
DQG�GLHVHO�FUHGLWV��+RZHYHU��D�UHFHQW�VWXG\�IRXQG�WKDW������
percent of survey respondents (adult drivers from the general 
public in 21 major U.S. cities) were not aware of PEV incen-
tives and suggests that the effectiveness of the PEV credits 
could be enhanced through greater consumer awareness and 
education (Krause et al. 2013).

7KH�8�6��VWDWH�JRYHUQPHQWV�KDYH�RIIHUHG�D�YDULHW\�RI�¿-
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 offered 
SXUFKDVH�LQFHQWLYHV�LQ�WKH�IRUP�RI�WD[�FUHGLWV�LQ�DGGLWLRQ�WR�WKH�
one offered by the federal government. The monetary amount 
YDULHV� IURP� VWDWH� WR� VWDWH�� IRU� H[DPSOH�� DV� RI�$XJXVW� ������
DYDLODEOH�WD[�FUHGLWV�UDQJHG�IURP������LQ�8WDK�WR�XS�WR��������
LQ�&RORUDGR��7KH�WD[�FUHGLWV�KDYH�DOVR�YDULHG�RYHU�WLPH��PDQ\�
KDYH�EHHQ�UHGXFHG�RU�UHFHQWO\�H[SLUHG��7KH�PHWKRG�IRU�FDO-
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 determine the amount. 
6HYHUDO�VWDWHV�KDYH�DOVR�XVHG�VDOHV�WD[�H[HPSWLRQV�RU�UHEDWHV�
to make the effect of the purchase incentive more immediate 
for those who choose to buy rather than lease. Some of these 
purchase incentives are restricted to certain types of PEVs. 
)RU� H[DPSOH�� WKH� VDOHV�WD[� H[HPSWLRQV� LQ� :DVKLQJWRQ� DQG�
1HZ�-HUVH\�DUH�UHVWULFWHG�WR�%(9V��DQG�WKH�UHEDWH�LQ�,OOLQRLV�
LV�UHVWULFWHG�WR�%(9V�DQG�UDQJH�H[WHQGHG�3+(9V��&DOLIRUQLD��
KRZHYHU��SURYLGHV�UHEDWHV�WR�%(9V�DQG�3+(9V��DOWKRXJK�WKH�
DPRXQW�GLIIHUV� ��������IRU�%(9V�DQG��������IRU�3+(9V� LQ�
�������8VLQJ� UHEDWHV� DQG� VDOHV�WD[�H[HPSWLRQV� LV� FRQVLVWHQW�
ZLWK�UHFHQW�UHVHDUFK�WKDW�FRPSDUHV�WKH�HIIHFWLYHQHVV�RI�+(9�
WD[�FUHGLWV�� VDOHV�WD[�H[HPSWLRQV�� DQG� UHEDWHV� DQG�¿QGV� WKDW�
WKH� VDOHV�WD[� H[HPSWLRQV� DQG� UHEDWHV� DSSHDU� WR� EH�PRUH� HI-
IHFWLYH�WKDQ�WD[�FUHGLWV�SRVVLEO\�EHFDXVH�RI�WKHLU�LPPHGLDF\��
transparency, and simplicity (Chandra et al. 2010; Gallagher 
and Muehlegger 2011).

State governments have also used ownership and use 
incentives to promote PEV deployment. The most common 
KDYH�EHHQ�H[HPSWLRQV�IURP�UHJLVWUDWLRQ�IHHV�RU�YHKLFOH� LQ-
VSHFWLRQV�DQG�UHGXFHG�URDGZD\�WD[HV�RU�WROOV��/RFDO�JRYHUQ-
ments have also offered discounted or free PEV charging or 
SDUNLQJ�� 6WDWHV� KDYH� DOVR� SURYLGHG�¿QDQFLDO� LQFHQWLYHV� IRU�
installing PEV charging stations so that consumers will be 

13 See U.S. Department of Energy, “State Laws and Incentives,” 
http://www.afdc.energy.gov/laws/state.
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BOX 7-2 Financial Incentives

Tax credits and tax deductions�DUH�WDNHQ�DW�WKH�HQG�RI�WKH�WD[�UHSRUWLQJ�SHULRG��7KH\�DFW�WR�ORZHU�WKH�¿QDO�\HDU�HQG�WD[HV�RZHG�WR�
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 directly lower 
the total taxes owed by that same amount, to $13,000. 

In contrast, tax 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), they would owe $15,000. If they took a $5,000 tax deduction, their 
taxable income would be reduced by that 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 that restrict higher-income taxpayers from taking 
the full deduction. 

$V�¿QDQFLDO�LQFHQWLYHV��PDQ\�tax credits�DUH�DYDLODEOH�WR�DOO�SHUVRQV�ZKR�¿OH�D�WD[�UHWXUQ�ZKHUHDV�tax deductions are available only to 
WKRVH�SHUVRQV�ZKR�¿OH�D�WD[�UHWXUQ�WKDW�LWHPL]HV�GHGXFWLRQV��6WXGLHV�VKRZ�WKDW�LQ�WKH�8QLWHG�6WDWHV�IHZHU�WKDQ����SHUFHQW�RI�DOO�IHGHUDO�
tax returns claim itemized deductions (Prante 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 
�IRU�H[DPSOH��YHKLFOH�UHJLVWUDWLRQ�UHQHZDO�SURFHVV���%\�H[HPSWLQJ�DQ�HQWLUH�DVVHW�RU�DFWLYLW\�IURP�WD[DWLRQ��WKH�¿QDQFLDO�EHQH¿WV�DUH�
often realized immediately, such as with a sales tax exemption on a vehicle purchase. Tax exemptions are not usually subject to 
LQFRPH�EDVHG�TXDOL¿FDWLRQV�RU�OLPLWDWLRQV��DV�LV�WKH�FDVH�ZLWK�PDQ\�WD[�GHGXFWLRQV��

Rebates provided by the government can take several forms, depending on their structuring. The key distinguishing feature of a 
rebate is that it is earned (and often processed) at the time of a qualifying purchase. Some rebate programs require an individual to 
submit proof of a qualifying purchase directly to the government to receive a rebate check; other rebates are provided to the seller of 
qualifying goods or services so that the total purchase price to the consumer can be reduced in an equal amount. However structured, 
ERWK�FRQVXPHUV�DQG�VHOOHUV�WHQG�WR�SUHIHU�UHEDWHV�RYHU�WD[�FUHGLWV��GHGXFWLRQV��RU�H[HPSWLRQV�EHFDXVH�WKH�¿QDQFLDO�EHQH¿WV�DUH�LP-
PHGLDWHO\�UHDOL]HG�DW�WKH�WLPH�RI�WKH�SXUFKDVH�WUDQVDFWLRQ��UHJDUGOHVV�RI�WD[�UDWHV�DQG�PHWKRG�RI�WD[�¿OLQJ�

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-
GHVLUDEOH�VRFLDO�DWWULEXWHV�WR�JHQHUDWH�VXI¿FLHQW�UHYHQXH�WR�SURYLGH�GLUHFW�UHEDWHV�IRU�RWKHU�DFWLYLWLHV�RU�DVVHWV�WKDW�DUH�GHHPHG�WR�EH�
PRUH�GHVLUDEOH��%HFDXVH�WKLV�VHFWLRQ�LV�PRUH�QDUURZO\�IRFXVHG�RQ�WKH�W\SHV�RI�¿QDQFLDO�LQFHQWLYHV�WKDW�FDQ�EH�SURYLGHG�UDWKHU�WKDQ�WKH�
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�LV�D�PRUH�JHQHUDO�WHUP�XVHG�WR�GHVFULEH�PHWKRGV�IRU�JRYHUQPHQW�SURYLGHG�¿QDQFLDO�DVVLVWDQFH��$�VXEVLG\�FDQ�WDNH�WKH�
common form of tax credits, deductions, exemptions, or rebates; or, a subsidy can include direct government grants, lower than mar-
NHW�UDWH�ORDQV��ORDQ�JXDUDQWHHV��RU�P\ULDG�RWKHU�ZD\V�IRU�JRYHUQPHQW�WR�SURYLGH�¿QDQFLDO�VXSSRUW��

sure that they will be able to charge their vehicle away from 
KRPH��7KH�PRVW�FRPPRQ�DQG�SRSXODU�QRQ¿QDQFLDO�LQFHQWLYH�
offered 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 
WKH�\HDUV�WR�SURPRWH�DGRSWLRQ�RI�3(9V��DQG�+(9V��

Other countries have used incentives similar to those 
XVHG�E\�WKH�8QLWHG�6WDWHV��DV�VXPPDUL]HG�LQ�7DEOH������7KH�
PRVW�SRSXODU�KDYH�EHHQ�SXUFKDVH�LQFHQWLYHV�LQ�WKH�IRUP�RI�WD[�
H[HPSWLRQV� RU� UHEDWHV�� RZQHUVKLS� LQFHQWLYHV� LQ� WKH� IRUP�RI�
H[HPSWLRQV�RU�UHGXFWLRQV�LQ�UHJLVWUDWLRQ�RU�RZQHUVKLS�WD[HV�RU�
IHHV��DQG�XVH�LQFHQWLYHV�LQ�WKH�IRUP�RI�UHGXFHG�URDGZD\�WD[HV�
RU�WROOV��6RPH�RI�WKH�¿QDQFLDO�LQFHQWLYHV�KDYH�EHHQ�VXEVWDQ-
WLDO�� )RU� H[DPSOH��1RUZD\�RIIHUV� VXEVWDQWLDO� WD[� EUHDNV� �QR�
SXUFKDVH�WD[��QR�DQQXDO�UHJLVWUDWLRQ�WD[��DQG�QR�YDOXH�DGGHG�
WD[�� WKDW�DPRXQW� WR�DERXW���������RYHU�WKH�YHKLFOH� OLIHWLPH��
or about $1,400 per year (Doyle and Adomaitis 2013). Com-
muters also do not pay road tolls, which are worth $1,400 an-

nually, and receive free parking, which is worth $5,000. They 
are also permitted to drive in bus lanes and have access to 
free public charging at over 450 locations in Oslo (Doyle and 
$GRPDLWLV��������$QRWKHU�H[DPSOH�LV�WKH�1HWKHUODQGV��ZKLFK�
KDG�¿QDQFLDO� LQFHQWLYHV� WKDW�HTXDOHG�DV�PXFK�DV����SHUFHQW�
of the vehicle price, although these have been reduced. It is 
LPSRUWDQW�WR�QRWH�WKDW�WKH�¿QDQFLDO�LQFHQWLYHV�LQ�WKH�1HWKHU-
lands are particularly important because electricity prices are 
so high that the consumer’s incentive to use electricity as a 
fuel is small.

One interesting purchase rebate program is the one of-
fered by the Clean Energy Vehicle Promotion Program in 
-DSDQ��,W�LV�QRWDEOH�EHFDXVH�LW�KDV�D�FOHDU�VXQVHW��WKH�UHEDWH�
level declines every year on the basis of a preset formula, 
DQG�WKH�UHEDWH�DPRXQW�¿QDQFHG�E\�WKH�JRYHUQPHQW�GHSHQGV�
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 (METI 2013) calculates 
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TABLE 7-2 Incentives for Plug-in Electric Vehicles (PEVs) by Country and State 
Type of Incentive Location 

Financial Incentives 

Purchase Incentives—one-time financial benefit earned by purchase of PEV 

7D[�FUHGLWV�RU�GHGXFWLRQV��UHDOL]HG�RQO\�RQ� 
ILOLQJ�WD[�UHWXUQ� 

U.S. federal government  
United States: Colorado, Georgia, Louisiana, South Carolina, Utah  
Other countries: Australia, Austria, Belgium, Israel 

7D[�H[HPSWLRQV�RU�UHEDWHV��UHDOL]HG�DW�WKH� 
point of sale) 

United States: California, District of Columbia, Illinois, Massachusetts,  
1HZ�-HUVH\��3HQQV\OYDQLD��7H[DV��:DVKLQJWRQ 
Other countries: Canada (Ontario [for leased vehicles], British Columbia [purchased 
or leased], and Quebec [leased]), China, Estonia, France, Iceland, Ireland, Israel, 
-DSDQ��/X[HPERXUJ��WKH�1HWKHUODQGV��1RUZD\��3RUWXJDO��6SDLQ��6ZHGHQ��8�.� 

Ownership Incentives—recurring annual or periodic financial benefit that accrues to PEV owners, regardless of use 

([HPSWLRQ�IURP�RU�UHGXFWLRQ�LQ�UHJLVWUDWLRQ�RU� 
RZQHUVKLS�WD[HV�RU�IHHV 

8QLWHG�6WDWHV��$UL]RQD��&RQQHFWLFXW��'LVWULFW�RI�&ROXPELD��,OOLQRLV��0DU\ODQG� 
Other countries: Australia (Victoria), Austria, Belgium (Flanders), Denmark, 
)LQODQG��*HUPDQ\��*UHHFH��,UHODQG��,WDO\��-DSDQ�/DWYLD��WKH�1HWKHUODQGV��1RUZD\��
5RPDQLD��6ZHGHQ��6ZLW]HUODQG��YDULHV�E\�UHJLRQ���8�.�� 

([HPSWLRQ�IURP�RU�UHGXFWLRQ�LQ�ZHLJKW�VXUFharges  
(collected annually at time of registration or renewal) 

United States: Colorado 
2WKHU�FRXQWULHV��-DSDQ 

([HPSWLRQ�IURP�HQYLURQPHQWDO�WD[HV Other countries: Denmark 

([HPSWLRQ�IURP�YHKLFOH�LQVSHFWLRQ 8QLWHG�6WDWHV��$UL]RQD��&DOLIRUQLD��&RORUDGR��Connecticut, Delaware, District of 
Columbia, Georgia, Idaho, Illinois, Maryland, Massachusetts, Missouri, Nevada, 
1HZ�-HUVH\��1HZ�0H[LFR��1HZ�<RUN��2UHJRQ, Pennsylvania, Tennessee, Utah, 
Virginia, Washington, Wisconsin 

Use Incentives—on-going financial benefits realized by driving a PEV 

([HPSWLRQ�IURP�PRWRU�IXHO�WD[HV United States: North Carolina, Utah, Wisconsin 
2WKHU�FRXQWULHV��(XURSHDQ�8QLRQ��-DSDQ��1RUZD\ 

5HGXFHG�URDGZD\�WD[HV�RU�WROOV 8QLWHG�6WDWHV��&DOLIRUQLD��1HZ�-HUVH\��1HZ�<RUN 
Other countrieV��$XVWULD��&]HFK�5HSXEOLF��-DSDQ��WKH�1HWKHUODQGV��1RUZD\��
6ZLW]HUODQG��YDULHV�E\�UHJLRQ���8�.� 

Discounted or free PEV charging  8QLWHG�6WDWHV��$UL]RQD��&DOLIRUQLD��'HODZDUH��*HRUJLD��,OOLQRLV��,QGLDQD��.HQWXFN\��
Maryland, Michigan, Minnesota, Nevada, Virginia  
2WKHU�FRXQWULHV��-DSDQ��1RUZD\ 

Discounted or free PEV parking United States: Free parking available at some airports, such as Long Beach Airport; 
at parking garages in some states and localities, such as Nevada, Sacramento, and 
Santa Monica; and other locations, often with free charging  
Other countries: Denmark, Iceland, Norway 

PEV Infrastructure Incentives—one-time financial benefit for deploying PEV charging stations 

7D[�FUHGLW�RU�UHEDWH�IRU�LQVWDOOLQJ�3(9�FKDUJLQJ�VWDWLRQ 8QLWHG�6WDWHV��LQGLYLGXDO�DQG�EXVLQHVV���$UL]RQD��&DOLIRUQLD��)ORULGD��*HRUJLD��
,OOLQRLV��,QGLDQD��/RXLVLDQD��0DU\ODQG��0LFKLJDQ��1HZ�<RUN��2NODKRPD��Oregon 

PEV charging infrastructure deployment subsidies United States (individual and business): California, Colorado, Connecticut, District 
RI�&ROXPELD��)ORULGD��,OOLQRLV��0DU\ODQG��0DVVDFKXVHWWV��1HEUDVND��1HZ�0H[LFR��
2KLR��7H[DV��8WDK��:DVKLQJWRQ 
Other FRXQWULHV��&DQDGD��(XURSHDQ�8QLRQ��,VUDHO��-DSDQ��.RUHD��1RUZD\� 

Nonfinancial Incentives 

Use Incentives—on-going special privileges granted to PEV drivers 

Access to restricted lanes, such as bus-only, high- 
occupancy-vehicle, and high-occupancy-toll lanes 

8QLWHG�6WDWHV��$UL]RQD��&DOLIRUQLD��'LVWULFW�RI�&ROXPELD��)ORULGD��*HRUJLD��+DZDLL��
0DU\ODQG��1HZ�<RUN��1RUWK�&DUROLQD��7HQQHVVHH��8WDK��9LUJLQLD 
Other countries: the Netherlands, Norway 

Reserved parking for PEVs 8QLWHG�6WDWHV��$UL]RQD��&DOLIRUQLD��+DZDLL��:DVKLQJWRQ 
SOURCES: Based on data from Gallagher and Steenblick (2013); Brand et al. (2013); Beltramello (2012); Morrow et al. (2010); 
7HVOD���������'2(������E���'R\OH�DQG�$GRPDLWLV� ��������(9�1RUZD\���������0RFN�DQG�<DQJ��������� ,($���������-LQ�Ht al. 
(2014). 
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an annual price target by assuming a linear decline between 
a base price in 2012 and a long-term target price in 2016. To 
encourage vehicle manufacturers to reduce their sales prices 
every year, the government provides 100 percent of the re-
bate if the manufacturer meets the annual target price but 
VXEVLGL]HV�RQO\�DERXW����SHUFHQW�RI�WKH�UHEDWH�LI�WKH�PDQX-
IDFWXUHU�H[FHHGV�WKH�DQQXDO�SULFH�WDUJHW�

,W� LV� GLI¿FXOW� WR� GUDZ�¿UP� FRQFOXVLRQV� DERXW� WKH� H[SH-
riences with incentive programs in other countries given the 
FXOWXUDO�� SROLWLFDO�� DQG� JHRJUDSKLFDO� GLIIHUHQFHV�� +RZHYHU��
FRXQWULHV� ZLWK� VXEVWDQWLDO� ¿QDQFLDO� LQFHQWLYHV� IRU� 3(9V��
such as Norway and the Netherlands, have seen a high rate 
RI�3(9�DGRSWLRQ��7KRVH�ZLWK�OLWWOH�RU�QR�¿QDQFLDO�LQFHQWLYHV�
for PEVs—most notably Germany, which has not offered con-
sumer incentives and has relied on demonstration programs in 
IRXU�PDMRU�UHJLRQV²KDYH�H[SHULHQFHG�PLQLPDO�VDOHV��)LQDQ-
cial incentives, however, are not working everywhere, most 
notably in China, where there has been tepid consumer uptake 
GHVSLWH�WKH�VXEVWDQWLDO�¿QDQFLDO�LQFHQWLYHV�RIIHUHG��2QH�HDUO\�
DQDO\VLV�RI�WKDW�SX]]OLQJ�VLWXDWLRQ�FRQFOXGHV�WKDW�&KLQHVH�FRQ-
sumers are more concerned about vehicle performance than 
FRVW�DW�WKLV�VWDJH��=KDQJ�HW�DO���������)XUWKHU�LQIRUPDWLRQ�RQ�
WKH�LQWHUQDWLRQDO�H[SHULHQFH�LV�SURYLGHG�LQ�$SSHQGL[�&�

There has been little academic research about the ef-
IHFWLYHQHVV�RI�¿VFDO�LQFHQWLYHV�LQ�VWLPXODWLQJ�WKH�DGRSWLRQ�RI�
3(9V��+RZHYHU�� D� JUHDWHU� ERG\�RI� HYLGHQFH� QRZ� H[LVWV� UH-
JDUGLQJ� ¿VFDO� LQFHQWLYHV� DQG�+(9V�� 2YHUDOO�� WKDW� OLWHUDWXUH�
VXJJHVWV� WKDW� ¿QDQFLDO� LQFHQWLYHV� GR� PRWLYDWH� FRQVXPHUV�
WR� SXUFKDVH� PRUH� IXHO�HI¿FLHQW� YHKLFOHV� �VHH�� IRU� H[DPSOH��
+XDQJ�������6DOOHH�������2]DNL�DQG�6HYDVW\DQRYD��������,Q�
general, it also seems that the more immediate the incentive, 
the more effective it is at persuading consumers to purchase 
WKH�PRUH� IXHO�HI¿FLHQW� YHKLFOH�� 6DOHV�WD[� H[HPSWLRQV� RU� UH-
ductions and rebates at the state level have been associated 
much more strongly with consumer adoption, presumably due 

to their immediacy and ease of transaction. The federal cash-
IRU�FOXQNHUV�SURJUDP��IRU�H[DPSOH��RIIHUHG�D�SXUFKDVH�UHEDWH�
and resulted in strong consumer response to the immediate 
VXEVLG\��+XDQJ�������

Finding:�*LYHQ�WKH�UHVHDUFK�RQ�¿VFDO�LQFHQWLYHV�DQG�+(9V��
WKH�HIIHFWLYHQHVV�RI�WKH�IHGHUDO�LQFRPH�WD[�FUHGLW�WR�PRWLYDWH�
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 offer a va-
ULHW\�RI�¿QDQFLDO�DQG�QRQ¿QDQFLDO�LQFHQWLYHV��WKHUH�DSSHDUV��
however, to be a lack of research to indicate which incentives 
might be the most effective at encouraging PEV deployment.

Finding: The many state incentives that differ in monetary 
value, restrictions, and calculation methods make it challeng-
ing to educate consumers on the incentives that are available 
WR�WKHP�DQG�HPSKDVL]H�WKH�QHHG�IRU�D�FOHDU��XS�WR�GDWH�VRXUFH�
of information for consumers.

Finding: 2YHUDOO�� WKH� H[SHULHQFH� ZRUOGZLGH� GHPRQVWUDWHV�
WKDW�VXEVWDQWLDO�¿QDQFLDO�LQFHQWLYHV�DUH�HIIHFWLYH�DW�PRWLYDWLQJ�
consumers to adopt PEVs.

PRICE OF CONVENTIONAL  
TRANSPORTATION FUELS AS AN  

INCENTIVE OR A DISINCENTIVE FOR THE  
ADOPTION OF PLUG-IN ELECTRIC VEHICLES

+LJK� JDVROLQH� SULFHV�PRWLYDWH� FRQVXPHUV� WR� GULYH� OHVV�
DQG� WR� SXUFKDVH� D� PRUH� IXHO�HI¿FLHQW� YHKLFOH�� DW� OHDVW� IRU�
some time after prices rise noticeably. As noted by Diamond 
(2009, p. 982), 

FIGURE 7-1� -DSDQ¶V�FOHDQ�HQHUJ\�YHKLFOHV�SURPRWLRQ�SURJUDP��,I�D�3(9¶V�SULFH�H[FHHGV� WKH�GDVKHG�EODFN� OLQH�� WKH�JRYHUQPHQW�
VXEVLGL]HV�WZR�WKLUGV�RI�WKH�GLIIHUHQFH��,I�D�3(9¶V�SULFH�LV�EHORZ�WKH�GDVKHG�EODFN�OLQH��WKH�JRYHUQPHQW�VXEVLGL]HV�����SHUFHQW�RI�WKH�
difference. SOURCE: Based on data from METI (2013). 
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FIGURE 7-2�8�6��+(9�DQG�3(9�VDOHV�RYHUODLG�ZLWK�8�6��JDVROLQH�SULFHV��127(��+(9��K\EULG�HOHFWULF�YHKLFOH��3(9��SOXJ�LQ�HOHFWULF�
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 
SULFHV�FRXOG�OHDG�WR�VLJQL¿FDQW�FKDQJHV�LQ�DGRSWLRQ�SDW-
terns, particularly for people in the market for a new car 
as gas prices rise or fall. 

Rapid increases in gasoline prices that increased adop-
WLRQ�UDWHV�IRU�+(9V�SURYLGH�VRPH�VXSSRUW� IRU� WKDW�DVVHUWLRQ�
(see Figure 7-2). By the same token, low gasoline prices create 
a disincentive for PEV adoption. They reduce the savings in 
IXHO�FRVWV�WKDW�D�FRQVXPHU�ZRXOG�UHDOL]H�E\�RZQLQJ�D�3(9�DQG�
could make the cumulative cost of PEV ownership appear less 
attractive than the same cost of a conventional ICE vehicle. 

$V�RI�-DQXDU\�������8�6��JDVROLQH�SULFHV�ZHUH�OHVV�WKDQ�
half of those in most European countries, including Bel-
gium, France, Germany, Italy, the Netherlands, and the U.K. 
(EIA 2015). The higher gasoline prices in Europe and Asia 
DUH�PRVWO\�GXH�WR�FRQVLGHUDEO\�KLJKHU�JDVROLQH�WD[HV��ZKLFK�
more than double the price of gasoline per gallon. Accord-
ingly, numerous studies in the United States and elsewhere 
KDYH�FRQFOXGHG�WKDW�WD[HV�RQ�FRQYHQWLRQDO�WUDQVSRUWDWLRQ�IXHOV�
that substantially raise the gasoline price create an incentive 
IRU�FRQVXPHUV�WR�SXUFKDVH�PRUH�IXHO�HI¿FLHQW�YHKLFOHV�DQG�WR�
drive fewer conventional-vehicle miles (Diamond 2009; Mor-
row et al. 2010; Small 2012; Burke and Nishitateno 2013).

%URDGHU�PDUNHW�EDVHG�SROLFLHV�OLNH�FDUERQ�WD[HV�DQG�FDS�
and-trade regimes theoretically could create a disincentive for 
the use of conventional vehicles and an incentive for the use 

RI�3(9V��,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�WKH�FDUERQ�WD[HV�
applied by a few countries (Denmark, Norway, Sweden, and 
6ZLW]HUODQG��DQG�E\�WKH�&DQDGLDQ�SURYLQFH�RI�%ULWLVK�&ROXP-
bia on transportation fuels do not strongly affect the prices 
of petroleum fuels because the carbon content of gasoline 
and diesel fuels is much less than that of coal. California’s 
low-carbon fuel standard, which imposed a compliance cost 
of $13 per ton CO2�HPLVVLRQV��ZDV�DVVHVVHG�E\�<HK�DQG�:LW-
cover (2012) and was found to add one-tenth of a penny per 
gallon to the cost of gasoline in 2012. Thus, although carbon 
WD[HV�DQG�FDS�DQG�WUDGH�UHJLPHV�PLJKW�EH�WKH�PRVW�HIIHFWLYH�
PHWKRGV�IRU�UHGXFLQJ�*+*�HPLVVLRQV��WKH\�PLJKW�QRW�SURYLGH�
a meaningful 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 alternative vehicles and fuels that 
KDYH�EHHQ�FRQVLGHUHG� LQ� WKH� OLJKW�GXW\�ÀHHW� LQFOXGH�+(9V��
PEVs, and hydrogen FCVs, and methanol, ethanol, natural 
gas, propane, and biodiesel for use as fuels in conventional 
ICE vehicles.14 Key laws and regulations that are aimed di-

14 For the purposes of this report, the focus will be primarily on 
the lessons learned from alternative vehicles and fuels in light-duty 
vehicle applications.
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rectly at alternative fuels or that provide incentives for alter-
native-fuel vehicles include the Alternative Motor Fuels Act 
of 1988, the Clean Air Act of 1990, the Energy Policy Act 
RI�������WKH�&DOLIRUQLD�=(9�SURJUDP��RULJLQDOO\�DGRSWHG�LQ�
1990), the Renewable Fuel Standard (part of the Energy Pol-
icy Act of 2005 and the Energy Independence and Security 
Act of 2007),15�DQG�WKH�*+*�DQG�&$)(�VWDQGDUGV�

The public sector approach to developing, promoting, 
or deploying alternative-fuel vehicles includes (1) research 
DQG� GHYHORSPHQW�� ���� GHPRQVWUDWLRQ� SURMHFWV�� ���� ÀHHW� GH-
ployment, (4) niche market development, (5) public-private 
SDUWQHUVKLSV��DQG�����YDULRXV�SROLF\�DQG�¿QDQFLDO�LQFHQWLYHV��
The general approach has been based on the supposition that 
DOWHUQDWLYH�IXHO�YHKLFOHV�ZRXOG�QHHG�WR�EH�VXEVLGL]HG�XQWLO�WKH�
point where the life-cycle costs of the vehicles and fuel would 
become competitive with those of gasoline-fueled vehicles; 
market forces would thereafter operate without subsidies, 
leading to broad deployment (NRC 2008, 2010a, 2013b).

In some cases in which advancements in technology were 
needed, government and private-sector funding of research 
and development led to a technology push. DOE partnered 
with the private sector on vehicle technologies and fuels 
through such activities as the Partnership for a New Genera-
tion of Vehicles (PNGV), the FreedomCAR and Fuel Partner-
ship, and, currently, the U.S. Driving Research and Innova-
WLRQ� IRU�9HKLFOH� (I¿FLHQF\� DQG� (QHUJ\� 6XVWDLQDELOLW\� �8�6��
DRIVE) Partnership (NAS/NAE/NRC 2009; NRC 2008, 
����E������D���([WHQVLYH�ZRUN�RQ�ELRHQHUJ\�FURSV�DQG�WHFK-
nologies for their conversion into ethanol and, now, “drop-in” 
biofuels16 has also been funded (NRC 2011b).

To create a market pull for some of the technologies un-
GHU�GHYHORSPHQW��YDULRXV� WD[�RU�SROLF\�PDQGDWHV� DLPHG�DW�
stimulating market demand were initiated. Financial incen-
tives were especially needed for new technologies that were 
SURMHFWHG�WR�EH�PRUH�H[SHQVLYH�WKDQ�WKH�LQFXPEHQW�FRQYHQ-
tional technologies, at least in the initial and transitional 
SKDVHV��)RU�H[DPSOH��WD[�FUHGLWV�IRU�FHUWDLQ�W\SHV�RI�YHKLFOHV�
DQG�WD[�EUHDNV�IRU�FHUWDLQ�IXHOV�ZHUH�SXW�LQWR�WKH�WD[�FRGH�WR�
stimulate the adoption of the new, more costly technologies, 
at least for a period of time until increased production and 
economies of scale drove costs down to the point where the 
new technologies would be competitive in the marketplace. 
,W�ZDV� DOVR� WKRXJKW� WKDW� DGRSWLRQ� E\� ÀHHWV� DQG� SURPRWLRQ�
in niche markets would, in many cases, help with this tran-
sition period by increasing sales and production and thus 
driving down costs, but studies evaluating the programs do 
not provide a clear picture of whether that strategy is useful 
(Leiby and Rubin 2004; McNutt and Rodgers 2004; Rob-

15 Pub. L.110-140, 121 Stat. 1758. USC § 17001.
16 The term drop-in biofuel refers to the conversion of biomass 

into fuels, such as gasoline and diesel, that are compatible with, 
and can be “dropped into,” the current fueling infrastructure. This 
approach would avoid overcoming the barriers to developing and 
investing in the infrastructure necessary for a separate fueling sys-
tem, such as would be required for fuels, such as ethanol, methanol, 
natural gas, and hydrogen.

HUWVRQ�DQG�%HDUG�������+ZDQJ�������15&�����E������D��
Greene 2012).

Methanol

7KHUH�ZDV�JUHDW�LQWHUHVW�LQ�PHWKDQRO��0H2+��DV�D�SRWHQ-
tial motor vehicle fuel in the late 1980s and early 1990s for a 
number of reasons (API/WRI 1990). Its high octane content 
could be used in some ICEs with a higher compression ratio 
WR�LPSURYH�HI¿FLHQF\��LW�FRXOG�DOVR�UHVXOW�LQ�ORZHU�HPLVVLRQV�
than conventional gasoline-fueled vehicles and thus lead to 
improved air quality and better public health. From a national 
security point of view, it could displace imported petroleum if 
it was produced from biomass or from natural gas. The con-
version of global sources of remote natural gas that were of 
low economic value was envisioned as an approach to diver-
sify the U.S. global supply chain for light-duty vehicle fuels 
and replace petroleum.

*LYHQ�H[WHQVLYH�H[SHULHQFH�ZLWK�WKH�XVH�RI�0H2+�DQG�
ICEs in the world of competitive racing, the development of 
0H2+�SRZHUHG� YHKLFOHV� GLG� QRW� QHFHVVLWDWH� IXQGDPHQWDO�
technology breakthroughs and such vehicles were developed 
for the market that could operate on either high levels of 
PHWKDQRO�� VXFK� DV� ���SHUFHQW�0H2+�DQG����SHUFHQW� JDVR-
line (referred to as M85), or on any combination between 
0��DQG�0����7KHVH�ÀH[LEOH�IXHO�YHKLFOHV��))9V��ZHUH�VROG�
in the marketplace and represented a strategy for overcom-
ing the chicken-and-egg problem of attracting investment 
in a methanol-fueling infrastructure before there are enough 
0H2+�IXHOHG�YHKLFOHV�RQ�WKH�URDG�DQG�WKH� ODFN�RI�GHPDQG�
IRU�VXFK�YHKLFOHV�XQWLO�DQ�H[WHQVLYH�IXHOLQJ�LQIUDVWUXFWXUH�LV�LQ�
SODFH��,W�ZDV�DQWLFLSDWHG�WKDW�ZLWK�0H2+�))9V��WKH�YHKLFOH�
RZQHU�FRXOG�XVH�WKH�H[LVWLQJ�JDVROLQH�LQIUDVWUXFWXUH�ZKLOH�D�
0H2+�IXHOLQJ� LQIUDVWUXFWXUH�ZDV�EXLOW� LQ� UHVSRQVH� WR�YHKL-
FOHV�GHSOR\HG�IRU�ÀHHWV��LQFHQWLYHV�ZHUH�LPSOHPHQWHG��DQG�D�
business case for fuel investors became viable.

Despite subsidies, a broad M85 infrastructure never mate-
ULDOL]HG��)XUWKHUPRUH��WKH�FRQWLQXHG�LPSURYHPHQW�RI�JDVROLQH�
powered vehicles along with the development of reformulat-
ed gasoline resulted in gasoline-powered vehicles that could 
achieve the same or better emission performance as promised 
E\�0H2+�DQG�HVVHQWLDOO\�HOLPLQDWHG�WKH�QHHG�IRU�0H2+�IX-
eled vehicles.

Ethanol

6LPLODU�WR�0H2+��HWKDQRO��(W2+��LV�D�IXHO�ZLWK�D�KLJK�RF-
tane content and one that could be produced from a variety of 
domestic resources, although it has an energy density per unit 
volume only two-thirds that of gasoline.17 It continues to be of 
interest with a focus on, as with methanol, the development of 
))9V�WKDW�FDQ�RSHUDWH�RQ�PL[WXUHV�IURP���SHUFHQW�(W2+�DQG�

17 The lower volumetric energy density results in a lower miles-
SHU�JDOORQ�IXHO�HI¿FLHQF\�FRPSDUHG�ZLWK�JDVROLQH�DQG��DOO�HOVH�EH-
ing equal, will require more frequent refueling.
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����SHUFHQW�JDVROLQH�WR����SHUFHQW�(W2+�DQG����SHUFHQW�JDVR-
OLQH��(����WR�DGGUHVV�WKH�FKLFNHQ�DQG�HJJ�SUREOHP��(W2+�ZDV�
originally used as a gasoline additive during summer months 
WR� UHGXFH� DLU� SROOXWDQW� HPLVVLRQV��/DWHU�� WKH�(W2+�SURJUDP�
was viewed as a means of displacing petroleum and using do-
PHVWLF� UHVRXUFHV� IRU�(W2+�SURGXFWLRQ��9HKLFOH�PDQXIDFWXU-
ers were given credits in CAFE regulations, and this led to a 
VLJQL¿FDQW�SURGXFWLRQ�RI�HWKDQRO�FDSDEOH�))9V��$OWKRXJK�WKH�
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 government 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 
DV�D�IHHGVWRFN�IRU�FRQYHUVLRQ�WHFKQRORJLHV�WR�SURGXFH�(W2+�
(NAS/NAE/NRC 2009; NRC 2011b). It was envisioned that, 
if successful, renewable fuel production system would have 
ORZ� QHW� *+*� HPLVVLRQV� DQG� HQKDQFH� HQHUJ\� VHFXULW\� DQG�
would not compete with land for the production of food. The 
GHYHORSPHQW� RI� FRVW�HIIHFWLYH� FHOOXORVLF�EDVHG� (W2+� WHFK-
nologies that can compete with gasoline has proven more 
GLI¿FXOW� WR� DFKLHYH� WKDQ� DQWLFLSDWHG�� %XW� WKHUH� LV� RQJRLQJ�
demonstration and development of such biomass conversion 
technologies, and it remains to be seen how much this alterna-
tive fuel will contribute to the U.S. transportation fuel supply.

$V� ZLWK� 0H2+�� DQ� H[WHQVLYH� V\VWHP� RI� IXHOLQJ� VWD-
tions supplying E85 has yet to emerge, even though there 
DUH�PLOOLRQV�RI�(W2+�))9V�RQ�WKH�URDG��PRVW�RI�ZKLFK�XVH�
gasoline) and the U.S. Congress mandated the use of a cer-
WDLQ�DPRXQW�RI�(W2+�WKURXJK�WKH�5HQHZDEOH�)XHO�6WDQGDUG�
�15&�����E���7R�GDWH��PRVW�(W2+�LV�SURGXFHG�IURP�FRUQ�RU�
sugar cane and is used as a renewable-fuel replacement for 
SHWUROHXP�ZLWK�XS�WR����SHUFHQW�(W2+�EOHQGHG�LQWR�JDVROLQH��
In some places, mostly the Midwest, E15 can be sold and 
used in light-duty vehicles with a model year 2001 or later. 
Increasing the percentage for conventional vehicles has re-
ceived opposition from some quarters because of the poten-
tially deleterious effects of ethanol on engine components, 
particularly marine engines, although this is not an issue for 
))9V��+RZHYHU��WKH�DJJUHVVLYH�SROLFLHV�DQG�VXEVLGLHV�KDYH�
led to about 7 percent replacement of gasoline-energy use 
in light-duty vehicles from less than 1 percent in 2000, and 
this demonstrates that sustained efforts by the federal gov-
ernment can have demonstrable effects in the market (Gru-
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 offer air 
quality advantages in urban areas and can be fueled from 
domestic sources of natural gas, which seemed plentiful and 

cheap in the 1990s as it has again in the past few years. Most 
of the vehicles developed were dedicated CNG vehicles that 
DYRLGHG�WKH�H[WUD�YHKLFOH�FRVW�DQG�FRPSOH[LW\�WKDW�ZRXOG�EH�
needed for a dual-fuel vehicle, although some dual-fuel natu-
ral gas vehicles were offered in the market in 2012-2013, 
stimulated by low natural gas prices and projections of future 
plentiful reserves and associated low prices.

CNG is typically stored onboard the vehicle at 3,600 psi 
and requires high-pressure fueling stations. Incentives and 
mandates were provided in the 1990s to bring the vehicles to 
market, but because of the need for high-pressure fueling sta-
tions and bulky storage tanks on the vehicle and the shorter 
driving range compared with comparable gasoline-powered 
YHKLFOHV��WKH\�WHQGHG�WR�EH�XVHG�LQ�ÀHHWV�ZKHUH�WKH�YHKLFOHV�
returned to a central station at the end of each day and could be 
UHIXHOHG��7KH\�ZHUH�VRPHZKDW�PRUH�H[SHQVLYH�WKDQ�FRPSD-
rable gasoline-powered vehicles, trunk space was somewhat 
FRPSURPLVHG�� GULYLQJ� UDQJH� ZDV� VKRUWHU�� DQG� DQ� H[WHQVLYH�
refueling infrastructure was not, and still is not, available. 
Consumers did not embrace CNG vehicles, and these vehicles 
KDYH�QRW�PRYHG�EH\RQG�WKH�QLFKH�ÀHHW�PDUNHWV�

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-
WHU�YDSRU��LW�LV�FODVVL¿HG�E\�&DOLIRUQLD�DV�D�=(9��7KH�IHGHUDO�
government and the private sector have provided substantial 
funding for research and development, for vehicle demon-
strations, and for parts of the needed hydrogen infrastructure 
�15&�����E������D���7KHUH�KDV�EHHQ� VLJQL¿FDQW� WHFKQLFDO�
progress and promise of driving ranges and fueling times 
comparable with those of conventional vehicles, but they are 
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 manufacturers 
have indicated that such vehicles will be available for the 
PDUNHW� LQ� WKH� ���������� WLPH� IUDPH�� DQG� +\XQGDL� EHJDQ�
OHDVLQJ�D� IXHO�FHOO�YHKLFOH� LQ�&DOLIRUQLD� LQ�������+RZHYHU��
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).

Hybrid Electric Vehicles

,Q�������+(9V�ZHUH�LQWURGXFHG�LQWR�WKH�8�6��DXWRPRWLYH�
PDUNHW��$1/��������$�IHGHUDO�LQFRPH�WD[�LQFHQWLYH�IRU�+(9V�
H[LVWHG�EHWZHHQ������DQG�������7KH�RULJLQDO� WD[� LQFHQWLYHV�
SURYLGHG�D�WD[�GHGXFWLRQ�RI�XS�WR���������EXW�WKH�(QHUJ\�3ROL-
F\�$FW�RI������LQFUHDVHG�LW�WR�D�PD[LPXP�RI��������DQG�FRQ-
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YHUWHG�LW�LQWR�D�WD[�FUHGLW��7KH�GHGXFWLRQV�DQG�FUHGLWV�ZHUH�WKH�
PD[LPXPV�JUDQWHG�IRU�WKH�PRVW�IXHO�HI¿FLHQW�YHKLFOHV��+(9V�
ZLWK� OHVVHU� IXHO�HFRQRP\�UHFHLYHG�PRUH�PRGHVW� WD[�FUHGLWV��
7KH� WD[� FUHGLWV�ZHUH� DYDLODEOH� IRU� WKH� ¿UVW� ������� YHKLFOHV�
VROG�E\�D�PDQXIDFWXUHU��DIWHU�ZKLFK�WLPH�WKH�WD[�FUHGLWV�ZRXOG�
H[SLUH��,Q�DGGLWLRQ�WR�WKH�IHGHUDO�LQFRPH�WD[�FUHGLWV��VWDWHV�RI-
fered a wide array of other consumer incentives, including in-
FRPH�WD[�FUHGLWV��VDOHV�WD[�UHGXFWLRQV�RU�H[HPSWLRQV��DFFHVV�
WR�KLJK�RFFXSDQF\�YHKLFOH��+29��ODQHV��UHGXFHG�UHJLVWUDWLRQ�
IHHV��DQG�H[HPSWLRQV�IURP�HPLVVLRQV�WHVWLQJ��VLPLODU�WR�WKH�LQ-
centives now offered for PEVs.

7KH�HIIHFWLYHQHVV�RI�WKH�SXUFKDVH�LQFHQWLYHV�IRU�+(9V�
KDV�EHHQ�H[WHQVLYHO\�VWXGLHG�LQ�WKH�8QLWHG�6WDWHV�DQG�HOVH-
ZKHUH��$V�QRWHG�DERYH��WKH�PRVW�LPSRUWDQW�¿QGLQJ�IURP�WKH�
literature is that, immediate purchase incentives (such as 
D�VDOHV�WD[�H[HPSWLRQ�RU� LQVWDQW� UHEDWH��DUH�PRUH�HIIHFWLYH�
WKDQ�WD[�FUHGLWV�RU�GHGXFWLRQV�EHFDXVH�FRQVXPHUV�DSSHDU�WR�
focus on up-front price and highly discount long-term cost 
savings (Diamond 2009; Chandra et al. 2010; Gallagher and 
Muehlegger 2011). With immediate incentives, buyers do 
not have to wonder whether they will qualify for the credit 
ZKHQ� WKH\�¿OH� WD[HV� LQ� WKH� QH[W� \HDU� RU� HVWLPDWH� LWV� YDOXH�
given their income bracket. With immediate incentives, the 
purchase price can be adjusted at the time of sale. A study of 
&DQDGLDQ�H[SHULHQFH�ZLWK�WD[�UHEDWHV�IRU�+(9V��ZKLFK�ZHUH�
established at the point of sale, found that they were highly 
effective (Chandra et al. 2010). 

Lessons Learned from Past Incentive Programs

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 efforts and economic incentives that 
FUHDWH�D�SUR¿WDEOH�EXVLQHVV�FDVH��KRZHYHU��FDQ�KDYH�GHPRQ-
VWUDEOH�HIIHFWV��7KH�HWKDQRO�H[DPSOH�LV�RQH�ZKHUH�WKH�UHJXOD-
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 1 percent in 
�����WR����SHUFHQW�LQ�������8VLQJ�ÀHHWV�WR�HQFRXUDJH�PDLQ-
stream adoption does not appear to be particularly effective 
�IRU�H[DPSOH��LQ�WKH�FDVH�RI�&1*�YHKLFOHV���&RVW�UHGXFWLRQ�
and technology advances will continue to evolve as product 
YROXPHV�LQFUHDVH��EXW�LQ�WKH�PHDQWLPH��¿QDQFLDO�LQFHQWLYHV�
are needed to make a technology more cost-competitive. The 
K\EULG�H[DPSOH��ZLWK�D�8�6��DGRSWLRQ�UDWH�VWLOO�EHORZ���SHU-
FHQW��VKRZV�WKDW�HYHQ�ZLWK�¿QDQFLDO�LQFHQWLYHV�DQG�VXEVWDQ-
tial technology advances, moving the deployment from suc-
cessful regional and niche markets to mainstream adoption 
remains a challenge.

RECOMMENDATIONS

%HFDXVH� WKHUH�KDV�QRW�EHHQ�DQ\�H[WHQVLYH� UHVHDUFK�RQ�
regulatory or incentive programs that promote PEV adop-

WLRQ�� LW�ZDV�GLI¿FXOW� IRU� WKH�FRPPLWWHH� WR�GHWHUPLQH�ZKLFK�
incentives would be the most effective and should be pur-
VXHG��+RZHYHU��RQ�WKH�EDVLV�RI�LWV�UHYLHZ�RI�WKH�EDUULHUV�WR�
PEV adoption and current and past federal and state incen-
tive programs, the committee offers the following recom-
mendations:

Recommendation:�)HGHUDO�¿QDQFLDO�LQFHQWLYHV�WR�SXUFKDVH�
PEVs should continue to be provided beyond the current 
production volume limit as manufacturers and consumers 
H[SHULPHQW�ZLWK� DQG� OHDUQ� DERXW� WKH� QHZ� WHFKQRORJ\��7KH�
federal government should re-evaluate the case for incen-
tives after a suitable period, such as 5 years. Its re-evaluation 
should consider advancements in vehicle technology and 
progress in reducing production costs, total costs of owner-
VKLS��DQG�HPLVVLRQV�RI�3(9V��+(9V��DQG�,&(�YHKLFOHV�

Recommendation: Given the research on effectiveness of 
purchase incentives, the federal government should consider 
FRQYHUWLQJ�WKH�WD[�FUHGLW�WR�D�SRLQW�RI�VDOH�UHEDWH�

Recommendation: Given the sparse research on incentives 
RWKHU�WKDQ�¿QDQFLDO�SXUFKDVH�LQFHQWLYHV��UHVHDUFK�VKRXOG�EH�
conducted on the variety of consumer incentives that are (or 
have been) offered by states and local governments to deter-
mine which, if any, have proven effective in promoting PEV 
deployment.
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Governors’ Association Transportation Fuels for the Future 
Initiative. Before joining NRDC, he was the director of the 
8QLRQ�RI�&RQFHUQHG�6FLHQWLVWV� WUDQVSRUWDWLRQ�SURJUDP��+H�
has also worked for the U.S. Department of Energy at Law-
rence Berkeley National Laboratory and the California Air 
Resources Board as an air pollution engineer and was in-
volved in forecasting residential and industrial energy de-
PDQG��SHUPLWWLQJ�RI�KD]DUGRXV�ZDVWH�LQFLQHUDWRUV��DQG�HYDO-
XDWLQJ�WR[LF�DLU�HPLVVLRQV�IURP�ODQG¿OOV��+H�LV�FXUUHQWO\�RQ�
the National Research Council Committee on Fuel Economy 
RI�/LJKW�'XW\�9HKLFOHV��3KDVH����0U��+ZDQJ�KDV�DQ�06�LQ�
mechanical engineering from the University of California, 
Davis, and a master’s degree in public policy from the Uni-
versity of California, Berkeley. 

PETER ISARD is a consultant on economic policy issues 
and held various managerial positions with the International 
Monetary Fund (IMF) from 1985 to 2008, primarily in the 
Research Department. Dr. Isard played a lead role in help-
ing Lithuania design an economic transformation program in 
1991 and 1992 and spent the 2002-2003 academic year at the 
8QLYHUVLW\�RI�0DU\ODQG��+H�UHWLUHG�LQ�-XQH������DV�GHSXW\�
director of the IMF Institute, the department that provides 
training on economic policy making for member-country 
RI¿FLDOV��%HIRUH�MRLQLQJ�WKH�,0)�LQ�������KH�VSHQW������LQ�
the Research Department of the IMF, taught at Washington 
University in St. Louis in 1971-1972, held research and man-
agement positions at the Federal Reserve Board from 1972 
to 1985, and spent a year during 1979 and 1980 at the Bank 
for International Settlements. Dr. Isard is the author of nu-
PHURXV�DUWLFOHV�LQ�DFDGHPLF�MRXUQDOV��SULPDULO\�RQ�H[FKDQJH�
UDWHV�DQG�PRQHWDU\�SROLF\�VWUDWHJLHV��+H�LV�DOVR�WKH�DXWKRU�RI�
two books—Exchange Rate Economics (1995) and Global-
ization and the International Financial System (2005)—and 
HGLWRU�RI�VHYHUDO�RWKHUV��+H�KDV�DQ�XQGHUJUDGXDWH�GHJUHH�LQ�
mathematics from the Massachusetts Institute of Technology 
and a PhD in economics from Stanford University. 

LINOS JACOVIDES is professor of electrical engineering 
at Michigan State University. From 1998 to 2007, he served 
DV�GLUHFWRU�RI�'HOSKL�5HVHDUFK�/DERUDWRULHV��'U�� -DFRYLGHV�
joined General Motors Research and Development in 1967 
and became department head of electrical engineering in 
������+LV� UHVHDUFK�ZDV� LQ� WKH� LQWHUDFWLRQV� EHWZHHQ� SRZHU�
electronics and electric machines in electric vehicles and lo-
FRPRWLYHV��+H�ODWHU�WUDQVLWLRQHG�WR�'HOSKL�ZLWK�D�JURXS�RI�UH-
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searchers from General Motors to set up the Delphi Research 
/DERUDWRULHV��+H� LV�D�PHPEHU�RI� WKH�1DWLRQDO�$FDGHP\�RI�
Engineering and has served on numerous National Research 
Council committees, including the National Cooperative 
+LJKZD\�5HVHDUFK�3URJUDP¶V�3DQHO�RQ�(IIHFWV�RI�&KDQJLQJ�
Transportation Energy Supplies and Alternative Fuel Sourc-
es on State Departments of Transportation, the Committees 
on Assessment of Technologies for Improving Light-Duty 
Vehicle Fuel Economy (Phases 1 and 2), the Committee on 
Review of the U.S. Drive Research Program, Phase 4, the 
Committee on Electric Vehicle Controls and Unintended Ac-
celeration, and the Committee on Review of the Freedom-
&$5�DQG�)XHO�5HVHDUFK�3URJUDP��3KDVH����'U��-DFRYLGHV�LV�
a fellow of IEEE and the Society of Automotive Engineers 
(SAE) International and served as president of the Industry 
$SSOLFDWLRQV�6RFLHW\�RI�,(((�LQ�������+H�UHFHLYHG�D�%6�LQ�
electrical engineering and an MS in machine theory from 
the University of Glasgow and a PhD in generator control 
systems from the Imperial College, University of London. 

ULRIC KWAN is a senior managing consultant with IBM, 
concentrating on helping utilities around the globe enable 
customer-oriented systems of engagement. Previously, he 
ZRUNHG�IRU�3DFL¿F�*DV�DQG�(OHFWULF��ZKHUH�KH�ZDV�D�OHDGHU�LQ�
WKH�HOHFWULF�YHKLFOH�DQG�GHPDQG�UHVSRQVH�¿HOGV��,Q�WKLV�UROH��
he was responsible for the development of business and regu-
ODWRU\�MXVWL¿FDWLRQ�IRU�XWLOLW\�LQYROYHPHQW�LQ�HOHFWULF�YHKLFOH�
deployments, integration of electric vehicles and customers 
into the electricity market, creation of a long-term contract 
between an automaker and utility for demand response, and 
GHYHORSPHQW�RI�WKH�¿UVW�LQWHJUDWHG�SRLQW�RI�VDOH�UDWH�FDOFXOD-
tor for electric-vehicle customers. Earlier, he worked at Sie-
mens as an energy engineer and LCG Consulting as an elec-
tricity wholesale market consultant and forecaster. Mr. Kwan 
has participated in numerous regulatory proceedings at the 
California and federal electricity regulatory bodies on how 
to integrate customers into the wholesale market and serves 
or has served on numerous advisory panels, including the 
North American Electric Reliability Corporation (NERC) 
advisory team for demand response, the California Plug-in 
Electric Vehicle Collaborative, and the California Electric 
Transportation Coalition. Mr. Kwan has a BS and MS in 
mechanical engineering from the University of Calgary and 
Stanford University, respectively.

REBECCA LINDLAND is a senior fellow with the King 
Abdullah Petroleum Studies and Research Center and leads 
its work on transportation policy, technology, and consumer 
GHPDQG��6KH�ZDV�IRUPHUO\�WKH�GLUHFWRU�RI�UHVHDUFK�IRU�,+6�
Automotive where she was responsible for evaluating and 
assessing vehicle manufacturers that participate in the U.S. 
and Canada marketplaces. She has a particular interest in 
KRZ�PDQXIDFWXUHUV¶� GHFLVLRQV� UHÀHFW� FRQVXPHU� YDOXHV��$V�
D�PHPEHU�RI�,+6�$XWRPRWLYH��0V�/LQGODQG�ZDV�IUHTXHQWO\�
quoted in the media, including the New York Times, Business 

Week, Reuters, Bloomberg 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-
IDFWXUHUV�DQG�EUDQGV��3ULRU�WR�KHU�ZRUN�DW�,+6��0V�/LQGODQG�
worked at AlliedSignal in Rumford, Rhode Island, where she 
IRUHFDVWHG�SURGXFWV��VXFK�DV�%HQGL[�EUDNHV��$�OLIH�ORQJ�DXWR-
motive enthusiast, she began her career as a staff accountant 
ZLWK�0HUFHGHV�%HQ]�&UHGLW�&RUSRUDWLRQ� LQ�1RUZDON��&RQ-
necticut. Ms Lindland holds a double major in accounting 
and business administration from Gordon College, Wenham, 
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-
QHVV�PRGHOV�DQG�V\VWHPV��LQFOXGLQJ�FRVW�EHQH¿W�DQDO\VHV�RI�
SDUDGLJPV�IRU�PRGHOV��V\VWHPV��DQG�RSHUDWLRQV��+H�KDV�DOVR�
developed technology and strategic plans for market opera-
tors and automation and smart grid roadmaps for several in-
GHSHQGHQW�V\VWHP�RSHUDWRUV��+LV�FXUUHQW�LQWHUHVWV�LQFOXGH�WKH�
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 
DGYDQFHG�EXLOGLQJ�WR�JULG�FRQFHSWV��+H�KDV�SURYLGHG�H[SHUW�
testimony before Congress on metering systems and mar-
ket operations and cosigned a Supreme Court amicus curiae 
EULHI�RQ�WUDQVPLVVLRQ�DFFHVV�DQG�QDWLYH�ORDG�VHUYLFH��+H�ZDV�
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 advisory 
board of IEEE Spectrum�PDJD]LQH��+H�LV�WKH�ZLQQHU�RI�WKH�
2009 IEEE PES Concordia award for power system analysis 
DQG�LV�D�PHPEHU�RI�WKH�1DWLRQDO�$FDGHP\�RI�(QJLQHHUV��+H�
received his PhD from the Massachusetts Institute of Tech-
nology in electrical engineering. 

JAKKI MOHR is the Regents Professor of Marketing at 
the University of Montana–Missoula (UM). An international 
H[SHUW�DQG�LQQRYDWRU�LQ�PDUNHWLQJ�RI�KLJK�WHFKQRORJ\�SURG-
ucts and services, she has achieved international acclaim for 
Marketing of High-Technology Products and Innovations 
(coauthor with S. Sengupta and S. Slater, with European and 
India/Southeast Asia editions and translations into 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-
PHUFLDOL]H� LQQRYDWLRQ�� 6KH� KDV� UHFHLYHG� QXPHURXV� WHDFK-
ing awards—including the Outstanding Marketing Teacher 
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Award (presented by the Academy of Marketing Science), 
WKH�&DUQHJLH�)RXQGDWLRQ�&$6(�3URIHVVRU�RI� WKH�<HDU��DQG�
WKH�0RVW�,QVSLUDWLRQDO�7HDFKHU�RI�WKH�<HDU�$ZDUG�DW�WKH�8QL-
versity of Montana—and the Distinguished Scholar Award, 
WKH�-RKQ�5XIIDWWR�0HPRULDO�$ZDUG��DQG�WKH�'HQQLVRQ�3UHVL-
dential Faculty Award for Distinguished Accomplishment. 
Dr. Mohr served as a Fulbright senior specialist in Montevi-
GHR��8UXJXD\��+HU�UHVHDUFK�KDV�UHFHLYHG�QDWLRQDO�DZDUGV�DQG�
has been published in the Journal of Marketing, the Strategic 
Management Journal, the Journal of the Academy of Mar-
keting Science, the Journal of Public Policy and Marketing, 
and others. In research sponsored by the Marketing Science 
Institute, she studies how companies use biomimicry (inno-
vations inspired by nature that are based on underlying bio-
logic mechanisms) to solve technical and engineering chal-
OHQJHV��WKH�EDVLV�RI�KHU�7('[6DQ'LHJR�WDON�LQ�������%HIRUH�
joining UM in fall 1997, Dr. Mohr was an assistant professor 
at the University of Colorado Boulder (1989-1997). Before 
beginning her academic career, she worked in Silicon Val-
OH\�LQ�DGYHUWLVLQJ�IRU�+HZOHWW�3DFNDUG
V�3HUVRQDO�&RPSXWHU�
Group and TeleVideo Systems. Dr. Mohr received her PhD 
from University of Wisconsin–Madison.

MELISSA SCHILLING is a professor of management and 
RUJDQL]DWLRQV�DW�1HZ�<RUN�8QLYHUVLW\�6WHUQ�6FKRRO�RI�%XVL-
ness. Dr. Schilling teaches strategic management, corporate 
strategy, and technology and innovation management. She 
LV�ZLGHO\�UHFRJQL]HG�DV�DQ�H[SHUW�LQ�LQQRYDWLRQ�DQG�VWUDWHJ\�
LQ�KLJK�WHFKQRORJ\�LQGXVWULHV��+HU�WH[WERRN��Strategic Man-
agement of Technological Innovation (now in its fourth edi-
WLRQ���LV�WKH�WRS�LQQRYDWLRQ�VWUDWHJ\�WH[W�LQ�WKH�ZRUOG�DQG�LV�
DYDLODEOH�LQ�VHYHQ�ODQJXDJHV��+HU�UHVHDUFK�LQ�LQQRYDWLRQ�DQG�
strategy has earned her such awards as the National Science 
Foundation's CAREER Award and the Best Paper in Man-
DJHPHQW�6FLHQFH�DQG�2UJDQL]DWLRQ�6FLHQFH�IRU������$ZDUG��
+HU� UHVHDUFK� KDV� DSSHDUHG� LQ� OHDGLQJ� DFDGHPLF� MRXUQDOV��
such as the Academy of Management Journal, the Academy 
of Management Review, Management Science, Organization 
Science, the Strategic Management Journal, and the Jour-
nal of Economics and Management Strategy and Research 
Policy. She sits on the editorial review boards of Organi-
zation Science and Strategic Organization. Dr. Schilling re-
ceived her BS in business administration from the University 
of Colorado, Boulder, and her PhD in strategic management 
from the University of Washington.

RICHARD TABORS is president of Across the Charles and 
is director of the Utility of the Future Project at the MIT Ener-
J\�,QLWLDWLYH��8QWLO�-XO\�������KH�ZDV�YLFH�SUHVLGHQW�RI�&KDUOHV�
5LYHU�$VVRFLDWHV��&5$��LQ�WKH�(QHUJ\�	�(QYLURQPHQW�3UDF-
WLFH��+H�IRXQGHG�WKH�HQJLQHHULQJ�HFRQRPLFV�FRQVXOWLQJ�¿UP�
RI�7DERUV�&DUDPDQLV�	�$VVRFLDWHV��7&$��LQ������WR�SURYLGH�
HFRQRPLF�� UHJXODWRU\�� DQG� ¿QDQFLDO� DQDO\WLF� VXSSRUW� WR� WKH�
restructuring of the U.S. and international electric power in-
GXVWU\��7&$�ZDV�VROG�WR�&5$�LQ�������+H�ZDV�D�UHVHDUFKHU�
DQG�PHPEHU�RI�WKH�IDFXOW\�DW�+DUYDUG�8QLYHUVLW\�IURP������
to 1976 and was at Massachusetts Institute of Technology as 
a senior lecturer in technology management and policy and a 
UHVHDUFK�GLUHFWRU�LQ�SRZHU�V\VWHPV�IURP������WR�������+H�LV�
a visiting professor of electrical engineering at the University 
RI�6WUDWKFO\GH�LQ�*ODVJRZ��+LV�UHVHDUFK�DQG�GHYHORSPHQW�DF-
tivities at MIT led to his authorship or coauthorship of over 
80 articles and books, including Spot Pricing of Electricity, 
on which the economic restructuring of the electric utility 
wholesale and retail markets is based. Dr. Tabors continues 
his directing and consulting activities in regulation, litigation, 
and asset evaluation in the power industry with a focus on 
development of future platforms and pricing structure of the 
VPDUW�JULG��+H�UHFHLYHG�D�%$�LQ�ELRORJ\�IURP�'DUWPRXWK�DQG�
DQ�06�DQG�D�3K'�LQ�JHRJUDSK\�DQG�HFRQRPLFV�IURP�WKH�0D[-
well School of Syracuse University. 

TOM TURRENTINE is director of the California Energy 
&RPPLVVLRQ¶V�3OXJ�LQ�+\EULG�DQG�(OHFWULF�9HKLFOH�5HVHDUFK�
Center at the Institute of Transportation Studies, University 
of California, Davis. For the last 20 years, Dr. Turrentine has 
been researching consumer response to alternative fuels, ve-
hicle technologies, road systems, and policies that have envi-
URQPHQWDO�EHQH¿WV��+LV�PRVW�UHFHQW�ZRUN�LQFOXGHV�PXOWL\HDU�
projects to study consumer use of plug-in electric vehicles, 
LQFOXGLQJ� WKH� %0:�0LQL� (�� 3ULXV� 3+(9� FRQYHUVLRQV�� WKH�
1LVVDQ�/HDI��*0�9ROW��3+(9�SLFNXSV��DQG�VSHFLDOO\�GHVLJQHG�
HQHUJ\�IHHGEDFN�GLVSOD\V�LQ�YHKLFOHV��+H�DQG�KLV�UHVHDUFKHUV�
DUH� VWXG\LQJ�%(9�DQG�3+(9�GULYHU� WUDYHO�SDWWHUQV�DQG�XVH�
of infrastructure and are developing planning tools to advise 
on deployment of infrastructure and optimal ways to integrate 
SOXJ�LQ� HOHFWULF� YHKLFOHV� LQWR� &DOLIRUQLD¶V� JULG�� +H� DQG� KLV�
team wrote “Taking Charge,” a plan for California to develop 
a PEV market, which is the blueprint for the California PEV 
&ROODERUDWLYH��+H�KROGV�D�3K'�LQ�DQWKURSRORJ\�
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Meetings and Presentations

FIRST COMMITTEE MEETING
October 28-29, 2012

EV Everywhere: Overview and Status
Patrick B. Davis, Program Manager, Vehicle Technologies 
Program, U.S. Department of Energy (DOE)

EV Everywhere Grand Challenge: Charging Infrastructure 
(QDEOLQJ�)OH[LEOH�(9�'HVLJQ
Lee Slezak, Technology Manager, Vehicle Systems,  
Vehicle Technologies Program, DOE

DOE AVTA: The EV Project and Other Light-Duty Electric 
Drive Vehicle Activities
James Francfort, Principal Investigator, Advanced  
Vehicle Testing Activity, Idaho National Laboratory

SECOND COMMITTEE MEETING
December 17-19, 2012

Charging Infrastructure Needs
Marcus Alexander, Manager, Vehicle Systems Analysis, 
Electric Power Research Institute (EPRI)

General Motors: National Research Council
Britta K. Gross, Director, Advanced Vehicle 
Commercialization Policy, General Motors

Overcoming Barriers to Deployment of Electric Vehicles
Mike Tamor, Executive Technical Leader, Energy Systems 
and Sustainability, Ford Motor Company

Overcoming Barriers to Electric-Vehicle Deployment: 
Barriers to Deployment, an OEM Perspective
Joseph Thompson, Project Manager-Technology  
Planning, Nissan

7KH�(OHFWUL¿FDWLRQ�&RDOLWLRQ��5HYROXWLRQL]LQJ�
Transportation and Achieving Energy Security
Jonna Hamilton, Vice President for Policy,  
(OHFWUL¿FDWLRQ�&RDOLWLRQ

Electric Vehicle Charging Services
Richard Lowenthal, Founder and CTO, ChargePoint

The Complete Electric Vehicle Charging Solution
Michael Krauthamer, Director, Mid-Atlantic Region, eVgo

Better Place Update
Jason Wolf, Vice President for North America,  
Better Place

7KH�'2(�9HKLFOH�7HFKQRORJLHV�$QDO\VLV�7RROER[�DQG� 
EV Everywhere Target-Setting
Jacob Ward, Vehicle Technologies Analysis Manager, DOE

The Need for Public Investments to Support the Plug-in 
Electric Vehicle Market
Nick Nigro, Manager, Transportation Initiatives,  
Center for Climate and Energy Solutions

5HVHDUFK�,QVLJKWV�IURP�WKH�1DWLRQ¶V�+LJKHVW�5HVLGHQWLDO�
Concentration of Electric Vehicles
Brewster McCracken, President and CEO,  
Pecan Street Inc.

(OHFWULF�9HKLFOH�,QLWLDWLYHV�LQ�WKH�+RXVWRQ�*DOYHVWRQ�5HJLRQ
Allison Carr, Air Quality Planner, Houston-Galveston 
Area Clean Cities Coalition

The EV Project Deployment Barriers
Donald Karner, ECOtality North America

New Models of Mobility and EV Deployment
Jack Hidary, Global EV Leader, Hertz

Electric Vehicle Infrastructure Demonstration Projects: 
Lessons Learned
5LFN�'XUVW��7UDQVSRUWDWLRQ�(OHFWUL¿FDWLRQ�3URMHFW�
Manager, Portland General Electric
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THIRD COMMITTEE MEETING
January 25-26, 2013

No open session presentations were held during this meeting.

FOURTH COMMITTEE MEETING
May 8-9, 2013

&DOLIRUQLD¶V�=HUR�(PLVVLRQ�9HKLFOH��=(9��5HJXODWLRQ
Elise Keddie, Manager, Zero Emission Vehicle 
Implementation Section, California Air Resources Board

Electric-Vehicle Deployment: A Long-Term Perspective
Chuck Shulock, President, Shulock Consulting

3HUVSHFWLYH�RQ�WKH�(OHFWUL¿FDWLRQ�RI�WKH�$XWRPRWLYH�)OHHW��
The Prius and Beyond
Toyota Motor Corporation

Consumer Behavior and Attitudes Concerning PEV Adoption
(G�.LP��9LFH�3UHVLGHQW��,QGXVWU\�$QDO\VLV��$XWR3DFL¿F�

Selling Plug-in Electric Vehicles
Paul Scott, EV Specialist, Downtown LA Nissan

6DQ�'LHJR�*DV�	�(OHFWULF�3OXJ�LQ�(OHFWULF�9HKLFOH�/DQGVFDSH�
John H. Holmes, Research & Development,  
Asset Management & Smart Grid Projects,  
San Diego Gas & Electric

FIFTH COMMITTEE MEETING
August 13-14, 2013

DOE Electric Vehicle Activities Update
Jake Ward, Program Analyst, Vehicles Technology 
Program, DOE

Vehicle Choice Modeling for Advanced Technology 
 and Electric Vehicles
David Greene, Corporate Fellow, National Transportation 
Research Center, Oak Ridge National Laboratory

Local Barriers to Plug-in Electric Vehicle (PEV) Deployment
Katie Drye, Transportation Project Manager,  
Advanced Energy

Workplace Charging Challenge: Part of the EV  
Everywhere Grand Challenge 
Sarah Olexsak, Energy Project Specialist, DOE

Workplace Electric Vehicle Charging 
Ali Ahmed, Senior Manager, Workplace Resources,  
Global Energy Management and Sustainability,  
Cisco Systems, Inc.

Workplace Charging Programs – Nissan 
Tracy Woodard, Senior Director for  
Government Affairs, Nissan

EV Charging at Lynda.com
Dana Jennings, Facilities Supervisor, Lynda.com, Inc.

Panel Discussion on Workplace Charging
Katie Drye, Sarah Olexsak, Ali Ahmed, Tracy Woodard, 
Dana Jennings

Technical, Manufacturing, and Market Issues Associated 
ZLWK�[(9�%DWWHULHV�
Suresh Sriramulu, Vice President, Battery  
Technology, TIAX LLC

Consumers’ Thoughts, Attitudes, and Potential  
Acceptance of Electric Vehicles
Chris Travell, Vice President of Automotive Research, 
Maritz Research

SIXTH COMMITTEE MEETING
December 3-4, 2013

7KH�3(9�&XVWRPHU��+RZ�WR�2YHUFRPH�3RWHQWLDO� 
Sales Barriers
Alexander Edwards, President, Strategic Vision

Panel Discussion: Dealer Perspective on Plug-in  
Electric Vehicles
Tammy Darvish, Vice President, DARCARS  
Automotive Group

Neil Kopit, Director of Marketing, Criswell Automotive, 
Gaithersburg, MD 

Greg Brown (via teleconference), General Manager, Serra 
&KHYUROHW��6RXWK¿HOG��0,
Doug Greenhaus, Chief Regulatory Counsel, Environment, 
Health and Safety, National Automobile Dealers 
Association

PEV Deployment in the Defense Department:  
Barriers and Strategies
Camron Gorguinpour, Executive Director, Plug-in 
Electric-Vehicle Program, Department of Defense

Massachusetts Electric Vehicle Roadmap
Mark Sylvia, Commissioner, Massachusetts Department  
of Energy Resources

)('(;�([SHULHQFH
Russ Musgrove, Managing Director, FedEx Express

)ULWR�/D\�([SHULHQFH
Steve Hanson, Fleet Sustainability Manager, Frito-Lay
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Panel Discussion on Fleet Deployment
Camron Gorguinpour, Mark Sylvia, Russ Musgrove,  
and Steve Hanson

SEVENTH COMMITTEE MEETING
February 25-26, 2014

The Future of Automobile Battery Recycling
Linda Gaines, Transportation Systems Analyst, Center for 
Transportation Research, Argonne National Laboratory

/L�,RQ�7HFKQRORJ\�(YROXWLRQ�IRU�[(9V��+RZ�)DU� 
DQG�+RZ�)DVW"
Menahem Anderman (via WebEx), President, Advanced 
Automotive Batteries

Electric Vehicle Charging Infrastructure Usage Observed  
in Large-Scale Charging Infrastructure Demonstrations
John Smart, Electric Vehicle Test Engineer,  
Energy Storage & Transportation Systems,  
Idaho National Laboratory

What Electric-Vehicle Drivers Want in a Charging  
Network (and What They Actually Need)
Michael Nicholas, Institute of Transportation Studies, 
University of California, Davis

Understanding Electric Vehicle Market Barriers:  
An Automotive Manufacturer’s Perspective
William P. Chernicoff, Manager, Energy and 
Environmental Research, Toyota Motors  
North America, Inc.

EV Infrastructure Financing Solutions
John Rhow, Kleiner Perkins

5HSRUWLQJ�RQ�6LWH�9LVLWV�WR�-DSDQ
Roland Hwang, Member, Committee on Overcoming 
Barriers to Electric-Vehicle Deployment, Transportation 
Program Director, Natural Resources Defense Council

EIGHTH COMMITTEE MEETING
May 6-7, 2014

Stationary Wireless Charging of PEVs: Near-Term Barriers
John Miller, JNJ Miller plc

Car2Go: Electric Vehicles and Car Sharing
Mike Cully, U.S. Regional Manager, Car2Go

'2(�9HKLFOH�(OHFWUL¿FDWLRQ�$FWLYLWLHV�
Patrick Davis, Program Manager,  
Vehicle Technologies, DOE

Reporting on Site Visits to Europe
Jeff Doyle, Member, Committee on Overcoming  
Barriers to Electric-Vehicle Deployment, Director  
Public/Private Partnerships, Washington State  
Department of Transportation

NINTH COMMITTEE MEETING
July 16-17, 2014

No open session presentations were held during this meeting.

TENTH COMMITTEE MEETING
October 23-24, 2014

No open session presentations were held during this meeting.
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International Incentives 

7KLV�DSSHQGL[�SURYLGHV�VRPH�LQIRUPDWLRQ�DERXW�WKH�LQ-
FHQWLYH�SURJUDPV� LQ� -DSDQ��)UDQFH��1RUZD\��*HUPDQ\�� WKH�
Netherlands, and China.

JAPAN

,Q�¿VFDO�\HDU��)<��������WKH�-DSDQHVH�JRYHUQPHQW�RI-
fered rebates for 18 different makes and models of plug-in 
HOHFWULF�YHKLFOHV��3(9V��DYDLODEOH�LQ�-DSDQ��)RU�WKH�1LVVDQ�
/HDI��WKH�)<������UHEDWH�ZDV�����������DERXW���������EDVHG�
RQ�D������WDUJHW�SULFH�RI�������������DERXW�����������0(7,�
2013).1 The committee predicts that the rebates will decline 
WR� ��������� �DERXW� �������� LQ� )<� ������ ��������� �DERXW�
��������LQ�)<�������DQG�]HUR�LQ�)<�������,Q�DGGLWLRQ�WR�WKH�
UHEDWHV��3(9�SXUFKDVHUV�DUH�DOVR�H[HPSW�IURP�WKH�YHKLFOH�DF-
TXLVLWLRQ�WD[��DERXW���SHUFHQW�RI�WKH�SXUFKDVH�SULFH��DQG�IURP�
WKH�YHKLFOH�ZHLJKW�RU�WRQQDJH�WD[��1HOVRQ�DQG�7DQDEH��������
7KH�DFTXLVLWLRQ�WD[�LV�ZDLYHG�WKURXJK�0DUFK�������DQG�WKH�
ZHLJKW�WD[�LV�ZDLYHG�WKURXJK�$SULO�������7HVOD��������7KH�
YHKLFOH�ZHLJKW�RU�WRQQDJH�WD[�H[HPSWLRQ�LV�DSSOLFDEOH�RQFH��
DW� WKH�WLPH�RI�WKH�¿UVW�PDQGDWRU\�LQVSHFWLRQ��ZKLFK�RFFXUV�
3 years after the vehicle purchase. PEV owners also enjoy a 
VXEVWDQWLDO�GLVFRXQW�RQ�WKH�DQQXDO�DXWRPRELOH�WD[��ZKLFK�FDQ�
RWKHUZLVH�UDQJH�IURP���������WR�����������GHSHQGLQJ�RQ�WKH�
vehicle’s engine displacement. Finally, some prefectures and 
cities offer additional incentives at time of purchase.

FRANCE

In 2007, France introduced a fee-bate (bonus-malus) 
V\VWHP� IRU� YHKLFOH� SXUFKDVHV� EDVHG� RQ� WKH� FDUERQ� GLR[LGH�
(CO2) emissions of the vehicle. The policy levies a fee de-
pending on the CO2 emission performance of the vehicle 
ranging from €150 to €8,000 and provides a rebate ranging 
from €150 to €6,300.2 The dealer can advance the bonus at 

1�7KH�¿VFDO�\HDU�IRU�WKH�QDWLRQDO�-DSDQHVH�EXGJHW�F\FOH�UXQV�IURP�
-XQH�WR�0D\�

2�)RU�PRUH�VSHFL¿F�EUHDN�GRZQV�RQ�WKH�ERQXV�PDOXV�V\VWHP��VHH��
http://www.developpement-durable.gouv.fr/Bonus-Malus-2014.
html.

the point of sale to reduce the purchase price directly. PEVs 
qualify for the highest bonus of €6,300. The bonus-malus 
V\VWHP�JHQHUDWHG�GH¿FLWV�LQ�LWV�¿UVW�IHZ�\HDUV�������������
RZLQJ� WR� XQH[SHFWHGO\� KLJK� GHPDQG� IRU� WKH� ORZHU�&22 
emitting vehicles but led to substantial reductions in the 
CO2 emissions of new vehicles sold in France (Beltramello 
2012). Average new light-duty vehicle CO2 per kilometer 
moved from being the fourth lowest to the lowest in the Eu-
ropean Union since the program started in 2007 (Brand et al. 
2013). The bonus-malus system is periodically updated, with 
WKH�PRVW�UHFHQW�UHYLVLRQ�KDYLQJ�EHFRPH�HIIHFWLYH�LQ�-DQXDU\�
2014.

The bonus-malus system appears to be an effective con-
sumer incentive. According to the French government, the 
)UHQFK�PDUNHW�IRU�3(9V�DQG�K\EULG�HOHFWULF�YHKLFOHV��+(9V��
represented 3.1 percent of the global passenger vehicle mar-
ket in France. Compared with 2012, sales of PEVs increased 
E\����SHUFHQW�DQG�VDOHV�RI�+(9V�LQFUHDVHG�E\����SHUFHQW��,Q�
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

7KH�JRYHUQPHQW�RI�1RUZD\�KDV�PDGH�D�¿UP�FRPPLWPHQW�
to battery electric vehicles (BEVs), motivated in part by the 
GHVLUH� WR�UHGXFH�WKH�JUHHQKRXVH�JDV��*+*��HPLVVLRQV�RI� LWV�
WUDQVSRUWDWLRQ�ÀHHW��%HFDXVH�DOPRVW�����SHUFHQW�RI�1RUZD\¶V�
electricity is generated from hydroelectric power, a transition 
WR�%(9V�ZRXOG�GHFDUERQL]H�WKH�SDVVHQJHU�YHKLFOH�ÀHHW�DOPRVW�
HQWLUHO\��)RUW\�SHUFHQW�RI�1RUZD\¶V�*+*�HPLVVLRQV�FXUUHQWO\�
come from the transportation sector, and 60 percent of those 
come from road transport (Deshayes 2011).

According to a recent study of an incentive scheme 
scheduled to last through 2017 (Doyle and Adomaitis 2013), 
WKH� 1RUZHJLDQ� JRYHUQPHQW� SURYLGHV� WD[� EUHDNV� RI� XS� WR�
$11,000 over the lifetime of a PEV, or about $1,400 per year. 
7KH�WD[�EUHDNV�LQFOXGH�QR�SXUFKDVH�WD[��QR�DQQXDO�UHJLVWUD-
WLRQ�WD[��DQG�QR�YDOXH�DGGHG�WD[��9$7���'R\OH�DQG�$GRPDL-
tis 2013). As part of the scheme, commuters do not pay road 
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tolls, worth $1,400 annually, and they receive free parking 
worth $5,000. PEVs are permitted in bus lanes and have 
access to free public charging at 466 parking spots in Oslo 
(Doyle and Adomaitis 2013).

As of the beginning of 2013, PEV sales accounted for 3 
percent of total passenger car sales, a much higher fraction 
than in most countries. A total of 12,000 PEVs had been sold 
in Norway as of 2013, with about half in the Oslo region 
�,QJUDP�����D���1RQHWKHOHVV��VRPH��IRU�H[DPSOH��'R\OH�DQG�
$GRPDLWLV�������KDYH�FULWLFL]HG� WKH� LQFHQWLYH�SURJUDP�EH-
cause it encourages families to purchase a PEV as a second 
car and rely on their gasoline- or diesel-powered vehicle for 
ORQJHU�UDQJH�WULSV��+RZHYHU��HYHQ�LI�WKDW�LV�WKH�SUDFWLFH��IDP-
ilies might be driving more electric miles during the course 
of everyday life. Although the programs could prove to be an 
HQYLURQPHQWDO�EHQH¿W��1RUZD\�PLJKW�QRW�EH�DEOH�WR�VXVWDLQ�
VXFK�D�¿QDQFLDO�FRPPLWPHQW��,W�VSHQGV�DERXW���������LQ�WD[�
incentives to reduce CO2 emissions by just one tonne. This 
cost is much higher than the prevailing price of CO2 on the 
European Union emissions trading market (Ingram 2013b). 

GERMANY

Germany does not currently offer consumer incentives 
and is instead relying on a demonstration program in four 
major regions. German vehicle manufacturers are investing 
heavily in hydrogen fuel-cell vehicles (FCVs), and, other 
than BMW, they have been slow to embrace PEVs. 

THE NETHERLANDS

7KH�1HWKHUODQGV�KDV�H[WHQVLYH�FRQVXPHU�LQFHQWLYHV�IRU�
PEVs and at one time these incentives equaled as much as 
85 percent of the price of a new plug-in hybrid electric ve-
KLFOH� �3+(9��� DOWKRXJK� WKH\�KDYH� VLQFH�EHHQ� VFDOHG�EDFN��
Unsurprisingly, the Netherlands has become a hot market 
for PEV manufacturers and is Tesla’s second biggest market 
besides the United States after Norway. The Dutch govern-
ment is especially motivated to support BEVs because most 
RI�WKH�ODUJHU�FLWLHV�LQ�WKH�1HWKHUODQGV�H[SHULHQFH�VHYHUH�XU-
ban air pollution. Municipal governments are also keen to 
UHGXFH�XUEDQ�QRLVH��HVSHFLDOO\�LQ�WKH�HYHQLQJV��DQG�¿QG�WKDW�
QRLVH� UHGXFWLRQ� IURP�%(9� WD[LV� DQG� GHOLYHU\� YDQV� JUHDWO\�
improves the quality of city life (Nissan 2012). The Dutch 
government also views BEV deployment as consistent with 
LWV�FOLPDWH�FKDQJH�JRDOV�DQG�VWUDWHJ\��1RW�KDYLQJ�VLJQL¿FDQW�
domestic vehicle production, there is little resistance to im-
porting BEVs from abroad.

7KH� WD[� LQFHQWLYH� VWUXFWXUH� LV� XQLTXH� DPRQJ� DOO� WKH�
FRXQWULHV� H[DPLQHG� EHFDXVH� FRUSRUDWH� EX\HUV� RYHUZKHOP-
ingly dominate the Dutch new-vehicle market, and most new 
YHKLFOHV�DUH�ERXJKW�E\�¿UPV�IRU�WKHLU�HPSOR\HHV��(PSOR\HHV�
PXVW�SD\�LQFRPH�WD[��ELMWHOOLQJ��IRU�YHKLFOHV�UHFHLYHG�IURP�
WKHLU�HPSOR\HUV��)RU�H[DPSOH�����SHUFHQW�RI�WKH�YDOXH�RI�D�
new vehicle is added to an employee’s personal income, and 

WKHQ�KH�RU�VKH�PXVW�SD\�LQFRPH�WD[�RQ�WKH�WRWDO��7KH�ELMWHO�
OLQJ�WD[�LV�DVVHVVHG�RQ�WKH�EDVLV�RI�JUDPV�RI�&22 per kilome-
WHU��DQG�IRU�KLJK�HPLWWLQJ�YHKLFOHV��WKH�WD[�UDWH�LV����SHUFHQW��
)RU�%(9V�� WKH�ELMWHOOLQJ� WD[�UDWH� LV���SHUFHQW��%(9�EX\HUV�
DOVR�HQMR\�D�SXUFKDVH�WD[�LQFHQWLYH��ZKHUHE\�WKURXJK������
WKH\� SD\� QR� WD[� IRU� YHKLFOHV�ZLWK� ORZ�&22 emissions and 
DUH�H[HPSW�IURP�D�YHKLFOH�XVH�WD[��ZKLFK�LV�QRUPDOO\�EDVHG�
on weight and kilometers driven. Employees are therefore 
motivated to encourage their employers to buy them BEVs. 
The federal government is also providing a purchase sub-
VLG\�IRU�%(9�WD[LV�DQG�GHOLYHU\�YDQV�XVHG�LQ�XUEDQ�DUHDV�WR�
help cope with urban air pollution and noise. Amsterdam, 
$UQKHP��7KH�+DJXH��5RWWHUGDP��DQG�8WUHFKW�DGG�DQ�DGGL-
WLRQDO�SXUFKDVH�VXEVLG\�IRU�WD[LV�DQG�GHOLYHU\�YDQV��¼�������
and trucks (€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 Affairs 2014). 
The incentives are especially important to consumers be-
cause Dutch electricity prices are high (€0.28/kWh), so the 
consumer incentive to use electricity as a fuel is minimal. 

CHINA

Beginning in 2006, China made a major push toward 
PEVs. Given China’s heavy reliance on coal to generate 
HOHFWULFLW\�� WKH�PDLQ�HQYLURQPHQWDO�EHQH¿WV�IRU�WKH�FRXQWU\�
could be cleaner air in some cities and a reduction in noise 
SROOXWLRQ��+RZHYHU��DFFRUGLQJ�WR�D�UHFHQW�DQDO\VLV�E\�-L�HW�DO��
(2012), replacing gasoline vehicles with PEVs in China with 
LWV�FXUUHQW�HOHFWULFLW\� VXSSO\�PL[�ZLOO� UHVXOW� LQ�KLJKHU�&22 
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 
D�VKLIW�WR�3(9V�WR�EH�EHQH¿FLDO�WR�&KLQD¶V�HQHUJ\�VHFXULW\��
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 
VHFXULW\� EHQH¿WV� DUH� WKHUHIRUH� QRW� DSSDUHQW��$V� RI� 0DUFK�
2013, there were about 28,000 PEVs registered in China, of 
which about 80 percent were public buses.

As of 2010, there were 135 million electric bicycles in 
&KLQD��-LH�DQG�+DJLZDUD�������3 China is already the largest 
electric bicycle producer and consumer, accounting for about 
90 percent of the global market. The Chinese government 
research and development program for clean, light-duty ve-
hicles initially focused almost equally on FCVs, BEVs, and 
3+(9V�� ,Q�&KLQD¶V� )LYH�<HDU� 3ODQ� ������������� KRZHYHU��
the government’s emphasis shifted strongly to BEVs. 

7KH�&KLQHVH�FHQWUDO�JRYHUQPHQW�KDV�VXEVLGL]HG�WKH�GH-
ployment of PEVs 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 

3 As of 2008, 970 invention patents had been applied for through 
WKH�6WDWH� ,QWHOOHFWXDO� 3URSHUW\�2UJDQL]DWLRQ� �6,32�� EDVHG� RQ� WKH�
research of the Chinese government’s Energy-Saving and New En-
ergy Vehicle Programme (Ouyang 2009).
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purchase of public transportation vehicles, such as buses and 
ORFDOO\�VWDWHG�RZQHG�WD[LV��,W�KDV�EHHQ�DOOHJHG�WKDW�VRPH�OR-
cal governments have imposed “buy local” provisions so that 
WKH�ORFDO�3(9�¿UPV�EHQH¿W�DW�WKH�H[SHQVH�RI�3(9�FRPSDQLHV�
HOVHZKHUH�LQ�&KLQD�DQG�DURXQG�WKH�ZRUOG��=HQJ�������

7KH�&KLQHVH� JRYHUQPHQW� DOORZHG� VL[� FLWLHV� WR� H[SHUL-
ment with subsidies to individual consumers who purchased 
PEVs starting in 2013.4 In those cities, the local government 
is allowed to provide purchase incentives, and the central 
government will also provide up to RMB 50,000 (about 
��������IRU�WKH�SXUFKDVH�RI�D�3+(9�DQG�50%���������DERXW�
$9,600) for the purchase of a BEV. Beijing has announced 
WKDW� LW�ZLOO� DOVR� VXEVLGL]H�%(9V� DW� D� UDWH� RI�50%��������
(about $9,600), while Shanghai will provide a subsidy of 
50%���������DERXW���������IRU�D�3+(9�DQG�50%��������
(about $8,000) for a BEV. Changchun will offer RMB 40,000 
�DERXW���������IRU�D�3+(9�DQG�50%���������DERXW���������
IRU�D�%(9��6KHQ]KHQ�ZLOO�RIIHU�50%���������DERXW���������
IRU�D�3+(9�DQG�50%���������DERXW���������IRU�D�%(9��+H-
fei has not yet set individual rates but has set aside a budget 
of RMB 800 million (about $128 million) for subsidies. To 
qualify for the subsidies, there are minimum battery require-
ments (at least 15 kWh for a BEV and at least 10 kWh for 
D�3+(9���$V�RI�������IHZHU�WKDQ��������3(9V�ZHUH�RQ�WKH�
road in China, far from the target set by the government of 
500,000 by 2015 (Bloomberg News 2014).
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