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Abstract 5 
Lack of charging infrastructure is an important barrier to the growth of the plug-in electric vehicle 6 
(PEV) market. Public charging infrastructure has tangible and intangible value, such as reducing 7 
range anxiety or building confidence in the future of the PEV market. Quantifying the value of 8 
public charging infrastructure can inform benefit-cost analysis of investment decisions and can help 9 
predict the impact of charging infrastructure on future PEV sales. Estimates of willingness to pay 10 
(WTP) based on stated preference surveys are limited by consumers’ lack of familiarity with PEVs. 11 
We focus on quantifying the tangible value of public PEV chargers in terms of their ability to 12 
displace gasoline use for PHEVs and to enable additional electric (e-) vehicle miles for BEVs, 13 
thereby mitigating the limitations of shorter range and longer recharging time. Simulation modeling 14 
provides data that can be used to quantify e-miles enabled by public chargers. The value of 15 
additional e-miles is inferred from econometric estimates of WTP for increased vehicle range. 16 
Functions are synthesized that estimate the WTP for public charging infrastructure by plug-in hybrid 17 
(PHEV) and all-electric vehicles (BEV), conditional on vehicle range, annual vehicle travel, pre-18 
existing charging infrastructure, energy prices, vehicle efficiency, and household income. A case 19 
study based on California’s public charging network in 2017 indicates that, to the purchaser of a new 20 
BEV with a 100-mile range and home recharging, existing public fast chargers are worth about 21 
$1,500 for intraregional travel, and fast chargers along intercity routes are valued at over $6,500. 22 
 23 

I. Introduction 24 

The adoption of alternative fuels and vehicles is hindered by the “chicken or egg” problem: 25 
consumers are reluctant to purchase alternative fuel vehicles (AFV) unless there is refueling 26 
infrastructure, but fuel suppliers are hesitant to build that infrastructure until enough alternative fuel 27 
vehicles are on the road to make it profitable (Sperling 1988; McNutt and Rodgers 2004; NRC, 28 
2015; Gnann and Plötz 2015; Melaina et al., 2017). In the early stages of market development 29 
alternative refueling infrastructure tends to be underutilized (e.g., EV Project, 2014, 2015) and the 30 
development of sufficient demand can take decades (NRC, 2013, 2015). As a consequence, unless 31 
the private benefits of AFVs are compelling, public policy intervention is necessary to initiate 32 
markets for AFVs and related infrastructure and sustain them during the early phases of 33 
development (NRC, 2013). This is especially true when there are important public benefits, such as 34 
reduced greenhouse gas emissions, improved local air quality, and energy security. In that case, how 35 
to effectively and efficiently co-evolve the alternative fuel and vehicle markets becomes a crucial 36 
question for public policy. 37 

Quantifying the value of public charging infrastructure to current and potential owners of 38 
plug-in electric vehicles (PEV) is essential to weighing its benefits and costs, and predicting its 39 
impact on future PEV sales. In this paper, we focus on the value of the existence of public charging 40 
infrastructure, apart from any charge for using it, to the consumer. In this sense, our estimates 41 
correspond to the economic concept of willingness to pay (WTP), as explained in section II. At this 42 
stage of the market, utilization rates of public charging are low, their business model is uncertain, 43 
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public and private roles are not well defined, chargers are subsidized in many instances, and 44 
electricity prices widely geographically and temporally (e.g., Klass, 2018; Lee and Clark, 2018; 45 
Muratori et al. 2019). The cost of using of public charging is obviously important but it is not 46 
included in our WTP estimates. 47 

Estimating WTP via vehicle choice models and stated preference experiments can produce 48 
valuable insights but also has limitations. Given the novelty of PEVs, their small market shares, and 49 
motorists’ lack of familiarity with recharging a limited range vehicle, it is difficult for respondents to 50 
provide valid answers to survey questions (Lee and Clark, 2018, p. 46). Also, statistical inference 51 
often limits the number of factors affecting preference heterogeneity that can be represented in a 52 
model and their functional relationships. In this paper we develop an alternative framework for 53 
estimating the tangible value of public PEV recharging infrastructure that has its own limitations but 54 
may still provide useful insights. The method focuses on estimating the ability of public charging 55 
stations to enable additional electric miles (e-miles) of travel. Infrastructure also enhances the 56 
visibility of electric vehicles and creates confidence in their viability and permanence, which can also 57 
influence adoption (Bailey et al., 2015). Public chargers can potentially make it possible for those 58 
without home/workplace charging capabilities to own such a technology. However, such benefits 59 
are not included in this analysis. 60 

Simulation analyses making use of geographically and temporally detailed vehicle travel data 61 
have quantified the ability of charging stations to enable additional e-miles. Econometric analyses of 62 
the value of infrastructure and especially the value of PEV range allow us to infer the value of 63 
enabled e-miles. By combining insights from existing simulation modeling and econometric analyses, 64 
we develop functions that estimate WTP for charging infrastructure by type of PEV, as a function 65 
of its electric range, drivers’ annual vehicle travel, pre-existing charging infrastructure, energy prices 66 
and efficiency, and household income.  67 

The value of public charging infrastructure is defined in terms of WTP in section II. We 68 
distinguish between two types of PEVs and three types of infrastructure because they affect WTP in 69 
different ways. The tangible sources of value for plug-in hybrid electric vehicles (PHEVs) and all-70 
electric or battery electric vehicles (BEVs) are described in section III, and the costs of access and 71 
charging time are considered. Our method of estimating WTP is presented in section IV along with 72 
supporting empirical evidence. Section V presents the functions relating WTP for public charging 73 
stations for PHEVs, and BEVs in intra- and inter-regional travel. Section VI presents a case study, 74 
estimating illustrative WTP for charging infrastructure, leveraging data representative of California’s 75 
PEV market and charging station availability. 76 

 77 
 78 

II. The value of public charging infrastructure 79 

The value of a good to a consumer can be measured by the consumer’s WTP for it, defined as the 80 
maximum amount of money an individual would agree to give up to obtain a good or avoid a bad 81 
(Varian, 1992). Let U(x, y, z) be the indirect utility function of a representative consumer, where x is 82 
a vector of vehicle attributes including price, y is a vector of consumer attributes, and z contains 83 
variables describing the context of the choice, one of which is the availability of public charging 84 
stations denoted as I  while another would be the cost of charging. The total derivative of U with 85 
respect to charging infrastructure, I, and vehicle price, xp, with all other factors constant, is presented 86 
in Equation 1.4  87 

 
4 The derivation is an adaptation of that presented in Gatta et al. (2015). WTP values derived in this paper are like those 
that can be inferred from random utility models of vehicle choice. 
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Setting Equation 1 equal to zero and solving for the negative of the change in price that is exactly 89 
offset by a change in infrastructure availability gives the quantity of present value dollars (i.e., 90 
income) that would keep consumer utility constant given a change in infrastructure availability.  91 
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This quantity, known as the compensating variation, represents the maximum amount a consumer 93 
would be willing to pay for an increase in infrastructure availability. A consumer’s WTP function is 94 
equivalent to a demand function. 95 

At any given time, the economic benefit of public charging depends on the number of 96 
people who own and drive PEVs. A multinomial logit discrete choice model can help illustrate this 97 
point. The probability, P1, that a consumer will choose a BEV (i =1) is given by Equation 3, in 98 
which Ui(x,y,z) are the utilities of all types of vehicles (i ∈ {1,.., N}). 99 
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For the multinomial logit model, the change in consumers surplus for increasing the availability of 101 
chargers from I0 to I1, is given by Equation 4 (Small and Rosen,1981). 102 
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In Equation 4, the consumers’ surplus effect of public charges is weighted by the probability of 104 
choosing to own a BEV. Even for those who do not choose a BEV, public chargers reduce the cost 105 
of limited range and longer refueling time. In the future, if BEV costs decrease or consumer 106 
awareness increases, the availability of public charging would increase BEV sales.  107 
 WTP will vary for a number of reasons. The marginal utility of income (∂U/∂xp) decreases 108 
with increasing income (Layard et al., 2008), leading to an increasing willingness to pay for attributes 109 
as income increases, all else equal. In addition, the value of time varies with income (e.g., 110 
Brownstone and Small, 2005) and so the time cost of charging will also. WTP will also vary with 111 
PEV range and the consumer’s demand for vehicle travel. WTP will vary by type of PEV and type 112 
of charger.  113 
 Three types of chargers are generally recognized based on nominal power that determines 114 
recharging time (AFDC, 2018b):  115 

• Level 1 (L1), which uses a standard 120 V source and can supply 2–5 miles of range per hour 116 
of charging at about 1.4–1.92 kW  117 

• Level 2 (L2), which requires a 240 V source and can supply 10–60 miles of range per hour at 118 
7.2–19.2 kW  119 

• Direct current fast charging (DCFC), which requires a 480 V source and can supply 60–100 120 
miles of range in 20 minutes at 40–130 kW.5  121 

In general, L1 and L2 chargers are used for “convenience charging”, that is, charging where and 122 
when a vehicle would normally be parked for an extended period of time.  DCFCs, on the other 123 
hand, can be used en route to extend a BEVs range without incurring a major delay.  124 

The location of chargers is also important. The literature distinguishes between home, 125 
workplace, and public charging. The latter is the focus of this paper. The great majority (75%–80%) 126 

 
5 Extreme fast charging technology is being developed that can deliver electricity at 350 kW or more (Chehab 2017). 
While this new technology still faces technological and economic challenges it has the potential to deliver 200 miles of 
EV range in just over 15 minutes. 
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of PHEV and BEV charging is done at home (INL 2015), with workplace charging a distant second. 127 
Asked where they charged on a typical weekday, 88% of the 159 BEV owners in a California Vehicle 128 
Survey (CEC, 2017) mentioned charging at home, 24% mentioned charging at work and 17% 129 
mentioned public charging. Of the 156 PHEV owners the respective percentages were, home 92%, 130 
work 25% and public 16% (Figure 1).6 The California pattern is similar to that of the U.S. as a whole 131 
and reflects the relative availability and convenience of charging opportunities (INEL, 2015). 132 

 133 
Figure 1.  Typical weekday charging locations for PEVs in California (data from CEC, 2017). 134 
 135 

III. Tangible benefits of public charging infrastructure 136 

Public charging infrastructure increases the value of PEVs to their owners and potential purchasers 137 
by increasing the number of miles that can be traveled powered by electricity (e.g., Lin and Greene, 138 
2011). Because PHEVs are capable of continued operation when their batteries are depleted, the 139 
tangible benefit of more e-miles lies in cost reduction by substituting electric miles for gasoline-140 
powered miles.7 The source of value is fundamentally different for BEVs: the tangible benefit is the 141 
ability to accomplish more travel with the BEV.  For both, there are also intangible benefits we do 142 
not quantify, such as altruistic satisfaction from reducing environmental pollution (e.g., Degirmenci 143 
and Breitner, 2017) or dependence on petroleum. 144 
 145 
Tangible benefits of public charging for PHEVs 146 
The cost savings from plugging in a PHEV depend on its battery storage capacity, C, the price of 147 
gasoline, 𝑝S , the price of electricity, 𝑝T , the energy consumption rates when using gasoline, 𝑒U(gallon 148 
per mile), and when using electricity, 𝑒T (kWh/mile), the probability that charging is available at the 149 
end of the 𝑖th trip, 𝑃M , the rate at which electricity can be delivered to the vehicle, 𝐴M , and the time the 150 
vehicle spends parked, 𝑑M , before beginning trip 𝑖+1, multiplied by the fraction of that electricity 151 
that can be used before the next recharging event, 𝑓M . Let 𝑐M be the usable remaining electricity 152 

 
6 With 12% of the population of the United States, California has 24% of the public PEV charging stations and 30% of 
the outlets for charging PEVs (AFDC, 2018a). 
7 Survey data on the use of public chargers by PHEV owners supports this premise. Nicholas et al. (2017) found that the 
frequency of PHEV charging by drivers in a California survey was positively related to the PHEV’s electric range.  In 
addition, when gasoline prices decreased, PHEV owners plugged in less frequently. 
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stored in the vehicle’s battery at the end of trip 𝑖.8 The value of public charging infrastructure is the 153 
sum of savings over all trips, appropriately discounted over time.9  154 
 155 

𝑊𝑇𝑃 = ∑ 𝑃Mmin(𝑑M𝐴M, 𝐶 − 𝑐M)(𝑝S𝑒S − 𝑝T𝑒T)𝑓ML
M_2     (5) 156 

 157 
Equation 5 requires knowing each individual’s trip schedule over time and the probability of each 158 
type of EVSE being available each time at the parking vehicle’s location. To estimate the value of 159 
public charging to PHEVs drivers, we make use of studies that have simulated these factors using 160 
geographically and temporally detailed vehicle use data.  161 
 162 
Tangible benefits of public charging for BEVs 163 
The tangible benefits of public charging infrastructure to BEV drivers arise from increasing the 164 
amount of daily travel that can be accomplished by the BEV. 10 Annual miles enabled by charging 165 
infrastructure that extends daily e-miles can be estimated from daily travel distributions. Lin and 166 
Greene (2011) formulated the value of chargers to BEV owners in terms of reducing the number of 167 
days on which desired travel exceeded the vehicle’s range. Each limited travel day was assigned a 168 
“range anxiety” cost ($15) and charging infrastructure availability was specified as the probability the 169 
range anxiety cost would be incurred. Instead, we estimate the number of vehicle miles enabled by 170 
charging infrastructure derived from simulations based on geographically and temporally detailed 171 
vehicle travel data or from daily vehicle travel distributions.  172 

Let Δ(I) be the increase in the fraction of vehicle miles that would have been traveled using a 173 
conventional gasoline vehicle, that are enabled by deploying I public chargers. The I public chargers 174 
increase the BEV’s effective daily range from 𝑅a to 𝑅. For inter-regional travel, Greene et al. (2018a) 175 
show that the effective increase in vehicle range enabled by charging infrastructure can be 176 
approximated by a linear function of the number of chargers. Assuming a Weibull cumulative 177 
distribution function of annual mileage (Plötz et al., 2017), Δ(I) = Δ(R,R0) is given by Equation 6, 178 
where 𝜆 is a scale parameter and 𝑘 the shape parameter of the distribution. 11  179 

 180 
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  (6) 181 

The resulting fraction of conventional vehicle miles can be closely approximated by an empirical 182 
cubic function of the increase in range over an assumed range of 75 miles (which has been calibrated 183 
with 2017 National Household Survey data), as shown in Figure 2.  184 

 
8 For simplicity, the possibility of stopping to recharge during a trip is omitted, thereby limiting the analysis to what is 
called “opportunity charging”. 
9 To simplify Equation 1, the PHEV is assumed to use only electricity when operating in charge-depleting mode. In 
reality, most PHEVs will use some gasoline in charge-depleting mode with the amount of gasoline use per mile generally 
decreasing as the charge-depleting range increases. Redefining pe to be the cost per mile (including both gasoline and 
electricity) in charge-depleting mode corrects the simplification. 
10 Omitting the benefit of reduced “range anxiety”, the fear of being unable to complete a trip due to a depleted battery. 
Although the additional e-miles will come at a lower cost per mile than a comparable internal combustion engine vehicle, 
our method of valuing the incremental miles based on WTP for increased range should take that into account. 
11 The hypothetical trip distance distribution does not include days on which no trips are taken.  Data cited in Melaina et 
al. (2016, p. 30) indicate that a better assumption is that vehicles are used only 312 days per year, on average.     
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 185 

Figure 2. Fraction of Annual Miles of Travel Enabled Beyond a 75-mile Range Assuming a 186 
Weibull Distribution of Daily Travel Distances (Greene et al., 2018a) 187 

The time required to access public charging infrastructure can reduce its value. Access time 188 
will depend on the number and location of chargers. Several studies have estimated the time 189 
required to access an alternative fuel station as a function of station availability, although none is 190 
specifically focused on access to PEV chargers. Nicholas et al. (2004) showed that the time required 191 
to access fuel in a metropolitan area decreased at a decreasing rate as the number of stations was 192 
increased and that a simple power function of the ratio (𝜙) of the number of alternative fuel stations 193 
(𝑛) to the total number of gasoline stations (𝑁) fit the decrease in access time well. Multiplying 194 
access time (𝐾𝜙n) by the value of time (𝑤) results in a power function for the access cost of limited 195 
fuel availability within a metropolitan region (𝐶p), as shown in Equation 7. 196 

𝐶q = 𝑤𝐾 Fr
L
Q
n
= 𝑤𝐾𝜙n    (7) 197 

 198 
Translating this to a present value cost per vehicle requires estimating the number of refueling 199 
events over a vehicle’s lifetime and discounting to present value. Let access and refueling time for a 200 
gasoline station be tg and recharging time trc. A decreasing exponential function of age provides a 201 
reasonable approximation to annual miles over a vehicle’s lifetime (NHTSA 2006). Let 𝑀a be the 202 
usage of a new vehicle, in miles per year, and 𝛿 be the rate of decrease per year. Let 𝐿 be vehicle’s 203 
lifetime and 𝑟 the annual discount rate. The present value additional time cost of recharging is given 204 
by Equation 8, in which 𝑚 corresponds to discounted lifetime miles of travel. 205 
 206 
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 209 
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Combining the effects of range, recharging time, and range-enabling infrastructure leads to a 210 
formula which is a product of, (1) the effect of 𝑧 chargers on enabled electric annual vehicle miles 211 
traveled (eVMT) as a fraction of conventional vehicle travel, ℎ(𝑧); (2) the effect of range on 212 
diminishing the impact of adding infrastructure, 𝑘(𝑅); (3) the annual miles of a comparable 213 
conventional gasoline vehicle, M; 13 and (4) a factor, 𝐷3 , reflecting the discounted value of future 214 
travel to convert annual WTP to lifetime WTP. Equation 8 provides estimated WTP for a total level 215 
of infrastructure of 𝑧 with respect to a reference level of coverage 𝑧a in present value dollars. In 216 
Equation 9, 𝑣3 is the value per mile of enabled travel and 𝑡z* is charging time.14 The term 𝐾(𝜙n −217 
1) is the increase in access time versus gasoline. 15 218 
 219 

𝑊𝑇𝑃 = ℎI𝑧3O𝑘(𝑅M)𝑀3 F𝑣3 + 𝑤3I𝐾(𝜙3n − 1) − 𝑡U + 𝑡z∗O
2
g9
Q 𝐷3  (9) 220 

 221 
IV. Quantifying WTP: Combining theory, simulation, and econometrics 222 

In this section we synthesize functions describing WTP for charging infrastructure as a function of 223 
vehicle range, charger availability, income and annual miles of travel, first for BEVs and then 224 
PHEVs. For BEVs we rely on simulation studies to estimate functions relating the availability of 225 
public charging infrastructure to additional enabled vehicle miles of travel.  We turn to econometric 226 
analyses to estimate the value of enabled miles. Simulation studies provide estimates of the ability of 227 
public chargers to enable PHEVs to substitute electricity for gasoline. For PHEVs, public chargers’ 228 
tangible value is estimated in terms of fuel cost savings.  229 
 Reliance on existing simulation studies outcomes has strengths and weaknesses. The fact that 230 
such studies are based on geographically and temporally detailed data that describe activity patterns 231 
of vehicles in normal operation over an extended period of time enables highly realistic simulation 232 
modeling of the effects of limited range and recharging availability on the use of PEVs, taking into 233 
consideration trip distances, timing, locations, and time spent parked (e.g., Neubauer and Wood 234 
2014). On the other hand, simulation studies make a number of simplifying assumptions that carry 235 
over to our estimates: (1) PEVs are driven like conventional vehicles; (2) BEV owners have access to 236 
residential charging; (3) public charging infrastructure is optimally deployed and drivers know where 237 
it is located (there is no searching for chargers); (4) queuing at charging stations does not occur; and 238 
5) vehicle operators have foreknowledge of their daily trips. The first assumption implies that the 239 
simulations do not allow changes to the observed travel behavior of conventional vehicle drivers 240 
that PEV drivers might make to improve the utility of PEVs, such as additional planned stops for 241 
recharging (Neubauer and Wood 2014). 242 

Finally, the way that infrastructure availability is measured is generally idiosyncratic to a 243 
study. Not only do different studies use different measures but relative availability depends on the 244 
number of vehicles in the study, the network on which they are traveling and the details of their trip 245 
making. Nearly all studies provide results as a function of the number of chargers deployed. To 246 
minimize the impact of study-specific factors, we transform number of chargers into relative 247 
availability by dividing by the maximum number of chargers assumed in the study. As a 248 
consequence, applying our methods to different locations requires a reasonable estimate of the 249 

 
13 After reviewing evidence from simulation studies (e.g., Dong and Lin 2012), it becomes clear why the appropriate 
definition of annual miles is the annual mileage of a comparable conventional gasoline vehicle rather than the actual 
annual miles of the PEV. 
14 For opportunity charging, tr could equal zero or the value of time applied to tr could be set to zero.  
15 Public charging infrastructure also has value to potential future owners of PEVs which can be estimated by using 
vehicle choice models to estimate the effect on consumer’s surplus. 



 

 8 

minimum number of chargers required for full availability. Some studies include such availability 250 
numbers for both L2 and DCFCs. For BEVs we rely on studies based on deploying only DCFCs for 251 
estimating the WTP for public charging infrastructure because any service that can be provided by 252 
an L2 charger can be provided as well or better by a DCFC.17 For long-distance travel along intercity 253 
highways, DCFCs are certain to predominate, except for locations where vehicles may spend the 254 
night. Nie and Ghamami (2013) estimated the optimal location and power level for charging stations 255 
along a highway connecting Chicago, Illinois, and Madison, Wisconsin, and found that all optimal 256 
solutions consisted entirely of DCFCs.  257 
 258 
Enabled e-miles for BEVs 259 
Simulation analyses show a substantial potential for public charging to enable additional travel by 260 
BEVs for both intra-regional and inter-regional travel. Dong and Lin (2014) analyzed travel patterns 261 
of 382 vehicles in the Seattle area with more than half a year of GPS-tracked travel data and found 262 
that adding just one opportunity for public recharging increased the fraction of drivers for whom a 263 
75-mile-range BEV could accommodate at least 95% of trips from about 35% to 75%.19 Analyzing 264 
the same data, Neubauer and Wood (2014) estimated that the percentage of original trips taken that 265 
could be accomplished by a 75-mile-range BEV could be increased by 11% to 15% via widespread 266 
availability of L2 chargers.20  267 
 Using a GPS database of trips by 275 Seattle households operating 445 vehicles over periods 268 
as long as 18 months, Dong et al. (2014) calculated optimal locations for L1, L2, and DCFC chargers 269 
by minimizing the number of missed trips subject to a budget constraint on expenditures on EVSE. 270 
An expenditure of only $500 per vehicle resulted in fewer than 5% of trips being missed. The 271 
benefit of additional chargers decreased rapidly with increasing investments: approximately 70% of 272 
the vehicle miles enabled by a $5,000 per vehicle investment in EVSE were enabled by the first $500 273 
invested.21  274 
 The benefits of enabling additional intra-regional BEV travel by deploying only DCFCs were 275 
simulated by Wood et al. (2015) using location and time-specific vehicle travel patterns for 317 276 
vehicles in the Seattle metropolitan area.22 The results show that a logarithmic function describes 277 
reasonably well the total VMT enabled as a function of the DCFC station count, as in Figure 3.  278 

 
17 Public L2 chargers can provide equivalent service to DCFC when and where vehicles would normally be parked for an 
extended period of time away from their home base or work location. 
19 The calculations assumed what is now a relatively modest nominal range of 76 miles and that drivers would use only 
80% of that. A charger is assumed to be available during the longest time the vehicle is parked away from home, 
wherever that may be. Thus, even one recharge per day implies a widespread charger availability. 
20 Drivers were assumed to require 15 miles of range at the end of any trip as a safety margin. 
21 At $500 per vehicle more than 95% of the budget would be spent on level 1 charging stations. At $1,000 per vehicle 
more than 70% would be spent on level 1 chargers with the rest for level 2 chargers. At $1,500 per vehicle the majority 
of expenditures would be on level 2 chargers. Nothing would be spent on DCFCs until expenditures exceeded $2,500 
per vehicle. 
22 The assumption that conventional vehicle trip-making behavior strictly applies to BEVs, will seriously underestimate 
the importance of DCFC in inter-regional travel. In long-distance travel, BEVs will undoubtedly make additional stops 
to take advantage of the opportunity to use a DCFC. 
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 279 
Figure 3. Effect of DCFC Station Count on BEV VMT (Greene et al., 2018a) 280 
 281 
The marginal benefits of public chargers diminish with increasing vehicle range. Wood et al. (2015) 282 
found that enabled e-miles decreased with the inverse of approximately the square root of range. 283 
Figure 4 shows the effect of range for three percentiles, the 25th percentile having the lowest annual 284 
mileage and the 75th percentile having the highest. 285 

 286 
Figure 4. VMT enabled by DCFC stations by vehicle range (based on Wood et al. 2015) 287 
 288 
The effects of home, work, and public charging on the fraction of CV travel that could be 289 
accomplished by BEVs with ranges of 100, 200, and 300 miles were estimated by Wood et al. 290 
(2017b) for 20,177 vehicles in the 2011 Massachusetts Travel Survey, as shown in Figure 5. Adding 291 
public charging to home and work locations enabled an additional 12% of annual miles for BEVs 292 
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with a 100-mile range but only 6% for 200-mile range BEVs and 4% for BEV300s, indicating that 293 
the benefit is decreasing with the inverse of vehicle range.  294 

 295 
Figure 5. Effect of Range on percent of CV annual miles achievable with a BEV (Wood et 296 
al., 2017b) 297 
 298 
Valuing enabled e-miles: Econometric evidence 299 
Simulation analyses do not provide estimates of consumers’ willingness to pay for additional e-miles. 300 
The econometric literature provides two kinds of evidence: (1) direct estimates of the value of 301 
charging infrastructure in vehicle choice models, and (2) estimates of WTP for increased vehicle 302 
range.  303 
WTP for charging stations24 304 
Researchers have represented infrastructure availability by density of charging stations per area, 305 
distance from home to the closest station, and charging availability at home, work, or public places 306 
(e.g., Kontou et al. 2019; Liao et al., 2017). Most econometric studies show a significant, positive 307 
effect of EVSE infrastructure on the probability of adopting a PEV, with one study finding a more 308 
appropriate diminishing marginal utility of EVSE availability (Achtnicht et al. 2012). To date, no 309 
study has distinguished between DCFC and slower charging levels. 310 

Using quarterly data for the period 2011 to 2013 from 353 U.S. Metropolitan Statistical 311 
Areas (MSA), Li et al. (2017) estimated a model in which PEV sales and the number of EVSE were 312 
simultaneously determined. Charging station availability was measured as the number of public 313 
stations in the metropolitan area. Results indicated that a 10% increase in the number of charging 314 
stations would result in an 8.4% increase in PEV sales, on average. At the MSA average of 22.6 315 
stations for the 2011–2013 period, the price-equivalent value per vehicle of one additional station 316 
was $961 per PEV. The value decreased to $795 at 27.3 stations (the 2013 average).  317 
Using state-level data, Narassimhan and Johnson (2018) estimated equations predicting PHEV, and 318 
BEV sales as a function of recharging infrastructure, monetary incentives, and other factors. All 319 
EVSE infrastructure was treated equivalently whether level 2 or DCFC, and regardless of location 320 

 
24 Detailed descriptions of the WTP estimates discussed in this section can be found in Greene et al., 2018a. 
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(e.g., workplace, public garage, curbside, interstate) and was measured in units per 100,000 persons.25 321 
Models were estimated separately for PHEVs and BEVs. Increasing the number of charging stations 322 
by 1 per 100,000 persons was estimated to increase BEV sales by 7.2% and PHEV sales by 2.6%. In 323 
the BEV model, increasing a rebate by $1,000 increased sales by 7.7%, implying an equivalent value 324 
of $935 per charging station per 100,000 residents. For a state like Oregon with approximately 4 325 
million residents, one EVSE per 100,000 residents is 40 EVSE units, adding approximately $20-$25 326 
per charger to the value of a BEV to an average prospective car buyer. In California, one EVSE per 327 
100,000 persons translates to roughly 400 EVSE units, making a single EVSE unit worth about 328 
$2.00-$2.50 to an average prospective BEV buyer in California. 329 
WTP for Increased Range 330 
Because increased range also enables additional e-miles,, WTP for increased range can be used to 331 
infer WTP for public charging.26 A meta-analysis of consumers’ WTP estimates for additional 332 
driving range based on 33 international studies was carried out by Dimitropoulos et al. (2013).  A key 333 
finding is that most studies assumed that driving range entered consumers’ utility functions linearly, 334 
implying that a one-mile increase in range from 100 to 101 miles has the same value as an increase 335 
from 500 to 501 miles. The authors infer from a plot of WTP estimates against the reference range 336 
used in the survey that WTP for range appears to vary with the inverse of range. The estimated 337 
mean WTP for a 1-mile increase in driving range was $67 2005 USD, with a median of $42. The 338 
range of estimates was large, with $8 per mile being the lowest and $317 per mile the highest. 339 
Considering only the six studies that focused exclusively on BEV range, the mean WTP per mile was 340 
$95 with a range of $21 to $195.  341 
 Greene et al. (2017) calculated 22 estimates from 14 U.S. studies that measured the value of 342 
electric range in dollars per mile, most of which were derived from stated preference surveys. The 343 
WTP estimates ranged from $2 to $162 per mile, with a mean of $90, a median value of $94, and a 344 
standard deviation of $42, all in 2015 USD.  Similar values for increased driving range were obtained 345 
by Higgins et al. (2017) based on a stated preference survey of Canadian vehicle owners for both 346 
BEV and gasoline vehicles. WTP for additional driving range (ranging between $20 and $65 for 347 
different BEV vehicle types) far exceeded that of gasoline vehicles ($7-$32), reflecting the BEV’s 348 
shorter reference range and longer recharging time.  349 
 WTP for a 1-mile increase in range can be used to derive an estimate of WTP for e-miles 350 
enabled by public charging. In 2015 USD, Dimitropoulos et al.’s (2013) meta-analysis produced a 351 
mean WTP for increased range of $81 per mile, with a median value of $51. Those numbers 352 
represent the discounted present value of future travel enabled by increased range for a new vehicle. 353 
In Equation 10, 𝑣 is the value of an e-mile of travel, 𝑀* is the additional annual miles enabled by a 1-354 
mile increase in EV range, 𝐿 is the expected life of a PEV, and 𝑟 is an annual discount rate.  355 

𝑊𝑇𝑃 = ∑ ���
∗

(2~z)�
				→ 			𝑣 = ���

∑ ��
∗

(6��)�
�
�A6

�
�N2     (10) 356 

 Using the relationship between range and enabled travel from Wood et al. (2017b, shown in 357 
Figure 6), the annual travel enabled by a 1-mile increase in range for a BEV with a 100-mile range 358 
and home recharging only depends on the derivative with respect to range of the “Home” equation 359 
shown in Figure 6 27: 360 

 
25 This contradicts the results of Bailey et al.’s (2015) analysis of Canadian new vehicle buyers, which found a strong 
bivariate correlation that disappeared when other explanatory variables were included in a multivariate analysis. 
26 Studies reviewed by Liao et al. (2017) found that consumers’ preferences for range are correlated with annual miles 
traveled. 
27 The “Home” equation describes the amount of annual travel a BEV with only home recharging could accomplish as a 
function of its range. 



 

 12 

-
-g
(22.6𝑙𝑛(100) − 33.91) = 0.00226    (11) 361 

Using the average annual mileage of conventional vehicles in Wood et al. (2017) (10,300 miles), the 362 
increase in annual miles enabled by a 1-mile increase in range (from 100 to 101) is 10,300 * 363 
0.0023	 ≈ 24 miles. Using Dimitropoulos et al.’s (2013) mean value of $67 per mile of range, the 364 
value per annual mile of enabled travel is $3.37 in 2015USD (median of $2.09); using the value of 365 
$90 (2015 $) from Greene et al. (2017) the WTP per annual mile is $3.75 2015USD. Dividing by the 366 
discounted lifetime miles enabled by 1 additional mile per year (7.7)28 produces estimated per-mile 367 
WTP values based on Dimitropoulos et al. (2013) of $0.44 for the mean and $0.27 at the median, 368 
and based on Greene et al. (2018a) of $0.49 for the mean.30  369 
 Using these values, the WTP for public chargers can be estimated from enabled e-miles. The 370 
enabled miles function derived from Wood et al. (2015) (Figure 4) is: 371 

𝑉𝑀𝑇 = 330𝑙𝑛(𝐼) + 8741     (12) 372 
Adding one DCFC station when there are 50 stations in place enables 6.6 e-miles annually, as 373 
follows: 374 

-
-g
(330𝑙𝑛(50) + 8741) = 	   a

¡a
= 6.6    (13) 375 

Lifetime discounted miles enabled are approximately 7.7 * 6.6 = 51, which, valued at $0.47/mile, 376 
would be about $24 and at $0.27 about $14 per BEV.31  377 

Economic theory implies that the willingness to pay for range should be an increasing 378 
function of income. Out of 23 studies estimating the value of range, only 4 allowed WTP for 379 
increased BEV range to vary with income (Brownstone and Train, 1999; Brownstone, Bunch and 380 
Train, 2000; McFadden and Train, 2000; Hess et al., 2012). Based on a 2008-9 California Vehicle 381 
Survey, Hess et al. (2012) reports WTP for several households’ annual incomes showing a linear 382 
relationship between WTP and income, with WTP increasing by $0.33 to $0.43 per $1,000 of 383 
income, as shown in Figure 6a. In McFadden and Train’s (2000) mixed logit model, WTP increase 384 
with the logarithm of income because vehicle price enters as price divided by the natural logarithm 385 
of income, as shown in Figure 6b. The average rate of increase per $1,000 from about $15,000 to 386 
$17,000 is $0.42. Very approximately, the two studies indicate that WTP for a 1-mile increase in 387 
range increases about $0.40 (2015 USD) for each $1,000 increase in household income. 388 

 
28 Discounting future miles at 10% per year (Bento et al. 2018)28 over a 15-year life (NHTSA, 2006) results in a multiplier 
for annual miles of approximately 7.7. 
30 It is not necessarily true that the value of enabled eVMT will decrease with increasing eVMT. The order in which 
eVMT are enabled depends on the daily travel distance distribution. There is no reason to assume that miles on longer 
trips are worth less than those on shorter trips. 
31 Enabled miles increase at a decreasing rate as the number of chargers increases. The marginal increase in annual miles 
with 100 stations in place would be not 6.6 but 3.3 miles. 
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 389 
Figure 6. a) Willingness to pay for a 1-mile increase in BEV range over a 134-mile base as a 390 
function of income (data from Hess et al., 2012). For the purpose of very approximately 391 
graphing Hess et al.’s WTP estimates, we locate the 2008-9 >$120,000 value at $170,000, the 392 
<$20,000 value at $15,000 and the $60,000 to $80,000 value at $75,000. b) Willingness to pay 393 
for a 1-mile increase in CNG or BEV range as a function of income (data from McFadden 394 
and Train, 2000). 395 
 396 

Assuming as above that a 1 mile increase in range translates into 24*7.7 = 185 discounted 397 
lifetime miles, $0.40 translates into about $0.002 per mile per thousand dollars of income.  Assuming 398 
a median WTP value of $0.25 per mile corresponds to the median U.S. household income in 2015 of 399 
$57,000, a household with an income of $100,000 would be willing to pay about $0.34 enabled 400 
eVMT per year while a household with an income of $160,000 would be willing to pay about $0.46 401 
per mile (0.25 + (160-57) * 0.002). 402 
 403 
Enabled e-miles for PHEVs 404 
Direct estimates of the value of public chargers to PHEV owners are also scarce. Sierzchula et al. 405 
(2014) found that infrastructure encourages PEV sales but did not provide a specific value. 406 
According to Hidrue et al. (2011), public charging can be worth thousands of dollars per vehicle. 407 
Analyzing US state-level data, Narassimham and Johnson (2018, Appendix 4) found that an increase 408 
of 1 charging station per 100,000 persons increased PHEV sales by 2.6% but were unable to derive a 409 
WTP estimate because monetary incentives did not have statistically significant effects.   410 

A simulation analysis of the daily driving of 229 conventional vehicles in Austin, Texas, by 411 
Dong and Lin (2012), found that an extensive public recharging network could reduce PHEV 412 
gasoline use by more than 30% and energy costs by more than 10% without changing the usage 413 
patterns of the vehicles. The marginal reduction of PHEV gasoline consumption (benefit of EVSE) 414 
per mile relative to reference gasoline consumption based on Dong and Lin (2012) decreases 415 
exponentially with increasing coverage, defined as the probability that a charger will be available 416 
when and where the vehicle parks. 417 

The effect of charging network coverage on miles traveled in charge-depleting mode 418 
𝐹(𝐼)	can be calculated from its effect on gasoline use given (1) gasoline consumption per mile in 419 
charge-depleting (𝑒-) and charge-sustaining (𝑒£) modes, (2) the base share of miles in charge-420 
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depleting mode at 0% coverage (𝑓a), and (3) the ratio of gasoline use at coverage level 𝐼 to gasoline 421 
consumption at 0% coverage (𝐹(𝐼)). Let 𝑓(𝐼) be the fraction of miles traveled in charge-depleting 422 
mode at coverage 𝐼 and 𝑀 be annual miles of travel. 𝐹(𝐼) as a function of 𝑓(𝐼) is given by Equation 423 
14. 424 

𝐹(𝐼) = I2_¤(&)O�4¥~¤(&)�4¦
(2_¤§)�4¥~¤§�4¦

      (14) 425 
Solving for 𝑓(𝐼), the fraction of miles in charge-depleting mode at coverage 𝐼 gives Equation 15. 426 

𝑓(𝐼) =
¨(&)©6ª«§¬¦ ¬¥/

~¤§­_
¬¥
¬¦

2_¬¥¬¦
     (15) 427 

The relationships in Figure 7 were calculated using Equation 15, inserting fuel consumption rates 428 
and values of 𝐹(𝐼) from Dong and Lin (2012) and utility factors (defined as the base share of miles 429 
in charge-depleting mode) for PHEV10/20/40 from Bradley and Davis (2011).32 The data points are 430 
well approximated by quadratic functions over the range 0 to 1. It may seem counter-intuitive that 431 
the value of additional public chargers is reduced by increased range. However, home charging is 432 
assumed, and it reduces the usefulness of public charging as PHEV range increases. 433 

 434 
Figure 7. Effect of charging infrastructure on PHEV miles in charge-depleting mode 435 
 436 
 Wood et al. (2017b, fig. 16) estimated that adding workplace charging to home-based 437 
charging increased average electric miles by about 13% for PHEVs with a 20-mile charge-depleting 438 
range. Adding ubiquitous public charging opportunities enabled another 11% for the PHEV20 439 
vehicle for a total benefit for both type of charging opportunities of about 24%. In all cases benefits 440 
declined with approximately the inverse of the square root of charge-depleting range, indicating that 441 
increasing PHEV battery capacity reduces the benefits of public charging to PHEV owners. 442 
 443 

IV. Synthesis: WTP for charging infrastructure 444 

 In this section we combine the functional relationships from simulation modeling with the value 445 
functions for increased e-miles, inferred from econometric studies, to produce functions associating 446 

 
32 Dong and Lin (2012) provide only the utility factor for the PHEV20 used in their analysis. However, Dong and Lin’s 
(2012) PHEV20 utility factor is almost identical to Bradley and Davis’s (2011) alternative to the SAE J2841 utility factor. 
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the capitalized present value of WTP for charging infrastructure to a change in infrastructure 447 
availability. The WTP functions presented below estimate total WTP as a function of availability of 448 
public chargers. The marginal WTP for an increase in availability is therefore the derivative of these 449 
functions. The WTP functions are illustrated by surfaces in the space defined by WTP, charger 450 
availability (𝐼), and range (𝑅), and vary with household income.  451 
The estimates are based on the following assumptions: 452 

• Home-base charging is available for all PEVs. 453 
• Charger locations are known and there is no queuing at chargers. 454 
• Desired annual travel is what would be accomplished by a conventional vehicle. 455 
• All public chargers are DCFC. 456 
• Charger availability (I) is measured as a fraction of “full availability”. 457 

“Full availability” will vary with geography, travel demand and the number of BEVs and PHEVs, 458 
and is therefore specific to time and place. Our illustrations are based on Wood et al. (2015) as 459 
shown in Figure 4, assuming that the 100 DCFC represents 100% availability. 460 
 461 
BEVs Intra-Regional Travel 462 
WTP for public chargers for a BEV’s intra-regional travel is a function of enabled e-miles, which 463 
depend on public charging availability, I. Enabled e-miles decrease with increased range, Ri, relative 464 
to the base range, R0, for which the enabled miles function was estimated. WTP also depends on the 465 
value of an enabled mile, 𝑣3 , the value or time in $ per hr, 𝑤, and the additional time to access a 466 
charger (in minutes), 𝐾(𝜙n − 1), all of which vary with income.33 Assuming individual consumer 467 
data is not available, 𝑖 and 𝑗 correspond to vehicles and geographical areas respectively. Mj denotes 468 
the annual miles that would be traveled assuming ubiquitous charging infrastructure and Dj expands 469 
the annual benefit of charging infrastructure to a lifetime discounted benefit.35 BEVs intra-regional 470 
drivers value the existing charging infrastructure based on Equation 16: 471 
 472 

𝑊𝑇𝑃M3 = ©𝑎a + 𝑎2𝑙𝑛 °
&<
±<
² ³P
g9
´6 𝑀3 e𝑣3 − F𝑤3𝐾I𝜙3

n − 1O 2
µg9
Qj­𝐷3  (16) 473 

 474 
The illustration of Equation 16 in Figure 8a assumes a value of $0.36 per enabled mile for a 475 
household income of $115,000, roughly the mean household income of new BEV buyers in the 476 
2016 California Vehicle Survey. The effect of chargers on enabled e-miles is based on Wood et al.’s 477 
(2015) simulation analysis with the range of 0 to 100 percent representing no public chargers to full 478 
availability.36 WTP increases at a decreasing rate, as charging availability increases. The value of 479 
EVSE for intra-regional BEV travel decreases by about half as vehicle range increases from 75 miles 480 
to 325 miles. The effect of income on WTP is illustrated in Figure 8b.  481 

 
33 The time cost of access is converted to a cost per mile (the same units as 𝑣3) by dividing by the fraction of the 
vehicle’s range enabled by the charge, C, times vehicle range, R. 
35 In Equation 16 all intra-regional charging is assumed to be either opportunity charging or DCFC charging and so 
recharging time, 𝑡z, is omitted. 
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 482 
Figure 8. Illustration of BEV WTP for EVSE infrastructure as a function of range for a 483 
household with an annual income of a) $115,000 and b) $67,169. 484 
 485 
BEV Inter-Regional Value of DCFC 486 
Inter-regional travel is defined as travel that leaves a metropolitan region. The two logarithmic 487 
functions in Figure 9 are based on a Weibull distribution of daily travel (Equation 4) and assume that 488 
trips of 100 miles (upper curve) or 150 miles (lower curve) can be accommodated within the region. 489 
The parameter values shown correspond to the 𝛼a + 𝛼2𝑙𝑛I𝐼3O portion of Equation 17. 490 

 491 
Figure 9. Fraction of annual travel enabled by inter-regional DCFC for intra-regional ranges 492 
of 100 and 150 miles 493 
 494 
The first term in round brackets in Equation 17 gives enabled e-miles as a fraction of inter-regional 495 
miles, m. The second term in round brackets adjusts for the effect of range on enabled e-miles. The 496 
third term includes the value of an enabled mile, ν, minus the cost of access time and charging time. 497 
Both time costs are included in Equation 17 and are converted to cost per mile by dividing by 498 
practical range, θR. In Equation 17, 𝑚 is not total miles but only the inter-regional miles that would 499 
be traveled in a conventional vehicle.  500 

𝑊𝑇𝑃 = ©I𝛼a + 𝛼2𝑙𝑛I𝐼3O	OI𝑒_³(g_gP)O𝑚3 e𝑣3 −
·<
¸g9

F𝐾(𝜙n − 1) + ¸g949
-
Qj­𝐷3 (17) 501 
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The final term in the square brackets of Equation 28 is the time cost of recharging, including access, 502 
for a BEV with range of 𝑅M miles, energy consumption of 𝑒M kWh/mile, and chargers with an 503 
electricity delivery rate of d up to a maximum charge of (θ100)%.37  504 
 The estimated value of inter-regional travel enabled by installing DCFC along inter-regional 505 
routes is illustrated in Figure 10. A value of $0.36 per enabled mile is used, corresponding to a 506 
household income of $115,000. Infrastructure is measured as availability relative to gasoline refueling 507 
stations (assumed to represent full availability). Despite the infrequent nature of inter-regional travel, 508 
total WTP amounts to thousands of dollars for BEVs with ranges under 150 miles.  509 
 510 

 511 
Figure 10. Illustration of value of inter-regional DCFC infrastructure 512 
 513 
PHEVs 514 
WTP for charging infrastructure for a PHEV is the present value of energy savings from additional 515 
miles operated in charge-depleting mode which allow electricity to be substituted for gasoline. It is 516 
the product of the following: 517 

• Charge-depleting miles enabled as a fraction of total annual miles, 𝑓(𝐼, 𝑅), depending on 518 
charge-depleting range, 𝑅, infrastructure availability, 𝐼,  519 

• Annual vehicle mileage, 𝑀, where D expands annual mileage to lifetime discounted traveled 520 
miles, 521 

• Fuel savings per mile operating in charge-depleting, d, versus charge-sustaining, s, mode: 522 
𝑝S𝑒S£ − (𝑝S𝑒S- + 𝑝T𝑒T-), where 𝑝 and 𝑒 are energy prices and energy use per mile, 𝐺 and 523 
𝐸 indicate gasoline and electricity, 524 

• 𝑖 and 𝑗 index vehicles and geographical locations, respectively. 525 
𝑊𝑇𝑃M3 = �𝑓I𝐼3, 𝑅MO − 𝑓(0, 𝑅M)�𝑀M3 F𝑝3S𝑒MS£ − I𝑝3S𝑒MS- + 𝑝3T𝑒MT-OQ𝐷M3  (18) 526 

For PHEVs, public charging infrastructure includes level 2 charging stations, due to the smaller 527 
battery capacities of PHEVs and the prevalence of convenience charging. 528 

 
37 To the extent that the charging for inter-regional travel is convenience charging (e.g., a rest stop) charging time may be 
omitted. 



 

 18 

 The quadratic functions shown in Figure 7, linearly interpolated for intermediate PHEV 529 
ranges, are used as the function 𝑓(𝐼, 𝑅) in Equation 18 to estimate the increase in charge-depleting 530 
miles as a function of charging availability (here relative to gasoline station availability).38 PHEV 531 
WTP for recharging infrastructure, presented in Figure 11, increases at a decreasing rate with 532 
increased charging infrastructure and decreases with increasing nominal charge-depleting range.39 533 
Given the gasoline and electricity prices noted on the figure’s caption, total WTP exceeds $700 534 
present value per PHEV20 vehicle when the number of charging stations approaches maximum 535 
charging availability.  536 

 537 
Figure 11. Illustration of PHEV WTP for EVSE infrastructure as a function of range 538 
assuming a gasoline price of $3/gal and an electricity price of $0.15/kWh. 539 
 540 

Equations 16-18 estimate the total WTP for charging infrastructure for PHEVs and BEVs 541 
for intra- and inter-regional vehicle travel. After suitable calibration for the population of interest, 542 
such WTP equations could be incorporated into utility functions of discrete choice models of 543 
household vehicle ownership and used to project the impacts of public charging investments on the 544 
sales of PEVs sales. Consumers’ surplus changes resulting from the provision of additional public 545 
charging could also be calculated, providing a critical measure for assessing the costs and benefits of 546 
investments in public chargers. 547 

 548 
V. California Case Study  549 

The State of California (CA) is leading the way in adoption of PEVs nationally, accounting for 550 
47.38% of the U.S. market in 2016 (IHS Markit, 2017). State and local agencies support light-duty 551 
vehicle electrification though various policies, including the Zero Emission Vehicle mandate (CARB 552 
2017), tax credits, rebates, high occupancy vehicle lanes access, and more (AFDC 2018c). Significant 553 
investments have been made to support publicly accessible EVSE. As of April 2018, 3,939 L2 and 554 

 
38 Available battery capacity is implicitly accounted for in Equation 15 because the simulation models accounted for the 
state of charge, charging rate and battery capacity at each charging opportunity. 
39 The maximum at PHEV20 is a consequence of the particular energy consumption rates taken from Dong and Lin 
(2012, table 2) and may be an artifact of the specific makes and models of PHEV10 and PHEV20s available at the time 
the paper was written. 
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584 DCFC public charging stations (40,699 L2 plugs and 1,762 DCFC plugs) are available 555 
throughout the State (AFDC 2018c). The California Energy Commission’s (CEC) Alternative and 556 
Renewable Fuels and Vehicles Technology Program spent $80 million deploying 7,695 charging 557 
stations of various levels (private and publicly accessible) statewide as of April 2018, of which 3,352 558 
were publicly accessible (CEC, 2018b, Table 12). To reach the state’s ZEV goals of 1.5 million zero 559 
emission vehicles on the road by 2025 between 229,000 and 279,000 publicly accessible plugs will be 560 
required (9,000 to 25,000 DCFC) (CEC, 2018a). 561 
 In this section, we use CA-specific data to estimate the tangible value of existing public 562 
charging infrastructure for PHEVs’ and BEVs’ intra- and inter-regional travel. The WTP estimates 563 
show that the existing public L2 and DCFC infrastructure value to the purchaser of a new BEV in 564 
California amounts to thousands of dollars. The outcome is similar in magnitude to the value of 565 
existing federal and state incentives for BEV purchasers. Public charging infrastructure not only 566 
provides substantial value to current PEV owners by extending the utility of their vehicles, but also 567 
constitutes an important incentive for increased PEV sales. The CA-specific data in Table 1 are used 568 
to evaluate Equations 16, 17, and 18.  569 

The results of the California case study should be considered illustrative rather than 570 
definitive. First, although key data are CA representative (e.g., CEC 2018a), the transferability of 571 
functions calibrated to other areas is an open question (e.g., Seattle data for Neubauer and Wood, 572 
2014 and Wood et al, 2015). Second, as noted above, it is not clear how best to measure charging 573 
availability and, although the metrics we use are reasonable and commonly applied, they are almost 574 
certainly not optimal. 575 

We adopt Wood et al.’s (2017a) measure of full public charging availability. They estimate that 576 
a density of 56 stations per thousand square miles is sufficient coverage in the early stages of market 577 
development. For inter-regional travel, we use CEC’s (2018a) estimate that a spacing of 40 miles 578 
between charging stations represents full availability on intercity routes.   579 

 580 
 Table 1. California-specific data for charging infrastructure WTP estimation 581 

Data Notation PHEVs BEVs intra-
regional 

BEVs inter-
regional Literature Sources 

# of L2 stations - 3,939 - - AFDC 2018a 
# of DCFC stations  - - 584 AFDC 2018a 
# of DCFC stations 
along rural highways - - 53 AFDC 2018a, Wood et al. 

2017a 
Annual average VMT 

[miles] M¼½ 14,500 CHTS 2017 – See Figure A1 in 
Appendix 

VMT decrease in miles 
with vehicle’s age - 3.5% per year 

NHTS Household CA, 2017. 
Automobile/Car/Station 

Wagon 
Annual average inter-
regional VMT [miles] M¾¼½ - - 633 Goulias et al. 2017 – 

Tables 4.3 and 7.1b 
Price of electricity 

(commercial) [$/kWh] p¼½À 0.15 - - EIAb 2018 

Price of gasoline [$/gal] p¼½Á 3.08 EIAa 2018 – all grades avg. 
PHEV range [mi] RÃÄÅÆ 30 - - assumption 
BEV range [mi] RÇÅÆ - 100, 150, and 200 assumption 

Gasoline fuel economy 
[mpg] e¼½ÉÊ 27.5 - - CHTS 2017 

Electricity fuel economy 
[kwh/mile] e¼½ÅË 0.32 CHTS 2017 
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Value of travel time 
[$/hr] w¼½ 13.6 19.04 DOT 2016 – personal travel 

assumption 

Value of e-mile [$/mi] v¼½ 0.25 
2017 ACS median income for 

CA [$ 67,169]; 
US Census Bureau 

Battery capacity [kWh] - 14.33 30 30 assumption: 80% SOC 
Charging power [kW] 𝑑 - - 125 assumption 

Discount factor 𝐷µx 7.35 
7% discount rate, 13 years of 

vehicle lifetime; 
NHTSA & EPA 2018 

Median household 
income [$2017] - $67,169 

Median income & mean 
income [$96,104]; US Census 

Bureau 2017 

 582 
Based on IHS Markit 2017 data, there were 123,760 PHEVs registered in California and 3,939 public 583 
L2 stations to support their daily operations. The majority of currently available PHEVs models can 584 
only use L2 plugs so those are only considered for PHEVs drivers. The existing station numbers 585 
correspond to an infrastructure availability of 45.15% relative to our measure of full coverage for the 586 
State of California. At this level of public charging availability, the total value of the infrastructure is 587 
about $400 per vehicle for a 30-mile range PHEV (as shown in Figure 12).  588 
 In 2017, there were 133,446 BEVs registered (IHS Markit, 2017) in the 155,779 square miles 589 
California region (USGS, 2010) and there were 584 publicly available DCFC stations. Using the 590 
Wood et al. 2017 intra-regional coverage metric, the existing stations provide 9,786/155,779=6.70% 591 
coverage. The median annual household income of a BEV owner in California is approximately 592 
$115,000 (CEC, 2017). Using that income level, the value of the existing intra-regional public DCFC 593 
infrastructure is estimated at $1,528, $1,233, and $1,045 per vehicle for BEV drivers with a 100-, 594 
150-, and 200-mile range respectively. The existing charging station infrastructure is estimated to be 595 
worth $817 to a new 300-mile driving range BEV purchaser with average household income of 596 
$115,000. Using the average household income in the California region, $96,104 (US Census Bureau, 597 
2017), the WTP values for 100-, 150- and 200-mile BEVs intra-regional charging infrastructure are 598 
$1,330, $1,083, and $921, respectively. L2 charging infrastructure could also support intra-regional 599 
travel in California via workplace or convenience charging. By omitting these stations from the BEV 600 
charging infrastructure value analysis, we underestimate the value of existing public charging 601 
infrastructure for intra-regional travel. 602 

The inter-regional charging infrastructure value is estimated based on coverage of the 3,128 603 
miles of California’s rural highways connecting different urban areas included in the California 604 
National Highway System, according to Caltrans (2016) data analysis. There are 53 non-Tesla 605 
DCFCs (those can be used by a variety of BEVs makes and models) located no more than 1.0 mile 606 
away from rural highways. Assuming a 40-mile optimal spacing of chargers, the existing number of 607 
charging stations provide about 67.7% coverage. The value of the existing public charging 608 
infrastructure to a new 100-, 150-, and 200-mile range BEV in the California region is estimated at 609 
$6,745, $2,581, and $968 respectively, assuming an income of $115,000. However, for income levels 610 
comparable to the 2017 median household income in CA ($67,169), the value of existing 611 
infrastructure levels is reduced to $4,653 for 100-mile range BEV and to $1,812 and $685 for 150- 612 
and 200-mile BEV drivers, respectively.  613 

Sensitivity analysis is conducted to capture the effect of different ranges of PHEVs and 614 
BEVs on WTP for a) different electric driving ranges and b) charging station availability (coverage), 615 
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as shown in Figures 12 and 13, respectively.616 

 617 
Figure 12. WTP sensitivity for L2 charging infrastructure for California PHEV drivers. 618 
 619 
PHEVs’ WTP for infrastructure decreases as range increases (when charge-depleting range is greater 620 
than 20 miles for 45.15% California-specific L2 charging station coverage. As the charging station 621 
coverage increases, WTP for L2 charging increases with diminishing returns, reaching approximately 622 
$680 for 100% L2 charging station coverage when the charge-depleting range of the PHEV of the 623 
CA driver is 30 miles. Results are based on the mean California household income for 2017, 624 
$96,104. Assuming a household income close to the CA median income (as presented in Table 1), 625 
the current level of L2 infrastructure is valued close to $400 by a 30-mile charge-depleting range 626 
PHEV driver. 627 

CA BEV drivers’ WTP for DCFC is greater for inter-regional travel compared to intra-628 
regional travel when their all-electric driving range is less that 200 miles, as shown in Figure 13a, for 629 
charging station availability 67.7% and 6.7% respectively. When charging availability is low, 630 
corresponding to coverage less than 20% in Figure 13b, WTP for 150-mile and above BEV inter- 631 
and intra-regional travel falls below $2,000. The tangible value of DCFC increases as charging 632 
availability increases with diminishing returns, for both intra- and inter-regional travel. The 633 
magnitude of the value of existing infrastructure for inter-regional travel is above $6,000 when the 634 
BEV all-electric driving range is below 100 miles. DCFC value, as compared for 150- and 200-mile 635 
BEV electric range in Figure 13b, decreases at a greater rate for inter-regional travel as the all-electric 636 
range of the BEV increases. DCFC stations can contribute to greatly enhancing the utility of BEVs 637 
to drivers, which can potentially lead to increasing BEV sales and curbing drivers’ range-anxiety.  638 
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 639 
Figure 13. WTP sensitivity for DCFC charging infrastructure for California BEV drivers. 640 
 641 

VI. Discussion 642 

Focusing on tangible benefits, enabling additional miles of travel by BEVs and the substitution of 643 
electricity for gasoline by PHEVs, we have developed estimates of the value of public charging 644 
infrastructure from a new perspective. While our method has limitations, so also do estimates 645 
derived from stated choice experiments and discrete choice modeling. The willingness-to-pay (WTP) 646 
functions derived from detailed simulation modeling and econometric estimates of the value of 647 
enabled miles of vehicle travel could be incorporated into utility functions of vehicle choice models 648 
and used to help project the impacts of public charging investments on future PEV sales. 649 
Consumers’ surplus changes resulting from the provision of additional public charging can also be 650 
calculated, providing a critical measure for assessing the costs and benefits of investments in public 651 
chargers. 652 
 Public charging infrastructure appears to create substantial value for current and potential 653 
future owners of BEVs. Public chargers add value to their vehicles by increasing the distance their 654 
vehicles can travel in a day, expanding their ability to provide mobility and access.40 Public charging 655 
infrastructure appears to be able to offset a substantial fraction of the perceived cost penalty due to 656 
BEVs’ limited range and long recharging time, similar in magnitude to the $7,500 U.S. tax credit for 657 
BEVs. The potential benefits for PHEV owners, derived from substituting electricity for gasoline, 658 
appear to be substantial although an order of magnitude smaller. 659 
 Our methods incorporate some important sources of heterogeneity in consumers’ 660 
preferences, including income, annual miles of travel and daily travel distributions, they also have 661 
limitations that suggest areas for future research. Perhaps the most important is the lack of 662 
consensus about how best to measure public charging availability. The literature includes a variety 663 
metrics from the ratio of recharging stations to gasoline stations to the number of chargers per mile 664 
of intercity highway. It seems likely that additional geographically and temporally detailed 665 
simulations studies for different regions and levels of PEV market penetration could produce 666 

 
40 These tangible values can also create intangible values, such as a greater sense of confidence in the future of PEVs, 
reduced range anxiety, or concern of remained stranded with a depleted battery, or an increased sense of better 
transportation. 
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insights that would lead to valid and transferrable availability metrics. Future simulations could also 667 
be enhanced to allow adaptation of trip making behavior to maximize the benefits of PEVs. 668 

Finally, several important factors have been excluded from our analysis. Awareness of public 669 
charging infrastructure generally differs from its actual availability, especially during the early phases 670 
of PEV adoption. Consumers unfamiliar with PEVs may not correctly perceive the value of 671 
charging infrastructure. Consumer expectations about the permanence and future expansion of 672 
charging infrastructure have not been considered in this report, nor has the value of public charging 673 
infrastructure as insurance against forgetfulness or unanticipated travel requirements. Redundancy to 674 
ensure resiliency also has value but has not been considered in this analysis.  675 

Nevertheless, the novel measures of WTP for public chargers derived in this paper are based 676 
on measurable relationships between charging infrastructure and the utility of PEVs. Quantifying the 677 
tangible value of public charging infrastructure in this way provides an alternative perspective on the 678 
value of such investments to a heterogeneous population of motorists.   679 
 680 

VII. Acknowledgements 681 

The California Energy Commission (CEC)’s Alternative and Renewable Fuel and Vehicle 682 
Technology Program (ARFVTP) supported this work. The authors would like to acknowledge 683 
guidance and input provided by Energy Commission staff. Any opinion, error and omission are the 684 
sole responsibility of the authors. 685 

The views and opinions of the authors expressed herein do not necessarily state or reflect 686 
those of the United States Government or any agency thereof. Neither the United States 687 
Government nor any agency thereof, nor any of their employees, makes any warranty, expressed or 688 
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness 689 
of any information, apparatus, product, or process disclosed, or represents that its use would not 690 
infringe privately owned rights. The U.S. Government retains and the publisher, by accepting the 691 
article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, 692 
irrevocable, worldwide license to publish or reproduce the published form of this work, or allow 693 
others to do so, for U.S. Government purposes. 694 
  695 



 

 24 

VIII. References 696 

AFDC (Alternative Fuels Data Center). 2018a. “Alternative Fueling Station Locator: Electric”. U.S. 697 
Department of Energy, Energy Efficiency and Renewable Energy. Accessed on March 16, 2018 at 698 
https://www.afdc.energy.gov/locator/stations/  699 
AFDC (Alternative Fuels Data Center). 2018b. “Charging Equipment”. U.S. Department of Energy, 700 
Energy Efficiency and Renewable Energy. Accessed on March 16, 2018 at 701 
https://www.afdc.energy.gov/fuels/electricity_infrastructure.html#level2 702 
AFDC (Alternative Fuels Data Center). 2018c. “California Laws and Incentives”. U.S. Department 703 
of Energy, Energy Efficiency and Renewable Energy. Accessed on April 27, 2018 at 704 
https://www.afdc.energy.gov/laws/all?state=CA 705 
Achtnicht, M., G. Bühler, and C. Hermeling. 2012. “The impact of fuel availability on demand for 706 
alternative fuel vehicles.” Transportation Research Part D 17, no. 3: 262–269. 707 
Bailey, J., A. Miele, and J. Axsen. 2015. “Is awareness of public charging associated with consumer 708 
interest in plug-in electric vehicles.” Transportation Research Part D 36: 1–9. 709 
Bento, A., Roth, K., & Zuo, Y. (2018). Vehicle Lifetime Trends and Scrappage Behavior in the US 710 
Used Car Market. The Energy Journal, 39(1). 711 
Bradley, T.H. and B.M. Davis. 2011. “Alternative Plug in Hybrid Electric Vehicle Utility Factor.” 712 
SAE Technical Paper 2011-01-0864. https://doi.org/10.4271/2011-01-0864. 713 
Brownstone, D. and K.A. Small, 2005. “Valuing time and reliability: assessing the evidence from 714 
road pricing demonstrations”, Transportation Research Part A, vol. 39, pp. 279-293.  715 
California Air Resources Board (CARB), 2017. Zero Emission Vehicle (ZEV) Program, accessed at 716 
https://www.arb.ca.gov/msprog/zevprog/zevprog.htm 717 
California Air Resources Board (CARB), 2018. California Retail Fuel Outlet Annual Reporting 718 
(CEC-A15) Results. 719 
http://www.energy.ca.gov/almanac/transportation_data/gasoline/piira_retail_survey.html 720 
California Energy Commission (CEC), 2017. 2016 California Vehicle Survey, accessed at 721 
https://www.nrel.gov/transportation/secure-transportation-data.html on 1/18/2018 722 
California Energy Commission (CEC), 2018a. California Plug-In Electric Vehicle Infrastructure 723 
Projections: 2017-2025. http://docketpublic.energy.ca.gov/PublicDocuments/17-ALT-724 
01/TN222986_20180316T143039_Staff_Report__California_PlugIn_Electric_Vehicle_Infrastructure.pdf 725 
California Energy Commission (CEC), 2018b. 2018-2019 Investment Plan Update for the Alternative and 726 
Renewable Fuel and Vehicle Technology Program. CEC-600-2017-010-CMF, May. 727 
Chehab, N. 2017. “Pump up the Charge with Extreme Fast Charging.” Office of Energy Efficiency 728 
and Renewable Energy, U.S. Department of Energy. Accessed October 6, 2017. 729 
https://energy.gov/eere/articles/pump-charge-extreme-fast-charging 730 
Davis, S.C., S.E. Williams, R.G. Boundy, 2017. Transportation Energy Data Book: Ed. 36, 731 
ORNL/TM-2017/513, Oak Ridge National Laboratory, Oak Ridge, TN, accessed at 732 
http://cta.ornl.gov/data/index.shtml on 2/3/2018 . 733 
Degirmenci, K. and M.H. Breitner. 2017. “Consumer purchase intentions for electric vehicles: Is green more 734 
important than price and range?”. Transportation Research Part D 51: 250-260. 735 
Dimitropoulos, A., P. Rietveld, and J.N. van Ommeren. 2013. “Consumer valuation of changes in 736 
driving range: A meta-analysis.” Transportation Research Part A 55: 27–45. 737 
Dong, J. and Z. Lin. 2014. “Stochastic Modeling of Battery Electric Vehicle Driver Behavior.” 738 
Transportation Research Record: Journal of the Transportation Research Board 2454: 61–67. 739 
https://doi.org/10.3141/2454-08 740 
Dong, J., C. Liu, and Z. Lin. 2014. “Charging infrastructure planning for promoting battery electric 741 
vehicles: An activity-based approach using multiday travel data.” Transportation Research Part C 38: 742 
44–55. 743 



 

 25 

Dong, J. and Z. Lin. 2012. “Within-day recharge of plug-in hybrid electric vehicles: Energy 744 
impact of public charging infrastructure.” Transportation Research Part D 17: 405–412. 745 
Department of Transportation (DOT). 2016. Revised Departmental Guidance on Valuation of 746 
Travel Time in Economic Analysis. https://www.transportation.gov/office-policy/transportation-747 
policy/revised-departmental-guidance-valuation-travel-time-economic 748 
Energy Information Administration. 2018a. Weekly Retail Gasoline and Diesel Prices. Area: 749 
California. https://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_sca_a.htm 750 
Energy Information Administration. 2018b. Average Price of Electricity to Ultimate Customers 751 
by End-Use Sector. 752 
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a 753 
EV Project. 2015. “What Location Factors Did Highly Utilized DC Fast Chargers Have in 754 
Common?” INL/MIS-15-35392. Idaho Falls, ID: Idaho National Laboratory. Accessed July 5, 755 
2017. 756 
https://avt.inl.gov/sites/default/files/pdf/EVProj/WhatLocationFactorsDidHighlyUtilizedDCFastChar757 
gersHaveInCommon.pdf. 758 
EV Project. 2014. “Analyzing Public Charging Venues: Where are Publicly Accessible Charging 759 
Stations Located and How Have They Been Used?” INL/MIS-14-33019. Idaho Falls, ID: Idaho 760 
National Laboratory. Accessed July 5, 2017. 761 
https://avt.inl.gov/sites/default/files/pdf/EVProj/AnalyzingEVSEVenuesSept2014.pdf . 762 
Gatta, V., Marcucci, E. and L. Scaccia. 2015. On finite sample performance of confidence 763 
intervals methods for willingness to pay measures. Transportation Research Part A: Policy and 764 
Practice, 82: 169–192. 765 
Gnann, T. and P. Plötz. 2015. “A review of combined models for market diffusion of alternative 766 
fuel vehicles and their refueling infrastructure.” Renewable and Sustainable Energy Reviews 47: 767 
783–793. 768 
Greene, D.L., M. Muratori, E. Kontou, B. Borlaug, M. Melaina, A. Brooker. 2018. Quantifying the 769 
Value of Public Electric Vehicle Recharging Infrastructure. California Energy Commission, Consultant 770 
Report, Sacramento, CA. 771 
Greene, D.L., A. Hossain, J. Hofmann, G. Helfand and R. Beach. 2018. “Consumer Willingness 772 
to Pay for Vehicle Attributes: What Do We Know?”. Transportation Research Part A, 118: 258-773 
279. 774 
Greene, D.L., A. Hossain, J. Hofmann, and R. Beach. 2017. “Consumer Willingness to Pay for 775 
Vehicle Attributes: What Do We Know?” Report to the Environmental Protection Agency. 776 
Research Triangle Park, NC: RTI. 777 
Goulias, K., Davis, A., McBride, E., Janowicz, K., and R. Zhou. 2017. “Long Distance Travel in 778 
the California Household Travel Survey.” Report to Caltrans and UCCONNECT. Santa 779 
Barbara, CA. http://ucconnect.berkeley.edu/sites/default/files/file_uploads/2016-TO-047-780 
65A0529.pdf 781 
Hess, S., M. Fowler, T. Adler and A. Bahrenian. 2012. “A joint model for vehicle type and fuel 782 
type choice: evidence from a cross-nested logit study.”, Transportmetrica 39(3): 593-625. 783 
Hidrue, M. K., Parsons, G. R., Kempton, W., & Gardner, M. P. 2011. Willingness to pay for 784 
electric vehicles and their attributes. Resource and Energy Economics, 33(3), 686-705. 785 
Higgins, C.D., M. Mohamed and M.R. Ferguson, 2017. “Size matters: How vehicle body type 786 
affects consumer preferences for electric vehicles”, Transportation Research A, vol. 100, pp. 787 
182-201. 788 
IHS Markit. 2017. “MarketInsight: Registrations and Vehicles-in-Operation.” Accessed March 789 
13, 2018. https://www.ihs.com/products/automotive-market-data-analysis.html 790 



 

 26 

INL (Idaho National Laboratory). 2015. Plugged In: How Americans Charge Their Electric Vehicles, 791 
The EV Project. INL/EXT-15-35584. Idaho Falls, ID. Accessed March 16, 2018 at 792 
https://avt.inl.gov/sites/default/files/pdf/arra/PluggedInSummaryReport.pdf . 793 
Klass, A.B., 2018. “Public Utilities and Transportation Electrification”, Iowa Law Review, 794 
104(2), 545-617, https://ilr.law.uiowa.edu/assets/Uploads/ILR-104-2-Klass.pdf . 795 
Kontou, E., Liu, C., Xie, F., Wu, X., and Z. Lin, 2019. “Understanding the linkage between 796 
electric vehicle charging network coverage and charging opportunity using GPS travel data.” 797 
Transportation Research Part C: Emerging Technologies 98: 1-13. 798 
Layard, R., G. Mayraz and S. Nickell, 2008. “The marginal utility of income”, Journal of Public 799 
Economics, vol. 92, pp. 1846-1857. 800 
Lee, H. and A. Clark, 2018. Charging the Future: Challenges and Opportunities for Electric Vehicle 801 
Adoption, RWP18-026, Harvard Kennedy Schoool, Cambridge, MA. 802 
Li, S., L. Tong, J. Xing, and Y. Zhou. 2017. “The Market for Electric Vehicles: Indirect Network 803 
Effects and Policy Design.” Journal of the Association of Environmental and Resource 804 
Economists 4, no. 1: 89–133. 805 
Liao, F., E. Molin, and B. van Wee. 2017. “Consumer preferences for electric vehicles: a 806 
literature review.” Transport Reviews 37, no. 3: 252–275. 807 
Lin, Z. and D.L. Greene. 2011. “Promoting the Market for Plug-in Hybrid and Battery Electric 808 
Vehicles: Role of Recharge Availability.” Transportation Research Record: Journal of the 809 
Transportation Research Board 2252: 49–58. https://doi.org/10.3141/2252-07 810 
McFadden, D. and K. Train, 2000. “Mixed MNL Models for Discrete Response”, Journal of 811 
Applied Econometrics, vol. 15, pp. 447-470. 812 
McNutt, B. and D. Rodgers. 2004. “Lessons Learned from 15 Years of Alternative Fuels 813 
Experience – 1988-2003.” In The Hydrogen Energy Transition, edited by D. Sperling and J.S. 814 
Cannon. San Francisco: Academic Press. 815 
Melaina, M., B. Bush, J. Eichman, E. Wood, D. Stright, V. Krishnan, D. Keyser, T. Mai, and J. 816 
McLaren. 2016. National Economic Value Assessment of Plug-In Electric Vehicles, Volume I. 817 
NREL/TP-5400-66980. Golden, CO: National Renewable Energy Laboratory. 818 
Melaina, M., Muratori, M., McLaren, J. and Schwabe, P., 2017. Investing in Alternative Fuel 819 
Infrastructure: Insights for California from Stakeholder Interviews. Proceedings of the 820 
Transportation Research Board. 821 
Muratori, M., Kontou, E., & Eichman, J. (2019). Electricity rates for electric vehicle direct 822 
current fast charging in the United States. Renewable and Sustainable Energy Reviews, 113, 823 
109235. 824 
NRC (National Research Council). 2015. Overcoming Barriers to Deployment of Plug-in 825 
Electric Vehicles. Washington, DC: National Academies Press. 826 
Narassimhan, E., and C. Johnson, 2018. “The role of demand-side incentives and charging 827 
infrastructure on plug-in electric vehicle adoption: analysis of US States”. Environmental Research 828 
Letters, 13(7) 074032.  829 
National Highway Traffic Safety Administration (NHTSA), 2006. Vehicle Survivability and 830 
Travel Mileage Schedules, Technical Report DOT HS 809 952, U.S. Department of 831 
Transportation, Washington, DC, January. 832 
National Highway Traffic Safety Administration (NHTSA) and Environmental Protection 833 
Agency (EPA), 2018. Preliminary Regulatory Impact Analysis, SAFE Vehicles Rule for Model 834 
Year 2012-2026 Passenger Cars and Light Trucks, July 2018, p. 1015. 835 
National Research Council. 2013. Transitions to Alternative Vehicles and Fuels. National Academies 836 
Press, Washington, DC. 837 



 

 27 

Neubauer, J. and E. Wood. 2014. “The impact of range anxiety and home, workplace and public 838 
charging infrastructure on simulated battery electric vehicle lifetime utility.” Journal of Power 839 
Sources 257: 12–20.  840 
Newell, R.G. and J. Siikamäki, 2015. "Individual Time Preferences and Energy Efficiency," American 841 
Economic Review, American Economic Association, 105(5): 196-200. 842 
Nicholas, M.A., G. Tal and T.S. Turrentine, 2017. Advanced Plug-in Electric Vehicle Travel and 843 
Charging Behavior Interim Report, Research Report UCD-ITS-RR-16-10, Institute of 844 
Transportation Studies, University of California at Davis, Davis, CA, January. 845 
Nicholas, M.A., S. L. Handy, and D. Sperling. 2004. “Using Geographic Information Systems to 846 
Evaluate Siting and Networks of Hydrogen Stations.” Transportation Research Record: Journal 847 
of the Transportation Research Board 1880: 126–134. https://doi.org/10.3141/1880-15. 848 
Nie, Y. and M. Ghamami. 2013. “A corridor-centric approach to planning electric vehicle 849 
charging infrastructure.” Transportation Research Part B 57: 172–190. 850 
Plötz, P., N. Jakobsson, and F. Sprei. 2017. “On the distribution of individual daily driving 851 
distances.” Transportation Research Part B 101: 213–227. 852 
Shahraki, N., H. Cai, M. Turkay, and M. Xu. 2015. “Optimal locations of electric public charging 853 
stations using real world vehicle travel patterns.” Transportation Research Part D 41: 165–176. 854 
Sierzchula, W., Bakker, S., Maat, K., & Van Wee, B. 2014. The influence of financial incentives 855 
and other socio-economic factors on electric vehicle adoption. Energy Policy, 68, 183-194. 856 
Sperling, D. 1988. New Transportation Fuels: A Strategic Approach to Technological Change. 857 
Berkeley, CA: University of California Press. 858 
Transportation Secure Data Center (TSDC). 2018. National Renewable Energy Laboratory. 859 
Accessed March 16, 2018 at www.nrel.gov/tsdc 860 
United States Geological Survey. 2018. How much of your State is wet? 861 
https://water.usgs.gov/edu/wetstates.html 862 
United States Census Bureau. 2017. 2017 American Community Survey. Quick facts: California 863 
https://www.census.gov/quickfacts/ca 864 
Varian, H. (1992). Microeconomic Analysis. W.W. Norton & Co., Inc., New York. 865 
Wood, E., C. Rames, M. Muratori, S. Raghavan, and M. Melaina. 2017a. National Plug-in 866 
Electric Vehicle Infrastructure Analysis. DOE/GO-102017-5040. Washington, DC: U.S. 867 
Department of Energy Office of Energy Efficiency and Renewable Energy. 868 
https://www.nrel.gov/docs/fy17osti/69031.pdf. 869 
Wood, E., S. Raghavan, C. Rames, J. Eichman, and M. Melaina. 2017b. Regional Charging 870 
Infrastructure for Plug-In Electric Vehicles: A Case Study of Massachusetts. NREL/TP-5400-871 
67436. Golden, CO: National Renewable Energy Laboratory. 872 
https://www.nrel.gov/docs/fy17osti/67436.pdf 873 
Wood, E., J. Neubauer, and E. Burton. 2015. “Quantifying the Effect of Fast Charger 874 
Deployments on Electric Vehicle Utility and Travel Patterns via Advanced Simulation: 875 
Preprint.” NREL/CP-5400-63423. Golden, CO: National Renewable Energy Laboratory. 876 
https://www.nrel.gov/docs/fy15osti/63423.pdf . 877 

 878 
 879 
 880 


