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parametric sensitivity analysis as shown in Table ES-1. The central scenario and bounds on the accompanying 
sensitivities have been developed using a combination of existing PEV market/technology data and 
engineering judgement to represent a set of scenarios that are illustrative of the role that key variables play in 
dictating PEV infrastructure requirements. The goal of this scenario development is to estimate the magnitude 
of PEV infrastructure requirements (relative to a growing national fleet of PEVs) and to highlight 
dependencies with consumer preferences and technology development. 

Table ES-1. PEV Market Conditions for the Central Scenario and Sensitivities Explored 

Variable Central Scenario Sensitivity 

PEV Total 15M (linear growth to 20% of 
LDV sales in 2030) 

9M (growth to 10% of 2030 sales) 
21M (growth to 30% of 2030 sales) 

PEV Mix 
(range preference) 

 Mix 
PHEV20 10% 
PHEV50 35% 
BEV100 15% 
BEV250 30% 
PHEV20-SUV 5% 
BEV250-SUV 5% 

 Long / Short 
PHEV20 0% / 40% 
PHEV50 50% / 0% 
BEV100 0% / 50% 
BEV250 40% / 0% 
PHEV20-SUV 0% / 10% 
BEV250-SUV 10% / 0% 

Share of PEVs in Cities 
(w/ pop. > 50k) 

83% 
(based on existing HEVs) 

71% (based on existing LDVs) 
91% (based on existing PEVs) 

PHEV:BEV Ratio 1:1 4:1 to 1:4 

PHEV Support Half of full support No PHEV support to full support 
(maximize PHEV eVMT) 

SUV Share 10% 5% to 50% 

% Home Charging 88% 88%, 85%, and 82% 

Interstate Coverage Full Interstate Mega-regions, 80% of Long Distance 
Trips (Traveler Analysis Framework 
[TAF]), and Full Interstate 

Corridor DCFC Spacing 70 miles 40 to 100 miles 

DCFC Charge Time 20 minutes (150 kW) 10 to 30 minutes 
(400 to 100 kW) 

BEVxxx = battery electric vehicle with a range of xxx miles 
DCFC = direct current fast charging 
eVMT = electric vehicle miles traveled 
kW = kilowatt 
LDV = light-duty vehicle 
PHEV = plug-in hybrid electric vehicle 
PHEVxxx = plug-in hybrid electric vehicle with a range of xxx miles 
SUV = sport utility vehicle 
 

The analysis relies on advanced PEV simulations using millions of miles of real-world daily driving schedules 
sourced from large public and commercial travel data sets. Technical considerations are made for the spatial 
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density of PEVs concentrated in cities and towns, ambient temperature effects on electric driving range, and 
frequency of long distance driving days requiring non-residential EVSE. Simulations are rooted in a set of 
foundational assumptions which are applied across all scenarios. For example, consumers are simulated in all 
scenarios as preferring to perform the majority of charging at their home location. This assumption produces 
simulation results in the central scenario where 88% of PEV charging takes place at home locations (due to the 
large amount of time vehicles are parked at home and relatively short typical daily driving distances), 
consistent with early market findings in the EV Project. Charging at non-residential stations is simulated on an 
as-necessary basis such that consumers are able to maximize electric vehicle miles traveled (eVMT). 

Additionally, it is assumed that future PEVs will be driven in a manner consistent with present day gasoline 
vehicles (e.g., 70% of daily driving under 40 miles and 95% under 100 miles). While impacts of transportation 
network companies (e.g., Uber, Lyft) and advances in automated driving technology are not considered in this 
analysis, interactions between evolving mobility patterns and refueling infrastructure supporting advanced 
vehicles are currently being investigated by the consortium of national laboratories participating in the U.S. 
Department of Energy’s SMART Mobility Initiative. 

Analysis results for the central scenario are summarized in Table ES-2. Results are reported as numbers of 
direct current fast charging (DCFC) stations required to provide an acceptable level of coverage and the 
number of plugs required to satisfy PEV charging demand. Figure ES-2 and Figure ES-4 highlight the 
sensitivities of these values to the many variables explored in the analysis. 

Table ES-2. Summary of Station and Plug Count Estimates for the Central Scenario (15M PEVs in 2030) 

  Cities Towns Rural 
Areas 

Interstate 
Corridors 

PEVs  12,411,000 1,848,000 642,000 — 
DCFC Stations (to provide coverage) 4,900 3,200 — 400 
 Plugs (to meet demand) 19,000 4,000 2,000 2,500 
 Plugs per station 3.9 1.3 — 6.3 
 Plugs per 1,000 PEVs 1.5 2.2 3.1 — 
Non-Res L2 Plugs (to meet demand) 451,000 99,000 51,000 — 
 Plugs per 1,000 PEVs 36 54 79 — 

Note: Station count estimates for providing a minimum level of coverage have been omitted for community L2 stations 
under the assumption that non-residential L2 is primarily used for charging within walking distance of a destination (based 
on the low charge power and long charge time of L2 stations) and coverage for every destination was considered unrealistic 
for the early PEV market (however, demand estimates for L2 plug counts are included). Similarly, coverage estimates are 
omitted for DCFC stations in rural areas as coverage provided by stations in cities/towns and along interstate corridors was 
deemed sufficient. 
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Non-Residential Charging for Communities 
The analysis first estimates the minimum DCFC coverage requirements for dispelling range anxiety concerns 
by providing a safety net of DCFC stations in cities and towns for emergency situations (such as failing to 
overnight charge at home). To ensure that BEV drivers in cities are never more than 3 miles from a DCFC 
station, approximately 4,900 DCFC stations are required across the United States. Providing the same level of 
coverage for towns would require approximately an additional 3,200 DCFC stations. 

The analysis also estimates non-residential charging stations (work and public) required to satisfy 
intracommunity charging demands. Figure ES-2 shows the sensitivity of total national plug requirements to 
several input variables. In the central scenario, a total of approximately 600,000 non-residential Level 2 (L2) 
plugs and 25,000 DCFC plugs are necessary to satisfy consumer charging demand (assuming 15 million PEVs 
are on the road in 2030). 

 

Figure ES-2. Effects of input variables on estimated total national plug requirements in communities. 

Perhaps surprisingly, the national PEV total is not the most sensitive input parameter in this analysis; PEV 
electric range, commitment to maximizing PHEV eVMT, and percent of charging taking place at home have 
the largest effects. For instance, assuming a PEV market composed entirely of PHEV50s (PHEVs with a range 
of 50 miles) and BEV250s (BEVs with a range of 250 miles) (the long range preference scenario) drops non-
residential L2 requirements to approximately 338,000 plugs and public DCFC to 8,400 plugs. The sensitivity 
on PHEV support reveals that non-residential L2 charging is modeled almost exclusively as supporting 
PHEVs, where providing full support (maximizing eVMT for all PHEV owners) results in over 1,100,000 
plugs, and providing no PHEV support drops the non-residential L2 plug requirement to under 63,000. Finally, 
the sensitivity analysis on home charging demonstrates a strong relationship between home charging 
utilization and non-residential infrastructure requirements. Specifically, a decrease in the amount of charging 
happening at residential locations from 88% in the central scenario to 82% results in charging requirements 
increasing to 1,100,000 non-residential L2 EVSE plugs and over 65,000 public DCFC plugs. 
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Fast Charging for Long-Distance Travel Corridors 
Long-distance travel has been a barrier to BEV adoption due to real vehicle range limitations, which can be 
exacerbated by even more restrictive perceived range anxiety. Long-range BEVs have the potential to address 
this issue if coupled with an extensive and convenient network of DCFC stations that enable reliable intercity 
travel. The analysis finds that approximately 400 corridor DCFC stations (spaced 70 miles apart on average) 
are required to provide convenient access to BEV drivers across the U.S. Interstate System. Approximate 
coverage enabled by DCFC stations in this scenario is visualized in Figure ES-3 with red buffers placed 
around the Interstate network, each with a radius of 70 miles. 

 

Figure ES-3. Approximate BEV driving coverage enabled by providing DCFC stations along the U.S. Interstate System. 
(Satellite imagery credit: © 2017 Google, Map Data © 2017 Tele Atlas) 

Figure ES-4 shows estimated station and plug counts for corridor fast charging supporting BEV travel along 
the U.S. Interstate network. Results are presented using parametric sensitivity analysis highlighting the 
influence of four input variables: 1) network coverage, 2) average station spacing, 3) national BEV count, and 
4) average DCFC charge time. For example, 408 corridor DCFC stations are necessary in the central scenario, 
which assumes full Interstate coverage and 70-mile average station spacing. However, corridor DCFC station 
counts range from 137 to 713 depending on network and station spacing. Similarly, corridor DCFC plug 
counts are estimated at 2,472 in the central scenario but vary from 824 to 3,709 in the parametric sensitivity 
analysis depending on network coverage, size of the BEV fleet, and DCFC charge times. 
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Figure ES-4. Sensitivity of corridor DCFC station (left) and plug (right) counts to selected networks, station spacings, BEV 
counts, and DCFC charge times. 

As described above, the U.S. Interstate System provides a basis for DCFC infrastructure that can efficiently 
satisfy long-distance driving demands in the near term. The Interstate System is not, however, entirely isolated 
from community-based DCFC infrastructure. Although full community-based infrastructure may take longer to 
establish, it could provide travel corridors with charging backup options, route flexibility, and additional 
coverage along U.S. highways and state routes. Figure ES-5 shows the national DCFC station coverage 
enabled by providing the community-based charging station coverage previously discussed. Each covered city 
and town has a 70-mile radius buffer around it, approximating station coverage. 

 

Figure ES-5. Approximate BEV driving coverage enabled by providing DCFC stations in all cities and towns in the United 
States. 

(Satellite imagery credit: © 2017 Google, Map Data © 2017 Tele Atlas) 
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Major Conclusions 
This report categorizes PEV charging infrastructure requirements by area served (cities, towns, rural areas, and 
Interstate corridors) and role during early PEV market growth (providing coverage to early PEVs and 
satisfying demand due to increased PEV adoption). The analysis makes no assumptions about the likelihood of 
particular PEV market or technology scenarios. Rather, a range of plausible scenarios explores the relationship 
between the evolution of the PEV fleet and charging infrastructure.  

Communities are expected to have significantly larger charging infrastructure requirements than Interstate 
corridors under both the coverage and demand assessments. About 4,900 DCFC stations are required across 
cities with an additional 3,200 DCFC stations required in towns to provide a minimum level of nationwide 
coverage in the communities where 81% of people live. Such a network would dampen range anxiety concerns 
by providing drivers with a safety net for emergency charging situations. 

Intracommunity charging demand analysis demonstrates how utilization of the DCFC coverage network would 
be expected to grow in increased PEV adoption scenarios based on a home-dominant charging assumption. 
Results for a 15-million PEV market estimate a DCFC plug requirement of 25,000 in communities 
(approximately 3.1 plugs per average DCFC station and 3.4 plugs required to support 1,000 BEVs). Demand 
for non-residential L2 EVSE (including work and public charging) is estimated as 600,000 plugs necessary to 
support 15 million PEVs (approximately 40 plugs per 1,000 PEVs). 

Sensitivity analysis of the community results for consumer charging demand indicates a strong relationship 
between the evolution of the PEV and EVSE markets. As this analysis attempts to arrive at charging 
infrastructure solutions that fill the eVMT gaps between consumer travel patterns and PEV electric ranges, 
infrastructure requirements are not only proportional to the total number of PEVs in the system, but also 
inversely proportional to PEV electric range. Manufacturer and consumer preferences with respect to electric 
range, charging power, and utilization of residential EVSE have direct and dramatic consequences on the level 
of charging demand calculated in this analysis.  

Results suggest that approximately 400 corridor DCFC stations are needed to enable long-distance BEV travel 
along Interstate highways between cities (where the majority of BEVs are likely to be concentrated). 
Understanding driving patterns, vehicle characteristics, and charging behavior and then prioritizing corridors 
and setting station spacing accordingly—as illustrated in the network scenarios—could help optimize the 
utility and economics of early-market corridor charging stations. 

Regardless of geographic scope, the analysis suggests that organizations planning for charging infrastructure to 
support consumer adoption of PEVs need to be aware of the importance of consumer preferences with respect 
to electric range and charging behavior. Furthermore, planners should focus on providing consumers with 
adequate charging coverage (particularly DCFC supporting adoption of BEVs) while monitoring station 
utilization over time and increasing charging capacity (both in terms of rated power and number of plugs) as 
the PEV market continues to grow. 
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1 Introduction 
Plug-in hybrid electric vehicles (PHEVs) and battery electric vehicles (BEVs)—collectively known as plug-in 
electric vehicles (PEVs)—provide various benefits to the United States. They reduce reliance on petroleum, 
which accounts for over 90% of total U.S. transportation energy consumption (U.S. Energy Information 
Administration [EIA] 2017) and is characterized by an extremely volatile market. Substituting electricity for 
gasoline and diesel could significantly improve U.S. energy security, providing greater fuel diversity in a 
market currently dominated by a single energy source. PEVs also produce zero tailpipe emissions and 
potentially low or zero greenhouse gas emissions, depending on the electricity generation mix (Orsi et al. 
2016). 

PEV sales in the United States increased by 40% in 2016, reaching a total stock of over 500,000 vehicles (IHS 
Markit 2017). This rapid market growth is the result of significant advances in PEV technologies, most notably 
the rapidly falling cost of lithium-ion batteries used in automotive applications (U. S. Department of Energy 
[DOE] 2017a, Nykvist and Nilsson 2015), as well as policy support. Policy support includes government 
research and development support (which also enabled battery technology advancements); technical and cost 
targets, mandates, and regulations (e.g., corporate average fuel economy [CAFE] standards and zero emission 
vehicle [ZEV] mandates); financial incentives for PEV purchase and charging station installations; and other 
measures increasing the value proposition of alternative fuel vehicles (e.g., preferential parking or access to 
high-occupancy vehicle lanes) (International Energy Agency [IEA] 2017). Still, widespread market adoption 
of PEVs remains hindered by many factors, including limited availability of models and styles, higher cost 
compared with conventional vehicles, and the lack of a convenient and ubiquitous network of charging 
stations. 

Understanding the barriers to and benefits of deploying a widespread and effective network of PEV charging 
stations, also known as electric vehicle supply equipment (EVSE), is particularly important. Such a network 
would promote PEV consumer acceptance and market growth, enable long-distance travel for BEVs 
(alleviating the range anxiety concerns of many consumers), and potentially increase the share of electric miles 
driven by PHEVs. Infrastructure planning must anticipate PEV adoption while remaining cost-effective so low 
station utilization does not severely undermine the business case for building and operating stations (Melaina 
et al. 2017). Sufficient revenue is required to build and continue operating the EVSE network as the PEV 
market grows over time. 

This report presents an approach for developing a U.S. network of non-residential EVSE that enables broader 
PEV adoption and maximizes PEV use. This analysis can help inform various public and private stakeholders 
who are seeking to provide nationwide charging coverage and improve the business case for building stations 
by maximizing station utilization. 

1.1 Recent EVSE Initiatives and Analysis Studies 
Several recent public and private initiatives and pilot projects are promoting EVSE growth across the United 
States as a way to increase PEV adoption by enhancing consumer familiarity and acceptance of this technology 
as well as providing a more convenient network of charging stations. In particular, direct current fast charging 
(DCFC) is receiving significant attention as the fastest PEV charging system currently available. Tesla’s 
Supercharger, CHAdeMO, and SAE’s combined charging system (CCS) are the currently available standards 
for DCFC. The landscape of DCFC in the United States is expected to change significantly with the 
penetration of longer-range BEVs (with over 200 miles of driving range), which likely will rely on DCFC to 
make long-distance trips (LDTs). While fast charging currently ranges between 50 and 120 kilowatts (kW), 
power levels up to 400 kW are currently being explored to reduce charging time and provide a more 
convenient consumer experience. 
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Over the past five years, Tesla has established a network of 357 fast-charging stations, supporting 2,478 
individual fast chargers rated at up to 120 kW (DOE 2017b). Each supercharger station has between one and 
12 120-kW plugs, with an average of seven plugs per station. As the only automaker selling long-range BEVs 
in the United States during this period, Tesla started addressing the circular dilemma between alternative fuel 
vehicle adoption and refueling infrastructure availability by deploying a national network of proprietary 
charging stations to enable long-distance travel for Tesla vehicles. Tesla recently announced the goal of 
doubling the number of superchargers both nationally and globally. As of June 2017, the average distance 
between Tesla supercharger stations is approximately 67 miles (based on data from DOE [2017b]). 

Electrify America—a project funded in December 2016 by Volkswagen Group of America as required by 
Appendix C to the 2.0-Liter Partial Consent Decree—has committed to investing $2 billion over the next 10 
years in ZEV infrastructure and education programs, including $800 million in California alone (Electrify 
America 2017, Green Car Reports 2017). In its first national ZEV investment cycle (30 months, through mid-
2019), Electrify America plans to develop a large network of community-based PEV charging stations as well 
as approximately 300 fast-charging stations along high-traffic corridors between metropolitan areas in 39 
states. Each corridor DCFC station will include four to ten plugs with an average of five plugs per station. 
Individual plugs will be rated at 150 kW with the ability to be upgraded to up to 350 kW for future vehicles 
that can accept higher power charging. Corridor DCFC stations will be spaced on average 70 miles apart with a 
maximum distance of 120 miles between consecutive stations. The Electrify America network will be non-
proprietary by providing both CHAdeMO and SAE CCS plug types, allowing any BEV to charge. 

Nissan and BMW are partnering to double the EVgo network of fast charging stations across the United States. 
As of January 2017, an additional 174 EVgo 50-kW fast charging stations across 33 states have been installed, 
with an additional 50 stations planned for 2017 (Nissan 2017). 

The U.S. Department of Transportation (DOT) recently designated several highways as alternative fuel 
corridors (including 48 PEV charging corridors) with the intent of establishing a comprehensive national 
network of refueling stations to promote the continued adoption of alternative fuel vehicles (DOT 2017a). This 
network will include nationally consistent signage and is intended to encourage multi-state collaborations of 
public/private stakeholders. 

Launched in 2009, the EV Project partnered with city, regional, and state governments; utilities; and other 
organizations in 18 cities to deploy about 14,000 Level 2 PEV chargers and 300 direct current (DC) fast 
chargers (DOE 2014). The EV Project was the first large-scale data-collection effort for PEVs and related 
infrastructure in the United States (Idaho National Laboratory [INL] 2013). 

In parallel to these initiatives, several analytical studies have explored the opportunities and implications 
related to EVSE development. In this early market phase for PEV adoption, vehicle configurations, styles, and 
all-electric ranges are changing rapidly in response to evolving consumer preferences and technology 
improvements (particularly battery cost). Future vehicle attributes and requirements remain uncertain, and the 
most effective EVSE strategy to support PEV adoption will depend on how these trends evolve over time. 
Still, various stakeholders must anticipate a range of possible future trends to develop cost- and market-
effective EVSE plans. In this context, scenario analysis and market simulation studies can inform different 
stakeholders during the EVSE planning process, including federal and local governments, private investors, 
vehicle manufacturers, and infrastructure developers. 

In the 18th edition of the Automotive Executive Survey, an annual international assessment of the current state 
and future prospects of the worldwide automotive industry, KPMG focused on the role of vehicle 
electrification and its connection with infrastructure (KPMG 2017). Although 50% of the 953 executives who 
participated in the KPMG survey identified BEVs as the industry’s key near-term (2017 to 2025) trend, most 
respondents (62% of executives) also absolutely or partly agreed that BEVs “will fail” owing to infrastructure 
challenges. This pessimistic long-term view of the industry’s ability to overcome infrastructure challenges was 
more pronounced from respondents in Organisation for Economic Co-operation and Development countries, 
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whereas respondents in China were more optimistic. KPMG concluded that significant investments in a 
ubiquitous and user-friendly PEV charging infrastructure are crucial for supporting long-term PEV adoption 
and that overcoming the range anxiety issue for BEV users is critical for the long-term survival of BEVs. 

INL recently leveraged information from previous data collection activities to assess criteria for designing and 
upgrading DCFC complexes that provide fast-charging opportunities for BEV drivers in urban communities 
and on corridors (Francfort et al. 2017). Findings and lessons learned suggest that “DCFCs are most useful 
when they are sited within a half-mile of major transportation corridors, where they can support both intra and 
inter-urban travel” and that “there is a greater likelihood that a DCFC will be highly utilized if it is located at 
or near a workplace where employees are likely to own PEVs” (Francfort et al. 2017). 

Navigant Research has published several studies about opportunities for global PEV and related infrastructure 
markets. Its DC Charging Map for the United States explores fast-charging opportunities that enable intercity, 
interstate, and cross-country travel in response to market trends that are promoting long-range BEV adoption 
(such as battery capacities of ~60 kilowatt-hours) (Navigant Research 2016). The report maps the progression 
of fast-charging stations needed to meet the demands of light-duty BEVs through a phased rollout, focusing on 
the needs of long-range BEVs. The analysis shows that 95 fast charging stations would provide basic long-
distance coverage for BEV travel. It also shows that sufficient coverage for BEVs in the top 100 metropolitan 
areas could be achieved with 408 stations. 

The California Energy Commission’s Statewide PEV Infrastructure Assessment is an example of scenario 
analysis developed at the state level (Melaina and Eichman 2015, Melaina and Helwig 2014). In this study, 
PEV sales are estimated based on compliance with the ZEV mandate, and PEV travel simulations are 
performed to assess the role of public infrastructure in future PEV market growth, focusing on the degree to 
which increased public charging may increase e-miles. Results show that 225 to 775 fast-charging stations will 
be required to support 1 million PEVs in California, depending on charging preference. One conclusion of the 
report is that insights from analytical studies are required to guide the development of effective near-term fast-
charger installation strategies. 

A 2013 National Academy of Sciences report explored alternative scenarios that would radically transform the 
U.S. passenger vehicle sector, including enabling technologies and adoption barriers (National Research 
Council 2013). The report identifies charging infrastructure availability as a major barrier to consumer 
adoption of PEVs. 

1.2 Analytic Approach 
This PEV charging study complements the existing literature by providing updated and comprehensive 
analysis of the national PEV charging infrastructure requirements within cities, towns, and rural areas and 
along corridors connecting them. It provides guidance to regional and national stakeholders on non-residential 
EVSE strategies and plans, both to reduce range anxiety as a barrier to increased PEV sales and to promote 
effective use of private/public infrastructure investments. 

1.2.1 Conceptual Representation of PEV Charging Infrastructure Requirements 
PEV charging infrastructure requirements—the number of stations and plugs required to provide a convenient 
and ubiquitous network of PEV charging opportunities—will evolve as PEV adoption increases. In particular, 
two driving forces characterize the charging infrastructure required to support a growing fleet of PEVs:  

1. A basic level of geographic coverage is required to guarantee nationwide charging opportunities and 
enable long-distance travel for BEVs. 

2. Over time, a larger network of stations will be required to satisfy growing charging demand. The 
requirement increases non-linearly with PEV market share. At low market shares, the requirement 
increases quickly because PEVs are clustered in particular areas and charging is concentrated during 
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Table 1. PEV Market Conditions for the Central Scenario and Sensitivities Explored 

Variable Central Scenario Sensitivity 

PEV Total 15M (linear growth to 20% of 
LDV sales in 2030) 

9M (growth to 10% of 2030 sales) 
21M (growth to 30% of 2030 sales) 

PEV Mix 
(range preference) 

 Mix 
PHEV20 10% 
PHEV50 35% 
BEV100 15% 
BEV250 30% 
PHEV20-SUV 5% 
BEV250-SUV 5% 

 Long / Short 
PHEV20 0% / 40% 
PHEV50 50% / 0% 
BEV100 0% / 50% 
BEV250 40% / 0% 
PHEV20-SUV 0% / 10% 
BEV250-SUV 10% / 0% 

Share of PEVs in Cities 
(w/ pop. > 50k) 

83% 
(based on existing HEVs) 

71% (based on existing LDVs) 
91% (based on existing PEVs) 

PHEV:BEV Ratio 1:1 4:1 to 1:4 

PHEV Support Half of full support No PHEV support to full support 
(maximize PHEV eVMT) 

SUV Share 10% 5% to 50% 

% Home Charging 88% 88%, 85%, and 82% 

Interstate Coverage Full Interstate Mega-regions, 80% of Long Distance 
Trips (Traveler Analysis Framework 
[TAF]), and Full Interstate 

Corridor DCFC Spacing 70 miles 40 to 100 miles 

DCFC Charge Time 20 minutes (150 kW) 10 to 30 minutes 
(400 to 100 kW) 

eVMT = miles achieved on electric power 
SUV = sport utility vehicle 

The central scenario arbitrarily assumes a linear growth in the sale of new PEVs, climbing to 20% of all light-
duty vehicle (LDV) sales in 2030. This sales rate would result in a total of 15 million PEVs on U.S. roads in 
2030 (approximately 5% of the total U.S. LDV stock in 2030). Sensitivities around PEV sales are explored 
between 9 and 21 million PEVs (10% to 30% of U.S. LDV sales in 2030). 

The range preference variable is meant to reflect relative adoption of the short- and long-range PHEVs and 
BEVs. For example, the central scenario features a preference for PHEVs with longer electric driving ranges, 
resulting in greater shares for PHEV50s and BEV250s (relative to PHEV20s and BEV100s, respectively). 
During the sensitivity analysis, a short-range preference is explored in which PEVs are exclusively comprised 
of PHEV20 and BEV100 vehicles (the long-range sensitivity shifts all PEVs to PHEV50 and BEV250 
vehicles). 

PEVs clustered in cities versus widespread adoption across the United States directly affects the degree to 
which infrastructure can be regionally concentrated. Three PEV dispersion scenarios are evaluated, each 
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remains modest, with only four major urban areas exceeding 1% LDV market share. Two of the top 10 urban 
areas, Concord, California, and Mission Viejo – Lake Forest – San Clemente, California, have populations 
under 1 million, but have a higher number of PEVs registered than Chicago, which is 10 times larger in terms 
of population. This may be explained by the demographics of these areas (including high average income) and 
significant policy support in California, including the ZEV mandate and financial incentives offered by the 
state—$2,500 for BEVs and $1,500 for PHEVs—on top of the $7,500 federal tax rebate (Clean Vehicle Rebate 
Project 2017). These numbers also highlight the clustering effect, or neighbor effect, in PEV adoption, where a 
high existing concentration of PEVs and EVSE increases the awareness and attractiveness of PEVs in the 
surrounding area (Kahn and Vaughn 2009). Atlanta stands out as the most BEV-leaning market in the country, 
which can be traced back to a generous state incentive of $5,000, which ended in the summer of 2015. 
Elimination of this incentive (and introduction of a $200 road tax) may help explain the 8% year-on-year drop 
in PEV stock in Atlanta. 

Table 2. Top 10 U.S. Urban Areas by PEV Stock, 2016 (IHS Markit 2017) 

Urban Area 
All LDV 
Registrations 

PHEV BEV 
PEV 
Share 

BEV/PEV 
Ratio 

2015 to 2016 
PEV Stock 
Change 

Los Angeles-
Long Beach-
Anaheim, CA 

9,851,000 48,800 36,700 0.9% 43% 32% 

San Francisco-
Oakland, CA 

2,500,000 15,800 23,600 1.6% 60% 27% 

San Jose, CA 1,504,000 14,700 22,100 2.4% 60% 22% 
New York-
Newark, 
NY-NJ-CT 

10,652,000 11,800 7,300 0.2% 38% 30% 

Atlanta, GA 4,459,000 3,100 15,700 0.4% 83% -8% 
San Diego, CA 2,548,000 7,900 9,000 0.7% 53% 28% 
Seattle, WA 2,874,000 4,800 10,100 0.5% 68% 25% 
Concord, CA 636,000 5,400 5,800 1.8% 52% 25% 
Mission Viejo-
Lake Forest-San 
Clemente, CA 

572,000 5,400 3,900 1.6% 42% 28% 

Chicago, IL-IN 6,769,000 4,700 4,400 0.1% 48% 30% 
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This analysis also enables comparison of the input variables’ impacts on the L2 and DCFC total plug counts. 
Supporting PHEVs boosts L2 plug counts significantly since PHEVs are modeled as using non-residential L2 
EVSE at significantly higher rates than BEVs, whereas it has no effect on DCFC plug counts as PHEVs cannot 
use DCFC. Similarly, a high ratio of PHEVs to BEVs favors L2 EVSE, and a high ratio of BEVs to PHEVs 
favors DCFC. The need for both power levels rises as the range of PEVs declines, since shorter-range PEVs 
require more non-residential charging. The need for both types of charging infrastructure decreases as the 
share of PEVs in cities increases, because daily average vehicle miles traveled (VMT) is lower in denser urban 
areas (see Appendix B). More home charging also reduces the need for both types of charging infrastructure. 

 

Figure 8. Effects of input variables on estimated total national plug requirements. 

 

Figure 9. Effects of input variables on normalized national plug requirements (EVSE/PEV ratios). 
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Figure 12. Interstate corridor network (thick red lines) considered in this analysis (70-mile radius red buffer approximates 
areas that would be served by the proposed DCFC network). Included for reference: yellow polygons represent cities, purple 

points represent towns, and thin black lines represent the national highway system. 

(Satellite imagery credit: © 2017 Google, Map Data © 2017 Tele Atlas) 

Providing full coverage to this Interstate Highway network would require many stations, some of which would 
be poorly utilized owing to the uneven distribution of traffic volume on the network. Hence, it is desirable to 
prioritize corridors that will provide the highest utility to BEV drivers traveling beyond their vehicle’s range. 
In the next section, this prioritization is discussed for four alternative scenarios. 

4.1.2 Corridor Prioritization 
Here the Mega-region, DOT Alternative Fuel Corridors, Highway Performance Monitoring System (HPMS), 
and Traveler Analysis Framework (TAF) scenarios are described. 
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Figure 20. Map of U.S. Census divisions 

(National Oceanic and Atmospheric Administration 2017) 

 

Figure 21. TAF long-distance auto passenger trip origin-destination pairs; only top 10% visualized here for clarity. 

 (Satellite imagery credit: © 2017 Google, Map Data © 2017 Tele Atlas) Data from FHWA (2013) 
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are a fraction of HPMS-estimated volumes helps to establish confidence that the corridor volumes derived 
from TAF are within a reasonable range. 

 

Figure 25. Comparison of TAF and HPMS volumes (color scale proportional to TAF:HPMS ratio). 

(Satellite imagery credit: © 2017 Google, Map Data © 2017 Tele Atlas) 
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Figure 26. Station spacing methodology proposed in this study. 
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5 Conclusions 
An analytic process for estimating national PEV non-residential charging requirements within communities 
and along Interstate corridors has been presented. Scenario analysis was conducted to illustrate EVSE 
requirements for a range of potential PEV markets. The analysis makes no assumptions regarding which PEV 
market scenarios are more or less likely. Rather, a range of plausible PEV markets with unique features is 
developed to explore the relationship between the evolution of the PEV fleet and charging infrastructure 
requirements. 

5.1 Major Conclusions 
To facilitate understanding, this report separates PEV charging infrastructure requirements by area served 
(cities, towns, rural areas, and Interstate corridors) and role during the PEV market growth trajectory 
(providing coverage to early PEVs versus satisfying demand due to high PEV penetration). 

Cities are expected to have the greatest charging infrastructure requirements under both the coverage and 
demand assessments. About 8,000 DCFC stations would be required to provide a minimum level of coverage 
nationwide in cities and towns (based on uniform station spacing assuming BEVs are never more than 3 miles 
from a charging station). Such a network would provide consumer support for long-distance intra-city travel, 
serve as a safety net for emergency charging situations, and dampen range anxiety concerns. 

Demand analysis of community charging demonstrates how utilization of the DCFC coverage network would 
be expected to grow in a high PEV penetration market. Modeled results for a 15-million PEV market estimate 
a DCFC plug requirement of 25,000 in U.S. communities (approximately 3.1 plugs per average DCFC station 
and 3.4 plugs required to support 1,000 BEVs under a home-dominant charging assumption). Demand for non-
residential L2 EVSE (including work and public charging) is estimated at 600,000 plugs necessary to support 
15 million PEVs (approximately 40 plugs per 1,000 PEVs). 

Sensitivity analysis of the community results for consumer charging demand indicates a strong relationship 
between the evolution of the PEV and EVSE markets. As this analysis attempts to arrive at charging 
infrastructure solutions that fill the eVMT gaps between consumer travel patterns and PEV electric ranges, 
infrastructure requirements are not only proportional to the total number of PEVs in the system, but also 
inversely proportional to the electric range characteristics of these PEVs. Manufacturer and consumer 
preferences with respect to electric range, charging power, and utilization of residential EVSE have direct and 
dramatic consequences on the level of charging demand calculated in this study. 

Results suggest that relatively few corridor DCFC stations could enable long-distance BEV travel between 
U.S. cities, where vehicles are concentrated. Under most scenarios, the number of required stations is similar to 
the number of corridor DCFC stations already established by Tesla or the number planned by Electrify 
America within the next two years. 

Understanding driving patterns and vehicle characteristics and then prioritizing corridors and setting station 
spacing accordingly—as illustrated in the network scenarios—could help optimize the utility and economics of 
early-market corridor-coverage stations. The analysis identifies the majority of consumer long-distance 
automobile travel as being regional rather than truly cross-country, which emphasizes the importance of multi-
state DCFC corridor planning (such as the West Coast Electric Highway, corridor planning across 
Colorado/Utah/Nevada, and the I-95 Fast-Charge ARC led by Nissan and EVgo). 

Despite the relatively low number of corridor DCFC stations estimated by this analysis, establishing the 
financial viability of these stations will be difficult, particularly in the face of low initial utilization and high 
capital/operating costs. Requirements for the average DCFC complex necessary to support peak traffic volume 
for 7 million BEVs is estimated at six plugs per station (assuming 70-mile station spacing). Given a national 
BEV stock of approximately 250,000 through the end of 2016, this implies that the average corridor DCFC 
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station should expect relatively low levels of utilization as the PEV market continues to mature. Utilization 
expectations for corridor DCFC stations are further tempered when considering the current segmentation of 
DCFC protocols (Tesla, CHAdeMO, and SAE CCS). 

Regardless of geographic scope, organizations planning for charging infrastructure to support consumer 
adoption of PEVs should be aware of the importance of consumer preferences with respect to electric range 
and charging behavior. Furthermore, planners are encouraged to focus efforts on providing consumers with 
adequate charging coverage (particularly DCFC supporting adoption of BEVs) with the expectation to monitor 
station utilization and grow charging capacity (both in terms of rated power and number of plugs) as the PEV 
market continues to grow over time. 

5.2 Summary of Modeling Limitations 
One of the fundamental assumptions of this study is that consumers will attempt to operate their PEVs in the 
future as they have operated their conventional gasoline vehicles in the past. This assumption places the burden 
on PEVs that they are able to serve as 1-to-1 replacements for gasoline vehicles in a given consumer’s 
household fleet of vehicles. In the real world, it is uncertain if consumers will hold PEVs up to this 
requirement. For instance, National Household Travel Survey (NHTS) data suggest that over 80% of consumer 
vehicles are owned by multi-vehicle households. Such ownership circumstances may result in corridor 
charging demand below what is estimated in this analysis as the household gasoline vehicle could be perceived 
as the more convenient option for long distance travel (based on refueling time, infrastructure availability, or 
attributes unrelated to driving range). 

Similarly, the baseline travel data used to calibrate EVSE estimates in this analysis assume consistent personal 
mobility patterns out to 2030. In reality, the world of personal mobility is poised to undergo a paradigm shift 
as the sophistication and adoption of automated driving technology continues to grow. Interactions between 
evolving mobility patterns and refueling infrastructure supporting advanced technology vehicles are currently 
being investigated by the consortium of national laboratories participating in the DOE’s SMART Mobility 
Initiative (DOE 2017c). 

The EVI-Pro model used in this analysis assumes charging infrastructure must be sufficient to enable any 
consumer to maximize eVMT in any PEV. In reality, some degree of consumer self-selection in the new and 
used PEV markets is likely to reduce the need for non-residential charging as households right-size PEV 
purchases to meet the daily driving needs of their individual household. While the extent to which consumers 
are able to successfully right-size PEV purchases is largely unknown, its effect would reduce infrastructure 
requirements relative to estimates made in this analysis. 

EVI-Pro’s fundamental objective of maximizing consumer eVMT enforces no minimum utilization criteria on 
individual charging stations, likely resulting in a percentage of stations with insufficient revenue potential. 
Incremental eVMT benefits and utilization of individual stations have been explored in regional simulation 
studies (Wood et al. 2015a, 2015b, 2017). Detailed financial analysis of the national EVSE networks explored 
in this study remains an ongoing area of research. 

This study is intentionally vague with respect to the percentage of PEVs adopted by residents of MUDs. 
Inconsistent access to home charging for residents of MUDs is often cited as an infrastructure barrier to 
increased PEV adoption. Yet even at 15 million PEVs nationally (5% of LDV stock), this analysis is well 
below the threshold where MUD residents would be required to participate in the PEV market. As such, no 
distinction is made for MUD residents in this analysis, but sensitivities are explored for portions of PEV 
owners who adopt non-home-dominant charging behaviors. 

  





















NATIONAL PLUG-IN ELECTRIC VEHICLE INFRASTRUCTURE ANALYSIS 

50 

 

Figure B-5. EVI-Pro DCFC effective charge rate model: percentage of EVSE rated power delivered as a function of charge 
duration and battery temperature. 

 

Figure B-6. Adjustment factor: non-residential EVSE/PEV ratio as a function of ambient temperature. 
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Appendix C: Central Scenario PEV/EVSE Estimates by 
State 

State Total PEVs % BEV Work L2 Plugs Public L2 Plugs Public DCFC Plugs 
AK 18,000 35% 700 500 40 
AL 111,000 41% 3,400 2,600 270 
AR 68,000 33% 2,300 1,800 140 
AZ 345,000 54% 8,200 5,500 720 
CA 3,864,000 54% 73,800 44,600 4,380 
CO 316,000 60% 6,700 4,500 670 
CT 197,000 40% 5,700 3,600 330 
DC 40,000 55% 800 500 40 
DE 50,000 31% 1,500 1,100 60 
FL 837,000 51% 19,800 12,900 1,550 
GA 336,000 77% 5,800 4,000 1,020 
HI 102,000 78% 1,400 800 240 
IA 99,000 30% 3,500 2,500 170 
ID 71,000 43% 2,100 1,600 170 
IL 555,000 51% 13,600 8,700 880 
IN 210,000 37% 6,700 4,700 410 
KS 98,000 39% 2,900 2,000 160 
KY 122,000 36% 3,900 2,800 230 
LA 70,000 44% 2,000 1,600 170 
MA 388,000 44% 10,200 6,400 610 
MD 337,000 42% 8,700 5,400 430 
ME 65,000 26% 2,700 2,000 110 
MI 258,000 20% 9,700 6,700 290 
MN 228,000 43% 6,600 4,500 370 
MO 201,000 43% 5,900 4,100 370 
MS 46,000 44% 1,400 1,100 130 
MT 39,000 47% 1,200 1,000 130 
NC 475,000 47% 12,900 8,900 1,020 
ND 13,000 26% 500 400 20 
NE 53,000 37% 1,700 1,100 100 
NH 92,000 34% 3,200 2,200 170 
NJ 335,000 48% 7,700 5,000 480 
NM 89,000 42% 2,600 1,900 200 
NV 114,000 60% 2,500 1,700 330 
NY 607,000 35% 17,800 11,300 740 
OH 393,000 38% 11,900 8,000 690 
OK 97,000 45% 2,800 2,000 230 
OR 305,000 65% 5,800 3,900 710 
PA 470,000 39% 13,600 9,200 810 
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State Total PEVs % BEV Work L2 Plugs Public L2 Plugs Public DCFC Plugs 
RI 43,000 33% 1,300 800 70 
SC 174,000 43% 5,000 3,500 400 
SD 21,000 28% 800 600 40 
TN 202,000 58% 5,000 3,600 590 
TX 835,000 57% 18,300 12,400 1,720 
UT 130,000 61% 2,800 1,900 340 
VA 475,000 43% 12,700 8,100 690 
VT 42,000 28% 1,700 1,300 70 
WA 571,000 70% 10,200 6,600 1,370 
WI 243,000 36% 7,800 5,500 450 
WV 35,000 28% 1,300 1,000 60 
WY 13,000 45% 400 300 40 

  









 

 

 

DOE/GO-102017-5040 �w��September 2017 

For more information, visit: 

energy.gov/eere 


