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steps needed to deliver on the potential of grid-enabled vehicles. The 
report explores the opportunities and challenges facing electrifi cation 
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grid-enabled vehicles between 2010 and 2015.
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LETTER FROM THE ELECTRIFICATION COALITION

In November 2009, the Electrification Coalition released 
the Electrification Roadmap, a comprehensive policy 
framework analyzing the state of the electric drive vehicle 
industry and the barriers to achieving higher rates of 
penetration in America’s light-duty vehicle fleet. The goal 
of the Roadmap was ambitious: to transform the U.S. light-

duty ground transportation system from one that is oil-dependent to one 
powered almost entirely by electricity, enhancing U.S. economic prosperity 
and safeguarding national security. The report proposed an ambitious 
federal initiative to establish ‘electrification ecosystems’ in a number of 
American cities. Electrification ecosystems—also known as deployment 
communities—were designed to move grid-enabled electric vehicles (GEVs) 
past early adopters and into mainstream consumer markets.

The Electrification Roadmap envisioned a competitive selection process 
managed by the Department of Energy (DOE). To compete, applicant 
cities and communities would need to demonstrate that they had made 
significant progress toward establishing the regulatory environment 
in which GEVs would thrive. The most competitive applications would 
demonstrate the support of a broad range of public and private stakeholders, 
including utilities, utility regulators, large local employers, vehicle and 
charger OEMs, and state and local governments. The winning communities 
would be eligible for targeted, amplified, temporary subsidies for consumers, 
infrastructure providers, and utilities. The program was proposed to advance 
in two phases and expire in 2018.

OUR MISSION

The Electrification Coalition is dedicated to reducing America’s 
dependence on oil through the electrification of transportation. Our 
primary mission is to promote government action to facilitate deployment 
of electric vehicles on a mass scale. The Coalition serves as a dedicated 
rallying point for an array of electrification allies and works to disseminate 
informed, detailed policy research and analysis.
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more than 16.3 million vehicles in operation in 2009, the 
nation’s fleets likely possess enough capacity to drive 
initial ramp-up scale in the battery industry and OEM 
supply chains. More important, the operational norms 
of certain fleet segments may allow them to rapidly sur-
mount the most difficult challenges facing electrification 
in the passenger market. Perhaps most significantly, fleet 
owners may be more willing than individual consumers 
to focus on total cost of vehicle ownership as opposed to 
upfront costs. This approach advantages the economic 
dynamics of electric drive vehicles in cases where the 
higher upfront costs vis-à-vis an internal combustion 
engine vehicle can be demonstrably offset through lower 
operating and maintenance costs over time. 

Fleet owners may also benefit from operational 
norms such as centralized refueling, high vehicle utili-
zation rates, and predictable routing. In fact, coupled 
together, centralized refueling and highly predictable 
routing could allow fleet operators to right-size battery 
requirements, avoiding the expenditure that many pri-
vate consumers in the passenger vehicle market will be 
making on extra battery capacity that will rarely be fully 
utilized. Fleet operators also tend to take advantage of 
commercial and industrial electricity rates, which are 
significantly lower than those paid by residential con-
sumers. The prominence of vehicle leasing and manage-
ment entities in the fleet industry may also facilitate the 

development of innovative business models that bundle 
capital expenses with fuel and operating savings in order 
to make the decisions to electrify more transparent and 
accessible for fleet operators.

Of course, there are significant challenges that could 
make fleet operators hesitant to adopt electric drive 
vehicles. Fears about the reliability of the technology and 
the ability of electric drive vehicles to meet fleet mission 
requirements are perhaps the most important issues. 
Fleet operators are extremely unlikely to sacrifice over-
all mission for reduced transportation costs. Electric 
drive technologies must, therefore, meet two discrete 
criteria in order to be attractive to fleet operators: they 
must save money and allow fleet vehicle drivers to do 
their job effectively.

Fleet electrification should not be an end in itself. 
By driving volume in battery and OEM supply chains, 
providing practical business experience with both 
private and public charging infrastructure, and dem-
onstrating the reliability of electric drive vehicles to 
consumers throughout the United States, electrified 
fleet vehicles would provide substantial spillover ben-
efits to the broader consumer market. In that sense, 
fleet electrification represents an additional, practical, 
near-term strategy for facilitating the transforma-
tion of the U.S. transportation system and improving 
American energy security.

Deployment communities were designed to build criti-
cal momentum in the cost and learning curves that oth-
erwise are likely to slow the early advancement of the 
GEV market. Without such an approach, electric vehicles 
and plug-in hybrid electric vehicles are likely to be rel-
egated to niche status for many years, purchased only 
by environmentalists and technological enthusiasts, in 
numbers far too small to meaningfully enhance national 
or economic security. In 
April 2010, DOE updated its 
energy-related scenarios to 
reflect the expected impact 
of the American Recovery 
and Reinvestment Act on 
the entire energy economy. 
Despite specific GEV-related 
subsidies included in the leg-
islation, DOE estimated that 
by 2035, there will be only 5.1 
million EVs and PHEVs on the 
road out of nearly 300 million light-duty vehicles in the 
United States, representing less than 1.7 percent of the 
total vehicle parc.

These numbers are far lower than what is possible 
within the appropriate policy framework. They are also 
far less than what is urgently necessary to radically 
transform the transportation sector of the economy to 
enhance national and economic security. Therefore, the 
Electrification Roadmap established as a goal the deploy-
ment of 14 million grid-enabled light-duty vehicles in 
the United States by 2020 and more than 120 million 
by 2030, a far more ambitious and transformative tar-
get. Ultimately, the Electrification Roadmap targeted a 
substantial shift in transportation energy use, such that 
75 percent of light-duty vehicle miles traveled would be 
electric miles by 2040 (today, 94 percent of the delivered 
energy that powers the U.S. transportation system is 
petroleum-based).

The strong, targeted consumer incentives envi-
sioned by the Electrification Roadmap were designed 
to drive economies of scale in the electric drive battery 
industry, thereby reducing costs. But subsidies could 
not represent a credible stand-alone policy. Strong 
support for infrastructure providers was also included 
to reduce the marginal cost of installing early charging 
units at home and in public, allowing entrepreneurs to 
experiment with business models and providing poten-
tial GEV customers with confidence that they would be 
able to reliably and conveniently refuel their vehicles, 

both at home and in public. The Electrification Roadmap 
also outlined potentially zero-cost programs to support 
development of a secondary battery market, allowing the 
first GEV consumers to feel confident that used large-
format lithium-ion batteries would have resale value.

Finally, the Electrification Roadmap identified the 
areas in which utilities would need support and flex-
ibility to manage the integration of GEVs into the elec-

tric power grid. Deployment 
communities were designed 
to target those regions in 
which time-of-use pricing 
and other regulatory support 
was available to incentivize 
consumers to charge batter-
ies during off-peak hours. Tax 
credits for utility upgrades 
were proposed, and utility 
regulators were encouraged 
to allow utilities to include 

certain physical and IT upgrades to the distribution net-
work in their rate base.

This network of mutually reinforcing policies was 
designed to expand the customer base for grid-enabled 
vehicles in an accelerated, but carefully planned, man-
ner. The increased economies of scale, learning by doing, 
and demonstration value of the deployment community 
approach would benefit pragmatic consumers, industry 
participants, and the nation as whole.

Expanding the Market for GEVs: Fleet Vehicles

The Electrification Roadmap focused on the light-duty 
vehicle parc because it is the single largest homogenous 
component of the transportation sector, with 230 mil-
lion vehicles alone that account for 40 percent of U.S. 
daily oil demand. Addressing the energy mix in this seg-
ment will ultimately be critical for improving national 
and economic security. Yet, the highway transportation 
system and the transportation economy are multifac-
eted and diverse, and it is possible that other segments 
besides light-duty passenger vehicles in the consumer 
market could be strong candidates for electrification and 
electric drive technology. Those segments may relate to 
the operational and economic challenges and benefits of 
electrification differently, and solutions to the technical 
and cost barriers to adoption might be more forthcoming. 

In particular, the nation’s fleet vehicles stand out as 
possessing unique characteristics that could make them 
clear beneficiaries of electric drive technology. With 

The Electrification Roadmap 
targeted a substantial shift in 

transportation energy use, such 
that 75 percent of light-duty 

vehicle miles traveled would be 
electric miles by 2040.
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EXECUTIVE SUMMARY

Between 2003 and 2009, the global oil market witnessed its 

most significant period of volatility in nearly a generation. 

After relentlessly increasing for five years, oil prices spiked 

to historical highs of more than $147 per barrel in July 2008.1 

Not by coincidence, the home mortgage and global financial 

crises erupted just a few months later, plunging the U.S. 

economy into its most severe recession since World War 

Two. After retreating to less than $40 per barrel in early 

2009, oil prices have now averaged more than $70 per 

barrel throughout 2010.2

Highly volatile oil prices have been the most persistent 
structural risk to the U.S. economy for decades. The 
boom and bust cycle of oil prices that has been in place 
since 2003—and a number of other times since 1970—
contributes to a high degree of uncertainty throughout 
the economy, resulting in reduced economic activ-
ity, higher unemployment, and expansion of public 
debt. When global oil market dynamics generate price 
shocks, the result has often been a recession followed 
by heavy government spending.

The macroeconomic significance of oil price shocks 
is a function of the prominent role of oil in the U.S. 
economy. Petroleum accounts for nearly 40 percent of 
U.S. primary energy needs, more than any other fuel.12

3 
In 2008, as oil prices reached inflation-adjusted all-time 
highs, American consumers and businesses spent more 
than $900 billion on retail petroleum-based fuels—6.4 
percent of GDP.4 While 2008 represents an exceptional 
year, economy-wide spending on petroleum fuels has 
averaged more than 5 percent of GDP since 2005, and 
household spending on gasoline has exceeded 10 percent 
of median income in some regions of the United States.5

More than 70 percent of the oil we use is for trans-
portation fuels.6 At approximately 14 million barrels per 
day, the U.S. transport sector alone consumes more oil 

1	 U.S. Department of Energy (DOE), Energy Information Administration 
(EIA), Petroleum Navigator, Monthly Crude Oil Spot Prices, available at 
http://www.eia.gov/dnav/pet/pet_pri_spt_s1_m.htm.

2	 Id.
3	 BP, plc, Statistical Review of World Energy 2010, at 41.
4	 EC analysis based on DOE, Annual Energy Review 2009 (AER 2009), 

Table 3.5.
5	 Id.
6	 DOE, AER 2009, Tables 5.13a through 5.13d.

than any other national economy in the world.7 Highway 
transportation—passenger vehicles, freight trucks, and 
buses—accounts for the largest share, more than 11 mil-
lion barrels per day.8 With no substitutes available at 
scale, petroleum provides 94 percent of the energy used 
in transportation.9 In short, oil powers the mobility that 
is central to American prosperity and the American way 
of life.

This excessive reliance on a single fuel to power a 
key component of our economy has left the United States 
hostage to a global oil market that is likely to become 
increasingly volatile. Rising demand for mobility in 
emerging market economies is driving a steady increase 
in global oil consumption, despite efficiency improve-
ments in advanced economies. Between 2008 and 2030, 
increased oil consumption in the transportation sectors 
of China, India, and the Middle East region is expected 
to account for 70 percent of the total 15 million barrel 
per day increase in global oil consumption.10 Burgeoning 
middle classes and higher standards of living in these 
regions will place consistent pressure on global oil sup-
pliers to expand capacity. In the meantime, resource 
nationalism, political instability, and insufficient 
upstream investment in many oil producing regions are 
continuing to constrain growth in oil supplies. While oil 
markets are certainly well supplied today, perhaps the 

7	 DOE, AER 2009, Tables 5.13a through 5.13d; BP, plc, Statistical Review of 
World Energy 2010, at 11, 12.

8	 DOE, Office of Energy Efficiency and Renewable Energy (EERE) , 
Transportation Energy Data Book 2010, Table 1.14.

9	 DOE, AER 2009, Table 2.1e.
10	 International Energy Agency, World Energy Outlook 2010, Annex A, New 

Policies Scenario.

Source: DOE; IMF
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most significant risk to a full global economic recovery 
is that expanded economic activity will lead to higher 
oil demand and reduced capacity margins, propelling oil 
prices back toward 2008 levels.

The United States has the technological and eco-
nomic power to disentangle itself from this situation. 
While improvements in efficiency and the targeted 
deployment of alternative fuels can—and should—play a 
role in reducing the role of oil in the U.S. economy, a more 
transformational possibility is within reach. Specifically, 
U.S. and global automakers have invested heavily in 
producing vehicles powered by electricity from the 
grid. These vehicles have the ability to fundamentally 

transform our transportation sector, moving from cars 
and trucks that depend on costly oil-based fuels to an 
integrated system that powers our mobility with domes-
tically-generated electricity.

Electrified transportation has clear advantages over 
the current petroleum-based system. Electricity repre-
sents a diverse, domestic, stable, fundamentally scalable 
energy supply whose fuel inputs are almost completely 
free of oil. High penetration rates of grid-enabled 
vehicles (GEVs)—vehicles propelled in whole or in part 
by electricity drawn from the grid and stored onboard 
in a battery—could radically minimize the importance 
of oil to the United States, strengthening our economy, 
improving national security, and providing much-needed 

flexibility to our foreign policy. Simultaneously, such a 
system would clear a path to dramatically reduced econ-
omy-wide emissions of greenhouse gases.

In the process, electrified transportation would 
stem the flow of U.S. wealth abroad to pay for imported 
oil, which currently accounts for more than 50 percent 
of America’s trade deficit.11 Dollars sent abroad to pay for 
oil represent a significant wealth transfer; in contrast, 
dollars spent at home to invest in power generation, 
transmission, and distribution will help to generate 
economic activity and employment in the United States. 
And because the battery industry tends to locate near 
demand centers, a large market for GEVs in the United 
States should drive increased hiring in the manufacture 
of advanced batteries and their components.

The first wave of new GEVs is expected in U.S. mar-
kets in December 2010 and early 2011. General Motors, 
Nissan Motor Company, and Ford Motor Company will 
be among the first automakers to introduce fully elec-
tric vehicles (EVs) and plug-in hybrid electric vehicles 
(PHEVs) to American consumers. Total North American 
production capacity is expected to surpass 350,000 units 
by 2015.12 However, the long-term market outlook for 
these vehicles is somewhat uncertain. To be sure, early 
adopters and technological enthusiasts will prove to be a 
reliable customer base for the first several hundred thou-
sand GEVs marketed in the United States. But in order to 
fully capitalize on the potential of electrification to fun-
damentally improve U.S. energy and economic security, 
broader market penetration is required.

11	 U.S. Department of Commerce, Census Bureau, Foreign Trade Statistics, 
available at http://www.census.gov/indicator/www/ustrade.html.

12	 PRTM analysis.

To date, policymakers and industry participants 
have focused their efforts on expanding the market for 
GEVs among personal-use passenger vehicles. This 
approach is clearly justified by the role that passenger 
vehicles play in U.S. oil consumption. Personal use cars 
and light-duty trucks alone account for 40 percent of 
total U.S. oil demand.

However, in order to support development of the 
electric drive vehicle industry and to help drive down 
industry costs for consumers, alternative vehicle mar-
kets could be important in the near term. The early 
development of the electric drive vehicle and battery 
industries would benefit from a diverse customer base 
that can help drive critical volumes, particularly in the 
period between 2010 and 2015, when charging infra-
structure and consumer acceptance issues will constrain 
development of the passenger market. Specifically, com-
mercial and government fleet applications stand out as 
highly viable market segments based on the operational 
needs of the vehicles and the economic factors that drive 
vehicle acquisition processes.

Based on total cost of ownership modeling con-
ducted for this report, commercial and government fleets 
could contribute substantial volume commitments in the 
early development phases of the GEV market. The eco-
nomic attractiveness of electric drive vehicles in certain 
applications—coupled with operational enhancements 
and targeted use of public policy levers—could drive 
grid-enabled vehicle penetration in U.S. commercial 
and government fleets to as much as 7 percent of new 
acquisitions by 2015. In aggregate, the market for EVs 
and PHEVs in fleet applications could lead to cumulative 
unit commitments of more than 200,000 EVs and PHEVs 
between 2011 and 2015.

FIGURE E2

Change in Primary Oil Demand by Region and Sector (2007-2030)

Source: International Energy Agency, World Energy Outlook 2009
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Annual Fleet GEV Sales Scenarios

Source: PRTM Analysis
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High Vehicle Utilization Rates: Fleet 
vehicles typically have higher utilization 
rates than consumer vehicles. The result may 
be that fleet operators can quickly recoup the 
higher upfront costs of electric drive vehicles.

Use of Central Parking Facilities: Fleets 
that make use of central parking depots may 
be able to avoid dependence on public charg-
ing infrastructure and benefit from econo-
mies of scale in single-point installation of 
multiple chargers in individual facilities.

Importance of Maintenance and Service 
Costs: Particularly in fleet applications that 
operate vehicles for longer periods of time 
or into high mileage ranges, the low main-
tenance costs of electric drive vehicles will 
represent a substantial cost savings.

Lower Electricity Rates: The electricity 
rates paid by commercial and industrial con-
sumers—those most likely to make use of fleet 
vehicles and central refueling—are often sig-
nificantly less than those paid by residential 
consumers. The fuel cost per mile traveled is 
one of the key economic factors differentiat-
ing plug-in electric drive vehicles from other 
technologies.

Alternative Business Models: Based on 
their access to capital and larger purchasing 
power, fleet managers may benefit from alter-
native business models that can help facilitate 
adoption of electric drive technology.

Corporate Sustainability: Commercial and 
government enterprises may also consider 
electric drive vehicles in the context of corpo-
rate sustainability initiatives. GEVs can help 
meet reduced emissions and petroleum con-
sumption goals.

Fleet Infrastructure Issues: Even for fleets 
that centrally park, the cost of installing 
charging infrastructure may be significant. 
With Level II charger costs averaging $2,000 
per unit, the cost of installing enough char-
gers to support a fleet of several dozen EVs or 
PHEVs could be challenging. Level III charg-
ing may offer faster charge times and reduced 
unit requirements, but costs are still too high.

Utility Impact of Dense Charge Networks: 
Bringing a fleet of EVs or PHEVs into a 
small charging space will bring an unusu-
ally high burden to those areas and may 
require upgrades to local utility distribution 
networks. In particular, transformers serv-
ing charging facilities may be insufficiently 
robust to support the simultaneous charging 
of multiple vehicles. Utilities will need access 
to information and regulatory support to deal 
with these and other issues.

Market Perceptions: Perhaps the most 
critical challenge affecting fleet adoption of 
electric drive technology will be fleet adopt-
ers’ impressions about the technology and its 
ability to meet their operational needs. Even 
when a compelling economic case exists, fleet 
operators will need to be confident that the 
vehicle can accomplish the mission.

There were more than 16 million public and private fleet 
vehicles on the road in the United States in 2009.13 While 
the size of individual fleets varies significantly, the top 
50 fleet operators together manage more than half a mil-
lion cars and trucks.14 These vehicles perform a variety of 
missions for federal, state, and local government, and for 
companies that are familiar to nearly all Americans. They 
are postal delivery vehicles, utility and telecommunica-
tions service trucks, pharmaceutical sales vehicles, urban 
delivery vans, and others.

The concentration of buying power associated with 
fleet operators and fleet management companies repre-
sents a significant opportunity to assist the early devel-
opment of the electric drive vehicle industry. Moreover, 
fleets tend to possess a handful of important charac-
teristics that may make them more likely than typical 
consumers to take on the potential risks of electric drive 
ownership in anticipation of reaping financial benefits 
down the road.

Total Cost of Ownership Approach to 
Acquisition: When asked, fleet managers 
rank total cost of vehicle ownership as the 
most significant factor driving acquisition 
decisions.15 Consumers, on the other hand, 
may purchase for a variety of reasons, includ-
ing aesthetics and style, in addition to cost.

Route Predictability: The most cost-
intensive component in current-generation 
electric drive vehicles is the battery. In cases 
where fleet vehicles have highly predictable 
routes with little variation from day to day, 
batteries can be right-sized to minimize 
excess capacity, reducing added upfront 
investment in excess energy storage.

13	 PRTM analysis; This figure is derived from a composite of data sources, 
including R.L. Polk & Co., Automotive Fleet, U.S. General Services 
Administration, GE Capital, Utilimarc, and others.

14	 Bobit Publishing Company, 2010 Automotive Fleet Factbook (AFB), 
available online at http://www.automotive-fleet.com/Statistics/.

15	  EC, PRTM interviews with fleet managers.

While fleet operators do possess a number of important 
qualities that could facilitate their adoption of electric 
vehicles, they will also face challenges. Some of the basic 
cost and technology hurdles for individual consumers will 
also be problematic for fleets, though fleets may be better 
equipped to deal with them. In addition, fleet electrifica-
tion may come with its own set of unique challenges that 
can be addressed through a combination of careful plan-
ning and public policy support.

Technology Costs: Battery costs associated 
with the first commercially available electric 
drive vehicles will result in a substantial over-
all cost premium. Current battery technol-
ogy is descending the cost curve as volumes 
increase, but under some fleet applications, it 
may be difficult to realize a return on invest-
ment in a reasonable time period. Ultimately, 
fleet operators may be more willing than 
personal-use consumers to consider multi-
year paybacks, but they will still want to see 
returns relatively quickly.

Capital Expenditures vs. Operating 
Expense: There is typically intense com-
petition for capital within a given company 
or institution. The high capital cost require-
ments of today’s electric drive vehicles, par-
ticularly in applications heavier than a pas-
senger automobile, will prove challenging for 
many fleet operators. Even extremely large 
businesses may be unwilling to tie up capital 
to support substantial volumes of electric 
drive vehicles.

Battery Residual Value: Today, estimat-
ing the residual value of used large-format 
automotive batteries is an educated guess at 
best. Early test data suggests that lithium-ion 
batteries may still possess 70 to 80 percent of 
their ability to store energy when they are no 
longer fit for automotive use. But this needs 
to be borne out by practical experience.

 PART ONE 

The Case for Fleets
 PART TWO 

Fleet Challenges

0

100%0%
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In order to better understand the business, economic, 
and cost-saving opportunities presented by electrifica-
tion of vehicle fleets, an economic model was devel-
oped for the Fleet Electrification Roadmap. The model 
compares the total cost of ownership (TCO) of sample 
vehicles by vehicle weight class and industry segment 
for a given acquisition year. Technologies considered 
were ICE, HEV, PHEV-40, and EV-100. The analysis 
considers vehicle TCO in three cases: a base case, an 
optimization case, and a combined optimization plus 
policy incentives case.

Base Case: The base case assumes operators purchase 
vehicles being offered in the market today at current speci-
fications. Operators make no behavioral changes to reduce 
cost. Public policy is not considered in the base case. 
Operators do not benefit from existing or future subsidies.

Optimized Case: The optimized case assumes fleet oper-
ators can purchase vehicles that fit their needs and that 
they will use them in the manner that most efficiently 
lowers cost. Battery right-sizing and extended ownership 
periods are examples of optimized use. Operators do not 
benefit from existing or future subsidies.

Policy Case: The policy case builds on the optimization 
case, adding existing federal government incentives for 
light-duty vehicles and assuming additional subsidies not 
currently in law for medium- and heavy-duty trucks.

The model analysis suggests that electric drive vehi-
cles are cost competitive in a number of fleet applications 
today—even when assuming no access to government 
subsidies and no change in purchasing or usage patterns. 
In fact, traditional hybrids are a cost-effective replace-
ment for internal combustion engine vehicles by 2012 
in most of the segments where driving distance exceeds 
20,000 miles per year. This is a result of the relatively 
small incremental investment for an HEV compared to 
an ICE vehicle. In the base case, GEVs begin to emerge as 
the most cost effective solution between 2015 and 2018 as 
battery costs begin to fall below $400/kWh.

The cost effectiveness timeline for each of the elec-
tric drive vehicle technologies is improved by optimizing 
operations and vehicle characteristics for a number of 
fleet applications. In particular, two options stand out: 
optimizing the GEV ownership duration to coincide 
with the battery life; and right-sizing the EV batter-
ies to meet the needs of low mileage fleet applica-
tions. These two actions taken by fleet operators would 
advance the time required for PHEVs and EVs to become 
the most cost effective solutions by approximately one 
year in a number of segments. Figure E6 presents the 
competitiveness timelines for the optimized case.

Finally, when current and potential future govern-
ment incentives are considered, the cross-over point for 
GEV cost parity is reached within the next two to three 
years in all of the commercial segments. The incentives 
assumed for this analysis include $7,500 federal tax cred-
its applied for GEV passenger car and class 1-2 trucks; 
$15,000 tax credits applied to class 3 medium-duty 
trucks; $20,000 tax credits applies to class 4-5 medium-
duty trucks; and $25,000 tax credits applied to class 6-7 
heavy-duty trucks. (The full credits were assumed to be 
available through 2015, after which they were ramped 
down annually, reaching zero in 2020.)

In all cases, this analysis implies a progression in 
cost competitiveness from ICE, though HEV, to PHEV-
40 and EV-100. Fleet owner behavior and public policy 
can have a dramatic impact on the rate of that progres-
sion, but rising fuel costs coupled with falling electric 
drive component costs suggest that PHEVs and EVs 
will increase in competitiveness over time in nearly all 
fleet segments.

 PART THREE 

Identifying Fleet Opportunities

Source: PRTM analysis

FIGURE e7

Lowest TCO Drivetrain Technology by Year and Segment — Operations Optimized + Government Incentives
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FIGURE e6

Lowest TCO Drivetrain Technology by Year and Segment – Operations Optimized
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FIGURE e5

Lowest TCO Drivetrain Technology by Year and Segment – Base
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PRIMER

Electrification of the 
Transportation Sector

The Electrification Coalition has identified a suite of 
policies to facilitate the adoption of grid-enabled vehi-
cles by fleet operators. These policies are intended to 
narrowly address the specific obstacles to electric drive 
vehicle adoption that the Coalition identified in the 
Electrification Roadmap, adjusted to account for the spe-
cific challenges faced by fleets. These policies, therefore, 
are intended to be consistent with the policies outlined 
in the Electrification Roadmap, and to support the adop-
tion of electric drive vehicles in managed fleets. They are 
not intended as a substitute for policies promoted by the 
original Electrification Roadmap.

Fleet Microsystems

In many cases, fleets function as a microcosm of a trans-
portation ecosystem that could manage many—if not 
all—of the key elements of an electrification ecosystem/
deployment community. For example, a fleet might 
consist of numerous vehicles that operate together in a 
confined geographical space. This is certainly true for 
mid-sized fleets that operate as part of geographically 
constrained organizations such as a utility or city govern-
ment. For national fleets, such as parcel delivery and tele-
com fleets, at least a subset of their vehicles frequently 
serve individual regions or urban areas. In addition, cen-
trally refueled fleets provide refueling systems for their 
vehicles at a home base or bases, allowing them to closely 
manage the cost and reliability of energy infrastructure 
access. Finally, in the case of a fleet attached to large com-
mercial, industrial, or government entity, the fleet opera-
tor (or its parent) will likely have a direct relationship 
with the local utility.

The various types of financial support that would 
be available to consumers and infrastructure providers 
in deployment communities should be available to fleet 
operators, who may serve as a kind of electrification 
micro-ecosystem—or fleet microsystem. Like electri-
fication ecosystems, GEV fleet microsystems offer the 
opportunity to accelerate the adoption of grid-enabled 
vehicles by promoting scale and cost reductions in bat-
tery and vehicle production. While fleets ultimately rep-
resent a smaller market than general personal use autos, 
the obstacles to their adoption of electric drive technol-
ogy are also smaller in some cases, and can be addressed 
by targeted public policies.

Fleet Policy Recommendations 
Expand the tax credits for light-duty grid-enabled 
vehicles purchased in deployment communities to 
include private sector fleets.

Create tax credits for medium- and heavy-duty grid-
enabled vehicles deployed in fleets with greater than  
10 vehicles in operation.

Create clean renewable energy bonds for fleet vehicle 
charging infrastructure, and make municipal and 
regional transit authorities eligible for the bonds.

Extend the existing tax credit for electric vehicle 
charging infrastructure through 2018 and expand the 
range of eligible costs.

Allow immediate expensing of GEV purchases and 
supporting infrastructure for operators of certain fleets.

Make tax credits for the purchase of qualifying  grid-enabled 
vehicles and related charging infrastructure transferable.

Incentivize the establishment of special purpose 
entities to facilitate bulk purchasing of electric drive 
vehicles by fleet operators.

Other Policy Recommendations 
Reinstate and extend the credit for medium- and heavy-
duty hybrid electric vehicles that utilize advanced batteries.

Establish a program to guarantee the residual value of the 
first generation of large-format automotive batteries put 
into service between 2010 and 2013.

Increase federal investment in advanced battery 
research and development.

Ensure that federal motor vehicle regulations do not 
unnecessarily prohibit the development and deployment 
of cost-effective PHEVs in large trucks.

Clarify the tax code to ensure that Section 30D GEV tax 
credits are available to consumers who purchase a GEV 
(without a battery) and lease the battery from the dealer or 
a third party at the time the vehicle is purchased.

 PART FOUR 

Policy Recommendations
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Overview
Two years after Congress passed and the president signed 
the American Recovery Reinvestment Act (ARRA), the 
legislation’s impact on transportation electrification is 
becoming apparent. At the beginning of 2009, the United 
States was on a path to develop little if any domestic capac-
ity in large-format lithium-ion battery manufacturing. 
Strong policy support and a well-entrenched consumer 
electronics battery industry in Asia along with engrained 
high fuel prices in Europe had given other countries a 
significant head start, and the United States was poised to 
miss out on a multi-billion dollar global industry.

Instead, by the end of 2009, $1.98 billion in grants 
had been provided to more than 30 awardees for the 
manufacture of advanced batteries, battery and drive-
train components, and other activities, including battery 
recycling.1 Nearly 20 other awardees received a total of 
$356 million in transportation electrification funds.2

ARRA also revised electric vehicle tax credits for 
U.S. consumers. Under the new law, U.S. residents who 
purchase electric drive vehicles that draw power from the 
grid will be able to claim a base tax credit of $2,500 for a 
vehicle with a battery of at least five kilowatt hours (kWh) 
and $417 dollars per kWh from five upward, capping at an 
additional $5,000. The maximum tax credit, therefore, is 
$7,500. The credit applies to the first 200,000 vehicles per 
manufacturer, and there is no specific limit on the num-
ber of qualifying manufacturers.3

In addition, the Department of Energy (DOE) distrib-
uted $300 million in stimulus funds to 25 recipients in the 
Clean Cities Program. The majority of the funds were tar-
geted toward deploying alternative fuel infrastructure in 
U.S. cities participating in the program. Funds will support 
the construction of electric vehicle charging infrastructure 
as well as refueling stations for compressed natural gas 
(CNG), liquefied natural gas (LNG), biofuels and other 
alternative-fueled vehicles.

Beginning in 3Q 2010, the first stimulus-supported 
batteries began rolling off assembly lines in Michigan and 

1	 U.S. Department of Energy (DOE), Office of Energy Efficiency and 
Renewable Energy (EERE), Recovery Act Awards for Electric Drive 
Vehicle Battery and Component Manufacturing Initiative, available at 
http://www1.eere.energy.gov/recovery/pdfs/battery_awardee_list.pdf, 
last accessed October 27, 2010.

2	 DOE, EERE, Recovery Act Awards for Transportation Electrification, 
available at http://www1.eere.energy.gov/recovery/pdfs/battery_
awardee_list.pdf, last accessed on October 27, 2010.

3	 American Recovery and Reinvestment Act (ARRA), Section 1141.

Indiana. By 2012, 30 factories with the capacity to produce 
an estimated 20 percent of the world’s advanced vehicle 
batteries will exist in the United States.4 By 2015, these 
facilities could produce enough batteries and compo-
nents to support 500,000 plug-in hybrid electric vehicles 
(PHEVs) and hybrid electric vehicles (HEVs).5

At the same time, the first commercial deliveries of 
a wave of new grid-enabled vehicles (GEVs) are drawing 
closer. By the end of 2010, Nissan will begin selling its 
all-electric Leaf into select markets, and General Motors 
will begin selling the Chevy Volt.6 Nissan has announced 
plans for a wider market launch beginning in 2011.7 Ford 
Motor Company will introduce at least three grid-enabled 
vehicles by 2012, including the fully electric Transit 
Connect, the Focus EV, and a plug-in hybrid Escape.8 
A number of other significant plug-in offerings from 
start-up vehicle manufacturers such as Coda, Bright, and 

4	 The White House, The Recovery Act: Transforming the American 
Economy through Innovation (August 2010), available at http://www.
whitehouse.gov/sites/default/files/uploads/Recovery_Act_Innovation.
pdf, last accessed October 27, 2010.

5	 Id.
6	 Edmunds Daily, “Nissan Leaf Begins Production In Japan, U.S. 

Deliveries in December,” available at http://blogs.edmunds.com/
strategies/2010/10/nissan-leaf-begins-production-in-japan-us-
deliveries-in-december.html, (October 22, 2010); and ABC News, “New 
Chevy Ad Campaign to Draw on History, Future,” available at http://
abcnews.go.com/Business/wireStory?id=11985920, (October 27, 2010).

7	 Autoblog, “Nissan announces Leaf rollout plans, 8-year battery 
warranty,” available at http://www.autoblog.com/2010/07/27/nissan-
announces-leaf-rollout-plans-8-year-battery-warranty/, (July 27, 2010).

8	 Clean Fleet Report, “Ford Plans both Electric Vehicles and Hybrids,” 
available at http://www.cleanfleetreport.com/hybrid-cars/ford-electric-
vehicles-plug-in-hybrids/, (October 15, 2009).

ABSTRACT

The electric vehicle industry has gained significant 
momentum over the past several years. Strong 
investment from the private and public sectors 
has placed the United States on a path to global 
competitiveness in advanced battery manufacturing, 
and there appears to be strong demand for the first 
wave of grid-powered vehicles. Electric vehicles offer 
the possibility of a transportation sector delinked 
from oil, which would dramatically improve 
economic and national security while reducing 
emissions. While personal-use passenger vehicles 
will continue to be the key market, other targets—
such as commercial and government fleets—could 
help drive early demand.

Want To Learn More? 

Visit ElectrificationCoalition.org to  
download the Electrification Roadmap  
or request a printed copy. 

A worker checks production of lithium-ion automotive batteries in a 

Johnson Controls Advanced Power Solutions plant.

special section
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FIGURE p2

Currently Announced North American EV and PHEV Production Capacity
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Fisker Automotive will bring currently announced North 
American GEV capacity to 150,000 units by 2012 and 
nearly 350,000 units by 2015.9 

This investment in advanced battery and electric-
drive vehicle technology by both the public and private 
sectors represents a commitment to dealing with a cross-
section of key challenges confronting the United States 
today. Electric drive technologies—from HEV to PHEV 
and EV—are the most technologically mature and cost-
effective means for confronting many of our nation's 
most substantial economic, national security, and envi-
ronmental issues. Moreover, infant industry support for 
the domestic battery industry is a first step—albeit a mod-
est one—toward supporting a renewed manufacturing 
base in the United States. Large-format batteries make 
up one of the more promising components in the emerg-
ing industries that will employ American workers in the 
coming years.

To fully capitalize on this investment, however, 
electric drive vehicles must ultimately succeed in the 
marketplace. The supply-side of the grid-enabled vehicle 
industry has developed rapidly over the past several 
years, and the United States has begun to establish a 
global leadership position, particularly in the design and 
manufacture of large-format lithium-ion batteries. From 
a national perspective, however, the real challenge will be 
to accelerate the pace at which new technology can alter 
the energy profile of the U.S. transportation sector.

Technological enthusiasts and other early adopters 
will likely provide strong demand for the first several hun-
dred thousand grid-enabled vehicles. But moving beyond 

9	 PRTM Analysis.

this market will be challenging. Today, more than 10 years 
after their introduction to U.S. markets, there are just 1.6 
million gasoline electric hybrid cars and light-duty trucks 
on the road in the United States. Hybrids represent less 
than 1 percent of the light-duty vehicle parc.

In some ways, the challenges facing consumer accep-
tance of grid-enabled vehicles will be greater than those 
that faced hybrids—though their potential benefits to the 
nation are also substantially greater than those of tradi-
tional hybrids. In addition to vehicle range and associ-
ated infrastructure issues, perhaps the most important 
challenge facing widespread adoption of grid-enabled 
vehicles will be cost, a factor largely determined by the 
battery. Most industry participants and analysts argue 
that battery manufacturing costs will fall as the industry 
reaches higher production volumes than currently exist, 
but the timeframes for such reductions are somewhat 
uncertain and depend heavily on early market develop-
ment. Therefore, particularly in the early stages of indus-
try growth, it will be important to expand the demand-
side of the industry by targeting a diverse customer base.

Source: PRTM Estimates

Source: DOE; EC Analysis

FIGURE P1

Electrification Industry Recipients of ARRA Awards
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Cell, Battery, and Materials 
Manufacturing Facilities 

1  $299 Million
Johnson Controls, Inc

2  $249 Million
A123 Systems, Inc.�

3  $161 Million
KD ABG MI, LLC �(Dow Kokam)� 

4  $151 Million
Compact Power, Inc. �(on 
behalf of LG Chem, Ltd.)

5  $118 Million
EnerDel, Inc.

6  $106 Million
General Motors �Corporation

7  $96 Million
Saft America, Inc. 

8  $34 Million
Exide Technologies �with Axion 
Power �International

9  $33 Million
East Penn �Manufacturing Co.

Advanced Battery Supplier 
Manufacturing Facilities 

10  $49 Million
Celgard, LLC, �a subsidiary of 
�Polypore �

11  $35 Million
Toda America, Inc. �

12  $28 Million
Chemetall Foote Corp.

13  $27 Million
Honeywell �International Inc.� 

14  $25 Million
BASF Catalysts, LLC �

15  $21 Million
�EnerG2, Inc.�

16  $21 Million
Novolyte �Technologies, Inc.�

17  $13 Million
FutureFuel �Chemical Company �

18  $11 Million
Pyrotek, Inc. �

19  $5 Million
H&T Waterbury DBA �Bouffard 
Metal Goods �

Advanced Lithium-Ion 
Battery Recycling 
Facilities 

20  $10 Million
TOXCO Incorporated

Electric Drive Component 
Manufacturing Facilities 

1  $105 Million
General Motors Corporation

2  $89 Million
Delphi Automotive  
Systems, LLC

3  $63 Million
Allison Transmission, Inc.

4  $63 Million
Ford Motor Company

5  $60 Million
Remy, Inc.

6  $45 Million
UQM Technologies, Inc.

7  $40 Million
Magna E-Car Systems  
of America, Inc.

Electric Drive 
Subcomponent 
Manufacturing Facilities 

8  $15 Million
KEMET Corporation

9  $9 Million
SBE, Inc.

10  $8 Million
Powerex, Inc.

Advanced Vehicle 
Electrification 

1  $100 Million
Electric Transportation 
Engineering Corp. (ETEC)

2  $70 Million
Chrysler LLC

3  $45 Million
South Coast Air Quality 
Management District 
(SCAQMD)

4  $39 Million
Navistar, Inc. (Truck)

Transportation Sector 
Electrification 

5  $22 Million
Cascade Sierra Solutions

Advanced Vehicle 
Electrification + 
Transportation Sector 
Electrification 

6  $31 Million
General Motors

7  $30 Million
Ford Motor Company

8  $10 Million
Smith Electric Vehicles

Advanced Electric 
Drive Vehicle Education 
Program 

9  $7 Million
West Virginia University 
(NAFTC)

10  $6 Million
Purdue University

11  $5 Million
Colorado State University

12  $5 Million
Missouri University of  
Science and Technology

13  $5 Million
Wayne State University

14  $4 Million
National Fire Protection 
Association

15  $3 Million
Michigan Technological 
University

16  $3 Million
University of Michigan

17  $0.72 Million
J. Sargeant Reynolds  
Community College

18  $0.5 Million
City College of San Francisco
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Oil and the U.S. Economy

The energy impact of reduced economic and industrial 
activity—as well as high unemployment—associated with 
the 2007-2009 recession has been significant. Total U.S. 
oil consumption averaged 20.6 million barrels per day 
(mbd) from 2003 to 2007, equal to approximately 25 per-
cent of the global total.10 High fuel prices and the reces-
sionary conditions that began in 2007 drove oil demand 
down by nearly 10 percent—from 20.7 mbd in 2007 to 
18.7 mbd in 2009, its lowest level since 1997.11 In 2008 and 
2009, oil consumption in the United States experienced 
two consecutive years of decline for the first time in 19 
years.12 Total petroleum supplied is slightly up in 2010 at 
19.3 mbd, but is still well below recent averages.13 As the 
U.S. economy continues to shift away from heavy indus-
try, and as strengthened fuel-economy standards begin 
to impact the efficiency of new American cars and trucks, 
many analysts are predicting the advent of ‘peak demand’ 
for fuels such as gasoline in the United States.14

And yet, the United States is still heavily reliant on 
petroleum. In large part, this is because the United States 
still possesses the world’s largest, most dynamic trans-
portation system. At more than 14 million barrels per 
day, this sector alone consumes more oil than any other 
individual national economy in the world. There are 
more than 230 million light-duty vehicles on U.S. roads 
today, accounting for approximately 40 percent of total 

oil consumption.15 
Freight trucks 
add another 8.7 
million vehicles, 
equaling roughly 
12 percent of oil 

demand.16 All told, the transportation sector accounts for 
71 percent of aggregate U.S. oil consumption.17 Despite 
significant efforts to drive alternative fuels into the mar-
ketplace, 94 percent of delivered energy in the transport 
sector is still petroleum-based today.18

10	 BP, plc, Statistical Review of World Energy 2010, at 11, available online at 
www.bp.com; SAFE Analysis.

11	  Id.
12	  Id.
13	 DOE, Energy Information Administration (EIA), Weekly Petroleum 

Status Report, October 6, 2010, Table 1.
14	 Securing America’s Future Energy, “SAFE Intelligence Report: Has the 

U.S. Reached Peak Demand,” (October 5, 2010), volume 3, issue 12.
15	 DOE, EIA, Annual Energy Outlook 2010 (AEO 2010), Table A-7 and 

online supplemental table 58, available at http://www.eia.doe.gov/oiaf/
aeo/aeoref_tab.html, last accessed October 27, 2010.

16	 DOE, EIA, AEO 2010, online supplemental Table 67.
17	 DOE, Annual Energy Review 2009 (AER 2009), Figure 5.0.
18	 Id., Table 2.1e.

Simply put, oil consumption and the mobility pro-
vided by petroleum fuels represent core components 
of the national economy and American way of life. 
Petroleum meets nearly 40 percent of total U.S. primary 
energy needs, more than any other energy source.19 
Aggregate consumer expenditures on petroleum prod-
ucts were as high as 6.4 percent of GDP in 2008 and are on 
track to be as much as 5 percent of GDP in 2010.20

Most conventional forecasts envision steady 
increases in total U.S. petroleum consumption between 
2010 and 2035. Recent Department of Energy (DOE) sce-
narios project a modest decline in gasoline consumption 
by 2035 relative to pre-recession levels, but most other 
petroleum products are projected to experience signifi-
cant growth. Overall, liquid fuels consumption increases 
by 6.8 percent by 2035 in DOE’s outlook.21 Diesel and jet 
fuel consumption also increase by wide margins. The U.S. 
driving population is expected to increase from approxi-
mately 237 million people in 2007 to 311 million by 2035, 
leading to a 13.4 percent increase in light-duty vehicle 
miles traveled.22 Freight miles traveled are expected to 
increase by a staggering 51 percent by 2035.23

Light-, medium-, and heavy-duty trucks repre-
sent one of the most significant growth segments for 
U.S. oil demand, just as they have for several decades. 
Since 1973, 100 percent of the growth in on-road U.S. oil 
consumption has been due to rising truck demand—an 
increase of 3.9 million barrels per day.24 Though lower 
in absolute numbers, these vehicles tend to be ineffi-
cient relative to passenger cars and also typically log 
much higher levels of annual vehicle miles traveled.

Continued U.S. oil dependence is neither desirable 
nor sustainable. Over the past several years, Americans 
have been reminded of the serious economic, national 
security, and environmental costs of consuming and pro-
ducing petroleum at current levels. Whether or not these 
costs are reflected in the retail price of gasoline, they are 
both real and significant.

19	 BP, plc, Statistical Review of World Energy 2010, at 41.
20	 SAFE analysis based on data from DOE, AEO 2010, Table 3.5; BP, plc., 

Statistical Review of World Energy 2010; DOE, EIA, October Short Term 
Energy Outlook; and U.S. Bureau of Economic Analysis.

21	 DOE, AEO 2010, Table A-11; SAFE analysis.
22	 Id., online supplemental table 60.
23	 Id., online supplemental table 67.
24	 DOE, Transportation Energy Data Book 2009 (TEDB 2009), Table 1.14, 

available at http://www-cta.ornl.gov/data/index.shtml, last accessed on 
October 27, 2010.
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FIGURE p3

Liquid Fuel Consumption, Historical and Forecast
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FIGURE p4

Change in U.S. Petroleum Consumption
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Change in U.S. Petroleum Demand, 1973–2008
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Economic Costs of Oil Dependence

Although the United States remains the third largest 
producer of petroleum in the world, U.S. oil production 
has fallen dramatically from its peak in 1970 as the size 
of new discoveries has fallen and the productivity of new 
wells has declined.25 America now imports 58 percent of 
the oil it consumes, at tremendous cost to the current 
account balance.26 In 2007, the U.S. trade deficit in crude 
oil and petroleum products was $295 billion. In 2008, as 
oil prices reached all time highs, that figure increased to 
$388 billion.27 Based on current levels of oil imports and 
petroleum prices, the U.S. trade deficit in crude oil and 
petroleum products is on pace to return to pre-crisis lev-
els near $300 billion in 2010.28

The share of petroleum trade in the overall U.S. trade 
deficit has increased considerably in recent years. Since 
December 2007, crude oil and petroleum products have 
routinely accounted for more than half of the monthly 
U.S. trade deficit.29 For the full year, oil trade accounted 
for 56 percent of the total U.S. trade deficit in 2008 and 
55 percent in 2009.30 In other words, oil now typically 
accounts for a greater share of the U.S. trade deficit 

than trade with any single 
bilateral or regional trade 
partner, such as China, 
NAFTA or the EU. While 
more than 30 percent 
of net U.S. imports are 
sourced in North America, 
48 percent originate with 
OPEC member states with 
which the Unites States 
has little else in the way of 
economic relationships.31 
A significant share of the 

dollars sent abroad to purchase oil from OPEC states is 
not recycled into the U.S. economy, amounting to a simple 
transfer of wealth.

Direct wealth transfer is only one of the many eco-
nomic costs of American oil dependence. Researchers 
at the Oak Ridge National Laboratories (ORNL), have 

25	 DOE, AER 2009, Figure 5.2.
26	 Id., Tables 5.1 and 3.9.
27	 Id., Table 3.9.
28	 DOE, EIA, October 2010 Short Term Energy Outlook; and DOE, EIA, 

Weekly Petroleum Status Report (October 6, 2010); SAFE analysis.
29	 U.S. Census Bureau, Office of Foreign Trade Statistics; EC analysis.
30	  Id.
31	 DOE, AER 2009, Table 5.4.

studied at least two others. First, significant economic 
costs stem from the temporary misallocation of resources 
as the result of sudden price changes. When oil prices 
fluctuate, it becomes difficult for households and busi-
nesses to budget for the long term, and economic activ-
ity is significantly curtailed. Second, the existence of an 
oligopoly inflates oil prices above their free-market cost. 
As a result, some economic growth is foregone due to 
higher costs for fuel and other products. ORNL studies 
estimate the combined damage to the U.S. economy from 
oil dependence between 1970 and 2009 to be $4.9 trillion 
in current dollars.32 For 2008 alone, the cost was nearly 
$500 billion.33

Perhaps most tangibly, every recession over the 
past 35 years has been preceded by or occurred concur-
rently with an oil price spike. In general, recessions are 
caused by a myriad of factors and are damaging to nearly 
all sectors of the economy. And yet, oil price spikes tend 
to exact a particularly heavy toll on fuel-intensive indus-
tries like commercial airlines and shipping companies. 
Additionally, automobile manufacturers tend to suffer 
disproportionately as consumers dramatically scale back 
large purchases. But most important is the effect that 
oil prices have on consumer spending, which represents 
about 70 percent of the economy. Stated simply, when 
consumers spend more on gasoline (and heating oil), they 
spend less on everything else.

32	 DOE, EERE, Vehicle Technologies Program, The Cost of Oil Dependence, 
available at http://www1.eere.energy.gov/vehiclesandfuels/facts/2010_
fotw632.html, last accessed October 27, 2010.

33	  Id.
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Oil Prices And Economic Growth
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Environmental Sustainability

The environmental externalities of oil production and 
consumption are increasingly coming into focus. Total U.S. 
energy-related CO2 emissions were 5,405 million metric 
tons in 2009.36 Emissions from the combustion of petro-
leum accounted for 43 percent of the total, representing a 
significantly larger share than emissions from coal use.37

From a sectoral perspective, electric power repre-
sents the largest source of energy-related CO2 emissions, 
accounting for 2,152 million metric tons in 2009.38 Coal 
emissions make up more than 80 percent of the total 
U.S. power emissions profile.39 However, these figures 
represent upstream emissions that result from economy-
wide usage of electricity. In order to assess the impact of 
energy consumption of different sectors of the economy, 
it is also useful to consider emissions from the primary 
end-use sectors reported by the Department of Energy: 
the industrial, commercial, residential, and transporta-
tion sectors. End-use figures incorporate the full con-
sumption of energy by a sector, including electricity and 
other energy forms.

From an end-use perspective, the transportation 
sector is the single largest source of U.S. CO2 emissions, 
having surpassed industrial emissions in 1999.40 Total 

36	  DOE, AER 2009, Table 12.1.
37	  DOE, AER 2009, Table 12.2.
38	  Id.
39	  Id.
40	  Id. Table 12.3.

CO2 emissions from transportation were 1,851 million 
metric tons in 2009, and 98 percent of these emissions 
were from petroleum consumption.41 In 2009, consump-
tion of petroleum in the transportation sector accounted 
for more U.S. energy-related CO2 emissions than the con-
sumption of coal for electric power production.42

International consensus is increasingly focused on 
reaching atmospheric greenhouse gas concentrations of 450 
parts per million 
by mid-century 
in order to avoid 
the most severe 
impacts of cli-
mate change. This 
scenario would require energy-related CO2 emissions to be 
reduced by 40 percent from 2006 levels in developed coun-
tries while other major economies limit their growth to 20 
percent. These reductions would require significant replace-
ment of petroleum transportation fuels.

In addition to negative externalities associated 
with the consumption of petroleum, the consequences 
of petroleum production were also highlighted in 2010. 
On April 20, 2010, an oil and gas exploration rig in the 
Gulf of Mexico experienced a catastrophic blowout, 
resulting in an explosion and fire. Two days later, the 

41	  Id.
42	  Id. Tables 12.2 and 12.3.

National Security Costs

The importance of oil has given it a place of prominence 
in foreign and military policy. In particular, two key 
issues related to oil affect national security. First, the vul-
nerability of global oil supply lines and infrastructure has 
driven the United States to accept the burden of securing 
the world’s oil supply. Second, the importance of large 
individual oil producers constrains U.S. foreign policy 
options when dealing with problems in these nations.

A crippling disruption to global oil supplies ranks 
among the most immediate threats to the United States 
today. A prolonged interruption due to war in the Middle 
East or the closure of a key oil transit route would lead to 
severe economic dislocation. U.S. leaders have recognized 
this for decades, and have made it a matter of stated policy 
that the United States will protect the free flow of oil with 
military force.34 Still, policy alone has consistently fallen 
short of complete deterrence, and the risk of oil supply 
interruptions has persisted for nearly 40 years.

To mitigate this risk, U.S. armed forces expend enor-
mous resources protecting chronically vulnerable infra-

34	 RAND Corporation, “Imported Oil and U.S. National Security,” at  
60-62 (2009).

structure in hostile corners of the globe and patrolling oil 
transit routes. This engagement benefits all nations, but 
comes primarily at the expense of the American military 
and ultimately the American taxpayer. A 2009 study by 
the RAND Corporation placed the ongoing cost of this 
burden at between $67.5 billion and $83 billion annually, 
plus an additional $8 billion in military operations.35 In 
proportional terms, these costs suggest that between 12 
and 15 percent of the current defense budget is devoted 
to guaranteeing the free flow of oil.

Foreign policy constraints related to oil dependence 
are less quantifiable, but no less damaging. Whether deal-
ing with uranium enrichment in Iran, a hostile regime in 
Venezuela, or an increasingly assertive Russia, American 
diplomacy is distorted by our need to minimize disrup-
tions to the flow of oil. Perhaps more frustrating, the 
importance of oil to the broader global economy has 
made it nearly impossible for the United States to build 
international consensus on a wide range of foreign policy 
and humanitarian issues.

35	 Id., at 71.
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Assessing Energy Markets over the Medium Term

The factors that led to high oil prices and increased vola-
tility in the global oil market in recent years are not likely 
to significantly alter over the medium and long term. 
Rising demand in emerging market economies coupled 
with constrained growth in oil supplies is a fundamental 
dynamic that has already been factored into crude oil 
prices.

Undeterred by the global economic downturn, China 
clocked a 6 percent increase in oil demand in 2009 and 
is on pace for a 9 percent gain in 2010.44 More broadly, 
emerging market energy demand growth now sets the 
pace for the world. In particular, the rapid increase in 
demand for mobility in the developing world is reshap-
ing the global oil market. Oil demand growth in emerging 
market economies has averaged 3.6 percent annually 
since 2000, resulting in a net increase in demand of 9.6 
million barrels per day between 2000 and 2009.45 The 
majority of this increase was for transportation. Oil 
demand in the developed world actually shrunk over the 
same period. Together, China and India have accounted 
for 63 percent of the total global increase in oil demand 
since the start of the century.46

44	 DOE, EIA, Short Term Energy Outlook, Custom Table Builder, available 
online at http://www.eia.doe.gov/emeu/steo/pub/cf_query/index.cfm, 
last accessed October 29, 2010.

45	 BP, plc., Statistical Review of World Energy 2010, at 11.
46	 Neil King, “An oil thirsty America dived into ‘dead sea,’” Wall Street 

Journal, October 9, 2010.

Emerging market demand growth is placing new 
pressures on oil supplies. In large part, the high level of 
oil price volatility beginning in 2003 resulted from oil 
producers’ inability to adequately respond to the sharp 
increase in demand driven by emerging market econo-
mies. Rapidly escalating oil consumption in China, India, 
and the Middle East stressed the global oil production 
system to its limits. In the meantime, resource nation-
alism, political instability, and insufficient upstream 
investment in many oil producing regions led to con-
strained growth in oil supplies. The result was a rapid 
erosion of spare capacity within OPEC to extremely low 
levels—less than 2 percent of global demand.47 In such 
an environment, even small perturbations or changes in 
market assessments about the balance between supply 
and demand can cause sharp price swings in crude oil and 
retail fuels.

Going forward, analysts expect oil demand growth in 
the Chinese, Indian, and Middle Eastern transport sec-
tors to make up more than 70 percent of the increase in 
global oil consumption between 2010 and 2030.48 Today, 
there are approximately 30 million light-duty vehicles on 
the road in China; by 2030, analysts expect that number 
to increase nearly 10-fold (see Figure P12). At the same 
time, growth in global oil supplies will be tenuous. Oil 

47	 DOE, EIA, Short Term Energy Outlook, Custom Table Builder, available 
online at http://www.eia.doe.gov/emeu/steo/pub/cf_query/index.cfm, 
last accessed October 29, 2010.

48	 IEA, WEO 2009, Table 1.3.

rig—Deepwater Horizon—sank in approximately 5,000 
feet of water. The accident severed the rig’s connection 
to the seafloor, and the blowout preventer also experi-
enced a complete failure. While estimates vary consid-
erably, the oil spill that resulted from the Deepwater 
Horizon incident likely released several million barrels 
of crude oil into the Gulf of Mexico before the damaged 
well was stabilized on July 15.

Like any business, the global oil and gas industry is 
not risk-free. The availability of relatively inexpensive 
conventional oil and gas supplies is dwindling in the 
regions most accessible to international oil companies—
the United States, Western Europe, and industrialized 
Asia-Pacific. To be sure, low-cost proven oil reserves still 
exist in substantial quantities, but they are most com-
monly located in countries or regions that do not permit 
IOCs to operate freely. As a result, IOCs have increasingly 

expanded the boundaries of technological possibilities in 
the regions in which they can operate.43

Finding and developing these fuels is costly and tech-
nologically complex, and deepwater oil and gas explora-
tion is expected to be at the forefront of industry efforts 
to expand upstream petroleum production in the coming 
decades. Significant discoveries off the coast of Brazil, 
Greenland, Canada, and West Africa are among the 
promising opportunities to produce the fuels that drive 
the global economy today—and probably will for some 
time. And yet, the environmental risks associated with 
these projects should be an important consideration for 
policymakers. Catastrophic oil spills are extremely low-
probability events. But they are also extremely high-cost 
events.

43	 International Energy Agency (IEA), World Energy Outlook 2008 (WEO 
2008), Table 14.1.

Source: Figure P10 — DOE, AER 2009; Figure P11 — DOE, AER 
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The Case for Electrification 
Electrification of transportation remains the most promising 
near-term opportunity for fundamentally reducing U.S. 
dependence on petroleum. Traditional gasoline electric 
hybrid electric vehicles (HEVs) offering gasoline effi-
ciency improvements of 25 to 50 percent—or more— for a 
midsize car have been available for a decade and the tech-
nology is generally mature.57 More recently, there have 
been significant advancements in the technology needed 
to produce vehicles that can charge onboard batteries 
with electricity from the grid, offering a fundamental 
break from petroleum consumption in transportation.

Though important challenges remain, the global 
automotive industry has invested heavily in a number 
of grid-powered vehicle platforms that allow for various 
ranges of autonomous driving powered solely by electric-
ity. In general, grid-enabled vehicles can be either pure 
electric vehicles (EVs) or plug-in hybrid electric vehicles 
(PHEVs). Both EVs and PHEVs store energy from the grid 
in on-board batteries. Energy from the battery powers a 

57	 The Honda Insight was introduced in the U.S. in 1999 followed by the 
Toyota Prius in 2000.  Fuel efficiency improvement figures can vary 
widely based on the method of comparison.  According to DOE’s 2010 
Fuel Economy Guide (http://www.fueleconomy.gov/feg/FEG2010.
pdf ), a Ford Fusion FWD Ice vehicle rates at 22/31 mpg city/hwy.  The 
Fusion Hybrid FWD rates at 41/36.  Using a weighted harmonic mean, 
the efficiency improvement in combined mpg would be 49 percent. In 
comparison, the Toyota Prius rates at 51/48 mpg.

highly-efficient electric motor that propels the vehicle. 
EVs substitute an electric drivetrain for all conventional 
drivetrain components. PHEVs retain the use of a down-
sized internal combustion engine that supplements bat-
tery power.

To be sure, continued improvements in the internal 
combustion engine—along with the targeted uptake of 
other alternative fuel vehicle 
technologies  —  can and 
should play a role in efforts 
to improve U.S. energy secu-
rity. However, grid-enabled 
vehicles offer an entirely 
new prospect: a transporta-
tion system delinked from 
oil. Convergence between 
the power and transport 
sectors could fundamen-
tally alter the U.S. energy 
security equation. Vehicles 
powered by electricity from 
the grid consume no petroleum while they are operating 
on energy discharged from the battery. The benefits of 
such a propulsion system are enhanced by key features 
of the electric power sector as well as the vehicle tech-
nology itself.

production within the world’s most developed nations—
the 30 members of the Organization for Economic 
Cooperation and Development (OECD)—peaked in 
1997 and has markedly declined each year since 2002.49 
Outside the OECD, the picture is no more encouraging. 
More than 90 percent of global oil supplies are owned by 
state-run national oil companies (NOCs).50 While a hand-
ful of NOCs operate like private firms at the technological 
frontier of the industry, the majority function essentially 
as a branch of their respective central governments, 
depositing oil revenues in the treasury, from which they 
are often diverted to other programs instead of being 
reinvested in new energy projects.51

Meanwhile, the fraction of global oil reserves that 
is accessible to international oil companies (IOCs) is 
growing increasingly complex and costly to produce.52 
In addition to the typical costs for pipelines, tankers, and 
refineries, IOCs must now invest significant additional 
capital per barrel of oil produced for specialized drilling 
equipment, oversized offshore platforms, and advanced 
upgrading facilities. As a result, the cost of production for 
incremental non-OPEC oil reserves has increased rap-
idly in recent years. Currently, the break-even price for 
Canadian oil sands is estimated at between $50 and $80 
per barrel.53 For projects in the Gulf of Mexico, marginal 

49	 BP plc, Statistical Review of World Energy 2009, at 8.
50	 IEA, WEO 2008, Table 14.1.
51	 Valerie Marcel, "States of Play," Foreign Policy (Sept/Oct 2009).
52	 IEA, WEO 2008, at 343-53 (2008); Bernstein Research, “Global 

Integrated Oils: Breaking Down the Cost Curves of the Majors, and 
Developing a Global Cost Curve for 2008,” at 14 - 34 (Feb. 2, 2009).

53	 Bloomberg Business Week, “Production Costs Climb for Canadian Oil 
Sands, Companies Say,” June 2, 2010.

costs are estimated to be $60 per barrel.54 Promising 
basins off the coast of Brazil, the West Coast of Africa, and 
the Former Soviet Union are equally complex and costly. 
With these factors in mind, a strong case can be made that 
high oil prices are here to stay.

In fact, oil prices and supply-demand dynamics that 
have occurred in the global oil market throughout 2010 
have served to reinforce this case. With global oil demand 
still recovering from the shock of the financial crisis, 
notional OPEC spare capacity is currently 5.1 million bar-
rels per day, a level last witnessed throughout 2001 and 
2002, when oil prices averaged $20 to $30 per barrel.55 
Current commercial inventories are also at generous 
levels. U.S. commercial crude oil stocks were 358 million 
barrels as of late September 2010, more than 15 percent 
above recent averages for September.56 Gasoline and die-
sel stocks are similarly bloated, and the story is roughly 
the same throughout the world. The world is awash in 
oil and global demand is only now returning to pre-crisis 
levels. And yet, crude oil prices have averaged more than 
$75 per barrel throughout 2010, a level that would have 
seemed exorbitant as recently as 2003.

54	 DOE, EIA, “Performance Profiles of Major Energy Producers 2008,” at 
24 (December 2009).

55	 DOE, EIA, Short Term Energy Outlook, Custom Table Builder, available 
online at http://www.eia.doe.gov/emeu/steo/pub/cf_query/index.cfm, 
last accessed October 29, 2010.

56	 DOE, EIA, Weekly Petroleum Status Report (October 6), available 
at http://www.eia.gov/pub/oil_gas/petroleum/data_publications/
weekly_petroleum_status_report/historical/2010/2010_10_06/
wpsr_2010_10_06.html, last accessed October 29, 2010.

Electrification of 
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reducing America's 
dependence on oil. 
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Today's familiar hybrid-electric vehicles offer improved efficiency over traditional internal 
combustion engine automobiles. However, by incorporating a larger battery and drawing electric 
power from the grid, plug-in hybrids and pure electric vehicles offer a step change improvement 
in energy security.

FIGURE p15

Vehicle Configurations
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onboard in a fuel tank. Fuel is combusted in the engine, which delivers 

mechanical energy to the axle to propel the vehicle. The high energy density 

of gasoline and the ability to store significant volumes of fuel onboard 

allow IC engine vehicles to travel several hundred miles without refueling. 

Today's internal combustion engines, however, are highly inefficient. IC 

engine automobiles turn less than 20 percent of the energy in gasoline into 

power that propels the vehicle. The rest of the energy is lost to engine and 

driveline inefficiencies and idling. 

KEY FEATURES 

HEVs retain the use of an IC engine, and therefore require a liquid fuel tank. 

Additional energy is stored in a battery, from which electricity flows to an 

electric motor. The motor transforms electrical energy into mechanical 

energy, which provides some measure of torque to the wheels. In a typical 

parallel hybrid system, both the engine and the motor provide torque to the 

wheels. In a series hybrid system, only the electric motor provides torque 

to the wheels, and the battery is charged via an onboard generator. Power 

split systems utilize two electric motors and an IC engine. Both the engine 

and the larger electric motor can provide torque to the wheels—jointly or 

independently.

KEY FEATURES

Like traditional hybrids, PHEVs retain the use of an internal combustion 

engine and fuel tank while adding a battery and electric motor. However, 

PHEVs utilize much larger batteries, which can be charged and recharged 

by plugging into the electric grid. PHEV batteries are capable of powering 

the vehicle purely on electricity at normal speeds over significant distances 

(approximately 40 miles) without any assistance from the IC engine. When 

the battery is depleted, PHEVs use the IC engine as a generator to power the 

electric motor and extend their range by several hundred miles. PHEVs can 

be configured as a series hybrid system or a power split system.

KEY FEATURES

EVs do not incorporate an IC engine or conventional fuel system. Electric 

vehicles rely on one or more electric motors that receive power from an 

onboard battery to provide the vehicle's propulsion and operation of its 

accessories. EV batteries, which are typically larger than batteries in HEVs 

or PHEVs to support vehicle range, are charged by plugging the car into a 

device (electric vehicle service equipment) that receives electrical power 

from the grid.
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And in fact, despite the prominent role that coal-fired 
electricity generation plays in the U.S. power portfolio, 
the notion of a PHEV or EV powered 100 percent by coal 
is somewhat misleading. This is because vehicles plugging 
into the grid will be powered by the lowest-cost source of 
dispatchable power generation at a given point in time. 
More often than not, the marginal fuel is unlikely to be 
coal, as coal typically serves as a source of baseload power, 
and ramping coal generation requires some measure of 
planning. Instead, the marginal fuel powering PHEVs 
and EVs is likely to be natural gas in much of the United 
States.61 Natural gas is low cost and easily dispatchable.

As a fuel, natural gas contains about 30 percent less 
CO2 than oil and 45 percent less than coal on an energy 
equivalent basis.62 Moreover, the platform in which 
the fuel is consumed impacts emissions significantly. 
On average, the fleet of U.S. coal power plants currently 
has a 32 percent efficiency rating.63 In contrast, the cur-
rent natural gas-fueled power fleet reaches roughly 
43 percent, and it has been improving substantially as 
combined cycle gas plants are deployed in greater num-
bers.64 Current-generation combined cycle plants reach 
efficiency levels of 60 percent,65 which, when combined 

61	 Oak Ridge National Laboratory (ORNL), Potential Impacts of Plug-in 
Hybrid Electric Vehicles on Regional Power Generation (2008), available 
at http://apps.ornl.gov/~pts/prod/pubs/ldoc7922_regional_phev_
analysis.pdf.

62	 DOE, EIA, Natural Gas Issues and Trends, at 58 (Table 2) (1999).
63	 János M.Beér, “Higher Efficiency Power Generation Reduces Emissions: 

National Coal Council Issue Paper, at 2 (2009).
64	 DOE, EIA, Electric Power Annual 2009 (EPA 2009), Average Operating 

Heat Rate for Selected Energy Sources, available at http://www.eia.doe.
gov/cneaf/electricity/epa/epat5p3.html. 

65	 GE Energy, “Gas Turbine and Combined Cycle Products,” at 4, available at 
www.gepower.com/prod_serv/products/gas_turbines_cc/en/downloads/
gasturbine_cc_products.pdf, last accessed on August 28, 2009. 

with the lower carbon profile of gas, results in an emis-
sions reduction of about 70 percent per unit of electricity 
generated versus the existing coal fleet.66

One recent study from the Oak Ridge National 
Laboratory simulated the impact of significant adoption of 
PHEVs throughout the United States.67 The study assumed 
that more than 19 million PHEVs would be on the road by 
2020, and it plotted penetration across different National 
Electricity Reliability Council (NERC) regions. Aggregated 
across all NERC regions, the study found that natural gas gen-
eration provided for the bulk of added electricity generation 
needed to power PHEVs in a variety of charging scenarios.

Most recently, Argonne National Laboratory simu-
lated the well-to-wheels emissions profile of a number of 
PHEVs with varying battery sizes in different regions of 
the United States.68 The analysis found that a PHEV-40 
in charge-depleting (CD) mode had significantly lower 
CO2 emissions than a conventional gasoline vehicle in 
each region analyzed, and in most cases the PHEV-40 in 
CD mode outperformed a traditional HEV. In Illinois, a 
coal-dominated region, the PHEV still offered an emission 
improvement over a conventional gasoline vehicle, while 
HEVs performed the best out of the technologies evaluated. 
(The drive cycle used in the Argonne analysis resulted in a 51 
percent utility factor for a PHEV-40, which is conservative).

Energy Security: Electric drive systems represent 
a substantial improvement from an energy security 

66	 Authors’ calculations assuming natural gas contains 45 percent less 
carbon than coal, and comparing a combined cycle gas turbine (60 
percent efficiency) to the existing coal fleet (32 percent efficiency).

67	 ORNL, Potential Impacts of Plug-in Hybrid Electric Vehicles on Regional 
Power Generation (2008).

68	 Argonne National Laboratory, Well to Wheels Analysis of Energy Use and 
Greenhouse Gas Emissions in Plug-in Hybrid Electric Vehicles (2010).

The Advantages of Electric Drive

Electric drive technology offers a significant improve-
ment in efficiency within a given vehicle class when com-
pared to a comparable traditional internal combustion 
engine vehicle. In large part, this is due to the high effi-
ciency of electric motors, which can convert as much as 
80 to 90 percent of the energy content of electricity into 
mechanical energy. This efficiency contributes to several 
significant benefits for the vehicle operator.

Reduced Fuel Costs: Electric drive offers signifi-
cant reductions in fuel costs on a per-mile basis. With 
gasoline at $3.00 per gallon, a relatively efficient internal 
combustion engine vehicle rated at 30 miles per gallon 
has an average fuel cost of 10 cents per mile. A mid-sized 
sport utility vehicle getting 20 miles per gallon has an 
average fuel cost of 15 cents per mile, and a medium-duty 
urban delivery vehicle getting 10 miles per gallon has an 
average fuel cost of 30 cents per mile. Comparatively, a 
light-duty battery electric vehicle or a PHEV in charge-
depleting mode would have fuel costs of just 2.5 cents per 
mile, assuming electricity priced at 10 cents per kilowatt 
hour (kWh) and an electric motor efficiency of 4 miles per 
kWh. At 2.0 miles per kWh, the fuel cost for a medium-
duty PHEV or EV truck would be 5 cents per mile.

Efficient Use of Energy: Low fuel costs for EVs and 
PHEVs are partially a function of the low price of electric-
ity on an energy-equivalent basis. They are also a function 
of the efficiency of electric motors. However, all electric 
drive technologies also make efficient use of energy from 
the point of combustion. For EVs and PHEVs, assessing 
that efficiency requires moving up the energy system to 
the point where fuel is combusted in a power plant. Using 
this measure, the efficiency advantage of electric drive is 

readily apparent. A traditional ICE vehicle getting 30 mpg 
can travel less than one-fourth of a mile on the energy 
contained in 1,000 Btu of gasoline. An electric vehicle or 
PHEV in charge-depleting mode can travel nearly double 
that distance on 1,000 Btu of natural gas used to generate 
electricity, even accounting for line losses in transmitting 
the electricity from the power plant.

Reduced Emissions: Electric drive technology can 
provide significant reductions in CO2 emissions compared 
to conventional vehicles powered by fossil fuels. Today’s 
full hybrids offer as much as a 30 percent improvement in 
emissions when compared to similarly sized conventional 
gasoline vehicles. Questions have been raised about the 
emissions profile of PHEVs and EVs, because approxi-
mately 48 percent of current U.S. electricity generation 
is derived from coal-fired power plants.58 Together with 
natural gas, fossil fuels account for as much as 70 percent 
of U.S. power generation.59

However, the emissions benefits of electric drive 
vehicles are still significant. A number of well-to-wheels 
analyses have quantified emissions benefits of electric 
drive technology in recent years. One study from the 
Natural Resources Defense Council and the Electric Power 
Research Institute found that a PHEV-20 powered by elec-
tricity from the grid offered significant emissions benefits, 
even if 100 percent of the electricity used to power the 
vehicle was generated at a relatively inefficient coal plant.60

58	 DOE, AER 2009, Table 8.2a.
59	 Id.
60	 Electric Power Research Institute (EPRI), Natural Resources Defense 

Council & Charles Clark Group, Environmental Assessment of Plug-In Hybrid 
Electric Vehicles: Volume 1: Nationwide Greenhouse Gas Emissions (2007).

Notes:  1. EV efficiecny assumes electricity generated from natural gas at the U.S. national average heat rate of 8,305 Btu/kWh; 10 percent line loss; and motor efficiency of 4.0 mi/kWh

2. Full hybird mpg assumed at 50  3. ICE mpg assumed at 30  4. NGV mpg-e assumed at 28   5. Gaoline assumed at $3/gal; CNG at $1.50 GGE; electricity at $0.10/kWh.
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Well-to-Wheels Emissions: PHEV-40 in CD Mode
FIGURE p19

Well-to-Wheels Petroleum Use

Sources: Figure P18, P19 — Argonne National Laboratory; Figure P20 — U.S. Bureau of Economic Analysis; BP, plc., Statistical Review of World Energy 2010
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standpoint. Electric vehicles—and series plug-in hybrid 
electric vehicles operating in charge-depleting mode—
essentially use zero petroleum to propel the vehicle. In 
some configurations, PHEVs with smaller batteries may 
still use some petroleum, but the total amount can be 
nearly 50 percent lower than from an HEV.69 Meaningful 
penetration of EVs and PHEVs, along with traditional 
HEVs and more efficient ICE vehicles, would radically 
improve U.S. energy security by minimizing the role that 
petroleum plays in the national economy.

Between 1975 and 1985, the United States sharply 
reduced the amount of petroleum that went into produc-
ing each dollar of gross domestic product.70 The practi-
cal elimination of oil from the electric power sector and 

69	 Id.
70	 BP plc, Statistical Review of World Energy 2010, at 11; U.S. Bureau of 

Economic Analysis; and SAFE analysis.

the implementation of the first national fuel economy 
standards led to oil intensity reductions averaging 2.5 
percent per year. Beginning in 1985, however, the rate 
of reductions in oil intensity slowed dramatically. A 
crash in oil prices strongly contributed to changing 
consumer demand in vehicle performance and fuel effi-
ciency metrics. Over the following decades, reductions 
in oil intensity averaged less than 1 percent annually, as 
improvements in fuel-economy standards stalled and the 
automotive industry invested research and development 
dollars in increasing horsepower instead of the advance-
ment of new, efficient technologies.

The arrival of electric-drive vehicles in the market 
signals the beginning of a fundamental shift in U.S. energy 
security dynamics. With oil demand growth in emerging 
market economies providing steady support for higher oil 
prices, consumers may be much more willing to invest in 
efficiency if the product options are compelling.

The Benefits of Electricity

Grid-enabled electric drive technologies—PHEVs and 
EVs—will benefit from important characteristics of the 
U.S. electric grid. Vehicle miles powered by electricity will 
offer improved energy security, reduced fuel costs, and 
reduced CO2 emissions largely because the power sector 
offers material improvements in those categories com-
pared to petroleum.

Electricity is Diverse and Domestic: Electricity 
is generated from a diverse portfolio of largely domestic 
fuels, including coal, uranium, natural gas, flowing water, 
wind, geothermal heat, the sun, landfill gas, and others. 
Among those fuels, the role of petroleum is negligible. In 
fact, just 1 percent of power generated in the United States 
in 2009 was derived from petroleum.71

An electricity-powered transportation system, there-
fore, is one in which an interruption of the supply of one 
fuel can be made up for by others, even in the short term, 
at least to the extent that there is spare capacity in genera-
tors fueled by other fuels, which is generally the case. This 
ability to use different fuels as a source of power would 
increase flexibility in the transport sector. As national 
goals and resources change over time, the United States 
could shift transportation fuels without overhauling its 
transportation infrastructure.

In addition to this diversity of supply, the fuels used 
to generate electricity are generally sourced domesti-
cally. All renewable energy is generated using domestic 
resources. The United States is a net exporter of coal. 
In 2009, only 12 percent of natural gas demand was 
met by imports, and approximately 90 percent of those 
imports were from North American sources (Canada and 
Mexico).72 The United States does import a substantial 
portion of the uranium that fuels civilian nuclear power 
reactors. Forty-two percent of those imports, however, are 
from Canada and Australia.73

Electricity Prices are Stable and Relatively 
Inexpensive: Electricity prices are significantly less 
volatile than oil or gasoline prices. Over the past 25 years, 
electricity prices have risen steadily but slowly. Since 
1983, the average nominal retail price of electricity deliv-
ered in the United States has risen by an average of less 
than 2 percent per year in nominal terms and has actually 

71	 DOE, AER, Table 8.2a.
72	 DOE, AER, Table 6.3.
73	 DOE, EIA, 2008 Uranium Marketing Annual Report (UMAR 2009) p. 1 

(2009).

fallen in real terms.74 Moreover, nominal prices have risen 
by more than 5 percent year-over-year only three times in 
that time period.75 This price stability, which is in sharp 
contrast to the price of oil or gasoline, exists for at least 
two reasons.

First, the retail price of electricity reflects a wide 
range of costs, only a small portion of which arise from 
the underlying cost of the fuel. The remaining costs are 
largely fixed.76 In most instances, the cost of fuel repre-
sents a smaller percentage of the overall cost of deliv-
ered electricity than the cost of crude oil represents as a 
percentage of the cost of retail gasoline.77 For instance, 
although fossil fuel prices rose 21 percent between 2004 
and 2006 (as measured on a cents-per-Btu basis), and 
the price of uranium delivered in 2006 rose 48 percent 
over the cost of uranium delivered in 2004, the national 
average retail price of all electricity sales increased only 
17 percent.78 This cost structure promotes price stability 
with respect to the final retail price of electricity.

Second, although real-time electricity prices are 
volatile (sometimes highly volatile on an hour-to-hour or 

74	 DOE, AER 2009, Table 8.10.
75	 Id.
76	 DOE, EIA, “Energy in Brief-What Everyone Should Know: How is my 

Electricity Generated, Delivered, and Priced?” available at http://tonto.
eia.doe.gov/energyexplained/index.cfm?page=electricity_in_the_
united_states. 

77	 DOE, EIA, “Gasoline Explained: Factors Gasoline Prices” available at 
http://tonto.eia.doe.gov/energyexplained/index.cfm?page=gasoline_
factors_affecting_prices. 

78	 DOE, EPA 2007, Table 4.5; DOE, UMAR 2009, Table S.1.b; DOE, AER 
2008, Table 8.10.
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Retail Electricity & Gasoline Prices
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U.S. Proved Reserves, Dry Natural Gas
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day-to-day basis), they are nevertheless relatively stable 
over the medium and long term. Therefore, in setting 
retail rates, utilities or power marketers use formulas 
that will allow them to recover their costs, including the 
occasionally high real-time prices for electricity, but 
which effectively isolate the retail consumer from the 
hour-to-hour and day-to-day volatility of the real-time 
power markets. By isolating the consumer from the price 
volatility of the underlying fuel costs, electric utilities 
would be providing to drivers of GEVs stability that oil 
companies cannot provide to consumers of gasoline.

The Electric Power Sector has Substantial Spare 
Capacity: Because large-scale storage of electricity has 
historically been impractical, the U.S. electric power 
sector is effectively designed as an ‘on-demand system.’ 
In practical terms, this has meant that the system is con-
structed to be able to meet peak demand from existing 
generation sources at any time. However, throughout 
most of a 24-hour day—particularly at night—consumers 
require significantly less electricity than the system is 
capable of delivering. Therefore, the U.S. electric power 
sector has substantial spare capacity that could be used to 
power electric vehicles without constructing additional 
power generation facilities, assuming charging patterns 
were appropriately managed.

The Network of Infrastructure Already Exists: 
Unlike many proposed alternatives to petroleum-based 
fuels, the nation already has a ubiquitous network of 
electricity infrastructure. No doubt, electrification will 
require additional functionality and increased invest-
ment in grid reliability, but the power sector’s infrastruc-
tural backbone—generation, transmission, and distribu-
tion—is already in place.

The Grid will Get Cleaner, not Dirtier: Changes 
to the composition of U.S. power generation sources are 
likely to further enhance the emissions benefits of plug-
ging vehicles into the grid. For decades, natural gas basel-
oad power generation was disadvantaged by the high cost 
of the fuel. Natural gas prices regularly exceeded those 
of coal, and were also far more volatile. Despite the fact 
that capital costs for natural gas generation were gener-
ally well below those associated with building a new coal 
plant, many operators opted for coal-fired generation, 
preferring a stable fuel price that was a relatively small 
component of overall plant expenditures.

However, the U.S. upstream natural gas industry has 
experienced a revolution in recent years. The technology 
to successfully exploit unconventional gas reservoirs—
shale, tight sands, and coal bed methane—has unlocked a 
vast new domestic resource. Shale resources in particular 

have been a fundamental driver in expanding U.S. natural 
gas reserve estimates. Proved reserves have increased 
by 37 percent since 2000, from 177 trillion cubic feet 
(tcf ) to 244 tcf.79 Yet, proved reserves present only part 
of the picture. The Colorado School of Mines Potential 
Gas Committee estimates that potential U.S. gas reserves 
could now be closer to 2,000 tcf, resulting in a theoreti-
cal reserves-to-production ratio of nearly 100 years at 
today’s consumption levels.

The cost structure for natural gas production from 
onshore unconventional resources is also shifting the 
energy landscape. A number of recent analyses suggest 
that a significant portion of U.S. resources can be pro-
duced for less than $6.00 per million Btu.80 This struc-
tural shift in production costs—along with significantly 
reduced industrial demand for natural gas during the 
recession—has placed substantial downward pressure 
on natural gas prices. As a result, natural gas prices have 
approached parity with coal prices a number of times 
since 2009, making the fuel more attractive for utilities. 
In fact, natural gas traded at a discount to coal in some 
regions in 2009 and early 2010.81

The availability of abundant domestic gas resources 
is likely to provide momentum for a shift to gas-fired 
power over the coming years. This shift to a lower-
carbon fuel in plants that achieve higher efficiency rates 
will result in a reduced carbon profile for the U.S. power 
sector, a trend that benefits electric drive technology. 
Moreover, even in the absence of a nationwide price on 
carbon, new regulatory requirements may accelerate the 
retirement of a portion of the U.S. coal fleet.

In July 2010, the Environmental Protection Agency 
proposed new air quality rules designed to reduce emis-
sions of sulfur dioxide and nitrogen oxides from coal-
fired power plants. The proposed rules would require 
the deployment of best available control technologies, 
including selective catalytic reduction (SCR) and flue gas 
desulphurization (FGD) units at coal-fired plants.

Currently, only 103 gigawatt hours (gWh) of U.S. coal-
fired electricity generation contains both SCR and FGD 
units. Though EPA’s rules are not finalized as of October 
2010, trends in air quality management suggest a very real 
possibility that a substantial portion of the U.S. coal fleet 
will be turning over during the coming years, increasing 
the likelihood that EVs and PHEVs will be powered by 
fuel sources other than coal—most commonly natural gas.

79	 BP, plc, Statistical Review of World Energy 2010, at 22.
80	 Credit Suisse, The Impact of Shale Gas, at 36, (September 24, 2010).
81	 Id., at 33.

special section
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A Growth Sector for Jobs
Eighteen months after the official end of the 2007-2009 
recession, the U.S. employment outlook remains troubling. 
Current figures place the official U.S. unemployment rate 
at 9.6 percent, and expectations are that the jobless rate 
will average 9.6 percent in 2011, well above normal levels.82 
In short, while the Great Recession officially ended in 
2009, many Americans are still waiting to feel the recovery.

Though nearly all sectors of the economy have yet 
to resume hiring in earnest, manufacturing employment 
has been hit particularly hard. Since the recession began 
in December 2007, the United States has shed nearly 2.1 
million manufacturing jobs, and total manufacturing 
employment now stands at just 11.7 million workers—a 32 
percent decline from January of 2001.83 And while only 1 
in 10 Americans are currently employed in manufactur-
ing, the erosion of the domestic industrial base has clearly 
stunted efforts to stimulate aggregate job creation.84

The past several years also witnessed an inflection 
point in the global industrial landscape: 2009 marked the 
first year in which U.S. manufacturing capacity trailed 
Chinese capacity in its share of the world total.85 The 
ascendency of Chinese manufacturing can be attributed to 
a myriad of industries and factors, but it has in part been 
driven by the rise of the Chinese motor vehicle industry. 
Chinese production of motor vehicles first surpassed U.S. 
output in 2008, and the gap increased by a wide margin 
in 2009.86 Total Chinese vehicle production reached 13.7 
million units last year—an increase of nearly six-fold from 
the beginning of the decade, and more than double the U.S. 
total of 5.7 million domestically-made units.87

In the United States, the twin shocks of rapidly esca-
lating gasoline prices between 2007 and 2008 and the 
severe recession that followed through 2009 exacted a 
significant toll on the auto industry. Total auto sales aver-
aged 16.1 million annualized units in 2007.88 As oil prices 
steadily rose throughout 2008, sales plummeted, fall-
ing 20 percent off their 2007 mark.89 The recession and 

82	 International Monetary Fund, World Economic Outlook 2010, Table 2.2, at 70.
83	 U.S. Department of Labor, Bureau of Labor Statistics, U.S. Employment 

Situation, Table B-1 (October 6, 2010), available at http://www.bls.gov/news.
release/empsit.toc.htm.

84	 Id.
85	 United Nations, Industrial Statistics, available at http://unstats.un.org/

unsd/industry/default.asp.
86	 Ward's Automotive Group, Ward's Motor Vehicle Facts and Figures 2010.
87	 Id.
88	 Motor Intelligence, available at http://www.motorintelligence.com/.
89	 Id.

financial crisis pushed auto sales to a low of just 9.2 mil-
lion annualized units in September 2009, and by August 
2010 sales had rebounded to just 11.3 million annualized 
units.90 As a result of reduced sales and declining domestic 
output, the number of U.S. workers building vehicles and 
their components has dropped dramatically. Between 
2000 and 2009, total American workers employed in 
motor vehicle and auto parts production fell by more than 
50 percent, from 1.13 million to approximately 560,000.91

Electrification of transportation offers a rare oppor-
tunity to counter these dynamics. Early investment in 
advanced battery manufacturing has put the United 
States on competitive global footing for the jobs and 
other economic benefits that could be associated with 
this industry. Dozens of plants building advanced bat-
teries and power electronics throughout the rust belt are 
already employing thousands of American workers, and a 
thriving domestic market for electric drive vehicles could 
dramatically expand this number.92 

The United States will face strong competition 
for dominance over this sector and its associated ben-
efits. The Chinese government has recently committed 
$15 billion to an alliance of state-run companies leading 
research and development and standardization efforts.93 
China has also announced ambitious plans to deploy 
EVs in up to 20 pilot cities in which strong incentives 
for vehicles and infrastructure will be funded by local  
governments as well as the national government.94 
Throughout Europe, high retail fuel prices and stringent 
tailpipe emissions standards are driving sharp increases in 
vehicle efficiency, and electric drive is among a handful of 
technologies that can meet new and forthcoming standards.

Much of the technology that will power electric drive 
vehicles—from HEV to PHEV and EV—was invented and 
developed in the United States, and significant government 
investment is being allocated to support the industry. A com-
prehensive approach to supporting early demand for grid-
enabled vehicles will help capitalize on these investments.

90	 Id.
91	 DOE, ORNL, TEDB 2009, Table 10.18.
92	 Thomas Grillo, “A123 opens Michigan plant,” Boston Herald, September 

24, 2010; Sebastian Blanco, “EnerDel shows off battery production 
facility, plans for $237 million expansion,” Autoblog, January 22, 2010; 
Carl Apple, “How do I Land a Battery Plant Job?” February 24, 2010.

93	 David Barboza, “China to Invest Billions in Electric and Hybrid Cars,” 
New York Times, August 19, 2010.

94	 Owen Fletcher, “China Ministry: Government Has Consensus To 
Promote Electric Cars,” Dow Jones Newswire, October 28, 2010.
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Market Outlook
As a result of a number of economic and technological 
factors, the outlook for the North American electric drive 
vehicle industry remains somewhat unclear. U.S. fuel 
prices are relatively low by international standards, and 
the boom-and-bust cycle of oil prices has tended to make 
most consumers unwilling to invest in the higher upfront 
cost of more efficient vehicles. Lawmakers have also 
struggled to implement a comprehensive demand-side 
policy aimed at facilitating development of the regulatory 
and infrastructural network needed to maximize the ben-
efits of EVs and PHEVs.

At the same time, a number of major global auto-
makers are investing significant capital in the devel-
opment of plug-in electric drivetrains. In addition to 
vehicles expected in U.S. markets in 2010 and 2011—pri-
marily the Nissan Leaf and Chevy Volt—Volkswagen, 
BMW, Mitsubishi, Toyota, Honda, Ford, Chrysler, and 
others have announced significant programs to develop 
and market EVs and PHEVs. In some instances, these 
commitments are a response to increasingly stringent 
regulatory requirements instituted by governments. But 
the pace at which major OEMs are investing in GEVs is 
nonetheless impressive.

Still, a number of technological and economic chal-
lenges remain to be addressed before electric drive tech-
nologies can achieve mainstream potential. Many of the 
most significant challenges relate to battery technology. 
The industry continues to work toward material reduc-
tions in battery price along with improved performance 

metrics in some cases. However, battery prices are still 
too high for most typical consumers to consider purchas-
ing electric drive vehicles. Innovative business models 
are emerging to deal with the high cost of capital asso-
ciated with batteries, but many of these will ultimately 
depend of the residual value of the battery, which is yet 
undetermined.

Other challenges could impact the availability of 
charging infrastructure, both at home and in public. A reli-
able business model has yet to be demonstrated around 
public charging infrastructure, and the cost of installing 
the appropriate equipment in consumers’ homes could 
vary substantially based on the level of sophistication 
required. How consumers use and charge plug-in vehicles 
will also have a direct impact on the electric grid: smart 
charging will make grid-enabled vehicles an asset to the 
grid; unmanaged charging could make them a liability—
particularly at the distribution level in some areas. A clear 
path to a widely deployed charging management system 
has not yet been outlined.

All of these factors will affect consumer acceptance 
of grid-enabled vehicles. As of October 2010, the first 
wave of offerings for both the Nissan Leaf and the Chevy 
Volt appear to be heavily subscribed. Nissan has report-
edly received commitments for all of the fully-electric 
Leafs it plans to ship in 2010 and 2011.95 GM recently 

95	 Consumer Reports, “Electric Nissan Leaf sold out with pre-orders,” May 
26, 2010.

increased its planned production of Chevy Volt vehicles 
to as much as 15,000 units in 2011, with a possibility 
of increased volumes in 2012 as well.96 Despite these 
encouraging announcements, the long-term impact of 
electrification after these initial vehicles hit the road 
remains an open question. Traditional hybrids provide a 
case in point: in 2010, more than 10 years after the first 
gasoline electric hybrids were introduced in the United 
States, there are approximately 1.5 million HEVs on the 
road out of a total of 230 million light-duty vehicles.97 
Annual hybrid sales typically account for less than 3 
percent of new auto sales, and they make up less than 1 
percent of the U.S. light-duty parc.98

Simply stated, there are a wide range of views 
regarding the commercial viability of plug-in hybrid and 
battery electric vehicles, in the United States and glob-
ally. A sampling of forecasts from government agencies, 
financial institutions, consultancies, and auto industry 
analysts reveals estimates ranging from essentially no 
uptake of PHEVs and EVs to as much as 12 percent of new 
auto sales by 2020. The variation in these forecasts can 
largely be attributed to different assumptions about fuel 
prices, the pace of battery cost reduction, infrastructure 
deployment, and government policy.

This uncertainty has led some in the battery indus-
try to caution of an imbalance between investments in 
battery supply and investments in supporting vehicle 
adoption. Forecasts vary, but some estimates project a 

96	 David Shepardson, “GM Exec Predicts 60,000 Volt Models Built in 2012,” 
Detroit News, October 15, 2010.

97	 DOE, AEO 2010, online supplemental Table 58.
98	 Id., Tables 57 and 58.

possible 62 percent shortfall in U.S. demand for advanced 
large-format batteries when compared to projected 
capacity. However, the nature and pace of these events 
will be critical for determining the viability of the battery 
industry. If demand fails to materialize early on, much 
of the investment in battery capacity will be cancelled or 
postponed, significantly setting back the industry in the 
United States compared to its competitors abroad.

Source: Motor Intelligence
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Expanding the Demand Side
In order to capture the most significant economic, energy 
security and environmental benefits of electric drive 
technology, policymakers and auto industry participants 
have tended to focus their attention on light-duty vehi-
cles. Based on the size and importance of the market, this 
is clearly justified. The light-duty segment alone makes 
up approximately 40 percent of total U.S. oil consump-
tion and more than 60 percent of oil demand in the trans-
portation sector.99 The high volume of annual light-duty 
vehicle sales—which even in severe recessionary condi-
tions exceeded 10 million units per year—also means that 
even a relatively low sales penetration rate can result in 
significant uptake of a technology in absolute terms.

However, in order to support development of the 
electric drive vehicle industry and to help drive down 
industry costs for consumers, alternative vehicle markets 
could be important in the near-term. The early develop-
ment of the electric drive vehicle and battery industries 
would benefit from a diverse customer base that can help 
drive critical volumes, particularly in the period between 
2010 and 2015, when charging infrastructure and con-
sumer acceptance issues will slow development of the 

99	 DOE, AEO 2010, Table A-7.

personal-use passenger market. Specifically, commercial 
and government fleet applications stand out as highly 
viable market segments based on the operational needs of 
the vehicles and the economic factors that drive vehicle 
acquisition processes.

Based on total cost of ownership modeling con-
ducted for this report, commercial and government 
fleets could contribute substantial volume commitments 
in the early development phases of the GEV market. The 
economic attractiveness of electric drive vehicles in cer-
tain applications—coupled with operational enhance-
ments and targeted use of public policy levers—could 
drive grid-enabled vehicle penetration in U.S. commer-
cial and government fleets to as much as 7 percent of new 
acquisitions by 2015. In aggregate, the market for EVs 
and PHEVs in fleet applications could lead to cumulative 
unit commitments of more than 200,000 EVs and PHEVs 
between 2011 and 2015.

It is important to place these figures in context. 
Adoption of electric drive vehicles by fleet operators 
should not be considered as a stand-alone approach to 
increasing energy security through reduced petroleum 
consumption. Ultimately, the fleet market is not signifi-
cant enough to drive substantial reductions in national 

oil use. However, based on currently announced North 
American production capacity, fleet operators could 
represent the equivalent of up to 30 percent of total GEV 
component capacity in 2015. 
In the process, fleet opera-
tors would help expedite the 
development of scale efficien-
cies in the early GEV indus-
try. Moreover, the tendency 
of fleet vehicles to be higher 
mileage translates into higher 
potential petroleum savings 
on a per-vehicle basis, maxi-
mizing the efficiency of early, 
temporary federal incentives.

These figures could rep-
resent substantial, realizable 
volumes during the early development of the U.S. large-
format lithium-ion battery industry. Fleet customers 
would provide a stable customer base and much-needed 
certainty for manufacturers of batteries, battery com-
ponents and other specialized PHEV and EV parts, 
including electric motors. Ultimately, the long-term 
predictability of large fleet commitments could help to 
drive cost reductions in PHEVs and EVs that would ben-
efit the broader consumer market. In the process, fleet 
electrification would produce additional benefits. 

First, fleet customers would contribute to driv-
ing early volumes in charging infrastructure. While 
centrally-parked fleets will benefit from single point 
installation and the ability to charge multiple vehicles 
per charger, fleet customers will nearly always prefer to 
install Level II (220v) or Level III (440v) chargers at a 
depot and perhaps along frequently-traveled routes as 
well. Electrified fleets would also help utilities to con-
sider the impact of PHEVs and EVs on the grid and begin 
responding to emerging issues.

Finally, fleets would help put EVs and PHEVs on 
the road where consumers can see them, increasing 

familiarity with—and perhaps acceptance of—this new, 
disruptive technology. In some applications, such as util-
ity and telecommunications service vehicles or urban 

delivery trucks, the ben-
efits of consumer inter-
action will be limited to 
simply observing PHEVs 
and EVs in operation. But 
in other cases, such as 
rental cars and taxis, elec-
trified fleets will actually 
provide consumers with 
an opportunity to interact 
with electric drive vehicles 
first-hand, building confi-
dence through experience.

All of these benefits 
would support the long-term development of the electric 
drive industry—the most cost effective and technologi-
cally mature option for addressing America’s dangerous 
dependence on oil.
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A New York Times Dodge Sprinter plug-in hybrid electric vehicle (PHEV), which will be used for newspaper delivery, is seen April 11, 2007 in New York 

City. The vehicle is the first medium-duty plug-in hybrid vehicle on the East Coast and can operate up to 20 miles in zero-emission electric mode or as a 

hybrid with a diesel.
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PUBLIC LEVEL II GEV CHARGER  The charging needs of fleet 

vehicles may be different than those for personal use consumers.



ABSTRACT

For electrification to meaningfully impact U.S. energy and 

national security, grid-enabled vehicles will ultimately need 

to succeed in the personal-use passenger vehicle market. 

However, during the early development of the electric vehicle 

industry, while battery and vehicle costs remain high, other 

market segments could prove critical for driving demand. 

In particular, commercial and government fleets could 

represent major early adopters of grid-enabled vehicles.

The lower fuel and maintenance costs associated with 

grid-enabled vehicles—particularly EVs—could provide more 

near-term economic value for fleet operators than typical 

consumers, particularly in higher mileage applications. 

Moreover, the key challenges facing widespread consumer 

adoption, including access to infrastructure, range anxiety, 

and the higher upfront costs of the vehicles themselves—

might be more easily managed by fleet owners. Finally, 

the implementation of corporate sustainability initiatives 

in a number of American businesses could provide added 

momentum for the purchase of highly efficient electric drive 

vehicles in fleet applications.

CHAPTER 1.1

Overview
There were more than 16 million public and private fleet vehicles on the road in 

the United States in 2009.1 While the size of individual fleets varies significantly, 

the top 50 fleet operators together manage more than half a million vehicles.2

Fleet vehicles perform a variety of missions for federal, 
state, and local government, and for companies that 
are familiar to nearly all Americans. They are postal 
delivery vehicles, utility and telecom service trucks, 
pharmaceutical sales vehicles, urban delivery vans, 
and more.

Different fleet operators take different approaches to 
the way they acquire, operate, and manage their vehicles. 
Miles driven per day, refueling options, and the amount 
of time vehicles spend parked or idling can vary signifi-
cantly by operator and industry. Fleet operators also take 
different approaches to balancing the tradeoffs between 
outright ownership and leasing depending on financing 
strategies and cost considerations. In 2009, 80 percent of 
the fleet cars and class 1-5 trucks on the road in the United 
States were privately owned; 20 percent were leased.3 
The top 10 fleet leasing companies own and operate nearly 
3 million vehicles in total.4

The concentration of buying power associated with 
fleet operators and fleet management companies repre-
sents a significant opportunity to assist the early develop-
ment of the electric drive vehicle industry. Moreover, fleets 
tend to possess a handful of important characteristics that 
may make their operators more likely than typical consum-
ers to take on the potential risks of electric drive vehicles.

The most significant challenges facing consumer 
adoption of electric vehicles today are the high upfront 
cost of the vehicles themselves—a cost driven largely by 
batteries—and the absence of publicly available refueling 
infrastructure. Fleet operators represent a customer seg-
ment that may be able to move past both challenges more 
quickly than typical consumers.

1	 PRTM analysis; This figure is derived from a composite of data 
sources, including R.L. Polk, Automotive Fleet, U.S. General Services 
Administration, GE Capital, Utilimarc, and others.

2	 Bobit Publishing Company, 2010 Automotive Fleet Factbook (AFB), 
available at http://www.automotive-fleet.com/Statistics/ 

3	 Id. at 9.
4	 Id. at 44.

By serving as a first market for electric drive tech-
nologies, fleet operators could generate a number of 
spillover benefits for the broader consumer market, eas-
ing adoption on a wider scale. Fleet operators represent 
a potential catalyst for the industry-wide economies of 
scale that will benefit the consumer electric drive mar-
ket with lower prices. If plug-in vehicle adoption among 
fleet operators reached even 4 percent of new acquisi-
tions by 2015, the fleet industry could generate demand 
for as much as 3,000 MWh of battery capacity. Increased 
volumes from fleet orders will also reduce the costs of 
electric powertrain components.

A similar impact could be realized in charging infra-
structure. While fleet operators will benefit from single 
point installation, the need to charge multiple vehicles 
simultaneously in some instances could necessitate large 
charging unit purchase orders, helping to accelerate the 
development of critical installation experience and driv-
ing early volume production of charge units.

Finally, fleet operators could improve consumers’ per-
ception of electric-drive vehicles by increasing their public 
exposure and facilitating interaction with a new technol-
ogy. Urban parcel delivery 
vehicles display some of 
the most familiar brands 
in corporate America, and 
they are a common sight 
on city roads and high-
ways across the United 
States. Typical consumers 
interact with utility and 
telecommunications service vehicles in their neighbor-
hoods every day. Rental cars, taxi cabs and transit vehicles 
offer even greater exposure. By demonstrating the safety, 
reliability, and real world benefits of electric drive technol-
ogies, fleet operators can dramatically enhance consum-
ers' perceptions of HEVs, PHEVs, and EVs.

Number of vehicles owned and managed 
by the top 10 fleet leasing companies.

3 Million
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What Constitutes A Fleet?

For the purposes of this report, a fleet is defined as five or more vehicles under central commercial or government ownership. 
Data has been aggregated from a number of sources, including the U.S. Department of Energy, Oak Ridge National Laboratory, 
R.L. Polk and Co., and industry publications such as Automotive Fleet. Data was also acquired from industry associations, fleet 
operators, vehicle OEMs, and other primary sources.

It is important to note that there are a variety of interpretations and definitions of fleets, and these impact the way that data is 
aggregated by different sources. Aggregating historical data series is particularly difficult as a result of changing definitions over 
time. The Department of Energy Annual Energy Outlook reports sales, stock, and energy consumption data for light-duty vehicles 
(cars and SUVs) in fleets of 10 or more only. In their annual Transportation Energy Data Book, Oak Ridge National Laboratory 
defines fleets as having 15 or more vehicles in operation or purchasing five or more vehicles annually. This definition also serves 
as the reporting criteria for prominent industry trade publications, including Automotive Fleet.

At least two important fleet demographics are not covered by these definitions, and they are not directly addressed by this 
analysis. First, smaller fleets of less than five vehicles, which may include as few as one or two vehicles in operation, are not 
included. Second, less structured arrangements that may have some fleet characteristics, but are not typically defined as fleets, 
are not included. An example would be an employer providing drivers with fuel reimbursement accounts.

CHAPTER 1.2

Fleet Demographics
Vehicle fleets are utilized by an extremely diverse set of industries and government 

agencies for an equally diverse set of purposes. Individual fleet sizes vary from less 

than five vehicles to as large as tens-of-thousands of vehicles.

Fleet vehicles operate in nearly all sectors of the econ-
omy and are important for a number of industry sectors. 
In 2009, corporate and commercial fleets in the private 
sector accounted the majority of fleet vehicles in opera-
tion (VIO), with a combined 74 percent market share 
(8.8 million and 3.2 million, respectively). Public sector 
fleets at the federal, state and local level accounted for 
the balance, with approximately 4.4 million VIO.

In terms of industry representation, short-haul deliv-
ery vehicles account for the largest share of U.S. fleet vehi-
cles in operation, with 28 percent of the total market share. 
State and local government fleets are the second largest 
industry segment, representing nearly one-fourth of U.S. 
fleet vehicles in operation and the overwhelming major-
ity of public sector vehicles. Passenger transportation 
applications such as rental cars, taxi fleets, school buses, 
and transit buses also account for a substantial share (16 
percent of the total).

Fleet vehicles include the full spectrum of automo-
tive sizes and weights, from passenger automobiles and 
light-duty trucks to medium- and heavy-duty trucks.5, 6 
In 2009, there were approximately 4.8 million auto-
mobiles and 4.3 million class 1-2 light trucks in opera-
tion in fleet applications. Class 3 through 6 medium-
duty trucks in operation totaled 2.6 million. Class 7 
and 8 heavy-duty trucks in fleets totaled 3.9 million. 
Transit and school buses accounted for an additional 
0.8 million fleet vehicles in operation. (See Figure 1A 
for a breakdown of vehicle class by weight.)

5	 The legal definitions that distinguish passenger cars from light-weight 
light duty trucks can be found at 49 CFR 523 (2010).

6	 Gross vehicle weight is defined as maximum allowable total mass of a 
road vehicle or trailer when loaded. Trucks are segmented from class 
1 through 8 and delineated strictly by gross vehicle weight. The truck 
classification system is based on the U.S. Department of Transportation 
classification system.

FIGURE 1A

Vehicle Class by Weight

EXAMPLE GROUP CLASS COMMON EXAMPLES GROSS VEHICLE WEIGHT

Auto Class 1
Ford Focus

Nissan Altima
< 6,000 lbs

Light-Duty Trucks

Class 1
Ford Ranger

GMC Canyon
< 6,000 lbs

Class 2
Dodge Ram

Ford F-150
6,001–10,000 lbs

Medium-Duty Trucks

Class 3
Ford F-350

GMC Sierra 3500
10,001–14,000 lbs

Class 4
Ford F-450

GMC Sierra 4500
14,001–16,000 lbs

Class 5
Ford F-550 

GMC Sierra 5500
16,001–19,500 lbs

Class 6

Ford F-650

GMC Topkick

International Durastar

19,501–26,000 lbs

Heavy-Duty Trucks

Class 7 International Transstar 26,001-33,000 lbs

Class 8 Tractor Trailor > 33,000 lbs
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Utility & Telecom / 500,000

There were nearly half a million vehicles in 
operation in utility and telecom fleets in 2009. 
The size of the asset class is somewhat evenly 
distributed across vehicle classes, though the 
light and heavy ends of the spectrum are most 
prominent. Typical utility and telecom vehicles 
range from light-duty cars and trucks used for 
reading meters and making routine customer 
visits to heavier trucks used to maintain and 
repair damaged infrastructure.
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16.3 Million
Fleet Vehicles In Operation
In the United States (2009)

11.9 MILLION VEHICLES

Public Sector

Private Sector

4.4 Million Vehicles

State & Local / 3.7 Million
State and local governments maintain 3.7 

million fleet vehicles in operation, 

including law enforcement vehicles. More 

than two-thirds of state and local 

government vehicles are autos or class 

1-2 light-duty trucks. More than 10 

percent are transit and other buses 

operated by municipal and regional 

transit authorities.

Sales & Service / 1.7 Million 

Sales and service vehicles totaled 1.7 million in 2009. 
The size of the asset class is somewhat skewed 
toward the lighter end of the spectrum, with nearly 
1 million autos and class 1-3 trucks in operation. 
Typical sales and service vehicles range from 
light-duty passenger car fleets in the pharmaceutical 
industry up to class 8 refuse removal trucks.
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Short-Haul Delivery / 4.5 Million

Short-haul delivery vehicles made up one of the 
largest fleet segments in the United States in 2009, 
totaling 4.5 million vehicles in operation across all 
vehicle classes. The size of the short-haul delivery 
asset class is heavily skewed toward lighter trucks 
and cargo vans. Nearly 50 percent of vehicles in 
operation are class 1 and 2 trucks. 
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Long-Haul Delivery / 2.1 Million

There were more than 2 million long-haul freight 
vehicles in fleet applications in operation in the 
United States in 2009. The size of the asset class is 
generally class 6 and higher, and class 8 vehicles 
account for more than half of the total. Class 8 
vehicles include combination tractor trailers as well 
as other applications.
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Other / 450,000
Other vehicles include privately owned and 
operated school buses among other vehicles.  In 
2009, there were approximately 450,000 privately 
owned and operated heavy-duty school buses in 
the United States.

Fleets 5 - 14 / 960,000
Class one automobiles in fleets with between 5 
and 14 vehicles totaled 960,000 across multiple 
industries in 2009.  More detailed data is generally 
not available.

Taxi / 150,000
There were more than 150,000 vehicles operating 
as part of taxi fleets in the United States in 2009. 
Essentially 100 percent of these vehicles are 
passenger automobiles and minivans or SUVs, 
though cars account for the majority.

Rental / 1.6 Million

There were approximately 1.6 million rental fleet 
vehicles in operation in 2009.  The majority—76 
percent— were automobiles.  The rest were a mix 
of class 1-5 trucks.  Originally more focused on 
longer trips like vacations, the rental industry 
has expanded to meet the needs of predomi-
nantly urban consumers who do not own 
vehicles but may need to use one on occasion.  
Car sharing services are a good example of one 
such new model.
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Federal Vehicles / 650,000
 There were approximately 650,000 federal fleet 

vehicles in operation in 2009, operated by nearly 

40 civilian agencies and the Department of Defense. 

Civilian agencies accounted for 36.9 percent of the 

total, military agencies for 29.9 percent, and the U.S. 

Postal Service alone accounted for the balance—33.2 

percent. Postal light-duty trucks of less than 8,500 

pounds GVW accounted for 29.8 percent of all federal 

fleet vehicles. Nearly two-thirds of the federal fleet is 

class 1-3 trucks.

Unspecified mix of Class 1-5 Trucks

FIGURE 1B

Vehicles In Operation by Sector & Application

Total fleet vehicles in operation totaled 16.3 million in 2009. The private sector 
accounted for nearly three-fourths of the total. Within the public sector, state and 
local government agencies accounted for 85 percent of the government total.

FIGURE 1C

Vehicles In Operation by Application & Class
NOTE: Vehicle Applications are listed in order of market share; vehicle class domains vary in scale and are measured in thousands.
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High Vehicle Utilization Rates
Fleet vehicles typically have higher utilization rates than consumer vehicles. Given the signifi-
cantly lower fuel and maintenance costs associated with electric drive technologies, increased 
utilization spreads high battery costs across a higher volume of lower-cost miles, increasing the 
return on investment. The result may be that fleet operators can more quickly recoup the higher 
upfront costs of electric drive vehicles.

Use of Central Parking Facilities
Fleets that make use of central parking depots may be able to avoid dependence on public charging 
infrastructure for EVs and PHEVs. This could be particularly true in cases where daily miles traveled 
are low. In contrast, the successful deployment of grid-enabled electric drive passenger vehicles in 
the consumer market may require a substantial investment in public (shared) charging infrastruc-
ture, regardless of whether this infrastructure is highly utilized or not.

Importance of Maintenance and Service Costs
 The maintenance and service costs for certain electric drive vehicles may be far lower over the 
life of the vehicle than the costs associated with internal combustion engine vehicles. Due to the 
simplicity of their design, EVs are expected to have the lowest routine maintenance and service 
costs of any electric drive technology, though PHEVs and HEVs will also offer savings. Particularly 
in fleet applications that operate vehicles for longer periods of time or into high mileage ranges, 
electric drive vehicles may represent a substantial cost offset.

Lower Electricity Rates
The electricity rates paid by commercial and industrial consumers—those most likely to make use 
of fleet vehicles and central refueling—are often significantly less than those paid by residential 
consumers. The fuel cost per mile traveled is one of the key economic factors differentiating plug-
in electric drive vehicles from other technologies, and commercial and industrial rate payers are 
likely to benefit even more than typical consumers due to lower rates.

Alternative Business Models
Fleet managers may benefit from alternative business models that can help facilitate adoption of 
electric drive technology. From a financing perspective, commercial leasing operations in the United 
States adhere to different norms than the passenger vehicle market, and the risks associated with 
battery residuals may be different. Fleets may also have access to a broader set of highly routinized 
drivers. For example, rental car companies could target EVs toward urban customer segments with 
the driving characteristics required to make EV adoption a success.

Corporate Sustainability Initiatives
In addition to the economic and operational advantages of fleets and fleet operators, commercial 
and government enterprises may consider electric drive vehicles in the context of corporate sustain-
ability initiatives. The reduced emissions of electric drive vehicles may help companies meet carbon 
mitigation goals, and a number of corporate and government enterprises have also committed to 
using less petroleum. Electric drive vehicles can facilitate progress toward these goals.

CHAPTER 1.3

Advantages of Fleet Operators
Commercial and government fleets possess a number of key advantages 

that could enable them to be early adopters of grid-enabled vehicles. These 

advantages include the way fleet managers make vehicle acquisition decisions  

as well as certain unique operational traits of fleets.

As policymakers and industry participants consider 
options for accelerating the development and deploy-
ment of grid-enabled vehicles, it will be important to tar-
get a broad market. While high levels of adoption among 
personal-use passenger vehicles is the key to meaningfully 
improving American energy security, commercial and 
government fleet vehicles can help drive early volume 
ramp-up in battery manufacturing and vehicle component 
supply chains. These scale effects could ultimately benefit 
the broader consumer market through reduced costs.

For a number of reasons, grid-enabled vehicles 
should be an attractive option for fleet owners in the very 
near-term. Perhaps most important, the decision-making 
process for purchasing a vehicle is significantly different 
for most fleet operators than it is for typical consumers. 

While consumers often focus on vehicle aesthetics, per-
formance, and style, most fleet operators focus heavily 
on the life-cycle economics of an acquisition. The lower 
operating and maintenance costs of PHEVs and EVs 
should provide clear value to fleet owners, particularly in 
higher mileage applications and in cases where upfront 
costs can be offset through battery right-sizing, extended 
ownership periods, light-weight vehicle components, and 
innovative business models.

Fleet owners may also be more prepared to address the 
infrastructure challenges that industry observers assume will 
present obstacles to consumers. For fleets that centrally park, 
single-point installation and the ability to charge multiple 
vehicles per charger will provide economies of scale. Highly 
predictable routing will minimize the need for public charging.

Total Cost of Ownership Approach to Acquisition
When asked, fleet managers rank total cost of vehicle ownership as the most significant factor 
driving acquisition decisions.7 Consumers, on the other hand, may purchase for a variety of 
reasons, including aesthetics and style, in addition to cost. If electric drive technologies can be 
proven to reduce total vehicle ownership costs while also allowing vehicle drivers to success-
fully accomplish their primary objectives, fleet managers may be willing to adopt electric drive 
vehicles sooner than typical consumers.

Route Predictability
The most cost-intensive component in current-generation electric drive vehicles is the battery. 
Assuming a battery cost of $600 per kWh (industry-wide 2010 average8), battery packs for light-
duty electric drive vehicles can range from $1,200 to nearly $20,000 depending on drivetrain con-
figuration. In heavy truck applications, pure EV batteries can cost as much as $48,000. However, 
in cases where fleet vehicles have highly predictable routes with little variation from day to day, 
batteries can be right-sized to minimize excess capacity, reducing upfront investment in unneeded 
energy storage.

7	 EC, PRTM interviews.
8	 PRTM analysis.

100%0%
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Residual Value and TCO
Many owners do not maintain possession of a vehicle for 
its entire useful life. Many times, an owner will seek to sell 
or trade in a vehicle well before it reaches its full opera-
tional capacity. The residual value of a vehicle can have a 
significant impact on the total cost of ownership. Today, 
the used car market for internal combustion engine 
vehicles is well-defined and mature. Consumers can eas-
ily obtain the blue book value of a vehicle, which can serve 
as a minimum baseline. The condition of the vehicle and 
the demand in a given market for certain features (horse-
power, hauling capacity, efficiency, etc.) can raise or lower 
the residual value of an ICE vehicle.

The picture for electric drive technologies is some-
what different. In particular, the residual value of PHEVs 
and EVs is clouded by the lack of certainty regarding bat-
tery performance after large-format lithium-ion batter-
ies exceed their usefulness in automotive applications. 
Given the current costs for both EV and PHEV batteries, 
the absence of an assumed residual value will substan-
tially decrease the economic proposition of the vehicle. 
Conversely, the possibility of a meaningful value assigned 
to a used large-format automotive battery could sharply 
increase its economic attractiveness.

Ownership Structure and TCO
A second variable factor that impacts total cost of owner-
ship is the manner in which a vehicle is financed. In the 
simplest case, a vehicle could be paid for in its entirety 
upfront with cash. In this instance, the vehicle would 

have no additional costs related to capital financing over 
its lifetime. More commonly, vehicles may be purchased 
through some combination of a down payment and a loan; 
or a vehicle may be leased, also requiring upfront capital. 
Each of these ownership models present the customer 
with a different value proposition. Cash ownership or a 
high down payment and a loan will minimize the financing 
costs incurred over the ownership period. Vehicle leasing 
minimizes the amount of upfront capital associated with 
vehicle ownership. In exchange, the customer agrees to pay 
finance charges on top of monthly payments that include a 
depreciation cost for the capital value of the battery.

There are two common arrangements for vehicle 
ownership in fleets. The first is direct company or insti-
tutional ownership. In this case, a given organization 
may choose to purchase, service, and maintain its fleet 
vehicles on its own. This is the most common form of 
fleet vehicle ownership. As of January 2010, 80 percent of 
the cars and class 1-5 trucks in fleets of 15 or more were 
company/institutionally owned in the United States.12 
 The most common alternative to outright ownership is 
some form of vehicle leasing. As of January 2010, approxi-
mately 20 percent of the cars and class 1-5 trucks in fleets 
of 15 or more were leased or managed by a third party.13 
 The 10 largest fleet lessors managed nearly 3 million cars 
and trucks in U.S. fleets in 2009.14

12	 Bobit Publishing Company, AFB 2010, at 9.
13	 Id.
14	 Id. at 44

Total Cost of Ownership Approach to Acquisition

Compared to typical consumers in the passenger vehicle 
market, fleet operators may be more likely to take a total 
cost of ownership (TCO) view when evaluating various 
vehicle technologies. If electric drive technologies meet 
the mission needs of a given fleet and can reliably dem-
onstrate a return on investment compared to an internal 
combustion engine vehicle, fleet operators with an eye on 
the bottom line should be willing to invest in efficiency. 
Comparatively, individual passenger vehicle consum-
ers may evaluate a vehicle purchase based on much less 
tangible vehicle characteristics, including personal taste, 
aesthetics, and performance features that they rarely 
fully utilize, such as 4-wheel drive.

When asked, fleet owners rank total cost of vehicle 
ownership as the most significant factor driving acqui-
sition decisions. In one recent survey of fleet owners 
across multiple fleet segments, 63 percent of respondents 
indicated that cost of ownership across the service life of 
the vehicle is the normal way that they compare vehicles 
with respect to cost when making purchasing or leas-
ing decisions.9 Just 18 percent of respondents indicated 
that the basic purchase price was the main factor.10 
Within total cost, the survey found that fleet operators 
rank acquisition cost as their first priority most often, 

9	 Frost and Sullivan, “Strategic Analysis of the North American and 
European Electric Truck, Van and Bus Markets” (2010).

10	 Id.

fuel economy or fuel costs as their second priority, and 
other operating costs as their third priority.11

Understanding TCO

A vehicle’s total cost of ownership represents the sum of 
the capital and operating costs associated with owner-
ship. In other words, TCO equals the fully-burdened cost 
of purchasing, refueling, and maintaining a vehicle over 
the entire ownership period. For gasoline- and diesel-
powered vehicles, TCO components would include the 
purchase price, the cost of fuel, routine maintenance 
costs (oil changes, engine upkeep, etc), and any more sig-
nificant repair costs (engine replacement, etc.) incurred 
by the owner.

For electric-drive technologies, the TCO equation is 
slightly more expansive. A typical EV owner would incur 
an initial capital outlay, plus electricity costs, mainte-
nance costs, and the cost of purchasing charging infra-
structure. EV owners might also expect to incur costs 
associated with the IT backbone that that will manage the 
interface between vehicles and utilities. This cost could 
be incorporated into the price of electricity or it could 
appear as a user fee for access to a charging network.

Two additional factors impact the TCO of both tradi-
tional gasoline vehicles and electric-drive vehicles:

11	 Id.
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FIGURE 1D

Illustrative Total Cost of Ownership: Traditional Ownership
FIGURE 1E

Illustrative Total Cost of Ownership: Closed-end Lease
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Route Predictability

The lithium-ion batteries that will power the first gen-
eration of EVs and PHEVs to enter the marketplace 
may be over-sized for the needs of typical consum-
ers in the passenger market. For example, an electric 
vehicle with a charge-depleting range of 100 miles far 
exceeds the average daily miles traveled of individual 
U.S. drivers in any region. At 36.9 miles, average daily 
driving distance is highest for rural drivers, but still 
low enough to comfortably operate in charge-depleting 
mode of a PHEV-40 and simply charge at home at night.15 
Of course, such statistics do not account for multiple 
drivers in a household operating a vehicle each day, but 
even then, average daily mileage totals are well below 
100 miles.16

Figure 1F presents the average daily miles driven 
per vehicle in households ranging from those that 
own a single vehicle up to those that own six. Even 
accounting for multiple drivers, the vast majority of 
vehicles travel less than 30 miles per day on average.17 
 And yet, the first commercially available EVs and PHEVs 
will provide consumers with charge-depleting drive 
ranges that essentially start at 40 miles (though the 
range may be somewhat lower depending on the route 
traveled and ambient air temperature). Allowing for the 
fact that opportunities to charge these vehicles may be 

15	 DOE, ORNL, TEDB 2009, Figure 8.5.
16	 Id. Table 8.14.
17	 Id.

available in public, the degree of over-specification is 
even starker: more than 90 percent of individual trips 
are less than 30 miles.18

Part of the rationale for extra battery capacity is 
that consumers will be uncomfortable with the limited 
electric drive range of PHEVs and EVs compared to their 
petroleum-fired vehicles. As a result, they may hesitate to 
purchase PHEVs and EVs in the absence of an abundance 
of excess range—so-called range anxiety. Much more 
important is the fact that averages often cloak significant 
variances, and that individual drivers may often choose 
to travel distances in excess of the charge-depleting range 
of their PHEV or EV. In essence, today’s EVs and PHEVs 
are being designed to provide for consumers’ longest 
expected trips, even if those trips rarely occur. Ultimately, 
this is clearly necessary; consumers do not purchase vehi-
cles based on ‘average’ needs.

However, the need to oversize batteries for the con-
sumer market is a key driver of vehicle cost. At today’s 
industry average prices, a 24 kilowatt hour (kWh) bat-
tery providing 100 miles of range could add as much as 
$14,400 to the cost of a vehicle for the battery alone—33 
percent of the total vehicle cost19 (See Figure 1G). This 
premium will reduce the economic attractiveness of the 
first generation of EVs and PHEVs for many consumers. 
Even though the operating and fuel costs of a GEV may be 

18	 DOE, ORNL, TEDB 2009, Table 8.3.
19	 PRTM analysis.

much lower over the life of the vehicle, the upfront capi-
tal costs associated with today’s batteries are essentially 
prohibitive in the absence of government subsidies, with 
payback periods that can exceed 10 years. This dynamic 
could be particularly problematic in heavier applica-
tions that would require larger batteries for electric drive 
technologies.

In contrast, fleets may have the ability to ‘right-size’ 
batteries for a given mission, thereby reducing upfront 
vehicle costs. This ability stems from the fact that the 
predictability of routes traveled by fleet vehicles is par-
ticularly high in some industries and within certain com-
panies and government institutions. In applications such 
as an urban product delivery fleet with a finite customer 
base, individual vehicle travel patterns can be highly 
routinized. For example, a bakery delivery truck driver 
might have a specified set of daily customers. The routes 
traveled are well known in advance and recur each day. 
Transit and school buses are another example of fleets 
with highly routinized travel patterns. In other applica-
tions, such as a commercial parcel delivery fleet, the 
routes may not be perfectly predictable, but an individual 
driver may have a handful of large, consistent deliveries 
(commercial office buildings, for example) plus some 
additional less predictable stops within an established 
service territory. This high degree of daily mileage pre-
dictability should also contribute to battery right-sizing.

Because the first generation of lithium-ion bat-
teries will represent such a large portion of overall 
vehicle cost, significant savings in this area could have 
a meaningful impact on vehicle economics and possibly 
on fleet purchase decisions. For example, optimizing 
the battery in a class 5 truck EV to provide 50 miles of 
range instead of 100 miles of range would reduce total 
upfront vehicle costs by nearly 20 percent. This kind 
of optimization might not be attractive to customers 

in the personal-use passenger vehicle space who will 
always want to be prepared for longer (infrequent) 
trips, but for fleets with high route predictability, opti-
mization represents an opportunity to substantially 
reduce upfront costs and improve total cost economics 
for grid-enabled vehicles.

One important question regarding battery right-
sizing is the degree to which battery manufacturers can 
be flexible in designing batteries customized for various 
mileage ranges. In fact, a number of battery OEMs report 
that this kind of flexibility is relatively straightforward. 
Once battery cells are manufactured and installed into 
module units, packs of varying sizes can be assembled. 
Of course, larger purchase orders would likely make the 
economics of right-sizing batteries more compelling for 
battery makers.

Ultimately, route predictability may be among the 
more important characteristics that could facilitate 
uptake of grid-enabled vehicles in fleet applications. In 
addition to reducing upfront costs, high levels of route 
predictability would reduce fleet operators' dependence 
on public charging infrastructure by allowing grid-
enabled vehicles to be matched with the behaviors that 
are most conducive to their use. Whereas a consumer 
might average 30 miles driven per day, variance from 
this average could necessitate significant investment in 
public charging infrastructure, cause range anxiety, or 
relegate early EVs and PHEVs to secondary-use status. 
As a consumer’s second automobile, the utilization rates 
of these EVs and PHEVs may be low, and payback periods 
may therefore be long.

In contrast, a fleet operator with a high degree of 
route predictability can employ GEVs in relatively high 
utilization applications with minimal risk. To the extent 
that public charging is required at all, investment can be 
highly targeted and focused.

FIGURE 1F

Daily Miles Traveled for Each Vehicle in a Household
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FIGURE 1G

Battery Cost as a Percent of Vehicle Price

DRIVETRAIN CLASS KWH $/KWH BATTERY COST VEHICLE COST BATTERY % OF VEHICLE COST

HEV Auto 1.5 1,200 $1,800 $30,000 6

PHEV Auto 12 660 $7,920 $36,000 22

EV Auto 24 600 $14,400 $41,000 35

PHEV Class 4-5 29 792 $22,900 $67,000 34

EV Class 4-5 65 720 $46,800 $92,000 51
 

Source: Interviews, Published Vehicle Specs, PRTM Estimates

Source: DOE, ORNL, Transportation Energy Data Book
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FIGURE 1H

Average Annual Miles of Travel 
for Household Vehicles by Age

VEHICLE AGE ANNUAL MILES TRAVELED (2009)

Less than 1 Year 12,800

1 Year 13,800

2 Years 13,500

3 Years 12,500

4 Years 11,800

5 Years 11,700

6 Years 11,300

7 Years 11,000

8 Years 10,300

9 Years 9,900

10 Years and Older 7,300

Average of All Household Vehicles 10,100

Figure 1I

Average Annual Miles of Travel 
for Business Fleet Vehicles

BUSINESS FLEET VEHICLES ANNUAL MILES TRAVELED (2008)

Compact Cars 23,148

Intermediate Cars 23,412

Light Trucks 28,020

Minivans 27,852

SUVs 22,968

Full-Size Vans 25,212

Figure 1J

Average Cycle, Fleet Cars and Light Trucks

Source: Bobit Publishing Company

Figure 1K

Average Ending Months in Service, Business Fleet Vehicles

VEHICLE TYPE AVERAGE MONTHS IN SERVICE

Compact Cars 36

Intermediate Cars 29

Light Trucks 51

Minivans 36

SUVs 29

Full-Size Vans 56
 

100%0%

Source: DEO, ORNL, Transportation Energy Data Book

High Vehicle Utilization Rates Some rental and car share companies also target 
extremely high utilization rates. In the case of car shar-
ing, it is typically optimal to minimize vehicle downtime 
throughout the day, which would allow only for a short 
charge period overnight. Daytime car sharing custom-
ers may not mind a quick stop at the gas station, but they 
will be unwilling to charge a vehicle for the several hours 
required by Level II electric vehicle supply equipment 
(EVSE). Here again, access to fast charge or battery swap 
would be needed. In addition, car sharing companies 
report that they would need the ability to remotely moni-
tor battery state of charge in order to consider EVs and 
PHEVs, a capability not yet embraced by vehicle OEMs.25

Vehicle Replacement Cycle

Vehicle utilization and other factors ultimately feed into 
the rate at which a fleet replaces its vehicles. In general, 
fleets that have high utilization rates tend to have higher 
replacement cycles, though there are important excep-
tions. For example, a company or institution that owns its 
fleet vehicles may choose to hold on to them for the full life 
of the vehicle, 10 years or more, regardless of utilization. 
This could be advantageous if the vehicle is highly spe-
cialized and unlikely to be prominent in the marketplace. 
Nonetheless, highly utilized vehicles tend to approach 
service milestones more quickly and operators often pre-
fer to sell these vehicles before incurring those costs.

Fleet survey data suggests that average months in 
service for light-duty vehicles in a corporate fleet applica-
tion are far below the norms for consumer vehicles ( just 
as utilization rates are far higher). In 2008, the median 
consumer vehicle lifespan was 9.4 years for an automobile 
and 7.5 years for a light truck.26 In contrast, compact cars 

25	 EC, PRTM interviews.
26	 DOE, ORNL, TEDB 2008, Table 3.9.

A vehicle’s utilization rate is essentially the number of 
miles traveled over a given period of time, though there 
are important exceptions. For example, utility and tele-
com service vehicles may run the engine and consume 
fuel in order to perform certain auxiliary functions. These 
functions may make such vehicles strong candidates for 
electrification. Still, the most straightforward measure of 
vehicle utilization is annual miles traveled.

In general, commercial and corporate fleet vehicles tend 
to have higher annual miles traveled than passenger vehicles in 
the consumer market. Recently released survey data suggests 
that household vehicles travel between 7,300 and 12,800 miles 
per year, depending on the age of the vehicles themselves.20

In contrast, the average annual miles traveled for 
similarly-sized vehicles in a corporate fleet application 
are typically much higher. Data taken from a 2008 survey 
of business fleet operators suggests that average annual 
miles traveled can range as high as 28,020 miles for cer-
tain light-truck applications.21 The average was closer to 
23,000 miles for passenger cars. 

Ultimately, however, high utilization rates present 
both opportunities and challenges for electric drive tech-
nology. High utilization provides the most direct metric 

20	 DOE, ORNL, TEDB 2009, Table 8.9.
21	 Bobit Publishing Company, AFB 2009.

for accelerating the efficiency payback on an electric drive 
vehicle with a high upfront capital premium and low 
operating costs compared to an ICE vehicle. At the same 
time, vehicles with extremely high utilization rates may 
not be able to rest for the several hours needed to charge 
depleted batteries. Perhaps of greater importance, bat-
tery electric vehicles with extremely high utilization rates 
could require charging multiple times throughout the 
day, and therefore need access to multiple charge points. 
In the case of a business fleet vehicle with 28,000 miles of 
annual travel, daily miles traveled could easily exceed 100 
if weekend travel is fully excluded. This could necessitate 
an alternative charging technology, such as battery swap-
ping or fast charging, or it could make these fleets more 
likely to adopt an HEV/PHEV versus an EV.

Taxis are good examples of high utilization fleets. In 
certain environments—particularly dense urban areas and 
cities with a high taxi registration fee—individual taxis are 
on the road between 16 and 24 hours per day.22 The typical 
taxi in New York City logs as much as 100,000 miles per year.23 
 As a result, taxis would be unlikely adopters of pure bat-
tery electric vehicles in the absence of a specialized charg-
ing solution, such as fast charging or battery swapping. 
Better Place, an end-to-end provider of vehicle infrastruc-
ture network solutions, is currently piloting a small fleet 
of taxis using swappable batteries in Tokyo,  and recently 
expanded the project to San Francisco.24

22	 Hai Yang, et al., “A macroscopic taxi model for passenger demand, taxi 
utilization and level of services,” Transportation, 27: 317–340 (2000).

23	 John Voelcker, “Cities Want High-Mileage Hybrid Taxis; Judge Says It's 
Illegal,” Green Car Reports.com, July 29, 2010.

24	 Jim Motavalli, “Better Place’s Tokyo Battery Swap: A Test to Show the 
World,” BNET, April 27, 2010.

averaged three years in service in business fleet applica-
tions while intermediate cars averaged 2.4 years.27 Light 
trucks averaged slightly higher at 4.25 years.28

Conditions in the broader economy can have a 
significant impact on the average age of fleet vehicles. 
During the 2007-2009 recession, the average ending 
months in service of fleet vehicles in operation increased 
by as much as 10 percent in certain asset classes.29 
Operators that owned their vehicles strenuously avoided 
capital expenditures that could be postponed through 
increased maintenance. With vehicle resale values at low 
levels, operators in commercial lease agreements simply 
held onto vehicles for longer periods.

One potential benefit of a shorter replacement cycle 
is the ability of fleet managers to maintain access to up-to-
date technology. In the passenger market, consumers that 
hold onto vehicles for an average of seven to 10 years could 
end up driving vehicles based on obsolete battery technol-
ogy. This is exacerbated by the length of vehicle warranties, 
which are currently centered on eight to 10 years and 100,000 
miles or more.30 Some OEMs may establish business models 
that allow for battery upgrades over time, but this has not 
occurred yet. In the fleet market, an operator cycling through 
vehicles every four years will likely have rolling access to the 
best batteries.

Rental companies are an example of a fleet industry 
segment that tends to have high turnover rates, making it 
a potentially attractive option for accelerating the deploy-
ment of electric drive technologies. Because the average 
rental fleet acquires new vehicles as often as every six to 10 
months, the opportunity may exist to establish a pipeline 
of frequent orders for electric drive vehicles.

27	 DOE, ORNL, TEDB 2009, Table 7.2.
28	 Id.
29	 GE Capital, Fleet Services.
30	 Scott Doggett, “Nissan Leaf Battery Warranty Same as Chevy Volt's - 8 

Years or 100,000 Miles,” Edmunds.com, July 27, 2010.
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as long as 18 hours for a Level I charge. In addition, the 
rate of charging will be constrained by the capacity of 
the onboard vehicle charger, which is 3.3 kW for most 
light-duty GEVs today. A Level II charger at 15A would 
recharge a fully-depleted EV utilizing a 3.3 kW charger 
in six to seven hours.

Home installation of Level II charging will present 
drivers with an additional cost that will extend the pay-
back period for EVs and PHEVs. Current cost estimates 
for Level II charging units range from $500 to $2,000 
for the hardware alone.33 The units currently qualify for 
a 50 percent tax credit that is scheduled to expire at the 
end of 2010 (as of publication, the credit has yet to be 
extended). Installation costs can add several thousand 
dollars to the cost of a Level II EVSE, and can be par-
ticularly expensive if panel upgrades or other electrical 
rewiring is required to support the 220v connection.34 
 These are costs that must be borne by the consumer, and 
they can decrease the value proposition of purchasing an 
EV or PHEV in certain cases.

Public Charging

For most passenger market consumers, access to some 
amount of public charging infrastructure will be needed 
in the early stages of plug-in electric drive vehicle adop-
tion. Significant uncertainty exists regarding the quan-
tity and type of chargers needed, however. Some electric 
vehicle advocates have argued for deployment of a dense 
network of Level II chargers throughout urban areas in 
order to alleviate range anxiety, particularly for EV driv-
ers. Others have suggested that the cost of deploying a 

33	 Jim Motavalli, “Home Charging for Electric Vehicle: Costs Will Vary,” 
New York Times, March 16, 2010.

34	 Id.

wide network of Level II charging would be prohibitive, 
and that the need for pubic charging infrastructure is 
minimal assuming drivers have access to home and/or 
workplace charging as well as targeted opportunities to 
use fast charging technology.

Plug-in hybrid electric vehicles or extended-range 
electric vehicles add an additional layer of complexity 
to the infrastructure argument. In theory, such vehicles 
will require the absolute minimum amount of charging 
infrastructure—a home or workplace charger—because 
even in the event that the battery reaches a zero state of 
charge, the gasoline-powered engine provides the driver 
with practically unlimited range.

Nonetheless, nearly all drivers of grid-enabled elec-
tric vehicles—both EVs and PHEVs—will benefit from 
access to public charging. For drivers of all-electric 
vehicles, public charging will represent a practical neces-
sity for trips that extend beyond the range of the battery, 
which could include a series of errands over the course of 
a busy Saturday. For PHEV drivers, there is likely to be a 
strong desire to maximize the number of electric miles 
traveled compared gasoline miles. If for no other reason, 
this will be because electricity-powered miles will be sig-
nificantly less expensive than gasoline-fueled miles.

Business Models and System-wide Costs

Perhaps the most significant challenges facing the deploy-
ment of public charging infrastructure will be business 
model and cost. Specifically, a profitable business model 
for public charging infrastructure has not been reliably 
demonstrated, and the ability of charger owners to recoup 
investment costs will depend on not only utilization, but 
whether they are able to collect a premium for charging. 
At odds with this, the consumer must recover the cost of 

Use of Central Parking Facilities

Some fleets may also benefit from the ability to bypass 
a handful of the more challenging issues surrounding 
infrastructure for grid-enabled vehicles. PHEVs and EVs 
charge their batteries by connecting to the electricity grid. 
The type of connection and the infrastructure required 
to support it can vary significantly, directly impacting 
charge times, cost, and convenience. Moreover, a signifi-
cant amount of uncertainty still exists regarding certain 
key issues, including the amount and type of charging 
infrastructure needed; the business model that will sup-
port the construction of charging infrastructure; and the 
critical functions that will need to be embedded in charge 
points in order to harmonize the interaction of plug-in 
vehicles with the electric power sector.

Private Charging Infrastructure

The vast majority of EV and PHEV consumers in the 
passenger market will charge their vehicles at a dedi-
cated parking space overnight. In many cases, this will 
occur in a private garage or carport, to which more than 
half of city-dwellers and two-thirds of other U.S. drivers 
have access.31 Some additional portion of private con-
sumers may have access to permitted street parking or 

31	 DOE, ORNL, TEDB 2009, Table 8.17.

some other dedicated location on a routine basis, though 
uncertainties exist in this area.

For many drivers, the workplace will also represent 
an opportunity to access a dedicated charge spot. In some 
cases, this will be a Level II charging unit installed in a 
corporate parking lot. An alternative scenario could be 
a rented parking spot in a public parking garage, familiar 
to most urban commuters. Recent analysis suggests that 
as much as 90 percent of PHEV and EV driver charg-
ing needs can be met by providing a dedicated charging 
opportunity at home and the workplace.32 For homes 
that lack a dedicated parking space, the market has yet to 
determine how best to ensure access to overnight EVSE.

Important challenges will need to be addressed 
before home and workplace charging become prevalent, 
however. While drivers could in theory opt to charge 
their vehicles using the standard NEMA-approved 110 
outlets found throughout the United States, most EV 
drivers will opt for the convenience of a Level II charger, 
which can reduce the charge time for a fully depleted EV 
battery to between three and seven hours, compared to 

32	 California Energy Commission, 2010-2011 Investment Plan for the 
Alternative and Renewable Fuel and Vehicle Technology Program, at 39, 
(August 2010), available at http://www.energy.ca.gov/2010publications/
CEC-600-2010-001/CEC-600-2010-001-CMF.PDF
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10 Year Expected Charger Life
An average utilization rate above 60% should reduce the 
charger’s payback period below the 10 year expected life.

6 Year Minimum Payback Period
Operating at peak utilization of 100%, the 
payback period for a charger would be 6 years.

Figure 1M

Expected Payback Period on Public Level II Charges

Figure 1L

Charging Infrastructure: Terms of Service

CHARGER APPLICATIONS OUTLET STYLE VOLTAGE AMPERAGE COST EV CHARGE TIME PHEV CHARGE TIME

Level One Private
Standard 

U.S. Outlet

110v 12A —

15-18 Hours 6-12 Hours

Level Two Private / Public
Dryer or 

Large Appliance

220-240v 12-30A $2K-$4K

3-7 Hours 1-3 hrs

Level Three Private / Commercial Industrial

440v $15K-$50K

20 to 30 Min.

Not Applicable

P
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Figure 10

Maintenance and Service Costs as a Share of Operating Cost – ICE Vehicles

 

Figure 1P

Maintenance Cost – EV vs. ICE Vehicles

Importance of Maintenance and Service Costs

Maintenance and service costs represent a significant por-
tion of the operating budget of most fleet managers today. 
ICE vehicles require a number of regularly scheduled ser-
vices as well as maintenance and replacement costs at key 
mileage milestones. Regularly scheduled service events 
could include oil changes and other fluid service, such as 
transmission and brake fluid. As vehicle age increases in 
terms of miles, repair and replacement costs rise for items 
such as transmissions, brake pads, engine components, 
and ultimately the engine itself.

While all of this is no doubt true for vehicles owned 
by typical consumers, fleet operators are likely to be more 
acutely aware of the costs over time. As internal combus-
tion engine vehicles reach certain mileage tipping points, 
maintenance service can rise to as much as 20 to 30 percent 

of annual operating costs in certain vehicle applications.37 
For fleet managers, this is a significant expense. In fact, 
fleet operators tend to sell vehicles in advance of certain 
mileage milestones or in advance of warranty expiration 
in order to avoid incurring the maintenance costs—though 
the cost may ultimately be paid in reduced residual value.

The maintenance and repair costs of electric drive vehi-
cles are likely to be significantly less than those associated with 
traditional internal combustion engine vehicles. This is a result  
of the fact that electric drive systems tend to have fewer mov-
ing parts and wear items than internal combustion engines. 
The maintenance savings are most significant for EVs, which 
are based on the simplest design. PHEVs that tend to operate 
in charge-depleting mode can also have sharply reduced main-
tenance costs. The benefit is least significant for HEVs.

37	 EC calculations based on Automotive Fleet data.

an expensive battery by defraying it over time with com-
paratively cheap electricity. This essentially places an 
upper limit on what consumers will be willing to pay for 
public charging.

A single EVSE charging at 3.3 kW per hour could in 
theory provide nearly 80 kWh of electricity per day (or 
29,200 kWh per year) to a plug-in electric vehicle. Given 
that most chargers will not be used continuously, how-
ever, the true amount is likely to be considerably lower. 
Retail electricity prices in the United States vary substan-
tially by region, but the national average is approximately 
10 cents per kWh (as of June 2010). If operators were to 
charge a premium of 20 percent, they would receive rev-
enues (less overhead) of just $289 per year. For average 
installed costs of $3,500, the payback period would be six 
years—but this assumes continuous (and unrealistic) use 
of the charge point. With utilization still at a generous 50 
percent, plus the addition of operating costs, the payback 
period for public Level II chargers extends well beyond 
the expected 10-year life of the charger.

Fleet Charging Behavior

The issues affecting deployment of private and public 
charging infrastructure in the consumer market may be 
of significantly less concern for a number of fleet applica-
tions, allowing them to more confidently move forward 
in adopting grid-enabled vehicle technology. In part, this 
is because a substantial portion of fleet vehicles are cen-
trally parked, centrally refueled, or both. The ability to 
access a central hub could allow for single-point installa-
tion of multiple charge points serving multiple vehicles, 
providing clear efficiencies in electrical equipment 

upgrades. In conjunction with predictable routing or 
predictable daily miles traveled, centralized parking 
could allow PHEVs and EVs operating in fleets to maxi-
mize electric miles traveled without the need to depend 
on public charging infrastructure.

According to data accumulated by the U.S. 
Department of Commerce, 43.9 percent of trucks 
in fleets of six or more refuel at their own facility.35 
The practice of central refueling tends to be most com-
mon in larger fleets, with nearly 50 percent of fleets sized 
11 to 50 refueling at their own facility.36

Predictable routing—or at least a consistent service 
territory—could also play an important role in mini-
mizing infrastructure requirements for fleets. In fleet 
applications where daily miles traveled are consistently 
low, range anxiety will be an issue of minor importance, 
and the need for public chargers will be minimal to non-
existent. In applications where miles traveled are higher, 
but routing is predictable, siting public chargers should 
be straightforward.

Refueling behavior is likely to be one of the more 
important operational characteristics for determining 
the viability of plug-in electric drive vehicles in fleet 
applications. The issue is less of an operational constraint 
for PHEVs, though an accessible infrastructure could 
enable a higher fraction of charge-depleting miles versus 
charge-sustaining miles. For EVs, refueling behavior will 
be of critical importance, while it matters least for HEVs.

35	 U.S. Department of Commerce, Bureau of the Census, 2002 Vehicle 
Inventory and Use Survey.

36	 Id.

Figure 1N

Primary Fueling Option by Fleet Size
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Alternative Business Models

The norms surrounding vehicle financing and acquisi-
tion in the commercial fleet industry are significantly 
different than those in the passenger vehicle market. 
This is particularly true for light-duty vehicles, but also 
applies to a significant portion of medium-duty trucks. 
The most important difference is the dominance of 
open-ended leasing in the commercial space, a practice 
that has important implications for capital management 
as well as battery residual value risk.

In a conventional lease agreement, an upfront down 
payment is accompanied by fixed monthly payments 
over a predetermined time period, number of miles, or 
both. At the end of the lease period, the lessee returns the 
vehicle to the lessor, who is then responsible for selling 
or releasing the used vehicle. In other words, the lessor 
holds the risk of recovering some amount of residual 
value from the vehicle. In fleet applications, this type of 
‘closed-end’ leasing is not the norm, however, accounting 
for less than 10 percent of commercial lease transactions 
in automobiles and class 1-5 trucks.41

In the United States, the standard commercial 
lease agreement is a terminal rental adjustment clause 
(TRAC) lease, or open-ended lease model. In this model, 
the term of the lease is left open-ended and to the cus-
tomer’s discretion. Generally a one-year minimum 
applies with monthly renewals thereafter. However, 
when the customer is prepared to end the lease, they 
assume responsibility for the vehicle’s resale value. If the 
vehicle sells for an amount that is greater than the bal-
ance of the undepreciated lease value, the lessee earns 
a return. If the vehicle sells for less than the undepreci-
ated lease value, the lessee must pay the difference. This 
approach gives the vehicle operator a strong incentive to 

41	 GE Capital, Fleet Services.

keep the vehicle in good condition in order to maximize 
its value in the used vehicle market.

Figure 1R demonstrates the net result of TRAC 
release for an individual vehicle in three cases. If the net 
proceeds (upon asset sale) exceed book value, the lessee 
(or fleet operator, in this case) receives the excess back 
as a refund of previously paid rentals. If the net proceeds 
are less than book value, the difference is paid as addi-
tional rentals.

Under current lease accounting guidelines, a TRAC 
lease may be treated as an operating or capital lease. 
Moreover, there are generally no excess-mileage or wear-
and-tear restrictions (vs. traditional “closed end” leasing 
models). In effect, the TRAC lease provides similar flex-
ibility to ownership, but allows the fleet operator to bal-
ance the increased capital cost with lower operating costs 
to best realize the total life-cycle cost savings.

Other Emerging Models

Due to their larger purchasing power, access to capital, 
and ability to structure financial packages with other 
participants in the electric drive vehicle industry, fleet 
operators may also benefit from the ability to leverage a 
number of emerging alternative business models in the 
electric vehicle industry. These models may impact the 
way fleet operators own and finance batteries and infra-
structure as well as their ability to match EV capabilities 
with appropriate drive patterns.

Paying by the Mile
The low cost and relative stability of electricity prices 
provide drivers of EVs and PHEVs with a fairly high 
degree of certainty regarding fuel cost over time. This is 
in stark contrast to vehicles fueled by petroleum, which 
are subject to the high volatility of gasoline and diesel 

Lower Electricity Rates

The low—and stable—cost of electricity compared to the 
relatively high cost of gasoline is a primary driver of the 
economic benefits of grid-enabled vehicles. Highly effi-
cient electric motors coupled with low electricity prices 

result in EV 
and PHEV 
fuel costs 
that are as 
little as 25 
percent the 
cost associ-

ated with a highly efficient internal combustion engine 
vehicle. And while all consumers will benefit from this 
dynamic, the typical fleet operator may have an addi-
tional advantage.

The average retail electricity price paid by all U.S. 
consumers was 9 cents per kWh in 2009 (real $2005).38 
However, there is substantial price variation across dif-
ferent end-use sectors of the economy. Residential consum-
ers currently pay the highest rates, averaging 10.5 cents 
per kWh in 2009.39 In contrast, commercial and industrial 
users pay the lowest rates, averaging 9.3 and 6.2 cents per 
kWh, respectively.40 For commercial and corporate fleet 
operators, the likelihood that they will have access to 
these lower rates significantly improves the economics 
of PHEV and EV ownership for a given vehicle size.

38	 DOE, AER 2009, Table 8.10.
39	 Id.
40	 Id.

In terms of total cost economics for grid-enabled 
vehicles, electricity prices can have an important 
impact—though ultimately gasoline prices, vehicle utili-
zation rates, and battery costs are likely to have a more 
significant impact. Still, in a light-duty automobile fleet 
application traveling 17,500 miles per year, the differ-
ence between residential and industrial electricity prices 
equate to an approximate one year improvement in the 
payback period of an EV compared to a 30 mpg ICE vehi-
cle with gasoline at $3.00 per gallon.

An additional factor assisting fleet operators may be 
utilities' desire to manage the relatively large loads that 
will be associated with clustered charging. In the case of a 
fleet of EVs or PHEVs charging at a central depot, simulta-
neous charging of numerous vehicles could create a reli-
ability issue for the local distribution network. Therefore, 
utilities may provide strong financial incentives for fleet 
operators to charge during off-peak hours.

In pilot programs today, PHEV and EV drivers 
accessing residential electricity to charge their vehicles 
receive rate discounts of 50 percent or more during off-
peak hours. While similar programs for commercial and 
industrial rate-payers are not yet widespread, it will be 
just as important—if not more so—to incentivize fleet 
GEV customers to charge off peak. In part, this goal can 
be met through the establishment of comparatively high 
peak power rates. (Utilities will also likely work closely 
with large fleets to install charge management function-
ality that can be employed if needed.) Off-peak discounts 
may simply provide an additional price incentive.

Figure 1R

Sample TRAC Lease Outcomes

GAIN ON SALE LOSS ON SALE BREAK EVEN ON SALE

Capital Cost $22,000 $22,000 $22,000

Amortization Term 60 Months 60 Months 60 Months

Leased Months 48 Months 48 Months 48 Months

Book Value $4,400 $4,400 $4,400

Resale Value $5,200 $3,800 $4,400

Customer Impact $800 -$600 $0

Commercial electricity rates 
were 41 percent less than 
residential rates in 2009.41%

Figure 1Q
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prices. In the case of commercial and industrial enter-
prises that run fleets as part of core business functions, 
this volatility can cause significant budgeting and cost 
management challenges.

This volatility is often difficult to plan for; it is the 
result of complex dynamics in the upstream global oil 
market and downstream refining industry, as well as 
federal, state, and local tax policy. Recent history pro-
vides a case in point. After steadily rising between 2003 
and 2007—and ultimately surging to record highs in 
mid-2008—crude oil and refined product prices crashed 
in late 2008 and early 2009.42 Today, while crude oil 
prices have regained significant strength to average 
between $75 and $85 per barrel, gasoline and diesel 
prices are somewhat below what might be expected. 
This is largely the result of weak domestic demand in 
the United States.43

In cases where EVs or PHEVs would meet their 
mission requirements, fleet operators may be willing 
to hedge against petroleum fuel price volatility though 
electrification. One way to do this would be to package 
the high cost of batteries with the low cost of electric-
ity in a service contract similar to cellular phone pack-
ages offered by telecommunications companies today. 
Instead of purchasing a monthly “minutes” package, 
a fleet operator could purchase a monthly “miles” 

42	  DOE, EIA, Petroleum Navigator, available at http://www.eia.gov/dnav/
pet/hist/LeafHandler.ashx?n=PET&s=RWTC&f=M. 

43	 Moming Zhou, “Crude Oil Drops on Weak Demand, Rising Gasoline 
Inventories,” Bloomberg , September 28, 2010.

package. The cost per mile could include the value of the 
battery, charging equipment, and electricity.

In the United States today, the cost of such a pack-
age might be very near to the cost of gasoline per mile—
perhaps even slightly more. However, an operator that 
locked into such a contract would be able to confidently 
plan for fleet operational costs over time. In fact, for 
fleet applications that have a high degree of confidence 
in the number of miles traveled per vehicle per day, this 
model could provide near certainty in budgeting opera-
tional costs. In an era of highly volatile gasoline and 
diesel prices, that is likely to be an extremely valuable 
benefit of electrification.

Infrastructure Bundling
Just as the high capital cost of batteries can be offset 
through vehicle leasing, there should be nothing to pre-
vent the cost of infrastructure from being financed over 
time. This is certainly true in the passenger vehicle mar-
ket, where a number of providers have announced plans 
to provide access to home and/or other charging facili-
ties for a monthly fee. However, infrastructure financing 
could have important ramifications for fleet operators 
that may need to purchase a significant number of char-
gers to support multiple vehicles.

One option for infrastructure financing may be to 
include it as part of energy efficient building retrofits. A 
number of market participants have emerged in recent 
years offering to finance the upfront costs of improving 
building energy efficiency in exchange for a portion of the 

associated cost savings over time. When implemented 
successfully, the result is a more efficient building that 
generates lower heating, ventilation, and air-condition-
ing bills—all while guaranteeing a revenue stream to 
the service provider. Efficiency improvements may also 
allow commercial facilities to qualify for higher environ-
mental certifications in programs like the Leadership in 
Energy and Environmental Design (LEED) program.

The inclusion of vehicle charging units in building 
retrofits could be a low capital cost, low-risk opportu-
nity for commercial and industrial entities to support 
their use of EVs and PHEVs. However, other possibilities 
exist for financing fleet infrastructure at commercial and 
industrial locations. In particular, local utilities may see 
vehicle charging as an opportunity to sell more power, 
and therefore may develop business models around 
providing fleet operators with access to chargers for a 
monthly fee.

Conversions
For some fleet operators that are able to hold onto vehicles 
for an extended period of time, drivetrain conversions 
may provide a relatively lower cost option for utilizing 
PHEV or EV technology. A conversion simply replaces 
the existing ICE powertrain with a new EV or PHEV 
powertrain; the rest of the vehicle is retained. Therefore, 
conversions are likely to be most appropriate for heavily 
depreciated assets.

PHEV or EV conversions could fit within the opera-
tional norm for some companies today. For example, in 
certain service applications, calendar lifespan of a typical 
vehicle can be in excess of eight to 10 years. In instances 
where these vehicles also log high miles—waste removal 
trucks, for example—fleet operators today sometimes opt 
for a drivetrain replacement rather than incurring the 
cost of purchasing a new vehicle.

A number of companies today are marketing PHEV 
or EV drivetrains as standalone products for both con-
sumer and commercial conversions. While the consumer 
market may have potential, the value that many drivers 
place on vehicle appearance and age may limit the size of 
the overall conversion market. However, in fleet applica-
tions that derive utility from maximizing the operational 
lifespan of a vehicle, PHEV and EV powertrain conver-
sions could represent a significant cost savings. The 
marginal cost of an electric drivetrain compared to an 
ICE drivetrain is likely to be less than the marginal cost 
of replacing a complete ICE vehicle with an electric drive 
vehicle. Yet the fuel savings-potential of GEV conver-
sion is essentially the same as a new asset. Fleet opera-
tors who opt for conversions will have a smaller upfront 
investment to pay back, but will benefit from the same 
operational cost savings as operators who purchase their 
vehicles new.

Figure 1s
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Corporate Sustainability Initiatives

Corporate sustainability initiatives aim to incorporate a 
more proactive stance on social and community issues 
into an organization's core business functions. In addi-
tion to improving brand identity with customers and 
business partners, investments in sustainability pro-
grams have also been found to boost employee satisfac-
tion, retention and loyalty.44

While in the past, corporate sustainability was often 
viewed with skepticism as an attempt by firms to prove 
their “green credentials,” it is now becoming an increas-
ingly important part of corporate strategy. In addition 
to improving brand value, sustainability initiatives can 
reduce costs and drive improved financial performance. 
As a result, corporations and governments are investing 
substantial sums in sustainability initiatives. In 2010, 
the U.S. sustainable business market is estimated to be 
worth $27.6 billion.45 Over the 2009 to 2014 period, the 
value of this market is forecast to experience a 19 per-
cent compound annual growth rate to $65.9 billion.46

For a number of firms and government agencies, 
adopting HEVs, PHEVs or EVs is fast becoming a crucial 
component of both cost saving and sustainability strat-
egies. Coca Cola for example, considered the world’s 
most valuable brand at over $70 billion, had deployed 
more than 300 diesel-electric hybrid trucks by the end 

44	 See for example, The Center for Creative Leadership, “Can ‘Doing Good’ 
Make a Difference in Job Retention and Turnover?” 2010 News Release, 
June 2010.  

45	 Verdantix, “US Sustainable Business Spending 2009-14,” October 14, 2010. 
46	 Id.

convincing demonstration of their commitment to sus-
tainable business practices—that serve a critical oper-
ating function. The benefit they bring to the company 
brand image is almost certainly positive.

In addition to taking advantage of lower operat-
ing and maintenance costs and strengthening brand 
image as technologically advanced, environmentally-
conscious firms, these moves have the added benefit of 
spilling over into the consumer realm (and aiding the 
transition to GEVs more broadly) by enabling drivers 
to test and experience the technology before buying or 
leasing a vehicle of their own.

It is important to note that today’s sustainability ini-
tiatives are about much more than brand enhancement 
and corporate “greenwashing.” The decision-making pro-
cess that companies are using to evaluate EV and PHEV 
purchases offers perspective on their goals. For example, 
Johnson Controls Building Efficiency reports having 
utilized a three-step process to determine the “sweet 
spot” for electrification in its fleet of 5,300 service vans. 
The process was designed to match the proper vehicle, 
battery and drivetrain technology to the corresponding 
payload requirements, drive cycles, and driver profiles, 
resulting in reduced lifecycle operating costs. By evalu-
ating mission needs, drive patterns, and working closely 
with actual drivers, the company was able to identify a 
significant portion of its fleet that has the potential to be 
electric—as many as 370 vehicles.54

54	  EC, PRTM interviews.

Finally, state and local governments have also 
recently signaled their commitment to incorporat-
ing electric drive technologies in fleet applications. In 
November 2010, Better Place announced a partnership 
with the San Francisco Metropolitan Transportation 
Commission and the Bay Area Air Quality Management 
District that will result in the deployment of more than 
60 EV taxis to the region. The vehicles will be sup-
ported by four battery swap stations.55 Numerous cities 
throughout the nation have also begun rolling out hybrid 
transit buses in fleets, and the federal government has 
mandated PHEV purchases by agencies when the tech-
nology is cost-effective.

 

55	  Jim Motavalli, “Better Place rolls out Bay Area Battery Swapping EV 
Taxi Fleet,” BNET, November 1, 2010.

Figure 1T

GEVs in Operation in Private Sector  
Fleets, Global (End 2010)
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of 2009 as part of its efforts to use more fuel-efficient 
modes of delivery.47 Others major firms, including 
UPS and FedEx, have all begun using standard HEVs 
for delivery purposes in recent years.48,49 Enterprise 
Rent-A-Car is set to add 500 Nissan Leafs to its rental 
fleet. Hertz is planning to roll out a similar GEV rental 
and car-sharing program in 2011.50 In addition, some 
firms and government agencies are already moving to 
incorporate EVs and PHEVs into their vehicle fleet. 
In September 2010, the Pepsi Co. subsidiary Frito-Lay 
announced that it would introduce 21 Smith Electric 
Newton delivery trucks this year to be followed by 
an additional 150 Smith EVs in 2011.51 These trucks, 
traveling up to 100 miles on a single charge, will serve 
the metropolitan areas of New York, NY; Columbus, 
OH; and Fort Worth TX. The vehicles will be centrally 
recharged at distribution centers.52 General Electric Co. 
recently announced the largest purchase of any major 
corporation—25,000 grid-enabled vehicles that will be 
integrated into their sales fleet over the next five years, 
accounting for approximately 50 percent of their total 
fleet of sales vehicles.53 The first vehicles purchased by 
GE will include 12,000 Chevy Volt PHEVs.

In part, corporate goals related to petroleum reduc-
tion and greenhouse gas abatement are playing a role in 
the early decision-making process of these fleet owners. 
However, the shift from petroleum-powered vehicles 
to electricity-powered vehicles also offers an improve-
ment in a company’s operating model, brand-imaging, 
and bottom line financial performance in many cases. 
In addition, GEV sustainability initiatives reduce a com-
pany’s exposure to volatile fuel prices. Unlike internal 
sustainability initiatives, which firms must promote 
with expensive marketing campaigns, GEVs are their 
own uniquely visible advertisements—a persistent and 

47	 The Coca Cola Company, “Refuel,” http://www.thecoca-colacompany.com/
citizenship/fleet_transportation.html, last accessed November 9, 2010.  

48	 FedEx, “Alternative Energy, Cleaner Vehicles,” http://about.fedex.
designcdt.com/corporate_responsibility/the_environment/alternative_
energy/cleaner_vehicles, last accessed November 9, 2010. 

49	 UPS, “Alternative Fuels Drive UPS to Innovative Solutions,” http://
pressroom.ups.com/Fact+Sheets/Alternative+Fuels+Drive+UPS+to+Inn
ovative+Solutions, last accessed November 9, 2010. 

50	 Hertz Corporation, “Hertz Commits to Electric Vehicle Mobility 
Platform,” Press Release, September 21, 2010. 

51	 Frito-Lay, “Frito-Lay Starts ‘Charge’ on Largest Fleet of All-Electric 
Trucks in North America,” Press Release, September 8, 2010.  

52	  Id.
53	 Reuters, "GE to buy 25,000 electric cars by 2015," November 11, 2010.

Figure 1U

Committed GEV Purchases in Private Sector 
Fleets, Global (2011 - 2015)
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PART TWO

Fleet 
Challenges

2.1 OVERVIEW

2.2 Fleet Challenges
SCHOOL BUSES  Regular routes, frequent stops, and ample 

downtime for charging between pickups and dropoffs help vehicles 

like these achieve substantial savings from plug-in technology.



ABSTRACT

While commercial and government fleets do possess a 

number of important advantages that could facilitate 

their adoption of grid-enabled vehicles, they will also 

face challenges. Some of the fundamental cost and 

technology issues affecting personal-use consumers 

will also be problematic for fleets. Today’s high lithium-

ion battery costs will limit the attractiveness of GEVs in 

some instances. High costs for drivetrain components and 

the need to invest in infrastructure will also impact the 

economics of GEVs.

Vehicle leasing and fleet owners’ access to capital may 

allow them to address these issues more easily than the 

typical consumer, but GEVs will also require many fleet 

owners to be flexible and adapt to new business and 

acquisition practices. In addition, vehicle electrification 

may present a set of unique challenges for fleet operators, 

requiring a combination of careful planning and targeted 

public policy support.

CHAPTER 2.1

Overview
Numerous advantages of commercial and government fleet owners should help to 

facilitate their adoption of grid-enabled vehicles. However, a number of challenges 

will require public policy support in the near term.

The original Electrification Roadmap identified four key 
challenges that could impact adoption of plug-in hybrid 
and electric vehicles among consumers in the personal-
use automotive market. These challenges included:

1.	 The high cost of the vehicles themselves, 
driven largely by the batteries;

2.	 the lack of available public charging 
infrastructure;

3.	 the need to enable successful vehicle-
utility interface; and

4.	 a lack of mainstream consumer accep-
tance of grid-enabled vehicles.

As outlined in Part One of the Fleet Electrification 
Roadmap, commercial and government fleet opera-
tors should be well-prepared to address a number of 
these challenges. By matching the proper vehicle, bat-
tery and drivetrain technology to required payload 
requirements, drive cycles, and usage profiles, fleet 
operators can minimize upfront investment costs. 
Total investment in public and private charging infra-
structure can also be efficient and optimized. Perhaps 
most importantly, grid-enabled vehicles could appeal 
to a significant number of fleet operators more quickly 
than they will appeal to mainstream consumers in the 
personal-use auto market. In that case, fleet operators 
would account for significant early demand volumes in 
the development of the large-format battery industry 
in addition to catalyzing the ramp-up of electric drive-
train component supply chains.

Nonetheless, the basic structure of challenges 
inhibiting mainstream consumer adoption can be used 
to identify potential challenges and problem areas that 
may need to be addressed in order to help facilitate com-
mercial and government fleet adoption of GEVs. The high 

costs of battery and vehicle drivetrain components are an 
obvious example. High costs for lithium-ion batteries will 
impact the economics of GEVs for fleets just as they will 
for consumers. In fact, because many of the electric drive-
train supply chains for medium- and heavy-duty trucks 
are particularly immature today, the first GEVs coming 
to market in these segments carry a price premium well 
above what would be expected based on a “should cost” 
analysis of analogous light-duty components.

While the need for public charging infrastructure is 
less of an issue for many fleets, it could be important for 
some applications. In particular, fleets that tend to have 
high daily miles traveled and high utilization rates—such 
as taxis or long-haul delivery vehicles—could be highly 
dependent on public charging infrastructure. In fact, the 
extremely high utilization rates of taxis could necessitate 
access to fast charging or battery swapping as a means to 
maintain high levels of operation. And while this may be 
appealing from a technical standpoint, the cost of such 
systems could be an issue. Moreover, integrating the 
charging of fleet vehicle batteries with the electric power 
sector could actually be more—not less—challenging than 
integrating typical consumer vehicles in some cases.

In addition to these challenges, commercial and gov-
ernment fleet operators will have to manage a set of fiscal, 
budgetary, and operational challenges that in some cases 
are analogous to typical consumers but can also be quite 
different. Federal government agencies, for example, are 
ultimately highly constrained in managing their budgets, 
and the focus tends to be on near-term cost reductions 
as opposed to long-term savings (though emissions and 
fuel-efficiency mandates are increasingly altering this 
dynamic). In the private sector, fleet operators do tend to 
focus on lifecycle vehicle costs, though they also carefully 
manage the tradeoffs between investing capital in new 
vehicles versus other productive uses. 
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CHAPTER 2.2

Fleet Challenges
In addition to the higher upfront costs, GEVs may present challenges to fleet 

operators. Balancing increased capital spending with operational savings will 

require institutional flexibility. Meanwhile, addressing battery residual risk and  

the impact of clustered charging could require public policy innovation.

For commercial and government fleet operators seeking 
to incorporate EVs or PHEVs into their fleets, technol-
ogy cost will be the most significant consideration.  The 
batteries and charging infrastructure associated with 
grid-enabled vehicles will result in increased capital costs 
versus a comparable internal combustion engine vehicle.  
While it is true that the reduced fuel and operating costs 
of EVs and PHEVs can generate tangible economic ben-
efits for fleet operators, the return on investment associ-
ated with grid-enabled vehicles will be evaluated against 
other productive uses of capital in most public and private 
institutions.  For the vast majority of U.S. fleet vehicles 
that are traditionally purchased and operated, corporate 
competition for capital—or agency-wide competition in 
the public sector—may be a key factor constraining the 
uptake of GEVs.

Fleet operators’ ability to lease vehicles that meet 
their mission needs could alleviate capital cost issues by 
treating vehicle acquisition expense more like an oper-
ating cost.  However, the open-ended lease agreements 

commonly used in the United States will present fleet 
operators with the bulk of the risk associated with battery 
residual value.  As long as there is a lack of experience sur-
rounding the residual value of large-format automotive 
batteries, resale values of PHEVs and EVs will be unclear.  
This dynamic could act to offset the capital management 
benefits associated with leasing.

Finally, fleet operators’ confidence in the mission-fit 
of GEVs will also impact the rate of adoption.  If commer-
cial and government entities are not confident in the reli-
ability of the vehicles themselves, they will be unwilling to 
use them.  External economic factors also play a role—low 
fossil fuel prices will reduce the pressure on operators to 
minimize cost through investments in efficiency.

While these challenges will impact the demand 
for PHEVs and EVs among fleet operators, the vehicles 
themselves will pose challenges to the utility grid once 
they are in service.  Most importantly, clustered charging 
of fleet GEVs may require upgrades to the utility distribu-
tion system.

Technology Costs
Battery costs associated with the first commercially available electric drive vehicles will result 
in a substantial overall cost premium. Current battery technology is descending the cost curve 
as volumes increase, but some fleet applications may find it difficult to realize a return on 
investment in a reasonable time period. Ultimately, fleet operators may be more willing than 
personal-use consumers to consider multi-year paybacks, but they will still want to see returns 
relatively quickly. At the same time, high mileage fleets may feel that charging operations 
impede fleet mission.

Capital Expenditures vs. Operating Expense
There is typically intense competition for capital within a given company or institution. The 
high capital cost requirements of today’s electric drive vehicles, particularly in applications 
heavier than a passenger automobile, will prove challenging for many fleet operators. Even 
extremely large businesses may be unwilling to tie up capital to support substantial volumes 
of electric drive vehicles. Alternative ownership models, such as vehicle leasing, provide a key 
solution to this problem, but battery residuals represent uncertainty for customers. 

Battery Residual Value
Today, estimating the residual value of used large-format automotive batteries is an educated 
guess at best. In large part, this is simply an issue of experience. Sufficient empirical data can-
not and will not be collected until the first several hundred or several thousand PHEV and EV 
batteries reach the end of their useful life in a real world automotive application. Early test data 
suggests that lithium-ion batteries may still possess 70 to 80 percent of their ability to store 
energy when they are no longer fit for automotive use. But this needs to be borne out by practical 
experience.

Fleet Infrastructure Issues
Even for fleets that centrally park, the cost of installing charging infrastructure may be signifi-
cant. With Level II charger costs averaging $2,000 per unit, the cost of installing enough chargers 
to support a fleet of several dozen EVs or PHEVs could be challenging. Level III charging may 
offer faster charge times and reduced unit requirements, but costs are still too high.

Utility Impact of Dense Charge Networks
Bringing a small fleet of EVs or PHEVs into a small charging space will bring an unusually high 
burden to those areas and may require upgrades to the local utility distribution network. In 
particular, transformers serving charging facilities may be insufficiently robust to support the 
simultaneous charging of multiple vehicles. Utilities will need access to information and regula-
tory support to deal with these and other issues.

Market Perception
Perhaps the most critical challenge affecting fleet adoption of electric drive technology will be 
fleet adopters’ impressions about the technology and its ability to meet their operational needs. 
Even when a compelling economic case exists, fleet operators will need to be confident that the 
vehicles can accomplish the mission.

0
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FIGURE 2A

Battery Cost by Size and Type ($/kWh)
 

BATTERY TYPE BATTERY SIZE 2010 2015 2020

Li-Ion HEV 8 kWh $2,000 $1,625 $1,250

Li-Ion EV 25 kWh $600 $488 $325

Technology Costs

Electric drive technology—HEV, PHEV, and EV—will 
likely carry a significant upfront cost premium over 
internal combustion engine vehicles across all vehicle 
sizes. While fleet operators may be willing to evaluate 
the costs and savings of operating electric drive vehicles 
over the entire life of the asset, it is nonetheless impor-
tant to understand the key drivers of technology costs. 
If targeted to the right fleet applications, the cost pre-
mium for electric drive vehicles can be quickly recovered 
through operational savings. Alternative business models 
may also play a role. In general, batteries are the key cost 
driver for electric drive technologies, though powertrain 
components and infrastructure are important as well.

Batteries

Battery costs vary by chemistry and by the type of drive-
train for which they are optimized. Lithium-ion batter-
ies optimized for light-duty HEV applications currently 
carry an average cost of $1,500 per kWh.1 The cost is 
slightly higher for HEV batteries optimized for heavier 
applications. These batteries are designed to provide 
significant power support to the internal combustion 
engine during certain driving functions like acceleration. 
Because HEV batteries tend to be smaller relative to the 
batteries needed by PHEVs and EVs, they carry a lower 
cost in absolute terms.

Lithium-ion batteries for PHEVs and EVs currently 
average $600 per kWh. These batteries must be optimized 
to carry a large amount of energy to power autonomous 
driving during charge-depleting mode. The amount of 
energy required for PHEV applications is somewhat less 
than for EVs, so these batteries must also balance power 
and energy. The result is that PHEV batteries can be more 
expensive than EV batteries on a per kWh basis. Both EV 
and PHEV batteries represent large shares of total vehicle 

1	 EC, PRTM interviews.

cost. For example, a 16 kWh PHEV battery can equate to 
29 percent of final vehicle cost, while a 24 kWh EV battery 
can equate to as much as 33 percent of final vehicle cost.2 
In heavier applications, this share can increase as the cost 
of battery management components also increases.

Battery Life
Battery life can be measured in terms of calendar life, 
but cycle life is the most commonly cited metric. Cycling 
refers to the process of discharging and recharging batter-
ies. The cycling of lithium-ion batteries is most detrimen-
tal to their health when they are deeply discharged; that is, 
when their energy is so completely depleted the remain-
ing state of charge of the battery is very low. Alternatively, 
battery health is also severely damaged when the battery 
is held at a very high state of charge for long periods of 
time. At a practical level, the deleterious effects of deep 
cycling and overcharging result in a rapid reduction of 
usable battery capacity. In an electric vehicle, this would 
effectively shorten the range of the car and ultimately cut 
short the calendar life of the battery. The first generation 
of large-format lithium-ion batteries is targeting a cycle 
life of 1,500 to 3,000 cycles.3 At the most basic level, a bat-
tery with a 3,000 cycle life would last the average driver 
about eight years if it were fully cycled once each day.

A more tangible metric for many drivers may be the 
mileage life of their battery. Battery mileage life will vary 
depending on the cycle history of the battery, the way the 
vehicle is driven, and the drivetrain configuration. HEV 
batteries, for example, will have mileage lives as high as 
250,000 miles or more, because they are cycled extremely 
narrowly. Alternatively, EV batteries are targeting 150,000 
miles over the life of the battery.

2	 PRTM analysis.
3	 John Axsen et al, Batteries for Plug-in Hybrid Electric Vehicles, Goals and 

State of the Technology circa 2008, at 7, (2008).

Cost Drivers
To date, a lack of scale has been the most significant factor 
behind high battery costs. As much as 70 percent of the 
cost of lithium-ion cells is related to raw materials, and 
cells account for 80 percent of pack costs.4 Small improve-
ments in cell production costs, while difficult, can there-
fore have a significant impact on pack costs. According to 
research conducted by the Department of Energy, a plant 
that is capacitized to produce 10,000 battery packs per 
year as opposed to 100,000 will have battery costs that are 

4	 PRTM analysis.

approximately 60 percent to 80 percent higher.5 In a May 
2009 Department of Energy review, research was pre-
sented that indicated using current materials and current 
processing technology, scaling up to 500,000 units per 
year would drive the cost of PHEV packs down to $363 
per kWh.6 Additionally, the research indicated other pos-
sible manufacturing developments that could push that 
price down farther.

5	 Paul A. Nelson, Danilo J. Santini, and James Barnes, “Factors 
Determining the Manufacturing Costs of Lithium-Ion Batteries for 
PHEVs,” (May 2009).

6	 Barnett, Brian, et. al., “PHEV Battery Cost Assessment,” Tiax LLC, 
(May19, 2009), Presented at the May 2009 DOE Merit Review.

Nameplate or Usable Energy?

When describing the cost and performance metrics of today’s large-format automotive batteries, it is important to distinguish 

between ‘nameplate’ and “usable energy.’  Nameplate figures assign a value—for example, cost or capacity—to the entire battery pack 

and divide that figure by the maximum number of kilowatt hours of battery capacity.  The nameplate cost of a battery reflects the 

total cost of the battery divided by the total number of kilowatt hours (kWh) of capacity. Therefore, a pack that costs $12,000 and has 

24 kWh of capacity would have nameplate battery costs of $500 per kWh.

However, in practice the nameplate energy capacity of today’s batteries is not typically fully utilized. Most battery suppliers are 

building in a reserve margin at the low- and high-end of the battery’s state of charge to avoid overheating and excessive discharge. 

In some cases, this reserve portion can represent up to 50 percent of a battery's nameplate capacity. In other words, a 24 kWh 

battery with a 50 percent state of charge reserve margin only has 12kWh of usable energy. In this case, the $12,000 battery would 

have usable energy costs of $1,000 per kWh.

In general, nameplate capacity is the more commonly used metric by industry. Therefore, whenever battery costs are quoted in this 

report, figures reference nameplate capacity.

 

FIGURE 2B

Battery Charge for Assorted Vehicle Types
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for approximately one third of the total EV drivetrain 
cost. For GEVs to reach cost parity with ICE vehicles, the 
cost of electric drive components will need to be reduced 
through innovation and volume production.

The lack of a mature, high-volume market for elec-
tric drivetrain components is a significant cost driver. 
The manufacturing processes and design technologies 
for these components are largely tailored to low-volume 
industrial applications, which results in processes and 
technologies optimized around lower engineering and 
manufacturing investment rather than lower variable 
cost. As these components are commercialized in higher 
volume automotive applications, there will be significant 
advances in the state of the art for component packaging 
and assembly.

Such advancements can be seen by comparing the 
2004 Prius and 2007 Camry hybrid traction drive sys-
tem. The inverter in the 2007 Camry is approximately 
30 percent smaller and 15 percent lighter while supply-
ing a motor with a 40 percent higher power rating.10 As 
production scale increases across the industry, design 
and manufacturing improvements will continue to drive 
comparable improvements.

Equally important to component cost and perfor-
mance improvements will be an automotive-capable sup-
ply base. In many cases, the supply chains around electric 
drivetrain components are immature for the needs of 
GEVs. The state of the current supply chain has been 
identified by some vehicle OEMs as a constraint to GEV 

10	 ORLN, Evaluation of the 2007 Toyota Camry Hybrid Synergy Drive 
System, (2008).

market growth.11 For example, integration of motors and 
gear boxes will likely be a source of cost and size reduc-
tions. However, doing so will ultimately require a realign-
ment of the supply chain. Today, capability to design 
and manufacture integrated assemblies does not exist 
within many of the traditional gear box and high power 
motor suppliers. Partnerships to address this need are 
beginning to emerge, such as the strategic relationship 
between Borg Warner and UQM to develop integrated 
traction drive solutions.12 As the market continues to 
develop, further strategic and equity partnerships are 
likely to emerge. 

Charging Infrastructure

In general, charging infrastructure costs vary by the type 
of technology and location in which they are installed. 
For the majority of fleet applications, Level I charging 
(110v) will be insufficient for PHEV and EV charging. 
The exception would be low mileage, low utilization fleet 
vehicles that tend to sit idle for longer periods, perhaps 
certain executive and federal government fleet vehicles. 
But these are not driving characteristics that will typi-
cally support adoption of grid-enabled vehicles—at least 
from a purely economic perspective.

More commonly, fleets that have access to central 
parking facilities and that have at least one somewhat 
lengthy opportunity to charge per day (overnight, for 
example) will opt for Level II charging (220v). Level II 

11	 EC, PRTM interviews.
12	 UQM Technologies, "UQM Technologies and Borg Warner Collaborate 

on Electric Powertrain Systems, available at http://www.uqm.com/
news_article.php?aid=120.

Another issue related to cost and performance is bat-
tery utilization. In particular, some current PHEV bat-
teries utilize a 50 percent state-of-charge window. That 
is, a PHEV-40 battery today is designed to require only 8 
kWh of its 16 kWh capacity in order to travel 40 miles in 
charge-depleting mode. This practice comes at significant 
cost, driving current battery prices higher than technical 
requirements. In first-generation applications, PHEV 
manufacturers made the strategic decision to add extra 
capacity in order to ensure end-of-life performance met-
rics and meet battery warranty requirements. However, 
advancements already achieved have reduced the need 
to over-specify PHEV batteries and expanded the state-
of-charge window, thereby reducing costs for the next 
generation of assembled battery packs.

Industry Dynamics
While battery costs are still high, general industry trends 
suggest important progress is being made. Over the last 
several years, there have been significant reductions 
in large-format lithium-ion battery prices. As recently 
as 2008, EV battery prices were often quoted at $800 - 
$1,000 per kWh. During this early market phase, installed 
capacity was limited as was the number of suppliers 
in the market. It is also important to note that supply 
chain structures contained clear cost inefficiencies. For 
example, the lithium-ion cells for the first commercially 
available Chevy Volt PHEVs are being manufactured 
by LG Chem in South Korea.7 They are then shipped to 

7	 Soyoung Kim, “LG Chem to supply GM Volt batteries,” Reuters, October 
22, 2008.

GM’s plant in Brownstown, Michigan, and installed into 
the final battery packs. The structure and distribution 
of the lithium-ion cell industry necessitated GM’s early 
approach. However, the company has announced plans 
to source a portion of Volt cells from LG Chem subsidiary 
Compact Power beginning in 2012. The Compact Power 
facility is located in Holland Michigan.8

The U.S. battery industry is currently entering a 
second phase. Unit prices have already come down to 
$600-$750 per kWh.9 The next five years are likely to be 
characterized by a highly competitive market stemming 
from the entrance of multiple battery OEMs with excess 
capacity. Competition for limited unit demand will result 
in lower battery prices. After 2015, there may be a con-
solidation of battery suppliers. At the same time, unit 
demand will ramp up to sustainable levels, generating 
cost and price benefits from volume-related cost reduc-
tions as well as from standardized manufacturing prac-
tices and optimized supply chains.

Component Cost

The advanced components required in electric drive-
trains also contribute to higher vehicle costs. Onboard 
chargers, power inverters, and electric motors all rep-
resent significant portions of an electric drive vehicle’s 
upfront costs. While relatively small with respect to 
battery costs, electric drive system components carry 
higher costs than their ICE counterparts, accounting 

8	 Sam Abuelsamid, “LG Chem to build lithium ion cell factory in Holland, 
MI,” Autoblog.com, March 14, 2010.

9	 EC, PRTM interviews.

Figure 2C

Typical Battery Charge Patterns by Primary xEV Type
Figure 2d

Battery Cost Reduction Profile

Source: DOE, NREL; PRTM Analysis Source: PRTM Analysis
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Capital Expenditures vs. Operating Expense

Fleet operators must constantly balance the need for 
access to capital with the need for new vehicles. In large 
companies, fleet managers must also compete with other 
corporate divisions for scarce capital that must be directed 
toward its most productive uses. The form of vehicle own-
ership a company or institution chooses plays a significant 
role in balancing these demands. Approximately 80 per-
cent of fleet automobiles and class 1-5 trucks in opera-
tion—8.7 million cars and trucks—were owned outright 
by their operators as of January 1, 2010.21 In this owner-
ship model, the capital costs of electric drive vehicles will 
present a substantial challenge in most companies and 
institutions. The remainder of cars and class 1-5 trucks in 
operation were leased.22

Both ownership and leasing have advantages and 
disadvantages. Company/institutional ownership can 
allow a fleet operator the flexibility to acquire vehicles 
specialized for its needs, particularly in the case that 
the fleet operator is large enough to make high volume 
acquisitions. Some fleet operators also prefer to maintain 
vehicles in house with internal maintenance staff. On the 
other hand, outright ownership can tie up a significant 
amount of capital for a fleet owner. For example, a class 
5 utility service EV might cost as much as an additional 
$25,000 to $30,000 in 2015. Capital that is put toward 
asset acquisition in this model is unavailable for other 
productive uses.

21	 Bobit Publishing Company, AFB 2010.
22 	 Id.

Vehicle leasing removes the capital burden of the out-
right ownership model, allowing fleet operators to treat 
vehicle acquisition as an operational expense. Lessors that 
include maintenance and other services in the lease price can 
help reduce labor costs for large fleet operators, and lessors 
may also be able to secure significant volume purchasing dis-
counts from vehicle OEMs, lowering costs for their lessees.23

The costs and benefits of the different ownership 
models could ultimately have an impact on the likeli-
hood of a fleet operator to adopt electric drive technolo-
gies. For example, the high capital cost requirements of 
today’s HEVs, PHEVs, and EVs, particularly in applica-
tions heavier than a passenger automobile, might not be 
suitable for outright ownership. Even extremely large 
businesses may be unwilling to expand capital budgets 
to support substantial volumes of PHEV or EV purchas-
ing. Individual fleet operators may also find it difficult 
and costly to train or hire in-house staff to maintain and 
service electric drive vehicles, although the maintenance 
requirements of electric drive vehicles are substantially 
less than those of ICE vehicles.24

Given higher upfront (capital) costs and lower 
ongoing operating expenses associated with fleet elec-
trification, a shift towards financing/leasing (methods 
of spreading the high capital expenditures over the life 
of the asset) will likely become more important for fleet 
operators seeking to leverage this technology.

23	 EC, PRTM interviews.
24	 EC, PRTM interviews.

chargers—often referred to as electric vehicle supply 
equipment—currently available in the market can be 
purchased for approximately $2,000 per unit (hardware 
only), though the cost varies widely depending on the 
OEM and the charger’s software capacities.13 Software 
and installation costs can add as much as several thou-
sand dollars to the cost of a Level II charger for use in a 
fleet depot.14 Units installed in public will carry higher 
installation costs. In the most common configurations, 
each unit is capable of charging one to two vehicles at a 
time.15 Figure 2E contains the associated charge times for 
a number of battery sizes in multiple configurations.

Scaling infrastructure cost estimates based on the 
number of PHEVs or EVs owned provides useful context 
for considering the impact of charger cost on the total cost 
of ownership for GEVs in fleet applications. Assuming a 
one-time installation cost for Level II chargers of $2,000, 
and that local electricity grid hardware and software 
upgrades represent an additional $10,000 to $15,000 
borne by the fleet operator, the cost to establish a central 
charging network for 10 EVs would be more than $30,000. 
This is a significant capital outlay that may impact the 
broader decision-making process for fleet operators 
seeking to adopt grid-enabled vehicles.

13	 Jim Motavalli, “Home Charging for Electric Vehicle: Costs Will Vary,” 
New York Times, March 16, 2010.

14	 Id.
15	 See, e.g., Eric Loveday, “Siemens launches lineup of residential, 

commercial charging stations,” Autoblog, October 25, 2010.

Fast Charging
Level III charging, or DC to DC fast charging, can reduce 
charge times for grid-enabled vehicles to a very man-
ageable 20 to 30 minutes for a fully depleted passenger 
vehicle battery.16 The earliest Level III chargers to enter 
the market have been designed with 50 kW of capacity, 
allowing them to provide 24 kWh of power in slightly less 
than 30 minutes, all thing being equal (in practice, today’s 
lithium-ion batteries charge more rapidly at the lower 
end of the state-of-charge window, with charge times 
slowing as the battery’s SOC increases).17

Costs for Level III chargers have fallen by approxi-
mately 25 percent over the past 12 months, but at roughly 
$37,500 per unit, they are still significantly more expen-
sive than Level II chargers.18 In addition, the impact of 
Level III charging on automotive batteries is still being 
evaluated by battery makers. The amount of heat gener-
ated by fast charging could have deleterious effects on 
battery life.19 However, as of Q4 2010, there is very little 
available data on the effect of DC to DC fast charging on 
battery life. The benefit of the technology seems apparent 
from the driver’s perspective, but its impact on the bat-
tery and the grid is still largely untested. In fact, a number 
of major battery makers and vehicle OEMs do not factor 
fast charging into their business or technology plans.20

16	 EC, PRTM interviews.
17	 EC, PRTM interviews.
18	 EC, PRTM interviews.
19	 EC, PRTM interviews.
20	 EC, PRTM interviews.

Figure 2E

EV Battery Charge Times

VEHICLE BATTERY CAPACITY CHARGING METHOD CHARGING POWER FULL RECHARGE TIME

Passenger Car 24 kWh

Level 1 1.7 kW 14.1 hrs

Level 2 3.3 kW 7.3 hrs

Level 3 50 kW 0.5 hrs

Class 5 Truck 65 kWh

Level 1 1.7 kW 38.2 hrs

Level 2 6.6 kW 9.8 hrs

Level 3 50 kW 1.3 hrs

Class 7 Truck 80 kWh

Level 1 1.7 kW 47.1 hrs

Level 2 12 kW 6.7 hrs

Level 3 50 kW 1.6 hrs

0

Figure 2F

Sample Cashflow Impact of Vehicle Leasing vs. Ownership (CapEx vs. OpEx)

Source: PRTM Analysis
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Battery Residual Value 

Resale value often plays an important part in the overall 
financial value of a vehicle. Depending on who owns the 
vehicle and the type of ownership transaction, resale 
value can have a significant impact on financial risk as 
well. In both the commercial and passenger markets, 
entities that purchase and own a vehicle assume the full 
risk associated with resale value. If the vehicle is kept in 
good condition, a high resale value can offset the total 
cost of ownership significantly. If market resale value is 
low, or the vehicle is in poor condition, an owner might 
choose to hold onto the asset for a longer period of time, 
up to the full useful life of the technology.

In the personal-use market, a consumer who opts 
for a closed-ended lease will typically assume less risk 
associated with resale value—the risk sits largely with 
the lessor. The assumed resale value of a vehicle—
determined by market trends and changes in demand 
for different vehicle sizes and types—can have signifi-
cant impact on the total estimated value of the vehicle 
and therefore on monthly lease payment amounts. In 
a sense, lessors try to transfer some of the resale risk 
back to the consumer.

From a business model perspective, commercial 
leasing benefits significantly from the widespread use 
of open-ended leasing, or TRAC leasing. TRAC leasing 
has a resale risk profile that is most similar to ownership 
(with the added benefit of not tying up capital in vehicle 
acquisition). At the end of the lease period, the lessee is 
responsible for the net gain or loss on the resale of an 

individual vehicle. As a result, commercial leasing enti-
ties should be much more willing to consider leasing 
electric drive vehicles, including PHEVs and EVs.

However, because there is little experience with the 
resale value of grid-enabled vehicles, there may initially 
be a high degree of risk associated with resale value 
regardless of ownership model. Commercial entities 
that choose outright ownership—applicable to the vast 
majority of fleet vehicles in the United States—could be 
hesitant to purchase vehicles that have very high upfront 
costs and no proven resale market value. While the risk 
threshold is much lower for commercial fleet lessees due 
to reduced capital requirements, these customers may 
still be hesitant to be responsible for an unknown resale 
value. The issue may be less of a challenge in fleets that 
hold onto vehicles for longer periods of time and do not 
typically expect high resale value.

The primary driver of uncertainty regarding the 
resale value of grid-enabled vehicles is the battery. 
A lack of practical experience in the long-term cycle 
performance of large-format batteries makes it diffi-
cult to make assumptions about the ability of EVs and 
PHEVs to continue to perform at desired levels past a 
certain point. This uncertainty could be exacerbated 
by a lack of transparency surrounding battery health, 
but most OEMs are including advanced software and 
other telematics that will allow for an accurate read-
out of battery health when PHEVs and EVs are ready 
for resale.

Figure 2G

Battery Lifecycle Performance and Value

Source: PRTM Analysis
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AuctionNet® Hybrid v. Non-Hybrid Trends

Source:  NADA Used Car Guide, AuctionNet

Change (1/2007 = 0)

Honda Civic Gas

Honda Civic Hybrid

Toyota Corolla Gas

Toyota Prius

-30

-20

-10

0

10

20

30

40

50%

7/105/103/101/1011/099/097/095/093/091/0911/089/087/085/083/081/0811/079/077/075/073/071/07

Ultimately, the resale value for these vehicles can 
only be determined through market experience. The 
traditional hybrid vehicle market does offer some case 
for optimism, however. Particularly during periods of 
higher fuel prices, HEVs have performed extremely well 
at auction. During mid-2008, as retail fuel prices passed 
$4.00 per gallon, Toyota and Honda hybrid models 
saw increases in month-over-month resale value that 
exceeded the increase in comparable fuel efficient ICE 
models.25 (See Figure 2H).

Obviously, the unique market conditions that 
existed in 2007 and 2008 should not necessarily be 
interpreted too broadly. By the end of 2009 and into late 
2010, hybrid models performed worse than their peers 
at auction, as fuel prices have returned to much more 
manageable levels.26 One conclusion from this is that 
macroeconomic conditions can drive demand for spe-
cific vehicle technologies, and vary over time. However, 
the data also suggests that there is nothing inherently 
unattractive about electric drive vehicles in secondary 
markets. In fact, in the right market conditions, and 
when performance has been demonstrated, electric 
drive vehicles outperform comparable ICE models.

Secondary Battery Market

The resale value of PHEVs and EVs could be signifi-
cantly enhanced by considering the residual value of the 
battery itself after it has degraded beyond its usefulness 

25	 National Automobile Dealers Association, Used Car Guide Industry 
Update, October 2010, available at http://www.nada.com/b2b/
moreinfo/Guidelines_201010.pdf .

26	  Id.

for automotive applications. Possible second life appli-
cations include: backup power for homes, offices, and 
cell-phone towers; storage for intermittent renewable 
electricity supplies; secondary vehicle markets; or sepa-
rated components. The residual value of the battery will 
be determined by the net residual capacity (the sum of 
each remaining cycle’s capacity) multiplied by the value 
of that capacity. Residual value will likely exceed stan-
dard financial depreciated value but fall below the cost 
of comparable new battery (See Figure 2G).

Today, estimating the residual value of used large-
format automotive batteries is an educated guess at 
best. In large part, this is simply an issue of experience. 
Sufficient empirical data cannot and will not be col-
lected until the first several hundred or several thousand 
PHEV and EV batteries reach the end of their useful life 
in a real world automotive application. Early test data 
suggests that lithium-ion batteries may still possess 70 
to 80 percent of their potential cycle life at the point 
where they are no longer fit for automotive use.27 But 
this needs to be borne out by practical experience.

One report produced by researchers at Sandia 
National Laboratories identified as many as eight pos-
sible options, including: transmission support; area 
regulation and spinning reserve; load leveling/energy 
arbitrage/transmission deferral; renewables firming, 
power reliability and peak shaving; light commercial 
load following; distributed node telecommunications 
backup power; and residential load-following.28 The 

27	 PRTM analysis.
28	 Sandia National Laboratories, “Technical and Economic Feasibility of 

Applying Used EV Batteries in Stationary Applications,”  (2003).
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analysis found that four of these applications may be 
economically and technically feasible today.29

One secondary application is currently being dem-
onstrated at the University of Delaware’s Mid-Atlantic 
Grid Interactive Car Consortium (MAGICC). At the 
university, a plug-in electric vehicle has been responding 

in real-time to the PJM regu-
lation signal since October  
2007 (PJM Interconnection is 
a regional transmission orga-
nization). It has provided both 
regulation services and impor-
tant data about vehicle-to-grid 
applications. As a follow up, 
PJM and the University of 
Delaware will be aggregating 
three 18 kWh vehicles with a 1 
MW stationary battery trailer 

to participate in the PJM market for regulation, earning 
each vehicle between $7 and $10 for the 18-20 hours they 
are plugged in and contributing to the regulation stor-
age needs of the grid. This demonstration also has direct 
application to second-life use as stationary sources of 
ancillary services to the grid.

It is important to note that used batteries will face 
entrneched competition in many potential second life 
applications. For example, early attention for secondary 
battery applications has tended to focus on the electric 
power sector, either for residential back-up storage or 
for firming up intemrittent renewables. Yet, today, most 
grid stabilization is achieved through spinning reserves 
of natural gas, a relatively inexpensive fuel that is quite 
familiar to most grid operators. In residential applica-
tions, back-up power is most commonly achieved using 
natural gas, diesel, or propane generators.

29	 Id.

Finally, a lack of transparency could significantly 
impact the market’s ability to price used lithium-ion 
batteries. Individual consumers will use their vehicles 
differently. The frequency at which batteries are 
charged, the depth to which they are discharged, and 
the number of quick charge occurrences will all impact 
their ability to perform after they are removed from a 
vehicle. To address this issue, a number of battery sup-
pliers and automakers are incorporating diagnostic and 
telematic systems in vehicle batteries. Ultimately, the 
possibility exists to assign each battery a performance 
rating so that markets can appropriately value its 
remaining capacity.

Despite the challenges, most experts and industry 
participants agree that used batteries will have some 
value beyond scrappage. General Motors recently esti-
mated that the typical 16 kWh Chevy Volt battery pack 
will have “50 to 70 percent of its life left” after the expi-
ration of GM’s 8-year, 100,000 mile lithium-ion battery 
pack warranty.”30 GM has also formed a partnership with 
ABB Group, the world’s largest provider of electrical 
power grid systems, to explore the options for used large-
format automotive batteries.31

In September 2010, Nissan Motor Corp. and 
Sumitomo Corp. of Japan announced the establishment 
of a joint venture to commercialize used automotive 
lithium-ion batteries.32 Nissan has characterized the 
venture, called the 4R Energy Corp., as an opportunity to 
help reduce the upfront cost of lithium-ion battery packs 
that power the all-electric Leaf.

30	 Saqib Rahim, “General Motors Seeks Second Life for Volt Battery,” 
Scientific American, September 22, 2010.

31	 Paul Eisenstein, “Automakers mull your EV battery’s life,” MSNBC.com, 
September 29, 2010. 

32	 Chang-Ran Kim, “Nissan, Sumitomo in JV to Re-use, Recycle Batteries,” 
Reuters, September 15, 2010

Fleet Infrastructure Issues

While fleets that have access to central parking facilities 
may find that single-point installation leads to efficien-
cies, infrastructure will still represent a substantial 
component of total cost in many cases. Charger costs 
will depend on the driving characteristics of a given fleet. 
Predictability of routes, miles driven (or hours of opera-
tion for some fleets), and charge times will affect the type, 
number, mix, and location of chargers—and therefore the 
cost burden of charging infrastructure.

For example, a fleet that drives consistently between 
70 and 100 miles daily, operates no more than 12 hours per 
vehicle per day, and parks most of its vehicles in a central 
depot would be able to charge its fleet with Level II char-
gers at a ratio of about one vehicle per charger. This is based 
on the assumption that a battery charge for an EV will 
provide 100 miles of charge-depleting range per day and 
therefore would not require more than one Level II charge 
per day at roughly four to six hours. This vehicle would fall 
into quadrant 1 of Figure 2I. Fleet vehicles that spend the 
night parked at the driver’s home, such as many sales fleets 
or local law enforcement vehicles, would require a home 
Level II charger plus some charging capacity in the depot.

Fleets with vehicles that drive distances in excess of 
EV battery capacity or fleets that drive unpredictable dis-
tances will require some additional chargers in the field 
along highly transited roadways or at particular client or 
supplier locations. This would be true in general for most 
PHEVs as well, as the key cost metric to be maximized 
will be miles driven on electricity. These fleets may pos-
sibly also require some fast charging capabilities and fall 
into quadrants 2 and 3 of Figure 2I. Fleets in quadrant 

4 that drive more miles and have less predictable routes 
will incur higher infrastructure costs in the form of more 
chargers in the field and would likely be in need of signifi-
cant Level III capacity for EV adoption. In practice, such 
fleets might choose HEV or PHEV technology instead.

An additional factor to consider is the amount of 
time spent parked in a charging location. For instance, a 
fleet with short driving distance and predictable routes 
as the example for quadrant 1 above, may actually require 
a quadrant 4 charging infrastructure if it runs more than 
one shift on a vehicle per day. There may not be enough 
time spent parked to achieve sufficient charge with a 
Level II charger.

Finally, commercial and government fleet facili-
ties may require both external and internal electrical 
upgrades to support charging infrastructure.  External 
utility service transformers are typically sized based on 
the type of building and the square footage. Upgrading 
these transformers—and the service wires and main 
disconnect size—to support special needs such as GEV 
charging will result in increased costs for fleet operators.  
Such upgrades can also require more expensive conduc-
tors, electrical panel boards, and service wires.

 Upsizing the internal transformers within a large 
commercial or government building, such as those that 
might serve charging stations, may require upsizing con-
duits (which are often encased in concrete or difficult to 
access), increasing conductor sizes, and installing larger 
panel boards.  It is important to note that these upgrades 
are easier to accomplish during initial building design as 
opposed to retrofit.

Early test data suggests that lithium-ion 
batteries may still have 70 to 80 percent 
of their potential cycle life remaining at 

the point where they are no longer fit for 
automotive use.

70-80% 

Figure 2I
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Utility Impact of Dense Charge Networks

The power draw of plugging in a PHEV or EV at any given 
point in time can be the equivalent of adding at least 
one new house to the grid. In certain fleet applications, 
larger battery and onboard charger specifications may 
significantly increase this load. Moreover, in fleet appli-
cations that utilize centralized refueling configurations, 
the impact on the local distribution system is likely to be 
particularly acute. The fact that most drivers, including 
fleet operators, operate their vehicles almost exclusively 
during the day minimizes the effects on the power gen-
eration and delivery system, because the vehicles will be 
charged off-peak, when there is surplus power available 
on the grid. However, bringing a fleet of EVs in a small 
charging space will bring an unusually high burden to 
those areas, and may require upgrades to the local dis-
tribution network. In particular, transformers serving 
charging facilities may be insufficiently robust to support 
the simultaneous charging of multiple vehicles. Utilities 
will need access to information and regulatory support to 
deal with these and other issues.

Generation

Since electricity cannot be stored, the electricity grid is 
constructed to meet demand during periods of highest 
load – typically hot summer days. In fact, to meet reli-
ability requirements, regulators have driven utilities 
to overbuild their systems with a 12-20 percent reserve 
margin beyond forecasted peak capacity. In addition, 

utility power requirements generally follow a pattern 
of high demand during the mid-day hours and very low 
demand in the evening. Thus, the system usually operates 
with significant spare generating capacity—particularly 
at night— that can be utilized for charging plug-in electric 
vehicles. This feature of the power sector, which repre-
sents a low-cost way to deliver fuel to electric vehicles, 
has generated significant optimism among electrifica-
tion advocates. In 2007, the Pacific Northwest National 
Laboratory (PNNL) released a study demonstrating more 
than 160 million PHEVs could be powered in the United 
States without building a single new power plant.33

This scenario is unlikely to occur on its own, however. 
Most such analyses assume that a very high portion of 
vehicle charging occurs off-peak. In fact, the PNNL study 
assumes perfect off-peak charging. For fleet operators 
that park vehicles overnight at home or a central depot, 
off-peak charging may be somewhat straightforward, 
though demand for charging in the early evening right 
after business hours could potentially be higher. This is 
especially likely to be true if the cost of charging an EV 
or PHEV is the same at 6:00pm and 6:00am. Time-of-use 
pricing mechanisms could allow utilities to employ price 
signals to change behavior.

33	 Kintner-Meyer, Michael et al, “Impacts Assessment of Plug-In Hybrid 
Vehicles on Electric Utilities and Regional U.S. Power Grids Part 1: 
Technical Analysis,” Pacific Northwest National Laboratory, January 2007.

Figure 2J

Stylized Load Shape for 1 Day During Peak Season

Source: Pacific Northwest National Labratory
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Figure 2K

Peak Day PHEV Charging in ECAR, 2020

Source: Oak Ridge National Laboratories
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Analyzing GEV Impact On Power Generation

In 2008, Oak Ridge National Laboratory released a comprehensive simulation analysis of PHEV 
charging and its impact on power generation. The analysis was segmented by North American 
Electricity Reliability Council (NERC) regions. The analysis assumed that 19.6 million PHEVs would 
be on the road in the U.S. by 2020, and modeled the effect of multiple charging scenarios in 
different NERC regions. Charging was varied by strength of charge and also time: early evening  
or night charging.

Figure 2K presents the results of peak day charging by PHEVs in the East Central Area Reliability 
Coordination Agreement (ECAR) region. In this case, unconstrained early evening charging by 
PHEVs using a 6 kW charger surpassed the typical peak load. The implication is that in this 
instance, the utility would, in fact, need to add new generation capacity to support PHEV 
charging. And while this analysis probably represents a kind of worst case scenario—6 kW 
vehicle chargers are not the norm for light-duty vehicles today—it highlights the need for careful 
planning in managing the interface between utilities and plug-in electric vehicles. Ultimately, 
utilities will need levers, including price signals and smart grid technology, to carefully deal with  
EV and PHEV customers in both fleet and personal-use applications.
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Figure 2L

PG&E Pilot GEV Rate Plan

There is already precedent for this approach emerg-
ing in the consumer space. In a pilot program acces-
sible to all consumers, Detroit Edison (DTE Energy) 
recently announced a time-of-use GEV rate plan that 
sets off-peak electricity rates at 7.6 cents per kWh.34 
DTE defines off-peak as between 11:00pm and 9:00am 
Monday through Friday, and anytime on weekends. The 
on-peak rate for EV and PHEV charging is set at 18.2 
cents per kWh. By comparison, the standard residential 
rate in DTE’s service territory is 12.3 cents per kWh. (The 
rate plan was approved by the Michigan Public Services 
Commission in August 2010.) Ultimately, off-peak rates 
may be both economically advantageous and convenient 
to access for fleets that park overnight.

Pacific Gas and Electric has also introduced a tiered 
rate plan for GEVs. The “Experimental Time-of-Use 
Low Emission Vehicle rate” is mandatory for drivers of 
grid-enabled vehicles who are on a residential electricity 
rate and plan to charge at home. PG&E’s rate plan is also 
designed to deal with issues unique to its service terri-
tory. During the summer, when air conditioning loads can 
occupy a significant share of neighborhood transformer 
capacity, peak vehicle charging rates are 28 cents per 
kWh.35 Off-peak rates for vehicle charging are as low as 5.0 
cents per kWh.

34	 DTE Energy, Plug-in Electric Vehicle Rates, available at http://
www.dteenergy.com/residentialCustomers/productsPrograms/
electricVehicles/pevRates.html, last accessed November 1, 2010.

35	 PG&E, Electric Vehicle Charging Rate and Economics, available at 
http://www.pge.com/myhome/environment/pge/electricvehicles/
fuelrates/index.shtml, last accessed November 1, 2010.

Distribution

In the near term, particularly when considering fleet 
applications, power generation issues are not likely to 
be an urgent problem. More significant power genera-
tion challenges could be associated with deployment of 
millions of EVs and PHEVs, but this will take time. (Of 
course, it will be critical to have necessary smart grid and 
other load management technologies in place in advance 
to avoid the most damaging aspects of unmitigated charg-
ing by a large number of grid-enabled vehicles).

However, preparing the local distribution infrastruc-
ture for fleet plug-in electric vehicle charging may present 
a much more immediate and pressing challenge. While 
GEVs are plugged in and charging, they represent a signifi-
cant power draw. A Level II charger operating at 220 volts 
on a 15 amp circuit is expected to draw 3.3 kilowatts of 
power, a load that is similar to the average load in a typical 
U.S. home. In larger vehicle applications, the power draw 
can increase substantially. Medium-duty plug-in electric 
trucks may require chargers in excess of 8 kW. For heavy-
duty GEVs, the charger could easily exceed 10 kW. In order 
to support the reliability of the electrical grid, utilities will 
have to take steps to ensure that they can deliver power 
over the last few feet of power lines from the transformer 
to a fleet depot or other charging facility (including resi-
dential garages in the case of fleet vehicles that return 
home each night with employees in sales or local govern-
ment entities). In the case of several fleet vehicles parked 
at a central depot, the issue will be most acute.

One recent analysis from the Electric Power Research 
Institute (EPRI) examined the impact of PHEV charging 
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on neighborhood transformers of varying capacity.36 The 
EPRI analysis concluded that plugging in just three PHEVs 
to charge at 240 volts overloaded 114 of 314 transformers 
examined during peak hours and 68 of 314 transformers 
during off-peak hours. Smaller transformers showed the 
highest level of vulnerability. The analysis reported that 
plugging in a single PHEV to charge at 240V would have 
caused 68 percent of the 25kVA transformers examined to 
exceed their emergency rating. Pure electric vehicles, with 
their bigger batteries, may present an even more signifi-
cant issue, and clustered charging—such as that likely to be 
associated with fleet depots—will require careful planning.

Most utility managers are confident that these issues 
can easily be addressed.37 Commercial and industrial enti-
ties may be better equipped to communicate with utilities 
than typical residential customers. Moreover, the likely 
impact of transformer overloads in many cases is simply 
an increased depreciation of the useful life of the trans-
former. Nonetheless, system-wide costs can be minimized 
over time if the strain placed on transformers is reduced. 
Once again, technology that enables managed (staggered) 
charging of vehicles during off-peak hours can help moder-
ate the impact on the grid and maximize system efficiency.

Preparing City Governments

As PHEVs and EVs are integrated into fleet and util-
ity infrastructure, local building codes and regulatory 

36	 Arindam Maitra, “Effects of transportation electrification on the 
electricity grid,” EPRI (2009).

37	 Issues with neighborhood level transformers are likely to be less 
pronounced in areas with large air conditioning loads, especially if 
vehicles are charged at night when air conditioning loads typically 
lighten relative to late afternoon loads.

statutes will be an added obstacle in many cases. Operators 
that choose to adopt PHEVs, EVs, and their requisite 
charging infrastructure will find themselves navigating 
a myriad of processes to acquire the necessary permits 
for successful installation. It would be typical to expect 
the process of installing a charging station to begin with 
the request for a permit from the local city government. 
Local research, which could include inspection of a home 
or depot’s electric connection and wiring, might also be 
required. Once installed, inspection by a local regulator 
could be required before use of the charger.

In the current environment, fleet operators will find 
that the process of ensuring regulatory compliance dif-
fers significantly in various operating locations. In fact, 
large fleets that operate in multiple regions throughout 
the nation can expect contradictory regulations across 
regions. Developing a comprehensive set of streamlined 
best practices for infrastructure permitting and inspec-
tion will help to make this process more uniform for both 
the end user and resource-constrained local govern-
ments. (These guidelines could be extended to include 
public charging infrastructure; however, the guidelines 
would need to be more of a general nature as these instal-
lations may be much less uniform.)

Ultimately, fleet operators that want to deploy EVs 
and PHEVs will need to work collaboratively with their 
local utilities as well as state and local government offices 
in order to ensure regulatory compliance. In many cases, 
this could be relatively straightforward as larger com-
mercial and industrial enterprises may have a high level of 
communication with utility and government officials.

Figure 2M

Neighborhood Transformer Loading

Source: Arindam Maitra, EPRI, Effects of Electrification on the Electricity Grid, 2009
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Market Perception

Despite the potential economic benefits of electric 
drive technologies, the most important factor deter-
mining their uptake in fleet applications may be the 
way the vehicles are perceived by fleet managers. While 
total cost of ownership is consistently ranked as the 
most important factor during vehicle acquisition—a 
notion that should benefit electric drive vehicles—
other factors clearly play an important role. Moreover, 
an analysis of total cost of ownership requires certain 
assumptions that will vary by operator, including 
assessments of future fuel and battery costs, techno-
logical advancement, and macroeconomic conditions. 
Each of these factors can dramatically impact the total 
cost of ownership, and yet each is somewhat uncertain, 
requiring fleet managers to make informed guesses that 
are ultimately subjective.

Assessing Operational Cost Savings

Fuel price volatility continues to rank among the most 
significant factors hindering adoption of the full range of 
alternatives to petroleum. Sales of gasoline hybrid elec-
tric vehicles in the consumer market provide a case in 
point. The strongest period of growth in year-over-year 
hybrid sales occurred between 2004 and 2007, a period 
during which the average price of unleaded regular gaso-
line in the United States increased by nearly 50 percent, 
from $1.88 to $2.80/gallon.38

38	 DOE, AER 2009, Table 5.24.

In 2008, even as gasoline prices soared, recession-
ary conditions drove sales of all vehicles downward. Yet 
hybrids outperformed the broader auto market, with 
year-over-year sales falling by just 11 percent compared to 
18 percent for autos more broadly.39 Even in 2009, as oil 
prices fell, hybrid sales proved somewhat resilient, falling 
by just 7 percent compared to 22 percent for the broader 
auto market.40

But a different story has emerged in 2010. With 
gasoline prices now steady at $2.70 per gallon, hybrid 
sales have continued to fall, while broader auto sales have 
rebounded. Through the first three quarters of the year, 
aggregate hybrids sales are down by 10 percent compared 
to 2009, while broader auto sales have rebounded and are 
set to increase by nearly 10 percent.41 More importantly, 
the personal-use auto sales mix is increasingly shifting 
back to heavier classes: sales of midsize and large SUVs 
are up 33.3 and 13.7 percent in 2010 compared to the 
first three quarters of 2009.42 The market has adjusted 
to gasoline prices above $2.50/gallon and is seemingly 
unconvinced that the high prices of 2008 will return.

While commercial fleet operators continue to 
downsize vehicles where possible, most fleet managers 

39	 EC analysis based on data from DOE, EERE; Motor Intelligence.
40	 Id.
41	 Hybrid cars.com, “September 2010 Dashboard: Hybrid Sales Slide, While 

Clean Diesel Continues Growth,” October 5, 2010.
42	 WSJ Online, Auto Markets Data Center, http://online.wsj.com/mdc/

public/page/2_3022-autosales.html. 

do not explicitly engage in fuel price hedging, and they 
do not view electric drive vehicles as a way to offset the 
higher—and potentially volatile—costs of petroleum fuel. 
Assessments about future petroleum prices are simply 
too complex and lacking in transparency.

Maintenance Costs

It is also not entirely clear that fleet managers will be 
willing to factor maintenance savings associated with 
electric drive vehicles into their acquisition strategies. 
Vehicle OEMs report that while these savings are real 
and significant, fleet managers will be unlikely to factor 
them into their decision process.43 There may be several 
reasons for this.

First, some fleet vehicles are relinquished ahead of 
critical maintenance milestones. For example, the aver-
age mileage of compact cars entering auction after fleet 
use ranged from 40,000 to 65,000 miles between 2000 
and 2005.44 At the same time, the maintenance costs 
as a share of operating costs for these vehicles tend to 
sharply increase after 50,000 miles. In other words, 
just as maintenance costs begin to rise, fleet managers 
typically remarket the vehicles. Of course, a portion of 
the postponed maintenance needs may be factored in 
to the resale value of the vehicle as a lower price, but 
the urgency of upcoming repairs may be difficult for 
market participants to accurately assess. Nonetheless, a 
fleet operator in this instance might be less attracted to 
the relatively lower maintenance costs of electric drive 
vehicles, at least until the resale value of EVs and PHEVs 
is much clearer than is currently the case.

Second, fleet managers who service their vehicles 
via internal maintenance staff may be concerned that 
additional training of existing workers—or hiring of new, 
specialized workers—will be required to support electric 
drive vehicles. The transaction costs associated with such 
an upgrade may present fleet managers with an additional 
and unwanted burden.

Expected Value

A final point on cost perception is the rate at which fleet 
managers expect to recoup investments in efficiency. 
While some fleet managers may be more willing to focus 
on the bottom line and accept longer paybacks than 
typical consumers, competition for scarce capital places 
a practical limit on this approach. According to recent 
survey data, the average fleet operator would expect to 

43	 EC, PRTM interviews.
44	 Bobit Publishing Company, AFB 2010.

recoup an EV investment within approximately four 
years.45 As the survey notes, “any payback time that is lon-
ger than 4 years may require a lower discount rate than 
many fleet managers would be willing to use.”46

Corporate environmental and social responsibil-
ity initiatives may expand this period, but the number 
of vehicles that will be purchased based on such met-
rics alone seems likely to be low. Fleet operators must 
ultimately be presented with a compelling economic 
proposition in order to seriously consider investing in an 
alternative technology.

Shifting Institutional Norms

Incorporating EVs and PHEVs into a fleet can raise 
important hurdles in terms of organizational processes 
for both public and private sector institutions. EVs and 
PHEVs will require changes to acquisitions as well as 
operational processes that are engrained in most insti-
tutions. In many cases, uptake of these technologies will 
be hindered by unwillingness to increase flexibility and 
adjust common current practices.

In terms of acquisitions strategy, a number of fleet 
operators report that their institution’s capital budget 
for acquiring vehicles is managed separately from the 
operational budget.47 Moreover, in some cases, these bud-
gets are actually managed by different corporate busi-
ness units.48 This presents an obvious difficulty: electric 
drive technology will significantly stress the acquisition 
manager’s budget while he reaps none of the benefits of 
lower operating costs over time. In cases where vehicles 
are leased, this issue may be less of an obstacle. But for 
the 80 percent of fleet vehicles that are purchased and 
owned in the traditional model, organizational change 
will be needed.

45	 Frost and Sullivan, “Strategic Analysis of the North American and 
European Electric Truck, Van and Bus Markets” (2010).

46	  Id.
47	 EC, PRTM interviews.
48	 EC, PRTM interviews.

Figure 2O

Vehicle Mileage at Auction 
Figure 2N

Oil Prices and HEV Sales, U.S. (Historical)

Source: Manheim ConsultingSource: DOE, EERE
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FLEET ELECTRIFICATION  Florida Power and Light Company's 

hybrid bucket truck and electric plug-in car are shown at the ground 

breaking ceremony for FPL's Martin Next Generation Solar Energy 

Center in Indiantown, Florida.



ABSTRACT

Part One of this Roadmap outlined how and why commercial 

and government fleet owners could represent an important 

early market segment for grid-enabled vehicles. Part Two 

discussed several challenges that may need to be addressed 

through policy support and adjustments to the operational  

norms of fleet operators. Part Three presents the results of 

total cost modeling conducted for fleets in various industries 

and sectors of the U.S. economy. The analysis was performed 

for HEVs, PHEV-40s, and EV-100s.

The analysis finds that grid-enabled vehicles can provide 

significant economic benefits to fleet operators. These 

benefits will be maximized if GEVs are targeted to fleet 

applications whose operational attributes facilitate the 

most efficient allocation of battery capacity and charging 

infrastructure. Optimizing investment in upfront costs allows 

fleet operators to benefit from the reduced operating costs 

of plug-in hybrid electric vehicles and electric vehicles in 

the near-term without sacrificing mission in most cases. 

Targeted policy support has an additional positive impact.

CHAPTER 3.1

Overview
The Fleet Electrification Roadmap utilizes total lifecycle cost modeling to compare 

the economic competitiveness of various drivetrain configurations across fleet 

segments. Comparisons were facilitated through the use of segment clusters that 

aggregate vehicles across industries with similar attributes.

In order to better understand the business, economic, 
and cost-saving opportunities presented by electrifica-
tion of vehicle fleets, an economic model was developed 
for the Fleet Electrification Roadmap. The model com-
pares the total cost of ownership of sample vehicles 
by class and industry for a given acquisition year. 
Technologies considered were ICE, HEV, PHEV-40, and 
EV-100. The purpose of constructing the model was to 
identify those fleet segments that will realize positive 
economic returns through use of electric drive vehicles 
in the near term, making them likely adopters of elec-
tric drive technology. Combined with an assessment of 
the relative ease or difficulty of switching to EVs and 
PHEVs for a given industry, total cost modeling was also 
used to create scenarios for future vehicle technology  
penetration rates.

To conduct the modeling analysis, vehicle segments 
with similar physical and operational attributes across the 
various industries were first identified. Establishing these 
segment clusters helped to create a manageable data set 
of vehicles grouped together according to a standardized 
set of shared attributes. The key physical attribute used in 
this analysis was DOT vehicle size/weight classification. 
The primary operational attributes used included:

›› fuel efficiency; 
›› average miles traveled per day;
›› average utilization rate;
›› average number of stops per day;
›› average length of stops/idles;
›› level of route predictability; and
›› refueling behavior 
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FIGURE 3C

Vehicle Segments for TCO Analysis
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In addition to facilitating the creation of somewhat 
homogenous vehicle segments, operational character-
istics were also used as modeling inputs. For example, 
average daily miles traveled tend to be roughly similar 
within each segment while also providing a key metric for 
modeling the value of fuel savings over time. In general, 
higher mileage segments will benefit from the reduced 
operating costs of electric drive vehicles. Refueling 
behavior has a similar impact: vehicle segments identi-
fied in this analysis tend to have roughly similar refuel-
ing needs, which serve as the key driver of infrastructure 
costs for EVs and PHEVs.

Wherever possible, operational data used in this 
analysis was based on real-world data acquired from 
industry publications, data aggregators, and interviews 
with actual fleet operators. The segments identified for 
this analysis are presented in Figure 3C, which sorts them 
by vehicle weight and average miles traveled per day.

In additional to the operational attributes of indi-
vidual vehicle fleets, the total cost modeling was based 
on a number of market- and industry-wide costs and 
dynamics. These include: Upfront Vehicle Cost, 
Infrastructure Cost (charging), Petroleum Prices, 
Electricity Prices, Maintenance Cost, Vehicle and 
Battery Residual Value, and others.

Chapter 3.2 reviews the key modeling assumptions 
in detail. Chapter 3.3 presents the central summary-level 
findings of the modeling exercise across all segments. 
Chapter 3.4 contains four detailed case studies of TCO 
outputs for segments 1, 3a, 4a, and 5. Chapter 3.5 presents 
an analysis of the adoption potential of commercial and 
government fleet operators in the period 2010 to 2015.

As a final note, this analysis does not consider the 
applicability or cost-effectiveness of other alternative 
fuel technologies in any fleet segment. However, some 
basic observations can be inferred from the fleet segmen-
tation analysis and the operational attributes of certain 
fleet segments.

In particular, the uptake of electric drive technol-
ogy—certainly PHEVs and EVs—will be extremely limited 
in some segments, such as long-haul delivery (segment 
11). The utilization rates of these vehicles coupled with 
the type of routes traveled (relatively high percentage 
of highway miles) makes them unlikely near-term can-
didates for electrification. Other liquid fuel alternatives, 
such as biofuels derived from algae, might be potential 
options. Based on cost and technology, natural gas may 
also be a candidate to replace petroleum in long-haul 
delivery fleets.

CHAPTER 3.2

Modeling Assumptions
In order to isolate the effects of fleet optimization and public policy, multiple 

scenarios were analyzed. Standard assumptions regarding the pace of technological 

change in the auto industry as well as mainstream assessments of energy prices 

were also incorporated.

The model used for this analysis is a total cost of owner-
ship model. As discussed in Part One of this Roadmap, 
total cost of ownership is a quantifiable and objective 
measure that constitutes one of the principal purchas-
ing criteria for fleet operators. Fleet operators track 
and maintain historic operating cost data, which pro-
vides a rich data set for use in comparing operational 
and other norms. In general, fleet operators are better 
equipped to consider the total economic implications 
of transitioning to electric drive vehicles than indi-
vidual consumers.

One of the challenges of comparing internal com-
bustion engine vehicles to their electric alternatives is 
that there is a fundamental shift in costs from operating 
expenses (in the form of higher fuel and maintenance 
cost) to capital expenses (in the form of a more expensive 
powertrain). The result is that various costs are experi-
enced at different points in the lifecycle of ICE vehicles 

versus electric drive vehicles. Therefore, this analysis 
compares the net present value of all of the costs incurred 
during the ownership lifecycle of a given vehicle. The 
items considered in the total cost of ownership calcula-
tion are made up of: Upfront (Capital) Costs to pur-
chase the vehicle, battery, and charging infrastructure; 
Operating Costs that include fuel and/or energy, main-
tenance, repair and financing costs; and Residual Value 
of the vehicle (and battery where applicable).

Upfront (Capital) Costs

Upfront costs—or capital costs—include the cost of pur-
chasing or leasing a vehicle. For grid-enabled vehicles, 
upfront costs also include the cost of purchasing or leas-
ing the charging infrastructure required to support the 
vehicle. Finally, upfront costs are offset by the remar-
keted value of the vehicle and/or the residual value of 
the battery.

FIGURE 3D

Cost Elements 

CATEGORY COST ELEMENTS ICE HEV PHEV-40 EV

Capital

Vehicle (Powertrain exluding Battery)

Battery

Charger (Includes Installation and Software)

Residual Value Known Some Data Untested

Opex
Fuel/Electricity

Maintenance/Repairs (Includes Oil, Tires, (-) Warranty)

 
Note: High GVWR Class vehicles have reported significant increases in maintenance costs in early production 

versions of xEVs due to both the nascent state of technology and the learning curves for repair technicians.

Source: PRTM Analysis
HighMedLow
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was assigned a specific infrastructure configuration, and a 
cost was assigned based on the cost of the associated char-
gers, their installation, and any additional IT capabilities 
required to manage and optimize vehicle charging.

Operating Costs

Operating costs are those costs associated with fueling and 
maintaining a given vehicle over its useful life. Operating 
costs may vary significantly based on the cost of fuel (gaso-
line, diesel, or electricity), the efficiency with which the 
energy is used, and the way the vehicle is operated.

Energy Prices
Energy prices for this analysis were taken from the U.S. 
Department of Energy’s Annual Energy Outlook 2010. For 
traditional internal combustion engine vehicles, HEVs, 
and PHEVs in charge-sustaining mode, the relevant 
energy prices are either gasoline or diesel fuel (depending 
on vehicle class). For EVs and PHEVs in charge-depleting 
mode, the relevant energy price is electricity. Depending 

on the applicable fleet industry segment, vehicles may 
be charged at residential, commercial, or industrial elec-
tricity rates. As discussed in Part One of this Roadmap, 
commercial and industrial consumers benefit from sig-
nificantly reduced electricity prices.

Base ICE Vehicles
Upfront costs for the vehicles considered in this analysis 
vary by powertrain. In order to arrive at an estimate of 
vehicle capital cost, a sample internal combustion engine 
vehicle available in the market today was selected for 
each vehicle class. In general, the sample vehicles were 
among the top five models purchased by fleet operators 
in each class. For each sample vehicle, the individual 
drivetrain components were then assigned a cost value 
based on current market dynamics. ICE powertrain 
components include the engine, transmission, exhaust, 
fuel, and powertrain electronics. The base vehicle cost for 
each class then is calculated as the vehicle’s manufacturer 
suggested retail price (MSRP) minus all of the ICE pow-
ertrain components.

The cost of ICE drivetrain components used in this 
analysis increases at a 10-year compound average annual 
growth rate (CAGR) of 3.7 percent while electric drive-
train components actually decrease at a 4.7 percent CAGR. 
Even though auto manufacturers are continuously reduc-
ing their direct materials, meeting increasingly stringent 
fuel-economy and emissions standards will likely con-
tinue to support rising ICE component costs.

Electric Drive Vehicles
The upfront cost of the various electric drive technologies 
includes additional components, such as some form of 
battery and electric motor. Depending on the drivetrain 
configuration—HEV, PHEV, or EV—the size of the battery 
and motor differ significantly. At the same time, each of 
the electric drive platforms benefits from downsizing or 
eliminating traditional ICE powertrain components to 

varying degrees. For example, a PHEV may use a smaller 
engine in combination with a battery and electric motor, 
whereas an EV does not include an engine, fuel tank, or 
many other ICE components at all. In terms of cost, elec-
tric powertrain components tend to be more expensive 
than their ICE equivalents. Electric components include 
an electric motor, inverter, on-board charger, single-
speed transmission, and powertrain electronics.

Increasing volumes of electric drive vehicles will 
drive costs of electric components down—at least over the 
timeframe considered in this analysis. That is, economies 
of scale achieved in the early stages of PHEV and EV pro-
duction will be significant factors, and falling costs will be a 
direct result of starting from a small unit volume base. This 
analysis assumes the cost profiles displayed in Figure 3G.

Charging Infrastructure
The charging infrastructure associated with grid-enabled 
vehicles can represent a significant portion of the upfront 
costs. On a per-vehicle basis, charger costs will often be 
much less than the combined cost of the necessary electric 
drivetrain components; however a fleet operator seeking to 
electrify multiple vehicles may need to invest in multiple 
chargers. Moreover, certain fleet applications will require 
multiple chargers per vehicle—some at the depot and some 
in public—or may require use of fast chargers.

This analysis considers five possible infrastructure 
configurations as detailed in Figure 3F. Individual configu-
rations are essentially a function of the operational needs 
of the vehicles themselves, and each configuration is char-
acterized by a different ratio of charging in public versus at 
the depot. Each fleet application considered in the analysis 

FIGURE 3E

Key Components In Scope
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ICE Powertrain 
Components
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» Transmission
» Other ICE components (exhaust, fuel, powertrain electronics systems)
» Mandated fuel efficiency improvements

» Reference vehicle MSRP minus ICE powertrain components
» Factory invoice factor
» Fleet volume discounts

Source: PRTM Analysis

FIGURE 3F

Charging Configurations
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It is important to note that DOE scenarios do not 
account for the considerable price volatility of retail 
petroleum fuels. National average gasoline and diesel 
prices today are at $2.77 and $3.07 per gallon respec-
tively. As recently as 2008, they were each as much 
as 30 to 50 percent more expensive.1,2 Given current 
global oil market dynamics, it would be reasonable to 
expect the fuel component of the ICE vehicle equation 
to fluctuate considerably more than DOE’s scenarios 
indicate—though that has not been incorporated into 
the reference case in this analysis. Still, the business 
benefit from electric vehicles will depend considerably 
on how quickly and how much the price of these fuels 
increases. (For an analysis of the sensitivity of owner-
ship cost to fuel fluctuations, see Chapter 3.3.)

The principal costs associated with electricity 
prices involve generation and transmission assets, not 
fuel, so electricity prices do not fluctuate considerably 
over the forecast period. Efforts to regulate greenhouse 
gas emissions from the electric power sector could rep-
resent one potential upside risk to long-term electric-
ity prices. However, these price increases are likely to 
be phased in slowly, and most of the current proposals 
being considered by Congress would not significantly 
impact electricity prices before 2020.3

1	  DOE, EIA, Petroleum Navigator, Weekly Retail Gasoline and Diesel 
Prices (October 25, 2010)

2	  DOE, AER 2009, Table 5.24
3	  See, e.g., DOE, EIA, Energy Market and Economic Impacts of H.R. 2454, 

the American Clean Energy and Security Act of 2009, available online at 
http://www.eia.doe.gov/oiaf/1605/climate.html

Energy Consumption Rates
The efficiency with which a given vehicle consumes 
energy has a significant impact on its lifecycle operational 
costs. For internal combustion engine vehicles—as well 
as HEVs and PHEVs in charge-sustaining mode—energy 
efficiency is measured in terms of miles traveled per 
gallon of fuel consumed (mpg). For EVs and PHEVs in 
charge-depleting mode, energy efficiency is measured in 
terms of miles traveled per kWh consumed (mi/kWh).

Wherever possible, the energy consumption rates 
for internal combustion engine vehicles in this analy-
sis were calculated using observed fuel efficiency rates 
as opposed to the sticker rate or fuel-economy rating 
associated with EPA driving cycles. These fuel consump-
tion rates were acquired using real world data provided 
by fleet operators, industry publications, automotive 
intelligence companies, and other sources. In the case 
of select segments with high idling applications, an addi-
tional engine idling efficiency loss factor of a maximum 
of 10 percent was applied. HEVs were assumed to provide 
fuel efficiency gains estimated at 30 percent over ICE 
fuel efficiency ratings.

For EVs and PHEVs in charge-depleting mode, there 
is not yet a rich data set that allows for use of real world 
data. Over the period 2010 to 2020, this analysis was 
based on the charge-depleting efficiency levels displayed 
in Figure 3K.

FIGURE 3K

Electric Motor Efficiency
 

CD RANGE EFFICIENCY MI/KWH

Passenger Car 4.0

Class 1-2 3.1

Class 3 2.0

Class 4-5 1.5

Class 6-7 1.2
 

Source: PRTM Analysis

For EVs, mi/kWh applies to all miles traveled. That 
is, an EV can only travel in charge-depleting mode. For 
PHEVs, however, some portion of miles traveled will be 
powered by electricity and some will be fueled by petro-
leum fuels. Each mode has a different efficiency profile 
as well as exposure to different prices. Therefore, this 
analysis assumed the PHEV utility factors displayed in 
Figure 3J, which vary by vehicle weight class. A utility fac-
tor is simply the percent of total miles traveled that are 
powered by electricity (charge-depleting miles divided 
by total miles). PHEV utility factors have a significant 
impact on total cost and will vary depending on usage pat-
terns and access to charging opportunities.

Maintenance and Repairs
Maintenance and repair expenses for internal combus-
tion engine vehicles can include motor oil, tires, scheduled 
maintenance, and warranty recovery (a negative expense). 
The proportion of each cost changes over time. Motor 
oil, tire replacement and other scheduled maintenance 

expenses remain relatively steady during the life of the 
vehicle. However, other repairs related to wear and tear 
and component replacement may increase over the life 
of the vehicle. Oil and tire costs are projected to grow 
slightly due to engine and chassis wear. Repair costs are 
projected to grow over the first 10 years of vehicle life by 
an annual rate of 22 percent. The bulk of that cost is logged 
in the later years, after significant mileage milestones are 
eclipsed. In general, medium- and heavy-duty trucks cost 
more per mile to maintain than autos and class 1-2 trucks.

Electric powertrains bring a reduction in scheduled 
maintenance and repairs compared to traditional ICE 
vehicles. Internal combustion engines are comprised 
of thousands of moving parts that degrade over time. 
Electric motors are much simpler and will not require the 
same amount of maintenance and repair. Maintenance 
and repair savings from electrification were calculated 
by estimating ICE maintenance and repair costs and then 
applying a savings factor that varies based on drivetrain 
configuration. Figure 3M displays the maintenance dis-
count factors associated with HEV, PHEV and EV drive-
trains. (Note: EVs offer the most significant maintenance 
savings, as the design is the most technically simple. 
The savings associated with HEVs can vary somewhat 
depending on duty cycle. Data used in this report is based 
on industry expectations.)

FIGURE 3J
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Retail Fossil Fuel Prices (2010-2020)
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part three: identifying fleet opportunities fleet electrification roadmap102 103modeling assumptions



FIGURE 3L

Maintenance and Repair Costs - ICE Vehicles
FIGURE 3N

Vehicle Depreciation Schedule
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Ownership Model
While different vehicle ownership models can have a 
significant impact on a given institution’s ability to adopt 
electric drive vehicles, the benefits of alternative financing 
methods do not factor into the TCO calculation.4 Leasing a 
vehicle may minimize upfront capital costs associated with 
vehicle acquisition, but the lifecycle total cost of ownership 
on a per mile basis should be equal to or more than the TCO 
for a vehicle that is owned outright. Therefore, a simplify-
ing assumption that a company’s capital costs equal financ-
ing costs is made in the model. A financing rate of 6 percent 
is the assumed cost of capital in the model.

Residual Value

Fleet owners in different industry segments—and across 
different companies within an industry segment—hold 

4	 In a number of states, sales taxes can be paid prorated per year of usage, 
deferring tax obligations. However, this as well as any additional interest 
tax shields are not considered by the model. 

on to their vehicles for varying lengths of time. The length 
of time that vehicles are owned and the ending mileage 
largely determine the remaining value of the vehicle. In 
essence, this residual value is a negative cost or a credit 
for the capital that is not consumed during the operation 
of the vehicle. For fleet operators that tend to hold on to 
their vehicles for shorter timeframes, the residual value 
of their assets is a larger, more significant component of 
the total cost of ownership. For ICE vehicles, this residual 
value is easily attainable, as there are a number of well-
established precedents and a liquid and efficient market 
to price them. Fleet owners can analyze the trade-offs 
between selling their vehicles at their current residual 
value against maintaining them for longer periods based 
on expected maintenance costs, prices of new vehicles, 
availability of capital, vehicle demand, and softer factors 
such as image and brand.

Electric drive vehicles—particularly EVs and 
PHEVs—pose a new challenge because their residual 
value is not well known. For this reason, this analysis 

treats the residual value calculation for the vehicle and 
the battery separately.

Vehicle Depreciation Rates
The rate of depreciation is the decline in value associated 
with an asset over a given period of time. It is important to 
realize that the depreciated financial value of an asset at 
any point in time may be significantly different than the 
remaining technical capacity. For example, the assessed 
market value of an internal combustion engine vehicle 
after 10 years and 100,000 miles may be a small fraction of 
the initial purchase price despite the fact that the vehicle 
may have the technical capacity to operate for another 
100,000 miles.

The standard depreciation curve for an internal 
combustion engine vehicle is therefore characterized by 
a steep decline in the initial period after ownership with 
the rate of decline slowing over time. The starting point 
for the depreciation curve may vary based on the cumula-
tive number of miles traveled by the vehicle. Figure 3M 
presents a standard set of depreciation curves for an ICE 
vehicle used in this analysis. The depreciation curves 
include a time and distance factor to account for different 
usage scenarios.

This analysis assumes a depreciation curve for elec-
tric drive vehicles—excluding the battery—in the same 
way that a traditional ICE vehicle’s depreciation values 
might be calculated. If a separate depreciation schedule 
were calculated for electric drive vehicles, one might 
expect electric drive components to generate a higher 
residual value than their ICE counterparts, as they will 

tend to incur lower maintenance and repair expenses 
and, in all likelihood, an increased asset life. However, 
there is simply not enough market experience dealing 
with remarketed electric drive vehicles to confidently 
plot a separate deprecation schedule for these vehicles. 
The residual value of electric drive vehicles is generally 
uncertain today.

Battery Depreciation
The principal driving factor behind uncertainty in elec-
tric drive residual value is the battery. Electric drive 
batteries—particularly for PHEVs and EVs—constitute a 
significant proportion of the vehicle’s upfront cost, so the 
total cost of ownership calculation is highly sensitive to 
the residual value of the battery. Ideally, this value would 
be determined by the number of cycles left in the battery 
at the end of the vehicle’s useful life. However, significant 
uncertainties remain (as discussed in Part Two).

The residual value of used PHEV and EV batteries 
will be determined by the net residual capacity (the sum 
of each remaining cycle’s capacity) multiplied by the 
value of that capacity. For the purposes of this analysis, 
it was conservatively assumed that GEV batteries decline 
in value in a fashion similar to vehicles themselves (i.e. 
the curve shape in Figure 3M.) Residual value exceeds 
the financial depreciated value but falls below the cost of 
comparable new battery. For cases in which ownership of 
the vehicle outlasts the useful battery life, it is assumed 
that a replacement battery with a lower useful life would 
be purchased at a discounted price to the original battery.

FIGURE 3M

% Improvement over ICE Maintenance & Repair Costs

COST COMPONENT HEV PHEV-40 EV-100

Oil 5% 50% 100%

Scheduled Maintenance 3% 10% 20%

Repairs 4% 15% 30%
 

Source: GE Capital data and PRTM estimates
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CHAPTER 3.3

Key Findings
Based on expected trends in battery and electric drive component costs as well 

as mainstream expectations regarding energy costs, electric drive vehicles should 

prove highly attractive to fleet operators in the coming years.

Electric drive vehicles are cost competitive in a number of 
fleet applications today—even when assuming no access 
to government subsidies and no change in purchasing or 
usage patterns (the base case). In fact, traditional HEVs 
are a cost-effective replacement for ICE vehicles by 2012 
in most of the segments where driving distance exceeds 
20,000 miles per year. This is a result of the relatively 
small incremental investment for an HEV compared to 
an ICE vehicle. GEVs begin to emerge as the most cost 
effective solution between 2015 and 2018 as battery costs 
begin to fall below $400/kWh. Base case competitiveness 
timelines are presented in Figure 3O.

It is important to note that the deployment of 
HEVs can be beneficial for PHEVs and EVs, assuming 
that HEV batteries migrate toward lithium-ion and 
other battery chemistries that are utilized in grid-
enabled vehicles. By driving volume in the manufac-
ture of battery cells and other components, HEVs can 
help facilitate the reduction in costs that will make 
EVs and PHEVs a compelling option. Ultimately, 
however, PHEVs and EVs clearly represent the most 
compelling opportunity to reduce petroleum con-
sumption in the transportation sector.

The cost effectiveness timeline for each of the 
electric drive vehicle technologies is improved by 
optimizing operations and vehicle characteristics 
for a number of fleet applications. In particular, two 
options stand out: optimizing the GEV ownership 
duration to coincide with the battery life; and right-
sizing EV batteries to meet the needs of low mileage 
fleet applications. 

These two actions would advance the time required 
for PHEVs and EVs to become the most cost effective 
solutions by approximately one year in a number of seg-
ments. Figure 3P presents the competitiveness timelines 
for the optimized case.

While not considered here, it is important to note 
that other methods of optimization could improve EV 
and PHEV competitiveness timeframes. For example, 
some OEMs are designing more efficient vehicles that can 
maximize efficiency in a given class. Light-weight vehicle 
materials combined with improved aerodynamics can 
increase the number of miles traveled per kWh of battery 
capacity, further facilitating rightsizing. Such innovative 
design approaches would significantly improve the value 
proposition of EVs and PHEVs. 

Finally, when current and potential future GEV 
government incentives are considered, the cross-over 
point for GEV cost parity is reached within the next 
two to three years in all of the commercial segments. 
The incentives assumed for this analysis include $7,500 
federal tax credits applied for GEV passenger car and 
class 1-2 trucks; $15,000 tax credits applied to class 3 
medium-duty trucks; $20,000 tax credits applied to 
class 4-5 medium-duty trucks; and $25,000 tax credits 
applied to class 6-7 heavy-duty trucks. The full credits 
are available through 2015, after which they are ramped 
down annually until they reach zero in 2020.

In all cases, this analysis implies a progression 
in cost competitiveness from ICE, through HEV, to 
PHEV-40 and EV-100. Fleet owner behavior and public 
policy can have a dramatic impact on the rate of that 
progression, but rising fuel costs coupled with falling 
electric drive component costs suggest that PHEVs 
and EVs will increase in competitiveness over time in 
nearly all fleet segments.

FIGURE 3P

Lowest TCO Drivetrain Technology by Year and Segment – Operations Optimized
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Source: PRTM Analysis

FIGURE 3Q

Lowest TCO Drivetrain Technology by Year and Segment — Operations Optimized + Government Incentives
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FIGURE 3O

Lowest TCO Drivetrain Technology by Year and Segment – Case (No Policy Incentives)
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FIGURE 3R

Total Cost of Ownership Delta for EV vs. ICE Segment 1 – Sales, Service, Utility (Base Case)
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Source: PRTM Analysis

Critical Sensitivities Impacting TCO

There are a number of non-policy related economic and 
behavioral factors that will influence the ultimate cost of 
ownership of electric drive vehicles. In particular, how-
ever, three factors stand out: battery cost, gasoline price, 
and annual driving distance.

Because battery cost represents such a significant 
portion of vehicle cost, this analysis implies that an EV 
purchased in 2015 will have approximately 30 percent  
in total ownership cost savings with respect to an ICE 
vehicle if the battery cost is reduced by just 10 percent 
versus the base case.

Gasoline (or diesel) expense constitutes more than 
two-thirds of the average operating cost for nearly any 
given fleet. A 10 percent increase in petroleum fuel price 
(while holding electricity prices constant) results in an 
approximate 30 percent reduction in EV ownership costs 
with respect to ICE total ownership costs. All of the elec-
tric drive technologies are more competitive in a higher 
fuel-price environment.

Annual driving distance becomes a key factor due to the 
significantly higher initial investment required by electric 
drive compared to ICE vehicles. Without sufficient annual 
driving distance, the future energy cost and maintenance 
cost savings are insufficient to offset the initial investment.

Combined Impact of Battery Cost and Gasoline Price
Of the three key factors that have the greatest impact on 
the business case, battery cost and fuel expense are both 
out of the control of operators and will have a significant 
impact upon whether GEVs are financially attractive to 
the operators. To assess this, two additional scenarios 
around the base scenario were considered: a Pessimistic 

Case (2020 Battery Cost +15 %, 2010-2020 Fuel Cost 
-15% ) and an Optimistic Case ( 2020 Battery Cost -15%, 
2010-2020 Fuel Cost +15 percent). As shown in the three 
scenarios, a shift from the Pessimistic Scenario to the 
Optimistic Scenario drives a four year shift in the point at 
which GEVs become the lowest cost vehicle to own.

Annual Driving Distance “Sweet Spot”
In general, the higher the annual driving distances, the 
lower the TCO for an electric drive vehicle with respect to 
an ICE for a vehicle purchased in 2018. This is due to the 
realization of faster energy and maintenance cost savings, 
resulting in an acceptable payback period. An example of 
this for segment 1 (sales, service, and utility automobiles) 
is shown in Figure 3R. In this segment, an annual driving 
distance of 6,000 miles per year results in a $0.08 per mile 
ownership cost gap for an EV with respect to an ICE for a 
vehicle purchased in 2018. For an application where the 
annual driving distance exceeds 15,000 miles per year, 
the EV ownership costs reach parity with an ICE over the 
standard ownership period for the segment of six years.

While the ownership costs decrease as annual mile-
age is increased from low to moderate levels, there are also 
operating limitations that will begin to increase owner-
ship costs as mileage increases. For example, fleet appli-
cations where the driving distance exceeds 100 miles per 
day will require a significant amount of daytime charging. 
This adds both increased energy costs incurred for peak 
electricity rates as well as infrastructure costs.

Due to infrastructure and vehicle cost differences 
between the different segments, the optimal driving dis-
tance will vary by segment. At the same time, the optimal 
distance will decrease by year as technology costs fall.

FIGURE 3U

Optimistic Scenario – Sales, Service, Utility Cars

ICE

HEV

PHEV 40

EV
0.24

0.26

0.28

0.30

0.32

0.34

0.36

$0.38

20302028202620242022202020182016201420122010

ICE PHEV 40 EV

Per Mile

TCO Advantage

Source: PRTM Analysis

FIGURE 3S

Base Scenario – Sales, Service, Utility Cars
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FIGURE 3T

Pessimistic Scenario – Sales, Service, Utility Cars
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CHAPTER 3.4

Case Studies 
The following case studies consider vehicle TCO in two cases: a base case and 

optimization + policy case. Both cases are based on mainstream, consensus 

industry cost data outlined in Chapter 3.2 and energy prices from the reference 

case in the Department of Energy’s Annual Energy Outlook 2010. The key scenario 

attributes are as follows:

Base Case 
The base case assumes that operators purchase vehicles being offered in the market today at 
current specifications. An operator makes no behavioral changes to reduce cost. Public policy 
is not considered in the base case. Operators do not benefit from existing or future subsidies. 

Optimized + Policy Case
The optimized + policy case assumes that fleet operators can purchase vehicles that fit their 
needs and that they will use them in the manner that most efficiently lowers cost. Battery right-
sizing and extended ownership periods are examples of optimized use. The optimized + policy 
case also incorporates existing federal government tax incentives for light-duty vehicles and 
assumes additional subsidies not currently in law for medium- and heavy-duty trucks.

Focus on Battery Right-Sizing

Due to the high cost of batteries relative to other electric drivetrain costs, battery cost optimization will receive attention from 
manufacturers and fleet operators alike. Significant effort is already being dedicated to reducing the material, manufacturing, and 
logistics costs of large-format batteries. In addition to these technological improvements, however, practical steps can be taken by 
industry participants to minimize cost.

Operators of fleet segments that do not fully utilize the maximum available capacity of EV and PHEV batteries will likely work with 
battery manufacturers to optimize battery size for their required driving range. For example, in a low mileage segment such as segment 
2 (government cars), the daily driving range is less than 40 miles, but available EVs are likely to provide 100-mile range capability. The 60 
percent unused battery capacity becomes too expensive to offset through electricity cost savings until battery costs drop below $300/
kWh. However, if this segment were given the option of purchasing an EV with a 60-mile driving range, the vehicle cost savings would 
exceed $4,000 in 2015. As a result, an EV could reach ownership cost parity with an ICE or HEV three years sooner than in the base case. 
Offering fleet specific configurations is commonly done today and would be a key enabler for making the economics of EVs and PHEVs 
work for different fleet segments sooner.

FIGURE 3V

Government Car TCO Before Right-Sizing

FIGURE 3W

Government Car TCO After Right-Sizing
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FIGURE 3X

2010-2020 xEV Total Cost of Ownership — Base Case

CASE STUDY / SEGMENT 1

Sales, Service, Utility Cars
Segment 1 vehicles—sales, service, and utility automobiles—are typically operated by 

single drivers such as sales people, service employees, and utility employees. Their 

average daily driving distance is approximately 71 miles and, while they don’t have 

fixed routes, they do tend to stay within a consistent proximity to their base. Unlike 

segments in which the vehicles are in operation for most of the day, this segment 

tends to have longer periods of time when the vehicles are parked (during sales 

meetings, service calls, and overnight, for example).

Total Cost of Ownership (Base Case)
Due to the relatively high mileage of the segment, a posi-
tive payback on the greater initial investment of an elec-
tric drive vehicle is achieved earlier than fleet segments 
that have lower annual mileage. As is shown in Figure 
3W, the HEV is the first electric drive vehicle to achieve 
TCO parity with an ICE vehicle, doing so in approxi-
mately 2011.

As battery and other electric drivetrain component 
costs come down, the price of these vehicles is expected 
to decrease significantly. In the case of an EV, expected 

cost reductions will result in the vehicle price decreas-
ing from approximately $41,000 today to approximately 
$33,000 in 2020 (excluding any federal or local incen-
tives). At the same time, the technology required for an 
ICE to meet emissions and fuel economy requirements 
will add approximately $2,000 to the base vehicle con-
figuration by 2020 due to the addition of advanced engine 
technologies such as boosting, direct injection, electric 
valve actuation, and advanced transmissions.

Internal combustion engine vehicle cost increases 
between 2010 and 2020 will more than offset the 
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VEHICLE CHARACTERISTICS

At 71 miles, the average daily distance traveled for 

this segment is conducive to EV-100 use. It is also high 

enough to drive a relatively fast payback on upfront costs. 

For a PHEV-40, the assumed utility factor is 51 percent. 

71 mi Average Distance 
Segment Travels 
Each Day

At approximately six years, the average ownership 

duration for this segment would likely require battery 

replacement for PHEVs and EVs. The timing of battery 

replacement can significantly impact TCO.

6 years Average 
Ownership 
Duration

In 2010, charging infrastructure cost per segment 

1 vehicle is $3,800 assuming workplace, home, and 

some public charging for EV-100. By 2020, the cost is 

expected to fall to $2,400.

$3,800 Infrastructure  
Cost Per 
Vehicle

OPERATIONAL SPECIFICATIONS

Home Charging + Roaming
Since these vehicles are often assigned to employees and can be used for 
personal driving in addition to work-related trips, they typically are taken 
home by employees at night and are not returned to a central depot. As 
a result, the charging infrastructure needed to support this segment is a 
distributed network, including infrastructure at the employees‘ homes as 
well as some public infrastructure to support occassional trips in excess 
of the average.

Vehicle Specifications
ICE 2010 2020

Base Drivetrain 3.0L SI / 6 Spd. Auto 3.0L SI / 6 Spd. Auto

Base Engine Cost $1,450 $1,300

Base Transmission Cost $1,200 $1,100

Exhaust System Cost $600 $575

Fuel System Cost $100 $90

Mandated Fuel Efficiency Improvements  
($/% of MPG increase)

$25 $50

Fuel Economy 23 MPG 32 MPG

PHEV-40 2010 2020

Electric Range 40 mi 40 mi

Battery Cost $660 $358

Battery Size 12 kWh 12 kWh

PHEV-40 Battery Life 150,000 150,000

Electric Motor Cost $990 $540

Inverter Cost $1,620 $900

Charger Size 3.3 kW 3.3 kW

On-Board Charger Cost $580 $390
 

Source: PRTM Analysis

HEV 2010 2020

Battery Cost $1,200 $650

Battery Size 1.5 kWh 1.5 kWh

HEV Battery Life 200,000 mi 200,000 mi

Electric Motor Cost $770 $420

Inverter Cost $1,260 $700

EV-100 2010 2020

Battery Cost $600 /kWh $325 /kWh

Battery Size 24 kWh 24 kWh

EV Battery Life 125,000mi 125,000

CD Range Efficiency 4.0 mi/kWh 4.6 mi/kWh

Electric Motor Cost $990 $540

Inverter Cost $1,620 $900

Charger Size 5 kW 5 kW

On-Board Charger Cost $875 $600

1-Spd Transmission $400 $380

INFRASTRUCTURE TOPOLOGY

4-Door, 5-Passenger Car

Gross Vehicle Weight:
Up to 6,000 lbs. 

Typical Trunk Space:
16 cu. ft.

Typical Dimensions:
70" x 190" x 55" (WxLxH)

Typical Passenger Volume:
100 ft3

Charge 
Depleting 

Range

Service Area

Central Charger Depot Bank Public Charger

Fast Charger Home Charger
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productivity-driven improvements expected over the 
same period, resulting in an ICE vehicle price increase 
from $26,300 in 2010 to approximately $28,000 by 2020. 
At the same time, while the base ICE fuel economy is 
likely to increase by almost 40 percent by 2020, nominal 
fuel prices are expected to increase from $2.57 per gallon 
in 2010 to $4.08 per gallon in 2020. As a result, by approx-
imately 2016 the PHEV-40 reaches total cost parity with 
an ICE vehicle. By 2018, reduced electric drive compo-
nent costs—which represent a much larger portion of the 
total vehicle cost in EV and PHEV-40 than in HEV—will 
result in an overall TCO advantage for EV and PHEV-40 
when compared to an HEV.

Operational Variables

While many of the factors influencing ownership costs 
are out of a fleet operator’s control, there are some factors 
that can be adjusted to optimize electric drive operating 
costs. One of the most significant factors is ownership 
duration. For segment 1, vehicles are typically owned 
for as long as six years (though there are significant 
variances within this average). This is largely driven by 
maintenance and repair costs that begin to increase sig-
nificantly as vehicles approach 150,000 miles. As a result, 
six years/130,000 miles is the point that this segment 
typically replaces its vehicles.

For an EV, the expected non-battery service and 
maintenance costs are significantly lower than for an ICE 
vehicle due to reduced mechanical complexity. As a result, 
ownership cycles in excess of six years may be feasible for 
EVs in segment 1. However, the optimal ownership period 

will be closely related to the battery replacement timing. 
With the current assumption of an EV battery life set at 
125,000 miles, the replacement timing will be approxi-
mately every five years for segment 1. Since the battery 
will depreciate quickly in the first two to three years, 
the optimal point to transfer ownership of the vehicle is 
right before a replacement battery is required. The least 
cost-effective point to transfer ownership is right after a 
new battery has been purchased (approximately six years 
in segment 1). Extending EV ownership in this segment 
from six to nine years will decrease EV ownership costs 
by approximately $0.07 per mile—a cost that includes 
the price to replace the battery in year five. The extended 
ownership period reduces the time that it takes for EVs 
to reach cost parity with ICE vehicles by approximately 
one year.

Policy Variables

The total cost of ownership in the base case does not 
include the current federal tax incentives of $7,500 per 
vehicle. When this is factored in, GEVs become finan-
cially attractive for segment 1 fleet operators almost 
immediately. As shown in Figure 3Y, the total cost of 
ownership with government incentives along with the 
operational optimizations described previously reaches 
parity with an HEV and PHEV-40 before 2012, and for an 
EV before 2015.

FIGURE 3Y

2010-2020 xEV Total Cost of Ownership — Optimized with Incentives
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CASE STUDY / SEGMENT 3A

Light Sales, Service, Utility, Short Haul
Segment 3a vehicles—light sales, service, utility, and short-haul trucks—are typically 

pooled vehicles operated by sales people, service employees, utility employees, and 

short-haul delivery company employees. Their average daily driving distance is 75 

miles and they tend to stay within a consistent distance from the depot at which 

they are left overnight. The consistency of the routes varies between applications 

within segment 3a. It can be very consistent in segments such as short haul and 

highly variable in segments such as utility.

VEHICLE CHARACTERISTICS

INFRASTRUCTURE TOPOLOGY

At 75 miles, the average daily distance traveled by this 

segment is conducive to EV-100 use. It is also high enough 

to drive a relatively fast payback on upfront costs. The 

assumed utility factor for PHEV-40s is 48 percent.

75 mi Average Distance 
Segment Travels 
Each Day

At seven years, the average ownership duration 

for this segment would likely necessitate battery 

replacement. The timing of battery replacement can 

have a significant impact on TCO.

7 Years Average 
Ownership 
Duration

The 2010 charging infrastructure cost for segment 

3a vehicles is $3,400, assuming predominantly Level 

II charging. By 2020, the cost is expected to fall to 

$2,400 per vehicle.

$3,400 Infrastructure  
Cost Per 
Vehicle

OPERATIONAL SPECIFICATIONS

Central Depot
The vehicles are returned to a central depot at the end of each day 
where they can be charged overnight. The vast majority of the charging 
requirements for these vehicles are likely to be supported by overnight 
Level II charging. Daytime charging away from the depot is rarely 
required as these vehicles will not typically travel further than the CD 
range of an EV-100.

Class 1-2 Truck

Gross Vehicle Weight:
6,000–10,000 lbs. 

Typical Cargo Volume:
60 ft3

Typical Dimensions:
74" x 205" x 80" (WxLxH)

Extended Cab Capacity:
5 Passengers

Charge 
Depleting 

Range

Service Area

Central Charger Depot Bank Public Charger

Fast Charger Home Charger
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Total Cost of Ownership (Base Case)
The annual driving distance of approximately 19,000 
miles for vehicles within this segment is sufficient to 
reach the “sweet spot” in the operating cost curve. In the 
base case, HEV becomes the most cost effective technol-
ogy in approximately 2011. Following this, EV will achieve 
cost parity with HEV in approximately 2018, driven by 
component cost reductions and gasoline price increases. 
Between 2010 and 2018, the EV vehicle price will decrease 
by approximately $8,000 while the HEV price decreases 

by approximately $1,000. Meanwhile, the lifetime energy 
costs for the EV increase by $100 between 2010 and 2018 
while the lifetime energy costs for the HEV increase by 
approximately $2,000 over the same period.

Operational Variables
As is the case with segment 1, the typical ownership 
duration for ICE will likely need to be adapted for 
operation of EVs. The typical ownership period for 
this segment is seven years/130,000 miles. With an 

EV battery replacement interval of 125,000 miles, an 
ownership period of seven years will result in vehicle 
remarketing shortly after replacing the battery. This 
results in a residual loss that will increases total own-
ership cost. To avoid this, operators will likely opt for 
extending the ownership period to be near the end of 
life for the second battery. By extending the ownership 
period to 10 years, the total EV ownership costs in 2018 
are reduced by approximately $0.05 per mile while the 
2018 HEV ownership costs are only reduced by approx-
imately $0.04

Policy Variables

While the long-term outlook for EV costs in segment 3a 
looks promising compared to the other drivetrain tech-
nologies, there will still be a need for early incentives to 
stimulate demand and supply of plug-in light trucks. To 
assess the impact of these potential incentives on the 
ownership cost, it has been assumed that class 1-2 trucks 
will have a similar incentive structure to passenger cars, 
with a $7,500 tax credit. The impact of this $7,500 tax 
credit combined with the operational changes described 
in the previous section is shown in Figure 3AA. The net 
impact of these changes is that there is a net cost of own-
ership advantage for PHEV-40 by 2012 and EV by 2014.

FIGURE 3AA

2010-2020 xEV Total Cost of Ownership — Optimized with Incentives
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FIGURE 3Z

2010-2020 xEV Total Cost of Ownership — Base Case
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Vehicle Specifications
ICE 2010 2020

Base Drivetrain 4.3L Gas / 2WD Auto 4.3L Gas / 2WD Auto

Base Engine Cost $2,030 $1,820 

Base Transmission Cost $1,800 $1,650 

Exhaust System Cost $840 $840 

Fuel System Cost $140 $126 

Mandated Fuel Efficiency Improvements  
($/% of MPG increase)

$30 $60 

Fuel Economy 16 MPG 21 MPG

PHEV-40 2010 2020

Electric Range 40 mi 40 mi

Battery Cost $660 $358 

Battery Size  14.3 kWh 14.3 kWh

PHEV-40 Battery Life 150,000 mi 150,000 mi

Electric Motor Cost $1,188 $648 

Inverter Cost $1,944 $1,080 

Charger Size 4 kW 4 kW

On-Board Charger Cost $693 $475 
 

Source: PRTM Analysis

HEV 2010 2020

Battery Cost $1,200 $650 

Battery Size 1.8 kWh 1.8 kWh

HEV Battery Life 200,000 mi 200,000 mi

Electric Motor Cost $924 $504 

Inverter Cost $1,512 $840 

EV-100 2010 2020

Battery Cost $600 /kWh $325 /kWh

Battery Size 29 kWh 29 kWh

EV Battery Life 125,000 mi 125,000 mi

CD Range Efficiency 3.1 mi/kWh 3.5 mi/kWh

Electric Motor Cost $1,188 $648 

Inverter Cost $1,944 $1,080 

Charger Size 6 kW 6 kW

On-Board Charger Cost $1,050 $720 

1-Spd Transmission $600 $570 
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CASE STUDY / SEGMENT 4A

Light Government
Segment 4a vehicles—government light trucks—are typically pooled vehicles 

operated by federal, state, and local government employees. Their average 

daily driving pattern consists of a driving distance of 22 miles originating at a 

government depot and following a route that is typically highly predictable. A 

typical application would be a pickup truck used by department of transportation 

employees to travel between different road construction sites.

Total Cost of Ownership (Base Case)
The annual mileage of approximately 6,000 miles per 
year for segment 4a requires significant reductions in 
GEV drivetrain costs to become cost effective compared 
to ICE. In 2010, the incremental vehicle price for an EV 
is almost $18,000. Meanwhile, because of the low annual 
mileage, the discounted lifetime energy and maintenance 
cost savings for the EV are approximately $4,500. By 
2020, the net ownership cost of an EV is nearly on par 
with the ICE ownership costs. This is largely driven by 
the incremental EV purchase price decrease of approxi-
mately $11,000 and the EV energy and maintenance cost 

savings increase to $5,800. It is not until 2022 that the 
operating cost savings are sufficient to fully offset the 
incremental vehicle costs as well as the other infrastruc-
ture costs incurred for an EV. 

Operational Variables
Despite the low annual mileage of this segment, it is 
unlikely that the typical ownership duration of 10 years 
will be extended for GEVs despite the fact that the elec-
tric drivetrain will not be approaching its useful life. As a 
result, this will not likely be an area requiring operational 
optimization as in the commercial segments. The area 

VEHICLE CHARACTERISTICS

At 22 miles, the average daily distance traveled for 

this segment is technically conducive to EV-100 use; 

however reasonable payback periods would require 

battery right-sizing. The utility factor for PHEV-40s is 

100 percent.

22 mi Average Distance 
Segment Travels 
Each Day

At 10 years, the ownership duration of segment 4a 

vehicles would not necessitate battery replacement 

based on the daily miles traveled. Battery right-sizing 

could change this, however.

10 Years Average 
Ownership 
Duration

The 2010 cost for charging infrastructure for segment 

4a is $3,400, assuming predominantly Level II 

charging. By 2020, the cost is expected to fall to 

$2,400 per vehicle.

$3,400 Infrastructure  
Cost Per 
Vehicle

OPERATIONAL SPECIFICATIONS

FIGURE 3BB
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Vehicle Specifications

ICE 2010 2020

Base Drivetrain 4.3L Gas / 2WD Auto 4.3L Gas / 2WD Auto

Base Engine Cost $2,030 $1,820 

Base Transmission Cost $1,800 $1,650 

Exhaust System Cost $840 $805 

Fuel System Cost $140 $126 

Mandated Fuel Efficiency Improvements  
($/% of MPG increase)

$30 $60 

Fuel Economy 16 MPG 21 MPG

PHEV-40 2010 2020

Electric Range 40 mi 40 mi

Battery Cost $660 $358 

Battery Size  14.3 kWh 14.3 kWh

PHEV Battery Life 150,000 150,000

Electric Motor Cost $1,188 $648

Inverter Cost $1,944 $1,080

Charger Size 4 kW 4 kW

On-Board Charger Cost $693 $475 
 

Source: PRTM Analysis

HEV 2010 2020

Battery Cost $1,200 $650 

Battery Size 1.8 kWh 1.8 kWh

HEV Battery Life 200,000 mi 200,000 mi

Electric Motor Cost $924 $504 

Inverter Cost $1,512 $840

EV-100 2010 2020

Battery Cost $600 /kWh $325 /kWh

Battery Size 29 kWh 29 kWh

EV Battery Life 125,000 mi 125,000 mi

CD Range Efficiency 3.1 mi/kWh 3.5 mi/kWh

Electric Motor Cost $1,188 $648

Inverter Cost $1,944 $1,080

Charger Size 6 kW 6 kW

On-Board Charger Cost $1,050 $720 

1-Spd Transmission $600 $570 

Class 1-2 Truck

Gross Vehicle Weight:
6,000–10,000 lbs. 

Typical Cargo Volume:
60 ft3

Typical Dimensions:
75" x 205" x 80" (WxLxH)

Extended Cab Capacity:
5 Passengers

Central Depot
Similar to the commercial segment, these vehicles are returned to a 
central depot where they can be charged overnight. The vast majority of 
the charging requirements for these vehicles are likely to be supported 
by overnight charging. Daytime charging away from the depot is almost 
never required as these vehicles will rarely travel further than the CD 
range will support.

INFRASTRUCTURE TOPOLOGY

Central Charger Depot Bank Public Charger

Fast Charger Home Charger

Charge 
Depleting 

Range

Service Area
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that requires optimization for cost effective operation 
in this segment is the battery capacity. Based on cur-
rent offerings, it is expected that the base vehicle will 
be designed with a 100-mile charge-depleting range. 
However, in this segment, the typical driving distance is 
only 22 miles per day. After applying a 66 percent mar-
gin to allow for charge depletion and driving distance 
variability, the segment would still only require a bat-
tery large enough to provide a charge depletion range of 
approximately 36 miles.

If a fleet specific offering were developed with a CD 
range suited to a 40 mile range application, the battery 
capacity would be reduced by 60 percent, which would 
result in a battery cost reduction for EVs of approximately 
$10,000 in 2010, which would have a dramatic impact 
on the total cost of ownership. As shown in Figure 3CC, 
making this change would enable EVs to be the most cost 
effective drivetrain by 2015, a decrease of approximately 
six years from the base case. Such a change would also 
significantly differentiate EV from the PHEV-40 since 
the EV has the same battery capacity without having to 
carry the cost of the ICE powertrain.

Policy Variables

No monetary incentives are currently assumed for this 
segment. However, policy recommendations contained 
in Part Four of this report would make incentives avail-
able to federal, state, and local government agencies.

FIGURE 3CC

2010-2020 xEV Total Cost of Ownership Optimized for Application
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CASE STUDY / SEGMENT 5

Medium Short Haul, Sales & Service 
Segment 5 vehicles—medium duty, short haul, sales and service trucks—are used 

for hauling heavier loads for a variety of applications. These are typically higher 

mileage vehicles with driving distances averaging around 100 miles per day. Most 

applications will originate from a depot and will typically have at least eight hours 

of non-operating time at the depot every day. A common application in segment 5 

is a delivery vehicle.

VEHICLE CHARACTERISTICS

INFRASTRUCTURE TOPOLOGY

At 100 miles, the average daily distance traveled for 

this segment is conducive to EV-100 use. It is also high 

enough to drive a relatively fast payback on upfront 

costs. The utilization rate for PHEV-40s is 36 percent.

100 mi Average Distance 
Segment Travels 
Each Day

The 10-year average ownership period of vehicles 

in this segment would include at least one battery 

replacement based on daily miles traveled.

10 Years Average 
Ownership 
Duration

The 2010 infrastructure cost for segment 5 vehicles 

is $3,700 assuming some access to public charging 

is required. By 2020, the cost is expected to fall to 

$2,200 per vehicle.

$3,700 Infrastructure  
Cost Per 
Vehicle

OPERATIONAL SPECIFICATIONS

Class 4-5 Truck

Gross Vehicle Weight:

14,001–19,500 lbs.

Typical Cargo Volume:
320 ft3

Typical Dimensions:
90" x 230" x 96" (WxLxH)

Standard Cab Capacity:
3 Passengers

CENTRAL DEPOT + PUBLIC CHARGING
Due to the high mileage of many of the vehicles within the segment, 
there will be some daytime charging. Due to the high utilization of these 
vehicles, fast charging will likely be needed to fill a portion of the daytime 
charging needs. Additionally, there may be applications for which Level 2 
public charging is used during the day (where the vehicle is parked for a 
sufficient amount of time to "top-off“).Charge 

Depleting 
Range

Service Area

Central Charger Depot Bank Public Charger

Fast Charger Home Charger
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Total Cost of Ownership (Base Case)
The high annual mileage of 30,000 miles per year of 
the medium duty, short haul, sales and service segment 
results in GEVs reaching ownership cost parity among 
the fastest of any of the fleet segments analyzed. As 
shown in Figure 3DD, EVs achieve ownership cost parity 
with ICEs by 2015 and with HEVs by 2016. More than the 
previous three cases studied, batteries become the cen-
tral part of the business case. In this segment, the 2010 
purchase price for an EV is approximately $47,000 higher 
than the initial purchase price of the ICE. Over the 10 

year ownership period of the typical vehicle in this seg-
ment, the discounted energy savings of the EV purchased 
in 2010 are approximately $45,000. Additionally, over 
this same period, the discounted maintenance and repair 
costs excluding battery replacement are $13,000 lower 
for an EV compared to an ICE vehicle. However, when 
battery replacement is included, an additional $49,000 
of discounted future battery replacement expenses need 
to be included for the two additional batteries required 
over the 10 year, 300,000 mile ownership period. At the 
end of this ownership period, the net present value of the 

ownership cost gap of an EV purchased in 2010 compared 
to an ICE purchased at the same time is approximately 
$33,000.

By 2015, when the EV reaches cost parity with 
an ICE, the purchase price difference decreases from 
$47,000 to $30,000. The reduction in battery costs, which 
was largely responsible for the initial vehicle cost reduc-
tion, also enables reduced replacement battery costs  for 
vehicles purchased in 2015 (from $49,000 to $34,000). 
As in the other case examples, the rising fuel costs also 
drive a significantly larger energy cost savings for the EV 
purchased in 2015 increasing from $45,000 to $50,000. 
Overall, in 2015, an ICE and EV have comparable owner-
ship costs of approximately $156,000 over the ten year 
ownership period.

Operational Variables

In this segment, optimizing the ownership duration will 
have a less prominent impact than in some of the other 
segments. With the ownership period of segment 5 vehi-
cles typically around 10 years/300,000 miles, it is unlikely 
that many fleet operators will want to extend the period 
much further. However, if they did, the net impact would 
not have a material impact on the purchase decision. The 
ownership costs for both ICE and EV would decrease a 
comparable amount.

Policy Variables

As with passenger cars, incentives could have a significant 
impact upon the financial attractiveness and adoption of 
GEVs. To assess the impact of potential monetary incen-
tives, a scenario was created using a similar set of incen-
tives to those that were adopted for commercial hybrids. 
For segment 5, a $20,000 tax credit was applied to EV and 
PHEV-40. As shown in Figure 3DD, the impact of these 
incentives was to make PHEV-40 cost competitive with 
ICE and HEV by 2012 and to make EV the lowest cost 
option by approximately 2015.

FIGURE 3EE

2010-2020 xEV Total Cost of Ownership Optimized with Incentives
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FIGURE 3DD
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Vehicle Specifications
ICE 2010 2020

Base Drivetrain 6.7L Diesel / Auto 6.7L Diesel / Auto

Base Engine Cost $5,500 $5,225 

Base Transmission Cost $4,500 $4,275 

Exhaust System Cost $2,500 $2,375 

Fuel System Cost $2,000 $1,900 

Mandated Fuel Efficiency Improvements  
($/% of MPG increase)

$43 $86 

Fuel Economy 10 MPG 13 MPG

PHEV-40 2010 2020

Electric Range 40 mi 40 mi

Battery Cost $660 $358 

Battery Size 12 kWh 12 kWh

PHEV-40 Battery Life 150,000 mi 150,000 mi

Electric Motor Cost $3,713 $2,025

Inverter Cost $6,075 $3,375

Charger Size 6.6 kW 6.6 kW

On-Board Charger Cost $1,733 $1,584 

Source: PRTM Analysis

HEV 2010 2020

Battery Cost 1,440 780

Battery Size 5 kWh 5 kWh

HEV Battery Life 200,000 mi 200,000 mi

Electric Motor Cost $2,888 $1,575

Inverter Cost $4,725 $2,625

EV-100 2010 2020

Battery Cost $720 /kWh $390 /kWh

Battery Size 65 kWh 65 kWh

EV Battery Life 125,000 mi 125,000 mi

CD Range Efficiency 1.5 mi/kWh 1.8 mi/kWh

Electric Motor Cost $3,713 $2,025

Inverter Cost $6,075 $3,375

Charger Size 10 kW 10 kW

Onboard Charger Cost $2,625 $1,800

Single Speed Transmission Cost $1,800 $1,710
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CHAPTER 3.5

Fleet Adoption of GEVs in 2015
While competitiveness timeframes vary by drivetrain configuration and industry 

segment, fleet customers in aggregate could contribute substantial sales volumes 

to the early GEV industry, helping to achieve economies of scale and drive down 

costs for the broader consumer market.

Total cost of ownership is likely to play the greatest 
role in determining electric drive application in fleets. 
However, an additional critical factor is the difficulty 
that the operator faces in switching to new technology. 
Fleet operator switching difficulty will be of particular 
importance for EVs. For segments such as taxis, the 
operating difficulty will be great enough that it will 
become a significant deterrent to selecting EVs, despite 
a potential cost of ownership advantage. The key fac-
tors that will influence switching difficulty are driving 
range margin, infrastructure deployment and charg-
ing. Combining these criteria, switching difficulty can 
be broadly categorized by three levels:

Low: Minimal Impact to Fleet Operations (No  
range issues, minimal infrastructure complexity)

Med: Operating Changes Likely But Containable

High: Significant Differences to Current  
Operating Practices (e.g. taxi range limitations)
 

Combining switching difficulty and the relative TCO, a 
perspective can be gained on the attractiveness of GEVs 
for the different segments at a given point in time. 
Based on this, an assessment of the likely relative adop-
tion rates can be made for the different segments. The 
segments with the lowest switching difficulty and the 
highest TCO benefit will be the segments most likely 
to have the highest adoption rate. Conversely, the seg-
ments with the highest switching difficulty and the low-
est TCO benefit will have the lowest adoption rate.

Applying this framework to the base case 
shows that the attractiveness of GEVs to most fleet 

operators would be relatively low if no changes were 
made to the operating model and without monetary 
incentives. However, if the operations and vehicles 
are optimized for fleet applications and an incen-
tive structure similar to the current passenger car 
structure is put in place for all target fleet vehicle 
segments, the attractiveness of GEVs increases sig-
nificantly. In this scenario, the commercial segments 
have a TCO that is either neutral or significantly 
positive. In addition, the switching difficulty is 
expected to be reduced significantly in this scenario 
due to improved access to infrastructure.

The impact of this increase in adoption attrac-
tiveness will be an increase in overall adoption rate. 
As with most new technologies, GEV adoption in fleet 
applications is likely to follow an S-Curve adoption 
pattern. Uptake is slow at first but reaches an inflec-
tion point at which adoption begins to increase rap-
idly before reaching a natural steady state. Vehicle 
technology adoption in fleets tends to be fairly slow 
when not driven by regulatory changes due to fleet 
focus on minimizing operating costs and maximiz-
ing vehicle up-time. Given this, it is unlikely that any 
significant number of fleet operators would commit 
to investing in GEV technology in 2015 if adoption 
attractiveness is low. Very likely, demand would be 
limited to niche sub-segments and technical pilots, 
keeping sales for GEVs at approximately 1 to 2 per-
cent of the targeted fleet segment annual sales in 
2015. In this scenario, annual GEV sales would likely 
be less than 30,000 units in 2015 with a 2015 GEV 
parc of less than 50,000 vehicles.

However, in the scenario where the adoption attrac-
tiveness becomes medium or high for most segments 

by 2015, it is likely that a much larger portion of fleet 
operators will begin to transition their fleets to GEVs. 
In this scenario, fleet operators could begin to transi-
tion their fleets as early as 2011 and by 2015, as much as 

6 to 7 percent of the targeted fleet segment sales could 
be plug-in vehicles. This would drive annual sales of 
approximately 130,000 units in 2015 and would result 
in a 2015 parc of more than 200,000 GEVs.

FIGURE 3FF

2015 GEV Attractiveness – Base Case
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FIGURE 3GG

2015 GEV Attractiveness – Optimized + Incentives

Note: This analysis did not assume that purchase incentives would be available to government agencies. However, policy changes, such as making all tax credits transferable, would make it 

possible for public sector entities to take advantage of incentives and could increase the uptake of GEVs above the levels envisioned by this report.

Source: PRTM Analysis
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PART Four

Policy 
Recommendations

4.1 Fleet Microsystems

4.2 Other Policies
THE UNITED STATES CAPITOL BUILDING  By implementing a 

relatively modest set of policies, Congress has an opportunity to 

address our most urgent challenges and spur sustainable growth.



ABSTRACT

Targeted public policies could help to facilitate the adoption 

of grid-enabled vehicles by commercial and government fleet 

operators. Temporary point-of-sale purchase incentives can 

offset the higher upfront cost of electric drive vehicles and 

charging infrastructure. By making vehicle and infrastructure 

tax credits transferable, the private sector as well as federal, 

state and local public sector entities would benefit from 

reduced costs. Finally, the federal government can provide 

valuable risk mitigation during the early development of the 

battery industry by offering targeted support for the used 

battery market.

The policy recommendations identified in this section 

are intended to support the early adoption of electric 

drive vehicles in managed fleets. They are not, however, 

intended as a substitute for policies promoted by the original 

Electrification Roadmap. Rather, commercial and government 

fleets can be viewed as extensions of the deployment com-

munity concept in which an efficiently designed network of 

private and public charging infrastructure along with utility 

integration could enable significant penetration of grid-

enabled vehicles. 

CHAPTER 4.1

Fleet Microsystems
Electric drive vehicles should be an attractive investment for a number of 

commercial and government fleets in the near term. However, public policy can 

help to reduce risk, provide more business certainty, and ultimately increase 

adoption sooner, benefiting the broader market.

In many cases, fleets function as a microcosm of a trans-
portation ecosystem that could manage many—if not 
all—of the key elements of an electrification ecosystem 
or deployment community. For example, a fleet might 
consist of numerous vehicles that a business operates in 
a confined geographical space. This is certainly true for 
mid-sized fleets that operate as part of geographically 
constrained businesses such as utilities or city govern-
ment fleets. For national fleets, such as parcel delivery 
and telecommunications fleets, this is true for at least 
a subset of their vehicles that serve individual regions 
or urban areas. Because of their unique characteristics, 
operators of fleet vehicles might be able to more easily 
overcome the challenges that other drivers would face 
in adopting GEVs. For instance, centrally refueled fleets 
provide refueling systems for their vehicles at a home 
base or bases, making it easier and more cost-effective to 
charge fleet GEVs.

The various types of financial support that would 
be available to consumers and infrastructure providers 
in deployment communities should be available to fleet 
operators, who may serve as a kind of electrification 
micro-ecosystem—or fleet microsystem. Like electrifica-
tion ecosystems, GEV fleet microsystems offer the oppor-
tunity to accelerate the adoption of grid-enabled vehicles 
by promoting the scale and cost reductions in battery 
and vehicle production that will accompany them. While 
fleets represent a smaller market than the general per-
sonal use auto market, the obstacles to their adoption of 
electric drive technology are smaller in some cases and 
can be addressed by the policy recommendations that 
follow. It is of particular importance to appreciate that in 
promoting fleet GEVs now, we can accelerate the adop-
tion of GEVs in the general personal-use auto market.

Policy Recommendation    

Expand the tax credits for light-duty 
grid-enabled vehicles purchased in 
deployment communities to include 
private sector fleets.

Light-duty vehicles (cars and class 1 and 2 trucks) com-
prised 55 percent of all U.S. fleet vehicles in operation 
in 2009. They therefore represent a substantial oppor-
tunity to deploy grid-enabled vehicles, achieve scale in 
the battery industry, and reduce costs for all consumers. 
As explained above, deployment of these vehicles into 
the broader consumer market faces several challenges 
which may be more easily overcome in the fleet market. 
However, the higher upfront costs and long payback peri-
ods remain a critical issue to address in promoting light-
duty vehicles in fleets.

To support the deployment of GEVs in fleets, the 
temporary tax credits that Congress establishes for 
grid-enabled vehicles purchased in deployment com-
munities (assuming pending legislation passes) should 
be made available to fleet operators nationwide who 
purchase more than 10 GEVs per year. The credits 
should also be extended to fleets that include more than 
25 total GEVs that are centrally fueled or whose drivers 
have access to home and/or workplace charging equip-
ment. (In the event that the federal tax credit available 
to purchasers of grid-enabled vehicles in deployment 
communities remains the same as the federal tax credit 
available throughout the nation, then the base federal 
tax credit for fleet GEVs should be increased by $2,500 
per vehicle.)
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More recently, federal credits for the purchase of a 
qualified plug-in vehicle (EV or PHEV) have been intro-
duced for consumers nationwide with a 200,000 vehicle 
per-manufacturer cap.4 The maximum federal credit 
available is $7,500, and state credits range as high as 
$5,000 per vehicle.5

This focus on supporting the development of tech-
nologies and products that meet the needs of mainstream 
American consumers is clearly essential. Policymakers 
have rightly targeted incentives to match the vehicle 
segment that can ultimately make the most significant 
progress toward meeting their goals: increased energy 
security, reduced CO2 emissions in the transport sec-
tor, and a scalable industry that benefits the American 
economy and American workers. However, volume pro-
duction of advanced battery cells will generate cost sav-
ings regardless of whether the final pack configuration is 
geared for light-, medium-, or heavy-duty vehicles.

Part Three of this Roadmap identified a number of 
applications in which heavier EV and PHEV trucks rep-
resent an attractive option for commercial and govern-
ment fleet operators. These trucks could sharply reduce 
vehicle petroleum consumption as well as tailpipe emis-
sions of particulate matter compared to their ICE coun-
terparts. Moreover, the benefit they provide to the nation 
may be even greater. By drawing power from the electri-
cal grid, PHEVs and EVs further reduce the nation’s oil 
consumption while improving the transportation sec-
tor’s CO2 profile. At the same time, to the extent that 
such vehicles require larger batteries to operate, they 
will further assist the battery industry in increasing scale 
in cell manufacturing, bringing costs down for batteries 
for all vehicles.

To accelerate the cost-effective integration of 
medium- and heavy-duty GEVs in commercial and gov-
ernment fleets, Congress should create a tax credit of up 
to $15,000 for fleet operators who purchase a qualifying 
grid-enabled class 3 truck. The maximum credit should 
be increased to $20,000 for grid-enabled class 4-5 trucks 
and $25,000 for grid-enabled class 6-7 trucks. 

After 2015, the maximum credit value will no longer 
be necessary. Therefore, to promote fiscal responsibility, 
the maximum credit should be available through 2015. 
Beginning in 2016, the value of the credits should decline 
in a linear fashion each year before reaching zero in 2020. 

4	 ARRA, Section 1141
5	 DOE, EERE, Alternative Fuels and Advanced Vehicles Data Center, 

available online at http://www.afdc.energy.gov/afdc/laws/law/CA/8161

Policy Recommendation    

Create clean renewable energy bonds 
for fleet vehicle charging infrastructure, 
and make municipal and regional transit 
authorities eligible for the bonds.

Clean renewable energy bonds (CREBs) are bonds in which 
interest on the bonds is paid in the form of federal tax 
credits by the United States government in lieu of interest 
paid by the issuer. CREBs effectively allow the borrower 
to access funds for qualifying projects without incurring 
any interest expense. The tax credit that is assigned to the 
holder of a CREB can be used to offset, on a dollar for dollar 
basis, its owner’s tax liability. The value of the tax credit is 
then treated as taxable income to the bondholder.

Congress created CREBs in the Energy Tax 
Incentives Act of 2005. Eligible bond issuers include state 
and local governments and electric cooperatives that are 
undertaking projects that generate clean power.

The American Recovery and Reinvestment Act 
expanded the original CREB program. The law autho-
rized an additional $2.4 billion of qualified energy con-
servation bonds and clarified that capital expenditures 
to implement green community programs includes 
grants, loans and other repayment mechanisms to 
implement such programs. Specifically, the law allowed 
states to issue CREBs to finance retrofits of existing pri-
vate buildings through loans and/or grants to individual 
homeowners or businesses, or through other repayment 
mechanisms.

The eligible uses of CREBs should be expanded to 
support assistance provided by state or local governments 
for vehicle charging infrastructure for fleet operators that 
purchase or have purchased at least 10 centrally-charged 
grid-enabled vehicles in one year or operate at least 25 
centrally-charged grid-enabled vehicles. This would 
provide state and local governments with an opportunity 
to both attract GEV fleets to their communities as well 
as support their development. In urban areas with high 
levels of tailpipe particulate emissions, CREBs for fleet 
infrastructure might also represent a cost-effective tool 
for improving air quality. The expanded use of CREBs 
should include the purchase and installation of charg-
ing infrastructure only, not the creation of competitive 
energy companies.

Policy Recommendation    

Create tax credits for medium- and  
heavy-duty grid-enabled vehicles 
deployed in  fleets with greater than  
10 vehicles in operation.

As of October 2010, no credit exists for the purchase 
of a medium- or heavy-duty plug-in electric vehicle 
weighing more than 14,000 lbs. Current federal tax 
credits for the purchase of hybrid electric vehicles 

apply to light-duty vehicles placed into service after 
December 31, 2005.1 Consumers purchasing a light-duty 
HEV through December 31, 2010, are eligible for a fed-
eral income tax credit of up to $3,400.2 Credit amounts 
begin to phase out for a given manufacturer once it has 
sold more than 60,000 eligible vehicles, and the credit is 
scheduled to expire after 2010.3 Some states offer addi-
tional incentives to supplement the federal tax credits.

1	 DOE, Fuel Eocnomy.gov, Federal Tax Credits for Hybrids, available 
online at http://www.fueleconomy.gov/feg/tax_hybrid.shtml

2	 Id.
3	 Id.

Public Policy and the Tax Code

The Electrification Coalition is proposing a broad range of policies to promote the deployment 
of HEVs, PHEVs and EVs into fleets. Several of those policies involve the creation of tax credits. 
Lawmakers’ use of the tax code to promote policy outcomes is not without controversy. Most 
pointedly, several observers have suggested that such policies would be more appropriately 
designed as grants or other programs subject to appropriations.

However, while it may have been more practical to implement programs similar to those 
proposed by the Electrification Coalition through appropriated funds, that may not currently be 
the case. Clearly, Congress and the president have the ability to change the law at any time. Yet, 
provisions in the tax code are generally regarded as more certain than other types of government 
incentives. That certainty facilitates adoption of the actions that the policies are intended to 
promote. Stated differently, tax credits are more likely to achieve their stated goal than programs 
supported by appropriated funds, the availability of which often fluctuates from year to year. 

Accordingly, the tax code has been used to support the energy industry in particular for decades. 
Tax incentives have long been available to the oil and gas industry, the renewable power industry, 
the appliance industry, and the automotive industry. In short, because businesses making long 
term investments are often unwilling to make them in the absence of financial certainty, it has 
become common practice to use the tax code to support the nation’s energy policy priorities. Use 
of the tax code also offers a transparent opportunity to ensure that tax expenditures in support 
of different vehicle technologies are established based on a neutral metric.

Finally, there is a clear and well developed means to deliver incentives offered through the tax 
code to their intended beneficiaries. New programs supported by appropriated funds often 
require the development of a new infrastructure to distribute the available funds. That process 
can be expensive, take substantial time, and still not achieve intended results. The Department 
of Energy’s loan guarantee program, for instance, is a well documented example of a program 
established to assist an industry that took years to get off of the ground and failed to deliver the 
benefits Congress made available to the intended beneficiaries.
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Policy Recommendation    

Make tax credits for the purchase 
of qualifying grid-enabled vehicles 
and related charging infrastructure 
transferable.

As in the original Electrification Roadmap, a number of 
the policies recommended here involve changes to the 
tax code, including credits. A tax credit is a sum that a 
taxpaying entity is allowed to deduct from the amount 
of taxes it owes the government. Unlike tax deductions, 
which generally reduce only taxable income, tax credits 
reduce a taxpayer’s tax liability dollar for dollar. Stated 
differently, so long as a taxpayer has tax liability, a one 
dollar tax credit should be worth one dollar to a taxpayer. 
In the electric vehicle market, however, a large number 
of market participants do not have tax liability that a tax 
credit can offset. Some market participants are state or 
local governments or non-profits that are purchasing 
EVs and PHEVs or installing charging infrastructure. 
Other market participants are start-up companies that 
are not yet profitable or individuals who do not have 
sufficient tax liability to take advantage of the credits 
related to the purchase of vehicles or the installation of 
charging infrastructure. 

To resolve this situation, the tax credits available 
for the purchase of qualifying grid-enabled vehicles and 
related charging infrastructure should be transferable. 
Making credits transferable would allow the owner of a 
credit who does not have sufficient tax liability to mon-
etize it by reducing its tax payments to instead monetize 
it by selling it to other taxpayers who have tax liability. 
While making the tax credits transferable introduces 
some complexity to the system and likely will generate 
some opposition from those who are generally against the 
use of the tax code to support electric drive vehicles, it is 
the best way to ensure that the tax credits can have their 
intended effect. If Congress passes tax credits that cannot 
be used by the intended recipients, it is likely that the tax 
credits will not have their intended effect.

Policy Recommendation    

Incentivize the establishment of special 
purpose entities to facilitate bulk 
purchasing of electric drive vehicles  
by fleet operators.

In many instances, fleet operators might have an oppor-
tunity to adopt special purpose PHEVs and EVs, such as 
delivery trucks or utility bucket trucks, but are unable 
to find a manufacturer who can produce a small number 
of vehicles at a reasonable price. At the same time, indi-
vidual OEMs may be hesitant to commit to producing 
substantial volumes of larger EVs and PHEVs, because 
the customer base is highly fragmented and uncertain. 

However, the chassis and drivetrains used by multiple 
special purpose vehicles are often practically identical—
only the vehicle exterior differs to any significant degree. 
In these cases, customers could potentially benefit from 
aggregating bulk purchase orders for special purpose EV 
and PHEV drivetrains. Individual OEMs would also ben-
efit from the certainty associated with larger orders. To 
promote bulk purchasing orders that otherwise might not 
be viable, Congress should incentivise the establishment 
of special purpose entities to aggregate GEV orders from 
disparate purchasers. 

Vehicles purchased through such entities would be 
eligible for enhanced tax credits based on the size of the 
bulk order. The tax credits would be a function of, and in 
addition to, any other tax credit available to GEVs. For 
orders of at least 100 vehicles, the additional tax credit 
would be equal to 20 percent of the value of the baseline 
GEV tax credit applicable to that vehicle. For orders of 
at least 500 vehicles, the additional tax credit would 
be equal to 30 percent, and for orders of at least 1,000 
vehicles, the additional tax credit would be equal to 40 
percent of the value of the baseline GEV tax credit appli-
cable to those vehicles.

Policy Recommendation    

Extend the existing tax credit for electric 
vehicle charging infrastructure through 
2018 and expand the range of eligible 
costs to include upgrades performed by 
a utility to support fleet electrification 
and to facility owners for electrical 
power distribution equipment upgrades 
necessary to operate and monitor 
charging infrastructure.

In some situations, utilities may have to upgrade equip-
ment in order to reliably serve large numbers of GEVs 
charging at fleet depots. Typical improvements would 
consist of upgraded transformers and—in some circum-
stances—radial distribution lines (the lines that exclu-
sively connect the utility customer to the grid). In the 
context of serving residential neighborhoods where per-
sonal use vehicles would generally be charged overnight, 
utilities would generally absorb the cost of transformer 
upgrades and recover those costs over time in their 
rate base. Where the upgrades are to commercial facili-
ties, however, and serve predominantly or exclusively 
a single customer, many utilities will charge the cost of 
such upgrades directly to the customer. Moreover, com-
mercial facility owners may need to invest in upgrades 
to electrical power infrastructure not owned by the util-
ity. Expenses related to components such as controls, 
panel boards, switches, transformers and safety switches, 
power management equipment, and software should be 
eligible for the credit.

Existing law offers commercial customers a tax 
credit of 50 percent up to $50,000 for the installation 
of charging equipment that enters into service before 
the end of 2010. Congress should extend the existing 
tax credit for the installation of charging infrastructure 
through 2018. Moreover, Congress should expand the 
range of eligible costs for operators of fleets that pur-
chase or have purchased at least 10 centrally-charged 
grid-enabled vehicles in one year or operate at least 
25 centrally-charged grid-enabled vehicles to include 
upgrades performed by a utility and the facility owner 
to support vehicle charging activities whose costs are 
charged by the utility  Finally, Congress should increase 
the limit of the tax credit for fleet operators who are 

installing capacity to charge large numbers of GEVs sub-
ject to the table below.

10 – 25 vehicles.....................................	$125,000
26 –100 vehicles..................................	$300,000
100 + vehicles.......................................	$600,000

Policy Recommendation    

Allow immediate expensing of GEV 
purchases and supporting infrastructure 
for operators of fleets that purchase or 
have purchased at least 10 centrally-
charged grid-enabled vehicles in one year 
or operate at least 25 centrally-charged 
grid-enabled vehicles.

Immediate expensing (or accelerated depreciation) 
benefits companies by allowing them to retain the time-
value-of-money of their near-term tax obligations and 
defer payment of taxes until later years when those cash 
flows are less valuable on a discounted basis. Thought 
of differently, the government effectively loans the 
company their tax liability for a few years. This policy 
possesses the unique fiscal benefit of capitalizing on the 
arbitrage between a company’s cost of capital (typically 
10-25 percent) and the federal government’s cost of capi-
tal (approximately 5 percent). 

This financial accounting dynamic increases the effi-
ciency of the policy as the company’s benefit outweighs the 
government’s direct cost. For instance, an item purchased 
by a company for $1,000 dollars today has a tax-adjusted 
net present cost of $680 if the asset is entirely expensed in 
year one. If the item is depreciated over 10 years, however, 
the item’s purchase represents a tax-adjusted net present 
cost of $785, a $105 premium over the immediate expens-
ing scenario. From the government’s perspective, however, 
immediate expensing appears to cost $333 in less tax rev-
enues and the 10-year depreciation scenario costs $270, a 
$63 difference. In effect, the business receives a $105 sub-
sidy whereas the government incurs a $63 cost.6 For the 
purposes of budget scoring, however, the Joint Tax Office 
does not typically discount future tax receipts, so this 
dynamic is further enhanced; immediate expensing should 
score at close to a zero cost to the government. 

6	 Assumes a 10% cost of capital for business, a 5% cost of capital for 
government and a 35% corporate tax rate.
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Figure 4B

Proposed Maximum Credit Available for Demonstrated Fuel Economy Gains

VEHICLE WEIGHT 20% GAIN 30% GAIN 40% GAIN 50% GAIN

8,500-14,000 lbs n/a $3,000 $4,500 $6,000

14,001–26,000 lbs n/a $3,000 $9,000 $12,000

26,001–33,000 lbs n/a $12,000 $18,000 $24,000

> 33,000 lbs $10,000 $20,000 $24,000 $24,000

Policy Recommendation    

Establish a program to guarantee the 
residual value of the first generation of 
large-format automotive batteries put 
into service between 2010 and 2013.

The battery frequently is the most expensive component 
in a PHEV or EV. Even when a battery is no longer capable 
of storing a sufficient charge to support the operation of a 
vehicle with adequate power and range, it likely will still 
have ample life to serve in other capacities where energy 
density and weight are not as important as in vehicles, 
such as firming up intermittent power, serving as a source 
of emergency backup power, or as a source of distributed 
generation. Therefore, a “used” vehicle battery will still 
have value that the consumer can capture at the time 
of vehicle or battery disposal, and which can serve as an 
additional incentive at the time of purchase.

There is, however, a sequencing problem that makes 
it difficult to understand the value of the “used” battery, 
and which makes it likely to underestimate its value: a 
market for secondary uses of automotive-grade batter-
ies cannot develop until there are used batteries, but 
there will not be a large supply of used batteries for sev-
eral years. It is, therefore, difficult for the non-expert, in 
particular, to estimate the residual value of the battery in 
a newly purchased vehicle. By immediately guarantee-
ing the residual value of used batteries at between 60 
and 80 percent of their expected value, the government 
would effectively be offering an incentive to purchasers of 
PHEVs and EVs while likely costing the government little 
if anything.

The Department of Energy should establish a pro-
gram through which purchasers of vehicles with large-
format automotive-grade batteries will be guaranteed 
a minimum residual value of their battery for a defined 

period of time after the purchase of the vehicle that shall 
include the following provisions:

1.	 The guarantee applies only to a battery pur-
chased in a new vehicle, and the battery must 
remain in the vehicle until the sale that triggers 
the guarantee, but is transferable to subsequent 
owners of the vehicle.

2.	The guarantee equals $50 per kWh of name-
plate capacity for a period of one year after 
the expiration of its warranty. The guarantee 
declines by 50 percent until the end of the 
second year after the expiration of its war-
ranty, after which it is no longer available.

3.	For the guarantee to be available, the battery 
must have been covered by a warranty for at 
least two years and must be intact, but need 
not be working. In other words, the guarantee 
will not pay for damaged batteries, such as 
those damaged in accidents.

4.	The guarantee will be available to certified pur-
chasers of batteries. If the value of the battery 
is less than the guaranteed minimum residual 
value, the Department of Energy will pay certi-
fied battery purchasers the difference between 
the guaranteed residual value and the market 
price the battery. That will allow the certified 
purchaser to purchase the battery from a vehi-
cle/battery owner at the guaranteed minimum 
residual value.

5.	Any entity may seek certification by the 
Department of Energy as a participant in the 
program.

CHAPTER 4.2

Other Policies
Fleet microsystems represent an important opportunity to accelerate adoption 

of GEVs among commercial and government fleet operators. Additional policies 

beneficial to the broader market could help to reduce the risk of battery 

purchases and help accelerate technological development.

Policy Recommendation    

Reinstate and extend the tax credit for 
medium- and heavy-duty gasoline  
hybrid electric vehicles that utilize 
advanced batteries with energy and  
power density equal to or greater  
than lithium-ion batteries.

HEVs are well suited for use by fleets that engage in urban 
stop and go driving, because such vehicles lose substantial 
energy as heat in the braking process that can be captured, 
stored, and reused. Delivery vehicles, public transport 
vehicles and other heavy vehicles that drive regular urban 
routes are prime candidates for hybridization, and today’s 
costs for HEV in these sectors could provide near-term 
opportunities for adoption. Hybrid vehicles can not only 
achieve substantial saving of fuel, but also reduce tailpipe 
emissions of nitrous oxide, particulate matter, and carbon 
dioxide, each an important benefit in their own right. Yet, 
from the Electrification Coalition’s perspective, what may 
be most attractive about these vehicles is their ability 
to expand the size of the market for lithium-ion battery 
cells, large-format batteries, and their component parts. 

Increased deployment of HEVs represents an opportunity 
for increases in scale that can reduce costs for all large-
format automotive-grade batteries.

In 2005, Congress established a tax credit for the 
purchase of medium- and heavy-duty hybrid electric 
vehicles. The tax credit was worth between 20 and 40 
percent of the incremental cost of a hybrid vehicle subject 
to limits based on the vehicle’s efficiency. The tax credit 
expired, however, at the end of 2009.

In 2010, legislation was introduced that would extend 
and expand the tax credit, but it did not pass. The EC believes 
that medium- and heavy- duty hybrid vehicles, many of 
which serve in fleets, can substantially promote the deploy-
ment of all GEVs by adding scale to battery production, 
thereby reducing battery costs for all vehicles. Therefore, 
the tax credit that expired at the end of 2009 should be 
extended and expanded generally consistent with the provi-
sions of S. 2854, introduced by Senators Herb Kohl  (D-WI) 
and Orrin Hatch(R-UT), which would extend it through the 
end of 2014 and expand the size of the tax credit available to 
medium- and heavy- duty hybrid trucks subject to the limits 
stated in the table below. Consistent with its purpose of pro-
moting scale production of batteries for use in all vehicles, 
availability of the credit should be limited to vehicles that 
utilize advanced batteries with energy and power density 
equal to or greater than lithium-ion batteries.

Figure 4A

Expired Credit for Demonstrated Fuel Economy Gains

VEHICLE WEIGHT MAX FOR 30% FE INCREASE MAX FOR 40% FE INCREASE MAX FOR 50% FE INCREASE

8,501-14,000 lbs $1,500 $2,250 $3,000

14,001–26,000 lbs $3,000 $4,500 $6,000

> 26,000 lbs $6,000 $9,000 $12,000
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Under this program, owners of vehicles with quali-
fying batteries will be able to sell a battery to a certified 
entity for a guaranteed minimum price. The entity will 
pay the price because the government will pay it the 
difference between the minimum price and the market 
price. The certified entity will be responsible for demon-
strating the amount of the guarantee. In other words, it 
will need to demonstrate the market price in order to be 
able to obtain the guarantee. This requirement is neces-
sary to ensure that the guarantee is only paying for the 
difference between a real market price and the guaran-
tee. In the absence of a party responsible for ensuring 
the integrity of the transactions, parties could try to sell 
batteries at below market prices solely to get the value of 
the guarantee.

Reinsurance Risk Mitigation

To promote the development of a private market to 
guarantee a minimum residual value of automotive-
grade batteries, as an alternative or supplement to a 
direct government guarantee, the EC proposes the 
establishment of a tax credit to offset 33 percent of 
losses incurred by insurers or reinsurers who insure or 
reinsure the residual value of automotive-grade batter-
ies. The tax credit would require that an insurer insure 
batteries that were purchased in a new vehicle, and 
which remained in the vehicle until the sale that triggers 
the guarantee, but is transferable to subsequent owners 
of the vehicle. As with the proposal that the government 

guarantee batteries’ residual value, the insured battery 
also must be intact for the guarantee to be valid.

By providing incentive to the market to guarantee 
the residual value of used batteries at between 60 and 
80 percent of their expected value, the government 
would effectively be offering an incentive to purchasers 
of PHEVs and EVs while likely costing the government 
little if anything.

Policy Recommendation    

Increase federal investment in advanced 
battery research and development.

The high cost of automotive-grade batteries is widely 
considered to be the most significant obstacle to 
more rapid GEV adoption. While it is anticipated that 
large-scale manufacturing and learning will help bring 
these costs down in the future, additional investment 
in battery research and development (R&D) remains 
crucial. Continued technological breakthroughs will 
help improve battery durability and reliability, ensure 
battery safety, and extend battery life spans. Battery 
makers also point to innovation as potentially more 
important than scale in delivering sustainable cost 
reductions.7 Battery development will also improve 
the potential for technological crossover as storage for 
wind and solar power generation and other secondary 
use applications.

7	 EC, PRTM interviews.

After the energy crisis of 1973, U.S. energy R&D 
soared from approximately $4 billion annually to $14 
billion, with public-sector investment peaking at just 
under $8 billion and private sector investment top-
ping out at nearly $6 billion. By 2004, total funding 
had fallen closer to $5 billion. Despite a steady energy-
related R&D spending increase in recent years, and a 
temporary spike facilitated by the American Recovery 
and Reinvestment Act of 2009, overall levels of govern-
ment spending are still much lower than they were 30 
years ago. (See Figure 4C)

The existing group of lithium-ion battery chem-
istries will be used in the early suite of GEV offerings 
to enter the market. Yet scientists are continuing to 
explore the frontiers of materials science to develop 
the next generation of batteries, promising better 
performance, life, and cost. New chemistries that 
incorporate high-capacity positive electrode materi-
als, alloy electrodes, and electrolytes that are stable 
at five volts, are ultimately expected to outperform 
today’s available chemistries. The International 
Energy Agency specifically highlighted a need for con-
tinued innovative energy storage research support in 
its 2009 Electric and Plug-in Hybrid Electric Vehicles 
Technology Roadmap and reiterated its importance 
in its 2010 report, Global Gaps in Clean Energy RD&D.

Policy Recommendation    

Ensure that federal motor vehicle 
regulations do not unnecessarily prohibit 
the development and deployment of cost-
effective PHEVs in large trucks.

Commercial vehicles are regulated as trucks when gross 
vehicle weight (GVW) exceeds 10,000 lbs. This distinc-
tion has important implications from a regulatory stand-
point. Automobiles and class 1 and 2 truck emissions are 
measured by the composite of the tailpipe emissions. 
However, vehicles in excess of 10,000 GVW are covered by 
emissions and performance requirements. In other words, 
for  trucks weighing more than 10,000 lbs., the engines are 
regulated independently and separately from the vehicle, 
unlike smaller vehicles where emissions are regulated at 
the tailpipe. 1One component of emission requirements 
is that engines must meet certain durability and perfor-
mance metrics. For example, heavy-duty vehicle engines 
must be warranted for 10 years and 185,000 miles. 

Currently, the downsized engines used in typical PHEV 
configurations would need to meet the same standards 
as a traditional engine. Meeting this standard is both 
cost-prohibitive and unnecessary. Downsized PHEV 
engines are not designed to serve as a stand-alone source 
of motive power, and the cost and inefficiency associ-
ated with such a design has driven industry to avoid this 
approach. Instead, current medium- and heavy-duty 
hybrid vehicles in the market utilize a full-sized diesel 
engine in conjunction with a battery and motor, a con-
figuration that erodes the cost savings-potential of the 
PHEV design.

The regulatory requirements for engine testing 
should be modified to enable the use of smaller engines 
in medium- and heavy-duty PHEVs. The benefits would 
be substantial for vehicle cost and ultimately for fuel 
savings given the overall fuel intensity of medium- and 
heavy-duty trucks today. As the modeling analysis in 
Part Three of this Roadmap shows, PHEVs will become 
an economically viable alternative to ICE vehicles in a 
number of truck applications over the medium term. If 
left unaddressed, however, regulatory statutes will effec-
tively restrict adoption.

Policy Recommendation    

Encourage federal government adoption 
of electric drive vehicles.

As the largest consumer in the nation, with a pres-
ence that extends throughout the economy, the federal 
government is well situated to help establish the market 
for GEVs. Executive Order No. 13423, issued by President 
Bush in 2007, directed agencies with 20 or more vehicles 
to reduce their fleet fuel consumption by 2 percentage 
points annually from 2005 to 2015 (a 20 percent reduc-
tion). It also directed agencies to purchase PHEVs when 
commercially available at a cost comparable to non-
PHEVs. Executive Order No. 13514, issued by President 
Obama, imposes additional requirements on agencies 
to reduce greenhouse gas emissions from the federal 
fleet by 2 percent annually until 2020 and extends the 
requirement in E.O. 13423 to reduce fuel consumption 
by 2 percent annually through 2020 as well. It left the 
PHEV purchase requirement in E.O. 13423 intact. 

The federal government can play a critical role in 
terms of driving scale throughout the GEV production 
supply chain. By placing large orders that will turn over 
regional federal fleets, the government can contribute 

Figure 4C

U.S. DOE Spending on Energy Research and Development

Source: Gallagher, K.S. and L.D. Anadon, "DOE Budget Authority for Energy Research, Development, and Demonstration Database," Energy Technology Innovation Policy, John F. Kennedy School 
of Government, Harvard University, March 22, 2010.
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to an accelerated pace of technological advancement in 
battery production, driving down costs. Large fleet pur-
chases will also give automotive and battery OEMs the 
long-term stability needed to justify significant invest-
ments in labor and equipment.

Despite the existence of executive orders that direct 
agencies to purchase efficient and advanced vehicles, 
agencies often choose to meet the requirements in the 
least expensive manner. Rather than forcing agencies 
to pay the incremental costs of GEVs out of their own 
budgets, Congress should establish a program at the 
General Services Administration that will pay the incre-
mental costs of GEVs purchased or leased by federal 
agencies. Directly appropriating funds for that purpose 
would allow agencies to operate GEVs without taking 
scarce funds away from their core missions. Moreover, 
introducing this program and transparency to the adop-
tion of GEVs by federal agencies will allow Congress and 
the public to better calibrate the rate at which GEVs are 
incorporated into the federal fleet.

Post Office

As of 2009, the United States Postal Service (USPS) had 
nearly 220,000 vehicles in operation. The vast major-
ity of the vehicles—nearly 195,000—were light trucks. 
According to a 2009 report by the USPS Office of the 
Inspector General, the average daily mail-delivery driv-
ing distance is 18 miles, making many of these vehicles 
well-suited for right-sized EV batteries or smaller PHEV 
batteries. Moreover, the average age and usage patterns 
of vehicles currently in the postal fleet lead to extremely 
high maintenance costs. Substituting EVs and PHEVs 
would result in sharply lower fuel costs in addition to 
offsetting high maintenance costs.

The key issue for the USPS has been funding the 
upfront investment needed to acquire EVs and PHEVs. 
As a semi-private institution, the post-office has limited 
access to capital and may actually face additional, unique 
funding challenges. In 2009, the USPS faced a $7 billion 
funding shortfall. Of course, reducing fuel and mainte-
nance costs could contribute to a stronger position over 
time, but access to capital today is still a key issue.

From an economic standpoint, the IG report found 
that value was achievable in the right circumstances. 
Specifically, the report found that if “the upfront capi-
tal cost is overcome by participation in DOE-funded 
demonstration programs and V2G revenue is captured, 
the agency [breaks] even within the first 2 years that 
EVs are in operation.” The report goes on to state that 

“Funding specifically targeting Postal Service mail 
delivery vehicles would likely be necessary to create an 
economic environment that provides incentives for the 
Postal Service to move into a leadership position with EV 
technology.”

Given the size and purchasing power of the USPS, 
the federal government should offset the incremental 
upfront cost of EV and PHEV purchases by the Post 
Office for the period 2011-2014 through direct appro-
priations to the USPS. At the end of this four-year period, 
the Inspector General should be required to produce an 
analysis of the program and make recommendations on 
the need for a possible second phase.

Policy Recommendation    

Clarify the tax code to ensure that Section 
30D GEV tax credits are available to 
consumers who purchase a GEV (without 
a battery) and lease the battery from the 
dealer or a third party at the time the 
vehicle is purchased.

Section 30D of the U.S. tax code allow purchasers to 
receive a tax credit of between $2,500 and $7,500 for a 
plug-in vehicle with a battery whose capacity exceeds 4 
kWh. The size of the tax credit is dependent on the size of 
the battery. As currently written, it appears that a vehicle 
may not qualify for the credit if the battery is not pur-
chased with the vehicle and the owner of the vehicle does 
not own the battery. Because consumers who lease a bat-
tery will effectively pay for it even if they do not own it, 
Congress should clarify the tax code so that purchasers 
of GEVs who lease a battery (or the right to use a battery 
owned by the lessor) at the time of purchase are eligible 
for the tax credit, so long as the battery is physically 
installed in the vehicle at the time of original purchase.
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CONCLUSION

Oil dependence ranks among the most pressing national 

and economic security threats confronting the United 

States today. The importance of oil to the U.S. economy has 

necessitated an assertive foreign policy that emphasizes 

security of supply in regions of the world rife with violence 

and instability. The decline of conventional domestic 

petroleum reserves has resulted in increased U.S. oil 

imports, expanding the trade deficit and hastening the 

export of American wealth abroad. More importantly, the 

fundamental dynamics driving oil price volatility in recent 

years are not expected to significantly alter over the long 

term. Rapidly expanding oil demand in emerging markets, 

constrained growth in low-cost oil supplies, and thin spare 

capacity margins will continue to make the market prone 

to price shocks in the years to come. Recent history has 

repeatedly demonstrated that oil price shocks frequently 

result in recession, public debt expansion, and high 

unemployment for the United States.

By replacing petroleum as the dominant transporta-
tion fuel, electrification of transportation represents 
an opportunity for the United States to fundamentally 
alter the energy security dynamic. A transportation sec-
tor largely delinked from oil would isolate the United 
States from price volatility while increasing investment 
in domestic energy resources and electrical infrastruc-
ture. Electricity is generated from a diverse mix of largely 
domestic fuels, retail prices are extremely stable, and the 
network of infrastructure largely already exists.

An impressive array of automakers will introduce 
the first wave of grid-enabled vehicles to American 
consumers in 2010 and 2011. These vehicles represent 
important progress and the successful collaboration of 
multiple private and public sector entities. But to capi-
talize on the full economic, employment, and security 
potential of electrification, penetration of these vehicles 
will be required at a speed and level not currently pro-
jected in typical forecasts.  Therefore, more coordination 
and focus will be required. 

The most important challenges constraining the 
growth of the market for grid-enabled vehicles will largely 
be the cost and range associated with the first generation 
of large-format automotive batteries. Costs have already 
fallen significantly in recent years as manufacturers move 
from pilot phase projects to market offerings. However, 
increased volume in battery manufacturing and electric 
component supply chains will be required to drive costs 
down to levels that are compelling for mainstream con-
sumers. At the same time, technical advancement down 
the learning curve can increase the performance of bat-
teries, reducing weight and increasing range.

While electrification of the light-duty, personal-use 
passenger vehicle market is the most important long-
term objective for increased energy security, the early 
development of the GEV industry will benefit from a more 
diverse market. Particularly during the period from 2011 
to 2015, commercial and government vehicle fleets could 
represent a large share of the market for plug-in hybrid 
and fully electric vehicles. In fact, recent announcements 
by a host of commercial and government entities suggest 
that this dynamic is already rapidly emerging.

Commercial and government fleet operators should 
be well-prepared to address a number of the early chal-
lenges constraining adoption of grid-enabled vehicles. 
By matching the proper vehicle, battery and drivetrain 
technology to required payload requirements, drive 
cycles, and usage profiles, fleet operators can minimize 
upfront investment costs. Total investment in public and 

private charging infrastructure can also be efficient and 
optimized. Perhaps most importantly, grid-enabled vehi-
cles could appeal to a significant number of fleet opera-
tors in a short timeframe. In that case, fleet operators 
would account for significant early demand volumes in 
the development of the large-format battery industry in 
addition to catalyzing the ramp-up of electric drivetrain 
component supply chains.

Targeted, temporary public policy support can and 
should play a role in supporting this process. Federal tax 
credits exist for light-duty vehicles, but there are cur-
rently no purchase incentives in place to support adop-
tion of grid-enabled medium- and heavy-duty trucks. 
This should be rectified. Existing infrastructure tax 
credits should be expanded and modified so that larger 
installations qualify for applicable benefits. All federal 
tax credits should be made transferable so that non-profit 
and public sector entities can access them and all qualify-
ing credits benefit consumers closer to the point of sale. 
Finally, the federal government can assist in minimizing 
risk by facilitating the development of a secondary mar-
ket for large-format automotive batteries.

The analysis conducted for this report suggests 
that even a subset of these policies would have a mean-
ingful impact on vehicle penetration rates. Combined 
with efficient investment allocation by fleet operators, 
temporary public policy could drive more than 200,000 
grid-enabled vehicles into commercial and government 
fleet applications by 2015. Penetration rates of this mag-
nitude during the early evolution of the GEV industry 
would have a large impact on battery and electric drive-
train component costs, providing increased certainty for 
suppliers and reduced costs. In turn, these developments 
would benefit the broader consumer market and help to 
speed adoption.

Combined with the recommendations outlined in 
the original Electrification Roadmap, the Coalition has 
presented a comprehensive framework for guaranteeing 
American energy security and economic prosperity in 
the future. America’s leaders understand what is at stake 
and, as a result, electrification continues to garner strong, 
bipartisan support. Investments made by the public and 
private sectors over the coming years could move the 
United States onto more secure footing. And while addi-
tional federal outlays must be carefully weighed against 
other options in today’s fiscal environment, the fact 
remains that energy status quo is both costly and danger-
ous. Our leaders must view investments in electrification 
against the alternative: a nation and an economy at risk.
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Rank/Company Contact Owned LeaseD/MANAGED Cars Class 1-2 Class 3-8 Vans SUVs XUV Total

1
AT&T 
St. Louis, MO

Jerome 
Webber	

100% 7,409 25,300 14,178 24,092 3,249 0 74,228

2
United Parcel Service (UPS) 
Atlanta, GA

Mike Hance 100% 0 4,615 66,165 1,853 0 0 72,633

3
Verizon 
Irving, TX

Jay 
Olshefski

5,920 20,224 23,035 15,509 64,688

4
Comcast Corp. 
Philadelphia, PA

Bud Reuter 100% 562 13,509 3,252 22,360 475 0 40,158

5
Federal Express Corp. 
Memphis, TN

Russell 
Musgrove	

100% ARI 377 24,388 11,932 36,697

6
Pfizer, Inc. 
New York, NY

Fred Turco	 Wheels 100% 30,000 500 500 500 31,500

7
Coca-Cola Enterprises 
Atlanta, GA

Ary Kay 
Runyan	

100% 10,000 0 9,500 0 0 0 19,500

8
Qwest Communications 
Glendale, AZ

Robin 
Knuckey

90%
Bank of America 
5%; GE Fleet 5%

300 10,000 2,500 6,500 50 0 19,350

9
PepsiCo, Inc. 
Purchase, NY

Pete Silva	 92% GE fleet 8% 756 13,609 3,647 209 766 0 18,987

10
ServiceMaster 
Memphis, TN

Steve 
Gibson

32%
Wheels 35%; PHH 
30%; GE Fleet 3%

1,278 10,496 4,346 40 316 0 16,476

11
Tyco International 
Princeton, NJ

Kevin 
Reynolds

GE fleet 50%; 
Wheels 50%

2,278 3,932 6,819 2,250 304 14 15,597

12
Siemens Shared Services, LLC 
Iselin, NJ

Jim 
McCarthy

1%
Wheels 87%;  
ARI 12%

5,977 3,099 964 3,395 2,124 0 15,559

13
Salvation Army 
Alexandria, VA

Bob Jones	 400 0 5,000 9,600 0 0 15,000

14
State Farm Mutual Auto 
Insurance Co. Bloomington, IL

Dick 
Malcom

94%
Chrysler financial 
4%; Toyota financial 
2%

10,952 126 38 3,216 38 6 14,376

15
Oldcastle Materials Group 
Atlanta, GA

Ron Piccolo 85%
PHH; GE Fleet; 
Donlen

1,223 8,375 3,017 318 507 0 13,440

16
Cox Enterprises 
Atlanta, GA

Mark 
Leuenberger

ARI; Ge fleet; 
Wheels

1,352 4,285 1,592 4,502 1,399 0 13,130

17
Sears Holding Corp. 
Hoffman Estates, IL

Tiffany 
Matthews

200 0 0 11,200 468 0 11,868

18
Quanta Services 
Houston, TX

Butch 
Christian

15% 100 1,800 8,300 500 300 0 11,000

19
Xerox Corp. 
Rochester, NY

Paula 
Morrisey

GE fleet 100% 450 175 0 9,750 75 0 10,450

20
Merck & Co., Inc. 
Whitehouse Station, NJ

Scott Lauer
PHH 97%;  
Wheels 3%

8,558 92 31 1,056 20 233 9,990

21
United Technologies Corp. (UTC) 
Hartford, CT

Patrick 
McGrath

5% PHH 95% 2,650 2,425 765 3,276 760 0 9,876

22
Sanofi-Aventis 
Bridgewater, NJ

Suzen 
Moye

ARI, GE, PHH, 
Wheels

9,600 0 0 0 0 0 9,600

23
GlaxoSmithKline 
Research Triangle Park, NC

Shirley 
Collins

PHH 60%; ARi 40% 1,739 27 21 835 4607 1,976 9,205

24
Genuine Parts Company 
Atlanta, GA

Chris Lang 50%
ARI; Donlen; Mike 
Albert; Suntrust

3,110 5,789 150 0 0 0 9,049

25
Chevron 
San Ramon, CA

Kat Travis 80% ARI; GE Fleet 3,000 5,000 0 500 500 0 9,000

26
Aramark Services, Inc. 
Philadelphia, PA

Kevin 
Fisher

30%
GE Fleet 40%;  
PHH 20%

1,320 2,887 2,220 1,031 1,065 287 8,810

27
Otis Elevator 
Bloomfield, CT

Phil 
Schreiber

PHH 100% 2,028 2,500 1,100 3,000 100 0 8,728

Rank/Company Contact Owned LeaseD/MANAGED Cars Class 1-2 Class 3-8 Vans SUVs XUV Total

28
Interstate Brands Corp.
Kansas City, MO

Steve Long 75% ARI; LeasePlan 400 7,600 238 400 0 0 8,638

29
Hewlett-Packard Co.  
Anaheim, CA

Jeffrey 
Hurrell	

100% GE Fleet 3,176 18 0 3,778 1,628 0 8,600

30
Johnson & Johnson 
New Brunswick, NK

Louise 
Davis-
Lopez

32% GE Fleet 68% 6,558 60 0 635 0 1,264 8,523

31
Novartis Pharmaceuticals 
East Hanover, NJ

Lillian 
Palmieri

LeasePlan 40%;  
PHH 60%

4,309 0 0 1,428 2,625 0 8,362

32
Asplundh Tree Experts 
Willow Grove, PA

Steve 
Toeller

200 4,000 4,000 90 0 0 8,290

33
American Electric Power
Columbus, OH

Wayne 
Farley

377 3,993 2,419 989 290 0 8,068

34
Church of Jesus Christ of  
Latter Day Saints
Salt Lake City, UT

Michael 
Simms

100% 6,048 1,387 0 422 36 122 8,015

35
Dycom Industries, Inc. 
Palm Beach, FL

Lois Jacobs 8,000

36
Advance Auto Parts
Roanoke, VA

Carol 
Davies

ARI 75%; GE 
20%;  
First Fleet 5%

357 5,461 0 173 1,492 0 7,483

37
United Rentals 
Charlotte, NC

Cathy 
Crewson

3%

ARI 59%; PHH 
14%; 
Penske 6%; 
Idealease 16%; 
Ryder 2%

31 4,816 2,308 159 99 6 7,419

38
Simplex Grinnell 
Boca Raton, FL

Janice 
Buxton

Wheels 100% 7,400

39
Johnson Controls 
Plymouth, MI

Christy 
Coyte

LeasePlan 
90%; PHH 10%

73 2,194 89 4,797 211 0 7,364

40
Ecolab, Inc. 
St. Paul, MN

Gayle Pratt LeasePlan 100% 1,522 2,482 12 3,030 264 0 7,310

41
Farmers Insurance Group 
Los Angeles, CA

Mark 
Walters

98% Donlen 2% 5,939 57 0 536 608 13 7,153

42
UtiliX Corp. 
Kent, WA

Mike Barry 6 6,900 200 25 0 0 7,131

43
ExxonMobil Corp. 
Fairfax, VA

Judy 
Cornet	

100% 2,750 4,150 0 150 50 0 7,100

44
ADT Security Services 
Boca Raton, FL

Becky 
Carrasco

7,000

43
ExxonMobil Corp. 
Fairfax, VA

Judy 
Cornet	

100% 2,750 4,150 0 150 50 0 7,100

44
ADT Security Services 
Boca Raton, FL

Becky 
Carrasco

7,000

45
Embarq 
Overland Park, KS

Kim Povirk 15% GE fleet 85% 245 0 0 6,724 0 0 6,969

46
Rollins, Inc. 
Atlanta, GA

Paul 
Youngpeter	 1%

Emkay .05%; 
Enterprise 0.5%;  
Suntrust 95%;  
Wheels 3%

667 6,205 9 6 51 0 6,938

47
Pacific Gas & Electric 
Concord, CA

Dave Meisel 82% 414 2,414 3,542 112 424 0 6,906

48
Abbott 
Waukegan, IL

Diane 
Lopez

PHH 100% 1,553 72 0 2,356 2,819 0 6,800

49
Crop Protection Services (CPS)
Greeley, CO

Christine 
Chmiel

12% 137 4,741 1,884 12 15 10 6,799

50
AstraZeneca Pharmaceuticals 
Wilmington, DE

Kim Jamme 100% Wheels 6,200 0 0 400 0 0 6,600

Top 50 Commercial Fleets

Source: Fleet Automotive, 2010 Automotive Fleet Factbook
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Make Model Type Description/Class (if applicable) Battery Capacity Electric Motor Capacity Electric Driving Range Top Speed Price Target Intro

Audi e-tron EV 2 sports car based on the R8 42.4 kWh 230kW 154 mi 124mph - 1,000 car run with target intro 2012

BAIC C60 EV 4-door sedan - - - - - 2011 China

BMW MegaCity EV 2-door coupe 35 kWh 112kW 100 mi 95 mph - 2013

BYD Auto e6 EV 4 door crossover 48kWh 75kW 186 mi 87 mph - 2010 China  2010 Targeted US Launch

BYD Auto F3DM PHEV 4-door sedan 17 kWh - 60 mi - $22,000 2009 China

Chery Automobile Co. S18 EV  4-door compact 20kWh 40kW 93 mi 75 mph $22,000 Nov 2010 China

Citroën C-ZERO EV 4-door compact 16 kWh 47 kW 130 km 81 mph 35,000 euros Q4 2010 EU

Coda Automotive CODA Sedan EV 4-door, mid-size sedan 34kWh 100kW 90-120 mi 85 mph $45,000 California test fleet mid-2010, public delivery fall 2010

Daimler
Smart ED (Electric 
Drive)

EV 2-door micro car 17kWh 30 kW 84 mi 62 mph - 2012

Fiat 500EV EV Small car - - - - - 2012

Fisker Karma PHEV Luxury 4-door 23kWh 300kW 50 mi 150 mph $88,000 2011

Fisker Nina PHEV Family sedan 20kWh - - - Est. $40,000 2012

Ford C-Max PHEV MPV - - - - - 2012 US

Ford Focus EV 4 door hatchback 23kWh 105kW 100 mi - - 2011 US

General Motors Chevrolet Volt PHEV 4-door hatchback 16kWh 111kW 40 mi 100 mph $40,000 Nov 2010 US

General Motors Opel Ampera PHEV 4-door hatchback 16kWh 111kW 40 mi 100 mph - 2011 EU

Honda EV-N EV 2-door, 4-seater micro car - - - - - 2012

Honda TBD PHEV Mid-size to large vehicle - - - - - 2012

Hyundai Blue On EV 4-door hatchback 16 kWh 49 kW 87 mi 80 mph - Korea second half of 2010, 2012 Globally

Lightning Car Company GT EV 2-door coupe - 300kW 150 mi 125 mph - 2012 UK

Luxgen EV+ EV 7-passenger minivan - 180kW 200 mi (@ 25mph constant) 90mph - Late 2010 Taiwan

Mitsubishi iMiEV EV 4-door hatchback / sub-compact 16 kWh 47 kW 100 mi 81 mph Below $30,000 Private sales in Japan Apr 2010, US  2011

Nissan LEAF EV 5-seater, 4-door hatchback / compact 24 kWh 80kW 100 mi > 90 mph $32,780 US & Asia in fleets & limited areas 2010, globally 2012

Peugeot iOn EV 4-door hatchback sub-compact - 47 kW 93 mi - - End of 2010

Renault Fluence ZE EV 4-door sedan 22 kWh 70kW 100 mi 81 mph
"21,300 euros - 26,000 euros (excl. 
battery) separate battery lease 
from 79 euros per month"

Israel & Europe first half 2011

Renault Zoe ZE EV Compact coupe - 60kW 100 mi 135 kph - 2012 Europe

REVA NXG EV
Named for "NeXt Generation", two-seater 
with a targa roof

- - 124 mi 81mph 23,000 euros 2013 Europe and India

REVA NXR EV
Named for "NeXt Reva", four-seat, 
three-door hatchback family car

Li-ion - 99 mi 65mph 14,995 euros 2012 Europe & India 

SAIC Roewe 550 PHEV 4-door sedan Li-ion battery - - - - 2012 China

SAIC Roewe 750 EV 4-door sedan Li-ion battery - - - - 2012 China

Tazzari Zero EV 2-seater - - 88mi - $31,000 Mid- 2010 US

Tesla Motors Roadster EV 2-seater 56 kWh 248 hp 220 mi 125 mph Base price $109,000 plus options Available now

Tesla Motors Model S EV 4-door coupe, 7-seat
42 kWh (standard 
config)

-
150 mi, 230 mi & 300 mi  
(based on battery option)

130 mph $57,400 2012 USA & EU 

Th!nk City EV City car, 2+2 seating 22kWh - 112 mi 62 mph - "Available in Norway 2012 U.S."

Toyota Prius Plug-in PHEV 4-door hatchback Li-ion batteries - 12.4-18.6 mi - -
2010 to release 500 test fleet cars in Japan, EU & USA,  
Mass production 2012

Volkswagen Golf Blue e-motion EV 4-door hatchback 26.5 kWh 85kW 93 mi. - - 500 vehicle test feet in 2011.  Launch in 2013.

Volkswagen E-Up! EV 2-door mini car - 60 kW 130km - - 2013

Volvo C30 EV Two-door, four-seater 24 kWh - 94 mi 81mph - 2011

Wheego LiFe EV Two-passenger mini car 30kWh 45kW 100 mi 65mph $32,995 Q4 2010 US

Available Vehicle Matrix — Passenger Portfolio
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Make Model Type Description/Class (if applicable) Battery Capacity Electric Motor Capacity Electric Driving Range Top Speed Price Target Intro

Boulder Electric 
Vehicles

Truck EV Class 3 Delivery truck 80kWh 80kW 120 mi 65 mph - Q2 2010 US

Boulder Electric 
Vehicles

Truck & WUV EV Class 2  van 80 kWh 80kW 200mi 70 mph - Q2 2010 US

Bright Automotive Idea PHEV Class 1-2 van 13kWh n/a 38mi n/a n/a 2013-14 US

DesignLine ECO-Smart I EV Bus (42 Passenger) 261.8kWh 240kW 120 mi. 76 kmph $600-700k more than traditional bus Available Now

EVI
Medium Duty (MD)Trucks 
& Walk-In (WI) Vans

EV Class 4, 5, 6 trucks 99 kWh Electric motor 150 kW scalable up to 90 mi. up to 60 mph $120K-$180K Available Now

Electrorides ZeroTruck EV Class 4 truck 50 kWh 100 kW Up to 75 mi. 60 mph $130K Available Now

Ford Transit Connect EV Class 1 Van 28 kWh 98kW 80 mi. 75 mph n/a 2010

IC Bus (Navistar) CE Series PHEV School Route Bus & Commercial Bus
Li-ion, liquid cooled 
battery pack  

25-80kW Charge-depleting range 40 mi n/a $100K Available Now

Mercedes-Benz Vito E-CELL EV Van 36kWh 70kW 80 mi 50 mph - 2011

Modec Box Van EV Class 3 Truck / Van 52-85kWh 70kW 60-100 mi (depending on battery type) 50 mph  - Available Now - Europe

Navistar eStar EV Class 3 Truck / Van 80kWh 70kW 100mi 50mph $149,000 Available Now - US

Optare Solo EV Bus EV Bus  80kWh 120kW 60 mi 56 mph  - Accepting orders

Proterra EcoRide BE35 EV Bus  (51 passenger) 74kWh 150kW 50 mi 65 mph - Available Now

Renault Kangoo ZE EV Compact commercial van 22 kWh 44kW 100 mi 130 kph (81 mph)
20,000 euros (excluding battery) 
plus battery lease from 79 euros per month

Europe 2011

Sinautec Ultracap Hybrid Bus EV Bus  - - 3.5mi 35mph - Available Now

Smith Electric Vehicles Edison EV Class 2 Van or Bus 40kWh 90kW 100 mi 50 mph - Available Now

Smith Electric Vehicles Newton EV Class 4-6 Truck 80kWh 120kW 100 mi 50 mph - Available Now

Available Vehicle Matrix — Commercial Portfolio
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Key to Terms

ACES 2009 American Clean Energy and Security Act of 2009.

Advanced Metering Advanced electrical metering enables measuring and recording of usage data at regular short intervals and 
provides this data to both consumers and energy companies.

Advanced Transmission Electricity distribution that employs digital metering to improve provider communication and monitoring 
capability as well as permit the efficient management of power flows, especially from variable renewable sources. 

Ampere A measure of electrical current which represents a flow of one coulomb of electricity per second. 

ARRA 2009 American Recovery and Reinvestment Act of 2009.

Battery-Electric Vehicle (BEV) A type of electric vehicle (see below) that is propelled by an electric motor and uses the chemical energy stored 
in on-board batteries to power the motor. 

Blended Mode In a hybrid-electric vehicle, operating in blended mode uses both an electric motor and a gasoline engine operating 
simultaneously and in conjunction to power the vehicle’s drivetrain. 

Carbon Dioxide Equivalents The amount of carbon dioxide by weight emitted into the atmosphere that would produce the same estimated 
radiative forcing as a given weight of another radiatively active gas. 

Charge-Depleting (CD) Mode EVs and PHEVs operating in charge-depleting mode are drawing motive power and energy from the battery and 
reducing its state of charge. EVs always operate in charge-depleting mode.

Charge-Sustaining Mode PHEVs in charge-sustaining mode are supplementing battery power with another source of energy, most commonly 
from a gasoline-powered onboard generator. The battery's state of charge is not being reduced.  HEVs essentially 
always operate in charge-sustaining mode.

Direct-Injection Transmission A means of increasing power output and fuel efficiency in internal combustion engines. Gasoline is directly 
injected into the combustion cylinder, as opposed to fuel injection, when it is injected into the air intake.

Drivetrain Also called the powertrain, the set of components for transmitting power to a vehicle’s wheels, including the 
engine, clutch, torque converter, transmission, driveshafts or axle shafts, U-joints, CV-joints, differential and axles.

EISA 2007 Energy Independence and Security Act of 2007.

Electric Drive Vehicle (xEV) An inclusive term that refers to vehicles that incorporate some form of battery electric power in the drivetrain. 
Includes hybrid electric vehicles (HEVs); plug-in hybrid electric vehicles (PHEVs); Extended-range Electric Vehicles 
(EREVs); and electric vehicles (EVs).

Electric Motor Transforms electrical energy into mechanical energy. In a grid-enabled vehicle, the electricity is supplied by the battery.

Electric Vehicle (EV) A vehicle propelled 100 percent by an electric motor, which forms part of an electric drivetrain. The power comes 
in the form of current from an on-board storage battery, fuel cell, capacitor, photovoltaic array, or generator.

Electric Vehicle Miles Traveled (EVMT) The number of electric miles traveled nationally for a period of 1 year.

Electric Mile For an electric vehicle, an electric mile is any mile in which the vehicle is propelled by an electric motor. For 
PHEVs or E-REVs, an electric mile is the total miles traveled multiplied by the percent of total power provided by 
electricity from the grid.

Electric Vehicle Supply Equipment 
(EVSE)

The hardware of electric vehicle charging infrastructure, including public charging stations and wall- or pole-
mounted home vehicle chargers. 

Extended-Range Electric Vehicle 
(E-REV)

Sometimes called series or serial plug-in hybrids. E-REVs are electric drivetrain vehicles that rely on an electric 
motor to provide power to the drivetrain but which also include a gasoline internal combustion engine serving as 
an electrical generator to either provide electricity to the vehicle’s electric motor (supplementing the battery’s 
stored power) or to maintain the battery’s state of charge as it nears depletion. The gasoline engine is not used 
to directly provide mechanical energy to the drivetrain. 

Full Hybrid Hybrids that provide enough power for limited levels of autonomous, battery-powered driving at slow speeds. 
Efficiency gains ranging from 25 to 40 percent. 

Generator Converts mechanical energy from an engine into electrical energy. 

Grid-enabled Vehicle (GEV) Electric or hybrid-electric vehicles that can be plugged directly into the electric grid to recharge onboard batteries. 

Internal Combustion Engine (ICE) An engine that produces power by combining liquid fuel and air at high temperature and pressure in a combustion 
chamber, using the resulting gas expansion for mechanical energy. Conventional vehicle IC engines use two-
stroke or four-stroke combustion cycles, which combust intermittently. 

IOC An oil company that is fully or majority owned by private investors. 

Kilowatt (kW) A unit of power equivalent to 1,000 watts, 1,000 joules per second or about 1.34 horsepower. 

Kilowatt-hour (kWh) A unit of energy or work defined as the amount of energy released if work is done at a constant rate of 1 kW for 1 hour, 
equivalent to 3.6 megajoules. Commonly used to bill for the delivery of electricity.

Load The amount of power (sometimes called demand) consumed by a utility system, individual customer, or 
electric device. 

Mild Hybrid Hybrid systems that only stop the engine during idle (while still running heat, A/C etc.), and instantly start it when 
the vehicle is required to move, providing efficiency gains in the 5 to 10 percent range. 

NOC An oil company that is fully or majority owned by a national government.

Original equipment manufacturer 
(OEM)

A company that produces a product designed for the end user, whether a consumer or another manufacturing 
firm. For example, an automotive OEM sells vehicles to consumers, typically through a dealer network; however a 
battery OEM may sell batteries only directly to automotive manufacturers.

Parallel Hybrid Hybrids that have an IC engine and electric motor that both provide torque to the wheels. In some cases, the IC 
engine is the predominant drive system with the electric motor operating to add extra power as required. Others 
can run with just the electric motor driving.

Peak Demand (or Load) The greatest electricity demand that occurs during a specified period of time. 

Plug-In Hybrid Vehicle (PHEV) A form of HEV that generally has larger batteries, allowing it to derive more of its propulsion from electrical power 
than from the IC engine. PHEVs are, as a result, far more efficient in their use of energy than typical HEVs. These 
batteries can be recharged by connecting a plug to an external electric power source. 

Power Inverter An electronic device that converts direct current (DC) into alternating current (AC) or AC into DC.

Powertrain See Drivetrain.

Residual Battery Value The value of a battery established by the market after it has completed its primary purpose service life.

Series Hybrid A vehicle which has an IC engine and electric motor, but only the electric motor provides torque to the wheels. 
A series hybrid is therefore essentially an electric vehicle with a fossil fuel recharging system on board. Both 
sources of power can be used if necessary. 

Spare Oil Production Capacity The amount of dormant oil production capacity which could theoretically be brought online within 30 days and 
which can be sustained for 90 days. Generally, only OPEC members maintain spare production capacity.

Total Cost of Ownership (TCO) A measure of the entire undiscounted cost associated with the purchase, maintenance, usage, and disposal of a 
product spread evenly over the expected service life.

Transformer A device that transfers electrical energy from one circuit to another, converting electricity from one voltage 
to another, performing the step-down or step-up necessary to enable high voltage, low current transmission, 
minimizing losses over long distances. 

Transmission Interconnected group of lines and associated equipment for the movement or transfer of electric energy between 
points of supply and points at which it is transformed for delivery to customers or is delivered to other electric systems. 

Vehicle Miles Traveled (VMT) The number of miles traveled nationally by vehicles for a period of one year.

149fleet electrification roadmap148 key to terms



150 acknowledgements

Partners & Consultants

 
 
Securing America’s Future Energy (SAFE) is a nonpartisan, not-for-profit organization 
committed to reducing America’s dependence on oil and improving U.S. energy security 
in order to bolster national security and strengthen the economy. SAFE has an action-
oriented strategy addressing politics and advocacy, business and technology, and media 
and public education.

 
 
 
 
Since 1976, PRTM has created a competitive advantage for its clients by changing the 
way companies operate. The firm’s management consultants define the strategies and 
execution required for transformational change, through operational experience across 
industry value chains and extensive work within the public sector. PRTM has 19 offices 
worldwide and serves major industry and global public sectors.

 
The Electrification Coalition would like to thank the entire team at GE Capital Fleet 
Services and John E. Formisano and Associates for their invaluable contributions to 
the Fleet Electrification Roadmap. We would also like to thank Utilimarc, R.L. Polk 
and Co., and Automotive Fleet for their assistance in assembling data for this report.



F
L

E
E

T
 E

L
E

C
T

R
IF

IC
A

T
IO

N
 R

O
A

D
M

A
P

 
  

 
 

 
 

 
 

 
 

 
     N

O
V

E
M

B
E

R
 2

0
10

Fleet Electrifi cation Roadmap
REVOLUTIONIZING TRANSPORTATION AND ACHIEVING ENERGY SECURITY

November 2010
Electrifi cation Coalition  1111 19th Street, NW Suite 406  Washington, DC 20036  TEL 202-461-2360  FAX 202-461-2379  Electrifi cationCoalition.org

In partnership with                 and in consultation with DESIGN BY MSDS  |  www.MS-DS.COM

The Fleet Electrifi cation Roadmap is a comprehensive analysis of the 
state of transportation electrifi cation in the United States and the next 
steps needed to deliver on the potential of grid-enabled vehicles. The 
report explores the opportunities and challenges facing electrifi cation 
of commercial and government fl eets, identifi es economically attractive 
opportunities, and outlines a path to driving substantial fl eet demand for 
grid-enabled vehicles between 2010 and 2015.


