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Abstract
With increasingly stringent CO2 fuel economy regulations, the number of electrified vehicle options
available to customers from car manufacturers has significantly increased in recent years. However, the
market penetration of these vehicles significantly varies based on the powertrain configurations as well as
the policies of the countries. To better understand the potential impact of current and future Plug-in Electric
Vehicles (PEVs) on vehicle energy consumption, technology cost, cost of ownership and market
penetration, a task force was formed by the Implementing Agreement for co-operation on Hybrid and
Electric Vehicle Technologies and Programmes (IA-HEV). The task is composed of five integrated
sections: vehicle energy consumption, component cost, vehicle cost, total cost of ownership (TCO) and
market penetration. This paper discusses the methodology developed for estimating ownership costs. We
also present the vehicle energy consumption and cost results developed for several powertrain
configurations and standard driving cycles. The comparison of cost calculations for the U.S. and two of the
largest European markets, Germany and France, show the importance of vehicle costs (particularly battery
costs for PEVs), residual value, and the difference in taxes and incentives between the three countries.
Keywords: Cost of ownership, PHEV (plug-in hybrid electric vehicle), electric vehicle, energy consumption

1

Introduction

The electrification of automotive powertrains is a
highly effective lever to reduce CO2 emissions of
passenger cars. In recent years, the number of
electrified powertrain options available to
consumers has increased significantly. However,
the sales of these vehicles remain at a relatively
low level [1]. One key reason for this is the
additional cost of an electrified vehicle in
comparison to a conventionally fuelled vehicle.
The costs to acquire and operate a vehicle play

an important role in the purchase decision of the
majority of potential customers [2; 3; 4]. The total
cost of ownership (TCO) calculation has been used
extensively to compare different powertrain
options and derive potential market shares for
these [5].
To better understand the potential impact of
current and future Plug-in Electric Vehicles
(PEVs) on vehicle energy consumption,
technology cost, cost of ownership and market
penetration, a task force was formed by the
Implementing Agreement for co-operation on
Hybrid and Electric Vehicle Technologies and
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Programmes (IA-HEV). The task itself is
composed of five integrated sections:






vehicle energy consumption
component cost
vehicle cost
total cost of ownership (TCO)
market penetration

Costs of ownership of hybrid and electric
vehicles have been examined under IA-HEV
Task 15 which indicated certain hybrid
configurations may be more economical to own
than others, but relatively simple models of
ownership costs were used [6; 7]. More
comprehensive metrics for ownership cost have
been developed to compare the economics of
different drivetrain vehicles in different markets.
Extending the previous work of this task, this
article examines the TCO for four different
powertrains in three different countries for the
year 2020. TCO are calculated for four different
use cases, showing a variation of the vehicle’s
service time and yearly mileage. The objective is
to show the competitiveness of PEVs and the
influence of (monetary) policy measures in terms
of the consumer’s ownership cost.

2
2.1

Methods and Data
Relevant Cost of Ownership

The TCO considers all costs to a customer
related to the purchase and operation of a vehicle
during its service time. The exact definition of
the TCO varies greatly. Hence, Mock [2]
specifies a measure of vehicle ownership costs
that are relevant to a consumer’s purchase
decision. This cost measure is termed as relevant
cost of ownership (RCO). The RCO may be
𝑁

𝐶𝑅𝐶𝑂 = 𝐶𝐼𝑛𝑣𝑒𝑠𝑡 + ∑
𝑡

where
N=
i =
CRCOperkm =
M=

reported as a cost (net present value e.g,, in
dollars) or, as is done here, in cost per km.
The RCO includes the investment cost (CInvest), the
up-front amount paid for the vehicle, including the
purchase price and any fees, taxes, and incentives
or disincentives (e.g., tax credit or bonus/malus
“feebate”). Also relevant are all operating costs,
which include the costs of fuel/energy (CEnergy),
maintenance and repair (CMaint) and any annual
fees or taxes (CFees). Furthermore, a resale or
residual value (VRes), depending on a vehicle’s age
and total mileage, is considered [8]. The RCO
(CRCO) is the sum of the investment cost and the
present value of the annual costs subtracted by the
expected residual value [9]. Other cost factors, as
insurance, risk aversion to new technology, and
uncertainty of benefits of advanced technology to
consumers [10] are not included. Also not included
is the cost of limited range of the BEV (160 km).
These might be important influences but are
subjective, widely variable among consumers, and
difficult to quantify [11]. However, neglect of the
effective cost of the range limitation of the BEV
might result in ownership cost estimates that
appear low in comparison with the other
powertrains.
RCOs were calculated for different powertrain
options of a midsize passenger car (EU
segment: D), using data and methods described
below for energy prices and driving cycles relevant
to France, Germany and the U.S. For the U.S.,
RCOs were calculated for two regions: the ten
states that offer the most generous incentives for
PEV purchase, as identified by a recent study of
state incentives [12], and the remainder of the
U.S.. The ten US states offering the most valuable
incentives are: Arizona, California, Colorado,
Georgia, Hawaii, Illinois, Louisiana, Pennsylvania,
South Carolina, and Washington.

(𝐶𝐸𝑛𝑒𝑟𝑔𝑦,𝑡 + 𝐶𝑀𝑎𝑖𝑛𝑡,𝑡 + 𝐶𝐹𝑒𝑒𝑠,𝑡 )
𝑉𝑅𝑒𝑠
−
𝑡
(1 + 𝑖)
(1 + 𝑖)𝑁
𝐶𝑅𝐶𝑂
(2)
𝐶𝑅𝐶𝑂𝑝𝑒𝑟𝑘𝑚 =
𝑁∙𝑀

(1)

ownership period, years
interest rate
relevant cost of ownership per km
annual mileage in km
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An interest rate of 1% was used here,
representing a real, risk-free rate. Consumers
often assign a low value to future energy savings
[13; 14], which can be represented as a high
effective discount rate. Rather than vary the
interest rate, we examine two ownership periods,
4 and 12 years, to represent two different
consumer perspectives of savings and costs.

2.2

Vehicle Simulation

Passenger cars of different powertrain
configurations and component technologies were
simulated using the Autonomie toolkit [15; 16].
The powertrains included are:
 Conventional spark-ignited (SI)
 Conventional compression-ignited (CI)
 Plug-in hybrid electric vehicle (PHEV),
with SI combustion engine and a 32 km
charge-depleting range
 Battery electric vehicle (BEV) with a 160
km range.

Vehicles technologies, in terms of cost of
performance, are intended to be representative of
vehicles that will be offered for sale in the year
2020. Each vehicle was sized to meet similar
performance criteria (including acceleration and
gradability). Vehicles were then simulated under
the Urban Dynamometer Driving Schedule
(UDDS), Highway Fuel Economy test (HWFET)
and the New European Driving Cycle (NEDC) in
order to estimate the fuel economy under each
driven cycle. To represent on-road fuel economy
under conditions relevant to U.S. driving, the
UDDS and HWFET fuel economies were
combined in accordance with the U.S.
EPA/NHTSA “derived MPG-based formulas” used
to report combined, adjusted (“window sticker”)
fuel economy values based on the UDDS and
HWFET values [17]. The vehicle erngy
consumption were calculated according to the
standard test procedures of each country.
Characteristics of the four vehicles used in the
presented analysis are listed in Table 1.

Table 1. Vehicle characteristics.
Conv
SI
1393
114

Conv
CI
1456
99

PHEV
1541
82
60 / 47
8.6
19,556
2,140

BEV
1437

Vehicle mass
kg
ICE power
kW
Electric motor 1/2 power
kW
101 / 0
Battery capacity, rated
kWh
32.0
Vehicle manuf. Cost
USD2010 14,618
16,708
20,876
Of this, Battery pack manuf. cost
USD2010
6,921
Fuel
consumption,
adjusted,
MJ/km
2.629
2.274
1.013
UDDS/HWFET
Electricity
consumption,
adjusted,
MJ/km
0.283
0.739
UDDS/HWFET
Fuel consumption, NEDC
MJ/km
2.145
1.816
0.644
Electricity consumption, NEDC
MJ/km
0.257
0.564
*The PHEV was modeled as having a split powertrain with blended operation in CD mode.

2.3

Vehicle
Ownership
Assumptions

Cost

Cost models were used to estimate
manufacturing costs for major vehicle
components and subassemblies, which were then
summed to give the total manufacturing cost of
each vehicle [16]. Cost model parameters were
assigned values based on input from U.S. DOE
vehicle technology managers and industry
experts, who provided a range of values from
highly optimistic to pessimistic. Here,
intermediate values for cost parameters were

used. Vehicle retail price equivalent (RPE) values
were calculated from vehicle manufacturing costs
by applying an RPE factor of 1.5 [18].
For the purpose of comparing RCO, the same
manufacturing costs and RPE factor were used for
France, Germany, and the U.S., which neglects
different costs of labor, materials and overhead in
different countries, as well as possible pricing
strategies used by automakers in different markets.
The focus here is on the influences of incentives,
driving distances, fuel prices, and ownership
period on ownership costs.
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shown for the U.S. are national averages. Constant
electricity prices were assumed, neglecting
alternative rate structures, e.g., time-of-use, tiered
rates, or special rates for PEVs.
Table 2. Energy prices assumed for Year 2020
(One USD2010 = 0.7929 EUR2010).
France
Germany
U.S.

0.12
0.1

fuel tax

0.08

Diesel
Gasoline

pre-tax

0.06
0.04
0.02

Electricity

Germany

France

Electricity

Diesel

Gasoline

Electricity

Diesel

Gasoline

Diesel

Electricity

0

Gasoline

Energy Prices, USD2010/MJ

Energy costs were estimated for the year 2020
based on the cost of crude oil projected in that
year by the U.S. Energy Information Agency
Annual Energy Outlook 2014 (AEO) Reference
case [19]. These are what drivers would pay for
fuel and electricity including taxes and are shown
in Figure 1 and in Table 2.

U.S.

Figure 1: Energy prices assumed for year 2020 in the
three countries. The top of each bar indicates the price
driver pay. The hatched area is the tax portion. Error
bars indicate ranges used in analyzing sensitivity to
crude oil prices.

In the figure, error bars indicate the ranges of
prices from the AEO 2014 Low Oil Price and
High Oil Price cases (Brent spot prices 66.3 and
114.6 USD2010 per barrel, respectively), which
were used to analyze sensitivity to crude oil price
variations. The portion of the (Reference case)
price that is tax is shown as hatched. Prices

EUR2010
per l

EUR2010
per l

USD2010
per gal

1.43
1.26

1.48
1.33

3.05
3.56

EUR2010
per kWh

EUR2010
per kWh

USD2010
per kWh

0.19

0.29

0.01

Investment
costs
include
the
vehicle
manufacturing direct costs, manufacturer mark-up
(accounted for by an RPE factor), sales tax or
value-added tax (VAT), both applied to the retail
price, incentive (or bonus/malus premium/charge)
and initial registration/licensing fees or taxes. For
the BEV in the U.S., the cost of home electric
vehicle service equipment (EVSE) is also included
in the investment cost. Given the capacity of the
BEV, charging times using only a Level 1 charger
do not meet the requirements of most consumers.
A recent survey of California drivers found that
only 12% of Nissan Leaf owners did not have
Level 2 EVSE at home [20]. Due to the higher
voltage level (240 V), EVSE cost are not
considered for the European countries.

𝐶𝐼𝑛𝑣𝑒𝑠𝑡 = (𝐶𝑀𝑎𝑛𝑢𝑓 )(𝐹𝑅𝑃𝐸 )(1 + 𝑉𝐴𝑇) − 𝐶𝐼𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒𝑠 + 𝐶𝐹𝑒𝑒,𝑖𝑛𝑖𝑡
+ 𝐶𝐵𝑎𝑡𝑡 𝑟𝑒𝑝𝑙
France, Germany
(2)
𝐶𝐼𝑛𝑣𝑒𝑠𝑡 = (𝐶𝑀𝑎𝑛𝑢𝑓 )(𝐹𝑅𝑃𝐸 )(1 + 𝑇𝑎𝑥𝑆𝑎𝑙𝑒𝑠 ) − 𝐶𝐼𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒𝑠 + 𝐶𝐹𝑒𝑒,𝑖𝑛𝑖𝑡 + 𝐶𝐵𝑎𝑡𝑡 𝑟𝑒𝑝𝑙
+ 𝐶𝐻𝑜𝑚𝑒 𝐸𝑉𝑆𝐸
USA
(3)
where
CManuf =
FRPE
=
VAT =
CIncentives =
CFee, init =
TaxSales =
CBatt repl =
CHome EVSE =

Feebate (bonus/malus) or incentive, see Table 3
retail price equivalent, or mark-up, factor = 1.5 [18]
values-added tax (20% in France, 19% in Germany)
Feebate (bonus/malus) or incentive, see Table 3
Fees payable upon vehicle purchase, see Table 3
State sales tax
Battery replacement (PHEV and BEV)
Average cost of installing Level 2 EVSE, U.S. = 1,396 USD2010 [23]

U.S. registration and licensing fees and sales
taxes on vehicle vary by state, or even county or
city, and by many other factors. Averages of
typical values of state sales taxes and fees

payable upon vehicle purchase for a midsize sedan
were estimated from data obtained from Edmunds
[21] and averages, weighted by new vehicle
registrations for year 2013 were calculated for the
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U.S. Averages for the 10 states with most
generous PEV incentives were calculated using
PHEV or BEV market shares as weights.
Registration fees for France and Germany are
based
on
the
European
Automobile
Manufacturers Association’s ACEA Tax Guide
[22].
U.S. state-level incentives were taken from a
recent study [12], which included rebates, tax
credits, reduced annual taxes and fees, HOV
access, and lower fuel costs (due to lower tax or
energy costs, or higher vehicle efficiency when
using electricity), but not subsidies or incentives
for home EVSE purchase or installation. It was
assumed that BEV owners in the U.S. would
install Level 2 EVSE at an estimated total cost
for $1,500 (1,396 USD2010) [23]. EVSE
incentives for home installation were averaged
over the ten states and subtracted from the EVSE
cost estimated for these states.
The projection for the bonus-malus-system in
France in 2020 is based on extrapolation of the
current regulation. Hence, vehicles with lower
CO2-emissions than 30 g/km (NEDC) receive a
bonus between 189 USD2010 and 2649 USD2010.
For those vehicles with CO2-emissions higher
than 105 g/km (NEDC) a malus between
441 USD2010 and 6558 USD2010 is added. In
Germany, the current legislation does not provide
any incentives for PEV. Hence, these were not
taken into account.
Battery replacement costs were included for the
PHEV and BEV in the 12 year ownership case,
since several automaker offer battery pack
warranties for 8 years or 160,000 km, whichever
occurs first. The replacement costs were
estimated in the year 2028 from the projected
manufacturing costs of 1,710 and 4,850 USD2010
for the PHEV and BEV, respectively. The cost
applied to the 12 year ownership RCO was one
half of the replacement cost with markup and tax,
assuming that battery packs in half of the PEVs
would need replacement in the 12-yr ownership
period.
Maintenance and repair costs for France and
Germany were estimated using the approach of
Propfe et.al. [8]. U.S. maintenance and repair
costs were taken from the Argonne AFLEET tool
[24], except these costs for CI conventional
vehicles were taken to be the same as for SI
conventional maintenance and repair costs as
indicated in a recent comparison of ownership
costs for gasoline and diesel vehicles [25].
Annual taxes, registration and other fees were
estimated for the U.S. based on data obtained

from AAA [26]. No annual taxes were taken into
account in France, consistent with the ACEA Tax
Guide [22]. In Germany, the annual taxes were
based on the displacement of the internal
combustion engine as well as the CO2-emissions of
the vehicle as in the current legislation. Vehicles
with CO2-emissions 95 gCO2/km and higher are
charged 2.52 USD2010 per g/km over the
95 gCO2/km limit. In addition, for SI conventional
vehicles and PHEV another 2.52 USD2010 per
100 cm³ engine displacement are added. For CI
conventional vehicles the rate amounts to
11.98 USD2010 per 100 cm³.
Residual values in all three countries after a
service time of four years were calculated using
regression equations developed by Propfe et.al [8]
for each powertrain type. These equations were
developed from European vehicle sales data and
may not accurately model resale values in the U.S.
Resale values are uncertain, particularly for PEVs,
since the used PEV market is very immature.
Residual values were estimated as a fraction of the
total investment cost rather than purchase price,
since the investment costs was assumed to more
closely approximate the transaction cost as it
include incentives and fees, since evidence
suggests that incentives decrease residual values
[27]. A residual value of zero was assumed after a
service time of twelve years.

3
3.1

Results and Discussion
Relevant Cost of Ownership

The RCO in USD2010/km for the four markets
France, Germany, U.S. non-PEV states, and U.S.
PEV states is shown in Figure 2 for the reference
case oil price. The upper two plots (a) and (b)
show the RCO values for a 12-year ownership
period, and the lower two plots (c) and (d) show
RCO values (narrow, dark bars) for the 4-year
ownership case, taking residual value into account
(shown as negative).
The bars in Figure 2 show the RCO disaggregated
into costs per km of investment, energy,
maintenance, repair and annual fees (M&R&F),
and battery replacement (for PEVs).
Uniformly, across all results displayed in Figure 2,
initial investment cost comprises the largest
portion of RCO (followed by residual value, in
cases where it is relevant). Annual costs comprise
a smaller portion, especially over short time
horizons, and, more specifically, annual costs
associated with maintenance, repair, and fees
comprise a larger portion than energy. Battery.
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Table 3. Values for initial fees, incentives, and EVSE cost for year 2020 [USD2010/MJ]. Incentives are shown as
positive if they decrease the cost and negative if they increase the cost.

France
Germany
U.S. “PEV” states

U.S. remainder

Incentives
Initial fee
Incentives
Initial fee
Incentives
Initial fee
EVSE cost
Incentives
Initial fee
EVSE cost

replacement cost (PHEV and BEV) is the smallest
component, except for the BEV in U.S.
Comparing RCOs between countries, PEVs
compare favorably with conventional drive
vehicles in France and the U.S. (in both PEV
incentivized and other states); whereas, in
Germany, the favorable PEV RCO may depend
on battery replacement.
In the case of a 12,000 km yearly mileage and a
twelve year ownership period shown in Figure 2
(a), PEVs have lower RCOs in France and in the
U.S. states with the most generous incentives
(“PEV” states). Although this is due in part to
incentives, as discussed in section 3.3, lower
energy costs for PEVs lead to lower RCO.
At 20,000 km per year, relatively efficient if more
expensive vehicles travel a greater number of
miles over which to amortize initial investment
cost and accrue per-mile energy savings, so,
accordingly, in the 20,000 km/a shown in Figure
(b), PEV RCOs are lower than those of
conventional vehicle RCOs in all countries. It
should be noted that the effective cost of the
limited range of the BEV (160 km) was not
included in this analysis. Depending on driving
needs and the variability of driving distances, it
may not be feasible for some drivers to use a
limited-range BEV 20,000 km per year.
The influence of battery replacement costs is
modest for the PHEV, but sufficient to increase
the RCO for the BEV to slightly higher than that
of the PHEV in Germany. Longer-life batteries

Conv SI
-6,558
40
0
63
0
186
0
0
137
0

Conv CI
-2,522
40
0
63
0
186
0
0
137
0

PHEV
0
0
0
63
6,806
186
0
4,104
137
0

BEV
2,649
0
0
63
10,465
186
1,204
6,982
137
1,396

can make PEV with large batteries more
economical to own.
In the cases of four year ownership period, the
RCO, shown in Figure 2 shown in (c) and (d) as
dark, narrow bars, is strongly influenced by the
residual value. The residual value was taken to be
a fraction of the investment cost (purchase price
including taxes and fees minus incentives), and is
therefore higher in France and Germany than in
the U.S. In addition, the residual value is reduced
by purchase incentives, which has the effect of
reducing the influence of incentives on the RCO
of PEVs.
However, resale values that increase with
purchase price also decrease the influence of the
higher cost of PEVs on RCO, which is notable for
Germany, which having no incentive for PEVs
show high investment costs and residual values
for PEVs. Therefore, despite the higher purchase
prices of PEVs, they show lower RCO values for
a four year ownership period.
Residual values for PEVs are uncertain since the
used market for these vehicles is only beginning
and resale value data in this nascent market are
limited and may not be representative of residual
value retention of PEVs in the year 2020.
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(b) 20,000 km/a, 12 a ownership

0.50

0.50

0.45

0.45

0.40

0.40

RCO, USD2010/km

0.35

0.30
0.25
0.20

0.35
0.30
0.25
0.20
0.15

0.15

0.10

0.10
Batt Repl
Energy

0.05

M&R&F
Investment

0.05

Germany

USA - PEV
States

USA - PEV
States

BEV

PHEV

SI

CI

BEV

PHEV

SI

CI

BEV

PHEV

CI

Germany

USA - Non PEV
States

(d) 20,000 km/a, 4 a ownership

(c) 12,000 km/a, 4 a ownership
0.65
0.55

RCO, USD2010/km

0.8
0.6
0.4
Energy
Investment
RCO

-0.4

-0.15

-0.6

-0.25

France

Germany

USA - PEV
States

BEV

CI

PHEV

SI

BEV

PHEV

CI

SI

BEV

PHEV

CI

SI

BEV

PHEV

-0.05

PHEV

USA - Non PEV
States

CI

BEV

USA - PEV
States

0.05

SI

BEV

PHEV

CI

SI

BEV

PHEV

CI

BEV

PHEV

SI

CI

SI

Germany

0.25

0.15

0.0

France

0.35

SI

Residual value
M&R&F

0.2

0.45

CI

RCO, USD2010/km

SI

France

USA - Non PEV
States

1.0

-0.2

BEV

SI

BEV

PHEV

SI

CI

BEV

PHEV

SI

CI

BEV

PHEV

SI

CI

BEV

PHEV

SI

CI

France

PHEV

0.00

0.00

CI

RCO, USD2010/km

(a) 12,000 km/a, 12 a ownership

USA - Non PEV
States

Figure 2: RCO for the four powertrains in the four regions estimated for (a) 12,000 km/year and 12-year ownership
period, (b) 20,000 km/year and 12-year ownership period, (c) 12,0000 km/year and 4-year ownership period, and (d)
12,000 km/year 4-year ownership period. Red error bars indicate ranges of RCO under a range of crude oil prices, and
black error bars in (a) and (b) show the ranges of RCO with a 30% increase in battery prices. Dark, narrow bars in (c)
and (d) show the RCO (the sum of all the components).
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RCO values were calculated over the ranges of
fuel prices shown in Figure 1, which were taken
to represent the response of prices to changes in
crude oil prices (from roughly 20-40% above to
roughly 10-15% below the AEO Reference case).
The red error bars in Figure 2 show the
corresponding range in RCO values. Generally,
these are not highly sensitive to fuel prices.
Electricity prices were not varied, since these are
not correlated with crude oil prices and are
generally less volatile [28]. For this reason, the
RCO of the PHEV is much less sensitive to, and
that of the BEV is independent of oil prices in this
study, showing how PEV technology offers a
hedge against oil price uncertainty. The sensitivity
of the RCOs of SI and CI vehicles to fuel prices is
lower for the four year ownership cases, since the
fraction of the RCO that is fuel cost is smaller.
The RCO is independent of annual driving
distance since it is cost per km (and fuel economy
is assumed not to change with vehicle age), but
the fraction of the RCO that is fuel cost is higher
for the 20,000 km per year case than for the
12,000 km per year case, since more fuel is used
over the ownership period. Sensitivity of the RCO
to battery prices was analyzed by calculating
RCOs with battery pack manufacturing costs 30%
higher than that in Table 1; however battery
replacement costs were unchanged. This
sensitivity analysis was done only for the 12-year
ownership period. The thin, black error bars in
Figure 2 (a) and (b) show the effect on the PEV
RCOs. The increase in RCOs for the BEV is quite
large, making the BEV RCO higher than that of
the other powertrains in each region and for both
low and high mileage cases. Furthermore, the
increase in PHEV RCOs is significant, so that in
only the PEV states of the U.S. at 20,000 km per
year case is the RCO of the PHEV lower than or
equal to that of the other powertrains. Low battery
costs are need to make PEVs economical to own,
and longer driving distances favor PEVs, since the
investment cost is a larger fraction of the RCO.

3.3

Policies

In order to examine effects of policy instruments
such as tax rates, fees, and incentives in the three
countries, the RCO values were further
disaggregated to show pre-tax investment and fuel
costs and taxes, fees for energy and vehicle
purchase and ownership, and incentives. These

12,000 km/a, 12 a ownership
0.45

0.45

0.40

0.40

0.35

0.35

0.30

0.30

0.25

0.25

0.20

0.20

0.15

0.15

0.10

0.10

0.05

0.05

0.00

0.00

-0.05

SI
CI
PHEV
BEV
SI
CI
PHEV
BEV
SI
CI
PHEV
BEV
SI
CI
PHEV
BEV

Sensitivity of RCO to fuel prices
and battery costs

RCO, USD2010/km

3.2

disaggregated RCO values are shown in Figure 3
for the case of 12,000 km per year and twelve
year ownership period. The stippled areas of bars
show the pre-tax portion, and the hatched areas
show the portion due to taxes and fees. Taxes on
maintenance and repair and on battery
replacement were not broken out and are not
shown. The hollow portion at the tops of bars
shows the portion due to incentives (the bonus in
France and tax credits and other incentives in the
U.S.). The total height of the bars, including the
hollow portion is the RCO without incentives.

France

Batt Repl
M&R
Energy, pre-tax
Investm, pre-tax

Germany

USA - PEV
States

-0.05

USA - Non
PEV States

Annual fees & taxes
Energy taxes
Purchase tax, disincentives
Incentives

Figure 3: RCO for the four powertrains in the four
regions estimated for 12,000 km/year and 12-year
ownership period, disaggregated into pre-tax and tax
portions, showing the RCO for with no incentives (top
of hollow areas) and with incentives (top of filled
areas).

Taxes and fees and the incentives per vehicle-km
vary widely between the three countries for each
vehicle. The difference in RCO values due to
incentives for PEVs is apparent from the hollow
portion at the tops of the bars for the PHEV and
BEV. Incentives in the U.S. are specifically for
plug-in vehicles having a battery capacity greater
than 4 kWh, which is the case for the PHEV and
BEV considered here. In France, where the
bonus-malus system applies to all powertrains, the
dependence on CO2 emissions per km favors the
BEV. In Germany, there are no purchase
incentives for PEVs. The large incentives in the
U.S. lower the RCO of the PEVs to just a little
higher than that of the conventional SI vehicle in
non-PEV states and lower than the conventional
vehicles in the PEV states. Pre-tax energy costs
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are higher in the U.S. than in France or Germany
due to the lower fuel efficiency estimated for the
U.S. due to the more aggressive driving cycle
(adjusted, combined UDDS/HWFET) than for
Europe (for which the NEDC was used). The
NEDC fuel efficiencies used here may not be
realistic in light of evidence that actual on-road
fuel consumption in European driving can be
significantly higher (by more than 30%) than
values measured in the NEDC [29].
In France, even though the bonus/malus
incentives are less than the incentives in the U.S.
PEV states, they are sufficient to decrease the
RCO of the BEV lower than the other drivetrains.
The high RCO for SI vehicles in France is due in
large part to the large taxes and disincentives, in
particular the large malus premium. This is not as
high for CI vehicles which, being more fuel
efficient, also have lower fuel costs per kilometer.
In Germany, despite the lack of incentives, the
RCO of the PEVs is not much higher than the
conventional vehicle RCO, owing to the higher
fuel efficiency (lower energy costs per km), lower
annual fees for PEVs, and in particular, high fuel
taxes. Electricity tax in Germany (including fees
for electricity distribution and due to the
Renewable Energy Act) is relatively high,
contributing to a slightly higher RCO for the
PEVs.
Annual fees and taxes on vehicles contribute
smaller amounts to the RCO, but these are
significant in Germany, where they are higher for
SI and CI vehicles than for PEVs.
200

180

Target, g CO2/km

160
U.S. Target

140
120

EU Target

100
80
60

40
20
0
SI

CI
Adjusted Combined
UDDS and HWFET

PHEV

BEV

NEDC

Figure 3: Carbon dioxide emissions per vehicle-km
from the four powertrains under the US (adjusted,
combined UDDS and HWFET) drive cycle and the
NEDC drive cycle. Approximate targets for the year
2020 are shown for the U.S. and the EU

Carbon dioxide emissions per vehicle-km were
calculated from the fuel consumption of each
vehicle under the two drive cycles. These were

compared with approximate carbon dioxide
emission targets for the U.S. and the EU. The U.S.
target for year 2020 is for a midsize car with a
46 ft2 footprint (the product of wheel base and
average
track
width)
is
171 gCO2/mi
(133 gCO2/km). This was adjusted upward by
25%, since adjusted fuel economy values were
used to calculate the CO2 emissions. Based on
current legislation, an EU target for 2020 of
95 gCO2/km was assumed [30].
The conventional vehicle emissions exceed the
targets, while the PEVs are well below. Although
targets are not standards (standards are set for
automakers’ fleets, not individual vehicles), this
indicates that significant shares of PEVs in a fleet
of vehicles can help the fleet to meet the standards,
given the estimated fuel economies of the
conventional vehicles.

4

Conclusion and Outlook

The relevant cost of ownership of conventional
vehicles and PEVs were estimated for the year
2020 for France, Germany and the U.S. The
components of RCO ranked by importance are
initial
investment
cost,
residual
value,
maintenance/repair/fees, energy costs, and
possible battery replacement costs.
Within all three national contexts, longer
ownership periods and greater annual mileages
proved more favorable to PEV RCOs, due to the
greater distance over which to amortize initial
investment cost and accrue per-km energy
savings. Additionally, examining CO2 emissions
shows that PEVs can contribute to meeting
emissions targets in Europe and the U.S.
Sensitivity analysis revealed relatively small RCO
changes due to oil price uncertainties, but showed
that PEVs can still provide some hedge against oil
price volatility—and potentially critical RCO
changes due to battery technology sensitivities,
wherein high-cost batteries yield unfavorable
electric-drive RCOs in all cases.
This novel, internationally comparative RCO
framework offers a foundation on which to build
future analyses, including additional relevant
powertrain configurations (i.e., gasoline-powered
hybrid vehicles, battery electric vehicles with
range extenders, etc.), more detailed consideration
of real-world driving cycles and patterns, vetting
RCO market implications with real-world PEV
sales, and even the expansion of the study into
other countries (with unique policies and
markets).
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International
Council
for
Sustainable
Transportation,
October,
2014,
http://www.theicct.org/sites/default/files/publicati
ons/ICCT_state-EV-incentives_20141030.pdf,
accessed February 8, 2015
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