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Abstract

Plugin Hybrid Electric Vehicles (PHEVs) have dentosiged the potential to provide significant fuel
displacement across a wide range of driving cycesnpanies and research organizations are invatved
numerous research activities related to PHEVs. Ghthe current unknown is the impact of driving
conditions and standard test procedure on theltemefits of PHEVs from a worldwide perspective. To
address this issue, Argonne National Laboratory lQANMNd IFP Energies nouvelles (IFPEN) have
partnered under the IEA Annex XV task to evalubterarket specificities between Europe and U.Sr Fou
different PHEV powertrain configurations with foatl Electric Range will be analyzed under different
standards (i.e., NEDC, UDDS, HWFET) and real watfdve cycles (i.e. ARTEMIS...). The impact of
different driving behavior for Europe and the USrkea will be analyzed through component sizing| fue
consumption benefits as well as Green House G&d&$) considering the electricity production mix.
The study will provide insight on how PHEVs candesigned to support worldwide market introduction

of a limited number of vehicle options to maximirarket penetration.

Keywords: Hybrid Electric Vehicles (HEV), Plug-In HidrElectric Vehicles (PHEV), Extended-Range Electri
Vehicles (EREV), Environmental Impacts, InternatidDallaboration

drivetrain efficiency or shift a part of the energy
1 Introduction consumption from fossil fuels to other primary
energies (i.e., electricity, hydrogen...). Among the
existing panel of possible solutions, hybrid eliectr
vehicles (HEVs) and plug-in hybrid electric
vehicles (PHEVs) constitute one of the most
promising solution with dozens of HEV models
already in production and some recently unveiled
for PHEVS.

National authorities all over the world have
defined more stringent CO2 standards to
decrease the overall fuel consumption of light
duty vehicles. Figure 1 compares the normalized
CO2 emissions from different countries up to
2020.

In response to these constraints, car
manufacturers and suppliers have developed
numerous technologies to enhance vehicle
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Figure 1: Comparative evolution of G@missions
targets in different countries, from [1]

Understanding the real potential of such
drivetrains is a complex task as it depends on a
high number of parameters, including:

» Vehicle hybrid drivetrain architecture and
functionalities (all electric range, plug in
capabilities...);

* Vehicle class (compact, sedan,
4WD...) and dynamic performances;

* Vehicle usage (urban, extra urban,
motorway, combined, type of standard
procedures);

* For PHEVs, the electricity mix considered
for the battery charge from the mains;

» Type of drivetrain components implemented

 Type of vehicle energy management
implemented.

SuV,

In order to clarify the potential of HEVs and
PHEVs both in Europe and in the US, ANL and
IFPEN have collaborated to develop a specific
methodology to precisely establish the fuel
consumption and GHG emission potential of
different HEV and PHEVSs. For this purpose, the
same vehicle body in white with similar
drivetrain components technologies have been
considered. The vehicles have been simulated
through different American and European
driving patterns. For the case of PHEVSs, standard
procedures such as US J1711 and EEC
Regulation 101 have been considered.

2 Methodology

21 Tools

Since the study was performed under
collaboration of two different laboratories, two
simulation tools were used.

a

IFPEN used an in-house simulator developed
under the LMS.IMAGINE.Lab AMESIM®
platform with components available in the IFP-
Drive library [2]. This simulator is working under
co-simulation with  Simulink® for control
algorithm. The models used for this study are
steady-state efficiency depending on operating
points, should it be for internal combustion
engines, electric motors or transmissions and
power electronics. The control is based on an
online Equivalent Consumption Minimization
Strategy (ECMS) principle. Although this
approach leads to a higher computation time, it
reduces the calibration process and fitted thidystu
addressing several vehicles.

ANL used in-house developed software
Autonomie, which is a MATLAB-based software
environment and framework for automotive
control-system design, simulation, and analysis
[3]. The tool is designed for rapid and easy
integration of models with varying levels of detail
(low to high fidelity) and abstraction (from
subsystems to systems and entire architectures), as
well as processes (calibration, validation, etc.).
Developed by Argonne in collaboration with
General Motors, Autonomie was designed to
assess the fuel consumption and cost of advanced
powertrain technologies. Autonomie has been
validated for several powertrain configurations and
vehicle classes using Argonne’'s Advanced
Powertrain Research Facility (APRF) vehicle test
data [4],[5].[6].

Before starting the study, IFPEN and ANL ran
simulations on several reference vehicles, to
ensure consistency between AMESIim and
Autonomie.

This paper presents and discusses the resultsin previous studies [7], ANL already compared the

obtained for a large number of configurations
simulated in both Laboratories.

instantaneous optimal control algorithm with the
reference rules-based control to show the effect of
different control strategies, and provided similar
fuel economy results while properly managing the
battery SOC. Thus we had to make sure the models
gave consistent results.
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Figure 2 and Figure 3 compare the behaviour of
AMESIim and Autonomie on the NEDC cycle,
for the parallel HEV vehicle. AMESIim generally
tends to use higher gears, as it's based on fuel
consumption minimization, whereas Autonomie
integrates driveability constraints on the control
calibration. Table 1 shows that the overall fuel
consumption results are similar between both
tools.

Table 1: Comparison of levels of fuel consumption
between AMESiIm and Autonomie

Conventi| Parallel
Vehicle onal HEV
[L/100km] | [L/100km]
Autonomie 5.75 3.52
NEDC AMESiIm 5.64 3.51
Artemis | Autonomie 8.42 3.97
Urban AMESIm 8.27 3.74
Artemis | Autonomie 4.88 3.75
Road AMESIm 4,78 3.67
Artemis | Autonomie 6.44 5.93
Highway | AMESIim 6.3 6.1
Autonomie 5.56 3.52
UbDS AMESiIm 5.51 3.6
Autonomie 4.2 4.13
HWFET AMESiIm 4.16 4.18
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Figure 2: Comparison Result between AMESIim and
Autonomie for Conventional Vehicle

Gear Selection (Parallel HEV)
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Figure 3: Comparison Result between AMESim and
Autonomie for Parallel HEV

2.2 Component data

Internal Combustion Engine (ICE)

IFPEN and ANL wused in-house measured
efficiency of an 1800cc spark ignition engine

developed at IFPEN, equipped with VVT at intake

and exhaust camshafts, direct-injection and
turbocharger. The results from the test beds have
been used to generate maximum Brake Mean
Effective Pressure (BMEP) and Brake Specific
Fuel Consumption (BSFC) of both the

turbocharged and the naturally aspirated versions
of the engine.

At this step of the study, the BSFC associatedhto a
engine technology is considered as depending on
the engine speed, BMEP, but not on its
displacement. At the same time, the maximum
BMEP does not depend on the engine's
displacement. Finally, ANL provided an
estimation of the engine's weight, depending on its
maximum torque and maximum speed.

Electric Machine

An IFPEN in-house software (EMTool) was used
to develop the efficiency maps of the different
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electric machines (EM). EMTool offers the
capability to size and to characterize EM from
basic requirements (maximum power and torque,
maximum motor speed, input voltage). This tool
is based on analytical models allowing to design
an electric motor that meets the required
specifications  [8],[9],[10].  Electromagnetic
parameters are then calculated from the geometry
and are associated to quasi-static control strategy
to evaluate electric motor performances and
efficiency [10],[11]. A complete efficiency map
can be then determined and integrated in the
vehicle simulator. To validate the relevance of
the results given by the EMTool, a comparison
with an experimental efficiency map of the
Toyota Prius Il electric motor [12] is presented
from Figure 4 to Figure 6 with the repartition of
the error between simulation and experimental
results on the whole operating conditions.
Efficiency maps have a mean difference of 5%
and a maximum of 17% in highly saturated
regimes (saturation phenomena are not taken into
account in EMTool for the moment). The
EMTool is also able to calculate the mass and the
volume of the different parts of the electric
machine.
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Figure 4: Efficiency map of the Toyota PRIUS I
electric motor (experimental data from Oak Ridge
laboratory)
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Figure 5: Efficiency map of the Toyota PRIUS I
electric motor (simulation results coming from the
EMTool)
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Figure 6: Absolute error map between experimental
results and simulation results

Battery

Batteries were the only energy storage systems
used in this study, on the assumption that ultra-
capacitors alone could not provide sufficient
available energy for the electric drive application
considered. We also considered that coupling
ultra-capacitors with batteries would be cost-
prohibitive and that Li-ion battery life would be
significantly improved in the short term, making
the combination ineffective.

The batteries used in the study as the reference
have been provided by Argonne, Idaho National
Laboratory, and major battery suppliers. A scaling
algorithm developed by Argonne’s battery experts
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is used for the high-energy cases [13]. The as well as the battery electric vehicles. AMESIim
battery electrode materials are LiMn204 and was used to simulate the pre-transmission and the
Li4Ti5012, which provide a cell area-specific  series configurations.

impedance of about 40% of that of the commonly
available lithium-ion batteries.

Parallel
2.3 Drivetrain Architectures 0000 H I
Considered ICE EM
For this paper, several powertrain architectures [a. |

have been compared, depicting the actual trend in
conventional and hybrid vehicles:

- Conventional 5 speed vehicle, with both Input-split

automatic and manual gearbox n
* Pre-transmission parallel HEV and PHEV's. 0000

Parallel PHEV's were also evaluated in a ICE ']

"mild-hybrid" version, with lower battery
and electric motor power. This version does
not respect the all-electric performance :
criteria but aims at limiting costs. Output-split

« Input-split HEV and PHEV (Toyota HSD-
like transmission) ICE

e Output-split PHEV  (GM  Volt-like
transmission)

 Series hybrid

» Battery electric vehicle (BEV, no internal
combustion engine), 150km range

The different configurations, as shown in Figure
7, have been simulated for different component
power and energy. All electric ranges of 15, 30,
50 and 70 km were considered. Figure 7: Hybrid powertrain architectures considered

The selection of the single-mode power-split 2.4 Component Sizing
hybrid and the parallel hybrid was based on the
current sales volume of both Toyota and Ford
hybrid vehicles.

To properly evaluate the benefits of different
powertrain configurations, one needs to ensure that
their Vehicle Technical Specifications are
comparable. All the vehicles have been sized to
meet the same requirements:
« Initial vehicle movement (IVM) to 100kph in
9 sec +/-0.1 sec with ICE + electric power,
¢ Maximum grade of 5% at 110kph at gross
vehicle weight (GVW) with ICE power only,

The series engine configuration selected is the
simplest one and has been used by many
companies. For this option, the electric-range
extended vehicles (E-REV) powertrain used in
the GM Volt [14] offers significant advantages,

especially during high-vehicle-speed operations. ) . )
Since the Volt uses a series-output split ° Maximum vehicle speed >150kph with ICE

powertrain architecture, which provides benefits power on_ly, and
over the series architecture that typically has ° All electric Range (AER) on UDDS (for US)

been considered for use in EREVs, it has been _ Of Artemis Urban (for Europe)
compared in this study. The only requirement that is different from one

architecture to the other is the acceleration

Both simulation tools were used to simulate the Capability in all-electric mode :

conventional vehicles to ensure that the baseline * Energy recovery on urban cycles for HEV's
vehicles provided similar fuel consumption. and mild-hybrid parallels.

Autonomie was used to simulate the power split

configurations (both input split and power split)

EVS26 International Battery, Hybrid and Fuel Cekdtic Vehicle Symposium 5



» Urban capability (based on UDDS in the US
and Artemis Urban for Europe) for parallel
and power-split PHEV's.

» Highway capability (based on US06 in the
US and Artemis Highway for Europe) for
output-split.

 Maximum performance available in all-
electric mode for the series.
As detailed previously, the component’s

characteristics are determined by the constraints.
The main vehicle characteristics used in this
study are summarized in Table 2.

Several automated sizing algorithms were
developed to provide a fair comparison between
technologies. These algorithms are specific to the
powertrain  (i.e., conventional, power-split,

series-split, electric) and the application

(i.e., HEV, PHEV).

Table2: Specification of the compact-size sedan

Body and
chassis
mass

Frontal
area

800 kg 2.18 m

Wheel
radius

0.317
m

Drag

coefficient 0.3

Conv. AU : 4.44
Conv. MT : 4.29
Parallel HEV&PHEYV : 4.29
Split HEV&PHEV : 4.059
Series PHEV : 11.36
GM Voltec : 3.02
BEV : 4.44

Final drive
ratio

Conv. AU : 2.67, 1.53, 1.02,
0.72,0.53
Conv. MT : 3.14, 1.87, 1.24,
0.95, 0.73
Parallel HEV&PHEYV : 3.14,
1.87,1.24,0.95,0.73
Split HEV&PHEYV : 2.6 (Zr/Zs)
Series PHEV: -
GM Voltec : 2.24 (Zr/Zs)
BEV:1.86,1

Gear ratio

25 Drive Cycles and Evaluation
Procedures

This study aimed at evaluating results on US and
EEC standard procedures, as well as real world
driving cycles. The US standard test procedure
for plug-in electric vehicle can be found in [15]

while the EEC standard test procedure is
described in [16]. For this study, we considered
that all the European vehicles had a "Zero-

emission" functionality: as long as the energy
storage has enough energy, the user can decide to
enter this mode and disable the ICE start. This
functionality can be useful to limit emissions in
city centres, and has also an impact on the
evaluation of energy consumption on the EEC
standard procedure.

Three daily missions were built in this study, gsin
the Artemis cycles [17]. The objective is to
represent daily trips outer to inner city and intger
outer city, for different distances:

* Mission Profile 1: Artemis Road — Artemis
Urban — Artemis Road trip, 39,4km length.

* Mission Profile 2: Artemis Road - Artemis
Road — Artemis Urban — Artemis Road -
Artemis Road trip, 73.8km length. These two
trips have been proposed by N. Marc in [18].

* Mission Profile 3: Artemis Highway — Artemis
Road - Artemis Urban — Artemis Road —
Artemis Highway trip, 98.5km length.

3 Reaults

3.1 Sizing Results

Figure 8 shows the main component sizes for the
PHEV50 when sized on the UDDS US drive cycle.
One notices that the pre-transmission requires the
smaller combined power of all electrified vehicles.
The ability to follow a specific drive trace in
electric only mode leads the output split
configuration to have a large electric machine,
similarly to the series. The series configuration,
where the wheels are only powered from the
electrical energy, shows the highest total power,
about twice as high as for the pre-transmission
parallel.

Component Sizing - PHEV 50 {US)

i Engine
[ |Electric Motor(1)
Electric Motor(2)

300

Par

Insplit Qutsplit Ser

Figure 8: Sizing results for 50km AER US vehicles

Further analysis shows that the component sizes
are not significantly influenced by the drive cycle
selected to size the energy storage and the electri
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machines. For example, despite the fact that the As one notices,
UDDS was selected for the US and the Artemis
Urban for Europe, the main electric machine

power for the input split PHEV15 varies from
69.4 kW for Europe to 68.8 kW for the US. All

the component sizes are available

Appendix.

3.2 Charge-Sustaining
Consumption Results

Figure 9 and Figure 10 show the fuel
consumption ratio, in charge-sustaining mode,
compared to the reference conventional vehicle
for both European and US drive cycles. UL1
cycle has also been simulated [19]. It's a speed

Fue

profile representing city center with traffic jam
(mean speed is 3,8km/h).

14

1.2

Fuel Consumption ratio vs Conv. Au

CS Fuel Consumption Summary - EU

in the

most of the electric drive

powertrain considered lead to fuel consumption
reduction. The exception is for the highway drive
cycles (Artemis Highway and HWFET) where the

pure series configuration shows a higher fuel
consumption than for the reference conventional
vehicle, due to high powertrain losses. The
opposite tendency can be observed in the UL1
cycle, where the series architecture offers a bette
efficiency. As expected, the drive cycles with the
lowest average vehicle speed (Artemis Urban and
UL1) leads to the greatest fuel savings with aorati

lower than 0.4 (resp. 0.2).

Most of the powertrain configurations however

achieve similar fuel consumption ratio. Higher

energy storage systems show higher fuel
consumption in charge-sustaining mode, due to
higher vehicle weight.

NEDC

mis Urban
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T Par mild30
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E ] par3n
[ lpParso
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Figure 9: Charge-Sustaining fuel consumption reggults — European vehicles
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Figure 10: Charge-Sustaining fuel consumption ragults — US vehicles
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3.3 Results on US and EEC standard
procedures

Figure 11 shows the fuel and electrical

consumption for the different electric drive

vehicles considered. Since the standard
procedures do not provide a single energy value,
both consumptions have been plotted on different
axis. The powertrain configurations the closest to
the origin show the highest overall efficiencies.

To properly analyse the results, special attention
has been focused on obtaining similar charge
depleting distance across powertrains with the
same AER value (i.e. similar energy management

EEC / US Standards results (hybrids only)

strategies during charge depleting were used across
powertrains).

The input split HEV and PHEV configurations
consistently demonstrate the highest powertrain
efficiencies regardless of the standard driving
cycles considered. The output split and the pre-
transmission configurations provide close results.
The series configuration, however, demonstrate
significantly higher losses than any other
configuration.

In addition, for the same electrical consumption,
the fuel consumptions achieved on the US drive
cycle are consistently higher than the ones
achieved for the European drive cycle.

B Par.HEV -EEC

0O Par. HEV -US

6
il —#—Par. PHEV - EEC
g 5 A -5 Par. PHEV - US
S o A InSplitHEV - EEC
3 4
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2 3 \b’\ i
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(@) \‘ > )
© 1 8 OutSplit PHEV - US
>
L Series - EEC
0 \ T Series - US
0 50 100 150 BEV - EEC
Electricity Consumption [W.h/km] BEV - US

Figure 11: Fuel and electricity consumption resatiteEEC and US standards for electric drive vehicles

EEC vs US Unadjusted Standards (hybrids only)
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Figure 12: : Fuel and electricity consumption resoh EEC standards and US before fuel adjustment
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Detailed analysis of the results proved that this

. . Consumption Results on Mission Profile 1
difference mainly comes from several factors

including: ; . A
« Fuel consumption is adjusted on the US § .1 ey
cycles, while it is not on the EEC ones. Itis  g&, | -B—Par. PHEV
the main reason why, for a same level of 23, 4 nSpitHEY
electricity consumption, fuel consumption is 332 - *\ *'Qi’;';j.ffiilv
higher on the US norm. As Figure 12 shows, ¢ 1 < Series
comparing EEC results to US results without “ o ‘ B R Y
0 50 100 150

using the adjustment factor results in a
similar fuel/electricity consumption trade- Elec. Consumption [W.h/km]
off, even if the driving patterns are different.

» The utility factor usage in the US versus the
EEC norm. The former aims at being an
image of the average usage of a car overall
the population in the country, while the

Figure 13: Fuel and electricity consumption resatis
Mission Profile 1

Consumption Results on Mission Profile 2

6
second one represents a usage where each _ ¢ :’:ALT’
customer would buy a vehicle with an AER 2 > m Par HEV
slightly lower (25km) than his daily trip. It 554 n ~B—Par. PHEV
explains why the electricity/fuel 2g 3 A InSplitHEV
. oo ~4—InSplit PHEV
consumption trade-off goes to more ©I2] \ OutSplit PHEV
electricity on the EEC norm with higher S 19 D Series
electric energy content. 0 : : 2 BEV
0 50 100 150
This difference should be taken into account Elec. Consumption [W.h/km]
when comparing worldwide regulations (cf. _ o _
Figure 1). Figure 14: Fuel and electricity consumption resatis
Mission Profile 2
3'4 Re.SU.HS on ACtual Use Dally Consumption Results on Mission Profile 3
Missions ;
. . . . . * AU
As discussed earlier, several daily missions have 5 ¢#% = T
2.5 B Par.HEV
been developed to represent the fuel g% 2l = Par PHEY
displacement potential of each powertrain §§ 3 4 InSplit HEV
configurations under different driving conditions. 83, By
In that case, no utility factor or weighting is 7 11 Series
0 - BEV

applied.

50 100 150 200
Elec. Consumption [W.h/km]

o

Figure 12, Figure 13 and Figure 14 respectively
show the consumption for different mission  rigyre 15: Fuel and electricity consumption resoits
profiles. One notice that the consumption values Mission Profile 3

significantly vary based on the type of trip (city . . . .
in mission 1 to extra urban in mission 2 and F9ure 15, Figure 16 and Figure 17 respectively

highway in mission3) compared to the standard show the (;Q_emissio_ns for each powe_zrtrain on
drive cycle. For example, the input split HEV different mission profile. For each vehicle, three

achieves 4.75 I/100km on the US standard and diffel_'ent Well-to-Wheel (.WTW) values_ are
3.34 1/100km on the NEDC while it varies from Provided based on three different assumptions on
36105 1/100km. the CO2 emissions related to electricity

production: 100, 450 and 650 ggkW.h. The
former one corresponds to countries with high
nuclear energy content, while the last one
corresponds to a country using mainly fossil fuel
plants.

The results indicate that in the 650g4KW.h
scenario, plug-in vehicle are not an effective
solution to significantly decrease global £O

In the majority of cases, for an equivalent
amount of electrical energy, the PHEV
configurations also lead to higher fuel
consumption when simulating real world drive
cycles.
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emissions. In the 450gG®W.h scenario, plug-

in vehicle show lower WTW emissions on urban

and extra-urban usage. The 100gG®/.h

scenario is the only one showing much lower
emissions on all the driving patterns, but the
required energy system storage capacity has to be

higher on highway usage to show £€émission
reduction.

Total CO2 emissions on mission profile 1
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Figure 16: Total Well-to-Wheel CO2 emissions on
Mission profile 1, across architecture, batteryngjz
and electricity Well-to-Tank CO2 emissions

Total CO2 emissions on mission profile 2
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Figure 17: Total Well-to-Wheel CO2 emissions on
Mission profile 2, across architecture, batteryngjz
and electricity Well-to-Tank CO2 emissions

Total CO2 emissions on mission profile 3
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Figure 18: Total Well-to-Wheel CO2 emissions on
Mission profile 3, across architecture, batteryngjz
and electricity Well-to-Tank CO2 emissions

4 Conclusion

Several electric drive vehicle configurations were
simulated both under standard driving conditions
and real world drive cycles in the US and in
Europe.

When sized to meet the same vehicle technical
specifications and all electric range, the componen
power and energy were similar for the US (UDDS

cycle) and Europe (Artemis urban). As a result, the
same component sizes could provide similar
results. Since the fuel consumption reduction of
HEVs are higher for the NEDC drive cycle than

for the US Combined drive cycle, it is natural to

think that the difference of technology benefit for

each standard would lead manufacturer to different
technology solutions.

In addition, the NEDC drive cycle provides lower
fuel consumption values than the US standard,
which should be carefully taken into account when
comparing fuel consumption standards worldwide.

When comparing powertrain configurations, the
input split offers the highest efficiency and the
series the lowest, which is consistent with the
current technologies in the market. Parallel and
output split configurations, which are being
introduced in the market, also offer significantlfu
displacement.

Future studies will include the impact of
component optimum sizes and technology benefits
focusing on the new worldwide drive cycle
compared to current standard and different mission
profiles.
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Appendix

Vehicle Component Sizes

cony Parallel Hybrid Input split Hybrid QOutput split Hybrid Series Hybrid BEV
S|Z|ng Results HEV Plug-in HEV Plug-in Plug-in Plug-in
Auto. | Man. Mild 35 | Mild 30| AER 15| AER 30| AER 50 AER 15 | AER 30| AER 50| AER 30| AER 50| AER 70| AER 30| AER 50| AER 70| AER150

Vehicle Mass [kg] 20 | r® ©71 | 292 | BB BO | B42 | B71 | B48 | 1B20 | B40 | B75 | M2 | M40 | mes | /a1 [ B73 [ BU 1361

ICE power [kW] 1059 | 1045 | s02 | 802 | 822 | 782 | 822 | 842 | 573 | 503 | 507 514 515 518 528 76 77 78
El. machine 1power [kW] 25 25 25 34 34 34 679 | 694 | 703 721 | w42 | 13 943 99 01 103 98.4

HieE El.machine 2 power [kW] 35 346 | 349 | 353 515 518 528 76 77 78
Battery power [kW] 30 30 30 42 42 42 489 | 598 | 605 | 622 | 005 | 122 | VOS5 | 130 130 85 049
Battery energy [kW.h] 097 | 279 | 543 | 279 | 543 | 925 | 097 | 277 | 544 06 5.94 u71 | 644 | 554 95 B56 | 281
Vehicle Mass [kg] 220 | »w© | 278 | 1288 BU | Br [ B38 | Be4 | B29 | BB | B30 | B53 | 38 uel | ues | w41 | 170 | BD 1B68

ICE power [kW] 1059 | 145 | 802 | 802 | 822 | 782 [ 822 | 842 | 855 | 502 | 505 | 509 519 527 | 543 76 77 78
El. machine 1power [kW] 25 25 25 34 34 34 584 | 688 | 69.9 71 10.2 3 6.2 99 01 103 1092

vs El. machine 2 power [kW] 485 | 346 | 348 351 [ 519 527 | 543 76 77 78
Battery power [kW] 30 30 30 42 42 42 256 | 594 | 602 611 | 113 | 448 | 88 | B0 130 85 1829
Battery energy [kW.h] 097 | 249 521 | 249 521 | 832 | 097 26 497 | 843 | 525 915 | 1299 | 554 91 | BO3 | 276

Fuel and Electric Consumption Results on StandaneelCycles

CS Fuel Conv Parallel Input split Output split Series BEV

consumption i eV Plug-in ey Plug-in Plug-in Plug-in =
Results Auto. | Man. Mild 15|Mild 30| AER 15|AER 30| AER 50 AER I5|AER 30| AER 50|AER 30| AER 50| AER 70|AER 30| AER 50| AER 70
NEDC 598 |5.75[351[359361[3.69]369]|3.78]3.34| 36 |358|356|363| 35 |351]4.58]4.62|4.68

Artemis Urban 10.4|8.42|3.74]1366|3.71| 3.7 | 3.69]3.79]| 3.66 | 3.67 | 3.66 | 3.74 | 4.16 | 4.17 | 4.23 | 4.21 | 4.27 | 4.34
Europe [Artemis Road 53 [4.88]367|361]|365]|363]|363]| 3.7 |3.62]|3.62]|3.63|3.73|4.07(4.08[3.95|4.58|4.63|4.68
Artemis Highway | 6.65 | 6.44 | 6.1 | 6.09 |6.14| 6.2 | 6.19]|6.29]|5.87|5.91]|5.91|5.87|6.05[6.02|598| 7.67|7.72| 7.79

uL1 29.11248]|7.16]|6.96|7.04|651| 65 |6.68|6.78|6.44| 6.4 |6.41]|6.56|6.15| 6.2 | 541]5.47|5.53
ubDS 6.3 [ 556| 3.6 |3.35]|3.38]|341|342|3.46|3.12|3.07]|3.06|3.08|325(3.07(3.18|4.06| 41 |4.16
US  [HwrET 4.05| 42 |4.18[3.93[3.95[4.02|4.03|4.09|362|345|3.45|3.46|3.46|3.47|3.48| 49 [4.944.99
uL1 29.1]124.8|7.16|6.78| 6.84| 6.51 [ 6.76 [ 6.67 [ 6.78 | 6.42 | 6.38| 6.4 | 6.4 | 6.31 | 6.45|5.41 | 5.46 | 5.53
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CD Fuel Conv. Parallel Input split Output split Series BEV
consumption ey Plug-in "y Plug-in Plug-in Plug-in AER
[L/100km] Auto. | Man. Mild 15|Mmild 30| AER 15{AER 30| AER 50 AR 55|aER 30| AER s0[aER 30| AER 50| AER 70 AER 30| AER 50| AER 70| *°
NEDC 0.12]013] O 0 0 0 0 0 0 0 0 0 0 0
Artemis Urban 0.01]10.02| O 0 0 0 0 0 0 0 0 0 0 0
Europe [Artemis Road 0.06 ] 0.21] 0.07 | 0.04 | 0.05 0 0 0 0 0 0 0 0 0
Artemis Highway 1.08]1.11]0.31]0.31]0.36 056]096|1.04 0 [0.04]0.03]| O 0 0
uLl 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ubDS 0.02]1004] O 0 0 0 0 0 0 0 0 0 0 0
us HWFET 0 0 0 0 0 049| O 0 0 0 0 0 0 0
uLl 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CD Electricity S Parallel Input split Output split Series BEV
consumption ey Plug-in "y Plug-in Plug-in Plug-in AER
[W.h/km] Auto. | Man. Mild 15|Mild 30| AER 15|AER 30| AER 50 AR 55|aER 30| AER s0|aER 30| AER 50| AER 70 AER 30| AER 50| AER 70| *°
NEDC 114 | 115 | 116 | 117 | 119 97.7] 102 | 115 109 | 123 | 125 | 137 | 139 | 140 | 127
Artemis Urban 114 | 116 | 117 | 120 | 128 128 | 129 | 131 | 144 | 146 | 150 | 124 | 125 | 127 | 119
Europe [Artemis Road 120 | 113 | 122 | 118 | 122 133 135) 135 | 137 | 137 | 139 | 139 | 140 | 142 | 134
Artemis Highway 188 | 188 | 205 | 205 | 208 213 217 | 205 | 221 | 219 | 219 | 240 | 242 | 245 | 223
uLl 141 | 142 | 141 | 141 | 143 152 | 153 | 155 | 177 | 179 | 183 | 152 | 154 | 156 | 247
UDDS 103 | 104 | 105 | 105 | 106 109 | 110 | 111 | 112 | 117 | 117 | 120 | 121 | 123 | 120
us HWFET 117 | 118 | 119 | 119 | 120 107 | 125 | 126 | 126 | 127 | 127 | 149 | 150 | 151 | 127
UL1 141 | 142 | 141 | 142 | 143 152 | 152 | 154 | 178 | 180 | 181 | 152 | 154 | 156 | 240
Conv. Parallel Input split QOutput split Series BEV
CD range [km] HEV Plug-in =y Plug-in Plug-in Plug-in AER
Auto. | Man. Mild 15|Mild 30| AER 15|AER 30| AER 50 AR 35|aER 30| AER s0|aER 30| AER 50| AER 70 AER 30| AER 50| AER 70| *°
NEDC 155(30.6(152]30.1| 51.1 18.8]36.5|61.6]|35.6]62.1|856|27.1]1449| 64 | 146
Artemis Urban 155(30.4(15.1]29.4| 475 152|305 49 |28.3|475| 66 |29.9]49.9|70.5| 150
Europe [Artemis Road 147312 14.4] 29.8| 49.8 15.1]31.3|528]329|54.9|77.2]26.7]44.6|63.1| 137
Artemis Highway 9.4 [18.7| 86 | 17.2] 26.2 9.07]19.2 341|187 32.1|45.1]155]25.6 | 36.6 | 82.8
uLl 125(24.8(125] 24.8| 425 11.5| 23 |38.2]123.2| 39 |54.2]|24.4]1389]|55.2]|68.6
ubDS 15.2 325|149 32 515 14112841484 30 50 70 130.9]|49.6| 70 | 150
us HWFET 13.3[285(13.1(28.3 (453 13.1| 25 |41.9]26.8|47.5]|66.6|249| 40 57 | 146
uL1 11.1(23.8(11.1|23.8(38.1 9.2 | 1741 28.6|17.7]29.6 | 40.6 | 24.4|39.3[57.5| 70.7
PHEV standard — Parallel Input split Output split Series BEV
procedures Plug-in Plug-in Plug-in Plug-in A
resu“S Auto. Man. HEY Mild 15 Mild 30 AER 15 AER 30 AER 50 HE AER 15 AER 30 AER 50 AER 30 AER 50 AER 70 AER 30 AER 50 AER 70 &0
{Usookm] 598 | 575 | 351 | 226 | 160 | 220 | 167 | 124 [ 334 | 206 | 146 | 203 [ 15 1 ore | 22 | 165 | 1:1 0
Burope | 0 0 0 | 436 | 633 | 439 | 639 [ 700 | o | 410 | 605 | 821 | 638 | 875 [ 968 | 723 | 893 | 100 | 127
FCganpel | 0 | 385 |413 | 622 | 727 | 616 | 72 | 702 | 441 | es6 | 757 | 828 | 75 | 832 | 867 | 632 | 724 | 78 | 100
Fuel
[L/100km] -
adjusted 718 | 676 | 543 | 417 | 343 | 426 | 348 | 285 [ 475 | 381 | 34 | 263 | 354 | 27 | 204 | 418 | 341 | 283 0
T 0 0 o | 23 | 407 | 213 | 407 [ s89 | o | 207 | 322 | s55 | 328 | 58 | 709 | 456 | €52 | 812 | 148
us | Feoanps | 00 | 58 [ 244 | 419 | 522 | 407 | 515 | 603 | 338 | 469 | 526 | 634 | 507 | 624 | 716 | 418 | s25 [ 606 | 1000
Fuel
Sagused | 53 | 495 | sms | 201 | 231 | 208 | 235 | 184 |35 | 262 | 228 | 166 | 24 | 171 | 117 | 202 | 25 | 1 0
Electricity
e 0 0 o | 213 | 407 | 213 | 407 | s89 | o | 207 | 322 | s55 | 328 | 58 | 709 | 456 | €52 | 812 | 148
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