Connected strategy for energy-efficient driving of electric vehicle
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Abstract: This paper presents the potential benefits
of connected strategies for energy-efficient driving for
electric vehicles achieved during the H2020 EU
project CEVOLVER.

Two strategies are presented. First solution optimizes
the route and the recharge planning such as
minimizing the battery energy consumption within a
suitable trip time (eco-charging). Second solution,
coupled with the first, provide the optimal speed
profile using predictive information from the eco-
charging and topology and infrastructure data from
third party webservices (eco-driving).

The benefits provided by the developed connected
strategies are evaluated in simulation. Gains obtained
by the eco-driving are validated experimentally with a
mixed urban and extra-urban route, showing a
significant energy consumption reduction.
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1. Introduction

In the past decade, electric vehicles (EVs) made
significant progress in term of range, while charging
stations network has been expended all over Europe.
EV sales have recently increased showing customers'
interest in emission or fuel dependency reduction.
However, EVs have still not attained the level of user
acceptance needed to support a broader mainstream
market uptake. Long charging times and uncertainties
in range prediction are still the main obstacles to
overcome for a further widespread use.

Connectivity of EV represents a promising way to
overcome the range anxiety. Connection to cloud
webservices exploiting geographic information
system (GIS) and traffic data offers the opportunity to
predict the driving range accurately and to minimize
the energy consumption. To ensure long trip, crowd-
sourced data of existing DC fast-charging stations are
useful as well for optimal charge planning. As a result,
with the optimization of energy range and fast
charging, battery can be right-sized, making EVs
affordable.

Within this context, the H2020 European project
CEVOLVER [1] aims to develop battery electric
vehicles (BEV) that improve user experience over
long trips. Projectd s demonstr atamr

designed to take advantage of future improvements
of the fast-charging infrastructure, whilst the installed
battery is dimensioned for affordability. They also
integrate  improvements to reduce energy
consumption, leveraging connectivity for further
optimization of components and system design (right-
sizing), as well as vehicle controls (battery pre-
conditioning for fast charging, cabin thermal
management, powertrain energy management), and
driving strategies (eco-charging and eco-driving). The
final objective of CEVOLVER is to demonstrate on
open road that long-trips are achievable by EVs with
limited extra time with respect to conventional
vehicles.

The eco-charging algorithm solves the problem of
finding a time- and energy-optimal route for an EV
requiring multiple battery charging events to complete
a long-distance trip. The proposed routing strategy
also provides the optimal sequence of charging
events, as well as the optimal average speed for each
road segment to reduce charging needs and thus
save trip time. The route and charging sequence
optimizations are based on a predictive model of the
Ford Transit. In [2], study shows eco-charging can
support trips achieved with small battery capacity and
long-distance trips. The eco-driving algorithm
provides the driver with instantaneous speed
recommendations to minimize energy consumption.
The developed real-time strategy bases its calculation
on: (1) route topology and infrastructure data from
GIS, (2) the predictions made by the eco-charging
strategy, in particular the average speed, and (3) the
real-time ADAS measurements, if available, to
anticipate the surrounding traffic disturbances. For
more details about the eco-charging and eco-driving
strategies  developed during the  project,
developments have been published in [3] and [4,5]
respectively.

Few experimental validations on connected strategy
for energy-efficient driving of EVs exist. In [6],
predictive eco-driving strategy considering real-world
traffic flow has been validated under real-world traffic
environment. In [7], the developed eco-driving
algorithm has been validated using a driving
simulator.

This paper focuses on the potential energy gains
provided by the connected eco-charging and eco-
driving strategies on a Ford Transit van with a battery
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electric propulsion system, obtained in simulation and
on open road.

The paper is organized as follows. In Section 2, the
energy reduction performance provided by the eco-
charging and the eco-driving is evaluated in
simulation. Simulation of long trip use case with
different average speed will confirm the large impact
of the average speed on the trip time for the Ford
demonstrator vehicle, enforcing the results obtained
with the presented connected functions. In Section 3,
experimental test results of eco-driving in real traffic
conditions on a representative use case are
presented and analysed.

2. Potential energy gain from connected
strategies

This section presents the simulation results of eco-
charging and eco-driving. First, simulations of a long
trip with the Ford demonstrator, with different average
speed values shows the impact of the speed on
energy consumption. This result is then confirmed by
simulations of the complete eco-charging strategy,
where both the route choice and average speed are
optimized. The saved battery energy reduces the
charging needs and thus the trip duration. Then,
simulations of the eco-driving strategy on repeated
trips in Cologne show how optimizing the
instantaneous speed profile can further reduce the
energy consumption.

2.1 Average speed variation impact on the Ford
demonstrator

For the Ford demonstrator, the main benefit of optimal
average speed advice is expected for highway traffic
where the travel speed can be adapted largely without
constraints. In terms of urban applications, it is
expected that on the one hand the observance of the
speed advice is more disturbed by interactions with
the surrounding traffic and on the other hand, dynamic
changes of the recommended target speed are more
difficult to be considered by the driver. Thus, the focus
of the benefit analyses for the demonstrator was
placed on the benefits during long distance trips.

For that purpose, the energy demand for a 350 km trip
was considered for different vehicle speeds between
70 and 130 km/h assuming for simplicity that the
whole trip is driven at constant speed. In addition, the
total trip time was evaluated based on the time
demand for driving and the time demand for battery
charging with 20 to 150 kW just to the state of charge
that is required to reach the target destination. The
resulting graphs that show the interdependency
between available charging power, energy demand
and trip time are shown in Figure 1.

It is obvious that the energy demand is increasing
strongly with increasing vehicle speed which is due to
the huge frontal area of the BEV demonstrator and
the resulting air resistance. Comparing the vehicle
speed with the total trip time, the graphs indicate that
depending on the available charging power an
increase of vehicle speed is not always beneficial in
terms of trip time. For an average charging power of
20 kW, the trip time demand at 80 km/h is by far less
than for 130 km/h. The reason for that is the difference
in driving energy demand and the related amount of
charging energy that results in heavily increased time
demand for charging. This effect is mitigated with the
availability of higher charging power but even for 100
kW average the time savings for travelling at 130 km/h
instead of 100 km/h are negligible whereas the

increase in energy demand is significant.
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Figure 1. Dependency between available charging

power, energy demand and trip time for a long distance

trip
2.2 Eco-charging

The performance of the eco-charging strategy is
evaluated on a trip between Aachen (Germany) to
Deauville (France) of 545 km. Figure 2 shows the trip
planned by the eco-charging algorithm with the stop
locations. The table 1 shows a comparison of the
solutions given by the eco-charging algorithm with the
average speed added as a decision variable in the
optimization, wher e fAno
speed is not a decision variable. The indication A wi
s p e adafeds to the optimization with average speed
U as decision variable with speed varying within a
range of 0 o T in km/h.

Using travelling speed as decision variable benefits
both on the energy consumption and the recharged
energy, with a reduction of 3.9 and 11.1%
respectively. Eco-charging changes the charging
planning according to the adjusted speed profile,
avoiding an additional charging stop leading to reduce
the overall trip time.
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Figure 2: Mission profile between AachenGermany)
and Deauville (France) (© 2022HERE)

Table 1: Eco-charging performance with average
speed as a decision variable

No With
speed average
speed
Trip time difference 7h38 6h54
Number of charging stops 4 3
Energy consumption [kWh] / -3.9%
Recharged energy [kWh] / -11.1%

2.3 Eco-driving

The potential energy gain from the eco-driving
strategy is evaluated on a 19 km trip repeated 24

times in Cologne near F o r d 0 sies fataoff-pelaki t

hours.

The mission profile is divided into three parts: (1) the
highway part for routes with 0 X TQAIQ (2) the
extra-urban part with v T 0 X TQATQ and (3)
the urban part where 0 L TIQGTQ The split is
detailed in Figure 3.

The eco-speed is computed using information about
the average traffic speed and predictive data from

eco-chargingabout the route segmeclar{s fjmon%

The speed optimization only takes into account the
route topology, the legal speed limits constraints and
the traffic prediction, although the developed
approach is able to consider the surrounding traffic in
real-time as described in [4].
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Figure 3: Speed limits split within the trip

The driven and the computed eco speed profiles are
represented in Figure 4. The real speed profiles show
that the test drives are relatively repeatable but
surrounding traffic influences strongly the speed
profile, in particular in urban area.

The eco-driving algorithm smooths and adapts the
speed to avoid unnecessary acceleration and
deceleration between route segments. Deceleration
anticipation as segment end approach is possible
thanks to the eco-charging predictions. One can
notice that predictive information from the eco-
charging about the segment ends speed is quite
accurate as closed to the real speed transition.

Figure 4: Driven (gray) and eco (blue) speed profile

he normalized battery energy
inst thé fofl- trip time for each
drives and the computed eco-speed are shown. The
impact of the speed profile optimization on the travel
time is limited as the strategy takes as a constraint the
travel time accordingly to the traffic data obtained
from the GIS providers (HERE webservice is used).
About the energy gains, eco-driving could reduce the
energy consumption of 3.5% in average and up to
13% on the whole trip (Figure 6).

Page3/7






