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The electric vehicle is the best-positioned alternative to the ICE conventional vehicle become of, among
other reasons, its environment friendly properties. One of its most significant properties is its quiet elec-
tric engine which can be a good tool for decreasing noise pollution in cities.

In this respect, the electric vehicle can be acoustically assessed from different points of view; on the
one hand, as a moving point source, its detectability or annoyance for pedestrians can be studied, and,
on the other hand, as part of the traffic flow in a road its effect on the whole noise map. In this paper
the effect of introducing a flow of electric vehicles into real urban traffic has been studied and quantified.
For this purpose, experimental procedures were used to add to the NMPB ROUTES noise prediction model
of the electric vehicle as a potential noise source in the traffic flow. Several conditions have been analysed
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and was evaluated the change in the number of citizens exposed to diverse ranges of noise levels.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Sales of electric (EV) and hybrid electric (HEV) vehicles have
increased in recent years, and they have become more common
in urban fleets. Electric technology, in addition to reducing the
emission of polluting gases, also impacts on the noise maps of
the cities. The absence of mechanical noise is expected to signifi-
cantly reduce noise levels in urban areas, having a positive effect
on noise maps. According to Directive 2002/49/CE [1], a noise
map is a graphic designed for the global assessment of noise expo-
sure in a specific area due to different noise sources or for overall
predictions for such an area. EU Member States are required to pro-
duce strategic noise maps for their main cities (and other infras-
tructure and industrial sites). The main objective is to make a
general diagnosis of noise pollution that can lead to action plans
and noise management that can be implemented in terms of action
plans and acoustical planning. There are several models for making
noise maps. Some use empirical models, based on experimental
approaches, but most of the models are based on the physics of
propagation of sound outdoors implemented in a theoretical sound
power generation model that changes with the characteristics and
number of traffic sources. In none of those models, is the potential
presence of electric vehicles considered.

This paper presents the assumptions and experimental tests
developed to integrate the EV as a noise source in a traffic noise
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prediction model, as well as the expected effect of those vehicles
on a noise map under different traffic conditions.

2. Methodology. New model and influence of warning sounds

To be able to develop computational noise maps, it is necessary
to use a prediction model that simulates the real conditions of the
area of study. With this purpose and taking in account the recom-
mendations of the European Directive, the French official noise
prediction model, NMPB ROUTES has been used to evaluate noise
levels as a function of traffic flow conditions.

The French model needs different inputs to develop the simula-
tion, the main ones are:

- Flow of light vehicles per hour (weight < 3.500 kg).
- Flow of heavy vehicles per hour (weight > 3.500 kg).
- Speed of both types of vehicle.

- Boundary conditions.

After introducing the parameters into the model, it provides the
sound pressure level (dB(A)/hour) along the area of simulation,
taking into account reflections and the effect of elements such as
barriers, buildings or green areas.

In order to introduce electric vehicles into the noise prediction
model, it is necessary to know the sound power level emitted by an
electric vehicle and to develop an algorithm to model the sound
level depending on the source’s speed.

The modelling process was carried out based on an initial
assumption “The acoustic behaviour of an electric vehicle could
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be assumed as a conventional internal combustion engine (ICE)
vehicle without mechanical noise”, supported by some experimen-
tal measures of several ICE and EVs under coast-by and pass-by
conditions [2], see Figs. 1 and 2.

In order to implement this assumption in the French noise traf-
fic prediction model, a careful study of the algorithms used in the
model for obtaining the sound power level of different noise
sources was made. According to the guidelines of the model, noise
produced by a vehicle is divided into two main independent
sources [3,4], see Eq. (1) and Fig. 2:

- The engine and other mechanical sources.
- Tyre[road source, rolling noise (aerodynamic sound is consid-
ered part of this source).

LA(V7 R7P7 a) = Lrolling(v7 R) + Leng‘ine(vvpv a) (1)

where
- La is Pass-by level of the vehicle (dB(A)) [3],
- Ris the road platform surface category,
- p is the road gradient (%),
- Vis the speed of the traffic flow (km/h),
- a is the traffic flow type (steady speed,
deceleration).

acceleration,

Therefore, to be able to model the sound level emitted by the
EVs, only the tyre/road noise source (rolling noise) has been con-

Fig. 1. Pass-by test of an electric vehicle.

sidered, removing all mechanical noise sources from the algorithm
that calculates the power level of an EV. As is done with other types
of vehicle, the power level of an EV was evaluated as a function of
traffic speed and added to the general algorithm of the French
model, see Eq. (2).

Lawi = 10 % log 10((Evl + 10 + log 10Q 1) + (Evh + 10

xlog 10Q vp) + (Eve + 10 x log 10Q ve)) (2)
where
- Ev(i) sound power emitted for each category of vehicle ((dB(A)/
veh)) (I - light vehicle, h - heavy vehicle, e - electric vehicle),
- Qu(i) average flow rate for each category (veh/h).

Before developing the general study about the effect of electric
vehicles on real noise maps, it must be commented that special
attention has been paid to urban speed, <50 km/h, as above that
speed the contribution of rolling noise is similar to the total noise
of ICE vehicle, see Fig. 3.

a. Free field traffic lane with electric vehicles

The first step of this work was to analyse the noise emitted by a
free field traffic lane of vehicles and assess the variations in the
emitted sound pressure levels by changing the proportion of elec-
tric vehicles in the traffic flow.

With this objective, a road with a constant traffic flow of con-
ventional ICE vehicles was implemented, simulated and validated
with real traffic noise measurements, Fig. 4.

To evaluate the effect of electric vehicles on these conditions,
the proportion of electric vehicles in the total number of light vehi-
cles was varied, Eq. (3), and the sound level emitted by the traffic
lane was calculated.

QTotal — lightV = (1 — N%) * Qlight — ICEV + Qlight — EV 3)
where
- N% percentage of electric vehicles,
- QTotal — lightV, total traffic flow of light vehicles (veh/h),
- Qlight — ICEV(i), average flow of ICE vehicles (veh/h),
- Qlight — EV(i), average flow of electric vehicles (veh/h) accord-
ing to:
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Fig. 2. Comparison of sound emitted by an electric vehicle vs ICE vehicles tyre/road noise.
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Fig. 3. Contribution of different sub-sources to the total sound emitted by a vehicle
[5].
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Fig. 4. Free field traffic lane.

Qlight — EV = N% - Qlight-ICEV;

Furthermore, considering that EV’sare expected to be provided
with Acoustic Vehicle Alerting Systems (AVAS), the optimal sound
power level of the warning sound was integrated into the model,
following previous studies developed at INSA-Lyon [6].

These AVAS are deemed necessary due to the lack of mechanical
sounds of electric vehicles, and it is estimated that increasing the
total sound pressure level of an EV by 2 dB at 20 km/h, their
detectability will be near to that of an ICE vehicle [6]. For that sim-
ulation, the model was adapted to include the emission of the
warning sound by all the electric vehicles, and the environmental
effect of EV’s with AVAS against ICE vehicles was compared.

Before presenting the results, it is necessary to define the con-
ditions of the simulations: all of the results shown in this paper
are the A-weighted sound pressure levels emitted by a traffic flow
under different traffic conditions, taking into account that all calcu-
lations were developed according to the conditions assumed by the
French Noise Prediction Model NMPB ROUTES:

- Constant speed,

- Constant traffic flow,

- Favourable environmental conditions (no rain, no wind),
- Only traffic noise as source.

The results of the simulation of a free field lane traffic flow have
been studied in two different cases: all vehicles being ICE light
vehicles and all vehicles being EVs; in both cases, the total flow
of vehicles is 1350 units and they are running under the same con-
ditions. See Fig. 5.
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Fig. 5. Simulation of traffic flow of electric vs ICE vehicles.

Focusing the attention on a representative low speed, for exam-
ple, 30 km/h [7], the difference between a traffic lane of ICE vehi-
cles and the same one running only EVs is 2. This difference
grows quickly if it is evaluated at a lower traffic speed (it is not
common to simulate a traffic street on a noise map with a velocity
lower than 30 km/h) and the difference is approaching zero with
speeds higher than 50 km/h, see Fig. 6.

Fig. 6 shows the difference between a flow of EVs and ICEVs
without heavy vehicles running. That sequence changes when
heavy vehicles are considered in the traffic flow. In this case, the
heavy traffic was taken into account as 5% of the total traffic,
because the French Model recommends a maximum of 5% of heavy
vehicles in urban areas, see Fig. 7. Once the heavy vehicles were
introduced into the traffic flow, the decrease generated for electric
vehicles is lower than 2 dB in any case, and at 30 km/h it is of
1.2dB.

In the same way, the expected effect of introducing warning
sounds on electric vehicles was evaluated. The warning sound sig-
nals developed at INSA-Lyon [6] were taken into consideration,
obtaining as a result that the noise emitted by an EV with AVAS
is, in any case, lower than that emitted by an ICEV under same con-
ditions, as shown in Fig. 8.

The Impact of electric vehicles using warning sounds is lower
than that of electric vehicles without them but they do not exceed
the levels of combustion vehicles. In this case, the decrease is 1 dB
approximately if there are no heavy vehicles and, when they are
considered in the traffic flow, the decrease is lower than 0.6 dB.

b. Simulation of electric vehicles running in a real urban area

From another perspective of the study, the variation of sound
pressure level in a real noise map after taking into account electric
vehicles running through the streets was assessed. In that regard,
European Directive 2002/49/CE [1] requires that municipalities
prepare noise maps whose results reflect the number of inhabi-
tants affected by noise on different ranges of annoyance.

That information must be extracted from noise maps, using the
maximum facade noise level assigned to all the inhabitants of the
building. There are several methods for calculating the number of
people exposed to noise in urban areas and, after analysing the dif-
ferent methods studied by Arana et al. [8], Lee et al. [9] or Licitra
[10,11], the study has been developed using the German National
Method VBEB [12].



62 H. Campello-Vicente et al./Applied Acoustics 116 (2017) 59-64

MAXIMUM NOISE REDUCTION TO THE ELECTRIC VEHICLES
12
! ! ! | I STEADY SPEED 0% HEAVY VEHICLES

Alp dB

SPEED km/h

Fig. 6. Variation of noise levels between 100% EV vs 100% ICEV traffic flows, no heavy vehicles.
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Fig. 7. Variation of noise levels between 95% Light EV vs 95% Light ICEV, plus 5% ICE heavy vehicles of the total.
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Fig. 8. Variation of noise levels between 100% AVAS-EV vs 100% ICEV traffic flows, with no heavy vehicles.

The method VBEB evaluates the noise levels received on the itants are in each building, according to their characteristics. For
facade of a building by means of a grid of receivers located at dif- this purpose, Eq. (4) was used.
ferent heights on the fagade, see Fig. 9. Once the levels in the facade G GZr 0.8
have been obtained, the next step is to establish how many inhab-  EZpyiging = —22ii"s WZ“'Id'"g - (4)
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Fig. 9. Distribution of receivers on the fagade of buildings.

where
- EZyuiiding is the number of inhabitants.
~ Gbuilding is the surface of building (m?).
— GZpyilding is the total height (m).
- WE Square metres allocated per inhabitant in the area (m?).

In the assessment process, two different cases were studied. The
first analysed the current state of traffic flow (no electric vehicles),
and the second took the assumption that all light vehicles were
electric vehicles. Both cases have been applied in an urban area
of Elche (Spain) whose surface is approximately 450,000 m? and
has 875 buildings of different heights, see Fig. 6.

The urban noise map was simulated using the commercial soft-
ware Predictor, adding the sound power levels emitted by the flow
of electric vehicles by means of a modification implemented to the
French Model by Matlab. Finally, taking into consideration the real
traffic in the area studied, the acoustical situation of 12,232 inhab-
itants was evaluated, by means of 5600 receivers located on the
buildings’ facades with the receivers located in a grid of
5m x 5m, see Fig. 10 and Table 1.

At this point, the results of a noise map with and without EVs on
the traffic flow were compared. For this purpose, the map was cal-
culated in accordance with Spanish legislation [13], that limits to
65 dB(A) the maximum sound level permitted to be registered on
the facade of a building or receiver.

The traffic flow of the noise maps was extracted from a real traf-
fic count carried out in the area, where the traffic was composed of
light vehicles and heavy vehicles indistinctly and the speed limita-
tion in the area under study was 30 km/h.

The comparison of the results of these two maps, see Fig. 11,
shows the number of citizens who improve their acoustical condi-

Table 1
Example of traffic flow veh/h of Fig. 10.
Street Qlight Qheavy
1H 163 14
2H 98 0
3H 124 3
4H 84 5
5H 159 10
v 244 10
2V 67 4
3V 88 10
4V 57 0
5V 165 10
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Fig. 11. Number of citizens exposed to different reception noise levels, considering
a traffic flow of electric vs ICE vehicles.

tions. The impact of using 100% EVs as light vehicles would gener-
ate an improvement for 10% of the citizens who would be under
the limits fixed by legislation.

3. Noise maps with electric vehicles provided with AVAS

Finally, the same noise map was fully simulated with EVs, but
adding the sound increment in the emission of on-board AVAS
(AVAS + EV’s). The exposition of the result will be developed in 2
different stages, in the first there will be comparison of ICEs versus
AVAS + EV’s, and secondly, EVs versus AVAS + EV'’s.

Fig. 12 shows the number of citizens exposed to different recep-
tion noise levels. In this case it is also observed that the number of
inhabitants exposed to noise levels lower than 65 dB(A) also
increases, even when the traffic flow is replaced by a fleet of EVs
equipped with AVAS. Here, the effect of using EVs with AVAS

<80 dB(A)
60 - 85 dB(A)
65 - 70 dB(A)
70 - 75 dB(A)
75 - 80 dB(A)
80 - 85 dB(A)
> 85 dB(A)

Fig. 10. Results of the noise mapping simulation.
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Fig. 12. Difference of simulation of traffic flow of AVAS vs ICE vehicles.
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Fig. 13. Difference of simulation of traffic flow of 3 types of vehicle.

implies a reduction of 6% of citizens receiving levels above than the
limit.

As might be expected, the results for the case of EVs equipped
with AVAS are worse than those not emitting a warning sound.
Nevertheless, the levels would never arrive to equate to current sit-
uation with ICE vehicles. For that reason the aim of these systems
to improve the perception of vehicles can be achieved without
aggravating the current environmental acoustical situation on
noise maps. Fig. 13 summarizes the results obtained for the three
cases under study.

4. Conclusions

The work presented in this paper describes the expected noise
effects of EVs on noise maps, and it has been developed by means
of measurements and simulation of the noise emitted by an EV.
The simulations have been based on a modification of the French

Noise Prediction Model NMPB ROUTES and results have been
shown for four different cases:

- Electric vehicle running in free field traffic lane.

- Electric vehicle equipped with AVAS running in free field traffic
lane.

- Electric vehicle running in a real urban area.

- Electric vehicle equipped with AVAS running in a real urban
area.

It could be expected that the emergence of traffic flow without
engine noise would improve the environmental acoustic condi-
tions, but the results of the present study indicate that considering
extra-urban speeds, i.e. above 50 km/h, the benefits are poor or
negligible due to the dominant contribution of rolling noise. When
a whole flow of EVs running at 30 km/h is studied in a free field
lane, the estimated reduction of the sound pressure level is 2 dB,
if all light vehicles are electrics and heavy vehicles do not appear
in the simulation.

On the other hand, if electric vehicles use warning sounds to
improve the security of pedestrians, the result changes and in this
case de reduction is 1 dB without heavy vehicles in the traffic flow.

Finally, a real noise map was simulated to show that the substi-
tution of ICE vehicles by EVs would generate an improvement of
10% of citizens (or 6% in the case of the supposed EV’s being
equipped with AVAS systems) who would improve their acoustic
environment, reducing it to under the limit of the Spanish
legislation.
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