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All About Air Pollution

Air pollution kills

7.

people every year

PM 2.5

is so tiny that it can pass
through the body’s barrier

)

Air pollution causes (
climate change

Exposure to air
pollution is linked to
respiratory disease
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Introduction

> The aim of this study is to evaluate the efficiency and effectiveness of
automated vehicles in reducing air pollution by developing models of
automated vehicles with various degrees of automation and slowly
introducing them into the network with various market penetration rates.

» The software used for modelling and analysis is Simulation of Urban
Mobility(SUMO)

> Six emissions types are measured;- CO(Carbon monoxide), Carbon
dioxide(CO2), Hydro carbon(HC), Particulate matters(PMx), Nitrogen
oxides(NOx) and fuel consumption.

» HBEFA V3.1 is used as emission measuring model.



Location of Study

* ZalaZone is a long-term project located at 46.88947 N and 16.83676 E in the Zala
county of Zalaegerszeg town.
* |tis aproject aimed at speeding up the development of automated vehicles while

also serving as a testing ground for traditional, semi-automated, and completely
automated vehicles.




Vehicle Modelling

Car following

> Krauss Modified car following model is used to
investigate the impact

> The Krauss modified model includes editable
parameters that allow us to model automated
vehicles with varying degrees of automation.

> the following maneuvering parameters were used
as deciding factors:

Automation Level

Table: Car following parameters

Mingap(m)
Accel(m/s*)

Decel(m ,-".*"J I:'

Emergency decel
(m/s*) |

Sigmaldriver

imperfection)

Lane changing model
LC2013 is used for lane changing models.



Vehicle Modelling

Traffic volume

Traffic mix
Lack of technological availability and user skepticism about To ensure a more objective assessment, the changes
the technology’s safety and security will obstruct the in traffic flow covered a wide variety of traffic
widespread adoption of automated vehicles. This will result situations. Traffic demands were steadily injected into
in the incremental penetration of automated vehicles into the the network, progressing from free flow to congestion
market. and then gradually decreasing to free flow.

Table 2: Vehicles mix ratio Traffic Volume

5000

TIME(SECONDS)



Simulation

Network
Zalazone smart city network is used for the investigation

Traffic assignment

Two types of traffic assignment methods are used:

1. Dynamic user assignment(Iterative assignment): This
method enables the driver to leave the current route in
favor of a more feasible one for the remaining trip as a
consequence of improvements in link travel times since
the previous route option was taken at an earlier
decision node or the origin node.

2. One shot traffic assignment method: In this situation,
each vehicle computes the fastest route at the moment
of departure, which prevents all vehicles from going
blindly into the traffic jam. However, Once the car has
departed from its origin, it is unable to alter its route at
the center the network’s, as the iterative user approach
does.
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Results and Discussion

The total amount of CO
0000000 LsE+00 emission for the whole
60000000 Lo network is 585.34 kg in
12E+09 the base scenario, and

1E+09 . o

the emission contents
330000000
S~ 3 oo steadily decreased as the
10000000 oo market penetration rate
Base 25%AV 50%AV 75%AV 100%AV  Upper Bound Base DWAV | V| AV lookav ;éﬁf; of automated vehicles
CO abs 5853361547 542346531 40921759.68  42031048.82  38550446.78  32745969.59 COZ abs 1583706835 1522139363 1461669815 1355181874 1305377767 1234483993 "ncreased "n both number
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Absolute CO emission Absolute CO2 emission
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emission[mg]

CO elmssion[mg]

CO emission cut off compared with base Absolute CO2 emission cut off compared with automation.
scenario(%oage) base scenario(%oage)

0.00%  7.34% 0.00% 3.89% In the scenario 5, the
T Base automated vehicles were

Base

25%AV o : 250%AV able to cut emission by
44.06% ol A 05% oA
6 50%A\ S0%AY 257.88 kg (44.06 % )
26.66% 750 14.43% T5%AV
’ J370AN ’ ' compared to the base

100%AV ® 100%AV .
) ) scenario.

_ Upper Bound
Upper Bound o )




Results and Discussion

Absolute HC emission

350000
300000
250000
200000
150000

HC emission[mg]

100000
50000

0

Upper
Bound
HC abs 303790.598 284407.478 264905.864 231484.73 210869.318 180795.909

Scenarios

Base 25%AV 50%AV T5%AV 100%AV

Absolute HC emission cut off compared with
base scenario(%oage)

0.00% - 6.38%

Base

25%AV

50%AV
23.80% 7505AV

12.80%
40.49%

= 100%AV
Upper Bound

PM emission[mg]

Absolute PMx Emission

Base 25%AV

50%AV

Upper

T504AVY AV
500AV 100%AV Bound

PMx_abs 34071.7871 33863.035 33607.9194 31685.699 30755.1757 27141.7659
Scenarios

Absolute PMXx emission cut off compared with
base scenario(%oage)

0.00%

20.34%

0.61%

1.36%

Base
25%AV
50%AV
75%AV

= 100%AV
Upper Bound
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The total amount of HC
emission for the whole
network is 303.8 g in the
base scenario, and the
emission contents
steadily decreased as the
market penetration rate
of automated vehicles
increased in both number
and degree of
automation.

In the most optimistic
scenario, the automated
vehicles were able to cut
HC emission by 123 g
(44.06 % ) compared to
the base scenario.
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Results and Discussion

Absolute NOx emission Absolute fuel consumption The total amount of NOx
800000 800000 emission fOl’ the whole

700000 700000 network is 690 g in the
600000 600000

500000 500000 base scenario, and the

400000 400000 emission contents steadily
300000 300000

200000 200000 decreased as the market

100000 100000 penetrat'ion rate Of
0 0

Base 25%AV  S0%AYV  T5%AV  100%AV éé’fﬂ Base 25%AV  S0%AV  T5%AV  100%AV ;gfﬁg automated vehlcles

NOx_abs 690026.507 664711.101 639502.066 592506.156 568231.6 526812.932 fuel abs 680787.422 654310.122 628304.38 582518.836 561098.622 530621.668 increased in both number
Scenarios Scenarion

NOx emission

Fuel consumption[ml]

and degree of

Absolute NOx emission cut off compared with Absolute Fuel consumption cut off compared automation.
base scenario(%oage) to base scenario(%oage)

0.00%  3.67% 0.00% - 3.89% In the upper bound case

e Base scenario, fuel usage was

23.65% 2IAY 22.06% 25%AV decreased to 530.6 |

50%AV 30%AV (down by 150.2 | or 22.06

75%AV 14.43% 7500AV
o .
= 100%AYV - 100%AY % relative to the base

Upper Bound Upper Bound ScenanO)




Time loss[s]

waiting time [s]

Results and Discussion

Traffic assignment methods

Time loss

720318.26
597411.27

ONE SHOT ASSIGNMENT DYNAMIC USER'S ASSIGNMENT
Traffic assignment method

Waiting time
548850.8

389304.5

ONE SHOT ASSIGNMENT DYNAMIC USER'S ASSIGNMENT

Traffic assignment method
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Reroute number

Route length

7017640.65

4844296.43

ONE SHOT ASSIGNMENT DYNAMIC USER'S ASSIGNMENT
Traffic assigment method

Reroute number

391078

7017

ONE SHOT ASSIGNMENT DYNAMIC USER'S ASSIGNMENT

Traffic assigment method

In 15% of level 1, 20% of
level 2, 20% of level 3,
25% of level 4, and 20%
of level 5;

Dynamic User’s
assignment outperforms
the one shot traffic
assignment by
shortening the time loss
during the travels and by
lowering waiting time.

However, the DUA has
relatively higher route
length and reroute
numbers




Conclusion

Simulation of Urban Mobility (SUMO) was employed for developing and simulating both
conventional and automated vehicles.

Krauss modified and LC2013 were used as car-following and lane changing models,
respectively.

HBEFA v3.1 emission model was used to measure emission.

The analysis has been done by six successive scenarios with varying volume and level of
automations.

Automated vehicles have the potential to significantly reduce the amount of pollution
emitted by vehicles.

On the most optimistic scenario case, automated vehicles are capable of reducing carbon
monoxide (CO) emissions by 44.06 %, carbon dioxide (CO2) emissions by 22.05 %,
hydrocarbons (HC) emissions by 40.49 %, particulate matter (PMx) emissions by 20.34 %,
and nitrogen oxides (NOx) emissions by 23.65 %.

The DUA outperformed one-shot assignment by reducing vehicle time loss and waiting
period by 17.06 % and 29.07 %, respectively.
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