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Research guestions

1. What are the impacts of automation on travel times, delay and network
capacity?

2. What are the impacts of automation on energy demand and CO,
emissions?

3. What impacts can be expected on the European (EU27+3) level?

« 27 EU countries + Norway, Switzerland and United Kingdom
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Main approach

» L3 ADFs (automated driving functions) represented by L3Pilot Mature ADFs
* Represent ADFs mature enough for the usage on public roads by ordinary drivers
* ADFs do not represent any particular L3Pilot ADF tested at the pilot sites

* In our simulations, automated vehicles are mainly characterised by longer time headways
and more stable acceleration

* ADFs operate in good weather conditions, heavy rain and snowfall excluded

« ADFs aim to drive at the speed limit, or up to 130km/h

« Effect estimates from traffic simulations

* Motorway effects scaled up to European level

« Snapshot approach: Add L3 ADFs to current traffic system

* No other differences in automated and manually driven vehicles — capture effect of
automation only
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Tools

» Traffic simulations with PTV Vissim

* Microscopic traffic simulation tool

« CO, emissions with EnViVer

» Calculates emissons from detailed
vehicle data from Vissim based on
specified fleet composition /

» Uses Versit+ emissions model

Aerodynamic
Drag

* Energy demand

 Calculated based on driving yl
. -~
resistance forces

Resistance Kihlwein (2016)
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Motorway simulations with PTV Vissim

* A“generic” four kilometre motorway section was created

* Motorway types representing at least 1% of European motorway network
« Two or three lanes per direction, ramp sections and line sections

+ Variable penetration rates of automated vehicles among passenger cars (0%, 5%, 10%, 30%,
100%)

+ Rate of (manually driven) heavy duty vehicles fixed to traffic volume (6%—12%)
« Five traffic volumes and eight speed limits

« 500, 1000, 1500, 2000 and 2500 vehicles/h/lane

- 80, 90, 100, 110, 120, 130, 140 km/h and unlimited

* Resulted in 700 variable combinations (“traffic scenarios”)
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* Repeated for twenty 30-minute trials per condition (149 million vehicle km) ®
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Single scenarios — Travel time

Traffic volume
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Single scenarios — CO, emissions
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Single scenarios — CO, emissions
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Scaling up of impacts

* For each NUTS3 region:
« Length of motorways per type
* Source: OpenStreetMap

 Traffic volumes for each hour of one year

« Sources: authorities&operators, variation factors

« Weather data for each hour of one year (1 point

/ NUTS3 area)

» Source: EU Copernicus Programme

» The share of vehicle km possible to travel with
automation was calculated and combined with

simulation results
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Most common motorway-traffic-combinations
Total: 58% of vehicle km travelled (VKT) in EU27+3

Share of VKT Speed limit Nr. of lanes | Veh./h/lane Traffic
(km/h) volume class
1 12.9% 130 2 Up to 750 1
2 9.7% 120 2 Up to 750 1
3 6.6% 130 3 Up to 750 1
4 5.8% unlimited 2 Up to 750 1
5 4.2% 130 2 750-1250 2
6 4.1% 120 3 Up to 750 1
7 4.0% 120 2 750-1250 2
8 3.7% 110 3 Up to 750 1
9 3.6% unlimited 3 Up to 750 1
10 3.5% unlimited 3 750-1250 1

Total nr of combinations: 70
(combinations of speed limit, number of lanes and traffic volume) 60 )
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Most vehicle km are driven in low traffic conditions

70%
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Results: Delay

» Decrease in delay with high traffic
volumes and ADF penetration
rates among passenger cars

« Small effects with lower traffic
volumes

* Highest traffic volume:

* Decrease in delay 6.3% with
30% and 19.0% with 100%
penetration rate among
passenger cars
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Results: CO, emissions

+ Decrease in CO, with high traffic
volumes and ADF penetration
rates among passenger cars

+ Small effects with lower traffic
volumes

 Highest traffic volume:

+ Decrease in CO, 4.8% with
30% and 14.8% with 100%
penetration rate among
passenger cars
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Ten most common motorway-traffic-combinations in EU27+3

Speed limit Traffic
Share of VKT (km/h) Nr. of lanes | Veh./h/lane volume class
1 129% 130 2 Up to 750 1
. . 2 9.7% 120 2 Up to 750 1
Small increase in 3| 66w 130 3 Up to 750 h
emissions at 100% 4| 58% unlimited 2 Up to 750 1
. 5 4.2% 130 2 750-1250 2
PR due to increase o a1 120 3 Up to 750 .
in speeds 7| 40% 120 2 750-1250 2
8 3.7% 110 3 Up to 750 1
9 3.6% unlimited 3 Up to 750 1
200 10 3.5% unlimited 3 750-1250 1
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Overall impact on traffic flow efficiency in EU27+3
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Figure shows the overall impact of ADF
penetration rate on the indicators:
Change in travel time, delay, CO, and
energy demand compared to baseline
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PR 1;2?%’:' Delay | CO, |Energy

5% 0.1% | 0.3% | 0.1% | 0.0%
10% 0.3% | 1.5% | 0.3% | 0.2%
30% 0.5% | 1.9% [-0.2% | -0.8%
100% 0.9% | 1.4% [-0.5% | -3.2%




Conclusions

« Comprehensive assessment of impacts of L3 AVs on the EU27+3 motorway
network on CO, emissions, travel times and delay
 Effects of ADF on traffic efficiency and emissions on EU level are rather small
* Mostly because driving on EU motorways takes place in low traffic conditions
* However, benefits may be experienced locally, e.g. on urban motorways, by a
large number of drivers
* Impacts are largest at high traffic volumes and high penetration rates
« Absolute values are lowest with low speed limits and low and moderate traffic
volumes
* Important to consider the spatial and temporal prevalence of simulated conditions

* Next step: Simulations in representative urban areas and scaling up to European
cities (Hi-Drive project o
( project) %;pinu » xX1;] / Evaluation
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Thank you for your kind attention

For further information:
+ L3Pilot D7.4 Impact Evaluation Results
* Available at www.|3pilot.eu/downloads

* Or contact me: elina.aittoniemi@vitt.fi

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 723051.
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Scaling up process for efficiency & environment motorway impacts
to EU27+3
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Vehicle parameters (Vissim)

Longitudinal parameters
CCO: Standstill Distance (m) 1.50 2.00t 1.50
CC1: Time Gap (s) 1.05° 1.60* 1.05°
CC2: Following Variation (m) 4.00 0.002 4.00
CC3: Threshold for Entering Follow. (s) -8.00 -8.00 -8.00
CC4: Negative Following Threshold (m/s) -0.303 -0.10? -0.303
CC5: Positive Following Threshold (m/s) 0.35 0.102 0.35
CC6: Speed Dependency of Oscillation (10 rad/s) 11.44 0.002 11.44
CC7: Oscillation Acceleration (m/s?) 0.25 0.10? 0.25
CC8: Standstill Acceleration (m/s?) 3.50 3.50 2.50°
CC9: Acceleration at 80 km/h (m/s?) 1.50 1.50 1.003

Lateral parameters

! - - . .
Accepted deceleration (m/s2) own/trailing vehicle -1.0/-0.75  -1.0/-1.0? -1.0/-0.75 [_1- Dem_spn made_ within L3Pilot project together
with original equipment manufacturers

-1 m/s? per distance 200 100t 200 . .
i [21 Sukennik and Kautzsch 2018, using normal
Cooperative lane change on Off12 off3 - .
: driving logic
AEVEIEES) [EET on s i [3] Geistefeldt et al. 2017
on o en Otherwise, Visism defauls used
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Vehicle fleet parameters (EnViVer)

Manual and automated passenger Heavy-duty vehicles
cars

Vehicle age

Average age (years)?! 10.8 12.4
Share of age under 1 year?! 5.3% 5.4%
Average exit age (years)? 19 19
Vehicle fuel type shares!3

Petrol 54.1% 1.7%
Diesel 41.9% 97.8%
LPG (Liquefied petroleum gas) 2.9% 0.5%
CNG (Compressed natural gas) 0.5%

[ ACEA (2019)

[21 Data found for three countries: Finland (21 years in 2019; Information Centre of Road Transport (2022)),
Germany (18 years; Autoflotte (2014)) and the Netherlands (19 years; EnViVer). Average of 19 years
assumed for EU27+3. Same value assumed for HDVs due to lack/of data.

11102022 [ EAFO (2021) ot .




