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PUSH TOWARDS 

HIGHER AUTOMATION

• Robust and reliable automated driving

• Extended and defragmented ODDs

• Interoperability across countries and brands
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€60 MILLION BUDGET €30 MILLION FUNDING

Project Facts
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53 MONTHS    from July 2021 to November 2025 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No 101006664

Supported by the European 

Council for Automotive R&D
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13 COUNTRIES
Belgium, France, Finland, Germany, Greece, Hungary, Italy, Netherlands, 

Norway, Spain, Sweden, Switzerland, United Kingdom

53 PARTNERS
among them OEMs, automotive suppliers, research institutes, associations, 

traffic engineering, deployment organisations and mobility clubs
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+

Basic ADF – nominal ODD

Enabled Hi-Drive ADF – enhanced performance and extended ODD

: Connectivity | High-precision positioning | Context learning via ML | Cybersecurity =

Hi-Drive concept for automated driving



CAD Technical Evaluation

Edge-Case and Scenario Database

Micro- and Macroscopic Simulations

Safety

Traffic Efficiency & Environment

Mobility & Travel Behaviour

Socioeconomic Effects

Assess the impacts of high automation 
up to transport system and 
socioeconomic level.

©
 A

d
o

b
e

7



Effects evaluation in the FESTA V
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Focus of today’s webinar:

IMPACT ASSESSMENT

Impact of AD after market introduction

 What is the impact of AD and its 

enablers on:

▪ Safety?

▪ Energy demand, emissions, traffic 

efficiency?

▪ Personal mobility, the transport system?

 What is the overall socio-economic impact 

of AD and its enablers?

        Assessment based on simulations, 

        used models calibrated with Hi-Drive data

References: Hi-Drive Deliverable D4.5 (2023)  https://www.hi-drive.eu/app/uploads/2023/08/Hi-Drive-
SP4-D4.5-Effects-evaluation-methods-v1.0_DRAFT_for_website.pdf 
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Overall Approach for Hi-Drive 
Impact Assessment

Satu Innamaa | VTT



Focus on

 The impacts between 

Automated Driving and 

manually driven fleet

 contribution of the 

Technology Enablers 

to these impacts

Research questions

What is the impact of 

Automated Driving and its enablers on…

 safety?

 energy demand?

 emissions?

 traffic efficiency?

 personal mobility?

 transport system?

 socioeconomics?
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Hi-Drive Baselines and Treatments

12

X% EADFX% BADF
Full penetration of 

mandatory ADAS

Overall EADF effects

Enabler contributions10% and 30% 

ADF penetration

30% and 50% 

ADF penetration

Manual, no ADAS Manual with ADAS Baseline ADF 

(without enablers)
Enabled ADF 

(with enablers, 

extended ODD)

*ADF = Automated Driving Function
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Traffic today



Safety impact assessment methodology
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Change in 
crash 

probability 

per driving 
scenario

Change in 
frequency of 

driving 

scenario

Change in 
severity of 

accidents

Number of 
target 

accidents

Impact on 
the number 

of accidents 

per severity

Simulation of 

driving scenarios

Simulation of 

traffic scenarios

Injury risk 

functions Accident databases



Efficiency & environmental impact assessment methodology
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Effect per 
vehicle-km-
travelled in 

specific traffic  
scenario

Vehicle-km-
travelled inside 
ODD in specific 

traffic scenario

Impact on 
energy demand 

/ emissions / 

traffic efficiency

Simulation in enabler-

centric traffic scenarios

Simulation in road-type-

centric traffic scenarios

Road infrastructure data

Traffic data

Weather data



Mobility impact assessment methodology
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Repurposing the 
travel time

Reduced effort 
of driving

Takeovers, mistrust, 
motion sickness

Travel 
experience 

with 
automated 

driving

Changes in 
travel 

patterns

Acceptance 
of automated 

driving
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Transport system impact assessment methodology
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Impact on perceived 
travel time

Impact on capacity & travel 
performance

Mobility

impact 
assessment

Efficiency 

impact 
assessment

Impact on 
total 

vehicle-
km-

travelled
Macroscopic 

travel 
demand 

modelling
Impact on 

modal 
split

Supply & demand for 

modelled area

Vehicle-km-

travelled per mode
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Impacts

Safety

Efficiency

Environment

Standard 

unit costs

Benefit 

to cost 

ratio

Costs
User 

benefits

Method for socioeconomic impact assessment 
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Magnitude of impacts 

at the EU-level Cost estimates
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Common parametrisation for simulations

 Joint Hi-Drive ADF model developed for all simulations, 

regardless of impact area

 Shared parameters

 Unified decision-making framework

 Same foundational algorithms and behavioural logic 
applied consistently across all domains

 Better than creating separate systems that are optimised 
for specific evaluation criteria

 Behavioural parameters cross-referenced against current 

regulatory frameworks, technical literature, and empirical 
data collected from Hi-Drive operations

 This systematic approach ensures that the resulting ADF model 

 Delivers operational realism and regulatory compliance

 Aligns with design practices employed by 

automotive manufacturers

18Topical Webinar #7 - How does automated driving influence the traffic of tomorrow?  |  7 November 2025



Linkages between impact areas
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Impacts on personal 

mobility

Impacts on traffic 

efficiency

Impacts on 

environment

Differences in driving 

behaviour automated, 
vehicles vs. manually 

driven vehicles

Impacts on transport 

system

Value of 

travel time

Passenger 

Car Units

Impacts on traffic 

safety
Socioeconomic impact

Impacts
Im

p
a
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Overall process
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Vehicle data in Hi-Drive 

common data format

Performance

indicators
and time series for

selected driving

scenarios

Effect of advanced 

AD function & 
enablers on AD 
availability & performance

Simulation models

calibrated with
the vehicle data

Effects of advanced 

AD function & enablers 
on accidents, CO2 & 
delays etc. in different 

scenarios

Impact on safety / 

emissions / energy demand / 
traffic efficiency / 

personal mobility / 

transport system / society in EU27
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EFFECTS: Safety Impact Assessment Results

WP7.6 SIA Partners | Felix Fahrenkrog



Safety Impact Assessment – Simplified Methodology
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Effect of Automated Driving on road safety

 Safety impact assessment (SIA) evaluated the performance of 

EADF by considering effects in conflict-related driving scenarios 

and in traffic scenarios (not in scope of presentation).

 Covered motorways and urban road + indirect effects by 

improved ADAS on rural roads

 40 driving scenarios have been simulated by means of

4 different simulation tools (openPASS, esmini, 2 x in-house). 

 Simulations cover re-simulation of scenarios as well as 

stochastically generated scenarios.

 OEM-neutral BADF, EADF and ADAS (AEB, ACC, ISA,…) 

have been designed and implemented. 
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Important remarks for result overview
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 In this presentation only the crash rates per driving scenarios 

are presented. For scaling-up, the likelihood of a fatal, 
serious or slight crash is calculated based on injury risk 
functions.

 Limitations and assumptions are not discussed in the 
presentation. However, they exist (see D7.3), and the results 

should not be taken out of the context.

▪ Simplified OEM-neutral BADF & EADF are assessed,

▪ Applied models (e.g., driver behaviour in the baseline) 

have implications on the results, 

▪ etc.

 The focus were on Enablers that affect the scenarios directly; 
Enablers that extend the ODD are covered in the scaling-up.

 The results show the unweighted / average results for 

simulated traffic conditions (speed limit, traffic volume, etc.). 

1|1

Scenario ID

Relative Delta Manual 
vs. EADF

Relative Delta ADAS 
vs. EADF

Relative Delta BADF 
vs. EADF

>+50% +50% – +30% +30% –  +10%  +10% –  -10%

-10% –  -30% -30% – -50% -50% –  -70% < -70%

Compact presentation of results



Overview SIA Results
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1|8 1|11 1|12 1|151|14 1|16 1|17 1|19 2|22|1

2|3a 2|3b 2|7

1|2 1|3 1|6

Expert >+50% +50% – +30% +30% –  +10%  +10% –  -10%
-10% –  

-30%
-30% –  -50% -50% –  -70% < -70%

1|1

Scenario ID

Relative Delta Manual vs. EADF

Relative Delta ADAS vs. EADF

Relative Delta BADF vs. EADF

1|2 1|3 1|4 1|5 1|6 1|7 1|8 1|101|9 1|11

1|12 1|14 1|16 1|19 2|1 2|2 2|71|18 3|3 3|4 3|5 3|6 3|7

3|8 4|2 4|6 4|10 4|144|7 4|8 5|2 5|3 5|5 5|6 5|7 5|10
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01|06   Rear end conflict, cut-out
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 Objective: Risk reduction of ADAS 

(ACC, AEB, ISA), BADF, EADF

 Baseline approach: C2P 
(ALKS-Performance Model)

 Considered EADF: 
V2X communication + adapted driving strategy

 Considered Roads: motorway, urban, rural 
(only ADAS)

 Reduction of the crash rates for ADAS/ADFs

▪ Overall: Quicker reaction compared to human

▪ EADF: Earlier reaction, because of V2X information

▪ Urban: Low speeds allow for quick standstill



01|19   Minimum risk manoeuvre
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Objective: Analyse risks induced by an MRM 

Baseline approach: C2I (SCM model)

Considered EADF: None (BADF = EADF)

Considered Roads: Motorway & Urban

MRM: braking with 2 m/s² 

(in case of low TTC: 5 m/s²)

The simulation show as expected an increase of crash risk 
during an MRM (→ Baseline no MRM manoeuvres).

Negative effect for urban due to lower speeds 
is lower than motorway

Assumed frequency of MRM for scaling up: 
1 MRM per 30 h (BADF) | 45 h (EADF)

https://www.bmwgroup.com/scm-driver/en.html


Outcome Simulation Driving Scenarios
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 ADFs has the potential to improve traffic safety in nearly all 

driving scenarios – actual effect depend on the AD design.

 Notable difference between EADF and BADF are not always 
observed. 

 Safety effects of EADF due to the extension of ODD come into 
play in the scaling up and are not considered in these results.

 ADAS delivers – depending on the scenario – already 
considerable / high safety benefit in some driving scenario, 
i.e. the baseline is improving as well with increased 

penetration rate of ADAS.

 Despite the high effort and number of simulation (~900’000 

simulation runs, > 4.5 Mio. manoeuvres), the number of 
simulations could have been larger for certain scenarios (e.g. 
lane change simulations and scenarios with low crash rates).

Scenarios in which the EADF performs better than the BADF

Motorway: 

▪ 01|06 rear-end after cut-out 

▪ 02|01 & 02|02 discretionary lane change

▪ 02|03 motorway entrance

Urban: 

▪ 01|09 moving from private garage/alley 

▪ 01|10 Entering/exit conflict (private lane/garage close to curve) 

▪ 03|03 crossing f. left 

▪ 03|04 crossing f. left (other veh. left turn)

▪ 03|05 crossing f. right

▪ 03|07 crossing f. right (other veh. right turn)

▪ 04|02 turn left + conflict w. standing vehicle

▪ 04|14 turn left w. crossing traffic from right

▪ 05|07 turn right w. crossing traffic from left 

▪ 05|10 turn right w. straight going VRU
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Scaling up
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 The scaling up addresses the direct effects of automated driving in EU, using three main inputs: 

 external accident databases (CARE, in-depth and national)

 Hi-Drive inputs: ODD descriptions, penetration rates, treatment and baseline condition descriptions

 input from the safety simulations

 Impact assessed for EADF and what is the contribution of the enablers in this, per severity, per environment

 10% and 30% penetration rates in “traffic today”

 30% and 50% penetration rates in “full penetration of mandatory ADAS”

 Impact calculation based on 

 the number of, relative differences in frequency of conflict situations, accident risk and severity of accidents

 Share of manual cars, ADAS and ADFs in the baseline and treatment conditions

 Additional accidents prevented on rural roads due to enhanced ADAS of the ADF vehicles

 New accidents caused by MRM



Scaling up process
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Calculation 

of impact 

estimates

Mapping of CARE accident 

types to simulated scenarios

Fixing CARE data for missing 

values, inconsistencies, type 

“unknown” or “not specified”

Estimation of target accidents, 

i.e. those within ODD of ADFs

Processing  of simulation results

Assumptions to supplement 

simulations

32



Motorways 

Scaled-up impact of EADF on fatal accidents in EU
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Contribution 
of enablers

Impact of 
BADF in ODD 
of the EADF

Urban roads 

 Impacts on other severities are of similar size



New accidents caused by MRM, fatal accidents in EU
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Motorways 

Urban roads 

 The benefits outweigh these new accidents by far!

Motorways 

Urban Roads 



Additional accidents prevented on rural roads, fatal accidents in EU

 Cars with an ADF will have better sensors 

than other cars

 These sensors allow better ADAS 

outside ODD of the ADF

 Consequently, additional accidents will be 

prevented

Topical Webinar #7 - How does automated driving influence the traffic of tomorrow?  |  7 November 2025 35

Urban roads Urban Roads 
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Conclusions

37

 Most complex and extensive safety impact assessment for ADF

 The complexity of different systems (Manual, ADAS, EADAS, BADF, EADF) and 

scenarios made the assessment challenging; but it was ultimately managed

 Reaching limits of simulation tools and scaling up complexity

 Available data (e.g. baseline, driving scenario) are limited, which limits accuracy of the assessment a lot; 

but used everything that is available.

 Limitations are not discussed in detail, but they exist and need to be considered! 

(see Deliverable D7.3)

 ADFs in general provides safety benefit.

 A BADF needs to be already quite safe; larger effects are expected for being able to drive more automated.

 Enablers aim at extending the ODD  

 Safety contributions by Enablers in several scenarios

Topical Webinar #7 - How does automated driving influence the traffic of tomorrow?  |  7 November 2025
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Efficiency and Environmental 
Impact Assessment

Elina Aittoniemi | VTT Technical Research Centre of Finland Ltd.



Presentation overview

What are the impacts of automated driving on..

 Travel time

 Delay

 Tractive energy use

 CO2 emissions
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Motorways

Urban roads

1) BADF

2) EADF

3) Annual EU impacts



3) Annual EU impacts2) EADF

1) BADF

Efficiency & environmental impact assessment methodology
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Effect per 
vehicle-km-
travelled in 

specific traffic  
scenario

Vehicle-km-
travelled 

inside ODD in 

specific traffic 
scenario

Impact on 
energy 

demand / 

emissions / 
traffic 

efficiency

Simulation in enabler-

centric traffic scenarios

Simulation in road-type-

centric traffic scenarios

Road infrastructure data

Traffic data

Weather data



Motorway: Automated driving function without technology enablers

 Travel time per VKT generally increased with higher BADF 

share.

 Increases were most pronounced at high traffic volumes.

 Decreases observed at highest traffic volumes and speed 

limits.

 Tractive energy use generally decreased with growing BADF 

share.

 CO₂ emissions showed mixed results.

 Increased at high volumes and low speed limits.

 Decreased at high speed limits and highest traffic volumes.
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VKT: Vehicle kilometres travelled

BADF: Automated driving function without technology enablers

EADF: Automated driving function with technology enablers
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Motorway Enabler: Cooperative merging
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• Benefits for travel time, delay, CO2 emissions and 

tractive energy use at 50% EADF and moderate 
motorway volumes.
• Hard braking events reduced.

• Lower penetration rates and other scenarios 
showed negligible impacts.

• Enabler mitigates negative impacts of BADF on 
motorway merging efficiency.

• Highest success rate occurred with moderate 

motorway demand and low ramp volume.

EADF
T
w

o
 l
a
n

e
s,

 S
p

e
e
d

 l
im

it
 1

2
0
 k

m
/h

VKT: Vehicle kilometres travelled

BADF: Automated driving function without technology enablers

EADF: Automated driving function with technology enablers



Motorway Enabler: Dynamic Speed Limits

 Reduced CO2 emissions with 50% EADF compared to 

BADF, except in high volumes.

 Increased delay at high volumes and higher EADF 

share. 

 EADF effect on energy use small compared to BADF.
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Motorway: Annual impacts on EU network
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Travel time per VKT

• 3% increase at 30% (Traffic today)
• 4% increase at 50% (Full ADAS).
• EADF and BADF impacts similar

Tractive energy use per VKT

• 2% reduction at 30% (Traffic today)
• 2% reduction, at 50% (Full ADAS)
• EADF and BADF impacts similar

CO₂ emissions per VKT

• 1% reduction at 30% (Traffic today)
• 1% reduction at 50% (Full ADAS)
• EADF and BADF impacts similar

Annual EU impacts

VKT: Vehicle kilometres travelled

BADF: Automated driving function without technology enablers

EADF: Automated driving function with technology enablers
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Urban roads: BADF

 Travel time increased with BADF share. Higher speed 

limit and traffic lights amplified increases.

 Tractive energy use decreased consistently with BADF 

share. 

 CO2 results were mixed: increases at low and 
moderate volumes, decreases at high volumes.
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VKT: Vehicle kilometres travelled

BADF: Automated driving function without technology enablers

EADF: Automated driving function with technology enablers
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Urban Enabler: Green light optimal speed advisory (GLOSA)

 Stop delay reduction is a major benefit: noticeable 

improvements even at 10% penetration, with effects 
growing at higher penetration and traffic volumes.

 Small decreases in travel time compared to BADF

 CO₂ and energy use lower than for BADF. Reductions 
most pronounced at high penetration and traffic 
volumes
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Urban Enabler: Complex intersection

 Reductions in travel time, number of stops and delay

 Small reductions in energy use and CO2 emissions. 

 Benefits are larger with higher EADF share

 More large gaps available in traffic.

 High traffic volumes amplify benefits.
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BADF: Automated driving function without technology enablers

EADF: Automated driving function with technology enablers
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Urban: Annual impacts on EU network
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Travel time per VKT

• 1% increase at 30% (Traffic today)
• 2% increase at 30% (Full ADAS).
• EADF and BADF impacts similar

Tractive energy use per VKT

• 14% reduction at 30% (Traffic today, BADF)
• 15% reduction at 30% (Traffic today, EADF)
• 13% reduction at 50% (Full ADAS, BADF)

• 14% reductions, at 50% (Full ADAS, EADF)

CO₂ emissions per VKT
• 1% decrease at 30% (Traffic today)
• 1% increase at 50% (Full ADAS).

• EADF and BADF impacts similar

Annual EU impacts

Tractive energy use

Travel time



Conclusions
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 What is the impact of automated driving and its enablers on energy demand, 

emissions, and traffic efficiency in different scenarios?

▪ Travel time per vehicle-km travelled (VKT) increased slightly

▪ Tractive energy use per VKT decreased in most conditions

▪ For CO2 emissions, impacts were mixed

▪ Enablers helped mitigate travel time increase and amplified energy and CO2 impacts in specific conditions

 What is the impact of automated driving and its enablers on energy demand, 

emissions, and traffic efficiency at European level?

▪ Travel time increased by 0–4% at ADF penetration rates up to 50%

▪ Tractive energy use decreased by 0–15% at ADF penetration rates up to 50%. 

▪ Impacts on CO2 emissions at the network level were small (between –1% and 0%).
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Mobility impact assessment focuses on individual travellers or traveller groups

Instrumental utility of travel
Travelling makes it possible to 

participate in various activities (e.g. 

working, meeting people, shopping) 

Positive utility of travel
Travelling itself may give pleasure, 

relaxation, or physical exercise

Travel resistance
Each trip requires time, effort and 

money, which constraints the 

possibilities to travel. 

Realized travel
Utility of travel and travel resistance 

influence travel decisions. 
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Repurposing the 

travel time

Reduced effort of 

driving and 
comfort

Travel resistance by 

car decreases

Number of trips

Destinations

Duration and 

timing of trips

Mode choice

Perceived value of 

travel time

Acceptance of AD 

increases

Willingness to use

How does automate driving (AD) influence travelling?

Improved 

travel 
experience

Potential benefits of AD

Use of AD

Changes in travel 

patterns
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Data sources

Experience of AD users based on Hi-Drive common questionnaires

 Collected in SP6 and SP5 experiments

 Pre-drive and post-drive questionnaires

 219 respondents analysed for mobility impact assessment

Views of the general public with two global surveys

 Hi-Drive Global Survey 2023: 8,345 participants

 Hi-Drive Global Survey 2024: 9,025 participants

 Together the surveys covered China, France Germany, Greece, Japan, Poland, Spain, UK, US, 

Sweden
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AD may unleash unmet travel demands (AD users)
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Figure Distribution of responses about willingness to travel more 

            and its influencing factors in the pre-drive questionnaire.

Figure Distribution of responses about the AD experience in the 

            post-drive questionnaire.



Acceptance of AD and expectations to travel more go hand in hand
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Acceptance of 

AD / Willingness 

to use AD

Expectations to 

increase 

travelling and 

car use with AD

Positive 

expectations 

toward travel 

experience with 

AD

 Respondents of Hi-Drive common 

questionnaires were dividing by their 
level of willingness to use AD

 Sceptic (n = 35)

 Neutral (n = 44)

 Enthusiastic (n = 140)



Acceptance of AD and expectations to travel more go hand in hand (AD users)
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Figure  Willingness to make more trips, 

             per respondent group.

Figure  Willingness to select farther destinations, 

             per respondent group.



Ability to work while commuting may encourage to accept longer commutes 
(Global surveys)
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Figure  Current and acceptable additional times in commute trips for commuters who could work in an AV 

            (n = 620), and for commuters who could not (n = 681). .

Figure  Travel and land use causal loop, illustrating the influence of automated 

             passenger cars on the transport system and location decisions.



AD can impact the perceived value of travel time (Global surveys)
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Current travel 

mode used 

N Correction factor VTTS 

Median 25% 75% Median 25% 75% 

Car as a driver 1,702 0.80 0.60 1.00 20% 0% 40% 

Car as a 

passenger 

419 0.84 0.67 1.00 16% 0% 33% 

 

0 0.2 0.4 0.6 0.8 1 1.2

AD

Manual

Perceived travel time (correction factor)

Table  Correction factor and VTTS in AD. Median and 25% and 75% quantiles reported.



Conclusions
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 AD has potential to impact travel behaviour by decreasing the travel resistance

 Use of car and the amount of travel can increase

 Ability to work on commute may encourage accepting longer commutes 

 Increased congestion may then act as a counter-force, leading to a new balance

 Transport system level impact assessment uses the correction factor for the perceived travel time to 

investigate impacts considering feedback mechanisms
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Introduction

Goal:

Understanding the effects of automated driving functions and their enablers on mode choices and travel 
patterns

Research questions:

 What is the impact of automated driving and its enablers on modal split?

 What is the impact of automated driving and its enablers on vehicle-kilometres travelled?

Tool: Macroscopic modelling (PTV Visum)

 Long-term planning (forecasting) taking into account land use, household, employment characteristics and 
transportation supply

 Static view using aggregated traffic flows

 Typical parameters are capacity, speed, volumes

Topical Webinar #7 - How does automated driving influence the traffic of tomorrow?  |  7 November 2025 64



Travel demand modelling – 4-step travel model
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 Trip generation

determines the 

frequency of origins 

or destinations of trips 

in each zone by trip 

purpose

 Trip distribution

matches the origins 

with the destinations

 Route Assignment

allocates trips 

between an origin 

and destination by a 

particular mode to a 

route. 

 Mode Choice

computes the 

proportion of trips 

between each origin 

and destination that 

use a particular 

transportation mode



Model of Bavaria

 Owned by Landesbaudirektion Bayern and its 

centre for traffic management (ZVM) and kindly 
lent for the project

 Complex model, quite large and containing all 

type of roads
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Whole Model Bavaria

330,000 km 105,000 km

Motorway 75,000 km 6,000 km

Rural road 205,000 km 80,000 km

Urban road 45,000 km 20,000 km

Kilometers of roads



Transport system impact assessment methodology
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Impact on perceived 
travel time

Impact on capacity & travel 
performance

Mobility

impact 
assessment

Efficiency 

impact 
assessment

Impact on 
total 

vehicle-
km-

travelled
Macroscopic 

travel 
demand 

modelling
Impact on 

modal 
split

Supply & demand for 

modelled area

Vehicle-km-

travelled per mode
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Methodology : Implementation of perceived travel time

Results from mobility:

 Correction factor for driver and passengers: 0.81
 No difference BADF / EADF

The way people perceive time during a trip depends on 

the type of activity they are engaged in, but also 
comfort, etc.

▪ For mode and route choice we correct the travel time 

by a factor. 

▪ dependent on the road segment used by the AD 

(applied within the ODD)

Designed by Freepik, www.freepik.com
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Methodology: Evaluation of capacity
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Fundamental diagrams from

PTV Vissim simulations from 7 networks

M
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Results from E&E

 Decrease of capacity for both BADF and EADF in 
comparison to human driven vehicles

 This is mainly due to the high gaps automated cars 

are keeping with each others



Operational Design Domain (ODD)
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EADF

BADF 

more urban roads + motorway rampsResults are shown for EADF 50% only



Modal Split – trip-based
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Trip-based modal split within the state of Bavaria in %

 The impact on the modal split is very limited

 Slight increase in the share of the number of 

trips for cars drivers and passengers along with 

a slight decrease for the other modes of 

transport: public transport, bicycle & walking

 The decrease in capacity pushes people away 

from cars and toward other modes like public 

transport, cycling, and walking

At the same time, this is compensated by the 

decrease in perceived travel time, which pulls 

people toward automated vehicles

Automation level EADF

Penetration rate 50%

Car Driver +0.10

Car Passenger +0.02

Public transport -0.02

Bicycle -0.04

Walking -0.05



Results: Vehicle-kilometres travelled in % within the state of Bavaria
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Manually driven vehicles Automated vehicles

Automation level Penetration rate inside ODD outside ODD inside ODD outside ODD

EADF 50% +0.1% +1.2% -0.1% +1.5%

• Reduced capacity in the operational design domain:

• pushes people to travel less within it 

• pushes people to change their route choice and travel outside the ODD, which in our case is mostly 

rural roads

• The decrease in perceived travel time encourages people to use their cars more inside the ODD.



Results: Vehicle-hours in % within the state of Bavaria
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Manually driven vehicles Automated vehicles

Automation level Penetration rate inside ODD outside ODD inside ODD outside ODD

EADF 50% +4.8% +1.4% +4.8% +1.7%

• Decrease in capacity

leads to more congestion and a reduction in vehicle speeds, which increases the time vehicles 

spend on the network.

• Decrease in perceived travel time

This encourages people to use their cars more, which also contributes to the increase in vehicle 

hours.



Conclusions

 Decrease in travel performance with the introduction of automated driving for both 

BADF and EADF, based on the assumptions of the project. 

 Mainly due to the conservative driving behaviour of automated vehicles, which maintain 

large gaps to the vehicle in front.

 Trade-off between smaller following gaps and safety. Perhaps we must accept this 

consequence — a reduction in performance — in order to gain in safety. However, 

a shift on rural roads can also have negative effect on safety.

 Macroscopic modelling is relevant. When people are confronted with change, they do adapt 

their travel patterns. This must be considered when evaluating the impact of automated driving.
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Objective of the socioeconomic impact 
assessment

 To provide an overall evaluation of connected and automated 

driving (CAD) in terms of its societal costs and benefits

 To clarify the welfare effects of all estimated impacts (society, 

users of CAD and other road users)

 Traffic safety

 Traffic efficiency

 Energy use and emissions

 User benefits

 To assess costs by assigning monetary values to estimated 

impacts using:

 Standard unit costs

 Willingness to pay

 Equipment costs



Analytical approach

 To estimate the economic value of benefits and costs associated with CAD, and to combine these 

components to carry out a thorough cost-benefit evaluation 

 Snapshot approach to consider CAD impacts reflecting a specific stage in the ongoing development of 

automated driving technology

 To compare today’s outcomes with estimated outcomes, where a fraction of current traffic operates with 

CAD

 Estimate impacts as the difference between the current traffic situation and counterfactual scenarios over 

the course of a year

 Estimate user benefits based on survey results

 Willing to pay extra for CAD

 Focus on the economic value of benefits at a 30% penetration rate, considering two scenarios:

 Traffic today

 ADAS-adjusted (Full mandatory ADAS)
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Impacts

Safety

Efficiency

Environment

Standard 

unit costs

Benefit 

to cost 

ratio

Costs
User 

benefits

Method for socioeconomic impact assessment 
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Magnitude of impacts 

at the EU-level Cost estimates
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Safety impact

Traffic today ADAS-adjusted

Number of accidents Number of accidents Standard unit costs (€)

Fatal accidents 1,960 1,012 5,791,924

Severe injury accidents 15,385 8,718 879,471

Slight injury accidents 102,835 56,783 91,251

PDO accidents 1,081,623 598,610 5,196
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Annual reduction in the number of injury accidents and standard unit cost by accident severity, 

relative to Today traffic and ADAS-adjusted scenarios, 30% EADF penetration rate  

Total annual accident cost savings in the EU:  €40 billion – Traffic today scenario

 €22 billion – ADAS-adjusted scenario   



Economic valuation of cumulative effects
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Traffic today ADAS-adjusted

Additional travel time

(million h)

Urban 100.2 164.0

Motorways 220.2 191.3

Total 320.4 355.3

Costs € billion 6.8 7.5

Additional annual total travel time within ODD of EADF and related cost, 30% EADF

Estimated effect on fossil fuel consumption and CO2 emissions, 30% EADF 

Traffic today ADAS-adjusted

Fossil fuels 
(Million liters)

CO2 emissions 
(1000 tons)

Fossil fuels 
(Million liters)

CO2 emissions 
(1000 tons)

Effect

Urban 562 1,362.3 327 790.6

Motorways 666 1,329.1 0 -100.1

Total 1,228 2,690.4 327 689.7

Cost savings € billion 0.9 0.9 0.3 0.2 



User benefits
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Relative importance of different attributes for respondents with WTP>0

Relative importance (%)

Increased safety 40.6

Increased comfort (less stressful driving) 22.6

Spending travel time on recreation 12.2

Fewer and shorter delays 11.2

Spending travel time on work-related activities 10.7

Other 2.7

N 3,372 = 100%



Costs and benefits of implementing CAD in the EU
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Traffic today scenario, 30% EADF

Impact Million €

Total accident cost savings 39,889

Travel time efficiency -6,767

Reduction in consumption of fossil fuels 921

Reduction in CO2 emissions 920

Users’ benefit of being able to work instead of driving 5,361

Users’ benefit of being able to relax instead of driving 6,106

Users’ benefit of experiencing increased comfort 11,321

Minimum cost 

estimate

Maximum cost 

estimate

Average cost 

estimate

Cost of implementing CAD 19,173 43,764 31,469

Net benefits 38,578 13,978 26,282

Benefit/cost ratio 3.01 1.32 1.84



Costs and benefits of implementing CAD in the EU
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ADAS-adjusted scenario, 30% EADF

Impact Million €

Total accident cost savings 21,821

Travel time efficiency -7,502 

Reduction in consumption of fossil fuels 245

Reduction in CO2 emissions 236

Users’ benefit of being able to work instead of driving 5,361

Users’ benefit of being able to relax instead of driving 6,106

Users’ benefit of experiencing increased comfort 11,321

Minimum cost 

estimate

Maximum cost 

estimate

Average cost 

estimate

Cost of implementing CAD 19,173 43,764 31,469

Net benefits 18,415 -6,176 6,119

Benefit/cost ratio 1.96 0.86 1.19



Main findings and conclusion

 The analysis focuses on impacts expected at a 30% market penetration rate among passenger 
cars and does not aim to capture the full potential of CAD technology 

 The main findings indicate that CAD is profitable from society’s point of view in both scenarios

 Higher benefit to cost ratio under the Traffic today scenario

 From an economic perspective, the most significant benefits arise from accident reduction, 
particularly from fewer human injuries and fatalities

 Environmental benefits, including reduced fossil fuel consumption and lower CO₂ emissions 
are relatively small

 User benefits provide additional value

 The cost of increased travel time is minor compared to the safety benefits

 Overall, CAD implementation demonstrates clear societal benefits, with potential for future 
gains as adoption increases
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