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On-board and off-
board sub-systems

CAVs Operations

Indirect Impacts

1) Sensing and tracking
2) Decision (control)

3) Data Transmission
4) Data centers

5) Smart infrastructure

1) Smoother driving

dynamics (longitudinal,
lateral, etc.)

2) Eco-driving (including
speed compliance, etc.)
3) Smaller time-gaps

1) Behavioral changes
(mode shifts, induced
demand)

2) Shared Mobility

3) Lower VOT
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Refining Assumptions for Automation System Energy Modelling
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Energy Consumption Across Automation Configurations

Automation systems consume energy beyond propulsion due to multiple tasks such as sensing, data processing, communication, and backend
operations. The magnitude of this overhead depends on sensor architecture, communication needs, and offboard computing requirements.

Prototype:
* High sensor redundancy (LIDARSs, radars, cameras) and unoptimized
processing — 2000 W onboard, significant offboard loads (HD maps, .
DNN retraining).
80
Enhanced Sensor: 3 Tasks
- Reduced sensor set with maintained safety — 860 W onboard, more o = ommton
efficient communication and storage. i == Fieet management and spenision
Fi T WS Updating the HD map
Vision-Only: i o= Revainingof e DNNs
« Camera-based perception only — 390 W, minimal communication, 20
moderate offboard energy use. -

0
TQCh nOIOgy Advancement: Prototype Enhanced Sensor Vision-Only Technology Advancement
« Al-optimized sensors, advanced compression — ~60% total energy
reduction from Enhanced configuration — 344 W onboard,
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Urban Case Study & Modelling Approach

Case study: Santander, Spain
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Population: 172,000 inhabitants
Data Source: Empirical data from trip diaries (sample size 1 200)

Trip Purposes considered: Work, Education, Leisure, Shopping,
Other

Available modes: Walking, cycling/motorbike, public buses, private
vehicles

Mode shares: Walking is the primary mode of transport, with a 54%
modal share. Private cars (29%) and buses (16%) follow.

Main Travel Purposes: Work (30%) Leisure (22%), and other
activities (25%) dominate travel purposes.
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Simulated scenarios

Policies & System-Wide Impacts

AV Services & Deployment Scenarios 1. Pedestrian-Only Centre (UVAR): Certain city zones are restricted to

1. Base Case: Represents existing transportation conditions in active modes and public transport.

Santander, including private cars, public transport (buses), 9.

_ : : Total Ban on Private Cars: No private car trips scenario used to
motorbikes/bikes, and walking

measure active modes dispersion in extreme demand conditions

2. Robotaxis: AVs provide private and shared ride-hailing services 5

_ Congestion Effects: Artificial congestion is introduced to analyse
with up to 4 passengers

demand under increased travel times.

3. Automated Shuttles: On-demand shared AV shuttles withupto

No VOT Change: Unlike other scenarios, this assumes AVs do not alter
15 passengers

the perceived value of travel time, minimising behavioural changes.

4. High-Frequency AV Bus Network: Traditional buses are 5.

_ : Car Penalties: Measures such as reduced car lanes, lower speed limits
replaced with high-frequency automated shuttles

restricted parking are implemented to discourage private car use and

5. Privately Owned AVs: AVs replace private cars without promote shared AV services.

changing travel behaviour. 6.
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Privately Owned AVs Returning Home: Privately owned AVs return
home after each drop-off instead of parking at the destination.
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Mode shares changes
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Impact on energy consumption — prototype configuration

600-

B Ul
(o)) w
(o)} w

SN
o
o

Energy Consumption (MWh/day)
= N N W
w o (@)} w
w o [@)] w

)]
o]

ted
*&”ﬁétid CCAM
driving.eu

Private Cars
Robotaxis Shared Ride
Robotaxis Private Ride
Shuttles

Public Buses

Onboard Systems
Offboard Systems
Communication

H
W



CONFERENCE

onnected utomated riving

Impact on energy consumption — envisioning technological progress
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Key Takeaways — Urban Focus

Automation systems introduce energy overhead: Sensors, computing, and communication in AVs can account for up to 18% of total
transport energy. With future optimization, this can be reduced by up to 80% per kilometre.

Urban deployment strategies shape energy outcomes: Robotaxis often displace active modes like walking and cycling, increasing car
dependency. In contrast, shared AV shuttles designed as on-demand public transport align better with urban sustainability goals and reduce
car use.

Policy measures are essential: In the absence of regulation, behavioural shifts toward convenience may increase energy use. Combining
shared automation with car-restrictive policies (e.g. reduced lanes, lower speeds) can lower urban energy use by up to 15% compared to
a fully electrified baseline—without sacrificing accessibility.

Context matters: The results reflect a medium-sized European city with a high share of walking. Outcomes may differ in car-dominated,
denser, or highly congested cities, where transport habits and infrastructure vary.

Future research needed: Further studies should explore AV impacts across diverse urban settings, including behavioural adoption
patterns and the role of automation as a first/last-mile solution.
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