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VTO SYSTEMS-LEVEL R&D
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SMART MOBILITY CONSORTIUM

The SMART Mobility Consortium 
is a multi-year, multi-laboratory collaborative 
dedicated to further understanding the 
energy implications and opportunities 
of advanced mobility solutions.
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CAVS BOUNDING STUDY (2016)
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• LEVELS OF AUTOMATION
• TYPES OF CONNECTIVITY
• CLASSES OF VEHICLES
• POWERTRAIN TYPES
• CONTROLS OBJECTIVE
• TECHNOLOGY ADOPTION
• OPERATING ENVIRONMENT
• TEST PROCEDURES

CONNECTED AND 
AUTOMATED VEHICLES
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RESEARCH QUESTIONS

Identifying the energy, technology, and usage implications of 
connectivity and automation and identifying efficient CAV solutions
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1. How will connected and automated vehicles and systems behave 
in the real world?

2. What are the GHG, energy, technology and usage implications of 
connectivity, automation, and the combination of both 
technologies? 

3. What is the best way to harness CAVs for reduced energy use 
and improved mobility in transportation? 

CONNECTED AND AUTOMATED VEHICLES



RESEARCH FOCUS AREAS
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2) Evolving and Validating CAV 
Modeling Portfolio

1) Prototype Development, 
Experimentation, and 

Large-Scale Data Analysis

3) Impacts of CAVs within 
Near-Term Transportation 

Systems

4) CAV-enabled Opportunities 
for Reduced Consumption and 

Congestion

Integrated in SMART Mobility Modeling Workflow 



CONNECTED AND 
AUTOMATED VEHICLES 
RESEARCH HIGHLIGHTS
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CLASS 7/8 TRUCK CAV-ENABLED 
EFFICIENCY OPPORTUNITIES
Platooning could cut diesel use over 1 billion gallons 

LESS FUEL 
CONSUMPTION 
FROM CLASS 7/86–8%
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PLATOONING REDUCES 
TRUCK FUEL USE 
Overall savings depends on platoon configuration and speed

7–13%
FUEL SAVINGS
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EXPLORING REAL-WORLD 
PLATOONING VEHICLE SENSITIVITIES
Individual vehicle savings depend on truck spacing and position
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CLASS-8 TRUCK ON-ROAD 
PLATOON OPPORTUNITIES
60% of interstate and highway miles may be platoonable
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 Travel speed 
at least 50 mph for 
aerodynamic benefit
 Truck locations and 

schedules considered 
in platoon formation:
– within a 15 mile radius
– within a 15 minute 

travel time window



MANY ECO-FUNCTIONALITIES
ENABLED AT LOWER ELECTRICAL LOADS
Significant benefits with loads much lower than driverless

400 W
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 Highway cruising and 
coordination
 Eco-approach
 Eco-signal
 Highway lane changes 
 Vehicle repositioning 

and low speed 
operation

2,000 WAUTOMATED
ECO-DRIVING DRIVERLESS

In addition:
 Driverless operation 

including in dense 
urban environment



FUNCTIONALITIES ENABLED ACROSS 
A SPECTRUM OF ACCESSORY LOADS
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Real-world vehicles testing highlights sensitivities and insights

Cadillac Super Cruise (~100W) FEV Smart Demonstrator (~380W)

Automation loads are rapidly evolving –
balancing safety, additional functionality, processing improvements!



REFINING THE DOE VTO R&D 
PORTFOLIO 
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More details in SMART Mobility Modeling Workflow presentation 



EVOLVING SIMULATION PORTFOLIO
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RoadRunner: Trip-Level simulation of powertrain and 
driving dynamics for energy-focused CAV controls 
development and evaluation
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Impact of surrounding vehicles not included

INDIVIDUAL ACC VEHICLE 
IMPROVES ENERGY CONSUMPTION

FUEL 
CONSUMPTION
DECREASES

5-7%
Collaboration with 
Volvo Drive Me 
Field Trials



HIGH ACC PENETRATION MAY 
NEGATIVELY IMPACT TRAFFIC
Lack of communication leads to traffic instabilities,congestion
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FUEL 
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AS MUCH AS

60%
Microsimulation



CACC HELPS TRAFFIC FLOW, 
LOWERS ENERGY USE
Vehicle communication + automation improves traffic flow
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UP TO 20%
FUEL SAVINGS

Communication & 
Refined controls



VEHICLE AND POWERTRAIN 
CONTROL OFFERS SIZABLE BENEFITS
Adaptation to conditions, other vehicles, traffic lights
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CAV-ENABLED VEHICLE AND 
POWERTRAIN CONTROL
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Large-scale study of real-world implementable controls

Vehicle Model
 Powertrain
 Veh. dynamics
 Accessories

Horizon Generator
 Signal sequence
 Preceding vehicle
 Route

Speed & Powertrain Control
 Reference generator

 Tracking controller
 Powertrain controller

Vehicle states

SPEED 
LIMIT
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1) Speed-only optimization 

Large-scale Simulation Study 
4000+ simulations including…
• Powertrain type + tech. scenario

(Conv, HEV, BEV & current/future)
• Control type
• I2V connectivity
• Different lead/follow scenarios 
• Real-world routes extracted from 

HERE maps 
(highway, suburban, urban, mixed) 2) Speed + powertrain optimization



CAV-ENABLED VEHICLE AND 
POWERTRAIN CONTROL IMPACTS
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Optimal CAV control also impacts component usage and efficiency
Large-scale Case Study Results - HEV Component Sensitivities

More Gear Shifts Higher Motor Efficiency



MODEST MARKET SHARE OF CAVS 
PROVIDES MERGING BENEFITS
Improvements estimated on 7 miles of I-75 Corridor

4% FUEL 
CONSUMPTION 
REDUCTION

20% CAV PENETRATION

7% FUEL 
CONSUMPTION 
REDUCTION

100% CAV PENETRATION
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CAVS OPTIMAL COORDINATION 
FRAMEWORK
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Simplified On-ramp Merge Realistic On-ramp Merge I-75 Real-world Corridor



400 W
Observed Loads vs. Functionality

ACCESSORY LOADS

Or Lower

15–20%
FUEL SAVINGS

CACC

7–13%
FUEL SAVINGS

PLATOONING

20% FUEL CONSUMPTION 
REDUCTION

VEHICLE AND POWERTRAIN CONTROL

COORDINATED MERGING
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4 –7%
FUEL SAVINGS



Thanks to the CAV Focus Area Principal Investigators and 
Contributors:
• Idaho National Laboratory - Matthew Shirk
• National Renewable Energy Laboratory - Brian Bush, Yuche Chen, Jeff Gonder, Mike 

Lammert, Jake Holden, Bingrong Sun, Chen Zhang
• Argonne National Laboratory - Joshua Auld, Vincent Freyermuth, David Gohlke, Jihun

Han, Ehsan Islam, Mahmoud Javanmardi, Jongryeol Jeong, Dominik Karbowski, Namdoo
Kim, Eric Rask, Aymeric Rousseau, Daliang Shen, Tom Stephens, Omer Verbas

• Oak Ridge National Laboratory - Paul Leiby, Zhenhong Lin, Jackeline Rios-Torres
• Lawrence Berkeley National Laboratory - Jeffery Greenblatt, Xiao-Yun Lu, Steven 

Shladover
• Many other researchers and collaborators!
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For more detail and many more 
research insights, please visit the 
EEMS SMART Mobility Capstone 
Reports and Webinar Series Site 

https://www.energy.gov/eere/vehicles/downloads/eems-
smart-mobility-capstone-reports-and-webinar-series
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