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The Future of Freight
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Climbing Mount Auto
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Figure 1.1: Climbing Mount Auto
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Figure 1.2 Roadways per Capita in US (m)

M Paved Roadways per Capita
M Unpaved Roadways per Capita




Figure 1.3 Registered motor vehicles in US
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Figure 1.4 Total Time Spent
Traveling per capita (minutes)
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What Killed America’s Traffic?
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Figure 3.1 Age Groups in US 2014
W Male . . Female




Figure 3.2 US Labor Force Participation Rate: 1948-2015




Figure 3.3 Annual Hours of Work: 1870-2000
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Figure 3.7 Travel by Purpose per

capita (km)
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Figure 3.8 Proportion of Population with a
Driver's License by Age and and Year of Birth
Cohort
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Figure 3.9 US Retail Gasoline Price (Dollars per Gallon)




The Transition to Electric
Vehicles

David Levinson
University of Minnesota



Figure 5.1 US Sales of Electric Vehicles
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Figure 5.2 Lithium lon Battery Pricing by Cell Type (2002-2020) ($/
KWh)
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Figure 5.3: Car2Go carsharing vehicles are Smart Fortwos, the smallest car sold o
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Energy intensity of freight
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InNnovation

* ~10x Improvement on some relevant dimension




Methanol

* Methanol from drilling etc. doesn't fully address COZ2.
* Biofuels are expensive

e Petroleum is abundant and infrastructure exists




Implications

e Fewer Fuel Trucks




Atoms into Bits
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Digital Purchases
Subscription Streaming
Video on-demand rental

Kiosk rental

Figure 6.1 US Home Entertainment Revenue (2013
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3-D Printing




Automation
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Figure 7.1 Cumulative miles traveled by Google Autonomous
Vehicles
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Pricing
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Figure 13.1 Cumulative Mileage of HOT Lanes in United
States
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Public Strategies

e (Gas Tax

 EV -> Vehicle Mileage Tax




Freight
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Figure 3.11 Billions of Pieces of Mail Handled Per Year: US
Post (1926-2009)
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Figure 3.6 US Ton-km of Domestic Freight by Mode (Per
Capita)
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Figure 3.6 US Ton-km of Domestic Freight: Rail vs. Truck
(Per Capita)
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Expectations

 Rail will drop in the future as coal is phased out




Upcoming Directions

e Supply Chain Network Pooling
* Physical Internet

. B2B Ngar Real-Time (Same Day, Same Hour
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Speed

David Levinson
University of Minnesota



Speed vs. Time (movie

® Water ® Road ® Rail ® Air ® Space
Charlotte Dundas
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Burning Questions
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How Modes Have Evolved

» Container ships have doubled in capacity in 13 years

 Rall axle weights have increased from 263,000 Ibs in 1991
to 315,000 Ibs today

* 70% of Rall iIntermodal containers are double stacked

* Federal truck size and weight have been frozen for over
30 years

» Other countries have evolved their policies
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International Comparison

6-axle tractor semi-trailer 102,500 Ib 6-axle tractor semi-trailer Typical 97,000 Ib
8-axle B-train double 137,800 Ib 105,800 Ib (Denmark)
United States
(Interstate and NHS limits) 6-axle tractor semi-trailer 101,400 Ib
5-axle tractor semi-trailer 80,000 Ib B-train doubles
7-axle tractor twin-trailer 80,000 |b 151,000 Ib (approved routes)

New Zealand

6-axle tractor semi-trailer 86,000 Ib
6-axle tractor semi-trailer 105,800 Ib B-train doubles 97,000 Ib or 110,200 Ib
8-axle B-train double 138,000 Ib Up to 136,700 Ib specific routes for
High productivity motor vehicles (HPMV)
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Workhorse vehicle

——

\je' = LT 1 O
Country Steer Drive Tridem GVW Fletluedi iy
advantage
(Ib) (Ib) (Ib) (Ib) Relative to USA
South Africa 17,000 39,700 52,900 109,600 59%
Mexico 14,300 43,000 49,600 106,900 53%
Denmark 17,600 35,300 52,900 105,800 51%
Canada 12,100 37,500 52,900 102,500 44%
Australia 14,300 37,500 49,600 101,400 41%
UK 13,900 35,300 47,400 96,600 32%
USA | 34,000 } 80000 _
Assumed empty weight 36,400 |b for 6-axle
* 34,000 Ib for US 5-axle vehicle Woodrooffe
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Productivity Comparison

: 000 (e o] EESE o Ko o}
Canadlan B-train US Tractor semitrailer
Number Productivity
Canada 8-axle B-Train 137,800 Ibs 93,000 Ibs Factor of 2
US Tractor semi 80,000 Ibs 5 46,100 Ibs
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Fuel & GHG Comparison
Unrestricted Access Vehicles

Canadlan B-train US Tractor semitrailer
it Fuel ' Fuel HG A
SOy & VEie)e C_argo unit Fue Cargo unit CO, uel and G .G dvantage
(liter/tonne-km) (g CO,/tonne-km) per unit cargo
Canada B-Train 0.037 98.79 68%
US Tractor semi 0.063 165.9
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10% Reduction in Truck VMT

Benefit study

Reductions
assuming

Estimated annual

. Injury severity o - benefits
variable 1_0 Yoreduction ($US Billion)
in exposure
no apparent injury 21562 0.20
possible 2,929 0.44
Estimated safety injury
benefits attributed to evident injury 2,724 0.68
ta 10k°/;> redLIJ(ét_iotn In disabling injury 1,453 0.87
ruck travel distance Killed 330 > 54
Total safety cost saving attributed to 4.73

10% reduction in exposure

Annual cost

Estimated fuel and Category Quantity saved saving
. X ($US Billion)
ST ESIDNS (2 AE i Diesel fuel 10.6 billion
attributed to a 10%o red t'un -I't r 10.60
reduction in truck eductio >8 ,3: f/lﬁlion
travel distance ) .
v ! CO2 reduction metric tons 0.680
CcO2
Combined benefits Total estimated annual savings 16.01
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Comparing Estimated
Annual Safety Benefits

Assumes 100% ESC and F-Cam Fleet Penetration
Assumes 10% Reduction in VMT from Size and Weight Reform

: : Annual Annual
CSlEE Al CHIESO ol Fatality Reduction Injury Reduction

ESC 126 5,909
F-CAM (2"d gen) 99 3,590
Size & Weight Regulation reform 330 7,106

Size and Weight Reform as a Safety Strategy
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Administrator

Deputy
Administrator
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NHTSA

www.nhtsa. gov

Governmental

Chief Counsel Affairs

Civil Rights

Traffic Injury Control

Research and
Program Development

Regional Operations
And Program Delivery
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Vehicle Safety

Rulemaking

Enforcement

Vehicle Safety
Research

National Center
For Statistics
And Analysis
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Office of Crash Avolidance &
Electronic Controls

* Connected Vehicles

* Crash Avoidance Systems

« Automated Vehicles

* Vehicle Cyber-security

* Electronic Systems Reliability
* Human Factors
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NHTSA Heavy Vehicle Crash
Avoidance Research

 Electronic Stability Control

* Forward Collision Warning and Automatic Emergency Braking
» Lane Departure Warning

* Collision Warning Interfaces

* Vehicle to Vehicle Communications

» Heavy Vehicle Cybersecurity Vulnerability Profile

« Heavy Vehicle Functional Safety Assessment Profile
(application of ISO 26262 to heavy vehicles)
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Crash Worthiness Research

* Tractor Cab Crashworthiness
— (Report to Congress in May)

* Underride Guards for trailers
— Regulatory proposal announced for 2015

* Single Unit Truck Conspicuity: ANPRM in July 2015
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Other Heavy Vehicle Regulatory Activity

* Speed Limiters
* Truck Tires
 Motorcoach
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Overview of the Safety Challenge

« Annual Average crashes involving heavy vehicles....about 350,000
« 1/3 are single vehicle crashes; 2/3 involve multiple vehicles

Multi-Vehicle Crashes (68% of HT Crashes)
Rear-End 69,349 | 26%
Single Vehicle Crashes (32% of HT Crashes) Changing Lanes/Drifting 70,704 | 27%
Vehicl-e Failure 4,828 4% Tunring/Same Direction 27,922 | 11%
Turn @ Intersection (lateral Direction) 7,353 3%
Control Loss 21,315 | 17% Left Turn Across Path / Opposite Direction 10,686 4%
Road Departure 68,293 | 55% Straight Crossing Paths @ Intersection 33,296 | 13%
Road Departure/Backing 7,517 6% Opposite Direction 14,329 59
Pedestrian/Cyclist/Animal 8,683 7% Backing Into Vehicle 18,367 7%
Rollover/Non-Collision 12,812 | 10% Parking/Same Direction 3,244 1%
Total| 123,448 |100% Other 7,287 3%
Total| 262,538 | 100%
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