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Energy Is dangerous

Light a match to gasoline and it explodes.

Drop a wrench across + and i terminals of an
unfused traction battery

f you touch the wrench, you get electrocuted.
f you are lucky, you get an arc-welder.

f you are unlucky, you get a plasma fire.
Hydrogen can explode (Hindenburg disaster)



If It IS not dangerous, it IS not a
significant amount of energy

A fully discharged battery is dead weight.

Water
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nas no energy before hydrolysis.
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Can transportation run off
Insignificant energy sources?

In Holland
Yes!

In USA

88% use a car to get to work.
4% use mass transit.
1.2% use a bicycle or motorcycle.

In China

Trend to live farther from work than walkable.
Trend to replace bicycles with cars.



Autonomous cars are coming

Cruise control and collision avoidance systems
are getting more sophisticated.

Expectto see a self-driving car in 10 years.
Opportunity for a new urban transportation mode

Ultra-light single occupancy autonomous vehicles.
Vehicles link electronically for families and shoppers.
Public and private vehicles mix.

Operates as a rail-less Personal Rapid Transit (PRT)




Objectives

e Improve energy efficiency by 10x to 30x.
¢ Eliminate all tailpipe emissions.

¢ Increase freeway lane capacity by 8x.

¢ Reduce traffic accidents by 20x to 40x.

¢ Eliminate congestion.

¢ Use existing infrastructure.

¢ Same performance as light rail at a fraction of
the cosit.
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- Military contractors gave

- 1Strace: March 2004,

- 2" race: Oct 2005

- 3" race: Nov 3, 2007 (in

DARPA Grand Challenge

limited results.

229 km: No finisher.

(desert dirt roads)
5 finishers.

http://www.darpa.miI/grandchaIIengé/index.

traffic): 6 finishers. asp
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.. Notrobust.

Need to satisfy
regulators.

| Technology is much
easier if the roadway
cooperates.
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Autonomous vehicles are
already here

Photo shows the autonomous
commuter train in Lille, France. Trains
run on 2 minute

headways at peak times.

~ Trains to satellite

terminals at airports.

- Commuter trains In

Europe.

Elevators &
escalators.

Factory automation.
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Human Powered Vehicles $

An HPV has hit 130 R
kph on level ground '
with only human
power.

Streamlining is
essential.

Optimized for
minimum energy

consumption. |
http://www.ihpva.org/Records/ 3



Few off-street paths.
Expensive.
Heavy.

Less maneuverable
than bicycle.

Ventilation problems.
Little cargo capacity.
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An electric helper motor is
commercially available for

picycles.

f <32 kph, legally a
picycle In US.

May be treated as moped
elsewhere.

2 Wheelers are most of
world's electric vehicles.

Biggest market is China.



http://www.ebikes.ca/
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http://www.evsolutions.net/

Low ridership makes cars more
efficient than buses in US

Transport Mode Avera%gre EfflClencgrpf(er Efficienc

L v
Motorcycles 1.2 1.21 3.51
Transit rall 24.4 1.69 4.88
Commuter rail 34.2 1.73 4.99
Cars 1.57 2.30 6.65

P%@?%&E%‘%%t%n Energy Data B%OZZZOW http://cta. ornl%)g\gdata/downloadZS ght%?

Transit buses 9.1 2.82 8.17



Energy consumption at 50 kph
(kcal/lkm/person)

- 11: Commuting HPV

- 30: Bicycle ]

C112: Train & riders N

- 120: Car & 5rders 1

- 539: Car &driver [
(6.2 I/lOO km) 0 100 200 300 400 500 600

D.G. Gordon & J. Papadopoulis, Bicycling Science, 3rd ed, MIT Press, 2004.
The HPV is an order of magnitude energy improvement over good

solutions. It represents two orders of magnitude better energy use

compared to many cars on the road today.
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High fuel efficiency :

| In 1980, Douglas .
Malewicki built a car
weighing 105 kg empty.

It achieved 1.49
/100km at 89 kph using &
a 1900 W engine.

The design uses HPV
concepts.

http://WWW.canosoarus.com/O3CaIifCommuter/CaIComOl.htm
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- The UBC
supermileage
student team used
a vehicle similar to
an HPV but with a
gasoline engine to
get 0.075 1/100km at
SAE supermileage i naiiooim b o
eventin June, 2006, O




Electrathon

High school students
build and race electric
vehicles.

Power from 22 kg of
lead-acid batteries.

Winners cover 70 km In
an hour.



