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arpa.e digital tfransportation workshop

jason rugolo program director

feam:

justin manzo technical contractor
geoff short technical contractor
paul d'angio technical contractor
mike kane fellow




our theme for the day:

bIfs Not atoms.

(or we will be miserable and doomed.)
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passenger = 18 Q



Estimated U.S. Energy Use in 2014: ~98.3 Quads - Iﬁaa‘{‘llg%g??_gggg{lo%e

Net Electricity
Imports

Solar 0.170
0427 8.33

12.4
Nuclear 557 Electricity 25.8
8.33 : Generation
38.4 Rejected
2.44 Lo e
59.4

Hydro
247

1.73

Wind
1.73

Residential
11.8

0.159

0.0197

Commercial
8.93

: Energy
0.561 Services
0.0470 38.9

9.46

Industrial
24.7

Trans-
portation
27.1

Petroleum
34.8

Source: LLNL 2015. Data is based on DOE/EIA-0035(2015-03), March, 2014. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA reports
consumption of renewable resources (i.e.,, hydro, wind, geothermal and solar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate." The efficiency of electricity production
is calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 65% for the residential and commercial sectors 80%
for the industrial sector, and 21% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527



arpa.e has invested in advanced transportation since the beginning

.natural gas vehicles

.electric vehicles

lightweighting

.optimal route planning and incentives
powertrain efficiency for autonomous vehicles
.efc

unifying theme:

the new technologies we develop must have market pull
(or else they won't matter)



market pull => make fransportation better => cheaper, faster, convenient

JEVON'S PARADOX

In economics, the Jevons paradox (/ dzsvanz/; sometimes Jevons effect) occurs
when technological progress increases the efficiency with which a resource is
used (reducing the amount necessary for any one use), but the rate

of consumption of that resource rises because of increasing demand.lX The
Jevons paradox is perhaps the most widely known paradox in environmental
economics.2l However, governments and environmentalists generally assume
that efficiency gains will lower resource consumption, ignoring the possibility of
the paradox arising.2!

-Wikipedia.


https://en.wikipedia.org/wiki/Help:IPA_for_English
https://en.wikipedia.org/wiki/Technological_change
https://en.wikipedia.org/wiki/Efficiency
https://en.wikipedia.org/wiki/Resource_(economics)
https://en.wikipedia.org/wiki/Consumption_(economics)
https://en.wikipedia.org/wiki/Demand_(economics)
https://en.wikipedia.org/wiki/Jevons_paradox#cite_note-1
https://en.wikipedia.org/wiki/Environmental_economics
https://en.wikipedia.org/wiki/Jevons_paradox#cite_note-York-2
https://en.wikipedia.org/wiki/Environmentalist
https://en.wikipedia.org/wiki/Jevons_paradox#cite_note-Alcott1-3
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annual tfravel [mi/person]
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billions of people
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China National Highway 110 traffic jam

From Wikipedia, the free encyclopedia

The China National Highway 110 traffic jam was a recurring“] massive traffic jam that began to form on
August 14, 2010, mostly on China National Highway 110 (G110) and Beljing—Tibet expressway (G6), in Hebel
and Inner Mongolia [213] The traffic jam slowed down thousands of vehicles for more than 100 kilometres

(60 mi) and lasted for more than ten days.[PII4I3] Many drivers were able to move their vehicles only 1 km
(0.6 mi) per day, and some drivers reported being stuck in the traffic jam for five days_[E'] It is considered to be
one of the longest traffic jams by some media_[EII71(8]

Contents [hide]
1 Cause

2 Effectand end
3 References

4 External links

Cause [edi]

Traffic on the China National Highway 110 had grown 40 percent every year in the previous several years,
making the highway chronically cungested.[f'] The traffic volume at the time of the incident was 60% more than
the design capacity.[°]

The cause of the traffic jam was reported to be a spike in traffic by heavy trucks heading to Beijing, along with
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nhts fravel purposes

Visit public place: historic
site/museurn/park/library

Retum towork

___Social event
Attend business meeting/trip

Go toschool as student

Go towork
Go toreligious activity

Shopping/errands

Social/recreational
Buy services: video rentals/dry
| cleaner/post office/car
Visit friends/relatives service/bank
Buy goods: -
groceries/clothing/hardware
store
Go out/hang out:
entertainment/theater/sports
event/goto bar
h

edical/dentd services

Rest or relaxation/vacation
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- passenger transportation frichotomy

we fransport ourselves with the objective of:
| o |

BTN

communication labor experience

to convey or consume information to physically affect environment predominantly to “experience”



Rail, 17 GW

Air

[
e Related, 31 GW  Labor
5Q,154GW

Vacation, 37 GW




someday, we will only fravel when we want to.

(and transportation energy will plummet)



day 1. telecommunication

day 2: telelabor



arpa-e

opportunities in “telelabor’

Jason Rugolo, Ph.D.

Justin Manzo, Ph.D.
Geoff Short, Ph.D.
Paul D'Angio, Ph.D.
Mike Kane, Ph.D.

Program Director

Tech SETA
Tech SETA
Tech SETA
Fellow



drawings: Mike Kane



bring telework to labor jobs



drawings: Mike Kane



serious limitations

. hardware cost

. perception

. intelligence

. decision making
. iImplementation

drawings: Mike Kane



drawings: Mike Kane



let humans do what they're good af,
and leave the rest to robots.



let humans do what they're good at,
and leave the rest to robofts.




advantages of telelabor

. Save on passenger tfravel

. process intensification

. save on HVAC

. save on lighting

. iIncrease productivity

. make labor workers happier

. use cheaper robots

. less expensive implementation

drawings: Mike Kane



telelabor makes labor jobs beftter.
autonomy eliminates them.



why don’t we do this already?

we've started, but it’s
hard and expensive.















how do we control these manipulatorse the human machine interface

. operator immersion

. better perception

. facile controls

. role of hapitcs

. 3d

. extra-sensory

. sliding autonomy

. minimal cognitive loading
. minimal physical loading



robotic manipulation technical space

$100MM small fully
automated
factory
$10MM partially
automated
factory
$1TMM
-
(2]
@)
@)
$100k
$10k
$1k
human IN human ON fully
the loop the loop autonomous

3rd axis:
capability aufonomy



robotic manipulation technical space

$100MM small fully
automated
factory
$10MM partially
automated
factory
$TMM
-
(2]
O
O
$100k
$10k
—
$1k
human IN human ON fully
the loop the loop autonomous

3rd axis:
capability aufonomy



other applications in energy:

nuclear plants

wind turbine blade inspecting

harsh or dangerous (power lines, oil derrick)
all power plants

dull, dangerous, dirty, ..., lot of that in energy.



