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for transportation beyond oil
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SANE Transportation Networks are unique & robus

o Small, driverless
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» EXxclusive, grade-
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rights-of-way
(ROWs)
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FIRE defined humanity ...

"Evidence for the
controlled use of
fire by Homo
erectus beginning
some 400,000
years ago has
wide scholarly
support, with
claims regarding
earlier evidence
finding increasing
scientific support.”
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Australia has a new temperature rating:

Screen Temperature ACCESS-Global
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Australia has a new temperature rating: catastrophic
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If climate change doesn’t get us...
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If climate change doesn’t get us...
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The export land model reveals a very different turn
of events



The export land model reveals a very different turn
of events

Egypt : OIll

2013 imports increased by 39. %

o
Consumption - 35
Production 2
D
w @2
° ©
0
-
O
net Exports o =
= [ 5 £
net Imports
I I I I I |
Year 1960 1970 1980 1990 2000 2010

Data: BP Statistical Review 2014 Graphic: mazamascience.com



The export land model reveals a very different turn

of events
Rising

Egypt : OIll

2013 imports increased by 39. %

o
Consumption - 35
Production 2
D
w @2
° ©
0
-
O
net Exports o =
= [ 5 £
net Imports
I I I I I |
Year 1960 1970 1980 1990 2000 2010

Data: BP Statistical Review 2014 Graphic: mazamascience.com



The export land model reveals a very different turn

of events
Rising

Egypt : OIll

2013 imports increased by 39. %

o
Consumption - 35
Production 2
D
w 2
° 3
0
-
O
net Exports =

-
- O E

net Imports
I I I I I I
Year 1960 1970 1980 1990 2000 2010

Disappearing
exports

Data: BP Statistical Review 2014 Graphic: mazamascience.com



Oil dominates transportation energy in the USA

Total Energy Consumption by Fuel

Renewable Nuclear
Energy Power
12% 8%

l

o AEQ 2014, Early Heloasa, Tabkes A1, A2 and At/

Sector Energy Consumption by Fuel Type

Transportation

Industnal

Raesidential and Commercal

Blectnc Power

38% 19%

BOI B Natural Gas Coal B Renewabie Energy Nucioar Power



But after oil is extracted, process losses are huge

ERO'ext

=
1
I
. .

EROls: Oil Transport
i loi Refining of Oil to
Extraction and I’f)int of

Byproducts Use
of Refining

Infrastructure
for Transport

Oil Remain
as Consumer
Ready Fuel

20.5M] Oil

10M] Loss 27M] Loss 37.5M] Loss

Figure 3: Boundaries of various types of EROI analyses (standard EROI (EROIst), EROI at the point of
use (EROlpou) and extended EROI (EROlext)) and energy loss associated with the processing of oil as
it is transformed from “oil at the well-head” to consumer ready fuels (figure adapted from Lambert
and Lambert, in preparation [3]).

EROI of Global Energy Resources: Preliminary Status and Trends



At the end of the daisy chain, liquid fuels don’t cut it
Fuel-based engines are incredibly inefficient

87% of the fuel energy Is wasted |

100kg people & 1,000 kg metal: most of the
useful energy is used to move metal...

13%

bunelg
beiq
UIel}aAL(q

Less than 1% of the total energy moves people!



Even if there were plenty of oil, gas and coal, we
would have to leave most of it in the ground

Unburnable fossil fuels

Known, extractable coal, oil and gas reserves that must not be burnt
in order to prevent dangerous climate change of more than 2C

Global reserves
Per cent that cannot be burned

(Gas O1l
”

GUARDIAN GRAPHIC SOURCE: McGLADE & EKINS, NATURE, 2015
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The future is in our hands







So June 15, 1752 is a date to remember
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October 22, 1879 is also a key date to remember




October 22, 1879 is also a key date to remember

"Sunshine is spread out thin and so is
electricity. Perhaps they are the same,
Sunshine is a form of energy, and the winds
and the tides are manifestations of energy.”

“Do we use them? Oh, no! We burn up wood
and coal, as renters burn up the front fence for

" fuel. We live like squatters, not as if we owned

What Edison said In

1910 is the rest of
the story

' - the property.

“There must surely come a time when heat
and power will be stored in unlimited
guantities in every community, all gathered by
natural forces. Electricity ought to be as cheap
as oxygen...." [1910]



; WAVES? 0,2-2

WIND?

NATURAL GAS®

SOLAR” 23,000

PETROLEUM®

\  OTEC*
) 3-11 PER YEAR

BIOMASS?®

2-6 PER YEAR
WORLD ENERGY USE £ URANIUM?®

¥ 16 TW-YR PER YEAR

, HYDRO®
j 3-4 PER YEAR

vy A GEOTHERMAL'
TIDES ) 0,3-2 PER YEAR

0.3 PER YEAR



The Global Solar Energy Balance is in our favor

Solar Energy Input (TeraWatts) 178,000
Reflected to Space Immediately 53,000
Absorbed and Then Reflected as Heat 82,000
Used to Evaporate Water (Weather) 40,000
Captured by Plant Photosynthesis 100
Total Energy Used by Human Society 15
Total Energy Used by US Society 2.9
Total Human Food Energy 0.6




We can't solve problems by using

the same kind of thinking we used

when we created them.

— Albert Einstein



fransportation
We can't solve *problems by using

fuels
the same kind of *thinking we used

when we created them.

Pete Christensen
— Albert AEinstein



Tonatiuh, el Coche Solar de Carreras, started in 1992
PROYECTO MEXICANO DEL AUTOMOVIL 5§ /
W




Tonatiuh inspired the Solar Skyways Challenge




The ATN guideway has 17X more solar capacity than
solar race cars

3m

2 seconds apart @ 90 km/hr = 50 m
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One lane of bio-cars

How wide
would the biofuel
plantation be?

One lane of cars

60 miles per hour

30 miles per galion
1200 litres of biofuel per hectare per year
80 metres car-spacing

= 8 kilometres wide
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One lane of podcars

One lane of podcars

b0 miues per hour

Solar Powered
80 metres car-spacing

= 5 metres wide



Typical trip patterns closely match the pattern of
sunshine, with evening extension
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Typical trip patterns closely match the pattern of
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Typical trip patterns closely match the pattern of
sunshine, with evening extension
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Is solar possible? Let’s start with the tough case:
2/3 of the way to the north pole

| 90°N |

f f — 60°N

500 | ; ;r — 30°N |1

i /\ T

400
Insolation : 2 S s
300 e s 3 1
(Wm2) S 9 W D
L] A © ©

L 0 ol

O o - -
200 - = o o
= . Q O
3 :

100 f ?

0

J FMAMUJJ A S OND
Month



With a megawatt a mile, solar can deliver 20,000
trips per day, even in Sweden
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With a megawatt a mile, solar can deliver 20,000
trips per day, even in Sweden

rower AVErage hourly power consuption during the Annual System Energy Supply and Demand
[kw) three typical day types, high case 350
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One TeraWatt of solar is enough for transportation

Estimated U.S. Energy Use in 2009: ~94.6 Quads H hLlaa\{Ycl;%gcl:eLglla\(l)er;To?';e

Net Electricity

Solar 0.01 Imports
0.11
12.08
Electricity 26.10
Generation
38.19 Rejected
Energy
54.64

2.25

Residential
11.26

Commercial
8.49

Industrial
21.78

’l, Trans-
25.34 portation

2698

Source: LLNL 2010. Data is based on DOE/EIA-0384(2009), August 2010. 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 flows for non-thermal resources (i.e, hydro, wind and solar) 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 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527
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One TeraWatt of solar is enough for transportation
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One TeraWatt of solar is enough for transportation

Trans-
portation
26.98

1 tw X 5 hours/day =
6.25 Quad/year =

net useful energy for
transportation. With
efficiency gain of 5X,
there will be surplus
energy for the grid.



With suspended vehicles, inclusion of solar is easy,
as |llustrated by this recent project




What about the visual impact of the solar array?

‘(“R\

N~

.
e

* —

N



Where necessary, the solar array can be narrower




Where necessary, the solar array can be minimal




Where necessary, the solar array can be minimal




We also helped Santa Cruz envision ATN
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We are making progress in Santa Cruz







JPods patented solar podcars in 2004

1) managmg emergency condltlons in accordance W1th

said protocol to sately complete said trip.
9. The method claimed 1n 8 said trip further comprising:

a) accumulating time based availability of said devices by
said negotiators;

b) scheduling and executing said trips to position vehicles

10. The method claimed 1n 1 said first power means
further comprising:

a) providing a second power means which enables trans-
ferring said power sources from an electric power grid

to said vehicles and said transportation system;

b) providing a third power means comprising solar and
wind power generators integrated into the physical
structure of said transportation system augmenting first
HOWET Mmeans.

. A method of managing a transportation system for
moving people, freight, and any combination whereof using




In 2006 a practical solar mobility solution was discovered




We created a solar visualization in 2007




Swenson Solar built an ATN-equivalent guideway
that is aesthetically pleasing
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We are seeing more and more solar visualizations

Figure 6
Terminal B ATN Station Conceptual lllustration
3D Rendering - Station View 1

San José ATN Feasibility Study

July 26, 2012

SANJOSE  WRNSsTUDIO  ARUP



We are seeing more and more solar visualizations

Solar Power System



INIST is coordinating a three sector program
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Universities
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in 2014
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In May 2015, the Spartan Superway team returned to
Maker Faire with a full scale prototype
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In May 2015, the Spartan Superway team returned to
Maker Faire with a full scale prototype
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Solar Skyways can happen with international collaboration




Universities are working together — around the
country and around the world
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Universities are working together — around the
country and around the world
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We Invite you to join us.
Thank you for your attention!

N 5 www.inist.org
I www.podcarcity.org

ARTAN

PERWAY WWWw.superway.us
www.gofundme.com
SJSU

Automated Transportation www.atna.us
Network Association



