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 The shocking oil prices of July 2008 were caused by strong
demand mnfmnnng stanna’rlnn world oil production.[1] (We
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Global oil production has been flat since 2005, although prices
have soared.

 The prices of all important commodities except oil declined for
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occurred durlng World War 11.
e Most commodities are now so far away from their former
downward trend that that that old trend has very probably finally

changed - a Paradigm Shift — the most important economic
event since the Industrial Revolution.[2]
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GMO Commodity Index: The Great Paradigm Shift
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Note: The GMO commodity index is an index comprised of the following 33 commodities, equally we;q hted at
initiation: aluminum, coal, coconut oil, coffee, copper, com, cotfon, diammonium phosphate, flax. | gold, iron

ore, jute, lard, lead, natural gas, nickel, oil, palladium, palm oil, pepper, platinum, plywood, rubber, silver, sorghum,
soybeans, sugar, tin, tobacco, uranium, wheat, wool, zinc. Source: GMO  As of 2/28/1



Global Food Supply

global demand portends supplies going to a 16 year low next
year. USDA’s August crop report forecasts dramatically less
gra|n and soybeans than expected thls year Damaglng heat

other staples. Consumers can expect contlnued tlght food
supplies and historically high prices during the year ahead.




Global Food Prices

Chlna and India outpaces harvests hurt by flood and drought.
Rising prices have put 44 million people into poverty in the
past year, helplng fuel conflict and unrest In the Mlddle East
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Peak Oll

Charlie Maxwell, “dean of world oil analysts”
foresees a “peak’ in conventional oil production in
2012 or 2013. He sees a peak in the production of all
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hinchiccoal 10D 2015
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Private UK studies, such as "The Oil Crunch" report
also projects a global oil peak production around
20l 2015




D

" ' . 1NN
oominaU.-S. coa NoOrts - surcing
A\ A" 4 < IVIV VU WY I b = =

million tons/yr thanks to Asia

Q

While the U.S. is slated to close 35 glgawatts of coal fired

http://www.reuters.com/article/2011/05/12/businesspro-us-coal-usa-
IdUSTRE74B2FH20110512
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IEA World Energy Outlook projects the global petroleum

decline rate at 6.7% !
http://www.guardian.co.uk/business/2008/dec/15/oil-peak-energy-iea
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over conventional ovens

» Adding Insulation to walls and ceiling, Double glaze
windows; Bermed houses

* Decoupled energy rate structures

e Jevon’s paradox




Job One

Electrify our transportation system
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Electric trains - with
Super batteries — e.g. Cul’s nanowire battery
Super capacitors — e.g. EEstor
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lghway Speed Flecirics are Here! Zero Gallons per Mike!

WELCOME 10 THE FUTIRE

FORD, GM, CHRYSLER, TESLA, TOYOTA, BMW, MERCEDES, HONDA and MORE!

There are Two Types of Auto Makers, Those Who are Developing Electric Cars and Those who will be EXTINCT




America’s ener rity and global environment ar
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The U.S. is doing NOTHING on the massive
energy scale required.




Most states, led by California’s aggressive and failing
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|n|t|ated In 2002. Thelr goal IS 20% RPS by 2010...

and 33% by 2020. Developing countries would crush these
gains that Gov. Schwarzenegger has ordered and the utilities
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Analytics, found that only 14 MW have been installed in
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the 500 MW program. California’s peak power Is about

63,000 MW.
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Energy Storage Technologies Capital Cost Estimates (EPRI Estimate, February 2009)

Storage Type (See footnotes) S/ S/kWh Hours® Total Capital, S/kW

Compressed Air Energy Storage
Large { 100-3200 WY Underground
toragel}) S590-730 i-2 10 Go0-7al

torage) F00-800 200-250 23 1200-1550

Pumped Hycdro
aonventional { 1000 MW § 1200 80 10 2100

Battery { 10 MW )

- jL=ad Acid, commercial 420-350 230-420 4 1740-2580
; Sodium Sulfur (projected) 450-550 250-400 = 1850-2150
E Flowr Battery (projected) 425-1200 280-450 = 1545-2100
| Lithiwm ion (small cell) Fao - 1250 <450 - &850 = 23040 - 3550
Lithiwum ion (large c=ll, projected) 250 - 500 <00 -S040 = 12950 - 2800
Fiywhesl [ 10 MW ) 3380-2220 1240-1570 a.25 FI695-4313
Superconducting 200-250 SE0. 000 i1 sec 280-480
Magnetic Storags aad,000
cormmercial
Supsercapacitors 250 - 250 20,000 - 30,000 10 sec 2010 - 450

({Projected)

1. Im this table, Total Capital Cost = BEFREW + (Mumber of Hours »x S0 )

2. All figures are rough order -of -magnitude estimates and are subject to changes

3. Total capital costs include power conditioning systerm and all equipment necessary to supply power to the grid.
Mot included are battery replacement costs, site permitting, interest during construction and substation costs.

4. Thess costs are for the hours shown £25%0

5. Cost may varny depending on the price of comodity materials and lceation of project
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shifting energy generation, it would have been
widely adopted in the US.
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e True utility bulk power storage is not planned
anywhere — peak shaving frequency regulation, etc.,
but not bulk power storage.




33% RPS by 2020 ?
—How? CAES (Com

plant “in disguise”, burning natural gas with the
decompressed air stream.

——— I MWCAESPlont—— T o S

ﬂm@ﬁ:ﬁ:ﬁ@;@ﬁﬁ;@ﬁﬁ:ﬁu:
(2403 kWh) plus

4,600,000 BTU
(natural gas)

12,800,000 BTU 10,000,000 BTU

27% Efficient 34% Efficient




But what are our power alternatives?
Clean: w’}.\, Reliable’ Baseload
Fossil Fuel No Yes Imminent Peaks Yes
Nuclear No Yes | Cost, Water, Proliferation Yes
Wind Power Yes Yes No, intermittent; No
8.7% Cap. Factor*
Geothermal Yes Yes | No, Limited availability Yes
Ground Solar Yes Yes No, intermittent No
Hydro Yes Yes | No; drought; complex scheduling
Bio-fuels Yes Yes | Very limited quantities & competes
with food production. Poor EROEI
SSP Yes Yes Yes Yes




Can roof top solar (or wind) run our grid?
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per square meter per year as an average location in the
continental US and require less maintenance. To store the sun or
wind, to make it 24/7 like the grid, how long do we need to

tore it?
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length of time (FAR more than 24 hours) stores 24 MWH into
our CAES. When It has been thus loaded, we can then get about
6.48 MWH generated by the CAES when we want it, since a
CAES is about 27% efficiert.




Can roof top solar (or wind) run our grid?(cont.)

of avg. sunny days to store our 24 MWh to cover a sunless 24
hour day. That is for just one 24 hour day.
(Note - CAES uses natural gas to make most efficient use of the
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Approxmately 50% of space solar s PV output wi
grid, so that 9.6 factor Is reduced to 4.8 ;
Attempting to make terrestrial PV or wind “dispatchable* using
the best available storage technology, we have shown by
comparison that SSP provides 71 times (= 14.8 x 4.8) more
dispatchable baseload energy.




el

Segment Efficiency | Referance Motes

Power management and 9% Mone Estimate

distributicn lpsses from PV

DC-to-RAF corversion B Phase-controlled magnetron at Up 1o 85% wiownt
Kyoto L. phase control

Anennaphase scan losses | B0 Maillsux Phasad Array Handbook 10 dhen) Scan anghe

Almosphanic athenuation Q8% “Taotal Atterasation from Skm to the ground™, | Assumed - 0.1 dB
Bruce Wallace, MMW Conceplts LLG atbenuaticn

RAF collection ara afficiency | D0%G Far 1.0km transmil amenna diameter, Depands an
4.8k rectanna recever arsa, GED orbit apeiune sizes.

AF 1o DG cormersion by 290G W.C. Erown 1980 @ 58 GHz

rectenng

Power management and o Mane E stimate

distnbution losses

TOTAL 42%




Mitsubishi, IHI to Join $21 Bln Space Solar Project

Japan’s USEF
consortium is developing
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eight yen (nine cents) per
Kilowatt-hour, six times
cheaper than its current
cost in Japan.




Land of the Rising Sun Power! Japan Plans to
— Build a Solar Station in Space by 2030

The Institute for
Unman nEd Space Samples : Japan's SSPS Concepts
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Space Solar Power System | Scheme and Application

Solar
Energw

S

Solar
Zells

SSRPS Space Segment |

Electricity Power Grid

-

Convarsion

DC- RF

-

R ectification
RFito DC

Transmission
-
Antenna
MCro
= Antenna

Fectenna System |

ThSpace

wie Power

<Earth>

“rSustainable Power Source:
Space Solar Power Systerm could supply indefinitely a sustainable electricity power using the solar energy in
space, whether it isfine or not, day or night on the Earth.

wleast Emission of Greenhouse Gases:
S5PS does neither depend on fossil fuel nor emit greenhouse gases on operation.

wrSizable Power Supply and a Fillar to Energy Mixture Structure :
S=PS could become a large-scaled power source and realize power mixture structure with existing power
sources, providing the electric power as much as TG




' C ij_g
BUIl

i Sl A -:- = b

i1 STEP #2 STEP H#3 STEP ‘ #4 STEP ]
Technology Protoiype System Pilot Sysiem Commercial Sysiem (GEO)
Demonsiration Satellite LEO) (GEO) ;

(LED)

* Power transmission

# E ffect on Io nosp here
# Beam conirel technology aried technical [
® Two-dmenensional p anel radul ation
deployment # Op eration test
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Report for Obama Questions Fracking Regulations
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- http://www.propublica.org/article/report-for-obama-questions-
effectiveness-of-gas-drilling-requlations




Fracing Overstates Nat Gas Reserves

“Shale gas plays in the United States are
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Shale Gas—Abundance or Mirage?
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the losers.”
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Fracking Overstates Nat Gas Reserves

carp e INVESTOR RELATIONS

Rig Counts

Change Date of Change

Last from Prior Prior from Last Date of Last
Area Count Count Count Count Year Year's Count
U.S. 14 Aug 09 968 +2 7 Aug09 -1022 15 Aug 08
Canada 14 Aug09 170 -25 7 Aug09  -256 15 Aug 08
International July 2009 974 +7 June 09  -118 July 08

www.theoildrum.com/node/5676#more
www.aspousa.org/index.php/2009/08/lessons-from-the-barnett-shale-suggest-caution-in-other-shale-plays
http://investor.shareholder.com/bhi/rig counts/rc index.cfm
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was declared.

http://www.reuters.com/article/domesticNews/iIdUSN2749522920080228?feed Type=R
SS&rpc=22




Solar panels a Ioser professor says

Feb. 21, 2008 - Installing solar panels on homes is an economic
"loser" with the costs far outweighing the financial benefit, said a
respected Unlver3|ty of Callfornla Berkeley busmess professor

Severln Borenstein, who also directs the UC Energy Instltute A
typical PV system costs between $86,000 and $91,000 to install,
while the value of its power over its lifetime ranges from $19,000 to
$51,000. Even using favorable criteria, the cost would still be 80

percent more than the value of the electricity produced.
http://www.bizjournals.com/eastbay/stories/2008/02/18/daily43.html




"We are in the beginning stages of major changes to
- agricultural markets caused by rapidly expanding production
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Credit Suisse Group, in “Corn Is Booming as Ethanol Heats Up”,
http://online.wsj.com/article/SB116260858542413472.html

F'o reach Riich’e 20 nercent ethanol ana corn nradiiction miict
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cn|CKens pigs, cattle milk, cneese eggs namburger Coke,
Pepsi, Jack Daniels, etc.,

(By weight, a McDonaId’s hamburger is 52% corn.)
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to date shows that the nlgn lipid contents de3|red, can only be
achieved in physiological stress, notably nitrogen starvation.
GreenFuel uses flue gases - which are rich in CO2. Nitrogen
starvatlon IS, however, out of the question, since flue gases are also
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constraints make it Impossible for the approach to be

commercially viable for fuel prices below $800/bbl, even with
flawless technological implementation.”
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Simple, in principle
... Integrated Symmetric
Concentrator design shown

Financially, its like building large
solar “Hoover dams” in high orbit.




Advantages of Space Solar Power

IS “baseload” available 99% of the year from
GeoSynchronous Orbit. Baseload nuclear or coal
plants, are actually available only 90% of the year. It
: B nig oA il
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2. SPS requires no fuel — zero pollution — and has no
operations personnel — it is an antenna with farms
underneath. (rectenna is the proper term). SSP is the
cleanest source of virtually unlimited baseload
energy.




Advantages of Space Solar Power
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technical expertlse to Increase STEM jObS. SSP technology IS hear-

term-available with multiple attractive approaches and would create
millions of inspiring and important jobs.

SSP would revitalize America by taking advantage of a multitude of
space-development-related technologies that are vitally relevant to our

currentpropbiems,  ciuding

wireless power transfer photovoltaics aerospace and other engineering
environmental science  control systems space environmental weather

clean energy competition
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Advantages of Space Solar Power

no COZ It is an antenna (or rectenna)'Rlsmg e

drives climate change, compounding our massive and
growing environmental problems:
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v' CO2 linked weather changes from drought to
hurricanes that we are barely beginning to understand.
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Advantages of Space Solar Power

fired power plant withdraws 25,000 gallons of river water
to provide an average household with 1,000 kilowatt-hours
a month; 31,000 gallons if nuclear-fired. Output water

3
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temperatures. Newer "closed Ioop" power systems that
rely on cooling towers use less water, but "consume" much

more - over 70 percent of the water withdrawn.

- "Energy Risk — Sinking Water and Rising Tensions", December 7, 2007, by Ken
Silverstein, EnerqyBiz Insider, Editor-in-Chief,
http://www.riskcenter.com/story.php?id=15710

It takes 9,100 liters of water to make one liter of biodiesel

fuel. — “Report Warns of Rising Water Demand”, November 23, 2009, by Robert P.
Walzer http: _. greeninc.blogs.nytimes. com/2009/11/23/report -warns-of-rising-water-
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Advantages of Space Solar Power

resources besides water. E. g. Th|n film PV uses
much less energy to make, as it is 1% as thick as
crystalline silicon - regular PV, while yielding 9.6
times as much daily energy in GSO.




Advantages of Space Solar Power

C

1
—N\Y 1T11rPrnoar nacidarolino
L Ul TUlLLict JauvunuUituvuuliu

—

1ALIC.

HEA ACCAOCIANII0ON-
ULT UODJIUVULIULTVT T,

1 I
I N YO\ lLZOT ﬂlﬁnﬂi

A\ 4 4 =

air, such as anhydrous ammonia which is moved in the
same pipelines as gasoline. It is 111 octane, with the

same energy (MJ/kg) as methanol. We have been
making liquid ammonia for 50 years for farming. It
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Advantages onace olar Power

immrv‘

Ground solar takes 100 times as much land usage to provide
the same power as baseload SSP!!
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Advantages of Space Solar Power

compete te for incre asmgly valuable natural gas-
derived fertilizer. Corn can continue to be a major
export instead of a fuel to burn, while raising the
orices of other foods from m|Ik and eggs to cheese,
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hazardous waste, Invite nuclear weapons proliferate,
or provide targets for terrorists.




Advantages of Space Solar Power

environmentally problematic mining operations.

13. SSP can provide true energy independence for the
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Advantages of Space Solar Power

14. SSP can be easily exported anywhere in the world.
Contracting local utilities can provide it’s energy to
local needs from household appliances in rural India to
desalination of sea water in Australia.
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which would be part of their transmission grid, partnérs
with their SSP company - Sunsat Corp.




Advantages of Space Solar Power

15. Low cost launch - Only SSP can provide a market
large enough to develop the low-cost space
transportation system required to enable an SSP
business case. ThIS Iow cost space transport will open

tho onin
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market it requires to close Its business case.




Advantages of Space Solar Power

16. Sunsat Corp should have no financial stake in lunar
settlement, but may enable it by being a major
customer for products manufactured on the Moon. It is

twenty-two times more energy efficient to bring
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Asteroid protection becomes more vital to not onl
protect Earth, but also a large assortment of jumbo
satellites. For more information see
http://www.b612foundation.org
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THE TEAMS EDUCATION MEDILA STAFF BLOG ABOUT

The Google Lunar X PRIZE is igniting a new era of lunar
exploration by offering the largest international incentive prize
of all time. A total of 330 million in prizes are available to the
first privately funded teams to safely land a robot on the
surface of the Moon, have that robot travel 500 meters over
the lunar surface, and send video, iImages and data back to
the Earth. Teams must be at least 90% privately funded,
though commercially reasonable sales to government
customers are allowed without limit.

Team reqgistration for the competition closed on December 31,
2010. There are currently 26 teams located around the world

who are fundraising, mission planning, and building robots in a
new race to the Moon -- what we like to call, "Moon 2.0". The
teams have until the end of 2015 to get to the Moon, meet the
prize objectives, and win the prize purses.




Advantages of Space Solar Power
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own fuel, through electromagnetic launch which even

now could be developed as a first stage. See
www.ga.com/atg/EMS/emals.php
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No company(s) or agency(s), however, is prepared to assume
the immense financial risk of initiating construction of an
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1ere are SImply too many engineering, 0 0
and managerial risks for any group we have been able to
Identify to undertake SSP today.

But this road has been well traveled by America before ...
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A private Congressionally chartered corporation has all
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Communications satellites are now a $100+ Billion industry
per year. The “Sunsat Act” would accomplish the same
task, creating a space solar power industry of much greater
Size.
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Conqress chartered Comsat Corp In 1962 to burld

(

diverse $100+ Billion per year communrcatrons satellrte busrness
of today. Congress should charter a new corporation, Sunsat
Corp to build power satellites. Draft Iegrslatron for Sunsat, very
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The electric power industry Is the most capital intensive business
In the world. This is why utilities are generally regulated
monopolies — because ownership of major power plants is really
a public trust. Sunsat also needs to be organized the same way.




HAI AN A A N PN TIAIARV.Y/AINI AN AIAALNVAIAIA - FINIATA AN EIAINTALVAER FAN AT21VLY.
-/ W, \J ¥ V¥V \UJ U W \J \J V W W, AU A NJ A ¥V \J TR

private or public/ private businesses, such as SunSat Corp,
which are contracting for space transportation. This
subsidy would be in the form of stock transfers and loan
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Sunsat Corp. would require thousands of flights per year.
Prices would quickly fall below current levels once
subsidies established such a market volume.




The Path of Space Solar Power

(peak nsalle tput) bv 2016

"Development of remote regions, the substitution of
nuclear reactors with renewable sources and technological
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"CSP technologies are expected to grow at a faster rate
than photovoltaics due to new markets like China, India,
Brazil, Canada, Germany, and France opening up, as they
look to exploit the newest technologies. ...




Prices drop as flight rate increases

Red dots are Elon Musk, SpaceX, $1300/Ib and Roger Angel’s $20/Ib (Sandia
electromaanetic launch)

More Flights, LLower Cost

O Cheap Rides? Falcon9, Dnepr, Kistler, ISRO Awvatar,.?
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FAA’s 2008 & 2009 Commercial Space Transportation
—orecasts show a declining launch market — no
improvement in launch costs — necessary for SSP.

ust incentivize the orbital market fleet 1t needs to
close the business case. SSP is the only market capable
of doing this. The FAA shows it won’t happen with
= o S G s g - Tom —— e . __ e ~ > PR N
Table 1. Commercial Space Transportation Satellite and Launch Forecasts

2008| 2009| 2010)| 2011| 2012 | 2013 | 2014 | 2015 2016 | 2017 | Total Averaga_

Satellites
GS0O Forecast (COMSTAC) 27 27 23 22 21 21 20 19 19 19 218 21.8
NGSO Forecast (FAA) 24 27 37 28 25 g 38 41 36 10 276 27.6
Total Satellites 5 54 60 51 46 30 58 60 55 29 494 49.4
Launch Demand
GS0O Medium=to=Heavy 22 23 18 16 15 15 14 13 13 13 162 16.2
NGSO Medium-to-Heavy 5 10 6 5] 10 4 13 12 11 4 &1 8.1
NGSO Small 5] 2 5 5 2 2 2 2 2 3 31 3.1
Total Launches 33 35 29 27 27 21 29 27 26 20 274 27.4




Space assets must be defended!

N Aoad Diiceian catallifa aallidadarnfb an Iradiiarm eatallyd s
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on Feb 10 shocked world satellite community. The crash
was not predicted by the U.S. military or private trackers,
underscoring the vulnerability of U.S. satellites.

» The Air Force tracks more than 20,000 objects in space,
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information to users Gen Chllton told reporters About
500 of those satellites are not maneuverable.

* \We must have an active defense against meteorites and

other Near Earth Objects!

- Washington, Nov 3, 2009, by Andrea Shalal-Esa; editing by Alan Elsner and Chris
Wilson © Thomson Reuters 2009. All rights reserved.
www.reuters.com/article/rbssTechMediaTelecomNews/idUSN0351968920091103
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“80% L.eaming Curve”:
Module price decreases by
20% for every doubling of
cumulahve prnduclmn
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» Continuing - since s
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» PV efficiency alone iIs not the right goal we want
to Increase the power output for the same weight
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adequate _soev ifications to egiﬁ SSP de:
construction now.
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Photo courtesy NASA, and ManTech-SRS
Technologies 63




rendezvoused with and captured
another orbiting satellite,

pioneering future robotic work in

—sp: 0 (Autonomc A
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Operations), part of Boeing’s Orbital Express system, successfully
demonstrated advanced on-orbit satellite refueling and reconfiguration
capabilities with NextSat. ASTRO, the robotic, on-orbit spacecraft
mechanic, successfully captured NextSat. Orbital Express Is a
DARPA program which has validated on-orbit satellite servicing
technologies.




SkyWorker

an autonomous robot to build multi-kilometer size space
structures

Credit — Red Whitaker, CMU Robotics,
http://www.frc.ri.cmu.edu/projects/skyworker/temp/skyworker2.mpg
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would be “a small step for man, a glant

leap for mankind.”




Space Solar Power Institute
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Draft Sunsat Act Ieglslatlon and much
WWW.Sspi.gatech.edu




