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cé, Energy & Engineering the Future!

Goal: The Future!: How to:

= Mlake Space Valuable & to All Forever...

Global Space Activity, 2013

® Commercial Space Products
and Services

= Marketplace Value:

= [ncreasing 75%l/yr. i
Recent year Is >$530B M | sz ® US Govermment Space

r (39%) Budgets
Non-U.S. Government
Space Budgets
$117.49B
(37%)
Space Foundation Indexes Performance vs. Other Market Indexes, 2013
— Space Foundation Index - - .
— Space Foundation Infrastructure Index TOtal: $3141 7 Bllhon © Space Foundation

= Space Foundation Services Index
= NASDAQ Composite
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Space Exploration map

2020
International Space Station

General Research and Exploration
Preparatory Activities

Note: ISS partner agencies have agreed to use the ISS unti at least 2020

Commercial or Government Low-Earth Orbit Platforms and Missions

Robotic Missions to Discover and Prepare
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Human Missions Beyond Low-Earth Orbit

Explore Near-Earth Asteroid

Humans to
Lunar Surface
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ISECG Mission Scenario
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Low-Earth Orbit

“‘_ il International Space Station

Beyond Low-Earth Orbit

Test Missions /\  /\ A

Commercial or Government-Owned Platforms
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What are Space Energy Programs ?
= Many Space Energy Producing Satellites

= Beaming Energy & Communications down to Earth’s Collectors

= Various types of Satellites >10% Energy, no 1 fits all, or all
purposes. .. o B |

A few Maintenance & Tow Spaceships®

= Keeping them in proper Orbit & Upgraded Functionality...

ptured Space Debris; junk (yard) gathering.

Space Station for. Research, Materials,
glilneling, sorting & 3D Printing for Repair & Mfg.
@ehtrel Centers with Predictablility & Simulation

BRrejected on a large Science On A Sphere, 3D capable

| @, - . iy
& ENansparency & Viewing Available to All (within reason)



Where Do We Start?

Investors Start on the Satellite #1 Concern
= Develop Systems & Build Prototypes 15t in gets rich 1St

= Perform all Studies listed in this presentation...

“Grow the Teams” & get Public, Business &
Government “awareness & funding”...

yland’s Powerstar & Mankin’s Alpha 1

Ve Universities get re-educated on this
Stbject & away from old, outdated courses.

Wigke this a Worldwide incentivized Program$
aR e irillien/Year Industry getting much bigger



Funding & Teams !

http://www.energybackedmoney.

com/chapterl.html

tion § monetary
f maximum
erate long-term
ve
rgy.gov/maps/space-based-solar-power
% - [lwww.energy.gov/maps
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Goal & Objectives

115 € 0zt Develop the Best Energy from Space System to
help save us, our planet & produce the Most Value & Best

Bang for the Buck! Aid in World Peace...

= QObjectives:

1. Build the Right Team for Funding, Development and
Implementation (No Big Companies that Swallow Time & Money too
much with little value to show for it, my old employers use to be Great-eg,
Lockheed, Boeing, etc.).

2. Build the Right Systems for the Right Purposes; Not 1 System
IS a Cure All, it depends on Purpose & Priority.

® Perform Professional Systematic Networked Approach to Develop
What is the Right System Choice(s) Hybrid System Achieving Goal
ities in the Efficient means without Waste or Loss.

g Use Simulation in all Aspects for Engineering Answers & run
multiple models.

g Periorm “Real Hyperlinked Logical Decision Making” Formal
“Trade Studies for Results (Data & No Egos).

%
g’
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e S | Reason 1, Save US AII- " n

\Weather/Climate Change & Ice Melt:

= http://www.whitehouse.gov/climate-change
= May 19, 2014, RELEASE 14-141

Hidden Greenland Canyons Mean More Sea Level Rise
http://www.nasa.gov/press/2014/may/hidden-greenland-canyons-mean-more-sea-level-rise/#.U3rXWBBdV8F

= |ce loss from Greenland has accelerated during the last few decades. However, older ice sheet models
predicted the speedup would be temporary because the glaciers would soon melt back onto higher
ground and stabilize. The models projected that Greenland's contribution to global sea level rise would
therefore be limited. -

Bed Topography of
West Greenland

- ElS eXpected, Arctic temperatures and the frequency of forest fires increase with climate change, the

elliieStannually by the end of century. These events are likely to alter the surface mass-balance of the ice
SiEERIEaving the surface susceptible to further melting. The Greenland ice sheet is the second largest ice
RUIR the world after the Antarctic ice sheet.

( ‘)“
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Our Polluting Energy

r addiction is the “Real Culprit”

U.S. Shale Gas & Natural Gas Production Forecast

30 History 2009 Projections
25
20 Shale gas
15
10 Tight gas
Lower 48 onshore conventional
5)
Alasks Lower 48 offshore
Coalbed methane
0 | I I I I =]
1990 2000 2009 2015 2025 2035

Trillions of cubic feet per year, U.S. natural gas production, 1990-2035. EIA,
Annual Energy Outlook 2011, U.S. Energy Information Administration, U.S.
Department of Energy, Washington, DC, April 26, 2011, p. 3
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Reason 2, Earth’s Water Crisis
- Water in the Future:

http://growingblue.com/water-in-
20504 21#21#WebrootPlugin#?1#?1#PhreshPhish#?1#?1#aqtpwd

= A Must See Documentary; The Future Of
Water

loods will iIncrease

Broughts & Fires will InCcrease
Ilornadoes & Hurricanes will iIncrease
Fca ines & pestilence will follow
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Sea Level Rise / Ice Melt

'ﬁe Real Truth from our Addiction

Sea level rise has accelerated in the past two decades

6 Satellite Observations
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eason 3, Supply World’s Energy

“World consumes >132 Terra-watts hours per year.

Develop Energy From Space for >100% (2X=Best)
= Do Not go after transportation nor anti-oil, just provide the grids.

This can back the Federal Reserve Value for Centuries.

Provide Crisis Energy ASAP (2-3 days) <1 week for
loods, Fires, Hurricanes, WARS...

ovide Worldwide Communications along with Energy.

Tahle 2: Nuclear reactors under construction (as of January 2014)

te I th al N u keS> Unitfy Prvince | Gk | Pelor | prp ol | vt Oporton expoctd

Changjang 142 Halran 2 650 CNP-E00 | CNNG & Huaneng 4410, 1110 2015, 2015
Fangehenggeng 182 | Guangd | 24108 CPR-1000 GN | 710, 12/10 2015, 2016
Fangjashan’ 142 Zhejiang 21080 CPRA1000 ONNG 1208, 7/08 1213, 10/14
Fuging 14 Fien | 4ci0m CPR-1000 ONNC | 11/08,6/9, 12/10, 1112 | 11/13,9/14, 7/15,5/16
Haiyamy 142 Shandong 1250 API000 GFI 9,09, 6/10 1214, 316
Honayenhe 334 Leoring | 2x1080 CPRA00D | OGN, wInCPl | 3109, 818 2014, 015
Ningde 334 Fujan 21080 CPRA000 | GGN, with Datang 1A10,9/10 2014, 215
Sanmen 142 Zhelem | 21250 AP1000 oG | 419, 12109 12/14,8/15
Shandang Shidacwan | Shandong 20 HTF-FM Huaneng 12112 017

Taishan 142 Guangdong | 2x 1780 EFR N | 1108, 4/10 2014, 015
Tiarwan urits 344 Jangau 21080 VWERH 000 ONNG 122,013 2018, 2018
Yargjan 2-4 Guangdong | x 1080 CPR-1000 OGN | e, 110,112 D14 2015, 2017
Yargjang 545 Guangdang 7 1087 ACPRIOID OGN 9/13, 12113 2017, 2018

Total (28) | appmy. 0,500 |

Source: Inlemational Alomic Energy Agency
* Fangiiashan is vely near o Qinshan 1 and is sometimes refered 1o as an extension of Qinshan 1, ora new phaseof Qinshan



The Ultimate Goal

COUNCILon .
FOREIGN. £ . - \\Q\ A N
RELATIONS / NN

A global transformation

dency... S All we need is the right
s > major crisis and the

nations will accept the

New World Order
IRocketeller




Analysis of Alternative Energy Sources

Commercial Baseload SBSP must be able to compete with Land Based (Terrestrial) Solar Power,
Wind Power, Biofuels, Fossil Fuels, Nuclear Fission and with future sources of energy which have
not yet been developed.

This chart compares a number of sources of power with SBSP in terms of their safety, reliability,
ability to provide baseload power and whether they qualify as clean and green.

Fossil Fuel Yes Decades remaining
Nuclear Yes Fuel Limited Yes
Wind Power Yes Yes Intermittent
Ground Solar Yes Yes Intermittent
Hydro Yes Yes Drought; Complex Scheduling
Bio-fuels Yes Yes Limited Qty — Competes w/Food
Space Solar Yes Yes Yes Yes

Other speculative energy sources which may come into importance in the future could include
fusion. Fusion would be the most comparable to SBSP as it also offers access to, for all immediate
purposes, an unlimited supply of energy.

The interest of the public and of investors in alternative energies and fuels is rising rapidly.

When to Transition to Commercial Sector
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tmosphere:

Climate effects of black carbon emissions

The impact of BC on snow and ice causes additional warming  BC in northern hemisphere mid-latitude snow leads to
in the Arctic region and contributes to snow/ice melting. earlier springtime melt and reduces snow cover in some
VERY LIKELY BUT MAGNITUDE UNCERTAIN regions. LIKELY BUT MAGNITUDE UNCERTAIN

1

The warming caused by ¢ BC"
is concentrated in the northern hemnsphere
 VERY LIKELY; Cl.,

A =S
Lo
Absorbing aerosols may have ~ >
caused changes in precipitation . &
“patterns with largest effects likely
tobein SouthAsia. ... _ "
Rt = =>

- \
Absorbing aerosols may cause circulation changes
over the Tibetan Plateau and darkening of the snow.
The importance of this for glacier melting is unknown.

The hemispheric nature of the BC forcing
— causes a northward shift in the ITCZ.
LIKELY.

+ 8.4. Qualitative summary of our current understanding of the global climate impacts of BC emissions.

W
(
<
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CO2 & Climate

Global climate forcing of black carbon and co-emitted species in the industrial era (1750 - 2005)

Total climate forcing

- Estimate
Climate forcing terms (Uncertainty range) |LOSU
| L L L L L L L L L L L L L L L I L L T L L AL
BC direct effects| | !
Atmosphere | L] erioos 12n | g
absorption & scattering 1 o 1 1017
BC cloud indirect effects ! r Semi-diract effect {-0.10) ! i
1
Combined liquid cloud | | | ! !
(semi-direct, albedo, and lifetime) T l i -0.2(-061,01) Low
1 1 1
BC in cloud draplets i - : : 0.2(-0.1,09) ol
1 1 1 1
Mixed-phase cloud | E_( | | 0.18(0,036) ﬁ?
1 1
H | l l Industrial era !
lce cloud| ! | | | |ifreidsreen | 00(-04,04) | pory
BC snow and sea ice effects | [ Fossl tuel ©.29) | |
1 Biofusl (0.22)
BC snowpack effective forcing | = Opon burming (0.20)| | ‘?.&%.g}. 014.0.30) | preg
| 1 1 .02
1 1 I 1
BC sea ice effective forcing : ! : OI_.(_J_EI_-O ‘{?:‘mz’ 0.08) Low
1 1
1 1
I 1
1 T
1
1
1

1.1 (0,17, 2.4)
BC only
BC + co-emitted species
} 0.0 (-145.129) | ~
{BC-rich sources only)
I T O I T T I T B
1.9 -1.0 20

Climate forcing (W m-2)
Cllrnate forcing E:ly BC-rich source categorles in vear 2005

| Diesel engnes

Residental solid fe! |

- raad diesel

Off-road diesel

Biofusl cooking

Biofuel heating

Open buring

Grasses and ;.'.;aoa'ié.nds

Other BC sources

0.4 0.2

Total
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CO2 on Earth

Black Carbon (BC) Aerosol Processes in the Climate Syst: combustion in the year 2000 (Gg yr™)
Inventory
Alrcraftemissions = Source SPEW  GAINS
D2y lee cloud effecs:wrarming or cooling Diesel engines
e 2 from BC nucieation effects On-road diesel engines 840 780
> e POCIC RO Off-road diesel engmes 480 370
3(:‘::!.:1" K - Irymu:: Total diesel 1320 1150
Sie e Tndustrial coal
SR 29 i 5.8 ustrial coa
o N g Zﬁ;ml; zm;‘,’mﬁﬁ A Lt s i, All coal in industry 740 340
ALiquid cloud effects: Net o _F h"ﬂduﬁm‘: of th® / | & 3 ? Total mdustmial coal 740 340
(Ll <odling < 9 [
m:l‘“,‘,‘,‘;j"“"f;'_‘;.__) 15\ Residential solid fuel
& S BT \ ) ek .’A :\, Wood, (I:ooki.ug regi.ons 1000 1580
\\A N\i and mixing SN Other biofuel, cooking
BCscavengingand = s 3
\Q"""’"‘“‘ Sypracpiaton Sufacedeposttion o\ | 5|/ =D reglons ) L 290 30
of :ﬁzm A4 \’ﬁ \ All biofuel, heating regions 260 200
Intercontinental and regional t of intern o N i i 3
e‘r:?’nm""m mam;&ﬂm P;nk':lv . ® < J) N Coal. cooking and heating 330 )-}2[)
\emal mixing With organics, sy, Total residential solid fuel 18280 2510
ptema =t
Zes and aerosols L > Other sources
Surface warming ~ . )
by 8¢ depostion to Non-coal ndustry, including
rmicHettude snow and... biofuel 170 30
On-road gasoline engines 110 80
Residential, including diesel
generation 100 170
Aviation 20 1°
Shipping 100 1n?
Flaring -® 260
All other BC-rich sources 70 20
Power plants © 20 20
Other low-BC sources © -2 60
Total other sources 390 690
Grand total 4510 4690

Black carbon emissions by region and source in 2000

I e N I e e R e
§ ol spEw G(ug;;; Morth America
S #  SPEWIStBel L = 1380) )
M
0.025 . : 2 e i I-
1 1 1 1 2 s oreD i g Lstin Amers
1 1 ] 10 I'Ig.l’g BC 2 ol .. tin America -
—— L L S
' -e-20ng/g BC ' . )
Q ! ' —&- 100 ng/g BC '
D 002 N T B ol |, -
= i i i s - o9
b Greenland ! ! E . Emission sources
! ! K ] - . | ol Diesel engines
E X X i i B E | l" ! M On-road
(7] I i | M Off-road
'L':lﬂ 0.015f [ Japan ' 7 g G2 . ule M industrial coal
1 1 | Residential solid fuel
(5] {dust storm) | )
1 1 , Biofuel cooking
= Alask 1 1 g o u ] Biofuel heating
=] aska ] = Coal
= £
't..’ I i 2 (124t ix Dpinhumln
'g : : Q G and woadand: 1o I?g::el;:ml e
2 ! | |0 Grasses nds . (1510 L. E—'—' M Grasses and woodlands
! .
= i i Sautheast Asia B Other
| @ | Other BC-rich sources. .
! g 50y " .. i Fo7 SPEWRETRG
1 8 - GAINSIGFED
i 2 | ther low-BE souroes - East Asia t—— |
-l K ’
£ | — I (1880
< i =
|
o 1000 2000 01 1 1001 1 10 100 Pacific
0 ; Black carbon (BC) emissions (Gg yr') POABC ratio 50 BC ratio E {3aq)
=2 =1 0 1 2 3 Souroe oo (Co-emitied species) (Totsl 7620y
10 10 10 10 10 10 [y

[ [ys—. i East

Dust concentration (ug/g) | P

W cuces

Black carbon (BC) emissions (Gg yr™)

Q 1000 2000 3000
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1015 Bty

9000

gy Sales is:
225 Trillion/Year

Growth in total primary energy demand

6000

é il )
W 1987-2011
Gas 3000 v.

2011-2035 ! ! ' l .

¥ il ‘ 1 il (7R =1

Coal I . - 1kl y ! ‘ {
. | N A A EEEEENE B

Renewables 2011 2030 2050 | 2011 2030 2050 [ 2011 2030 2050
China India United States
Gil m Industry me Residential mmmServices M Transport mmm Other
Nuclear
500 1000 1500 2 000 2 500 3000

Mtoe

25 years ago the share of fossil fuels in the global mix was 82%; it is the same today

ergy Costs & Forecasts

30%

20%

-

0%

2011 2030 2050
European Union

Electricity share of energy demand

Table 2-1 Current Day (2012) and Forecast Energy/Environment Factors’

& the strong rise of renewables in the future only reduces this to around 75% in 2035 2080
Aoaminmnual Energy Dermand by Region 2012 2030-40 2060-70 -
sS00 2100
wrorlcl ; . . ~ 115+ ~12.5+
— - e High ~7billion ~9billion billion billion
£ s
= : . ~85 . ~8.5+
s = Medium ~T7billion o ~9+billion -
aaa o} §_ bllllc?n5 bllll;ns
o - ~f. - ~a.0t
Low ~Thillion billion ~T+bhillion hillion
e Current /Projected Global |  ~120000 | ~220.000 |  ~400,000 |  ~480,000
Annual Energy Consumption® Billion kWh Billion kWh Billion kWh Billion kWh
I / Asia & Oceania - Renéewable
Z .
Morth Armerica _' ::E-% o Low Sharen(%ragsyé ~10% ~10% ~10% ~10%
Limim o Eurcope o 36
Eurasia
E‘.'&‘g_ frﬁrg‘éica
L Aafrica
By John C. Mankins ©2014 by Virginia Edition Publishing, IL1L.C

o v v " w v
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R & D Studies Required

Each System Requires

many Detalled Studies

Best Solar Satellites
= Modular, Expandable, Controllable, etc.

Optimal Beam/Energy Transmission
= Laser vs. EB vs. EM microwave...

Selectable Ground Base Collection &
Energy Storage System

Performance Database & Software
A'Full Development & Integration Plan

Satellites to be planned &
getrofitted with Beam Control; Earth’
(Weather Control System

el Focusing Satellite to Transmit
@IEEEKER) Beams to Transport(s)
pIESalination System

' ’% d Solar Energy Satellite(s)

Ground Collector System

¥ Full Turnkey System
Integration

asodund pappPv

~ “| Desalination System
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R & D Studies (concern)

1) if you are interested in this idea, then you should take a look at the
Mira-solar (or Mirasolar) design developed by Dr Fraas [inventor of the
triple junction solar cell], here are some web links:
http://nextbigfuture.com/2012/03/mirrors-in-space-for-low-cost.htmi
http://jxcrystals.com/solarPV/MiraSolar_Satellite_Concept.pdf

2) In LEOQ it is not possible to get global coverage from a SSO, because
you can only see a small part of the Earth from the altitude of ~1000
kilometres. You can only supply power to the thin strip of the Earth
which is near the day/night terminator

8) for a multi-satellite constellation in LEO outside of SSO, to achieve
global coverage you need to have thousands of Earth ground stations on
@iay ene. For GEO you only need one ground station.

hanging line of sight distance and polarization makes the ground
Stations and the spacecraft much more expensive than for a GEO
ellERItecture, I.e. with active steering and adjustable gains.

SN Etlank You Charles Radley for in depth research & concerns...
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expected cash flows. This process is the process of assessing the
current monetary value of future expected cash flows by discounting
them to the present using the return of an alternative investment with
the same level of risk.
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Chart-2: Examples of Time Value of Money and Risk and Return Equations
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Program Schedule Milestones

http://iaaweb.org/iaa/Studies/sg311 finalreport solarpower.pdf
Aviation Week: http://billionyearplan.blogspot.com/2011/11/excellent-
coverage-of-sbsp-from.html

Mankins-Study: http://www.scribd.com/doc/216866353/The-
Case-for-Space-Solar-power-Mankins-2014

o

Phase 4
I%cf)ége 3 Full Scale
‘ 2020 15t Rev. Development
Phase 2 System
Predesigned LRIP
K Transition Space Solar Power
Feasibility .
Review Limitless clean energy from
space

o Space Solar Power Library

o October 2007 SBSP Report

o Links - Websites

o Links - Articles (updated regularly)

° Videos
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Solar/Energy Absorption

D

Solar Energy Satellite(s)

J

Studies:

1. Best Solar Photovoltaic -
Absorption/Conversion

2. Modular, Expandable, Commonizing

3. Controllable & Shape Changing/Morphing
4. Best Earth Orbit positions, & how many -
- Where?

= Alpha (Mankins) — uses Mirrors

Power Star, along with other Types?

Which Type (Morphing Mirrored)
SolutionCell Design optimization?
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Most Efficient Solar Cells:

Solar cells typically convert not more than 20 percent of incoming energy into
electricity, in part because they capture only certain wavelengths of light. Researchers
at Germany’s Fraunhofer Institute for Solar Energy Systems have developed a solar
cell that converts 44.7 percent—a new record. It consists of a lens that concentrates
sunlight onto four stacked subcells, each designed to absorb a distinct portion of the
spectrum. The team estimates it will take them another two to three years to scale up
e 5.2-millimeter prototype for use in solar-power plants.

1. Sunlight passes through a multifaceted lens known as a Fresnel. The lens focuses direct
sunlight, delivering the power equivalent of 297 suns to the solar cell below.

2. The first subcell, made from gallium indium phosphide, captures photons from the shortest
wavelengths of light. The subcells beneath it contain elements capable of capturing
progressively longer wavelengths.

3. Each subcell consists of several semiconductor layers, which create an electric field. As

hotons enter, they excite electrons, freeing them from the subcell.
Once the freed electror
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Alpha System Concept

SPS-ALPHA
Key System Elements

nm System Elements of the SPS-
concept include the...

o HexBus
o Deployable Structure Boom Module
o Solar Energy Harvesting Reflector

° nect(s)

‘g :?;“Wer Generation (SPG) Module

o Wireless Power Transmission (WPT)
Module

o PushMe-PullYou Bot
o PAC (Propulsion & Attitude Control)

St

oA Hoceaes
Rechnna 5 ey
MCIowave W T Receser )

Space St Pomer WAL
N, brandtnr Maraprreet wAtus © 201

Space Solar Power: SPS-ALMYA
Atermis roovation Masagemont Sobtors © 2002

17 M- 2012 7-Marih-2012

Illustrations, above and below, of the SPS-ALPHA concept. (credit: Table 7-16 SPS-ALPHA System Analysis Selected Preliminary Results

Ritews ferowmiion Menhsement Salatings) Table 7-16 SPS-ALPHA System Analysis Selected Preliminary Results

DRM 3/Case 1 DRM 4 /Case 1 DRM 5/Case 4B
Parameters (SPS-ALPHA Plct Plant, ity Fubsze S5, wih ing SPS, wih
Manimal Tech Advances) Temmm) Agaressive Tech Advances)
Powes Delvered 1o Eamh 18 MW S0 Nw 2000 MW
WPT Transmission Freg 245G 245Gk 245GH2
Solar Power Gen. Eficency 5% B0L 48% BOL £0% BOL

WPT Eficency 0% (DC4>-RF) 10% (DCA0-RF) £0% (DC0RF)

ETO Cost ($h3) §1.5000 $500%g $5008g
Costio First Power | v ¢ Y & . "
festimated o Eart) $ 458 (~5250 per Wag) § 1228 (~524 per Watt) § 31 B (~516 per Wam)

y Indefindz; > 3) years Indefinite; > > 30 years
Letme 10yeans (with Maintenance and Spares) | (with Maintanance ans Spares)
Leveloed Cost of Eleciricty ; Y. E
(LCOE: $A-hows) $3.26 pee kW 15¢ per ke O¢ pes KW-br




SPS-ALPHA: The First Practical Solar Power Satellite
via Arbitrarily Large PHased Array

[
http://www.nasa.gov/offices/oct/stp/niac/mankins_sps_alpha.html#
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Waiting Market

Reusable-launch work is changing
the space solar power game
Frank Morring, Jr. Kobe, Japan

reparations for launch of a SpaceX Falcon 9 rigged to flight

test a nascent flyback capability in its first stage drew close

attention from solar power satellite (SPS) advocates meeting
here, who know that low-cost reusable launch is one key to realizing
their dream of providing abundant electric energy from space.

While they are taking different ap- reusable launch as a way to cut the
proaches to developing SPS, the small cost of space launch drastically. Ja-
but international group of participants pan is the only nation that has made
al the SPS 2014 conference here agreed beaming solar power collected in
that their goal continues to be an end space back to Earth a goal of its space
to the increasingly dangerous struggle policy, and JAXA engineers calculate
to meet the energy needs growing reusable launch is one way Lo reduce
world population. They see space solar the up-front investment needed to put
power as an alternative to the envi- gigawatt-class power stations in geo-
ronmental fallout from extracting and stationary orbit.
burning fossil fuel, and the military cost “We need a reusable launch sys-
of securing supplies in unstable regions, tem,” says Susumu Sasaki of Tokyo

Like California-based SpaceX, the City Univers a professor emeritus
Japan Aerospace Exploration Agency at JAXA who has studied the relation-
(JAXA) is conducting research into ship between launch costs and the

24 AVIATION WEEK & SPACE
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Lightweight

mirrors of the

“SPS-Alpha" solar

power satellite concept
focus sunlight for
conversion into a microwave
beam down to Earth.

cost of power delivered from space.

Using a 2003 JAXA reference
model with a l-gigawatt station weigh-
ing 10,000 tons, Sasaki says power
would cost a prohibitive $1.12/kwh at
a launch cost to low Earth orbit (LEO)
of $10,000 per kilogram. That is in the
hallpark of what space launch costs
today. Cut that to $1,000 a kilogram
in the ballpark for a reusable launch
vehicle (RLV)—and electricity from
space drops to 18 cents/kwh.

The SpaceX RLV work, which in-
cludes prototype landing legs on the
current Faleon 9 taking cargo to the
International Space Station (see photo
on page 25) and using the rocket’s en-
gines to control the first stage’s return
to a splashdown in the Atlantic, is but
one development in the fasl-changing
worldwide spaceflight endeavor that
holds promise for space solar power.
asaki also cites the need for an or-
bital transfer vehicle (OTV) to move
SPS hardware from LEO to the geosta-
tionary Earth orbit (GEQ) where space
power systems would operate, a devel-
opment that meshes nicely with NASA's

AviationWeek.com/awst

efforts to develop a high-power solar
electric propulsion system for deep-
space exploration (AW&ST March 31,
p. 26).

Such a system would shuttle “like a
Ferris wheel," in Sas: analogy be-
tween LEO and GEO, delivering 50 tons
a year in the JAXA model with a four-
month round trip. Overall, the JAXA
approach-—which already has a pro-
totype robotic assembly device aggre-
wating simulated power-converter units
into larger structures on the ground at
Tsukuba Space Center near Tokyo—
would require 15 RLVs and more than
200 OTVs to build a power station in
GEOQ, according to Sasaki.

John Mankins, a former NASA chief
technologist who has worked with Kobe
University professor Nobuyuki Kaya for
decades on SPS, has devised a modular
approach that would take a small SPS
prototype into LEO, increase it
bility and then upgrade it to megawatt-
stations in GEO. Parts of the
S-Alpha” concept (see illustration
on page 24), outlined in great detail ina
new book by Mankins entitled The Case
for Space Solar Power, match up well
with the modular “satlet” self-assembly
concept the U.S. Defense Advanced
Research Projects Agency (Darpa) is
pursuing to lower the cost of military
satellites (AW&ST Jan. 20, p. 24).

To help fund development of the
mass-produced components that
would self-assemble in LEO and later
GEO to increase capability, Mankins
proposes a commercial approach that
would sell electricity from the begin-
ning Users of the e tems in LEO
could attach their payloads to the sys-
tem in place of the power transmitters
that are the ultimate goal, enabling
much more powerful-—hence capa-
ble—systems than exist today.

“You have costs, but you also I
have revenues, because these s
are directly applicable to GEO com-
munications satellites rs Mankins,
who co-chaired the 14 confer-
ence with Kaya. “They are directly
applicable to all manner of LEO com-
munications satellites, Earth-observing
satellites and so on

Unlike Japan, which is working to-
ward an SPS orbital test, and China,
the U.S. has no government program
supporting SPS development. But last
vear the Naval Research Laboratory
(NRL) thermal vacuum ran a small
program to test a lightweight prototype
device melding a photovoltaic cell and

AviationWeek.com/awst

requency transmitter in 2
wssembly that lendsitself to
the evolving space power station archi-
tectures and the mass production that
would be needed to hold down the cost.
Paul Jaffe, the NRL engineer who put
together the demonstration, says that
aside from being the first test of SPS
technology in space-like conditions, it
also gives a data point for forecasting
the economics of space-based power.
“It gives you kind of a rough esti-
mate of what the cost is going to be,
and it really just considers four fac-
tors,” Jaffe says. “We've talked a lot
during this conference about how the
cost of launch figures very prominently
into whether SPS is likely to be eco-
nomically feasible; the cost of the satel-
lite [is important] as well [as the sat-
ellite service life]. This watts per unit
kilogram is critical and probably the
most difficult to quantify, which is one
reason why the research we did with
the module development is helpful in
establishing this empirical hasis.”

Last fall Ge Changehun, a Chinese
academician who conducts SPS re-
search at the University of Science
and Technology in Beijing, told the
International ronautical Congress
that China's work in the area was un-
derfunded because of the focus on
human spaceflight. Since then, the
government has paid more attention,
he said here. Other attendees say the
annual expenditure on the research in
China has reached an estimated $30
million, which exceeds that of Japan.

Ge gave a detailed technical presen-
tation on the Chinese SPS program,
including his own focus on materials
for the enormous but lightweight space-
craft that would be needed to collect
solar energy in GEO. Although China
is pursuing both laser and mi
power transmission options, there ¢

pears to be a growing consensus
microwaves in the 2.45 GHz o
regions are the preferred wavelengths
to pursue because of their all-weather
capability, less-rigorous pointing re-
quirements and other factors.

At those microw: wavelengths,
conference participants agreed, there
is not a safety risk in beaming huge
amounts of power down from GEO-
based power satellites. Birds could fly
through the beams without injury and
the huge rectennas set up to receive
the microwaves and convert them into
electricity would allow enough sunlight
to pass through to the ground to sup-
port some kinds of agriculture in the
proper climate zone;

But the preferred frequencies are al-
ready used for scientific res h, and
the International Telecommunications
Union would need to allocate spectrum
for SPS. Conference participants not-
ed that the ITU has raised questions
about SPS spectrum requirements
that need to be addressed in time for
the organization's World
Radiocommunication
Conference in November.

There was also an ap-

SpaceX has installed
landing legs on the
Falcon 9 as it works to-
ward reusability, which
would make space solar
power more feasible.

preciation that develop-

ment of SPS should be

incremental, both for
fton

and t

avoid “sticker shock™ by those who hold
the public and private purse strings. Ad-
ditionally, other uses need to be found for
the technology to broaden support for
its development, as Mankins suggests,
abelle Dic , a physicist wi
opeat ce Agency, outlined
studies that show both microwaves and
lasers from space could literally weak-
en dangerous hurricanes and other
tropical cyclones by ting the water
in them with microwa liation to
change or by us-
ing lasers to seed rainfall in a storm's
outer iken the strength of
its Given the £100
hillion cost of Hurricane Katri
Louisiana, she said, the cost of :
tem that cc
provide a spac
might he more

in

1d
-based power source
ceeptable. @

Id mitigate cyclone:
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John Mankin’s Alpha Concept

Figure 5-2a High-Level Illustration of Alternative Versions of SPS-ALPHA
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Dr. D. C. Hyland
Professor
Texas A&M University
3141 TAMU
719B, H.R. Bright
College Station Texas. 77843
Mobile: 979 255-7769
Email: dhiland@tamu.edu

~ areas. Reduced ground-based power

Istributed Aperture Power Collection System

Small, local
Adaptive power reception
Beam stations

Forming

(Multple,
NaITOw
beams
transmit
nearly all
power
collected)

» Multiple smaller satellites, not a few
gigantic spacecraft. Improved robustness.

» Much smaller rectennas, serving local

transport, reduced ground footprint

> Reduced initial investment to obtain an

‘operational system.


mailto:dhiland@tamu.edu

The Second Practical Solar Power Satellite
Hyland’s Powerstar Design

nan W
4 PR

In each patch antenna: .
Transmitter

» Local microprocessor records
beacon radiation waveform —

Conductive coatmg (ground)

» Amplifies waveform and emits it
back in reverse tme.

Substrate layer

» Power optimally matches desired

ibution on the ground.

Random Tessellation to
prevent grating lobes

Beacon
Radiation

Printed microwave

transmitter elements Printed solar array

elements




igned for Mass Production & Low Cost
Printed Patch

Microwave

L T S L

’ ' = |
I‘ h |
Solar Solar —] SSR® computerized fl  knitting machine
Ce" cel N = ot oo et
(19 » |
Conductive coating (ground) COHCCtCnIla I ' - -

( “ Substrate layer Shima Seiki-

—/\4 .
SolutionCell.net Fabl‘l(‘, Mfg.




Powerstar Deployment

V

Packaglng and

PowerStar Concept Deployment:

. WY
L O\

Neghglble
- final
a.ngular

veloc1ty
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Power Delivery Technique

8
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HETEROGENEOUS MEDIUM

RECORDING STEP TIME-REVERSAL AND REEMISSION STEP

ACOUSTIC TIME-REVERSAL MIRROR operates in two In the second step (right), each transducer plays back its sound
steps. In the first step (left) a source emits sound waves (orange)  signal in reverse in synchrony with the other transducers. The
that propagate out, perhaps being distorted by inhomogeneities  original wave is re-created, but traveling backward, retracing its
in the medium. Each transducer in the mirror array detects the passage back through the medium, untangling its distortions
sound arriving at its location and feeds the signal to a computer.  and refocusing on the original source point.
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Use of Future Materials

= 1. Aerogel

Aerogel protecting
crayons from a blowtorch.

IRETQgElhelds 15 entries in the Guinness Book of Records, more than any other material. Sometimes
eall€esirozen smoke”, aerogel is made by the supercritical drying of liquid gels of alumina, chromia,
LRROXIEIE o carbon. It's 99.8% empty space, which makes it look semi-transparent. Aerogel is a
jrelEetSiensulator — it you had a shield of aerogel, you could easily defend yourself from a

IS IIFOWET: [T'STtOpS cold, it stops heat. You could build a warm dome on the Moon. Aerogels have
hREIevEable suriace area in their internal fractal structures — cubes of aerogel just an inch on a side

NEVAEREan internal surface area equivalent to a football field. Despite its low density, aerogel has been
[EREIEFESTa component of military armor because of its insulating properties.



http://www.amazon.com/gp/redirect.html?ie=UTF8&location=http%3A%2F%2Fwww.amazon.com%2FGuinness-World-Records-2007%2Fdp%2F055358992X%3Fie%3DUTF8%26s%3Dbooks%26qid%3D1214798728%26sr%3D8-2&tag=lifeboatfound-20&linkCode=ur2&camp=1789&creative=9325

2. Electron Beam

3. EM (microwave) Key Topics \

ZL E?x'\p an dable Laser beam effects
3. Contr0| - Laser beams
& Morphi Beam plasma instabilities

4_ Usae: Eneragy transfer
1. Weather C.S. rlohiraum

2. OrbﬂTranspon Laser impact
3. Death Ray Polarization

Stimulated scattering

EADS ASTRIUM

Photovoltaic
cell panel



http://large.stanford.edu/courses/2010/ph240/ma1/

Microwave / Antenna

sive MIMO.”

or “multiple-input, multiple-output,” is a wireless networking technique aimed at
Ing data more efficiently by having several antennas work together to exploit a
omenon that occurs when signals are reflected en route to a receiver. The

, known as multipath, can cause interference, but MIMO alters the timing of
lons In order to increase throughput using the reflected signals.

Power Star incorporates the Antenna



http://argos.rice.edu/
http://argos.rice.edu/

American Ind Co & SolutionCell

Studies:

Sizing per consumed kWh/population
Storage Systems Types (Existing, piggyback or new)

Modular & Expandable increased consumption
& Population

Spread & Placement

Safety Improvements & Improved techniques over
existing grid.

Safety First, Not another Governor Moon beam
microwave of ducks.

Less Susceptible to Nuclear or EMP
(Hardening Requires a 60 DB shrouding/insulation)

Near Grid Systems & Prevent Beam stray



Recelver Concepts

Reqguirements:

» Orbital conditions for Direct & Safe Delivery & Timing
« How Many Collectors of which Type?

Building Over Existing Grid Stations, while EMP

= Figure 5-2b Alremmanve Ground Receiver Placement for SPS-ALPHA Wireless
Protection '* : T P o

P o ik ustomer
Distrib 1 Transmission Lines L— 26kV and B9kV
Black:  Generation 765, 500, 345, 230, and 138kV
Fa =
L ub

mer

& m - ' o

Eg! Transformer huial
enerating Station  Generator Step Transmission Customer & @ Secondary Customer
Up Transformer 138KV or 230KV o[y 20vand 240V

Source: Graphic courtesy of North American Electric Reliability Corporation (MERC)
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= Requirements:

= Orbital conditions for direct Delivery & Timing
= How Many Satellites Required of which Type?

Earth Conditions Locations for Allies being fed
Weather Conditions & Effects

chedule Deliveries & Grids

ery Sub System to be developed

Simulation of optional cause & effect prior to
gleploeyment or actions (Similar to FCS program
WiNerthrop Grumman). To be done on NOAA - SOS



American Ind Co & SolutionCell

s Full Turnkey System
Integration

= Requirements:.

= Space Delivery vs. Requirements
= Design & Build
= How Many Satellites Required

uppliers to Design & Build

= Boeing, Lockheed, Northrop, Honeywell,
Raytheon, BAE, B/E, eftc...

ule Deliveries & Grids
ub System to be developed




_—

Weather Taming & Control

= \What Value could this Have, No Tornadoes, Floods,
Droughts — Devastation ? ($10 Billion Katrina)

Requirements: N
Mirror Morphing System Requirements

= How Many Satellites Required

= Optimal Orbital Positions

= Design Options & Simulation on techniques
B Suppliers to Design & Build

Space-Nova™ http://youtu.be/38peWm76I-U
2 http:/lyoutu.be/V5YdsYIJR5Qw (30:10 map)



http://youtu.be/38peWm76l-U
http://youtu.be/38peWm76l-U
http://youtu.be/38peWm76l-U
http://youtu.be/V5YdsYJR5Qw

Understanding Weather 1st

NASA-JAXA Global Rain and Snowfall Satellite

ress/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/#.U01yRxBdV8E

http://climate.nasa.gov/nasa_role

S A | Dynamic Earth
PL. http://youtu.be/6hD52H7rQak
~ ttp://youtu.be/ujBi9Ba8hqs
WL 3 |
AN

L%
MY

re0r the atmosphere and the oceans, the o el
Slayersair pollution, and changes in sea ice B g
Aiseientists regularly appear in the - 4 K“
as climate experts. So how did the space suominer 514> N

SORCE

aKINg such a big role in climate science’ .



http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://www.nasa.gov/press/2014/march/first-images-available-from-nasa-jaxa-global-rain-and-snowfall-satellite/.U01yRxBdV8E
http://climate.nasa.gov/nasa_role
http://youtu.be/6hD52H7rQak
http://youtu.be/ujBi9Ba8hqs

Weather/Clouds Opened by Heat

Global Crop Production Increases Threefold Over The Past 50
Years http://bit.ly/14mN5MZ *



http://t.co/MTMmXSo39q
http://t.co/MTMmXSo39q

utionCell for Mirror Morphing

ptimize SolutionCell for Structural Mirror Morphing.
Strength & Speed: (solutioncell.net)

— " ~
7 "
: vertical seatback > .
/ actuator geometry

./.
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] TNV &1 M LT VTNV EL, - eSO |
Adaptive Aerostructures Laboratory @ College of Biological Scienceés s

Motivation: The same as nature

* 100psi CDP cells
T/O & Landing: Maximize C,,.,, Reject Gust Loading

MosonAdepayveWing

Crulse: Maximize L/D —= i
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1980" s: Mission Adaptive :
Minimize Airframe Welght e o Torlon-Aramid
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fracker Beams — Outer Planetary Exploration

Tracker Beam-Planets

Exploration

= What Value could it be, well into the Future?Bi#
= Requirements: |

Accuracy
= How Many Satellites Required

EVery Sub System to be developed



American Ind Co & SolutionCell

Desalination Systems

-~ | Desalination System

- = \What Value could it be, well into the Future?
Requirements:

= Controllable / Morphing Mirrors or Antennas-
Accuracy (How Many Satellites Required) i

Sign & Build ) ,,‘019 | m— e e

[ water + steam
Requirements to Be Driven by m— il vt
Transport to Mars or ARM. flion

[ hot molten salt
m "cold" molten salt
) [ ‘11 electrici
Qur Beam sends Ultra Power to Desallnatlon Ph o ecily
Sehedule Deliveries & Techniques .
Every Sub System to be developed

StiSats=Energy From Space Concept
[RIRNIAYTRIRILL. D E/UES LX3TzIO

Jenerator

~\  — vacuum
(S

" bring

( ‘)“

fresh
water

|seawater



http://youtu.be/UcSmLX3TzIQ

DPesalination Systems Overview

B SunSats=Energy From Space Concept
http://youtu.be/UcSmLX3TzIQ, http://sunsat.gridlab.ohio.edu/

SrPACE ENVIRONMENT TECHNOLOGIES

y Concept Lead by Space Weather Division
& Ohio State University



http://youtu.be/UcSmLX3TzIQ
http://sunsat.gridlab.ohio.edu/

Desalination Systems Team

Seawater Desalination
via Solar Power Satellites

A visualization based on “Vision for Producing Fresh Water Using Space Power”
by Kent Tobiska published in the Online Journal of Space Communication, Fall 2009.

\ Presented at the International Space Development Conference, May 27, 2010.

THE SPONSORS

Students: Graduate Students: Faculty:
Michael Blohm Brandon Flayler John Bowditch
Kristen Ohlemeier Tintin Luo Don Flournoy
Kyle Perkins Laura Rusnak Steve Mokris
Adam Roades
Matt Wulker

OHIO
(_:R]D :l..ab The Ohio University GRID Lab

UNIVERSITY .. Game Research
S“ Scripps College of Communication and Immersive Dc51gn Lab
~ay

olutionCell.net|




m Engineering the Future!

‘1) Design & Development
= Concept, Design
= Planning, Development Advancements

2) Manufacturing & Logistics Support
= Manufacturing (MRP) Advancements

= 3D Printing Futures (Multi Layered MfQ)
= | ogistics Improvements (MRO, R&R, Support)

@h STEM Realities (both sides)
here the Skills are needed; Countries

t skills are needed...

Bnat Government & HR Recruiters say vs. What
@ompany Jobs Outlook say (AW spring & summer)




Y
ol am: (creating f_w odness Ove er Damnatjon)

D) The World Yours &7'.
0ur Fu ures.

Microsoft’'s & Aerospacif'?v |
" Overcommg Global Warming & . .
= Gvercommg aopulatlon Growth& geding
US A“ o‘: B , .. ; .‘ >
5 ?‘ ‘ = x’.é -
= Overeé @mm@ @1%@}5@5 Genetic Disord&is &
“Aging; [bbULS i Yo & 5

- Overcomlng Pdﬂtlcal Religious, RacelEthnl‘

Indiffefénces... :

= Conclusion 175 Bllllon years left of Earth, not so
much for us:during heat up activity. (Show things
from Thrqugh the Wormhole)

o"‘- g Creating Tomorrow’s Technology - Today
' » . -
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Next> Stuff to do

Send another Update tO: white House & Science & Technology,
Fed Reserve, Senate, Congress, NSF, NASA, USAF, DARPA , MDA & World...

Send SSP+ Data & new BooK to “the 3rd Floor’ Chris Edwards
& Hollywood Pictures Mike Peyser.

By year 2030 over 2 Billion cars will be on Earth.
Over 9.8 Trillion people on Earth by 2050

ite Integration Plan to upgrade grids & provide new grids
ress arguments that oil and gas industries will not be hurt.

Makes Great Investment Sense to Oil Industries & Countries

he Future> B portfolio matters in
the power sector

Net revenues for new power plants by scenario, 2012-2035

= New Policies Scenario

Under a 2 °C path, total net revenues for new power plants are $3 trillion higher —
CCS is an effective protection strategy for fossil fuel assets



