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ABSTRACT
Spacebased solar power (SBS&)d Cloud Computing O@rbit (CCO) are two examples of international offset
projects underway at GElpplicable to sustainabilityOthers includé&JAV/satellite forest fire ranitoring
international students/pedbcresearchsustainable greenomstruction point-to-point suborbital flight, ocean
monitoring, autonomous SoC developmeatd bo-fuels and other biotech project®ffset projects can take
advantage of resources made available during large international procurements. SB&thlieed about many
times since Peter Glaser's invention of the concept over 40 years ago, however there still has not been a single SBSP
watt transmitted down from orbitStudents at San Jose State University have been researching the feasibility of a
SBSP demonstration, using either the Indional Space Station or a small sateilité EO. This demonstration
will be modular, to allow for many differepbssiblecomponent partsThe research for the SBSP demonstration
has also helped to develop the conadmin-orbit cloud computingand th conceptscan be utilized for lunar
applications The SBSRiemonstration is imptantbecause the necessary @fincies and losses have not yet been
clearly establishedndis being developed to beam 200 watts of potweEath's surfaceestimating 25% efiency
due to atmospheric losses and laser conversion losdegchnology needed for the demonstration exidtee
cost, schedule and other programmatic elements of this demonstration will be prdomtdeakional offset can be a
source of funding for this demonstratioBBSP and otrbit cloud computing are both important concepts
involving sustainable energy, thereby contributing to world peace, because they both make use of the abundant,
renewable energgource of the Sun.

Introduction offset. As discussedn the GEI website
Spacebased solar power and Cloud Computing (www.globalenterpriseinitiative.cojpexamples of

On-Orbit are two examples of international offset space related international offset projects include the
projects underway applicable to sustainability and are ~ Svdbard ground station in Norwagnd flying a
very relevant to the recent inaige ininterest in Malaysian astronaut to the ISSThe business case
commercial spaceCommercial space projects are for both spacdased solar power and cloud
applicable to international offset because they computing ororbit depend on an international
compensate customer countries for perceived strategy to ensure commercial viability

economic losses, which is inherent in the rational for
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Figure 1: GEI Offset Projects, Commercial Space Examples

« Definition of Offset, by an international seller and buyer, the British
government: “...offsetis the term used to describe the situation where,
in the event of an overseas procurement.. ., the seller is required to
compensate the buyer for a perceived loss to the economy of the
purchasing country.”

« Offset is required for most large sales to foreign governments.

+ Other terms used for offset:
- Industrial Cooperation is used by Norway, Chile, etc.
- Industrial Participation used by UK and other countries

— Other terms: Counter Purchase, Countertrade, Industrial
Coproduction

-Direct (directly related to the contract) offset, indirect offset, etc.
The Space-related projects in the following two charts are
examples of indirect offset (not related to the contract)

Table 1: International Offset Definition /
Terminology.

Kongsberg (of ‘
Norway) and

Lockheed Martin >

formed a joint
venture (KLM
Space Data
Systems) to
develop the
Svalbard ground
station on
Spitsbergen
Island as an
F-16 contract
offset project. T e -
The enterprise value (the value for offset credit) was $50M.
The enterprise has grown to $.5B+, a win-win for all parties.

Figure 2: Example of SpaceRelated Offset,
Svalvbard, Norway Satellite Ground Station.

As an offset

First Malaysian Astronaut

project for the . o
sucnoijet,tve |0 Visit Space Station
Russians flew a :
Malaysian T'he Malaysian and Russian govern
astronaut to the ments have agreed to send Malaysia's first
International astronaut to Russia’s section of the interna
Space Station.  Honal space station i late 2007 4. part of a
Lontract offset relating to the Roval
Alsoincluded  Malovwwn /A Force s puarchase of Sukhoi
was support of fighter affcraft. Russia’s Rowshesromoves
Malay science —_/_(Articlein Space News)

hardware, etc.
Estimated offset
value was $90M.

First Malaysian Astronaut
To Visit Space Station

Figure 3: Example of SpaceRelated 6ﬁ;et
Malaysian Astronaut to ISS, late 2007.

Spacebased solar power (SBSP) has been
talked about many times since Peter Glaser's
invention of the concept over 40 years ago, however
there still has not been a single SBSP watt
transmitted down from orbit. Students at San Jose
State University have beeaesearching the feasibility
of a SBSP demonstration, using either the
International Space Station or a ffger small
satellite in low Earth orbitThis demonstration will
be modular, to allow for many differepbssible
component parts.Along with this demonstration, the
students have been researchingpdoit cloud
computing. Much of théechnology for the SBSP



Background

demonstration is directly applicable to-orbit cloud

computing. On-orbit cloud computing involves
multiple small satellites connected through optical The optics for a spadeased laser can be
communication links. This constellgtion qf small sized with Rayleighoés Criteri
;aBtglgt.eS fUI”Ct'OtES ?S a cl@unc.)mpuftmg grc'jd'l‘]tus(; as for laser assisted solar sails, Taylanding, Halford
involves the transmission of a modulate and Matloff (2003) give Rayl e
(modulated to ensure proper Ieck to a receiver and
safety) beam from space to ground or space to space
to provide power to another satellite, anarbit Dreciever 2.44
. . ana q= > &
cloud computing small satiée node transmits SEPR. . ceivermax D, e
modulated beams to other satellites anthéo ‘ P
ground.One of the reasons this demonstration is h is the di i fth : ¢
important is because the necessary efficiencies and \évEere Deceivef's. ﬂ? lameter [m] o e:['recelver spot,
losses have not yet been clearly established. The cost, b tRaS'ecei,:ﬁva*s € maX|rtnum se_ztriara |canﬂ[1m] .
schedule and other enterpriseraénts, including use De Wger:h ed_asertpower ;amsrrl er ?n gt{ecelver,
of international offset and other innovative funding °P“°ts's_ € diameter [nzj] ot the faser ratmiml er |
approaches, will be provided. optrcs, ~an & 1S € wavelen
transmitting | aser. d is th

receiver at a given sagmation.

Demo Concept for ISS Attached Payload

1S Interface: U.S. FRAM, Japanese JEM, etc.;
com, nav, electric power, etc.

Demo Concept for Free Flyer

Solar Cells Size: 10 m? Power: ~4 kW

1S Vibrations = 0.01 to 50 Hz

~1600 W of 4KW for Free Flyer
spacecraft systems (com, nav, Satellite Mass ~ 100 kg
EPS, thermal, etc.)
St Contril I ~2500 W from ISS.
OMINE LONO 100 W for support
Comm/navsystem, Gimbals or S/C attitude control ! i
I ems2400 W to laser
antenna (isolation is TBD) | o
I
Po -2800W to laser ON-ORBIT | :SlaSatt:cTh:d{)a)y!oad demofr
ser, etc.) is same as free
Laser +ATP = ~50 ! N
30% est: laser syftem Mirerapertons J;i - I fiyer with exception thatfree
conversion efficiency, : flyer has spacecraft and solar
Ppo -B0OW out of laser Acquisition-Tracking- | a::ys_' Tlh elss pm‘:;des fth
Pointing (ATP) System | electrica power.an many of the
Altitude: ~150 to ~250 | spacecraftfunctions.
nautical miles :
I
Slant range: Up to | ‘
~500 nautical miles | i |
| | I l
50% estimated I ‘
atmospheric loss | | Receiver, ~10m diameter photovoltaics [
| and ground support systems. ,

[
| GROUND\‘

50 % efficiency assumed for - : : .
Total Cost < $10 M including launch, integration, etc.

photovoltaics on ground

Figure 4: G E | laternational SBSP Initiative (ISI) Concept Demonstrations: Preliminary Mission

Archit ecture.



SBSPMission Architecture

Space Based Solar Power (SBSP) is a
method of harvesting clean, limitless eneagyl
reduces the need for the destruction of the
environment for the purpose of meeting increasing
energy demands. SBSP requires the assembly of an

expansive network of solar panels in geosynchronous

orbit about the Earth. Placed in a high orbit where
solarenergy is intense, these solar cells would gather
the sunds energy al most
365 days a year. Once collected by the solar panels,
this endless supply of energy could be beamed down
to earth ground stations all over the world, urthg
rural, undeveloped areas in third world countries.
Universitiesin the U.S. and other countries
have been researching the feasibility of a SBSP
demonstration, known as the International SBSP
Initiative (ISI). The objectivef the ISI is to beam
SBSP watts down to the surface from orbit while
utilizing international collaboration and cheap,
commercial componentd. n a fAswor ds
pl ows har e slSl takepapvardagecoh |,
technology developed over a decade fagdhe
Stra egi c
program. This involves using laser technology on
orbit as depicted in the following figuséor the
demonstration mission, with its international and
educational objectives.
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Figure 5: ISI Takes Advantage ofSDI
Technology.
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Figure 6: Another ISI-SDI Comparison.
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Figure 7: Further ISI-SDI Comparisons

One of the possibilities for the development
of the ISl is operation as an ISS payload. The ISS
concept includes the following systems: the laser
system; the acquisition, tracking, and pointing
system; the ISS interface; the safatd control

t Ogystem; ad the ground station receivdihe 1SS

concept is being developed as a 100kg payload that

operates on 2.5 kW of power.

(SDI') AStar Warso

Figure 8: Thermal Analysis of the ISI on the ISS
Japanese Experiment ModulgJEM).

The ISl is also being developed for possible
operation as a free flyer. The free flyer concept
includes the following systems: the laser system; the
acquisition, tracking, and pointing system; the
instrument bus; the safeand controkystem; the
propuldon systemthe power system; and the ground
station receiver.

The ISl is being developed for use with
existing, off the shelf technologie3he ISl is being
developed with modular architecture, to allow for
interchangeable components paatsd multiple
possible demonstrationg.he laser system is
currently being developed for use with Southampton
Photonics, Inc., (SPI) 400 W fiber lasdfor the

and



