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Satellite industry established by governments during
the 1960s.

Government (NASA-"NEXT/RASC;” OSD/DoD/DARPA
-”’Orbital Express,” etc.) at cross-roads considering 21st
century space investments. |

$80 billion satellite industry at cross-roads considering
2000s growth prospects.

~ Viability weakening (unfavorable regulatory and competitive
environment - terrestrial fiber, foreign encroachments, etc.)

A robust, 21st century satellite servicing industry sector
is a potential emerging prospect.
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Satellite Servicing implies the offering of
services to satellite owners or operators that
involve the direct manipulation of spacecraft

hardware or assets on-orbit for the purposes of
refucling, upgrade, repair, inspection,
relocation, burial, etc.

Progpects for Satellite “Spacecralt” Servicing
(5. Fossham, WASA Headguarters, Office of Space Tlight, August 5, 2000
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Infrastructure Concept

)

e

.

RN

§1a1

e

it

Fyw

T

e
:

-
S

A

SR

»‘S:’%ﬁ"

<

\

o

i

o,
e ,«Jmmm o
ey

S

R

s

%

e

Tit,




Satellite Servicis

Investment Profile
(Qualitative/Not to Scale)
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Industry Intervic
conducted between
May 4, 2002 and July 6, 2002

All Interviews were conducted at Interviewee’s
Company Location
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Ben Chang, Ph.D., Vice President, Satellite Engineering and Program
Development, Intelsat

James Crocker, Vice President, Space Exploration Systems, Lockheed
Martin Corporation

Bruce McCandless 11, Chief Scientist, Resuable Space Transportation
Systems, Lockheed Martin Corporation

Laurence Price, Director, Crew Return Vehicle, Lockheed Martin
Corporation

Steven Keppers, XSS-11 Program Manager, Lockheed Martin
Corporation

Peter Hadinger, Chairman, Satellite Industry Association; Director,
Telecommunications Policy, TRW

Richard Dalbello, Exccutive Director, Satellite [ndustry Association
Dave AKin, Director, Space Systems laboratory, University of Maryland

Maj James Shoemaker, USAF, Ph.D., Program Manager, Orbital
Express, DARPA

10. Rud Moe, Program Manager, Hubble Space Telescope, NASA Goddard
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On-orbit Satellite

Business Technology Government Infrastructure Servicing

T e
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Responsibilities 2. Commonality
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Encouraging - with some Concerns
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Question 1 Economic Viability

. Does the satellite industry believe that the current

“build, launch, operate and replace (BLOR)” business

. model is satisfactory, sufficient and efficient, and should |
remain in p{m@e for the foreseeable future?

Aggregate Summary(}f 6 Responses

No confldence in long-term vxabﬂlty of
current business model
 Chronic overcapacity

 Launch and insurance costs
» Negative investment/market image
Governmem stagnation

Prospects f{l\aix}éh 'ismﬁlﬁ ViCIng 16
Ui Plorsham, NASA Headooariers, O of f‘.i;tu'sa::;: ?ﬁ" iij.‘;%ai % gusl b, 2040



Business

International Environment

Furopean and Chinese industries
gaining significant advantage through
government subsidies

Prospeets Tor Satellite “Spacecraft” Servicing

L Florsham, NASA Headguarters, Office of Spoce Flight, Augast 8, 2002



Business

Challenges
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To what extent do the following factors drive decisions

. on satellite design & evolution?

Reducing spacecraft cost Performance/capabilities

Extending spacecraft life Strategic business plans/motivations

Reducing risk of spacecraft failure  Responding to competitors actions
Improving spacecraft

i

R e

I
R T Ry

~ Aggregate Summary of 3 Responses

Key Drivers
 Reducing spacecraft cost
» Strategic business plans/motivations

Svicing 18
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Challenges

Question 4

s

Apart from Iﬂwring the cost per .k?ﬂ.l@gmm to orbit, |
have satellite owners/operators identified any other
major obstacles to growth that are beyond the ’
| industry’s risk threshold?

RS

o R S T

Aggregate Summary of 2 Responses

Cost and launcher payload size limitations

Forces premature application of new
technologies

- Increased risk of satellite failure

19



Business

{Juestion 5 Vision

Have satellite owners/operators/manufacturers

formulated a collective vision of their industry’s
- future growth prospects?

s R N

T T—
SR R SRS AR S

What is your vision of the commercial satellite

| industry’s future growth prospects, and, do Mhem
share it?

Agglegate Summary ()f 6 Response‘;

| Indu‘;try crenly

Unable to discern growth-path

Survivalist instinct due to recent and

severe, multi billion dollar investment and
competitive fail

Prospects for Satellite “Spacecraft” Servicing 20
NASA Headgoarters, Office of Space Fhight, Augtse 8, 2007



Technology Life-cycle

At what age does a functioning satellite g@mmﬂy
become technologically obsolete and what is the
significance of this state from:

A primary owner/operator standpoint?

An aftermarket owner/operator standpoint?
A m::mﬂfatturer standpoint?

e e et b o o

| Aggregate Summary of 4 RL‘;[)O]’!‘QE%

Owner: 7 to 12 years
Manufacturer: 3 to 5 years

Potentially viable aftermarket

Prospects fo §§§ Spaceceatt” Servicing
Lo Horshamm, WASA f’%s&.;-u’,:?.a,gm A %i ice ol Spece Flight, August 5, 20072

21



22




Competitive Needs

Name five specific spacecraft/satellite technology
advancements, which if brought into service within
the next 10 to 15 years, would provide a significant

. competitive advantage for the U.S. satellite
. industry?

S

=

o Aggregate Summary of' 3 Resp(ms y

ngher power (Nuclear, Adv. Solar Cells & sttwmeq)
Higher bandwidth (Laser/Optical)
Lower launch cost

Lower operational cost
Improved lifetime (Electronics, E-Propulsion)




Trends

. Is satellite manufacturing (for GEOsats in
| particular) moving towards standardization? If
not what is preventing the industry from

moving in that direction?

Aggregate Summary of 4

Responses

. Early-stage standardization at component level

« Customization of certain electronics and payload
components resist trend

Acceleration depends on new business paradigm

Prospects for Satetlite “Spacecralt” Servicing 24
Uy, Blorsha, WASA Headauariens, Cstfiee of Space Phght, Augost SO




Question 9

Challenges

o

Have satellite owners/operators/manufacturers |
identified any other major technological obstacles
. to growth that are beyond the industry’s risk |

S L

Risky, capital-intensive image of launch

* Need for higher levels of autonomy
- Reduction of operating cost without
compromising safety

Progspects lor Satetlite "Spacecralt’” Servicing
Cr Horsham, MASA Headguarters, Oftice of Spuce Flight, Augusy 5, 2002



Application

. requirements of satellite owners/operators
. drive the evolution of satellites?

(Do they just restrict their systems to current technology?)

NS

How effectively do the needs or performance §
-

Aggregate Summary of 2 Responses

Owners/operators risk averse

*  Adopt new technologies if
- Technological risk minimized
Performance benefits clear

satellite "Spacecraft” Servicing

fers, EX0e of Space Tlight, August 5, 2000
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{}m%m}m i1 NASA Roles & R%p@mmﬁm

What could NASA be domg ohdpthe satellite
industry achieve greater levels of market/economic
erf@rmanw in the

s o o
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technoiogleg
Establish laser/optical communications program
Eliminate categorization of spectrum bands
Initiate development of TDRS replacement
Develop infrastructure with commercial potential
Develop one reliable launcher for the future
- while supporting current Atlas/Delta launch systems
Serve as military-DARPA/commercial transition agent
Address cost drivers for human systems

E‘"*'t‘s.;'-xpc;fﬁ;i.f for Satellite ; ropaft” Servicimny
O Horsham, NASA Hesdguarters, Office of Space Flight, Augnst 5, 2002
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mmtles over ﬂle ne’xt 15 years"

Future Commonality

Camndermgm the p@tmmai beneﬁt% Qf %temte

. servicing, the satellite industry’s orowth needs, and
NA;@NS long-range exploration goals, what might be
ﬂm common infrastructure needs between these two

R R

o
@
e

Aggregate Summary of 3 Respomes |

A cwﬂwmmmercml servmmg mfrastructure
- piggy-backed on Military-DARPA investment

» A market for rendezvous and docking

technology
- through establishment of standards




Fature Commonality

. Given NASA’s desire to build a Smppmgwsmm to
Lunar/Martian settlement within the next 30 to 50
years, and given the satellite industry’s future
_ . market/growth interests, what do you think may be ﬁm
| common mfrastrucmre needs over the next 15 years? 3?

Aggregate Summary of 2 Responses

An integrated civil, commercial, military, space-

based relay infrastructure, in addition to
transportation and servicing

Progpects for Satetlite “Spacecralt” bervicing 31
i Hovsham, MASA Meadguartors, OfTce ol Space Plight, Augost 5, 2002



What should ﬂwmles and regponglbﬂmw of each of
. the following entities be in the establishment of a

. potential, future, on-orbit, commercial satellite
serwcmg infrastructure?

L e ]

NASA Other U.S. Government Agencies
The U.S. Satellite Industry Other Countries or Regional Economic
- Blocks

i L e i g ot e N H—_n
R ey LERRRAN

Aggregate Summary of 6 Responses -

NASA takeﬁ; lead, provxdes on- OI‘bIt mfmstmcture zmd I‘lSk
capital/support R&D
Incmstry: invest in standardization, develop servicer market,
pay marginal cost to transport parts, pay usage fees

* Other U.S.G. Agencies: participate as partners

* Other Countries/REAS: seek roles in new industry sector
develﬂpment




Economic Utility

Looking out around the year 2015, would the
establishment of an on-orbit, commercial satellite
servicing infrastructure be of potential high utility
. to satellite owners

O

Yes: once technological and business risks have

been minimized
«  Government established infrastructure
- Robots: Human Supervision
Humans: Special Services

Prospects for Satellite “Bpacecraft” Servicing 33

{3 Horsham, NASA Headguarters, Office of Space Flight, Aupust 5, 2000
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Satellite Servicii

Business Potential

I

G

At approximately what fraction of total asset
value might satellite servicing be cost attractive
| to satellite owners or operators?

)

Aggregate Summary of 6 Responses N

Between 25% and 60 % of total asset value,
which includes launch cost

Fraction tends to the high end of range depending
on proximity to BOL and particular servicing
objective

Prospects for Satetlie g
Co Horsham, MASA Headguarters, Otfice of Spoce Flight, Avgast & 20402
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Business Potential

S e S s € N A L

- What appmmmaie mcreaseﬁ pmmmm mﬁgm %teihte
. owners/operators pay satellite manufacturers for a

% “serviceable” satellite if this option were available in
ﬂlt E’umre"

=
%

e e e

e

Aggfegate Summary of 4 Responsm

None: m)t 'tmless insurers or government pmvided
serious incentives in terms of insurance or fax
breaks.

* A partnership between a leading
manufacturer and an insurer in this vein
might attract industry followers.

Prospects im salelitie %;"suus 7T Berviciag 36

waharm, WASA Headguarters, Office ot Space Plight, .»f‘xzsg;weﬁ.. G, 2002




I@ robotic or human sai@mm wwmamp&hmw that
% the satellite operators and manufacturers would like to
. see dweloped and emnomwaliy maximized?

RS

Agg- gate Sumn ry oi’ 5 Responm

Yes. concerns about addmonal nght impact,

payload accessibility/standardization, economic
case, and developmental cost
Industry would resist change

Government must trigger market, pay
developmental or non-recurring cost

Insurers should provide reduced rates incentives
Servicing most desirable near BOL

Lowest cost for same reliability

HETRCORR 4 8



Satellite Servicii

Satellite Evolution

=

{uestion 19

SR R

Hlow might satellites change to exploit or

take advantage of on-orbit servicing, if the
price were right?

o R S o s
R e

TR,

o

&

~ Aggregate Summary of 3 Responses

* Components/Interfaces Standardized

* Component accessibility increased
- Heavy bolting reduced

Fuel access ports incorporated
Docking and rendezvous aids incorporated

Prospects for Satellite “Spacecraft” Servicing

L Horsham, HASA Headguarters. (4fee of space Flight, Ausust 5, 2007
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Satellite Serviciz

Market Sectors

bR A,

It sa&elm@ serwcmg became a mah&y m*m,nd ZMS
 where would the market be?

e

. GEO only
= GEO and MEO only
o B0, MEO and LEO

Lt

. S——

| Aggregate Summary of 5 Respomes

GFO MEO and LEO

*  GEO Market: Life extension awaiting replacement
¢ LEO Market: disposal of Russian nuclear satellites

Competition: Replacement

- Replacement becomes less economical as scale
and/or capitalization increases

CTVICIDE 39
[BERSTRT RS
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Sateihte Servicit

Market Segmentq

H mba‘m %&teﬂ ite %chmg were m&de m @m %
_ between 2010 and 2015, which of the following on- |
i‘% orbit, commercial satellite servicing capabilities §
% might be of the most interest economically to the
. satellite owners or operators?
§ | Inspection Upgrade Maintenance Other %
Refuel Reboost Replacement §

Re dil

Retrleve Rchabilit‘itim

B bRy LR R AR 8 B St

| Aggregte Summa ‘f 6Resp0mes

Refuel pgrade, Repalr,
Inspecﬁon,

«  Added: Relocation (GEO), Burial (GEO)

- Critical Technologies: dexterous repair and
rendezvous and grapple

40
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W@um be the best means by Wmd‘ﬁ m mmsi
 effectively (cost and performance-wise) mmmphgh
on-orbit satellite servicing?

Robots (F ully autonomous) ASW{)HRIRS
Tele- robots (Semi-autonomous — Le. , ISS Other
dstr(maut:’g,mumi controlled mbﬁls}

e s e

Aggregate Summary 6 Responseﬂa |

Tele mbotlcs (Consensus)
Scenario Options: ground-based operator,

ground-based line-of-sight operator, space-based
operator

- Human function: operate/supervise, intervene
if robot cannot perform task

A e

41



Satellite Servicing

Location

S b RN R e
S A S s

Where should satellite servicing be per
for maximum efficiency?

R A A

f

T

ormed

s At their orbital stations

s

R IR

Aggregate Summary of 5 Responses

Orbital station (Consensus)
*  Line-of-sight control to minimize GEO-to tele-
operator time-delay
. Should not interfere (EM/RF) with nearby
satellites
*  Transporting elsewhere, especially LEO, too
energy intensive

Prospeets for Satellite "Spaceerall” Servicing
O Borshans, NASA Headspuarters, Office of Space Flight, August 5, 2007
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Question 24

@

]

On-orbit
On the ground (i.e., launched on demand)

Li)gistics

Satellite Servicin

Aggregate Summary of 4 Responses

On Orblt Fuel {)ther mmmod;ty replaeemem parts

If satellite %erwcmg bemm@avmm% Whem
would you expect satellite supplies (fuel,
replacement parts, etc.) to be stored?

- Under-utilized launchers could be used for low-cost,

depot resupply missions
Ground: Special order parts
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Summary of Findin

Business

I Economic Viability:

* No confidence in long-term viability of current business
model.

2 International Environment:

* FEuropean and Chinese industries gaining significant
advantage through government subsidies.

L

Challenges:

*  Reducing spacecraft cost; Strategic business
plans/motivations; Cost and launcher payload size
limitations.

4  Vision:

* Industry has no collective vision - unable to discern growth-

path.

Progpects [or Sateliiic “Spaceorafl” Servicing 43
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Competitive Needs:

o  Higher Power (Nuclear, Advanced Solar cells &
Batteries), Higher Bandwidth (Laser/Optical
Communications),

«  [Lower launch cost,

« Lower operational cost,

«  Improved lifetime (Electronics, E-Propulsion)

Trends:

«  Standardization.

Challenges:

*  Risky, capital-intensive image of launch; Need higher
levels of autonomy.

Application:
«  Owners/Operators risk averse.
Prospects for Sateliiie “Spacecrafi” Servicing 46

o Hlovsham, WASA Meadauarers, Oflce of Bpece Blght, August 5, 2060
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NASA Roles & Responsibilities:

¢ Invest in high risk, high payoff systems and
technologies.

Frogpeets for Batellite “Spacecratt

Cro Floesham, NASA Headguarters, Office of Spa
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-orbit Infrastructure

I Future Commonality:
«  Military-civil-commercial servicing infrastructure.

¢ Integrated civil, commercial, military, space-based
relay infrastructure.

*  Transportation infrastructure.
2 Roles & Responsibilities:

«  NASA takes lead - invests in high risk infrastructure.

* Industry invest in standardization; pays marginal costs
and usage fees.

Prospeets for Satellite "Spacecrafl” Servicing 438
CroHorahorn, MASA Headguarters, Offee of Spece TTight, Auguse 5, 2002



Summary of Finding
Satellite Servicing

Business Potential:

«  Cost attractive at 25% to 60% of total asset value.
- Highfer;d BOL bias

Satellite Evolution:

*  Components/Interfaces Staﬁdardimtien
*  Component accessibility

*  Fuel Access Ports

*  Docking and Rendezvous aids

Market Sectors:
« GEO,MEQO and LEO

. . : T RS I Ll i
Prospects Tor Sutellite “Spacecrafl” Servicing 44

L Horsham, MARA cieadguariees, Ofhce of Spece Plight, Aogast 5 2007



Summary of Findir
Satellite SerViCing (Continued)

Market Segments:

¢ Refuel, Upgrade, Repair, Inspection
Added: Relocation (GEQ), Burial (GEQ)

Key Technology:
*  Tele-robotics.
Location:
*  Orbital station.
Logistics:

«  On-orbit storage of fuel and other commodity
replacement parts

¢« Ground storage of special order parts.

Prospects for Satellite “Spacecralt” Serviemy 50
Cro Hloesham, NARA Meadguariers, Office of Space Trght, August 5, 2000
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1. Introduce NASA’s new management team to the prospects for satellite servicing.

Introduce the Aerospace Commission to the prospects for satellite servicing, for
possible policy considerations.

3. Establish satellite servicing as a potential key component of NASA’s exploration
strategy.

4. Initiate the building of a partnership with DARPA in the area of satellite servicing.

5. Engage the Satellite Industry Association (SIA) in regularly scheduled, bi-annual
forums for dialogue about industry plans, outlook, issues and concerns.

6. Conduct a broad, national and international review of the satellite industry’s
perspectives, as it relates to establishing a 21st century satellite servicing industry
sector.

7. Conduct a series of annual, international conferences or conference sessions for
government, industry, and academia to exchange ideas and build consensus.

8. Conduct a broad review to gauge the developmental status/readiness of satellite
and satellite servicing technologies for strategic investiment purposes.

51




