" Federal Aviation Administration

Update on Future Suborbital
and Orbital Flight Operations

2018 FAA Annual Compendium of Commercial Space Transportation

Presented at: ECAM 2018
By: Prof. Melchor J. Antunano, M.D., M.S.
Director, Civil Aerospace Medical Institute

Date: September 2018




|

Future Suborbital & Orbital Flight Operations fli 4 Federal Aviation Administration
AR



* The global space economy, consisting of private industry revenues and
government budgets was $345 billion in 2016

® About $261 billion (76%) was revenue generated by companies
providing services including: 1) Television, 2) Mobile, fixed, and
broadband communications, 3) Remote sensing, 4) Satellite systems
and ground equipment manufacturing and sales, and 5) Launch
services

®* The remaining 24% constitutes government space budgets ($83
billion) and commercial human spaceflight (almost $2 billion)
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* In 2017, global space services providers conducted a total of 90
orbital launches from launch sites in 7 countries

* In 2017, the US had a record number of 23 launches (22 orbital
and 1 suborbital) under licenses issued by the FAA Office of
Commercial Space Transportation

* The growth trend is expected to continue as SpaceX fulfills its
backlog and new companies like Blue Origin, Rocket Lab,
Vector, and others introduce launch services
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* The number of orbital launches conducted by China has increased since 2010 with a peak of
22 in 2016, including the introduction of 5 new space vehicles

* There are about 50 proposed small launch vehicles being developed worldwide, but most of
them are in conceptual stages

* Some of these new vehicles have recently launched or are in advanced stages of development
- Electron, LauncherOne, and Vector H are expected to start [aunching payloads in 2018

* Human spaceflight activities continue - Operational flights of suborbital systems and test flights
of commercial orbital systems are expected to begin in 2018
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FAA SUPPORT OF COMMERCIAL
SPACE OPERATIONS
IN THE U.S.
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The FAA Office of Commercial Space Transportation was established in
November 1993 to:

Regulate the U.S. commercial space transportation industry, ensure compliance with
international obligations of the US, and protect the public health and safety, safety of property,
and national security and foreign policy interests of the US

Encourage, facilitate, and promote commercial space launches and reentries by the private
sector

Recommend appropriate changes in federal statutes, treaties, regulations, policies, plans, and
procedures

Facilitate the strengthening and expansion of the US space transportation infrastructure both
domestically and internationally
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FAA AST
Mission Statement

Protect the health and safety of the public and
safety of property, while protecting the national
security and foreign policy interests of the United
States during commercial launch and reentry
activities

Future Suborbital & Orbital Flight Operations Federal Aviation Administration




Commercial Orhital
Launch Vehicles

Available Outside the US
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 Angara
* Ariane 5
« GSLV, LVM3

« H-IIA/B
There are 17 expendable launch Kuaizhou 1/1A and 11

vehicle types available for commercial

. LandSpace 1
use outside the US

 Long March 2D, 3A, 3B, 5, 6, 11

 Proton M
The commercial status of the last 2 is « PSLV
unclear « Rockot

* Soyuz

* Dnepr

o Zenit
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Russia — Soyuz
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VIiRildl VENICITS
Currently Available fox
Commercial Use by US Providers
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Minotaur Space Launch Vehicles
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Projected Orbital Launch Vecles
That May Be Available tox
Commercial Use in the U3
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SUPDOIDILAal
Reusable
Launch Vehicles
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5 Flights, One Day
9:45 am 10:00 am  10:19 am
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57 Years of Human Spaceflight
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Crewed Spacecraft
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Vostok
1961

Mercury
1962

Gemini
1965

Soyuz
1967

Orbital Spacecraft

Apollo
1968

Shenzhou
2003

Dragon V2
2016

Space Shuttle

CST-100
2017

0o 2 4
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US-Based
Launch & Reentry
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State or ot Typeol o rently Avallable for

19 U.S. Government and
Commercial

Launch & Reentry
Sites

Managed by US Government

Managed by State Agencies in
partnership with Private Industry

Managed by a University

Orbital launches only
Suborbital launches only
Orbital & Suborbital launches




SpaceX McGregor Rocket Non-Licensed Blue Origin West Texas
Development and Test Facility Rocket Flight Facility

(McGregor, TX) US Sites (Near Van Horn, TX)

* Poker Flat Rocket Range
(Near Fairbanks, AK)




NUOIN"VJ
Launch & Reentry
Sites in 10 Countries
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Vandenburg AFB
Caldorna Spaceport

Cape Canaveral AFS
Kennedy Space Center
Lape Canaveral Spaceport
4%',-

o= N

Pachc Mssile Range Facilty

Guara Space Center

China 4
France 1

" | New Zeland 1
India 1 North Korea 1
Iran 1 Russia 4

Israel 1 - _South Korea 1




Existing and Proposed Global Launch Sites

Pacific Spaceport Complex

Alaska (US) do ‘ Sohae
P> ya (Norway)
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(Russia)
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_~(North Korea)

Oklashoma
Spaceport (US)

Mojave fity: P
Air and Space al Spaceport (US}) 3
Port (US) Tanggashlma (Japan)

Jiuquan Taiyuan

{China) (China) Pacific Missile

Cecil Spaceport {US) Range Facility

/ Kennedy Space Center; (US)
Van::gPerg ~ Cape Canaveral AFS;
= Spaceport Florida {US) ] (South Korea) \
California ng (China)
Spaceport \
(US) K /
ona
Spacéport
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Spaceport America; Spaceport L%
White Sands Missile  (US) i . . R re
eagan Tes
Range Brownsville - Yo iite
L (Us) % Kwajalein *
Atoll
ofus)-

D / New Zealand

Spaceport
(NZ)

Key
Existing Orbital sites

Proposed Orbital sites
® Proposed Suborbital sites
e Existing Suborbital sites



State of the
Spacecraft Industry
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Commercially Launched Spacecraft — Mission Types

» Communications satellites
» Remote sensing or Earth observation satellites
 Crew and cargo missions - including on-orbit vehicles and platforms

 Launch vehicle test and demonstration missions - typically involving
telemetry packages or dummy payloads

 Other commercially launched payloads - usually satellites launched for
various purposes by governments of countries not having orbital launch
capability
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Civil, Military, Non-Profit and Commercial Spacecraft Launched in 2017

Country of —
Manufacturer
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Global Orbital Launches in 2017

Total:

33 Commercial
Launches

Total

90 launches New Zealand

1 (3%)
Russia
USA 3 (9%)
21 (64%)

Non-Commercial
57 (63%)

5 launches failed
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Commercial
Space Transportation
Forecast
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Commercial Space Transportation Payload and Launch Forecast

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 Total Avg.
Payloads

Esolces) -- o | 505 | 256 | oa

NGSO Small - n
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US and International
Commercial Space Transportation
Laws and Policies
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FAA Regulatory Authority

The U.S. Congress has only incrementally expanded DOT/FAA authority over commercial space
transportation

* 1984 included launch authority
* 1998 added reentry authority
* 2004 added firm authority over commercial human space flight (CSLAA)

U.S. law contains limitations on FAA authority:
* The FAA can only regulate “to the extent necessary”
* The FAA does not certify space launch vehicles; it licenses the launch operation
* Mission success is the responsibility of the commercial launch operator

* Included in the 2004 Commercial Space Launch Amendments Act (CSLAA): “...the
regulatory standards governing human space flight must evolve as the industry matures so
that regulations neither stifle technology development nor expose crew or space flight
participants to avoidable risks as the public comes to expect greater safety for crew and
space flight participants from the industry.”

FAA cannot protect people onboard space vehicles

* Congress extended industry “Learning Period” to September 30, 2023—meaning no new
regulations related to human safety can be introduced

* Thus: Informed Consent



International Policy Framework
for Space Operations




* Treaty on Principles JJ?;:#J"I]]I]‘_"J NENACLIVILIESY of States in the
Exploration and UJ:* DT ROUTETESPACERINCIUdINg tne, Moon and Other
Celestial BodieS¥1967)

* Agreement ontheJRESCUETOTFASTIONAUTSHNEIRELUTNIOT JAstronauts and
the Return of ObjECts' _-..!_JJ'L“*II:i'J ]u'u _u:;r Spac Sk \$500),

Objects (1972) |

®* Convention on the Registration of Objects Laun ‘t? u'to Quter Space
(1974) p— |
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Internatlonal Outer Space LICEY,
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Internatior

Future Suborbita




International Outer Space Treaty

é;.-;t.‘...- ‘ : |
* Article VI:*The activities: of non-governmental entities in outer
space shall require authorization and continuing supervision by
the appropriate State |

® Article VII: Each State that launches or procures the launching of
an object intorouter space, and each State from whose territory
or facility an object is launched, is internationally liable for
damage to another'State Sl
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