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Executive Summary

NASA is opening the International Space Station for commercial business, unleashing U.S.
industry on the path to a commercial economy in low-Earth orbit. NASA will partner with
industry to achieve this commercial economy as the agency moves full speed ahead toward its
goal of landing the first woman and next man on the Moon by 2024. Commercial companies
will play an essential role in establishing a sustainable presence in low-Earth orbit as well as on
and around the Moon, working with NASA to test technologies, train astronauts and strengthen
the burgeoning space economy.

A robust and competitive low-Earth orbit (LEO) economy is vital to continued progress in
space. The United States is committed to encouraging and facilitating the growth of the U.S.
commercial space sector that supports U.S. needs, is globally competitive, and advances U.S.
leadership in the next generation of new markets and innovation-driven entrepreneurship.
NASA has developed a long-term vision to achieve this goal where, one day, NASA will become
one of many customers in LEO. This plan builds on, uses the capabilities of, and applies the
lessons learned from over a decade of work and experience with commercial companies.

This plan, entitled NASA's Plan for Commercial LEO Development, addresses supply, demand,
and lays out steps to date that have been taken. It also includes detailed steps that will be
taken in the near-term, mid-term, and long-term (see graphic below). NASA utilized the
recommendations provided by 12 companies from recent market studies while developing this
plan. The companies assessed the potential growth of a LEO economy and how to best
stimulate private demand for commercial human spaceflight and other commercial and
marketing activities in LEO.

NASA developed a five part plan of near-term actions that will build on the work of the last two
decades. These plans have all developed opportunities, policies and information that can be
found on this website.

First, NASA established a commercial use and pricing policy for the International Space Station
(ISS) that will enable companies to purchase ISS resources for commercial activities, thereby
reducing uncertainty and allowing them to build business plans;

Second, NASA has announced the intent to allow companies to fly private astronauts to the ISS
with the first mission as early as 2020;

Third, NASA has initiated a process for developing commercial LEO destinations, including the
overall strategy, timeline, and a synopsis for the solicitation of the ISS's Node 2 Forward Port to
be followed by a solicitation for a free flying platform before the end of 2019;

Fourth, NASA has laid out a plan to pursue opportunities to stimulate demand, including two
ISS Utilization NRAs with calls for demand stimulation ideas as well as a call in the NextSTEP2
BAA Appendix J;

And Fifth, NASA has updated a white paper providing quantification of the agency's long term
needs in LEO.
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The overall framework for NASA’s commercial LEO development plan is shown in Figure 1
below, with the five-part near term plan highlighted in the bottom left of the figure.
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Figure 1. NASA’s framework for commercial development of low-Earth orbit moves towards a robust
economy in which NASA purchases services as one of many customers.

NASA by its very nature is an exploration agency. We like to challenge the status quo and

discover new things. We like to solve impossible problems and do amazing things. NASA also

realizes that we need help and do not know everything. We can only accomplish amazing

things by team work. NASA is reaching out to the US private sector to see if they can push the

* Turn over LEO operations to

economic frontier into space. To evaluate this plan and identify opportunities for improvement,

NASA is seeking feedback from industry and others through a Request for Information (RFI) on

this plan and the five steps that have been outlined above by July 3, 2019.
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A. Background

A robust and competitive commercial space sector is vital to continued progress in space. The
United States is committed to encouraging and facilitating the growth of the U.S. commercial
space sector that supports U.S. needs, is globally competitive, and advances U.S. leadership in
the generation of new markets and innovation-driven entrepreneurship. NASA recognizes that
to financially sustain a commercial platform in low-Earth orbit (LEO), developing new markets
beyond the traditional research and technology development market will be required. While
NASA will always have a requirement to train crews, perform fundamental and applied
research, and develop technology in LEO, if NASA is to achieve its goal of becoming one of many
customers of a platform after ISS end of life, a targeted strategy for enabling the development
of a robust, sustainable commercially-driven economy in LEO is required.

More than 50 companies already are conducting commercial research and development on the
space station via the International Space Station U.S. National Laboratory, and their results are
yielding great promise. In addition, NASA has worked with 11 different companies to install 14
commercial facilities on the station supporting research and development projects for NASA
and the ISS National Lab. Opportunity exists to move projects beyond research and
development into manufacturing and production. A new NASA directive enables commercial
manufacturing and production, allows both NASA and private astronauts to conduct new
commercial activities aboard the orbiting laboratory, and sets commercial prices for use of U.S.
government resources in pursuit of commercial and marketing activities aboard the
International Space Station.

In addition to its primary mission to enable exploration and research, the space station is
uniquely poised as a testbed and proving ground for new markets, innovative new technologies
and systems that will enable the development of a robust economy in low-Earth orbit.
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1) Policy Direction

As the Agency pursues its mission to move beyond low-Earth Orbit (LEO) to deep space
exploration, we must find new ways to maintain access to LEO to fulfill NASA’s needs to
conduct research, advance new technologies, and train astronauts. As the International Space
Station is planned to be the last U.S. government-led crewed LEO platform, the Agency has
developed a comprehensive strategy to ensure that a commercially-driven access to LEO is
enabled. The 2018 NASA Strategic Plan defines NASA’s vision for LEO as a self-sustaining,
space-based marketplace that provides economic benefits to the nation and societal benefits to
all people. The vision is one where NASA is one of many customers of privately-owned, human-
tended or permanently-crewed platforms supported by U.S. crew and cargo transportation
capabilities that enable a variety of activities in LEO.

* The President’s 2020 Budget:

— Drives toward a vibrant, U.S.-led economy in earth orbit. The budget provides
funding for the International Space Station as well as for new commercial space
capabilities that will facilitate a transition to a more robust and cost-effective
approach to human space activities near the Earth. By 2025, the budget
envisions commercial capabilities on the International Space Station as well as
new commercial facilities and platforms to continue the American presence in
Earth orbit.

* Itisthe sense of Congress that “an orderly transition for United States human space
flight activities in low-Earth orbit from the current regime, that relies heavily on NASA
sponsorship, to a regime where NASA is one of many customers of a low-Earth orbit
commercial human space flight enterprise may be necessary.”

— P.L. 115-10, NASA Transition Authorization Act of 2017

Over the past several years, numerous pieces of legislation have enumerated LEO
commercialization goals and direction for the Agency. Congress provided guidance in the NASA
Transition Authorization Act of 2017, reaffirming that commercial use of the ISS supports
NASA’s mandate to “seek and encourage, to the maximum extent possible, the fullest
commercial use of space,” as stated in Title 51 United States Code (U.S.C). § 20112(a)(4). The
following excerpts relate directly to commercial utilization of the ISS:

e Title lll, Section 301 (a)(4) - “utilization of the ISS will sustain United States leadership
and progress in human space exploration by” — (A) “facilitating the commercialization
and economic development of low-Earth orbit"; and

e Title lll Section 303 (b)(1) - “an orderly transition for United States human space flight
activities in LEO from the current regime, that relies heavily on NASA sponsorship, to a
regime where NASA is one of many customers of a LEO commercial human space flight
enterprise...”
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The FY19 President’s Budget Request further promotes NASA’s efforts to assist commercial
space industry in developing a long-term, sustained commercial LEO presence. The Budget

Request recommends that NASA’s efforts focus on enabling industry to develop and deploy
commercial platforms in LEO.
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2) Recent Documents.

Over the past year there have been several documents generated that set the stage for this
plan for commercial LEO development. Those documents (shown in Figure 2) are summarized
below, and links are provided to where they can be accessed.

@e®

s snens Sy St s Kot

Figure 2. Recent publicly available documents highlighting NASA’s plans for development of low-Earth
orbit.

Strategy for Human Spaceflight in LEO and Economic Growth in Space?!

Developed by NASA and the Departments of State and Commerce, the strategy identified four
national goals for human spaceflight in LEO.

e To achieve a continuous U.S. presence in LEO — both with government astronauts and with
private citizens — in order to support the utilization of space by U.S. citizens, companies,
academia, and international partners and to maintain a permanent American foothold on
the nearest part of the space frontier.

e To create a regulatory environment in LEO that enables American commercial activities to
thrive.

e To conduct human spaceflight research in LEO that will advance the technology and systems
required for long-duration spaceflight systems, including systems for interplanetary travel
and permanent space habitation.

e To expand and extend commercial opportunity through international partnerships and
engagement.

Forecasting Future NASA Demand in Low-Earth Orbit?

NASA has examined its potential future needs in LEO, such as space life and physical sciences
research derived from the National Academies Decadal Survey, remaining research on the
effects of the space environment on humans, technology demonstrations, life testing of

1 https://go.usa.gov/xmxJz

2 https://go.usa.gov/xmxJh
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systems intended to be deployed in deeper space, and crew training. Earth science,
astrophysics, and planetary science payloads could also be deployed if platforms offer
opportunities at an advantageous price point over standalone missions. Although there are
many LEO commercial service and capability suppliers on the horizon, the ultimate viability of a
non-government enterprise is dependent upon whether there will be sufficient demand for
those capabilities and services beyond NASA’s needs. In a mature, sustainable LEO market,
commercial entities will have realistic business cases that do not rely on NASA as a primary
tenant, but as one of many customers. This paper published in fall of 2018 summarizes NASA’s
intial qualitative forecast for its future requirements in LEO to aid private industry and
academia in planning for future work, research, and activity in LEO. It has been updated for this
release with additional details and quantitative forecasts (see part 5 of this document).

International Space Station Transition Planning®

This report lays out NASA’s activities and future plans for operations, research, and
development in LEO. It discusses the LEO capabilities that the ISS currently provides the Nation,
which include a sustained American presence in LEO, sustained American global space
leadership, the continued development of a commercial space industry and a commercial space
marketplace, the continued development of deep space exploration capabilities, and the
continued return of research and development benefits to humans on Earth. It also discusses
what NASA envisions the LEO landscape to look like in 2024 and beyond, as well as the key
issues that need to be considered when contemplating ISS end-of-life and transition to other
platforms. The report goes into detail on the LEO commercial marketplace, the I1SS’s role in the
expansion of humanity into deep space, the benefits currently being returned to Earth from
research on ISS, and an evaluation of the technical and cost implications of continuing to
operate ISS through and beyond 2024.

New Focus Areas for Stimulating Demand via ISS Utilization NRA?

NASA will always have a need for a LEO human-rated platform: for crew training; for
fundamental and applied research; and for advanced systems development and testing. Absent
significant non-NASA demand for a human-rated LEO platform, NASA will be the only customer
rather than one among many customers, therefore responsible for 100% of the operating costs
of the platform. To avoid this outcome, NASA has released a solicitation seeking sustainable,
scalable demonstration projects that are sharply focused on enabling high-value capabilities
such as in-space manufacturing, cell line development, regenerative medicine and other fields
that may lead to a financially self-sustaining demand for a future human-rated commercial LEO
platform.

3 https://go.usa.gov/xmxSc

4 https://tinyurl.com/LEQ-Demand
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3) Industry LEO Commercialization Studies.

NASA awarded 12 companies (figure 3) a contract to conduct a 4-month study on the
commercialization of LEO and ISS transition. Companies spanned a broad range from
independent market consulting firms, transportation providers, future habitat suppliers, and
market demand service providers. The study objectives were to evaluate business plans,
review market data and concepts for commercial habitable platofrms in LEO, using ISS or that
were free-flying. ISS transition concepts were also requested as well as recommendations for
the government.
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Figure 3. 12 companies were awarded contracts to study commercial development of low-Earth orbit
and the role of the ISS.

The results varied extensively on the configuration of a commercial habitable platform, the
commercial offering, timing and schedule, the government funding or contribution of
infrastructure required and the minimum government purchase of services. The key findings
included the following points.

e Commercial LEO human spaceflight destinations are only viable with significant U.S.
government investment and purchase of services. NASA is expected to be an anchor
tenant.
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NASA astronaut habitation and government research and development is the largest
near-term market for revenue with foreign country astronaut habitation being the next
largest market.

It was not clear from the studies if the market was strong enough to support more than
one LEO destination at this time. Some studies did not find a business case for even one
destination. There was a risk identified that the commercial LEO destination may
eventually need more NASA investment or service purchases than initially anticipated if
the demand does not develop as expected.

Crew and cargo transportation costs were the major barrier to economic development
of LEO and if not reduced, affect both the commercial LEO destination costs and market
demand.

Future NASA costs for LEO include crew and cargo transportation, rent to a landlord
station, research costs and government funding for habitat development.

The studies identified key market areas that are anticipated to generate revenue for
commercial destinations, as summarized below.

Accommodations — sleep stations, toilet, galley, etc. for tourists or foreign/US
governments
Research & Development — use of facilities or space and power/utilities for customer
facilities, and possibly commercial crewmember time to conduct experiments
In-space manufacturing of unique materials or products — use of facilities or space and
power/utilities
- Items made in space and then sold on the ground: For example, fiber optics
- Items made in space for on-orbit use: For example, parts for maintaining or
assembling spacecraft
Entertainment — films, documentaries, sporting events
Sponsorship and Advertising
Transportation of people and cargo to/from Low Earth Orbit
Large Structure and Satellite Assembly

Some additional observations from the studies are summarized below.
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Commercial market predictions vary, making forecast difficult

- The markets are emerging — some might ‘take off’ and some might fail

- Competition for revenue includes terrestrial, parabolic/sub-orbital flights, and

other space stations (commercial or non-U.S.)

Early on, NASA’s use of and payment to destinations will be a key enabler for the
emerging commercial market
NASA was often considered the “anchor tenant” of the commercial destinations in the
studies
Studies generally assumed some number of NASA crew in Low Earth Orbit at all times,
and NASA would pay ‘rent’ to a landlord Destination to accommodate them
Because NASA has a need for microgravity research and exploration testing in Low Earth
Orbit in the future, many studies assumed their destinations housed U.S. government
research
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* High crew and cargo transportation costs to/from LEO negatively affect both station
costs and commercial market demand

Transportation costs make up a very large portion of the cost of a space station
over time — on the order of 2/3 of annual costs are spent on crew and cargo
missions

A reduction in the seat cost to transport tourists to orbit from 10’s of millions of
dollars down to a few million dollars could significantly increase the number of
potential tourists that can afford a trip

The cost is very high to transport raw materials into space, convert them into
something else (such as fiber optics) and return them to the ground — so the end
product must sell at a very high price

Continuing ISS use over the next few years supports commercial industry growth
Businesses want to use ISS directly, for example by attaching a commercial
module to an ISS port, or if free-flying, they prefer to be co-located in orbit near
ISS

These studies were critical to helped shape this strategy for commercial LEO development.
Summaries of the 12 studies are available online, including each of the 12 one-page
summary charts, as well as the executive summary for each study.
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B. Commercial LEO Development Strategy

1) Historical Context

For nearly two decades, as summarized in Figure 4, NASA has been moving from purchase of
hardware and vehicles to purchase of services to support the government’s needs. Initially,
NASA experimented with acquisition strategies through the purchase of non-essential services
for ISS, such as the acquisition of water production capabilities through United Technologies
Corporation.

NASA moved on to stimulate the development of critical cargo delivery systems through the
Commercial Orbital Transportation Systems Program which led to the development and
purchase of commercial capabilities to provide Cargo Resupply Services for the International
Space Station. This highly successful program resulted in the development of two U.S. cargo
delivery capabilities which have provided over 70 tons of cargo to ISS over the past 7 years.

A little more than two years after the end of the Space Shuttle Program, SpaceX and Northrop
Grumman (formerly Orbital ATK) began successfully resupplying the space station with cargo
launched from the United States. The companies developed the rockets and spacecraft through
public-private partnerships under the agency’s Commercial Orbital Transportation Services
(COTS) program, an initiative that aimed to achieve safe, reliable and cost-effective commercial
transportation to and from the space station and low-Earth orbit. The companies are
successfully resupplying the space station, and more missions to deliver scientific investigations
and cargo are planned. This partnership changed the way NASA does business and
strengthened the American commercial space industry while restoring American capability to
deliver and return ISS cargo.

NASA continued along this path by purchasing research capabilities as they became
commercially available from over 10 commerical companies with their own hardware on the
ISS. These research capabilities provided NASA a cost effective means to expand on the
research pipeline at reduced costs. Additional companies continue to develop hardware and
provide state of the art research capabilities on the ISS today.

When NASA retired the space shuttle, not only was its cargo capability lost, America lost the
ability to provide humans routine access to space. NASA's Commercial Crew Program (CCP) was
formed to facilitate the development of a U.S. commercial crew space transportation capability
with the goal of achieving safe, reliable and cost-effective access to and from the International
Space Station and low-Earth orbit. CCP has invested billions of dollars in multiple American
companies that are designing and developing these transportation capabilities. In 2010, NASA
invested a total of nearly $50 million of the American Recovery and Reinvestment Act (ARRA)
funds for Commercial Crew Development to stimulate efforts within the private sector to aid in
the development and demonstration of safe, reliable and cost-effective crew transportation
capabilities. It included the development and maturation of systems and subsystems, such as a
spacecraft, launch vehicle, launch abort systems, environmental control and life support
system, launch vehicle emergency detection systems and more. By supporting the development
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of these human spaceflight capabilities, NASA laid the foundation for future commercial
transportation capabilities.

The United States is committed to encouraging and facilitating the growth of a U.S. commercial
space sector that supports U.S. needs, is globally competitive, and advances U.S. leadership in
the generation of new markets and innovation-driven entrepreneurship. NASA is preparing to

secure the nation’s long-term presence in LEO by partnering with industry to develop

commercial enterprises and capabilities for this transition that will stimulate and utilize private

demand while supporting NASA’s long-term needs in LEO.
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Figure 4. For nearly two decades NASA been laying the groundwork to enable the commercial
development of low-Earth orbit.

Commerial LEO Development builds on, uses the capabilities of, and applies the lessons learned

over the last nearly two decades of working towards a commercial LEO ecosystem.
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2) Commercial LEO Development Framework

NASA has developed a long-term vision to achieve the national objective of a robust
commercial LEO ecosystem from which NASA can buy services as a tenant rather than a
landlord. The framework for this vision is shown in Figure 5.

Pursuant to NASA’s 2018 Strategic Plan, NASA seeks to enable commercial human spaceflight
enterprises in LEO. These enterprises must maintain and enhance U.S. human space flight
leadership, while stimulating and facilitating broad commercial demand for U.S. supply of
products and services, including transportation of cargo and crew. This plan lays out steps to
date that have been taken, and details at a high level steps that are planned to be taken in the
near-term, mid-term, and long-term, to secure this goal.

Current/Near-Term Mid-Term Long-Term
7)) - Support NASA's R&D needs and 1SS » Support NASA's R&D needs and * Turn over LEO operations to
d>) National Laboratory needs ISS National Laboratory needs the private sector
= . |everage ISS capabilities to stimulate * Incorporate IP commercial needs *» Purchase NASA's needed
0 demand and catalyze new markets « Initiate phased transition from ISS R&D Services from
9D, . Meet International Partner (IP) to Commercial with attached commercial provider at
2 Intergovernmental Commitments (initially) and/or free flyers lower cost than 1SS
O . Collaborate with IPs on new market + Stimulate global demand and * Shift NASA/IP focus and
development catalyze new markets resources towards
exploration
M M =
¢ °* Document and share with industry « Partner with industry to develop » Complete transition of
.d_b NASA’s comprehensive approach for and demonstrate new LEO ISS assets at end of life
- global Commercial LEO destinations « Conduct NASA’s needed
2  Development: « Initiate phased transition to R&D on commercial
w 1) Establish ISS commercial use and acquire needed services from destinations in LEO
2 pricing policy commercial destinations rather « Purchase ‘LEO National
2) Enable private astronaut missions than ISS Lab’ services from
to ISS « Avoid competition from ISS commercial provider?
3) Initiate process for commercial » Seek out and pursue
development of LEO destinations opportunities to stimulate demand
4) Seek out and pursue opportunities both domestic and international
to stimulate demand * Initiate transition of ISS assets
5) Quantify NASA’s long-term needs while still satisfying IP
for activities in LEO agreements

Figure 5. NASA’s framework for commercial development of low-Earth orbit moves towards a robust
economy in which NASA purchases services as one of many customers.

In the near term we will achieve our objectives by enabling a number of new activities which
will accelerate the pace of commercial development of LEO. As we learn, NASA will adjust the
plan to continue to stimulate commercial activities. In the mid term, NASA will ensure
commercial providers can meet NASA’s long-term needs in LEO and will then begin to transition
to purchase of services to meet the government requirements. NASA will avoid competition
with industry and will procure services commercially as soon as they have been proven. Long-
term will see the transition to meeting all NASA’s R&D, training, and other needs in LEO by
purchasing services from commercially owned and operated destinations in LEO. This is
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expected to drive down NASA costs and free up budget for Moon and Mars exploration. This
report provides the details of the near-term activities, which are the foundational steps to

engaging with industry and starting to move NASA towards being one of many customers in a
robust LEO economy.
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C. Commercial LEO Development Action Plan

NASA’s five part plan will build on the work of the last two decades, and set the table to
unleash industry to apply American innovation and ingenuity to build nascent markets and
catalyze new markets leading to a robust ecosystem in LEO. NASA is providing this plan and
seeking feedback from industry and others through an RFI.

NASA expects to adjust this plan based on industry feedback and on-going evaluation of market
development. As capabilities become available commercially, NASA will move away from
providing those capabilities so as not to compete with commercial industry. NASA expects to
learn and make adjustments to the plan based on what we learn while attempting to work at
the speed of industry.
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1) Establish ISS commercial use and pricing policy

The International Space Station (ISS) is a unique orbiting platform that enables researchers
from all over the world to put their talents to work on innovative experiments that could not be
done anywhere else. Having proven its value as a platform for a broad array of research
disciplines as well as technology development, the ISS also provides an ideal opportunity to test
new business relationships. This allows an opportunity to shift from a paradigm of government
funded, contractor-provided goods and services to a commercially provided, government-as-a-
customer approach. To help enable commercial markets and future commercial destinations in
low-Earth orbit (LEO), the ISS provides a unique opportunity to test and nurture emerging
markets. However, the scope of commercial activities undertaken on ISS in the past has been
primarily limited to commercial R&D through the ISS national laboratory. To go beyond R&D
and open new opportunities in areas such as manufacturing, marketing and tourism, NASA
needs to open the aperture of allowable activities aboard the ISS.

Problems This Will Solve.

U.S. commercial activities on board the ISS have been limited primarily to commercial R&D
through the ISS national laboratory. To expand the scope of commercial activities, and begin to
evaluate the commercial marketplace, a commercial use and pricing policy is required. Industry
requires clarity on what they are and are not allowed to do, what the price is for accomplishing
those activities and how they can go about doing commercial activities.

NASA has addressed this need by the development of the NASA Interim Directive on Use of
International Space Station for Commercial and Marketing Activites.

NASA seeks to achieve a continuous U.S. human presence in low-Earth orbit (LEO) — both with
government astronauts and with private citizens — in order to support the utilization of space by
U.S. citizens, companies, academia, and international partners and to maintain a permanent
American foothold on the nearest part of the space frontier. This document supports this goal
by establishing NASA International Space Station (ISS) Program policies governing Commercial
and Marketing Activities using the U.S. Government (USG) Modules with the intent of catalyzing
and nurturing new emerging markets leading to a commercial economy in LEO.

How NASA Will Do It.

More than 50 companies already are conducting commercial research and development on the
space station via the International Space Station U.S. National Laboratory, and their results are
yielding great promise. In addition, NASA has worked with 11 different companies to install 14
commercial facilities on the station supporting research and development projects for NASA
and the ISS National Lab. Opportunity exists to move projects beyond research and
development into manufacturing and production. A new NASA directive enables commercial
manufacturing and production, allows both NASA and private astronauts to conduct new
commercial activities aboard the orbiting laboratory, and sets commercial prices for use of U.S.
government resources in pursuit of commercial and marketing activities aboard the
International Space Station.
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In addition to its primary mission to enable exploration and research, the space station is
uniquely poised as a testbed and proving ground for new markets, innovative new technologies
and systems that will enable the development of a robust economy in low-Earth orbit. NASA is
opening the International Space Station to expanded commercial and marketing opportunities
that will continue the agency’s efforts to develop a sustainable economy in low-Earth orbit
(LEO). NASA has reserved a set amount of resources intended to serve commercial and
promotional activities. The governing policy is NASA Interim Directive on Use of International
Space Station (ISS) for Commercial and Marketing Activities. It outlines NASA's plans to enable
commercial and marketing activities by including:

e Policies and requirements that must be followed for commercial and marketing
activities

e Pricing of NASA resources in order to stimulate an emerging market, thus not reflective
of NASA’s full costs

e Regular review (at least semi-annually) of stated prices and amount of allocated
resources

e A supply of resources committed by NASA for commercial for-profit and marketing
activities, and a limit on resources any one commercial entity can acquire annually, to
enable market competition

e Initially, NASA is making available five percent of its allocation of utilization resources (as
illustrated in Figure 6) to stimulate the commercial for-profit market, in the following

categories:
Resource Annual Available Annual limit per entity
Cargo up* 175 kg 50 kg
Trash disposal* 175 kg 50 kg
Cargo returned* 125 kg 35 kg
Crew time 90 hrs 25 hrs

*Only passive cargo is available for purchase; no cold stowage or late load
accommodations are available at this time.
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- International Partners

Commercial Non-R&D

Figure 6. NASA will make available 5% of the NASA utilization.

For activities other than research and development:

1.
2.

O 0 N

11.

Shall be consistent with all U.S. laws and regulations;
Shall not compromise the safety of NASA civil servant or contractor personnel, NASA
facilities, ISS Crew Members, 1SS Modules, or on-orbit vehicles;
Shall not reflect unfavorably on NASA, any ISS Partner, or related entity;

Shall be subject to the IGA, MOUs and implementing arrangements, and related

obligations to the ISS Partners;

Physical and
Life Sciences

Human Research
Program

Exploration
Research &
Technology

Science
Missions

Shall respect the intellectual property rights (including rights of publicity) of NASA, U.S.

Entities, ISS Crew Members, ISS Partners, or any of their related entities;

Shall only task USG Astronauts and other USG personnel with duties consistent with the
Standards of Ethical Conduct for Employees of the Executive Branch, 5 C.F.R. Part 2635,
and all other applicable USG ethics requirements;

Shall be executed through an arrangement with a U.S. Entity or NASA;

Shall adhere to the Code of Conduct for International Space Station Crew;”
Shall not imply or suggest NASA or USG endorsement for any Commercial Activity;

. Shall not use any image(s) of the NASA insignia or emblem, or other material(s) that
could imply that the Commercial Activity is endorsed or supported by NASA;

activities without permission.

AND one of the of the following must apply:

Shall not use any corporate name(s), logo(s), or trademark(s) depicted in marketing

> Code of Conduct for International Space Station Crew, 14 Code of Federal Regulations (C.F.R.)
§1214.4

June 7, 2019
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1. Require the unique microgravity environment to enable manufacturing or
production or development of a commercial application; or

2. Have a nexus to the NASA mission;® or

3. Support the development of a sustainable low-Earth orbit economy.

Activities to be authorized under policy are summarized in Figure 7.

Ongoing activities

New Commercial and Marketing Activities

allowed today Category A Category B
.
ISS National Lab Research | Section 5.1 Section 5.1 All Other Activities with
& Technology Development | Activities with ties to Marketing with ties to no ties to microgravity,

NASA Research and
Technology Development

NASA Astronaut
Gov'’t Civil Servant

Non-Civil Servants
(Private Astronaut Missions)

microgravity, NASA’s microgravity, NASA's
mission, or sustaininga | mission, or sustaininga
low-Earth orbit economy | low-Earth orbit economy

NASA's mission, or
sustaining a low-Earth
orbit economy

Figure 7. The new NASA Interim Directive enables expanded opportunities for NASA astronauts and

private astronauts.

6See 51 U.S.C. § 20102. Congressional declaration of policy and purpose; can be accessed
online at http://uscode.house.gov/statviewer.htm?volume=124&page=3330

June 7, 2019

17


http://uscode.house.gov/statviewer.htm?volume=124&page=3330

NASA Plan for Commercial LEO Development

Implementation Actions and Milestones.

e June 7, 2019: Roll out new NASA Interim Directive.
e June 7,2019: Provide access to ‘Vision for LEO commercialization” portal.

e June 7,2019: Issue RFl seeking feedback on this plan and suggetions for how various
elements of the plan could be improved.

e Periodically: Update NID based on what we learned.
e Periodically: Update pricing policy on what we learned.

Benefits.

This activity will enable creation of a new economic sector with U.S. leadership resulting in
more jobs and tax revenue and creation of a new and growing economy in LEO.

June 7, 2019
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2) Private Astronaut Missions

NASA has outlined a broad strategy to facilitate the commercialization of low-Earth orbit (LEO)
by United States (U.S.) companies. As part of that strategy, NASA plans to enable private
astronaut missions to the ISS. NASA defines a private astronaut mission as a commercial
mission consisting of activities to be conducted on the ISS (or in a commercial segment
attached to the ISS) by private astronauts, transported on a commercial launch vehicle
dedicated to this private mission.

Problems This Will Solve.

Building a robust economy in low-Earth orbit will depend on routine and affordable access to
space for humans and cargo. NASA has partnered with Boeing and SpaceX through the
commercial crew program to develop the capability for human access to space. The current
market for these vehicles is limited to transporting NASA's astronauts to the ISS. NASA's
accommodation of private astronaut missions to the ISS enables an expanded market
opportunity for these commercial service providers. Such missions also expand the scope and
amount of commercial activities that can be done at the ISS while the passengers from the
private astronaut missions are at the ISS.

How NASA Will Do It.

NASA is enabling private astronaut missions to the International Space Station, with the first as
early as 2020. Those missions will be privately funded, dedicated commercial spaceflights
allowing approved commercial activities to be conducted in space. Private astronaut missions
will use a U.S. spacecraft developed under NASA’s Commercial Crew Program. Meeting any
regulatory requirements for flying private astronauts to space will be the responsibility of the
commercial company conducting the mission.

Market studies identified private astronaut missions to low-Earth orbit as a key element to
demonstrate demand and reduce risk for future commercial destinations in low-Earth orbit.
NASA can accommodate up to two short-duration private astronaut missions per year to the
International Space Station, if supported by the market.

The commercial entity developing the mission will determine the crew composition and ensure
private astronauts meet NASA’s medical standards and training and certification procedures for
International Space Station crew. A private astronaut assigned to a mission on the space station
will have the ability to fulfill duties that fall into the approved commercial and marketing
activities outlined in the directive released today. A new private astronaut missions focus area
issued to the NASA Research Announcement will provide the path for those future missions.

Additionally, NASA will encourage foreign governments to work through U.S. companies.
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Implementation Actions and Milestones.

e June 7,2019: Roll out five part plan for commercial LEO development.

e June 7,2019: Open a focus area in the ISS utilization NRA for other interested parties to
apply to for development of their private astronaut mission.

e Preliminary discussions began with multiple companies two years ago.

e Continue discussions and development of agreements to enable commercial companies
to further plan for private astronaut missions.

Benefits.

June 7, 2019

Allows commercial industry to purchase commercial services and gain insight into the costs
associated with owning and operating own platform in the future
Reduces market risk to commercial LEO destination developers by demonstrating market
— Non-government human missions to LEO were identified by LEO Development
studies as a key market element for future commercial LEO destinations
Expands range of commercial activities that can be performed on ISS
— New commercial use policy in development identifies activities that can be
performed by private astronauts but not by NASA astronauts
Potential to increase flight rate and strengthen market for commercial crew launch service
providers
Potential to increase available crew time on orbit for NASA, commercial, and other R&D
activities
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3) Initiate process for commercial development of LEO destinations

In order to cost-effectively meet NASA’s long-term research and technology development
needs in low-Earth orbit (LEO), a robust commercial human spaceflight economy must be
established including commercial desinations and new markets such that NASA can be one of
many customers of a broad portfolio of commercial products and services. Development and
operation of a commercial destination to provide those services will require significant private
investment over many years and significant non-NASA demand to ensure long-term financial
viability. NASA will partner with industry to help enable industry to develop one or more
commercial destinations that can meet NASA’s long-term needs in LEO.

Problems This Will Solve.

One of the consistent themes that came through from the recent industry studies on
commercial development of LEO (section A.3) was that development of commercial
destinations is unlikely without NASA playing a significant role due to the high uncertainty of
markets, and the high cost of developing and operating such systems. NASA’s plan for
commercial LEO development is intended to catalyze and nurture new commercial markets,
thereby significantly reducing uncertainty and risk for commercial development. Furthermore,
NASA is seeking to make full use of ISS to provide a foothold for these nascent markets, and
partner with industry to develop commercial destinations in LEO.

How NASA Will Do It.

In the long-term, NASA’s goal is to become just one of many customers purchasing services
from independent, commercial free-flying habitable destinations in low-Earth orbit. A robust
low-Earth orbit economy will need multiple commercial destinations, and NASA is partnering
with industry to pursue dual paths to that objective that either go through the space station or
directly to a free-flying destination. To help reduce risk and uncertainty for development of
commercial destinations, NASA is seeking to partner with industry by providing access to NASA
resources, a forecast of NASA demand for future services, and funding towards capability
development.

As a first step, NASA is making one space station port available for industry to attach a
commercial module to support commercial activities, and today is releasing a synopsis as
Appendix | in NASA’s Next Space Technologies for Exploration Partnerships (NextSTEP) 2 Broad
Agency Announcement (BAA). NASA expects to release the solicitation June 14 with awards
made by the end of the fiscal year. The forward port of the station’s Harmony module will be
available to industry for a finite period of time. International Space Station utilities will be made
available along with the port. NASA seeks to consider approaches that will enable one or more
partners with sequenced access to the port if desired.

To partner with industry for the development of future free-flying commercial stations in low-
Earth orbit, NASA will follow up with a synopsis for NextSTEP 2 Appendix K in July. NASA also
plans to make available other resources that industry may request, potentially including use of
existing hardware on ground or in space (transitioned from ISS). NASA is making available long-
term demand projections for future services that can reduce uncertainty as to the types and
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amount of services NASA intends to acquire in the future. This forecast is discussed in section
C.5 of this document. Finally, NASA plans to provide funding towards demonstration of
commercial services and capabilities in partnership with industry. NASA will use as much as
three quarters of the the budget runout for Commercial LEO development for developing the
supply side of the LEO economy, supporting destination development through these
partnerships.

The attributes that NASA is seeking for these partnerships with industry include the following:

* NASA is not taking delivery of hardware or services at this time,

* NASA intends to continue to let providers maintain as much ownership of their data and
invention rights as possible,

* NASA intends to treat the commercial destination developers as partners and not suppliers,

* Minimize industry and investor uncertainty and reduce risk of commercial failure, and

* Performance-based milestones in order to obtain NASA funding.

NASA'’s overall approach to partnering with industry to develop commercial destinations in LEO
is summarized in Figure 8.

Current/Near-Term Mid-Term Long-Term

A 7Y A

ISS Port Path

Pre-Phase A
Phases A-B Phase C-D Phase E Phase E cont. Commercial Ops
S & S & S & DC = o = =
€ 7 € N N N - L) L) 7 <
Concept Dev & Final Design, Fabrication, On-Orbit Demo(s) Commercial Operations Free-Flying
Prelim. Design l Assembly, Integration, Test A and Transition Planning
Down-Select to assign priority Launch
f f ISS Port " :
oruse ot >SFort - ss Reconfiguration -
€ >
Portfolio
Free Flyer Path Decision
Pre-Phase A
- PhasesA-B P Phase C-D -~ Phase E\ P Phase E cont. -
< 7~ > < - - - - >< > € r g
Selection Concept Dev & Final Design, Fabrication, On-Orbit Checkout Commercial Operations
Prelim. Design Assembly, Integration, Test
Launch
NASA Services Acquisition
_ ISS Research Acquisition Incremental Research Element < L ISS Transition -
- rail @ N Ll
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NRA for Utilization ﬁ ommercial Destination Commercial Destination

Definition

Figure 8. NASA’s framework for partnering with industry to develop commercial LEO destinations.
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Implementation Actions and Milestones.

NASA will be using the NextSTEP 2 BAA as the mechanism for both the port solicitation and the
free flyer solicitation, with the following expected schedule and milestones:

* Port Solicitation as NextSTEP 2 BAA Appendix |

— Synopsis released on FBO.gov June 7
— Solicitation released June 14
— Proposals due 45 days July 29
— Award Sep 12

* Free Flyer Solicitation as NextSTEP 2 BAA Appendix K

— Synopsis released 1 month after Port solicitation released
— Schedule in work, expected to be similar to that for Appendix |

Benefits.

Continued NASA invovlement in LEO will continue to foster expansion of knowledge of human
physiology implications of spaceflight while continuing to stimulate STEM. Fostering
commercialization of LEO will lead to more jobs as new industry is created along with new
technology development to benefit life on earth. Creation of commercial destinations is
intended to decrease NASA’s costs for activities in LEO, freeing up dollars for exploration
objectives.
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4) Seek out and pursue opportunities to stimulate sustainable demand

In order to financially sustain a commercial platform in low-Earth orbit (LEO), NASA is interested
in developing new markets beyond the traditional research and technology development
market and reducing the cost and technical barriers for access to LEO. If NASA is to achieve its
goal of becoming one of many customers of a research platform post-ISS, a targeted strategy
for enabling the development of a sustainable, scalable, and profitable non-NASA demand for
LEO services must be implemented.

Problems This Will Solve.

The traditional grant-funded research demand for LEO services has proven over many years to
require substantial subsidies from NASA, including fully-subsidized up mass, crew time, on-orbit
accommodations, power, data, etc. It is highly unlikely that future NASA budgets will be
sufficient to pay virtually all of the operating costs of a commercial platform. Therefore, NASA
must enable the development of high-value capabilities during the remaining life of the ISS,
using its subsidized resources. Additionally, transportation costs have been identified as the
limiting factor in fostering the long-term growth of new and emerging markets for commercial
activities in LEO, particularly for human-rated commercial destinations. By reducing cost and
technical barriers for access, industry can reach profitability sooner.

How NASA Will Do It.

To help stimulate sustainable demand, NASA has expanded the International Space Station
Utilization NASA Research Announcement (NRA) to request proposals from U.S. industry for
commercial concepts with a focus on the areas of in-space manufacturing and regenerative
medicine/bioengineering, and will also consider other fields that may lead to a scalable,
financially self-sustaining demand for LEO capabilities.

Successful ventures will further mature concepts with potential for scalability, such as returning
high-value items for terrestrial use, capturing sizeable markets or creating new markets, and
disrupting existing technologies by taking advantage of the International Space Station (ISS),
and eventually follow-on human-rated destinations in LEO. NASA seeks concepts that, if
successful, will utilize a breadth of LEO capabilities: they will benefit from the scalability that
commercial platform(s) can provide; their transportation needs will support the growing U.S.
crew and cargo launch industry; and their presence on commercial platforms will strengthen
the LEO ecosystem that NASA seeks, as one of many customer(s) of the commercial platform(s).

NASA also intends to release Appendix J to the Next Space Technologies for Exploration
Partnerships (NextSTEP-2) Broad Agency Announcement (BAA) to request proposals from U.S.
entities that have innovative approaches to broadly stimulating demand. Such approaches
could focus on: reducing transportation costs to and from LEO destinations; understanding the
transportation-driven price elasticity of demand for existing and potential LEO commercial
markets; opportunities to broaden the base of industry, academia, and government researchers
seeking to utilize LEO capabilities (e.g. through reducing real or perceived barriers to entry, and
broadening the pipeline of researchers by realizing synergies with feeder capabilities including
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drop-towers, parabolic flights, sounding rockets, suborbital flights, etc.); or other approaches
that identify innovative opportunities to foster long-term market growth.

Successful proposals will define the path by which the identified solutions broadly foster
market growth, provide data-driven rationale to support the defined path to reducing
transportation costs, and lead to recommendations on which NASA, industry or other
organizations could act. NASA seeks proposals that, if successful, will: strengthen NASA’s
insights into opportunities for reducing cost and technical barriers to enable space market
growth; identify actionable recommendations, and lead to a strong LEO ecosystem with NASA
as one of many customers of commercial transportation and destination(s) in LEO. Proposals
must include an identification and assessment of specific cost and technical barriers and
potential markets they intend to foster.

Implementation Actions and Milestones.

e June 7,2019: Poll out five part plan for commercial LEO development.
e June 7,2019: Provide access to ‘no gravity’ portal.

Benefits.

Successful flight demonstrations of in-space manufacturing will allow companies to develop
their “minimally viable product”, allowing them to raise private capital necessary to scale their
on-orbit production capabilities. This allows them to become a customer of a LEO platform,
sharing the operating costs of the platform with NASA and other customers, driving down the
costs to NASA for using the platform. It also creates revenue, leading to job growth and adds
fuel to the U.S. economy.
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5) Quantify NASA’s long-term needs for activities in LEO

In order for commercial platform and services providers to define capabilities and project viable
business cases, they need to understand what capabilities and services that NASA intends to
purchase in LEO as one of many customers.

Problems This Will Solve.

Industry currently does not have adequate projections of future NASA requirements for
capabilities and services in LEO that it can use to define their platform offerings and business
cases.

How NASA Will Do It.

NASA is providing a forecast of its minimum long-term, low-Earth orbit requirements,
representing the type and amount of services that NASA intends to purchase in the future when
those services become commercially available. The goal is to reduce uncertainty for commercial
destination providers about NASA as a customer, and to help them make business case
decisions about which parts of the NASA demand they are interested in pursuing. NASA is
providing details and estimated quantities for NASA crew accommodation, human research,
biological and physical science research, technology demonstrations, and hosted science
instruments. In addition, NASA intends to continue to purchase services for a national
laboratory capability in low-Earth orbit.

Implementation Actions and Milestones.

1. June 7, 2019: Roll out current forecast of NASA’s future demand.
2. Refine as needed as NASA projections mature

Benefits.

Enables NASA long-term LEO requirements to be met by commercial platforms that continue to
enable its missions. Signals to U.S. industry and commercial partners likely sources of NASA
LEO human spaceflight demand in the future. Also ensures an ongoing LEO National Lab
capability for use by other government agencies, academia, and to incubate promising
commercial applications that could enable new markets and U.S. competitive industry as well
as benefits to humanity. Without defining NASA’s ongoing needs, the capabilities and services
offered by commercial providers may be limited such that NASA will not be able to fully
transition off the ISS, or put its ongoing exploration missions at risk.
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