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Supporting National Space Policy Directives

SPD-1: Reinvigorating America’s Human Space Exploration Program
“Lead an innovative and sustainable program of exploration with commercial and international partners to enable human expansion 
across the solar system and to bring back to Earth new knowledge and opportunities.

Beginning with missions beyond low-Earth orbit, the United States will lead the return of humans to the Moon for long-term 
exploration and utilization, followed by human missions to Mars and other destinations.” 

SPD-2: Streamlining Regulations on the Commercial Use of Space 
“It is the policy of the executive branch to be prudent and responsible when spending taxpayer funds, and to recognize how 
government actions, including Federal regulations, affect private resources. 

It is therefore important that regulations adopted and enforced by the executive branch promote economic growth; minimize 
uncertainty for taxpayers, investors, and private industry; protect national security, public-safety, and foreign policy interests; and 
encourage American leadership in space commerce.”

SPD-3: National Space Traffic Management
“For decades, the United States has effectively reaped the benefits of operating in space to enhance our national security, civil, and 
commercial sectors. Our society now depends on space technologies and space-based capabilities for communications, navigation, 
weather forecasting, and much more.  

Given the significance of space activities, the United States considers the continued unfettered access to and freedom to operate in 
space of vital interest to advance the security, economic prosperity, and scientific knowledge of the Nation.”
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NASA’s Path to Moving Human Presence Into the Solar System
Build an infrastructure that will make deep space accessible to all of humanity

Develop incremental capabilities during human lunar expeditions that will inform future 
missions, deeper into the solar system

Expand our near-Earth economy to establish a sustainable presence in deep space, 
as we are already doing in low-Earth orbit

Provide initial backbone crew transportation system augmented with commercial 
transportation



STRATEGIC PRINCIPLES OF HUMAN SPACE EXPLORATION
Fiscal Realism  |   Commercial Partnerships |   Scientific Exploration 

Technology Pull and Push | Gradual Buildup of Capability  
Architecture Openness and Resilience

Global Collaboration and Leadership | Continuity of Human Spaceflight



International Interoperability Standards
Preparing for deep space exploration 

Draft Deep Space
Interoperability System Standards  

Posted for feedback on March 1, 2018

• Avionics
Communications
Environmental 
Control and Life 
Support Systems

•
•

• Power
Rendezvous
Robotics
Thermal

•
•
•

www.InternationalDeepSpaceStandards.com

https://www.internationaldeepspacestandards.com


Commercial Cargo Transportation
Foundation for a low-Earth orbit economy and deep space exploration 

The SpaceX Falcon 9 rocket The Northrop Grumman Cygnus spacecraft



Commercial Crew Transportation
Foundation for a low-Earth orbit economy and deep space exploration 

Building continues on the Boeing Starliner and SpaceX Dragon 
for crewed missions to low-Earth orbit



Deep Space Exploration Systems
Building the right systems for deep space exploration





DEEP SPACE EXPLORATION SYSTEMS

RECENT ACCOMPLISHMENTS





Gateway 
Building a continuous presence in cislunar space 



Cislunar Space 
A deep space harbor for expanded human presence
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Two Approaches for Accessing the Lunar Surface
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Lunar Surface Direct Apollo-style
Lacks reusability
Does not build or test infrastructure necessary for Mars missions 
Delta-v  (0-6 %) more efficient for one- and two-way transfers 
Limited opportunities for commercial launch vehicles
Limited opportunities for international partnerships 
Some vehicle redesign may be required for vehicles under 
manufacture
Science and utilization limited by short mission duration 
Limited ability to test and develop Mars systems and capabilities
Human cis-lunar presence only during surface missions

Lunar Surface Through Gateway

Enables reusable lunar systems
Enables long-term multiple mission capability  (in-space, 
robotic and human missions across the lunar surface)
Establishes initial refueling capabilities necessary for Mars 
Lunar vehicle checkout and maintenance at Gateway
Increased opportunity for international and commercial 
partnerships reduces political risk 
Longer duration surface missions
In-space platform for long-duration science
Deep space testing of Mars-forward systems
Establishes deep space infrastructure
Interoperability standards-open architecture
Lower long-term costs for Mars campaign





EXPLORATION MISSION-3: Carrying the first habitable piece to Gateway

9.

8.

6. 4. 

2.

1. 1 Earth departure

2 Outbound flight to 
Moon: 5 days

3 Outbound Powered Flyby   
to NRHO: 180m/s to Moon

4 NRHO insertion: 240 m/s

5 11 day NRHO stay

6 NRHO departure: 
240 m/s

7 Return Powered 
Flyby, return to 
Earth: 180m/s to 
Moon

8 Return flight 
to Earth: 
5 days

9 Entry Interface

NRHO = Near Rectilinear Halo Orbit 16
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Power and Propulsion Element
First module in lunar orbit for Gateway  

Key Characteristics:
• 2022 launch on partner-provided commercial launch vehicle

Up to one year joint commercial/NASA on-orbit flight demonstration
15 year on-orbit operational life after launch vehicle separation
50 kW class spacecraft with 40 kW class EP system

•
•
•

Core Functions for Gateway:
• Power transfer to other Gateway elements

Transport of Gateway to multiple cislunar orbits
Attitude control and orbit maintenance for Gateway stack
Communications with Earth, visiting vehicles, and initial
communications support for lunar surface systems
Accommodations for payloads

• 
• 
• 

•
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Notional Gateway Buildup (2020-2026)

SLS + ORION 
FLIGHT TEST

EM-1

POWER AND 
PROPULSION ELEMENT

COMMERCIAL 
ROCKET

CREWED 
FLIGHT TEST

EM-2

4 CREW + ESPRIT  + U.S. 
UTILIZATION MODULE

EM-3

LOGISTICS RESUPPLY + 
ROBOTIC ARM

COMMERCIAL 
ROCKET

4 CREW + 
INTERNATIONAL HAB

EM-4

4 CREW +
U.S . HAB

EM-5

LOGISTICS RESUPPLY

COMMERCIAL 
ROCKET

4 CREW + AIRLOCK

EM-6



Habitation Development Partnerships
Five full-sized ground prototypes will be delivered for testing in 2019; in final negotiations with 
NanoRacks for sixth habitat prototype demonstrator

Lockheed Martin
Denver, CO

Refurbishes heritage 
hardware

Northrop Grumman
Dulles, VA

Builds on proven 
cargo spacecraft 
development

Bigelow Aerospace
Las Vegas, NV

Expandable

Boeing
Pasadena, TX

Leverages existing 
technologies

Sierra Nevada
Louisville, CO

Modular buildup

NanoRacks
Louisville, CO

Converted Centaur 
upper stages



International Cooperation 
NASA is leading and facilitating a sustainable open architecture program that is open to and relies on 
international and commercial partners



Path to the Lunar Surface



Lunar Transportation Technology Development
Timeline governed by available budget and partner contributions

SMD
Lunar 
Discovery & 
Exploration 
Program

Small Landing 
Services

Mid-Size Science Landers

STMD

Technology 
Development & 
Demonstrations

Prop Deep Space Engine

Precision Landing
Sensors

Terrain Relative 
Nav Hazard 
Avoidance

Cryo Fluid Management

ISRU/Surface Power

Science instruments and 
technologies demonstrated at 

increasing capability on each mission

Survive the night, Recharging Station, 
Autonomy and Navigation

HEOMD

Advanced 
Cislunar & 
Surface 
Capabilities

DESIGN & DEVELOPMENT
CATALYST 
development ends 
2019

Human-Class Descent Development

Human-Class Ascent and Transfer Vehicle Development

Human-Class 
Descent Module

End-to-End 
Human-Class 

Test



Three Stage Lunar Architecture (Planning/Notional)
Approach driven by available launch vehicles and physics
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•

•
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Ascent Element

Based at Gateway

Reusable & Refuellable

Carries a crew of4

Approx. Delta-v

2,850 m/s

Target Wet Mass 

9 mT to 12 mT 

Descent Element
Performs descent 

propulsion 

Serves as a cargo lander

Approx. Delta-v

2,000 m/s

Target Wet Mass 

15 mT to 16 mT 

Transfer Vehicle Transfers ascent, descent 

elements (if applicable)

from Gateway orbit to lower 

orbit for landing

Potential for reusability

Could be provided as a  

commercial service

Approx. Delta-v

850 m/s

Target Wet Mass 

12 mT to 15 mT 

OTHER BENEFITS:
Phased Development

Spreads costs evenly, achieving capabilities for landing science and

exploration lunar payloads in support of future crewedmissions.

Human rating requirements are minimal on the upfront developments, as the 

ascent element with its full abort capability at any crewed mission phase 

addresses many of the human rating requirements.

Partnering Opportunities
Smaller element, enables easier point of entry now and in the future for 

both commercial and international partners, as long as interoperability

standards are established.

Industry partners can move ahead faster with the capabilities they want to 

build, while NASA builds and sustains unique competencies related to deep 

space human systems on the ascent element.

Multi-use Systems
Elements (or their copies) can be applied to other missions to increase 

payloads or reduce transportation times (deep space rendezvous with tug for 

outerplanet missions, satellite maneuvering in GEO vicinity, etc.)

Possible alternate crewed cislunar missions include NEO rendezvous, L4/L5

tour to observe small objects, or L1/L2 missions to deploy or service remote 

sensing systems.

The lunar elements may be partially or fully applicable to aspects of future

Mars missions (common ascent systems, etc.)



Human Lunar Lander Development
Under the requested funding for Advanced Cislunar and Surface Capabilities (ACSC), along 
with other Exploration Campaign activities, NASA will re-establish U.S. preeminence to, around, 
and on the Moon.

Human Lunar Lander funding will invest with industry providers, purchase landed services to test 
sub-systems, and use innovative acquisition approaches to enable U.S. commercial capabilities 
to be leveraged toward human exploration of the lunar surface, and will also partner with 
international partners as appropriate in this endeavor.

The first planned demonstration is 2024 with at least one human-class descent element flight test.



Long-Term Exploration and Utilization of the Moon 
(Planning/Notional)



ü
ü
ü

An Open Framework in Space
Developing a new approach to human exploration

Open to multiple destinations and missions
Allows human exploration to advance at sustainable pace  

Leverages commercial and international partnerships

International Space Station
Testing and demonstration of Exploration Systems
Open Interoperability Standards
Commercial cargo and crew

Space Launch System – For transportation augmented with commercial capability

Gateway – Enabling reusable in-space operations and opening up commercial opportunities in deep space



Mars 
Vistas of opportunity and discovery



QUESTIONS?
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