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Presenter
Presentation Notes
The first “A” in NASA stands for “Aeronautics.” Our aeronautics researchers, engineers and pilots use world-class NASA facilities to keep U.S. aviation first in safety, efficiency and innovation.

We explore technologies that reduce aircraft noise and fuel use, get you gate-to-gate safely and on time, and transform aviation into an economic engine at all altitudes.



Global Context for Sustainable Aviation
U.S. Government Aviation Climate Action Plan

More than 97% of U.S. aviation CO2 emissions is from the combustion of jet fuel.  80% of domestic aviation 
emissions and 94% of international aviation emissions come from en-route operations above 10k ft.
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U.S. Government goal and plan consistent 
with ICAO (global Nations) and 
with ATAG (global industry) 
goals and directions

To address the U.S. economy-wide goal of 
net-zero greenhouse gas emissions by 2050, 
the U.S. aviation sector is pursuing a basket 
of measures
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Presentation Notes
This chart is from the US Gov 2021 Aviation Climate Action plane -  Figure 3: Analysis of Future Domestic and International Aviation CO2 Emissions 

This analysis shows US Domestic emissions from US and International carriers, and international flights of US carriers.
As will other similar charts, it shows projected relative contributions of each measure to tackle emissions and achieve net zero emissions by 2050.

https://www.faa.gov/sites/faa.gov/files/2021-11/Aviation_Climate_Action_Plan.pdf




Aviation Pillars for a Sustainable Future

NASA = Primary Role NASA = Supporting Role NASA = Primary Role
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Global Aviation Industry GOAL: net-zero carbon emissions by 2050
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Presentation Notes
The global aviation community raised its ambition in 2021 and has established the aggressive goal of net-zero carbon emissions by 2050 through four means – what we fly, how we fly, the fuels we use to fly, and the use of high-quality carbon offsets in the near-term with carbon removal opportunities to address residual CO2 emissions in the longer term.  The challenge to meet the goal is magnified as fleet growth has outpaced improved fleet efficiency, leading to increased overall carbon emissions;  even though the operational fleet has become 2% more efficient each year, the total amount of carbon emitted annually in 2019 (905 Mt) is 39% higher than it was in 2005 due to overall traffic growth.

This aggressive goal for overall carbon emissions is focused today on commercial aviation, as that is the predominant form of aviation today.  As new aviation sectors develop and flourish, they must do their part to contribute to the sustainability of aviation – they have to be green from the outset.

NASA’s primary contribution and largest investment is in R&D of technologies for low emissions and low noise aircraft.  
NASA plays a primary role with significant investment in R&D of operational concepts and technologies deployed by the FAA and on aircraft flight decks.  NASA does not have research related to airport infrastructure.
NASA plays a supporting role in characterizing the environmental impact of sustainable aviation fuels, and possibly via use in NASA flight research operations. 

The aviation community also has stated a role for market based measures such as carbon offsets, where NASA has no role to play other than to reduce/eliminate the need for MBM/offsets.

Reference Info
https://aviationbenefits.org/media/167501/atag-net-zero-2050-declaration.pdf         (provides the ATAG Goal declaration – Oct 5, 2021)
https://aviationbenefits.org/media/167475/fact-sheet_3_tracking-aviation-efficiency-v2.pdf      (provides fuel efficiency and carbon emissions numbers by year.  Updated in 2021, downloaded Nov 2, 2021)

(Backup information: This was the previous goal:
The global aviation community has established the aggressive goal of a 50% reduction in carbon emissions by 2050, and possible net zero emissions by 2060 through these three means - what we fly, how we fly, and the fuels we use to fly. This 50% reduction from 2005 levels is a very aggressive goal, because fleet growth outpaced fleet efficiency improvements since 2005.  Even though the operational fleet has become 2% more efficient each year, the total amount of carbon emitted annually in 2019 (905 Mt) is 39% higher than it was in 2005 due to overall traffic growth.)




Sustainable Flight National Partnership
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ENABLE  25 – 30% ENERGY EFFICIENCY IMPROVEMENTS in NEXT GENERATION TRANSPORTS 
with the CAPACITY TO UTILIZE 100% SAF and FLY OPTIMAL TRAJECTORIES

Enable integrated 
trajectory optimization

Advance engine 
efficiency and 
emission reduction

Advance airframe 
efficiency

Enable use of 100% 
Sustainable Aviation Fuels

Next Generation Capability



Subsonic Transport Technologies
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Electrified Aircraft Propulsion
~5% fuel burn and maintenance benefit

High-Rate Composite Manufacturing
4x-6x manufacturing rate increase

Transonic Truss-Braced Wing
5-10% fuel burn benefit

Ensure U.S. industry is the first to establish the new “S Curve” for the next 50 years of transports

Small Core Gas Turbine
5-10% fuel burn benefit

Presenter
Presentation Notes
NASA has identified four priority subsonic transport technologies that can have the greatest impact on the future sustainability of commercial aircraft fleet.  

These priority technology areas were identified through research over the last twelve years, starting with Advanced Concept Studies in 2008 targeting aircraft with a 2030-35 entry into service. 

NASA established aggressive goals targeting noise, emissions, and fuel burn, and worked with industry and academia to identify and drive innovation that can meet those goals.  Over the years we’ve winnowed the most promising areas for NASA research to these four areas:  

New vehicle level technologies such as the Transonic Truss Braced Wing can bring a 5-10% fuel burn benefit. 
Small core gas turbine engines can also yield ad 5-10% fuel burn benefit, and also serve as a critical enabling technology for future hybrid electric systems. 
Electrified Aircraft Propulsion can yield another 5% fuel burn benefit and provide other efficiencies such as maintenance 
High rate composite manufacturing – 4 to 6 times faster than current production rates – can reduce the weight of new aircraft, reducing fuel consumption, and opens up the design space to new types of structures and vehicles.

NASA has continued to mature these technologies from fundamental concepts and technologies through ground and flight tests, complemented by the Federal Aviation Administration's CLEEN research programs and continued industry innovation.  

We are now at the beginning of the next new “S” curve for the next 50 years of commercial transports.  The promise of these priority technologies needs to be validated by the mid- to late-2020s so that they can form the foundation of the next generation of vehicles to enter service in the early 2030s.



Subsonic Transports: Integrated Technology Development

Leverage
the Asset 

–
Future 
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Sustainable Flight Demonstrator (SFD) 

Model Based Systems 
Analysis & Engineering

AATT - Transonic Truss Braced Wing 

Hi-Rate Composite Aircraft 
Manufacturing
(HiCAM) 

Hybrid Thermally Efficient 
Core (HyTEC)

AATT - Electrified Aircraft Propulsion

Technology Readiness Target

Electrified Powertrain Flight Demonstration (EPFD)

Achieve TRL 6 in time for Industry 
Product Decision-Making

Flight Test

Mfg Demo & Structural Test

Core Demonstration & Test

Flight Test
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TC Completion

TC Completion
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Presentation Notes
1 slide

This graphic shows how NASA intends to mature these technologies over the next several years, culminating in core demonstrations in time for industry to make decisions about future products.  

NASA has initiated discussions with industry to explore their views of the value and need to bring these technologies to flight in an integrated manner. 



Focused Technologies for Electrified Aircraft Propulsion
Retire barrier technical and integration risks for megawatt-class electrified aircraft propulsion systems

Scope
• Address critical challenges for electrified aircraft propulsion by 

maturing and reducing risk for Electrified Aircraft Propulsion (EAP) 
technology, focused on: 

Benefit
• Accelerate U.S. industry readiness to transition to EAP-based 

commercial transport aircraft. 
• Reduce key risks for a range of future applications and help enable 

new standards that are needed for EAP-based aircraft certification 

Approach
• Conduct technology-focused integrated ground tests
• Partner with industry on testing of electrified propulsion architectures 

and component technologies
• Leverage prior electric aircraft propulsion advances (TRL ~4)

• Mass and weight reduction
• Electrical losses
• Reliability

• EMI, power quality, dynamic 
stability

• Limits on DC voltage levels
• System design and integration

Motor/ 
Generator

Fuel

Turbine 
Engine

Power 
Conversion

Fault 
Protection

Battery 
System

Power Distribution 
& Management

Thermal 
Management

Motor & Fan (X n)
Fan

A R C H I T E C T U R E  D E V E L O P M E N T  a n d  H I G H - P O W E R  C O M P O N E N T  T E S T S  U N D E R WAY
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NASA is retiring barrier technical and integration risks for megawatt-class electrified aircraft propulsion systems.  ​
​
Technical Challenge Initiated Q1 FY20​
Designed NEAT upgrade to enable modular MW-class powertrain testing; long lead procurements placed​
Passed ORR for GE MW powertrain Altitude Integrated Test (AIT) in December 2020​
NEAT activities approved under RTOW awaiting AIT test to begin​
​
October 2021: testing underway at NEAT Facility with industry partners in MW-class components and powertrains – advancing MW-class powertrain components to TRL 6 and powertrains to TRL4 for further maturation in flight​
​
Key goals are to​
Demonstrate representative hybrid electric powertrain​
At least 3X the state-of-the-art (260 kW)​
Meet fault management, redundancy, and power quality requirements​
Mature EAP Powertrain technologies with purposeful commonality to EPFD demonstrator​
High power density, high efficiency components to TRL 6​
kV, MW, thermal and fault management, TRL 4​



Scope
• Develop design & test guidelines, & explore new concepts to improve 

propulsion system component reliability
• Demonstrate 2-4 orders of magnitude improvement in 100kW-class electric 

motor reliability

Benefit
• High reliability motor design for widespread electrified propulsion use
• Design & test guidelines for eVTOL propulsion & thermal components
• Candidate high voltage DC Power Quality Standard

Approach
• Share learnings with standards organizations for new standards
• Work with small businesses & universities to complete motor design concepts
• Adapt test labs for motor/inverter tests
• Complete thermal analysis of baseline motor to inform reliability models
• Develop electrical models with thermal effects

Reliable and Efficient Propulsion Components for UAM

Advanced Reconfigurable Electrified Aircraft Lab 
(AREAL)

H I G H  R E L I A B I L I T Y  C O M P O N E N T S  a n d  S U P P O R T I N G  S TA N D A R D Swww.nasa.gov | 8

Improve propulsion system component reliability for 100 kilowatt-class electric motors

Scaled Power ElectrifiEd Drivetrain (SPEED)

Presenter
Presentation Notes
Standard example: Work with SAE to review the draft High Voltage DC Power Quality Standard



Electrified Powertrain Flight Demonstration & X-57

C O L L E C T  D ATA T O  A D D R E S S  C E R T I F I C AT I O N  G A P S
www.nasa.gov   | 9

Demonstrate integrated electrified powertrains in flight using NASA and industry platforms

X-57 Maxwell
• Advance the ability to design, test, and determine airworthiness of 

electrified aircraft technologies.
• Demonstrate the performance of a complex, integrated all-electric 

aircraft through ground and crewed flight test.
• Support development of certification pathways for airworthy 

electric aircraft.

FIRST FLIGHT SUMMER 2022

Electrified Powertrain Flight Demonstration
• Demonstrate practical vehicle-level integration of megawatt-class 

electrified aircraft propulsion (EAP) systems, leveraging advanced 
airframe systems to reinvigorate the regional and emerging 
smaller aircraft markets and strengthen the single aisle aircraft 
market.

• Assess gaps in regulations/standards to support future EAP 
standards and certification requirements.

TWO FLIGHT DEMONSTRATION CONTRACTS 
AWARDED IN SEPT 2021

Presenter
Presentation Notes
Industry engagements and risk reduction/technology maturation contracts have identified credible system architectures and flight demonstration paths for electrified power trains. 

Industry partners described vision vehicle, barrier technical risks and mitigation plans, and lifecycle cost and schedule estimates; Project conducted independent Probabilistic Cost and Schedule analysis
Wide range of partners (OEMs to Startups), vision systems (thin-haul, regional, single-aisle), architectures (parallel or series hybrids), cost and schedule estimates, and ability to cost-share

NASA let limited sources contracts to fill knowledge gaps and maintain industry engagement
RFP released Feb 2021 with awards made 4Q FY2021  (GE and MagniX) to accelerate integrated MW-class powertrain system maturation and transition to the global fleet.
Efforts to help identify/address gaps in regulations/standards and acquire ground/flight test data to advanced design/modeling tools.

Working closely with U.S. industry partners to understand ongoing COVID-19 issues and cost and schedule estimates and update plans as needed
Project on track to begin implementation in FY22
Completed regulations and standards gap analysis plan 
Developed and updated acquisition and procurement strategy and completed ASM and PSM
Completed KDP B and established key project management elements
Aiming for Concept 1 first flight in early FY24 and Concept 2 first flight in early FY25



Sustainable Aviation Fuels

Scope
• Support adoption of high blend ratio 

sustainable aviation jet fuels
Benefit
• Reduced aviation environmental impact
• Reduced uncertainty for climate impact of 

aviation-induced cloudiness
• Improved efficiency/emissions with drop-in 

synthetic & biofuels

Approach
• Characterize high-blend sustainable aviation 

jet fuel emissions on ground and in flight
• Advance small core combustor design & 

operability for sustainable aviation fuels

Enable the use of 100% SAF and reduced climate impact      

F U T U R E  R E S E A R C H  P L A N S  I N  D E V E L O P M E N Twww.nasa.gov   | 10

flight test planning underway

CFM LEAP Engine
Burning 100% SAF

NASA 
Sampling 

Probe

Photo Credit: Boeing / Paul Weatherman

Presenter
Presentation Notes
Sustainable Alternative Jet Fuels are a key part of the community’s solution to sustainable aviation. 

NASA has played a central role, in coordination with other federal agencies and industry, to assess the viability of alternative aviation fuels in reducing greenhouse gas emissions, and understand and overcome technical barriers to using alternative fuels in existing and new equipment. 

The largest barriers to adoption of widespread use of “drop-in” alternative aviation fuels are related to production and distribution, challenges that are being tackled by other agencies.  

Now, NASA is turning its attention to opportunities for additional research into 

Improved efficiency/emissions with drop-in synthetic and biofuels.  
Enabling adoption of high-blend ratio sustainable alternative jet fuels – advance small core combustor design and address advanced small combustor operability and emissions
High-blend SAJF emissions characterization



Long-Term Transport Technology & Innovation

INNOVATIONS FOR 2040s AND BEYOND

• Advanced Concept Studies for 2040+ EIS
• Net-Zero Emissions Concepts
• Promising Technology & Architectures
• Support Aviation Community with 

NASA-unique Contributions

Opportunities to Define Future Aviation Systems 
and Concepts

2008-2019 2020-2029

N+3 Adv Concept Studies SFNP for 2030s Impact
N+2 Studies, ERA for the 2020s Impact

2030 - 2039 2040 - 2050
Prior SFW 

Generational studies to define the path to net-zero emissions & inform future technology investments

H2
Hydrogen

100%

Concept Studies and Technology Development Needed for 2040s Impact
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Presentation Notes
BLI = boundary layer ingestion
DP = distributed propulsion through power distribution
HE = true, dual energy storage hybrid electric
Shielding for acoustics
Adaptive airframe implies active or passive means to change the geometry physically (morph structure) or virtually (flow control)

Hydrogen – johnbullas 



Follow Us

@NASAAero@NASAAerowww.nasa.gov/aero @NASAAero
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www.nasa.gov/aeroresearch/strategy   |    www.nasa.gov/aeroresearch/solicitations

Presenter
Presentation Notes
We have a vision – for air travel that is more on-demand, quiet, safe, sustainable.
The great aviation transformation is happening now!



Thermal Management and Cooling for EAP Components
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Scope
• Demonstrate practical thermal management systems (TMS) 

and cooling for Electrified Aircraft Propulsion (EAP).

Benefit
• Accelerate U.S. industry readiness to transition to EAP-

based commercial transport aircraft. 

Approach
• Reduce waste heat through innovative drive/machine 

designs and convective skin cooling
• EAP and turbine cooling through heat pumps and heat pipes.
• Model TMS systems
• Innovate TMS materials and batteries

Mitigate the thermal barrier to implementing electrified aircraft propulsion



The Aviation Carbon Reduction Challenge

• By 2050, an estimated 10 billion passengers 
will fly each year a distance of 22 trillion revenue 
passenger kilometres.

• With today’s fleet and operational efficiency, this 
activity would require over 620 megatonnes (Mt) 
of fuel and generate close to 2000 Mt of CO2.

• Imagine enabling the same level of demand while 
reducing net CO2 emissions to zero by 2050.

Meeting the challenge is the opportunity for the U.S. to lead the world in innovation and reductions 
in CO2 aviation emissions and to maintain economic competitiveness in a critical export industry 

($6 trillion-plus market over the next 20 years).www.nasa.gov | 14

Presenter
Presentation Notes
1 megaton is a million metric tons.

1 metric ton of Greenhouse Gas Emissions is approximately the amount generated by driving a car 2,800 miles or 40 hours.
https://cpj.ca/infographic-what-is-a-tonne-of-greenhouse-gas-emissions/
 
3rd  bullet requires a change because it was tied previous ATAG/industry goal of -50% CO2 in 2050 relative to 2005.   Now the new goals is “net zero.”  Net zero acknowledges the need for non-aviation/out of sector high quality carbon offsets to get NET zero.
The 2021 ATAG Waypoint update using 3 scenarios that show 6-8% residual co2 requiring offsets. I’ve seen studies that are higher.  So, to get to round numbers, I used 10%, so a 90% reduction. Pretty sporty.

1st and 2nd bullets have updated numbers based on updated ATAG numbers
Estimates from  2021, Air Transport Action Group
https://aviationbenefits.org/media/167475/fact-sheet_3_tracking-aviation-efficiency-v2.pdf     (dated February 2021, downloaded November 2021)    
1990 =  453 Mt CO2
2005 = 651
 = 905           and  8680 billion RPK    and 1066 billion RTK

2050est 325 is -50% to 2005 (previous goal), which is -28% to 1990 and -64% to 2019 


Estimates from ATAG Waypoint2050 updated Sept 2021
Summary file downloaded November 2021
https://aviationbenefits.org/media/167418/w2050_v2021_27sept_summary.pdf
2050 estimate over 10 billion passengers carried by air some 22 trillion revenue passenger-kilometres each year, and without any improvement in tech, fuels. Ops, would generate close to 2000 Mt of CO2 over 620 Mt of fuel (they rounded numbers)  … this is representative of the central of 3 Waypoint scenarios studied



S Y S T E M S - L E V E L ,  D I G I TA L I N T E G R AT I O N  A C R O S S  S F N P  P R O J E C T S

Model Based Systems Analysis and Engineering (MBSA&E)
Objective
Develop an open, cross-project and program MBSA&E capability for 
integrated SFNP systems analysis & technology benefit assessments

Approach
Two-phase, five-year plan involving each SFNP project & TACP/TTT -
Phase I to feature development of MBSA&E analysis framework; 
Phase II to focus on integrated systems studies informed by SFNP 
projects

Anticipated Results
MBSA&E framework will digitally integrate SFNP technologies & vision 
concepts for assessing the collective impacts of the broader research 
effort

Progress
Initial plan developed, team executing in FY22

Impact
MBSA&E plan will provide traceable, integrated, system-level benefit 
assessments of vision vehicle concepts, informed by SME elicitation, 
demos, & external partnerships envisioned as part of the SFNP

P&P

MBSAE 
Framework

HiCAMHyTEC

EPFD

VSISFD
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Electrified Powertrain Flight Demonstration & X-57

Scope
• Demonstrate practical vehicle-level integration of megawatt-class 

electrified aircraft propulsion systems, leveraging advanced airframe 
systems to reinvigorate the regional and emerging smaller aircraft 
markets and strengthen the single aisle aircraft market.

• Assess gaps in regulations/standards to support future Electrified 
Aircraft Propulsion (EAP) standards and certification requirements.

Benefit
• Accelerate U.S. industry readiness to transition to EAP-based 

commercial transport aircraft. 
• Enable new standards that are needed for EAP-based aircraft 

certification. 

Approach
• Engage with U.S. industry to integrate and demonstrate megawatt-class 

EAP machines in flight.
• Engage with the FAA, SAE, ASTM, etc. to contribute data that inform 

EAP standards and regulations.

MW electric
High voltage

T W O  F L I G H T  D E M O N S T R AT I O N  C O N T R A C T S  AWA R D E D  I N  S E P T  2 0 2 1
X - 5 7  F I R S T  F L I G H T  S U M M E R  2 0 2 2www.nasa.gov   | 16

Demonstrate integrated electrified powertrains in flight using NASA and industry platforms

X - 5 7  M a x w e l l

Presenter
Presentation Notes
Industry engagements and risk reduction/technology maturation contracts have identified credible system architectures and flight demonstration paths for electrified power trains. 

Industry partners described vision vehicle, barrier technical risks and mitigation plans, and lifecycle cost and schedule estimates; Project conducted independent Probabilistic Cost and Schedule analysis
Wide range of partners (OEMs to Startups), vision systems (thin-haul, regional, single-aisle), architectures (parallel or series hybrids), cost and schedule estimates, and ability to cost-share

NASA let limited sources contracts to fill knowledge gaps and maintain industry engagement
RFP released Feb 2021 with awards made 4Q FY2021  (GE and MagniX) to accelerate integrated MW-class powertrain system maturation and transition to the global fleet.
Efforts to help identify/address gaps in regulations/standards and acquire ground/flight test data to advanced design/modeling tools.

Working closely with U.S. industry partners to understand ongoing COVID-19 issues and cost and schedule estimates and update plans as needed
Project on track to begin implementation in FY22
Completed regulations and standards gap analysis plan 
Developed and updated acquisition and procurement strategy and completed ASM and PSM
Completed KDP B and established key project management elements
Aiming for Concept 1 first flight in early FY24 and Concept 2 first flight in early FY25



Scope
• Develop design & test guidelines, acquire data & explore new concepts to 

improve propulsion system component reliability
• Demonstrate 2-4 orders of magnitude improvement in 100kW-class electric 

motor reliability

Benefit
• Validate power, propulsion, and thermal models
• High reliability motor design for widespread electrified propulsion use
• Design & test guidelines for eVTOL propulsion & thermal components
• Candidate high voltage DC Power Quality Standard

Approach
• Adapt test labs for motor/inverter tests
• Share learnings with standards organizations for new standards
• Work with small businesses & universities to complete motor design concepts
• Implement electrical models with thermal effects in a collaborative engine 

simulation tool
• Complete thermal analysis of baseline motor to inform reliability models

Reliable and Efficient Propulsion Components for UAM

Scaled Power ElectrifiEd Drivetrain (SPEED)

Advanced Reconfigurable Electrified Aircraft Lab 
(AREAL)

H I G H  R E L I A B I L I T Y  C O M P O N E N T S  a n d  S U P P O R T I N G  S TA N D A R D Swww.nasa.gov | 17

Improve propulsion system component reliability for 100 kilowatt-class electric motors

Presenter
Presentation Notes
Standard example: Work with SAE to review the draft High Voltage DC Power Quality Standard
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