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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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To address the U.S. economy-wide goal 
of net-zero GHG emissions by 2050, 
the U.S. aviation-sector is pursuing a 
basket of measures

Presenter
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.pdfThis plan was released by Sec  DoT on Nov 10, 2021 during COP26/Glasgow



Aviation Pillars for a Sustainable Future

NASA = Primary Role NASA = Supporting Role NASA = Primary Role

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 Infohttps://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.)



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 
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Future 
Spirals

Planned

Notional

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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1 slideThis 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. 



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 T

Sustainable Aviation Fuels
NASA-Boeing Sustainable Aviation Fuel (SAF) Test Shows Substantial Particle Emissions Reductions

https://www.nasa.gov/aeroresearch/nasa-tests-sustainable-aviation-fuel-emissions
https://twitter.com/BoeingAirplanes/status/1457757855113678851

NASA
Mobile

Lab

CFM LEAP Engine 
Burning 100% SAF

Sampling 
Probe

• Aircraft engine emissions impact 
air quality & climate.

• SAFs + advanced lean-burn 
engines are a powerful 
combination for reducing these 
environmental impacts.

• Ground test completed at 
Boeing Field in Oct. 2021. 
Results quantifying emissions are 
benefits forthcoming.

Photo Credit: Boeing / Paul Weatherman
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flight test planning underway

Presenter
Presentation Notes
This year’s ecoDemonstrator aircraft is an Alaska Airlines 737-MAX 9 that is equipped with CFM International LEAP-1B engines.LEAP-1B engines are expected to have some of the lowest particle emissions of any aircraft engines currently in service.Sustainable aviation fuels (SAFs) promise additional particle emissions reductions.Project goals:       (1) quantify engine emissions while burning 100% Sustainable Aviation Fuel (SAF) for the first time       (2) compare the results to those obtained for conventional, petroleum-based Jet A fuel and blends of the SAF with Jet AThis research is important because particle and gas emissions from aircraft engines impact the air quality of communities near airports and contribute to climate warming by forming contrail cirrus clouds that disrupt Earth’s radiation balance.The results from this ground test cover the full range of engine powers from idle conditions to cruise and takeoff thrusts and inform efforts to understand and mitigate the environmental impact of aviation. In addition, demonstrating the capability to burn 100% SAF is important for meeting the aviation sector’s targets for future carbon-neutral growth, while also showing the co-beneficial particle reductions associated with these fuels. The 2021 Boeing ecoDemonstrator aircraft is the ideal testbed for quantitatively demonstrating the emissions reductions resulting from a combination of advanced engine and fuel technologies that will be necessary to meet the aviation environmental challenges of the coming decades.Instrument set up, calibration, and testing took place at Boeing Field in Seattle, Washington, USA, from October 18-31, 2021. 

https://www.nasa.gov/aeroresearch/nasa-tests-sustainable-aviation-fuel-emissions
https://twitter.com/BoeingAirplanes/status/1457757855113678851


Airspace Operational Tools Yield Immediate Benefits

B E N E F I T S  T O D AY

Reduced delay 
by 830.3 hours

Saving passengers an 
estimated $3,985,599 in 
value of time and operators 
an estimated $1,223,030 in 
flight crew costs

Benefits to date from field demonstrations of ATD-2 technologies at the Charlotte 
Douglas International Airport (29 Sep 2017–30 Apr 2021)

FUEL

Saved
998,595

gallons of fuel

EMISSIONS

Saved
21,037,598 lbs. 

of CO2 = 156,435
urban trees

MAINTENANCE

Saved
5,414

hours of 
engine run time

Airspace Technology Demonstration (ATD)
Integrated Arrival/Departure/Surface Operations 
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Significant
energy reduction
when scaled up

Presenter
Presentation Notes
The information shown on this slide are just a few examples of how our research provides benefits and results even as the research in those areas continue. Airspace Technology DemonstrationATD-1 Terminal Sequencing and Spacing / Flight Deck Interval Management: Improve terminal arrival operations efficiency while increasing arrival throughputATD-2 Integrated Arrival/Departure/Surface: Improve the predictability and efficiency of airport surface and terminal departure operations ATD-3 Applied Traffic Flow Management: Reduce weather-related delays through the integration of weather information with en route traffic flow management toolsNASA helped make NextGen trajectory-based traffic management a reality by transferring ATD technology and knowledge to the FAA and industry.ATD-1 technology is now implemented in Time Based Flow Management (TBFM) with initial FAA field testing slated for Denver in 2020ATD-2 Charlotte field demonstration is a pathfinder for Terminal Flight Data Manager (TFDM) capabilities that the FAA will deploy to 27 major airports beginning in 2021ATD-3 technology has been transferred to the FAA for future implementation in both TBFM and the Traffic Flow Management System (TFMS) 



NASA’s Vision for Sustainable Aviation Operations
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• Integrated trajectories 
optimized for 
environmental benefit

• Advanced flight deck 
capabilities to operate on 
those trajectories

• Tailored services that 
support safe integration of 
all diverse operations

Presenter
Presentation Notes
Increased operational efficiency at the vehicle, fleet, and system-wide levels reducing fuel burn, CO2 emissions, contrail formation and ozone impact. Integrated ground and flight-based technologies for trajectory optimization through every phase of flight.



Sustainable Flight National Partnership Benefits
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High-Rate Composites for 
6x manufacturing rate increase
(HiCAM Project)

Small Core Gas Turbine for 
5%-10% fuel burn benefit
(HyTEC Project)

Sustainable Aviation Fuels for 
reduced lifecycle carbon 
emissions
(AATT Project)

Electrified Aircraft Propulsion for 
~5% fuel burn and maintenance 
benefit
(EPFD & AATT Projects)

Transonic Truss-Braced Wing 
for 5%-10% fuel burn benefit
(AATT Project)

Integrated Trajectory Optimization 
for 1%-2% reduction in fuel 
required and minimization of 
contrail formation
(ATM-X Project)



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 inform future technology investments

H2
Hydrogen

100%

Concept Studies and Technology Development Needed for 2040s Impact
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BLI = boundary layer ingestionDP = distributed propulsion through power distributionHE = true, dual energy storage hybrid electricShielding for acousticsAdaptive 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!
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