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Sustainability

Meet the Mission

Value to People

Mobility

Freedom

Health

Meet the Mission

Value to Business

Profit to Shareholders

Import/Export Trade Balance

Jobs

Meet the Mission

Protect the Planet

Protect Regional  & Local Ecosystems
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Four Transformations for Sustainability, Greater Mobility, and Economic Growth

Four Transformations for Sustainability, Greater Mobility, and Economic Growthwww.nasa.gov   | 3



NASA Aeronautics as Part of National Strategy
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Sustainable Flight
National Partnership
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NASA – U.S. Industry Partnership to Enable 

Transformational 2030’s Commercial Vehicles

Airspace Operations and 

Safety Program

Advanced Air Vehicles 

Program

Integrated Aviation 

Systems Program

Transformative Aeronautics 

Concepts Program

Aerosciences Evaluation and 

Test Capabilities Portfolio



U.S. Aviation Climate Action Plan - 2021
Global Context for Sustainable Aviation

The U.S. is working with the global community to achieve net-zero 

greenhouse gas emissions by 2050 using a common basket of measures.www.nasa.gov | 6

U.S. Aviation Climate Action Plan is aligned with

• U.S. economy-wide goal

• International Civil Aviation Organization

• Air Transport Action Group
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Technology Trajectory

Airline Fleet 

Renewal

New Aircraft 

Technology

Sustainable 

Aviation Fuel 

Uptake:

50% Emission 

Reduction

Sustainable 

Aviation Fuel 

Uptake:

100% Emission 

Reduction

Operations Improvement

2019 CO2

Emissions 

Level

U.S. aviation goal is to achieve 

net-zero greenhouse gas emissions by 2050.

U.S. domestic flights of all carriers

and international flights of U.S. carriers

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

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


Investment in innovation today paves the way 

to a net-zero carbon and beyond aviation future.

NASA Sustainable Aviation Strategy

2008-2013 2014-2019 2020-2025 2025-2030 2030+

Sustainable Flight National Partnership  

to mature and integrate key 

technologies for next-generation 

subsonic transports (2030s)

SUSTAINABLE FLIGHT NATIONAL PARTNERSHIP

TODAY ACCELERATING TOWARD NET-ZERO CARBON

Cast a wide net for 

zero-emission concepts 

and technologies

Select and develop 

promising concepts in 

partnership with 

universities, industry 

Create a credible mission, 

architecture, and technologies for 

beyond next-generation subsonic 

transports for 2050 horizon

POWERING AVIATION TO NET-ZERO CARBON AND BEYOND
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Subsonic Concept/Technology Studies

Electrified Aircraft Propulsion

Transonic Truss-Braced Wing

Blended Wing Body

Environmentally 

Responsible Aviation 

Project

Flight 

Demonstrator 

Studies

Advanced Composites 

Project





Sustainable Flight National Partnership
Accelerating Toward Net-Zero Greenhouse Gas Emissions and Reduced Non-CO2 Climate Impact in the 2030s

Advance engine

efficiency and 

emission reduction

Enable integrated 

trajectory optimization

Advance airframe

efficiency and

manufacturing rate

Enable use of 100% 

sustainable aviation fuels

Next-generation transports using up to 30% less fuel, current and future fleets flying optimal trajectories, engines burning 

sustainable aviation fuels for greater than 50% reduction in lifecycle greenhouse gas emissionswww.nasa.gov   | 9



Ultra-Efficient Airliner Technologies
Ensure U.S. industry is the first to establish the new “S Curve” for the next 50 years of airliners

Integrated Aircraft 

System Efficiency

Propulsion Airframe 

Integration Opportunity

Aerodynamic Efficiency

Transonic Truss-Braced Wing

(5-10% fuel burn benefit)

Engine Efficiency

Small Core Gas Turbine

(5-10% fuel burn benefit)

Electrified Aircraft Propulsion

~5% fuel burn and 

maintenance benefit

Weight

High-Rate Composites

(4-6x manufacturing increase)
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Ultra-Efficient Airliners: Integrated Technology Development

FY25 FY26 FY27 FY28 FY29FY20 FY21 FY22 FY23 FY24

Technology Readiness Target

Model Based Systems 

Analysis & Engineering

Framework developed “Digital Flight Test”

Sustainable Flight Demonstrator (SFD) 
Partner

Selection CDR

Transonic Truss Braced Wing (AATT) Mid-Term Eval TC Completion

Hi-Rate Composite Aircraft 

Manufacturing

(HiCAM) 

Demo(s) Down-select
Mfg & Structural Demonstration

Hybrid Thermally Efficient 

Core (HyTEC)

Partner Selection

Power Extraction Test

Core Demonstration

Electrified Powertrain Flight Demonstration (EPFD)

Partner Selection

Flight Tests

Electrified Aircraft Propulsion

Technologies (AATT)
MW Altitude Capability 

(NEAT)

TC Completion

Achieve TRL 6 in time for industry 

product decision-making

Planned

Notionalwww.nasa.gov | 11

Flight Test

Test 

Duration
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Sustainable Flight Demonstrator Project

• NASA awarded a Funded Space Act Agreement to Boeing 
in January 2023 to design, build, test and fly an advanced 
airframe configuration demonstrator aircraft and related 
technologies to dramatically reduce fuel burn and CO2

emissions.

• $425M direct NASA investment
+ NASA facilities/labor of ~$125M over 7 years

• $725M funding from Boeing and industry partners

• Boeing’s Transonic Truss-Braced Wing configuration utilizes 
a high aspect ratio, thin, truss-braced wing design to reduce 
drag and optimize fuel efficiency.

SFD modifications include the Transonic Truss-

Braced Wing and subsystems, modern turbofan 

engines, and instrumentation.

MD-90

Boeing will prepare the MD-90 

to become the SFD by removing 

its wings, aft engines, and 

fuselage sections. 

MD-90

SFD
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NASA-led SFNP Operations Demonstrations

Collaborative Digital

Departure Re-route 

(SFNP-Ops-1, FY22-26) 

Sustainable Oceanic

Airborne Re-Routing

(SFNP-Ops-2, FY27)

Irregular Ops Recovery/

Disruption Management

(SFNP-Ops-3, FY28)

4D

Trajectory Optimization 

(SFNP-Ops-4, FY30)

Flight Deck 

Services

Ground 

Services

SFNP-Ops = Sustainable Flight National Partnerships - Operations

Digital Information Platform (DIP) Sustainability Goals

Deliver reduction in emissions and optimize air operations through digital serviceswww.nasa.gov   | 20



Benefits from Ops-1 Sustainable Flight Ops Demonstration

Collaborative Digital Departure Re-Route (SFNP Ops-1)

The first nine months of this ongoing demonstration yielded savings for the environment, passengers, 

and airlines. This is a joint partner flight demonstration with the FAA, American Airlines, Southwest 

Airlines, and Envoy Air that uses tech with Trajectory Option Set to re-route flights and departures at 

Dallas Fort Worth and Dallas Love Field International.

Fuel Savings

Over 24,000 lbs.

Emissions Savings

Over 76.6K lbs. CO2

Over 569 urban trees

Delay Savings

OFF delay

3.9+ hrs

IN delay

4.7+ hrs

Cost Savings

Passenger $31.7K

Flight Crew $6.9K

System-wide aggregated savings (individually re-routed + other flights)

at D10 North Texas Metroplex (01 Jan 2022 – 16 Sep 2022)
www.nasa.gov | 21



Sustainable Aviation Fuels & Non-CO2 Impacts

Scope

• Support adoption of high-blend ratio

sustainable aviation jet fuels & advance contrail science

Benefits

• Reduced aviation environmental impact

• Reduced uncertainty for climate impact of

aviation-induced cloudiness

• Improved efficiency/emissions with drop-in synthetic and

biofuels

Approach

• Characterize high-blend sustainable aviation jet fuel emissions

on ground and in flight, including formation and persistence of 

contrails

Enable the use of 100% sustainable aviation fuels (SAF) and reduce climate impact

Future SAF & Contrail-related Research Plans in Developmentwww.nasa.gov   | 22

Flight-test in October 2023

CFM LEAP Engine

Burning 100% SAF

NASA 

Sampling 

Probe

Photo Credit: Boeing / Paul Weatherman

Ground-tests

in October 2021



Cruise Conditions Are Very Different From The Ground, 
Which Necessitates In-Flight Testing

2023 Emissions Flight Test with the NASA DC8 

Chasing the Boeing ecoDemonstrator Explorer 

737-10 with LEAP-1B Engines

• 11 joint science sorties

• >100 combined DC-8 and 737-10 flight hours

• 3 fuels: 100% SAF and Two Different Jet A Fuels

• Sampling in both contrail & clear air conditions
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Beyond SFNP, Long-Term Transport Technology and Innovation

Innovations for 2040s and Beyond

• Advanced Concept Studies for 2040+ EIS

• Net-Zero to Zero Emission Concepts

• Promising Technologies and Architectures

• Support Aviation Community with 

NASA-unique Contributions

Opportunities to Define 

Future Aviation Systems and Concepts

2008-2019 2020-2029

N+3 Advanced Concept Studies for 2030s Impact

N+2 Studies, ERA for the 2020s Impact

2030 - 2039 2040 - 2050

Subsonic Fixed Wing

Generational studies to inform future technology investments

H2
Hydrogen

100%

Concept Studies and Technology Development Needed for 2040s Impact
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• Global aviation faces significant challenges to sustainable growth

• Aviation must exist in global harmony within sector and beyond 

• Time matters, climate change doesn’t wait

• NASA Aeronautics addressing the challenges of Sustainable Aviation
• Maturing and demonstrating the most promising solutions for application in the 2030s

• Exploring innovative solutions for application 2040+

www.nasa.gov | 26

CONCLUDING REMARKS



Follow Us

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



NASA Aeronautics is One of Five Mission Directorates

Aeronautics

NASA explores 

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.

Space Technology

NASA technologies 

developed for spaceflight 

benefit our everyday life. 

The Artemis program 

proves and matures what 

those technologies can 

do and reduces risk for 

exploration of Mars 

and beyond.

Science

NASA and the nation’s 

science community use 

space observatories  

conduct scientific studies 

of the Earth from space 

to visit and return samples 

from other bodies in the 

solar system, and to 

peer out into our galaxy 

and beyond.

Exploration Systems 

Development

NASA's Artemis program 

is defining and creating the 

steps path from Earth back 

to the Moon and on to 

Mars, including the Orion 

capsule, the Space Launch 

System, Exploration 

Ground Systems, the 

Gateway, and Human 

Landing System.

Space Operations

NASA's work in beyond 

low-Earth orbit includes 

commercial launch 

services to the 

International Space 

Station, exploration 

systems, space 

transportation systems, 

and broad scientific 

research on orbit.

www.nasa.gov   | 28



Aeronautics Research Mission Directorate (ARMD) Leadership

Robert Pearce
Associate 

Administrator*

ARMD *(AA)

Jon Montgomery
Deputy AA for 

Policy ARMD

TBD
Deputy AA for 

Programs ARMD

Barbara Esker
Assistant Deputy AA for 

Missions / Deputy AA 

for Programs (Acting)
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Carol Carroll
Deputy AA

ARMD



ARMD Leadership

Bob Pearce
Associate Administrator for 

Aeronautics Research Mission 

Directorate

MISSION INTEGRATION OFFICES

Peter Coen
Quesst

Mission Integration Manager

Dr. Rich Wahls
Sustainable Flight National Partnership

Mission Integration Manager

Carol Carroll
Deputy Associate Administrator 

for Aeronautics Research 

Mission Directorate

Jon Montgomery
Deputy Associate 

Administrator for Policy

TBD
Deputy Associate Administrator 

for Programs

Barbara Esker
Assistant Deputy Associate Administrator for 

Missions / Deputy Associate Administrator 

for Programs (Acting)

PROGRAMS

Dr. Nateri Madavan
Director

Advanced Air Vehicles Program

Dr. James Heidmann
Deputy Director

Advanced Air Vehicles Program

Akbar Sultan
Director, Airspace Operations 

and Safety Program

Cheryl Quinn
Deputy Director, Airspace 

Operations and Safety Program

Lee Noble
Director, Integrated 

Aviation Systems Program

Kate McMurtry
Deputy Director, Integrated 

Aviation Systems Program

Dr. John Cavolowsky
Director, Transformative 

Aeronautics Concepts Program

Angela Surgenor
Deputy Director, Transformative 

Aeronautics Concepts Program

PORTFOLIO OFFICE

Ron Colantonio
Director, Aerosciences Evaluation & 

Test Capabilities Portfolio Office

Chris Mouring
Deputy Director, Aerosciences Evaluation 

& Test Capabilities Portfolio Office

OFFICES

Tony Springer
Director, Integration 

and Management Office

Kimberly Miller
Deputy Director, Integration 

and Management Office

William Harrison
Director, Portfolio Analysis 

and Management Office

TBD
Deputy Director for Resources

Portfolio Analysis and 

Management Office

Naseem Saiyed
Deputy Director for Strategy

Portfolio Analysis and 

Management Office
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Parimal Kopardekar
Advanced Air Mobility 

Mission Integration Manager
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Sustainable Flight National Partnership with ...
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NASA and Boeing ecoDemonstrator Test SAF Impact on Contrails

Progress
• Contrail-cirrus clouds are net climate 

warming and form on engine-emitted 
particles

• Ground tests in 2021-22 lay 
groundwork for joint flight test in FY24

• Initial data reveals substantial cruise 
altitude soot particle reductions from 
burning 100% SAF in advanced GE 
lean-burn aircraft engine combustors

• Discovered the role of engine oil

• Small businesses developed and tested 
novel water vapor sensors through the 
NASA Small Business Innovation Research 
program

• Partnered with manufacturers, airlines, 
universities, and government agencies to 
design and execute the tests and to gather 
the data needed by national stakeholders

• Initiated National Academy of Sciences 
study to develop a national research agenda 
on potential mitigations for the impacts of 
persistent contrails (aviation-induced 
cloudiness)

A Look Ahead
• Test results guide and motivate industry 

investment in SAF and engine technology 
R&D and jobs

• Unique in-flight data will be publicly 
available in Nov 2024 for use in climate and 
aviation model assessments, university 
research, industry model validation

• Beginning to develop future contrails 
research plans

FY 2025 request includes funds to continue research in 
aviation contrail formation modeling and mitigation.

AATTAAVPSFNP
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Airspace Operations and Safety Program with … 
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INDUSTRY
EXISTING + EMERGING

ACADEMIA

DOD and OGA SDO and NON-PROFIT

INTERNATIONAL

AOSP
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