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EXECUTIVE OFFICE OF THE PRESIDENT
NATIONAL SCIENCE AND TECHNOLOGY COUNCIL

WASHINGTON, D.C. 20502

February 2, 2010

Dear Colleague:

 To meet the aviation needs of our Nation now and in the future, the Federal government must 
continue to advance U.S. technological leadership in aeronautics by fostering a vibrant and dynamic 
aeronautics community that includes government, industry, and academia. A strong national  
program of research and development (R&D) for aeronautics technology forms the foundation of the 
U.S. aeronautics and aviation enterprise. Aeronautics R&D is critical for national security and  
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quality of life of our citizens.
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national aeronautics R&D challenges, goals, and supporting objectives to guide the conduct of U.S. 
aeronautics R&D activities through 2020 as called for by Executive Order 13419 (National  
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objectives in the National Plan for Aeronautics Research and Development and Related  
Infrastructure published in 2007.

 Of particular note, this Plan includes an important new goal regarding the integration of  
unmanned aircraft systems into the National Airspace System. In addition, this R&D Plan:
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Nation advances its technical leadership in aeronautics that is essential to our economic success and the 
protection of our security interests at home and around the globe.

Sincerely,

John P. Holdren
Assistant to the President for Science and Technology
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MOBILITY THROUGH THE AIR IS VITAL TO ECONOMIC 
STABILITY, GROWTH, AND SECURITY AS A NATION

���������������������
����
��������������
����������������������
���������������
��������������������
����������������������������������������������
���������� ������
�����������������
����������������
�����
������������������������
�������������������
���!�������������������������
�������������������
������"������#��#�����"���
���������������������������
����������������������������������������������"�
�����"�������������������������������$������	�����!�%
���������"�����$������	�����"����������������
���������������������������"����
������
����������������������
���������������������������
!�

INTRODUCTION
>
�	�	������
���������	�� 	����(���)����	
��
)��������	
�6���	�������'
����	
�������!%�����
D%
%���
�
!	�������!����
�������
����������'��	�	����
�!
����

�������'�
'����)-�	������
���
���
����������	
�����������
���%�.�	��	
���
���	������������	!�����O4=���	��	
���
�����
D%
%���
�
!��
���
������9%5�'�������
)��������	
�6����
����
!���	��'�
����%���������!	�&
�	
��A
����	���O"5$��	��	
��	���������������	!������
�������
�	������	���������	��	
��	����&
���%��������
�'����'�
����������'���������
��	��������������D%
%�!���)�����	�����'
���������
�
���	���������������'����
)��''�
�	!������O5���	��	
���
�����D%
%��������������%4������	���
!
�	�	������
���������	���	�����)-�	����H��	�	�	��������))
����	�	����
����
!!
���������
)����������
)��	����)����7�	��!�������������	�����#������������'�
A������'�����������������
�
���)-�#�	��������	����
�.!��	��6����
�
!	���������%�

.�� �� ������� 
)� ���� ��������
����	��� ��
�
!	�� ���!
	�� ���� ���� �
���	�	��� 
)� )���� '�	���#�
'�
A���	
���)
���	�����)-��	�������8�9��	!��'��	
����������	����
��	�������%�����1..6��)
��&
�����
)�������
����
)�'�����������'����!���������
'����	
������������88 ������8�9�����
����������������"9;=8P�	��	������!	����.����1
���������.1��
�!!�����88 ;�8�9�����
!&
'������
������.1�)
�������884;�8�9��	!��'��	
�%�/
������	��	��	�������	����
��
������������
���	�������������	��	
��H����	��)
��������
���
����!
����8P����	�������������4��������	���
����!
��� ��'���	��#� ���� �
'�	��	������ ����	��&'
������H���� �	�����	��� �
�
����)��� ����
����	���A���H������'�������
���
�����)
�������������
)�"%�P�����=% P#����'���	����#���������
�88 ��
��8�9��1..�1
��������88$�%�.��	�	
�����#�	���������
'����	
���	��
��	���������	����
A���#�D.
#��
�
����)�#��������
��	�����'�������	���������'
��	���%�������'�
A���	
������������
�
�	����������������	����	����!�����
�������.
�����8�9%�.��	�	
�����#�����8�9#�����'
��	&
�	�	�����	��������������	����)���	����	��	-�������������	�����	��'��)
�!�������'��	�	�	����	���
A
	������H������%�%#�����	�&�	����
����	����)�#���'���
�	�����	�����A���������!���������'
���#�
��������������
�
����)��%�����!���������!�	������������������8�9#������.
��������
����
�������������H��	�����
����
!!
��������	��	-�����	��������	��������!����
)�
'����	
��# ����
���������	��	-�������������	��������'��	�	�	���
)�����H���%��������	�
�!���������������.
�

W
 +�	����
��������
�	������������

L���
/�������
V�����
��
K����
��������
��
���
5%*%
/������
M
;������
?@@Y

 
����=>>���%���%���>�����>�����`���>���	k�������`������>���>��	��>?@@Y`/�������`V�����`������`���%�	�

Y
 ;���������
���
	����	
��
��{�����
��	
���	����%



� � � ��"

!�������
!!
�������'�
A������	��������	��������!����
)�
'����	
���
�������88=������	��$�
	����)�������
��������F.Q����	�
�!���G�������.���)�����
�������
����)���
��
�����88=���%�%#�
�% �� ��)���� �
�������	�
�!���� �
����
!!
������% � �	!��� ������!����
)�
'����	
��� �����

��������	���88=�%�1	�����#�����)�������.
�!�������'��������������'��	�	�	��������������
�
'�
�	���)
����	��	
�������	��#����	
���������	��������
!��������)����#�����������7�	����
������	
��	�����	�
�!������	!'�����)�
!���	��	
�%�

�����������������	����������������	
�6���	�����)-��!�����!���������!�	�����������	
����������
������������
)�����������!����������%����������!�	�������!��������	�	����
��
����'�������&
�	
���������������	��������!&�	����	''����))����%�,�������������	����������
����
�	�������#�
'���������#���	''���#������
����!���%�����)
���������
����	���	�������'
����	
��
��������
�������
����������������
���	��������
!!��	����
�������
�����	����)���
	��#��	��7���	��#�
�����
�����	
�%�>����!��(��&�����#���
�
!	���
���	
����
�������'��������
���������
�&
����	
�#� ����� ��� 	!'��!���	��� �
�����	
��'�	�	��� 
�������
'	��� ��� ��������	��� �
�-���&
�
!�&-���&�����������	��%�������������
�������)�������'�
�������%�,��'	���������'
����	���
����������!��
���	
��#�����������!����'���	��	
�����	���'
	����
����������)
����)����!������
�����)
�!��	
��
)������.
�)
���
��&���!���
���#���	���	������)
����
)�����<?,����
!&
!�����	
���	����	������	
�%�

.�!�������)
���������	���������'�
�!����
)��������)
�!����	�������'
����	
�������!�����
������	�����	��&������'((�)�����
�
�������������*��
�����+�����������*���	��E����8 &�45�%�8�
���� ���� ������	����� �� N
	��� *����	��� ����,����
'!�����)-��� �N*,��� ��'������	��� �	��
�
����!������'���!��������������	�����������'�	���������
���
������
'����������@��&
����	
��.	�������'
����	
��
����!������@���;�)
�!�������)�������
�����@.�
�%�����@���
�	�������	�������
���	
����������)
�!��	
��
)�����D%
%��	��'���������!��
���'��)
�!����&
�����#���������#�����
�(&�������������!�������	������H��	�����
����'���
�!����)�����������%�
.��	��	�������@����	�����7�	���)
�����������

��	������<?,��
���������(������	�	
���
������������������
�	������	��������!������)
�!��	
�%

:����������	
���
��!
�	�	���������������������	�
�!���#���	���
��!�����	�����)����
�)������
�������	
���
)�����������	����)���	��������������'��	�	�	�����	�������)
��
�	����
���	
�I�

J� F�G���)�����
��������������������	
��
)�����&���&�	����	����)�%
J� F�R�G���'������������������������	
��
)�����&���&�	����	����)�%
J� F�R�G���)�����
�����������	����)��	�������������	
���)�����R�#���	��������	(�����
�
�������
���	
������
�-�����	
����������������	���	��&�
��#��!������'���
�	��A���#�
���	��&�)-�	������
�����(�
))���������	�����������������
�
����)��%

J� F�R"G� ��)���� �
� ���� �������	
�� 
)� �	����)�� �)���� �R�#� ��	��� ����� ���!��	�������
	!'�
����'��)
�!������������������
	��������!	��	
��%�
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the Next Generation Air Transportation System Integrated Plan submitted to Congress as required in that legislation.

10 http://www.jpdo.gov/vision_100_law.asp.
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Goal 1—Develop reduced aircraft separation in trajectory- and  
performance-based operations (see p. 21)
<������� �	����)�� ��'����	
���	��� ��7�	��� ��!
��� �
� ���A���
��&������ 
'����	
��#� '��)
�&
!����&���������	���	
�#�������'����	�!���	)��	���
���
���	����������
���	
��
)����'
��	&
�	�	�	������������	��������
������������������!�����������
!��	
�%�.�������
���
)�����
'����	�!���	)��	��)
���������������
���	����)�����A���
�	��%�<��������	��
����A���
���'���	�&
�	
�#��������	�#������������	����	�������������)
����'����	
�����������#�����!	���	��'����
�
�-�����	
�#����)-��H
��!�����!���#����������������	�
�!������	!'����)
���
������&
�����
'����	
�������)��������'�������	���
'����	
������
�������H	�����
!�	��%

*��)
�!����&���������	���	
��'�
�	���������	��)
���������	���
)����
!�����H	����'����#�
�	��'���� ���	��#� �	����)�� ��'����	
�#� ���� 
�������� ���������� ���� ��-���� �
�� ��� �	����)��
�	����������������A���
��%�<��������	��
�����	������
���'���
)�
'����	
������������	�������&
�
�
�	���	���������)
�������������	����'����	
�����'
��	�	�	���)�
!���
�����
���
�������
�
�����
�('	�%�<��������
��!���
�
�
�	����
�������������������	�)
�!��	
��	��
�
'����	
�����
	�)
�!��	
���
����	����������	��
����	�	
����''
����

���)
�����������!���������	�����)&
-��!�����!���������!����
!��	
��	�����
���7�	���%������
�
�	�����''
��	���'
�	�	
�	��#�
���	���	
�#������	!	�����'��	�	�	�������(������������)
����'����	
��!�����!���%�,����
'&
	������������'
�	�	
�	��#����	���	
�#������	!	�����'��	�	�	��#� 	�����	��� 	����	)�	���)��&
�	�������(�'�#�	������	�	�������������)
���%���	�����������!����	�����	�������!������
���(���
����������
)���	��	�������)��������	
�	�����'��	�	�	����
���'��������������'	������
�	�������

)��''�	���	
��#���������.��
!��	��,�'�������
����	������&C�
������#�����������������	��&
�	
��������7�	�������	���	
��'��)
�!�����	���������!	����������&�
�������	�
�!����%�����
���������!�������
�	�����	�����	!'������
�'	�
�������
���
����������
������	����'���
����#�
���������	��	���
'����
���������!
����	����)��
'����
�����
�(�
��#������
�����������'
��	&



� � � ��4

�	�	�	���)
�����
!������
��������������%�.�
�����!�A
���������������������	���
���-�������
'�
'�����������	�����'
��	�	�	�����������������
�������������
�('	�%�1	�����#���	�����������
!������''
���������-�	�	
��
)�������'����	
�����������#�'�
��������)
�����A���
��&������

'����	
��#���������	-���	
��
)�������
���&������
�('	�&�����������!�#�	�����	���������&
���
'!����
)�!���
���)
�������3	���������)����
)�����'�
'
����������'����	
��'�
�������%

Goal 2—Develop increased NAS capacity by managing NAS  
resources and air traffic flow contingencies (see p. 21)
.����!������
��#���������� ���)-��!�����!���� �����	7����������
�� )
��&�	!���	
����
�	����)�����A���
����'�������������(����������	�)
�!��	
������
������	��'�������
����������
�
�����	������������������	�
�!�������
��	�����	
���	��
����
�����	��������7�	����	��
������
�
���������.
���'��	����
�)��������!���%�.����	���������	����������	������(��
�!��	!	3��
'&
����
��6�
''
����	�	����
��������������!��������������
��
�����	��H	������!���%����������
H	����'�������
�	��	
�������	!'�
�����	����	
�����������������������������
����
!!
�����

'����
��6�'��)������������	!'
��������	��	
���
�������������������%�
����!���'��	���	�&
�������� ���� �
������������!	������ ����������	��� ���� �	��'���#� �������!	������ ���
���	���
�����!� ���
������ �	�����	��� '�
'���#� ���� ��� '�
!'���� �
!!��	���	��� �����!� ������� �
�
���������%�<��������	����7�	�����
�	����	)��H��	�����	��'��������������#�	�����	����
�����&
	��#����A���
���'���	��	
��#��
����#�
��'��)
�!�������7�	��!����#������������������!	�������
��A�������
�!������!���%�:�����	�	
�#����������!���������!	�������'�
'�������
)���������
	�)
�!��	
�������!�����������
!��	
��������������))���	���	�������	
��
)���������	�)
�&
!��	
�� 	��
����	�	
�� ��''
��� �

��%������� 	�����������	�� �����'
����	
�����	�	
�� ��''
���
�

����	��� ��7�	��� ��������� ���� ���	����� 
�������	
��� ���� '�
���	�	��	���������� )
��������
�������	�����
!!
����������'	�������
�'�
�	���
'�	!����.
�'��)
�!����������@
���"�%�

����������
)��
���!	�	����������	�	�	���
'����
����	������������������
��������������
��&
�	
���)
���))���	����	��'������	�	3��	
�%���	����7�	�������������)
������
������������
���'���
)
���
����
���	����	�� ���)-��!�����!�����	���������	
��'�	���
��''�
'�	�����
����)
����&
!�����������
!��	
�%�,���!	����A���!�����
)��	��'�����
�-�����	
����
�!������!����
!����	���������	��������)-��H
��!�����!����)����	
�#�������	��	�������	
���	������
��!��&
�	'��� ��!'
���� ������I� ������#� ����
���#�!
�����#����(��#� ��	��#� �����
����%� C������� ����
)���������)-����!����	����'�������
���������	������H����!	����������
�����!	��
)�
'���&
�
��#��������)-��H
��!�����!�����
���'���!������������
'��%������
!'����	�������	
��
��������������'����	
��!�����!����)����	
�������������)-��H
��!�����!����)����	
��
!�������������������
����������������������
)����
���������)-���
!'���	���	���������	���

)����)-��H
��%�:�����	�	
�#��	��&����	������)-��H
�����'��	�����������
�����
��������	���

))&�
!	�����
��	�	
��#������������������	����)�����	�����)�
!�	������	��������A���
��%���	��
!�����7�	�����������������������	!	���	�������'���	��������
������
)����	��	
�� 	�� ���)-��
�'��	��� �������!�	���	�	��� ��)-�	���� ��'����	
�� 	�� ���� ���)-��H
��� �
� ��A���� )
�� ����&
'�������	���!�������%�<����������''
��	������������
'!����
)����)-��H
��!
������
����&
��!��	�����������������������
���'���	�����
���7�	�����
�����������	���
��%�



� � � �� 

Goal 3—Reduce the adverse impacts of weather on air traffic  
management decisions (see p. 21)
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Goal 4—Maximize arrivals and departures at airports and in  
metroplex areas (see p. 21)
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Goal 5—Develop expanded manned and unmanned aircraft system 
capabilities to take advantage of increased air transportation system 
performance (see p. 22)
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Table 1. Mobility R&D Goals and Objectives

Goal
Near Term
(<5 years)

Mid Term
(5-10 years)

Far Term
(>10 years)

Goal 1
Develop reduced aircraft separation 
in trajectory- and performance-
based operations (see p. 16)

Develop separation standards that vary 
according to aircraft performance and 
crew training

Develop nonradar 30-mile separation 
procedures for pair-wise maneuvers in 
oceanic airspace

Develop 5-mile nonradar separation pro-
cedures for current nonradar airspace

Develop positioning, navigation and tim-
ing precision requirements for fixed- and 
variable-separation procedures

Demonstrate self-separation in at least 
one airspace domain

Validate performance-based variable 
separation standards for multiple 
domains

Develop Automatic Dependent  
Surveillance-Broadcast 3- to 5-mile 
spacing

Develop positioning, navigation and timing 
(including backup) capabilities to support 
NextGen

Develop merging and spacing tools for 
continuous descent approaches that 
balance capacity and environmental 
considerations 

Establish the basis for separation stan-
dards to increase airspace density

Implement human-machine and air-
ground interaction methods in a highly 
automated air transportation system

Goal 2
Develop increased NAS capacity by 
managing NAS resources and air 
traffic flow contingencies (see p. 17)

Develop advanced airspace design 
concepts to support scalability to 3× 
operations

Develop Special Use Airspace and general 
aviation access procedures to maximize 
capacity to match demand

Develop dynamically adjustable advanced 
airspace structures—including flow 
corridors—scalable to accommodate an 
interim target of an environment support-
ing 2× operations 

Develop methodologies for the dynamic 
allocation of NAS resources 

Demonstrate dynamic allocation of NAS 
resources

Develop automated flight and flow 
evaluation and resolution capabilities to 
support Air Navigation Service Provider 
negotiations

Develop trajectory management methods 
for collaborative preflight routing including 
prediction, synthesis, and negotiation

Develop comprehensive strategies to 
translate weather information into opera-
tional impacts and integrate those impacts 
into decision support tools

Integrate weather information into flow 
management decision support tools 

Demonstrate gate-to-gate trajectory-
based flight planning and flow man-
agement to increase NAS efficiency, 
capacity, and reduce weather delays 
and environmental impact

Goal 3
Reduce the adverse impacts of 
weather on air traffic management 
decisions (see p. 18)

Develop resolution and accuracy require-
ments for weather observation and 
forecasting information 

Develop requirements for probabilistic 
weather prediction systems and methods 
for communicating forecast uncertainty

Develop technologies for sharing weather 
hazard information measured by on-board 
sensors with nearby aircraft and ground 
systems and vice-versa

Develop probabilistic weather forecast 
products that communicate uncertainty 
information

Integrate weather observation and 
forecast information in real time into a 
single authoritative source of current 
weather information

Develop air traffic management deci-
sion strategies to reference a single 
authoritative weather source, including 
understanding impacts of disparate 
interpretations of the data

Develop initial capability for net-centric 
four-dimensional weather information sys-
tem, including enabling fusion of multiple 
weather forecast and ground and airborne 
observation products and researching the 
roles of humans in applying operational 
expertise to augment automated, four-
dimensional weather grids

Develop severity indices for aviation 
weather hazards using observations and 
forecasted weather data for short-to-long 
range decision making

Develop capabilities to translate weather 
severity information into adverse weather 
information for operational use

Demonstrate NextGen Network-Enabled 
Weather capabilities to reduce adverse 
impacts

Goal 4
Maximize arrivals and departures 
at airports and in metroplex areas 
(see p. 18)

Develop traffic spacing/management tech-
nologies to support high-throughput arrival 
and departure operations while minimizing 
environmental impact

Develop technologies and procedures 
for operations of closely spaced parallel 
runways

Integrate weather information into termi-
nal area decision support tools

For a system that is scalable to 3× 
operations:

Reduce lateral and longitudinal 
separations for arrival and departure 
operations 

Demonstrate technologies and 
procedures to support surface 
operations 

Develop time-based metering for 
flows transitioning into and out of 
high-density terminals and metro-
plex areas to enable significant air-
space design flexibility and reduced 
environmental impact

Develop time-based metering of flows into 
high density metroplex areas

Develop performance-based trajectory 
management procedures for transitional 
airspace

Develop technology to display aircraft and 
ground vehicles in the cockpit to guide 
surface movement

Develop operations and procedures to 
integrate surface and terminal operations, 
especially in low-visibility conditions
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Goal
Near Term
(<5 years)

Mid Term
(5-10 years)

Far Term
(>10 years)

Goal 5
Develop expanded manned and un-
manned aircraft system capabilities 
to take advantage of increased air 
transportation system performance 
(see p. 19)

Develop validated multidisciplinary analy-
sis and design capabilities with known 
uncertainty bounds for N+1 aircraft, and 
develop procedures for the interaction of a 
variety of vehicle classes with the airspace 
system (including N+1, very light jets, 
UAS, and other vehicle classes that may 
appear in the system)

Develop validated system analysis and 
design capabilities with known uncer-
tainty bounds for N+2 and N+3 advanced 
aircraft, including their interaction with the 
airspace system

Develop suitable metrics to understand 
realizable trades between noise, 
emissions, and performance within 
the design space for N+2 and N+3 
advanced aircraft

Develop dynamic, need-based “fast-track” 
Federal approval process for airframe and 
avionics changes 

Develop aircraft capability priorities for 
NextGen through 2015 to support stan-
dards development and certification

Develop N+2 aircraft fleet and associated 
capabilities to support the development 
of procedures, policies, and methodolo-
gies for reduced cycle times to introduce 
aircraft and aircraft subsystem innovations

Continue development and refinement 
of procedures, policies, and methodolo-
gies supporting reduced cycle times 
for introduction of advanced (N+3 and 
beyond) aircraft and associated subsys-
tem innovations

Enable commercial supersonic aircraft 
cruise efficiency 15% greater than that 
of the final NASA High Speed Research 
(HSR) program baseline

Enable advanced technologies for N+2 
aircraft with significantly improved perfor-
mance and environmental impact

Enable commercial supersonic aircraft 
cruise efficiency 25% greater than that of 
the final NASA HSR program baseline

Enable the development of N+2 cruise-
efficient short takeoff and landing 
aircraft, including advanced rotorcraft, 
with between 33% and 50% field length 
reduction compared with a B737 with 
CFM56 engines*

Enable advanced technologies for N+2 
and N+3 aircraft with significantly im-
proved performance and environmental 
impact

Enable N+2 and N+3 commercial  
supersonic aircraft cruise efficiency 
35% greater than that of the final 
NASA HSR program baseline (through 
reductions in structural and propulsion 
system weight, improved fuel efficiency, 
and improved aerodynamics and air-
frame/propulsion integration)
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AVIATION IS VITAL TO NATIONAL SECURITY AND HOMELAND 
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Goal 1—Demonstrate increased cruise lift-to-drag and innovative 
airframe structural concepts for highly efficient high-altitude flight and 
for mobility aircraft (see p. 28)
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Goal 2—Develop improved lift, range, and mission capability for 
rotorcraft (see p. 28)
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Goal 3—Demonstrate reduced gas turbine specific fuel consumption 
(see p. 28)
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Goal 4—Demonstrate increased power generation and thermal  
management capacity for aircraft (see p. 28)
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Goal 5—Demonstrate sustained, controlled, hypersonic flight  
(see p. 28)
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Goal 6—Develop capabilities for UAS NAS integration (see p. 28)
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Table 2. National Security and Homeland Defense R&D Goals and Objectives

Goal
Near Term
(<5 years)

Mid Term
(5-10 years)

Far Term
(>10 years)

Goal 1
Demonstrate increased cruise lift-to-
drag and innovative airframe struc-
tural concepts for highly efficient 
high-altitude flight and for mobility 
aircraft (see p. 25)

Develop design methods for efficient, 
flexible, adaptive, and lightweight aero-
structures 

Demonstrate conformal load-bearing 
antenna elements and shape sensing 
subsystems

Demonstrate 20% delay in laminar to 
turbulent transition over a 30° swept 
laminar flow airfoil 

Demonstrate key component technolo-
gies for novel configurations with a sub-
stantial improvement in lift-to-drag ratios 
for unmanned intelligence, surveillance, 
and reconnaissance applications

Flight demonstrate novel aerody-
namic configurations with a substantial 
improvement in lift-to-drag ratios for 
unmanned intelligence, surveillance, 
and reconnaissance applications

Develop novel configurations for mobility 
aircraft through advanced aerodynamics 
and structural concepts 

Demonstrate key component technolo-
gies for novel configurations with >25% 
improvement in lift-to-drag ratios for 
mobility aircraft

Demonstrate novel configurations with 
>25% improvement in lift-to-drag ratios 
for mobility aircraft

Goal 2
Develop improved lift, range, and 
mission capability for rotorcraft 
(see p. 25)

Increase power to weight (+40%) and re-
duce noise of main rotor gearbox (–15 dB)

Increase power to weight (+70%) and re-
duce noise of main rotor gearbox (–20 dB)

Reduce vibratory loads 20%; improve 
forward flight efficiency 2%

Reduce vibratory loads 25%; improve 
forward flight efficiency 5%

Reduce vibratory loads by 30% and 
improve forward flight efficiency by 10%

Increase hover efficiency by 4% Increase hover efficiency by 7% Increase hover efficiency by 10%

Develop analytical tools and component 
technologies for advanced low-noise 
concepts

Flight test tactically significant acoustic 
signature reduction

Demonstrate 50% reduction in acoustic 
perception range

Goal 3
Demonstrate reduced gas turbine 
specific fuel consumption (see p. 26) 

Design and demonstrate high pressure 
compressor technologies for high overall 
pressure ratio propulsion systems through 
key component tests

Demonstrate a high-overall pressure 
ratio propulsion system enabling a 25% 
or greater specific fuel consumption 
reduction

Develop and demonstrate advanced 
propulsion concepts with variable cycle 
features and high overall pressure ratio 
enabling a greater than 30% specific 
fuel consumption reduction

Design and demonstrate variable cycle 
propulsion component technologies 
through key component tests

Demonstrate a variable cycle propulsion 
system enabling a 25% or greater specific 
fuel consumption reduction

Goal 4
Demonstrate increased power 
generation and thermal management 
capacity for aircraft (see p. 26)

Demonstrate 2× operating temperatures 
for power electronics

Demonstrate 5× increase in thermal trans-
port and heat flux for power electronics

Demonstrate 10× increase in thermal 
transport and heat flux for directed 
energy weapons

Demonstrate 4× increase in generator 
power density for directed energy  
weapons

Demonstrate 50% weight and volume 
reduction for aircraft power and thermal 
management systems

Demonstrate >60 W/kg power density for 
UAS rechargeable energy storage

Demonstrate 2× power density for UAS 
hybrid energy storage

Goal 5
Demonstrate sustained, controlled, 
hypersonic flight (see p. 26)

Demonstrate sustained, controlled flight 
at Mach 5–7 for a duration greater than 5 
minutes using an expendable airframe and 
hydrocarbon fuel

Ground test scramjet propulsion systems 
to 10× airflow of today’s scramjet 
technology

Increase effective heat capacity of 
endothermically cracked hydrocarbon fuel 
to extend vehicle thermal balance point 
beyond Mach 8

Demonstrate scramjets operable to 
Mach 10 on hydrocarbon fuel and to 
Mach 14 on hydrogen fuel

Ground test hypersonic vehicle compo-
nent technologies, including high- 
temperature structures, thermal protection 
systems, adaptive guidance and control, 
and health management technologies

Flight test air-breathing vehicle tech-
nologies beyond Mach 7 and durations 
greater than 10 minutes for application 
to space launch systems and possible 
reconnaissance/strike systems

Demonstrate a lightweight, durable 
airframe capable of global reach

Validate an optimum air vehicle solution 
that demonstrates an efficient thermal 
management approach to accommo-
date the combined thermal loads of the 
aero-thermal environment, integrated 
engines and internal vehicle subsystems

Goal 6
Develop capabilities for UAS NAS 
integration (see p. 27)

Develop a flight safety case modeling ca-
pability including data collection methods

Define the appropriate target level of 
safety and the process for evaluation

Validate and verify flight safety assess-
ment capability

Demonstrate rapid, routine flight safety 
assessments

Demonstrate sense and avoid capability 
for large UAS in low traffic environments

Demonstrate sense and avoid for full 
range of UAS sizes and multiple UAS 
in low density airspace and mixed fleet 
interactions

Demonstrate sense and avoid for full 
range of UAS in all classes of airspace 
including high density terminals and 
metroplex areas 
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FUNDAMENTAL SAFETY CHALLENGES TO OVERCOME
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Goal 1—Develop technologies to reduce accidents and incidents 
through enhanced vehicle design, structure, and subsystems  
(see p. 36)
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Goal 2—Develop technologies, for manned and unmanned systems, 
to reduce accidents and incidents through enhanced aerospace  
vehicle operations on the ground and in the air (see p. 36)
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the research requirements discussed not only here, but in the mobility and national security and homeland defense sections as well.
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Goal 3—Demonstrate enhanced passenger and crew survivability in 
the event of an accident (see p. 36)
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Table 3. Aviation Safety R&D Goals and Objectives

Goal
Near Term
(<5 years)

Mid Term
(5-10 years)

Far Term
(>10 years)

Goal 1
Develop technologies to reduce 
accidents and incidents through 
enhanced vehicle design, structure, 
and subsystems (see p. 32)

Develop vehicle health-management sys-
tems to determine the state of degradation 
for aircraft subsystems

Develop and demonstrate tools and tech-
niques to predict, detect, and mitigate in-
flight damage, degradation, and failures

Develop reconfigurable health-manage-
ment systems for managing suspect 
regions in N+2 vehicles

Develop and test adaptive-control 
techniques in flight to enable safe flight by 
stabilizing and establishing maneuverabil-
ity of an aircraft from an upset condition

Develop, assess, and validate methods 
to avoid, detect, and recover from upset 
conditions

Develop formal methods to verify and 
validate the safety performance margins 
associated with innovative control 
strategies, decision-making under 
uncertainty, and flight path planning and 
prediction

Develop improved mitigation techniques 
that prevent, contain, or manage degrada-
tion associated with aging, and show that 
tools and methods can predict the perfor-
mance improvement of these techniques

Deliver validated tools and methods 
that will enable a designer or operator 
to extend the life of structures made of 
advanced materials

Develop advanced life-extension con-
cepts (designer materials and structural 
concepts) by using physics-based 
computational tools

Goal 2
Develop technologies to reduce 
accidents and incidents through 
enhanced aerospace vehicle opera-
tions on the ground and in the air 
(see p. 33)

Validate and verify methods that enable 
improvements in pilot and controller 
workload, awareness, and error prevention 
and recovery, including during off-nominal 
scenarios, given the increased automation 
assumed in NextGen

Develop human-machine interfaces that 
enable effective human performance dur-
ing highly dynamic conditions and allow 
for flexible intervention to ensure safety

Develop formal methods to verify and 
validate the safety of complex airspace 
operations

Develop flight deck displays and automa-
tion to convey up-to-date weather condi-
tions and near-term forecasts

Investigate in-situ and remote observing 
systems, technologies, and architectures 
that will provide hazardous and other 
weather information

Develop an integrated flight deck system 
that alerts flight crews of all on-board 
and environmental hazards and defines 
and coordinates an appropriate, safe 
flight path 

Develop in-situ and remote observing 
technologies, systems, and architectures 
that will provide weather information to 
flight crews and air traffic controllers 

Develop high-confidence, flight deck 
decision-support tools that use single 
authoritative information source for 
shared decision-making between air 
traffic management and flight crew 
about weather and other concerns in 
planning a safe flight path

Develop advanced tools that translate 
numeric (continuous and discrete) system 
performance data into usable, meaningful 
information for prognostic identification 
of safety risks for system operators and 
designers 

Understand the concepts of degrada-
tion and failure as well as other potential 
safety issues associated with critical 
system functions integrated across highly 
distributed ground, air, and space systems 
(including UAS)

Develop advanced methods to automati-
cally analyze textual safety reports and 
extract system performance information 
for prognostic identification of safety risks 
for system operators and designers

Develop techniques to enable a priori 
safety assurance and real-time monitoring 
and assessment of critical system func-
tions across distributed air and ground 
systems (including UAS)

Develop fundamentally new data-mining 
algorithms to support automated data 
analysis tools to integrate information 
from a diverse array of data resources 
(numeric and textual) to enable rapid 
prognostic identification of system-wide 
safety risks

Validate and verify the safety of complex 
flight-critical systems (including UAS) in 
a cost- and time-effective manner

Goal 3
Demonstrate enhanced passenger 
and crew survivability in the event of 
an accident (see p. 35)

Develop occupant-restraint design tools 
that support occupant crash protection 
that is as strong as the fixed- and rotary-
wing aircraft structure

Validate integrated vehicle structure and 
occupant restraint tools

Validate integrated vehicle structure and 
occupant restraint tools for advanced 
concept vehicles

Develop analytical methodologies to mod-
el dynamic events in aircraft crashes to 
enable the development of lightweight and 
crash-absorbing airframe technologies for 
the fixed- and rotary-wing legacy fleet

Establish analytical methodologies to 
model dynamic events in aircraft crashes 
to enable the development of lightweight 
and crash-absorbing airframe technolo-
gies for advanced aircraft, including those 
made with advanced composite and 
metallic materials

Validate and verify analytical methods 
that model dynamic events in aircraft 
crashes for airframe structures

Assess and reduce flammability and 
smoke toxicity of advanced materials to 
be used in aircraft platforms

Determine fuel vapor characteristics of 
alternative aviation fuel spills for post-
crash survivability

Validate and verify methodologies to 
determine impact of alternative fuels on 
cabin material flammability and propul-
sion system fire safety and survivability



� � � �"4

ASSURING ENERGY AVAILABILITY AND EFFICIENCY 
IS CENTRAL TO THE GROWTH OF THE AERONAUTICS 
ENTERPRISE, AND THE ENVIRONMENT MUST BE 
PROTECTED WHILE SUSTAINING GROWTH IN AIR 
TRANSPORTATION  
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20 Air Transport Association, http://www.airlines.org/economics/energy/.



� � � �" 

�
	��� 	������ 	������� ��(�
))#� ����	��#� ���	� ���� ���	��� ���&�'M� �	����)�� H�	��� 
���� �����
7�	��� ������ ����� ��� ���	
���� '��(�M� ���� �
�	�� �

!�� ���
�	������	��� ��'���
�	�� H	���%�
.�	��	
���
	��� 	��'�	!��	�����7���	��&
)&�	)�� 	����� )
�� ����'���	�#�����
���� �������������
�
���
�	������������ 	!'����%�,��'	�����
�	����!'���	��
����	!���������	��7���	��� 	�����#�
�
	�����!�	�������(������	�
�!�������
����������������!	�����))
�����
�	���������	�'
���
��'��	��%�.	����)���
	���������	
������������	��
�	��������	�����������	���
����	
��
)�����
�����
�
�	��%�1������� �����
�
�����	��� ������	��� 	���
	��� ������	
���	��������������	��#�
�����
�������T�	���.	����)�������
�
���'�
���!#��'
��
��������.
.���������1..#�����
����
	�����.	����)��:�	�	��	��#������������>�������������:���	�����
)������
�
���������!&
��	����D�	����	��#��������	�����������
�
�	����)
�����	
��)
��)���������	��%�

�!	��	
��� 
)� �	��
���� 
�	���� �����#� ����
�� !
�
�	��#� ��������� ����
����
��� �/��#�
�
!��
)���	������������	-��������3���
����	��'
���������#�����'���	�������!�������*>������

)���������
������	�������	�	�	���
)��	�'
���%�

!������	���������������7����	-�����������	�(�
��'
����������
��	����)����������*>�����������������	
��	���	������!	��	
���
)�����(�����
��
��������
���'������
�������#����)���
�	����
��
�������/���
)��
���	���*>��
�!	�	��������	��
���
�	�������������	�(���'
����%��!	��	
���
)����#���������'
�#����#�
��#�����*>�	������
�''�����
'
�'��������������
�'������������
�
)��
��������������
)����	���	���������	��	�����
�))�����
�������6����	!���%�������	�����

������������	���������	�������)����!������'���&
	����������!	�����
)������))����
)��	����)�&��������������
����	!���#������������������	��	���
��!�	��	��
���'�����������������	���
)�����!���	�����
)���	!����	!'����������
���	��	
��
�����!	��	
��#��
����	��#������
����	�&	��������	�������
���%����� 	!'����
)�'���	��������
�������	���
���	��������	����	�������
��	����B���������7���������	!����������B��!�	��
'

�����������

�%�

FUNDAMENTAL ENERGY AND ENVIRONMENTAL CHALLENGES  
TO OVERCOME
:��
�����)
��������	��	
������
���
����������
��
��	�����
���
����������
�#��
���������
�����&
�	�
�!������	!'�����������������)-�	�����!����������������#������	�����������������
���
���	�
�!������
''
�	�	
�� �
� ���� �����	���
)� �	��'���� 	�� �
!��!�A
��!���
'
�	���������%�
.�	��	
��!�������
�����������	����#��	�����#������
��&�))���	������������''��%�S����������
�������	�
�!���������������)
����	��	
��	�����������)
��
�	��I�

J�,����
'!����
)���������	�����	��	
�� )����#� 	�����	�������������
'�	
��#���������&
���	����	�	�����
������	�����������
���������������!
����	�������������	�
�!��������
)�	�������������
����������������	����)�
!�'���
���!%�

J�.�!
��� �
!'����� ����������	��� 
)� ���� �
!'���� 	������'������	��� ����� ��	��� ��&
�������	����)���
	��#��!	��	
��#�����)���������	����7�	����)
�����(�	���������	������	��
���
��&����-�	���!�����%�

21
 L�����!�������
K������	�
���������	
����
��������
/��������
M
����=>>���%���%�	�>���������>�������>�������>���8}}>�}}�����	������%�	�


��	
L��������
V������
��
|����
��	
��������
���
�������
��
���
5����	
*�����
M
 
����=>>���%���%�	�>���������>�������>�������>���8}Z>���8}Z����������%�	�%



� � � �"$

J� :!'�
��!����	����7�	����	��������'��	�	����
�
'�	!	3���	����)���
	��#�)�����)-�	����#�
�����!	��	
���������	
�����	�����������������
�
�	��#�
'����	
����'�
�������#�����
�
!'����	
����!
����%�

J� 
�	���	-���������	��	���!����������������
�������� 	�)
�!��''�
'�	�������	
�%�
����
�������	��	���	�����������
��������	)�&������	!'�����
)���������	�����	��	
��)����M�����
	!'����
����	!����
)��	�������	��	
���!	��	
��#�����������������*>#������������)�
!�
�
���	���	
��
)��
����	��������������
��	�������
���)
�!��	
�M���������	!'����
)�*>�
������3���
����	��'
��������� )�
!���	��	
���!	��	
���
���	��7���	��%�S���'�
�����
�������	��	����
����
����
!��	��������''�
������)
��7����	)�	�����	��	
���!	��	
���
�������	����
�����	���	���	
�%���	��7����	-���	
��	�����
���	�	����)
��������	���	!'�����
�
���!���������%

J� :!'�
��!���� 	�� ���� !
���	��� 
)� '
�������� �
��������	
��� ��
���� �	�'
���� ����
���
���
��� ���� ��!
�'����� 	�� ������%� ���� ��	���	-�� �
!!��	��� ����!���� �
!��
'�
������	��7����	)�	�������������
)#���������!���	������
�	������	��#���	��	
�6��	!&
'���� 
�� ��	!���#� 	�����	��� ���� �����	
���	'�� �������� �
��&���!� 	!'����� �	(������
������
������	����	!'������	(�������!	��	
��#��
����	��#������	�������
���%�/
�����#�
������	�������������
��)�����
��������
���������''�
�����%�

ENERGY AND ENVIRONMENT R&D GOALS AND OBJECTIVES
����D�	����
������!���������	���))���	��������(�	�����	��	
�6����������������	�
�!������
	�������
����������H�	���'���	�������
��	�����
���A
����������-���
)�!
�	�	��������
������
��	��	
�����	�	�	����
��
���	!	�	�������7���	���
)��	)��)
�����	�������	�	���������	�'
���#���&
���������))������!���������#�
���
���	������
��
��������!�	!'���������������	!����������%�
:��
������
�!��	!	3������������-��#�D%
%����	�
�!������'
�	�������)�����������
�
�	����
��'��	�	�	����	���������
������	����%�>���	����������
��������
�A���	�����	������'�������
�
	!'�
����������������	�����%�%#���''����	����	������������������������)-�	�����M������&
�	
��
)�	!'�����
��'���	��������������
��
	��#��!	��	
��#������
!'�
!	����������7���	��M�
������������	
��	������	!'����
)���	��	
���!	��	
���
����
������	!���%

.��	��	��� ������ �
���� ��7�	���� �� �	��	-����� �������� 	�� ���� ������ 
)� ���� ���� 	�� ���!�� 
)�
�����
�
�����������������	��	
����'��	�	�	��%�����	����
���	���������!����	������'����	��
)�
�
��&���!#��������)
�����	
������������#�	�����	�����!
�'���	�������
!����	
�����!	����#�
H�	��!�����	���
)�	��������H
��#���
���	��#������
!'����	
������	����%�1
��'��'
����
)�
������������������	�
�!����<?,��
��������
�A���	���#�F������G�!����� �
��������� ����
�����
'!����
)������
�
�	���
�������!���
��������������''�
'�	������)��	�	��������������	�&
��������'��(��)
���
!!���	����''�	���	
��M�	!'��!�����	
���	��������
������	!���	���)
��
�����	������	�
�!������	!'������������	��	���������������	��%

Goal 1—Enable new aviation fuels derived from diverse and domestic 
resources to improve fuel supply security and price stability (see p. 43)
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Goal 2—Advance development of technologies and operations to 
enable significant increases in the energy efficiency of the aviation 
system (see p. 43)
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Goal 3—Advance development of technologies and operational  
procedures to decrease the significant environmental impacts of  
the aviation system (see p. 44)
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Table 4. Energy and Environment R&D Goals and Objectives

Goal
Near Term
(<5 years)

Mid Term
(5-10 years)

Far Term
(>10 years)

Goal 1
Enable new aviation fuels derived 
from diverse and domestic resources 
to improve fuel supply security and 
price stability (see p. 39)

Evaluate performance of alternative versus 
conventional fuels in associated systems, 
including consideration of certification 
processes

Enable affordable “drop in”a fuels that 
have large production potential, meet 
safety requirements, and are certifiable 

Explore renewable aviation fuels that 
reduce carbon footprints 

Enable renewable aviation fuels that 
meet safety requirements, are certifi-
able, have a large production potential, 
and are sustainable for aircraft and 
support systems

Evaluate alternative fuel-production 
impacts on the environment

Enable environmental best practices in al-
ternative and conventional fuel production

Enable technologies to ensure that new 
aircraft, fuel supply systems, and airport 
infrastructure are built to standards that 
allow the most environmentally benefi-
cial alternative fuels 

Goal 2
Advance development of tech-
nologies and operations to enable 
significant increases in the energy 
efficiency of the aviation system 
(see p. 40)

Define achievable energy efficiency gains 
via operational procedure improvements 

Research operational procedures to 
enhance fuel efficiency

Enable fuel efficient N+1 aircraft and 
engines (33% reduction in fuel burn com-
pared to a B737/CFM56)g

Research and enable new energy efficient 
operational procedures optimized for 
energy intensity (3–5% energy intensity 
improvementb for the energy efficient 
procedures over existing 2006 baseline 
procedures)

Enable fuel efficient N+2 aircraft and 
engines (at least 40% reduction in fuel 
burn compared to a B777/GE90)h

Enable new energy efficient operational 
procedures optimized for energy intensi-
ty (6–10% energy intensity improvement 
for the energy efficient procedures over 
existing 2006 baseline procedures)

Enable fuel efficient N+3 aircraft and en-
gines to reduce fuel burn by up to 70% 
compared with a B737/CFM56g (70% 
is a 25-year stretch goal and assumes 
significant advances in novel configura-
tions, engine performance, propulsion/
airframe integration, and materials) 

Enable metrics and first-order empirical 
analytical capabilities to evaluate fuel  
efficiency enhancement strategies

Develop advanced empirical analytical 
capability to assess and enhance fuel 
efficiency enhancement strategies

Enable physics-based simulation 
analytical capability to optimize fuel 
efficiency enhancement strategies
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Goal
Near Term
(<5 years)

Mid Term
(5-10 years)

Far Term
(>10 years)

Goal 3
Advance development of technolo-
gies and operational procedures to 
decrease the significant environmen-
tal impacts of the aviation system 
(see p. 42)

Research and develop ground, terminal, 
and en-route procedures to reduce noise 
and emissions and determine sources of 
significant impact

Develop and demonstrate advanced 
ground, terminal, and en-route proce-
dures to reduce significant noise and 
emissions impacts

Develop new approaches and models 
for optimizing ground and air opera-
tional procedures

Develop improved tools and metrics to 
quantify and characterize aviation’s envi-
ronmental impact, uncertainties, and the 
trade-offs and interdependencies among 
various impacts

Enable quieter and cleaner N+1 aircraft 
and engines (32 dB cumulative below 
Stage 4);c LTOd NOx emissions reduction 
(70% below CAEPe 2 standard)

Continue research to identify alternatives 
to lead as an octane-enhancing additive in 
aviation gasoline

Reduce uncertainties in understanding 
aviation climate impacts to levels that 
enable limiting significant impacts

Characterize PM2.5
f and hazardous air pol-

lutant emissions and establish long-term 
goals for reducing to appropriate levels

Research the technical challenges associ-
ated with achieving low NOx and very low 
CO2 and soot emissions

Enable N+2 aircraft and engines; (42 dB 
cum below Stage 4); LTO NOx emissions 
reduction (80% below CAEP 2)

Enable a 70% reduction in high-altitude 
emissions for supersonic aircraft  
(reference HSR configuration)

Continue to reduce uncertainties in 
understanding aviation climate change 
impacts to levels that enable reducing 
significant impacts

Enable physics-based analytical capa-
bilities to characterize environmental 
impacts of aviation noise and emissions

Enable N+3 aircraft and engines to 
decrease the environmental impact of 
aircraft (62 dB cumulative below Stage 
4 (a 25-year goal); LTO NOx emissions 
reduction better than 80% below 
CAEP 2)

Enable an order-of-magnitude reduction 
in high-altitude emissions for supersonic 
aircraft (reference HSR configuration)

Determine significant water quality  
impacts of increased aircraft operations

Enable anti-icing and deicing fluids 
and handling procedures to reduce 
water quality impacts determined to be 
significant

Enable environmentally improved air-
craft materials and handling of fuel and 
de-icing fluids

Develop predictive capabilities for rotor-
craft noise

Enable low-noise acoustic concepts for 
low-noise rotary-wing vehicles

Enable low-noise operation and  
high-speed, fuel efficient rotorcraft 

Enable ~15 EPNdBj of jet noise reduction 
relative to unsuppressed jet for super-
sonic aircraft

Enable ~20 EPNdB of jet noise reduc-
tion relative to unsuppressed super-
sonic aircraft exhaust

Enable reducing loudness ~25 PLdBi 
relative to military aircraft sonic booms

Enable reducing loudness ~30 PLdB  
relative to military aircraft sonic booms

Enable reduction of loudness ~35 PLdB 
relative to military aircraft sonic booms

Notes: 
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b Energy intensity is the ratio of energy consumption and economic and physical output. Potential metrics for aviation could be fuel consump�

tion per distance, per passenger distance, or per payload.
c Current noise standard for subsonic jet airplanes and subsonic transport category large airplanes,  

http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgFinalRule.nsf.
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e CAEP is the International Civil Aviation Organization Committee on Aviation Environmental Protection.
f Particles less than 2.5 μm in diameter.
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i PLdB = Perceived loudness in decibels.
j EPNdB = Effective perceived noise (level) in decibels.
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