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Space Technology: A Different Approach 

•  Strategic Guidance 
–  Agency Strategic Plan 
–  Grand challenges 
–  Technology roadmaps 

•  Full spectrum of technology programs that provide an infusion path to 
advance innovative ideas from concept to flight 

•  Competitive peer-review and selection 
–  Competition of ideas building an open community of innovators for the Nation 

•  Projectized approach to technology development 
–  Defined start and end dates 
–  Project Managers with full authority and responsibility 
–  Project focus in selected set of strategically defined capability areas 

•  Overarching goal is to reposition NASA on the cutting-edge 
–  Technical rigor 
–  Pushing the boundaries 
–  Take informed risk and when we fail, fail fast and learn in the process  
–  Seek disruptive innovation such that with success the future will no longer be a straight line 
–  Foster an emerging commercial space industry 
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Early Adoption 
by MD or OGA


TRL 3-4

>70% Competed

 < 30% Directed


TRL 1-2

100% Competitive  
Selection Process


Infeasible


TRL 3-4


TRL 5-6

>70% Competed

 < 30% Directed


Infeasible
 Infeasible


TRL 5-6


Technology Pull
Technology Pull


Ideas submitted from Industry, Academia, NASA, and Other Government Agencies


Adopted by 
MD or OGA


Early Adoption 
by MD or OGA


Future Technology-
Enabled 

Aeronautics, Science 
and Exploration 

Missions


Feasible 

Still TRL 1-2


Feasible Feasible 

Space Technology Allows for a Range of 
Technology Development Pathways 
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Management of Space Technology Programs 

•  The NASA Chief Technologist is the final authority of the Space 
Technology Programs. 

•  Management of the Space Technology Programs will report 
through the equivalent of Directorate Program Management 
Council (DPMC) within the Office of the Chief Technologist. 

•  Agency Reporting and Management:   
–  All Space Technology Programs will be subject to tailored versions of 

7120.8 at the Program Level 
–  As flight projects, the Technology Demonstration Missions will report 

through the Baseline Performance Reporting (BPR) and the Agency level 
PMC. These flight projects will be subject to tailored versions of 7120.5 

•  The Space Technology Programs (with exception of NIAC and 
Center Innovation Fund) have Level 2 Center Program Offices.  
–  The Center Program Offices report to Level 1 Program Executives at HQ 

who report through the OCT Division Directors to the NASA Chief 
Technologist. 
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Office of the Chief Technologist Organization 

Chief Technologist 

Deputy CT 

Space Technology Research 
Grants (GRC) 

NIAC 
SBIR/STTR (ARC) 

Centennial Challenges (MSFC) 
Center Innovation Fund 

Early Stage 
Innovation 

Grants / Activities 

Game Changing  
Technology 

Activities 

Tech Demonstration Missions 
(MSFC) 

Edison Small Satellite Missions 
(ARC) 

Flight Opportunities (DFRC) 

Crosscutting Capability 
Demonstration 

Projects / Activities 

Financial 
Management 

Partnership, Innovation 
and Commercial Space 

Strategic Integration Communications  
& Outreach 

Game Changing 
Development (LaRC) 

Franklin Small Satellite 
Subsystem Technology 

(ARC) 

Cross Agency Support Center Chief 
Technologists 
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Internal Technology Coordination Overview 

•  OCT established in February 2010


•  OCT has six main goals and responsibilities:

1)  Principal NASA advisor and advocate on matters concerning Agency-

wide technology policy and programs.

2)  Up and out advocacy for NASA research and technology programs. 

Communication and integration with other Agency technology efforts.

3)  Direct management of Space Technology Programs.

4)  Coordination of technology investments across the Agency, including 

the mission-focused investments made by the NASA mission 
directorates. Perform strategic technology integration.


5)  Change culture towards creativity and innovation at NASA Centers, 
particularly in regard to workforce development.


6)  Document/demonstrate/communicate societal impact of NASA 
technology investments. Lead technology transfer and 
commercialization opportunities across Agency.


•  Mission Directorates manage the mission-focused technology programs for directorate missions and 
future needs 


•  Beginning in FY 2011, activities associated with the Innovative Partnerships Program are integrated 
into the Office of the Chief Technologist 
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NASA Technology Integration Governance 

NASA Technology Executive Council 
•  The NASA Technology Executive Council (NTEC) is organized and chaired by the NASA 

Office of the Chief Technologist.  
•  Council membership includes the Mission Directorate AAs (or their designees), and the 

NASA Chief Engineer (or designee).   
•  The function of NTEC is to perform Agency-level technology integration, coordination and 

strategic planning 
•  3 Meetings completed:  June 10th, July 28th, and Sep 8th  

Center Technology Council 
•  The Center Technology Council (CTC) is organized and chaired by the NASA Office of the 

Chief Technologist. 
•  Council membership includes the Center Chief Technologist (CCT) from each NASA Center, 

and a representative from OCE. 
•  The CTC will focus upon institutionally funded activities and development of OCT programs. 
•  3 Meetings completed:  June 22nd, July 29th, and Sep 14th   
•  Center CTs: 

-  John Hines (ARC)   -  David Voracek (DFRC)  -  George Schmidt (GRC) 
-  Peter Hughes (GSFC)  -  Thomas Twik (JPL)   -  John Saiz (JSC) 
-  Karen Thompson (KSC)  -  Rich Antcliff (LaRC)   -  Andrew Keys (MSFC) 
-  Ramona Travis (SSC)  

Governance model approved in May 2010 
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Center Chief Technologists 

•  A Center Chief Technologist has been appointed at each NASA Center by the 
Center Director 

•  Center Chief Technologists responsibilities: 
–  Report to Center management. Serve as the principal advisor to Center leadership on matters 

concerning Center-wide technology development and leverage.  
–  Communicate Center technology capabilities through representation on Center Technology 

Council. 
–  Serve as Center POC for the NASA Center Innovation Fund. Responsible for reporting and 

programmatic management of the Center Innovation Fund at the Center level.  
–  Serve as Center focal point for Space Technology Research Fellowships. 
–  Lead technology transfer, SBIR/STTR and commercialization opportunities across the center, 

including activities of solicitation, evaluation, and selection. 
–  Serve as Center change agent, particularly regarding the workforce’s capacity to innovate. 
–  Document, demonstrate and communicate societal impact of Center technology 

accomplishments. 
–  Serve to encourage partnerships and inter-Center collaborations 

•  Center Chief Technologists have significant technical experience within the 
core competencies of their Center and also technical experience at other NASA 
Centers, within industry or academia. 

•  Center Chief Technologists not only have significant technical depth, but also 
the ability to think at a system-level and apply technical knowledge to 
significant societal challenges. 
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Space Technology Grand Challenges 
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Space Technology Grand Challenges 

9 
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Technology 
Roadmapping 
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Technology Roadmapping Background


•  OCT documented and received Agency-level concurrence on the 
“Process to Create and Maintain NASA’s Space Technology 
Roadmap (STR)” – released version posted with OCT policy 
documents at www.nasa.gov/OCT 

•  STR performs a ‘decadal’ survey that: 
•  Creates a set of 14 cross-cutting Technology Area (TA) 

roadmaps and links them to an integrated strategic roadmap 
•  Calls for internal and external stakeholder participation in 

roadmap development and review 

•  OCT’s Office of Strategic Integration (OCT/SI) was charged with 
developing, vetting, and executing the STR process
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Technology Areas (TAs) 

A-STAR TAXONOMY 

1 LAUNCH PROPULSION SYSTEMS 

2 IN-SPACE PROPULSION SYSTEMS 

3 SPACE POWER AND ENERGY STORAGE  SYSTEMS 

4 ROBOTICS, TELE-ROBOTICS, AND AUTONOMOUS SYSTEMS 

5 COMMUNICATION AND NAVIGATION SYSTEMS 

6 HUMAN HEALTH, LIFE SUPPORT AND HABITATION SYSTEMS 

7 HUMAN EXPLORATION DESTINATION SYSTEMS 

8 SCIENTIFIC INSTRUMENTS, OBSERVATORIES, AND SENSOR SYSTEMS 

9 ENTRY, DESCENT, AND LANDING SYSTEMS 

10 NANOTECHNOLOGY 

11 

MODELING, SIMULATION, INFORMATION TECHNOLOGY AND 
PROCESSING 

12 

MATERIALS, STRUCTURAL & MECHANICAL SYSTEMS, AND 
MANUFACTURING 

13 GROUND AND LAUNCH SYSTEMS PROCESSING 

14 THERMAL MANAGEMENT SYSTEMS 
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Agency Goals, Outcomes, and Objectives 
ESMD ARMD S OMD SMD 

MD Goals, Missions, Architectures & Timelines 
MD Technology Roadmaps & Prioritizations 

Center Technology Focus Areas 

OCT     ( (NTEC) 

15 Technology 
Areas  (TAs) 

Major Step A 
Collect MD  &  
Center Inputs  
to Select Tech  
Areas  

Major Step B 
Establish TA Teams 

Major Step C 
TA Teams Provided  
Common Approach Major Step  E 

Draft Roadmaps 
For Each TA 

Major Step  F 
Internal Review (OCT, NTEC) 
External Review (NAS/NRC) 

External & Internal 
Review 

Draft 
TA 

Roadmap 

Major Step  G 
TA Roadmap Updates & Prioritization 
Integrated Roadmap & Prioritization 

• Reference to Goal/Mission 
• Current SOA and Status 
• Funding, Plans, Priorities 
• Technical Challenges/Gaps 
• Prioritization Criteria 
• Phased Cost 
• Acquisition Strategy 

Deliverables:  
Decisional Information 

OCT 

(NTEC) 
TA Teams 

OCT 

(NTEC) 

Guidelines 
Assumptions 
Deliverables 

Final 
TA 

Roadmap 
Integrated 

Roadmap & 
Prioritization 

Major Step  D 
Form  S tarting Point 
For TA Roadmaps 

Past Road - 
maps;  MD  
and Center  

Inputs 

NASA Centers 

STR Process


We are 
here 
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External Review Process (NRC)


Using NASA-provided, draft TA roadmaps, the National 
Research Council (NRC) will: 

  Form technology area panels to review the draft technology area roadmaps 

  Hold focused workshops – primarily to ask externals to comment on drafts 
and to identify new and alternate ideas. 

  Develop an interim report that reviews the draft roadmaps along with 
outputs from the workshops, and provides suggested changes and 
improvements to the NASA drafts 

  Develop a final report that provides findings and recommendations for the 
NASA technology roadmaps 

  This activity is not affected by current Congressional debates (all bills call 
for NASA to build Agency technology roadmap/decadal survey) 

  Current Status:  NRC funding secured.  Contract signed.  Draft roadmaps 
are delivered to the NRC and available publicly. 
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STR Schedule

 Roadmapping Kickoff meeting with TA chairs   

 7/28/10 
 First cut, 1-pg TABS and TASRs provided by each TA  

 8/13/10 
 Presentation of Rev 1 Draft Roadmaps for NASA Review  

 9/15-16/10  
 Draft Roadmap Review comments due to OCT   

 9/27/10 
 TA team disposition of comments and report revisions  

 10/22/10 
 OCT approval of final “draft” TA roadmap reports   

 11/10/10 
 Draft NASA Roadmaps sent to NRC & widely distributed  

 12/2/10 
•  NRC kick-off meeting      

 1/25-27/11 
•  NRC panel meetings and workshops     2-4/11 
•  NRC Interim Report       8/11   
•  NRC Final Report       1/12 
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Setting Expectations 

•  The 14 TA Roadmaps were generated by the TA teams in 6 weeks 
•  The intent was to capture a comprehensive set of the phased 

technology needs to support future NASA missions & national needs 
–  Mission Pull:  Mission Directorate strategic plans were used to identify specific 

future missions requiring technology development 
–  Mission Push:  TA teams were also asked to identify specific emerging innovations 

and technologies within their domains that would enable missions to meet NASA 
strategic goals in ways currently not considered within the Mission Directorate plans 

•  However, view these DRAFT products in the proper context: 
–  The desire was to develop DRAFT products as a starting point for the NRC as 

quickly as practical 
–  Focus was NOT placed on formatting or final narrative quality 
–  Focus was placed on capturing known technical content by the Agency’s technology 

subject matter experts 
–  NRC would significantly augment the technical content by performing external 

reviews and soliciting external inputs through focused workshops 
–  No attempt occurred to develop cost estimates or comprehensive prioritizations 

•  The Bottom Line:   These are DRAFT products that serve as a starting 
point for the NRC, and NOT final NASA positions regarding technology 
roadmaps 
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Initial Draft Roadmaps Received, Internal Review 
Completed, & Publicly Available 
We now have draft 25 page reports in for each of the 14 
roadmaps on the OCT website  (reviewed by): 

–  MD POCs and whomever in NASA they ask to help 
–  Center Chief Technologists and up to 15 others they can ask 
–  OCT Division Leads and up to 3 others 
–  OCT SI members, especially the POCs to each roadmap team 

http://www.nasa.gov/offices/oct/home/roadmaps/index.html  

17 
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Long Term 

• Greater than 50% (game 
changing) recurring cost 
reductions 

• Greater than 50Ξ increase in 
reliability 

• Enable new capabilities 

Mid-term 

•  50% recurring cost reduction 

•  10Ξ increase in reliability 

• Enable new capabilities 

Near Term 

•  25% recurring cost 
reduction 

•  5Ξ increase in reliability 
BASELINE 

Shuttle, 
EELVs, Small 

Launchers 

EXAMPLE TA01:   
Benefits—Launch Propulsion System Goals 

2010 2015 2025 2020 2030 2035 
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EXAMPLE - TA01: 
Proposed Launch Propulsion Systems TABS 

1.1 Solid Rocket 
Propulsion Systems 

1.1.1 Propellants 

1.1.2 Case 
Materials 

1.1.3 Nozzle Systems 

1.1.5 Fundamental 
Solid Propulsion 

Technologies 

1.1.4 Hybrid Rocket 
Propulsion Systems 

1.2 Liquid Rocket 
Propulsion Systems 

1.2.1 LH2/LOX Based 

1.2.2 RP/LOX Based 

1.2.4 Detonation 
Wave Engines 
(Closed Cycle) 

1.2.3 CH4/LOX Based 

1.2.5 Propellants 

1.2.6 Fundamental 
Liquid Propulsion 

Technologies 

1.3 Air Breathing 
Propulsion Sys 

1.3.1 TBCC 

1.3.2 RBCC 

1.3.3 Detonation 
Wave Engines (Open 

Cycle) 

1.3.4 Turbine Based 
Jet Engines (flyback 

boosters) 

1.3.5 Ramjet/Scramjet 
Engines (accelerators) 

1.3.7 Air Collection & 
Enrichment System 

1.3.8 Fundamental Air 
Breathing Propulsion 

Technologies 

1.3.6 Deeply-cooled 
Air Cycles 

1.4 Ancillary 
Propulsion Systems 

1.4.1 Auxiliary Control 
Systems 

1.4.3 Launch Abort 
Systems 

1.4.4 Thrust Vector 
Control Systems 

1.4.5 Health 
Management and 

Sensors 

1.4.2 Main Propulsion 
Systems (Excluding 

Engines) 

1.4.7 Fundamental 
Ancillary Propulsion 

Technologies 

1.4.6 Pyro and 
Separation Systems 

1.5 Unconventional/ 
Other Propulsion 

Systems 

1.5.4 Beamed 
Energy / Energy 

Addition 

1.5.1 Ground Launch 
Assist 

1.5.3 Space Tether 
Assist 

1.5.2 Air Launch/Drop 
Systems 

1.5.5 Nuclear 

1.5.6 High Energy 
Density Materials/

Propellants 

1.0 Launch  
Propulsion Systems 
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EXAMPLE - TA01:  
1.1 Solid Propulsion Systems - Challenges (1 of 2) 

Solid Propulsion 
Systems 

Propellants 

Case Materials 

RSRMV – PBAN with Steel Case HTPB with Composite Case 
 ~10% boost in payload 

Adv. Green Prop. SRM with Composite Case 

Double mix  
& pour batch sizes 

Many bad combustion products such as Hydrochloric acid 
(HCl), Carbon monoxide (CO), Carbon dioxide (CO2), 
Chlorine (Cl2), Nitric oxide (NO), Nitrogen dioxide (NO2) 

Green Propellant 

Continuous mix 
& pour 

Damage tolerance limits and detection  
methods; Large composite cases handling  
and operations processing 

Steel Case 
Composite Case 

Current  Near to Midterm  Far Term 
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Fundamental 
Solid Propulsion 

Technologies  

EXAMPLE - TA01:  
1.1 Solid Propulsion Systems - Challenges (2 of 2) 

Nozzle Systems Domestic source for nozzle 
composite wrap materials 

•  Advanced NDE tools 
−  50 x faster than SOA 

•   Flaw data insertion FEM tools 
− 20 x faster than SOA 

•   Structural/ballistic tools 
− 125 x faster than SOA methodology 

Nozzle Thermal/Ablative Analysis 

Hybrid Rocket  
Propulsion Systems 

LM Hybrid 
Sounding  
Rocket 

Spaceship One  
Hybrid Rocket  
Motor 

High volumetric Hybrid 
Propellant at 250Klbf 
thrust class 

Hybrids replace SRMs on small 
and medium launchers 

Hybrids replace SRMs on heavy 
and super heavy launchers 

High volumetric 
Hybrid Propellant at 
1Mlbf thrust class 

Finite Element Analysis (FEA)  

Current  Near to Midterm  Far Term 
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EXAMPLE - TA01:  
Launch Propulsion Systems Technology Roadmap 

Key NASA Missions 
& Milestones 

SMD: 5-8 launches per year : mix of 3-4 small, 2-3 medium, possibly 1 large launch per year. Planned assuming existing launch propulsion tech base. Prop Tech 
enhancements identified to push into existing launch vehicle capability 

-   SMD Milestone 
-   ESMD Milestone 
-   ARMD Milestone  
-   SOMD Milestone 
-   Other 

Pull  Push 

Medium RBS Small RBS Heavy RBS Atlas V 1st  Flt New  
LOX/RP Engine 

TBCC 

RBCC Hyp Tech 
Validation Scramjet 

ISS Operations 

TDRS-K TDRS-L TDRS-M TDRS-N 

HEFT1st HLV 
Uncrewed  Flt  

HEFT 
Crewed 

NEO 

HEFT DRM 
1, 2  NEO 

HEFT 2nd HLV 
Uncrewed  Flt  

HEFT 1st HLV 
Crewed  Flt  HEFT 2nd HLV 

Crewed  Flt  

Mars 1st 
Mission 

HLPT LOX/
LH2 Eng 

Test 

HLPT LOX/
LH2 Eng 

Test 

HLPT US 
LOX/CH4 1st 

Flt Test 

HLPT LOX/
RP 1st Proto 

Eng Test 

HLPT LOX/RP DCR 
COTS 

Demo Flt 
COTS 

Demo Flt 
COTS 

Demo Flt COTS Crew 1st Flt Test 

Next Gen Large Space 
Telescope (10m shroud) 

Launch Vehicle Flights 
 Small Launch Vehicle 
 Medium Launch Vehicle 
 Heavy Lift Vehicle 
 Super Heavy Lift Vehicle 
 Advanced Combined Cycle 

EELVs replaced w/ RBS for 
up to 5 flts / yr 

HLVreplaced w/ RBS 

Hyp Op Space Access Vehicle 
ACES Op Flt Sys 

1.1  Solid Rocket 
Propulsion Systems 

Large Composite Case Operations and Handling Demo  

High Volumetric Efficiency  Hybrid  250k 
thrust demo 

Integrated hybrid booster demo ELV boost 
scale (250k lbf) Large scale High volumetric Efficiency +1M bf  Hybrid 

Motor Demo  
Integrated hybrid + 1M lbf  booster demo at RSRM scale  

Upper stage Variable thrust / multi 
burn motor demo 

HTPB Large Batch  Mix / Pour Demo 

High Energy Density Green Propellant Demo 
 HTPB Composite Case SRB 

Lt Wt. Low Erosion Nozzle Matl Dem 

High Energy Density Green Propellant 
Composite Case SRB 

Composite Case Damage Tolerance  & Detectability 
HTPB Continuous Mix / Pour Demo 

Advcd Composite Case and Structure Advanced Nozzle 

Domestic green Rayon  substitute 

1.2  Liquid Rocket 
Propulsion Systems 

U/S Eng (J-2X) 

RS-25E 

U/S CH4 Eng. 
Booster CH4 Eng. 

U/S RS-25 

Lrg HC Engine  

Common U/S Eng 
RS-25F Detonation Wave Eng. (CC) 

LOX/LH High Reusability Eng. 

Prop. densification 
Alt. Propellants 

 Combustion Devices Materials 

 Adv. Design Tools 

LOX/RP High Reusability Eng. 

LOX/CH4 High Reusability Eng. 
 Adv. Nozzles 

1.3  Air Breathing 
Propulsion Systems 

Ram/Scram Accel Combustion 

TBCC High-M# Turbine Accel 

Alt Ram/Scram Fuels 
Hi-Fi Integrated Design S/W 

Hi-Temp Ceramic Composites Detonation Wave Ignition Control 

TBCC Turbine/Scram Mode Trans 
RBCC Mode Trans 
Lightwt & Eff Air Liquifier 

Flyback Eng Vibration 

Actively Cooled Inlets/Nozzles 

ACES Rot Frac Dist 
Carbon/carbon nozzles 

RBCC 
Ejector 
Thrust 
Aug Ram/Scram Prop/Airframe Integration 

ACES Integrated System 

Air Cyc HX 

1.5  Unconventional/Other 
Propulsion Systems 

Gas-Comb. Catapult Maglev Catapult  

Lrg Subsonic Air Launch 

Microwave/Laser Rocket 

E-M Rail Gun 

Supersonic Air Launch 

MHD-augmented Rocket 

Laser Lightcraft 

Blast Wave Accelerator 

Hanging Tether 

Liquid & Gas Core NTR 
Low Energy Nuclear Reaction 

Fusion NTR 

Atomic and Metastable HEDM 

Nanopropellants 

Ram Accelerator 

Hydrogen Gas Gun 
Rotating Tether 

External Pulsed Plasma 

Advanced Solid Core NTR 

Polynitrogen HEDM 

2010 2015 2020 2025 2030 2035 

Fundamental High Volumetric Efficiency  Hybrid 
Propellant Tech Maturation 

DRAFT 

1.4  Ancillary Propulsion 
Systems 

Green Prop RCS Composite RP1 Prop 
Ducts/Valves 

High Power  
Electromechanical 
Actuator 

Advanced CoPVs 

Fully Redundant 
Separation System 

Green Prop APU for Hydraulic Pwr 

Adv IVHM of Integrated MPS 

Vectorable High 
Thrust LAS 

Large EHA 

Advanced/low cost 
cryogenic and RP-1  
components 

Corona Proof High Power 
Battery and Distribution System 

High T/W RCS System 
Automated Health Monitoring 
and Fault Recovery Using 
Advanced Sensors  

Purely mechanical separation subsystem 

Liquid prop integrated LAS 

22 
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EXAMPLE - TA03:  
Space Power and Energy Storage  

• Description 
•  Major power subsystems 

–  Power Generation/Conversion 
–  Energy Storage 
–  Power Management and Distribution 

•  Advances in Power and Energy Storage Technology: 
•  Enable high power robotic and crewed electric propulsion missions 

•  Enable solar and nuclear powered outer planetary science missions 

•  Enable green aviation 

•  Enable nano-satellite, and small planetary probes 

•  Enable missions with high radiation and extreme temperature environments (Venus, 

Europa, Mars polar, Lunar polar science missions) 

•  Enable in-situ resource utilization missions (ISRU) 

•  Enhance the capabilities of crewed exploration vehicles (for LEO, HEO, NEO & Mars 

missions) 

•  Enhance the capability of crewed surface habitats  

Graphic 

Advanced 
 Flywheels 

Power Beaming 

Power  
for UAVs 

Space Power 
and Energy 
Storage TA  

Power 
Generation 

Energy 
Harvesting   

Chemical 
(Fuel Cells,  

Heat Engines)  

Solar (PV & 
thermal)  

Radioisotope 

Fission 

Fusion 

Energy 
Storage 

Batteries 

Flywheels 

Regenerative 
Fuel Cells 

Power 
Management 
& Distribution 

FDIR 

Management 
& Control   

Distribution & 
Transmission 

Wireless 
Power 

Transmission 

Conversion & 
Regulation 

Cross Cutting 
Technology 

Analytical 
Tools 

Green Energy 
Impact 

Multi-
functional 
Structures 

Alternative 
Fuels 

Advanced Storage 
Power Management 

 & Distribution 

High Specific Power 
Solar Array 

PEM Fuel Cell 

Nano Solar 
Cells 

ASRG: 8 W/kg, 30% 

Top Technical Challenges 
Power system is typically 20-30% of spacecraft mass and costs 20% of the spacecraft 

budget. The overall challenge is to lessen these amounts and increase capability, 
specifically by creating: 

Power systems that  provide significant mass and volume savings ( 3-4 x  SOP ) 
High specific power solar arrays ( > 500 W/kg, < 2 kg/kW) 
Low specific mass nuclear power systems ( < 5 kg/kW) 
High specific energy batteries (500 Wh/kg) 
High specific power fuel cells ( 400 W/kg) 

Power  systems  with high voltage (100-1000 V), high power (100 kW- 5 MW)  capabilities. 
High Voltage & High Power Solar Arrays (1000 V; >100 kW) 
Nuclear fission (2 kWe;  40 kWe;  > 1 MWe Power Systems) 
Aneutronic fusion power system ( >50 MWe) 
High Voltage & High Power PMAD (100-1000 V;  100 kW-1 MW) 

Power systems with operational capability in extreme space environments 
Extreme Temperatures ( -100 to 450oC) 
High radiation environments (5 MRAD) 
Dusty environments 

Power systems with long life capability ( > 30 years), high reliability and safety 
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EXAMPLE - TA03:  
Power Generation: Radioisotope Power Systems 

State-of-Practice Systems 
•  SOP Systems:   GPHS RTG, 

MMRTG 
•  Performance Capabilities:  

–  6-8% efficiency,  
–  Specific Power 3-5 W/kg,  
–  Life: > 15 years 

•  Applications:  
–  Outer Planet spacecraft, Mars 

Rovers 
•  Limitations:  Low efficiency and 

heavy 

Advanced Radioisotope Power Systems 
•  Capabilities:  High Efficiency:  > 28%  Specific 

Power:  > 8 We/Kg;  Life > 14 years  
•  Challenges:  High efficiency power conversion 

systems with very long life capability. 
•  Status: SMD is developing advanced RPSs for 

future space science missions.  
•  Potential Space Applications: Outer Planet  

Flagship missions (Up to 1 kWe) &  Rovers, (1 - 
2 kWe)  

Space Shuttle 

Enables nuclear powered outer planetary science and Mars rover  

ARTG 
8 W/kg, 
10-15% 

ASRG 
8 W/kg, 30% TPV 8 W/kg, 

15% 



EXAMPLE - TA03:    Power and Energy Storage Roadmap DRAFT: 
9/13/2010 

>50 MWe, αΤ < 1.0 Space 
Fusion Power/Propulsion 

140 W/kg Passive 
 PEMFC 

80 W/kg Passive CC/
SOFC 

High Density Power w/ 
LCH4/LO2 propulsion 

2 kWe End-to-End 2 kWe Criticals 

> 5  MWe, α < 5.0 
Space Fission Power 

Regen. PEM  
>1500 Wh/kg 

High pressure PEM 
Electrolysis 

Cycle 1: 
>300 W/kg PV Array Specific Power 

>35% Efficiency 

Cycle 2: 
>500 W/kg 
>40% Efficiency 

Cycle 3: 
>1000 W/kg 

>50% Efficiency 

DC/DC Conversion 
0.2 kg/kW η=90% 

Smart RPC Design Flt 
Qualified 

>300 C Junction Temp 
Semiconductor Device 

Smart Grid Applied to Space 
Algorithms Flt Qual 

>100kW over 400km η = 60% Power 
Beaming (Laser /Microwave) 

200 Wh/kg 500 Wh/kg 2700 Wh/kg 
via Carbon 
Nanotube Fibers 

2 kW non-238Pu Deep 
Space  Power 

~100 MWe Aneutronic 
Reactor 

5 MWe End-to-End 

Space-qualified 
commercial SOA 
semiconductor parts 

Phase 1 Smart Power Bus 

5 W wireless power 
transfer η = 80% 

Phase 2 Smart 
Power Bus 

>Advanced, Low Switching 
Loss Semiconductor Devices 

Surface-to-Orbit 
Recharge Capability 

Venus Surface 
Mission 

FTD-4 ISS 
Demonstration 

HEO Long Duration 
EVA 

NEO SEP Robotic  
Mission 

NEO SEP/NEP 
Crewed  Mission 

Mars ISRU 
Robotic Mission Saturn/Titan 

Robotic Mission 

Human Mars NEP 
Mission 

2020 Aircraft:  50% fuel 
and CO2 Reduction 

2030 Aircraft:  70% fuel 
and CO2 Reduction 

DC/DC conversion 
0.05 kg/kW η=90% 

High Pressure Solid 
Oxide Electrolysis 

Regen SOFC 
>1500 Wh/kg 

5 MWe Criticals 

Advanced, Locally 
Powered Sensors 

Wireless Micro-
Power Bus 

Micro Stirling Power 
Generator 

Aneutronic Fusion 
Physics Proof 

Advanced Stirling 
Radioisotope Generator 

10 W Radioisotope 
Heat Source 

~100 MWe Aneutronic 
Fusion Power System 

Physics-Based Integrated 
Modeling 

Max Density RFC Storage  

High Mass Density, Low 
Self-discharge Storage 

Max Volumetric 
Density Storage,  

>50 MWe, αP < 1.0 
Space Fusion Power 

Legend: 
      =   Interim milestone 

      =   Technology at TRL 6 

      =   1st Mission Potential 

      =   Missions Envisioned 

      =   Propulsion Integration 
Rapid Response RFC Storage 

High Density 
Solar Power  

Max Density 
238Pu Power  

High Density Power w/ LH2/
LO2 propulsion 

High-g Survivable Power  

High Z-T 
Nanothermoelectrics 

Advanced Micro-
Power Bus 

5X Higher Power Density 
Carbon Nanotube 

Supercapacitors 

Nanoengineered 20%-wt 
H2 Storage Biofuels for Mars ISRU 

Boron Nitride Nanotube 
Structural Supercapacitors 

“Alternative” Radioisotopes 
and Fission Fuels 

Advanced Power Processing 
Units for Electric Prop. 

Ultra High Mass 
Density, Low Self-

Discharge Storage 
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Space Solar 
Power 

High Altitude 
Wind 

Advanced Nuclear 
& Energetics 

Geothermal 

Wave, Tidal & 
Ocean 

Green 
Transportation 

Efficiency & 
Co-Generation 

EXAMPLE - TA03:  
Where NASA Can Make a Difference In Green Energy 

NASA 
Expertise 

Terrestrial Energy 
Applications 

NASA 
Needs 

NASA-led Activities and Major Support Areas 

Solar Photovoltaic & 
Solar Thermal Systems 

Biofuels & 
Biomass 

Green 
Aviation 

Nuclear 
Subsystems 

Energy 
Storage & 

Distribution 
NASA Support of Projects 

Led by DOE and Others 
NASA Leadership 
Support or 
Monitoring 

Carbon Mitigation 

Wind Hydrogen 
Utilization 

Supergrids 

Energy Forecasting 

Pre-decisional -- for NASA internal distribution 
only 

OCT Draft Roadmap Review 
September 15-16, 2010 
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Technology Area Breakdown Structure 
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Future Work 

•  It is recognized that these draft reports are ‘need-driven’ as opposed 
to ‘budget-driven or budget-constrained’.  

•  Moving forward, cost estimates and prioritization will occur for 
individual technologies the proposed demonstrations – within and 
across TAs.   

•  These reports also need evaluation with better knowledge of ongoing 
investments by other government agencies, academia and industry. 

•  Further work is also needed to see how the TASRs can be integrated 
into a common overall roadmap.   

•  Updates will be necessary as individual Mission Directorates’ plans 
(technology development as well as mission sets) change.   

•  Nonetheless, the set of reports provides a critical snapshot of 
specific capabilities and challenges and how they can support 
NASA’s missions and strategic goals.  
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Next Phase 

•  The next phase of this activity will be led by the NRC through the ASEB.  

•  In this phase, we will be seeking inputs from across the community. 
–  This will involve NASA personnel and additional coordination efforts 

across the existing TA teams, and now will also involve personnel in other 
government agencies, academia and industry, as well as the public   

•  Key Point: the “c.g.” in this next phase is at the NRC.  

•  http://www.nasa.gov/offices/oct/home/roadmaps/index.html  
–  14 Draft technology area roadmaps 
–  STR Overview document, including the TABS 
–  Technology forecast document – NASA strategic plan, technology roadmaps, 

space technology grand challenges, and Mission Directorate technology plans 

•  http://sites.nationalacademies.org/DEPS/ASEB/DEPS_059552 
–  NRC technology roadmapping information 
–  Ability to comment on the draft technology roadmaps 


