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Two-day webinar focusing on three nuclear 
systems followed by 500+ participants

• Nuclear Propulsion Systems
– Nuclear Thermal Propulsion

– Nuclear Electric Propulsion

– Plasma based Propulsion

– Direct Fusion Drive

• Nuclear Power Systems
– Radioisotope Thermoelectric Generators

– Radioisotope heater Units

– Fusion (PFRC)

• Nuclear Surface Power Systems
– Fission

– Fusion

• The purpose of the webinar was to 
present the status of development of 
these systems and outline some 
prospects in this area

• 505 participants attended (out of 
546 registrations) from 66 Member 
States

Presentations, abstracts and recordings are available at

https://www.iaea.org/topics/nuclear-technology-and-applications/webinars/atoms-for-space-nuclear-systems-for-space-exploration 3

https://www.iaea.org/topics/nuclear-technology-and-applications/webinars/atoms-for-space-nuclear-systems-for-space-exploration


6 Talks / 2 days

1. Progress towards space nuclear power objectives | Mr Vivek Lall (General 
Atomics Global Corporation)

2. Developing the VASIMR® Engine Historical Perspective, Present Status and 
Future Plans | Mr Franklin R. Chang Díaz (Ad Astra Rocket Company)

3. Application of Space Nuclear Power Sources in Moon and Deep Space 
Exploration Missions in China | Mr Hui Du (Beijing Institute of Spacecraft 
System Engineering)

4. Promises and Challenges of Nuclear Propulsion for Space Travel | Mr William J 
Emrich (NASA)

5. Fusion Propulsion and Power for Advanced Space Missions | Ms Stephanie 
Thomas (Princeton Satellite Systems)

6. NASA Investments in Space Nuclear Fission Technology | Mr Anthony 
Calomino (NASA)

Day 1

Day 2
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Agenda

https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/Atoms%20for%20Space/01_GA%20Progress%20towards%20space%20nuclear%20power%20objectives.pdf
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/Atoms%20for%20Space/02_Ad%20Astra%20Rocket%20Company%20Developing%20the%20VASIMR%20Engine%20Historical%20Perspective%2C%20Present%20Status%20and%20Future%20Plans.pdf
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/Atoms%20for%20Space/03_Beijing%20Institute%20of%20Spacecraft%20System%20Engineering.pdf
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/Atoms%20for%20Space/04_Emrich%20Promises%20and%20Challenges%20of%20Nuclear%20Propulsion%20for%20Space%20Travel.pdf
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/Atoms%20for%20Space/05_PSS%20Fusion%20Propulsion%20and%20Power%20for%20Advanced%20Space%20Missions.pdf
https://nucleus.iaea.org/sites/fusionportal/Shared%20Documents/Atoms%20for%20Space/06_NASA%20Investments%20in%20Space%20Nuclear%20Fission%20Technology.pdf
https://www.youtube.com/watch?v=shL3hSJ60hQ&feature=youtu.be
https://www.youtube.com/watch?v=VyZzUoV39aY&feature=youtu.be
https://www.iaea.org/sites/default/files/22/02/evt2106125-agenda.pdf


Key Messages

• A transportation paradigm shift is needed to enable humans to truly become a space 
faring specie

• Nuclear enables higher energy systems that operate continuously in 
extreme environments

• Nuclear propulsion systems can enable robust exploration to Mars and beyond and is 
crucial for fast deep space crewed interplanetary missions

• For surface exploration missions, space nuclear power system is a very promising 
choice

• For missions that need high electric power output, such as manned Mars mission and 
space ferries, fission or fusion reactor-based power system can be a very competitive 
choice

• Promising research and development is ongoing and was discussed – nuclear 
thermal propulsion, nuclear electric propulsion, plasma-based propulsion and direct 
fusion drive

From IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022
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A rapidly emerging space market

Adapted from, Chang Díaz, F., Ad Astra Rocket Company, Developing the VASIMR® Engine Historical Perspective, Present Status and Future Plans, Thomas, S., Princeton Satellite Systems, Fusion Propulsion 

and Power for Advanced Space Missions, and Calomino, A.,NASA, NASA Investments in Space Nuclear Fission Technology

(IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022) 6



Nuclear propulsion systems



Adapted from, Chang Díaz, F., Ad Astra Rocket Company, Developing the VASIMR® Engine Historical Perspective, Present Status and Future Plans, and Lall, V., 
General Atomics Global Corporation, Progress Towards Space Nuclear Power Objectives (IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 

15-16 February 2022)

Nuclear electric propulsion

• Nuclear power of at least 
1 MWe, mass/power 
ratio (kg/kWe) 
substantially lower than 
the current state-of-the-
art, Isp > 2000 s

• Key technologies include 
nuclear fuel design & 
manufacturing, 
thermal‐to‐electric power 
conversion, large 
deployable composite 
radiators, high‐power 
electric thrusters 
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(NEP) Manned Mars exploration

• China Academy of Space Technology (CAST) conducted a conceptual 

study on nuclear-powered manned Mars exploration mission in 2015

• 511 day round trip, 4 astronauts, 30 day stay on the Mars surface.

• Envisioned to be launched in 2033.

• Fission reactor based electric power system: 10MWe.

• High thrust electrical propulsion systems to be used

Adapted from Du, H., Beijing Institute of Spacecraft System Engineering, Application of Space Nuclear Power Sources in Moon and Deep Space Exploration Missions in China
(IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022). 9



Adapted from, Chang Díaz, F., Ad Astra Rocket Company, Developing the VASIMR® Engine Historical Perspective, Present Status and Future Plans,(IAEA Webinar 
Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022)

(NEP) Plasma rocket - VASIMR
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Nuclear thermal propulsion
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Direct Fusion Drive

Adapted from, Thomas, S., Princeton Satellite Systems, Fusion Propulsion and Power for Advanced Space Missions,

(IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022). 12



Nuclear power systems



Nuclear Power Systems
• China presented on use of nuclear power systems for  

space programme

– Chang’e-3 (2013) was the first space mission of China that applied 

space nuclear power sources – used RHUs

– The Chang’e-4 (2018) lander and rover, made the humankind’s first 

soft landing on the far side of the moon – used RTGs and RHUs 

• Applied:
– Principles Relevant to the Use of Nuclear Power Sources 

in Outer Space

– Guidance contained in Safety Framework for Nuclear Power 

Source applications in Outer Space

• Jupiter Flyby 

– Flyby Jupiter and further planets

– RTG are needed for the mission

• Solar system boundary exploration

– Option 1: RTG powered spacecraft with less scientific payloads.

– Option 2: fission reactor powered spacecraft with more scientific 

payloads
Adapted from Du, H., Beijing Institute of Spacecraft System Engineering, Application of Space Nuclear Power Sources in Moon and 
Deep Space Exploration Missions in China
(IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022).

14



Fusion: Princeton Field-Reversed Configuration

Adapted from, Thomas, S., Princeton Satellite Systems, Fusion Propulsion and Power for Advanced Space Missions,

(IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022). 15



Surface power systems



Nuclear Surface Power

17
Adapted from Calomino, A.,NASA, NASA Investments in Space Nuclear Fission Technology
(IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022)



Challenges

• Technical challenges
– Long life: usually more than 10 years, or even 30 years

– Thermo-electric conversion: high conversion rate, reliable

– Heat dissipation: especially difficult for fission reactor powered missions. Need 
very large dissipation area

– Technology readiness level: new technologies are not ready yet

• Safety challenges
– Dedicated regulations are needed (vs ground-based nuclear systems)

– Safety design and tests are very important

• Financial challenges
– Pu238 is quite expensive 

– Development of space qualified RTG and fission reactor power systems is also 
very costly

Adapted from Du, H., Beijing Institute of Spacecraft System Engineering, Application of Space Nuclear Power 
Sources in Moon and Deep Space Exploration Missions in China
(IAEA Webinar Atoms for Space: Nuclear Systems for Space Exploration, 15-16 February 2022). 18



Conclusions

• Nuclear space technology has advanced in recent years, and new concepts are being researched and 

developed.

• NASA’s priority focus is on designing, building and demonstrating a low enriched uranium fission surface 

power system that has broad applications for the lunar surface initiative as well as for NASA eventual 

mission to Mars with humans, scalable to power levels above 100 kWe, and has the potential to 

advance NEP system needs.

• Direct fusion driven (DFD) propulsion could be advantageous because it offers a path to routine crewed 

missions to Mars, crewed missions to the outer planets, and deep space high speed robotic missions, 

with reduced trip times, increased payloads, and high available power. A few kilograms of (deuterium 

and Helium-3) fuel could power a spacecraft for ten years.

• Safety of space nuclear power source applications is paramount. The Joint Expert Group work and 

the Safety Framework widely referenced during the webinar.

• A dedicated workshop on NPS applications in outer space would be timely and useful for reviewing and 

discussing the multitude of concepts under development, which could not be fully covered in the 2-day 

(4 hours total) webinar.
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Webinar Links

• Agenda with presentation abstracts

• Webinar Recording Day 1

• Webinar Recording Day 2

https://www.iaea.org/sites/default/files/22/02/evt2106125-agenda.pdf
https://www.youtube.com/watch?v=shL3hSJ60hQ&feature=youtu.be
https://www.youtube.com/watch?v=VyZzUoV39aY&feature=youtu.be


Thank you!


