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Abstract:  

 

Controlled fusion energy is an energy source of our future. There are many motivating qualities of 

fusion, such as a nearly unlimited fuel supply, zero greenhouse gas emissions, and its intrinsic 

safety (unlike fission reactors). However, controlled fusion has been elusive so far, and we have 

not been able to solve several key physics issues standing in the way of commercial fusion power, 

until now. A high fusion power density reactor system has been designed with an overnight capital 

cost that is competitive with conventional power sources. This reactor system utilizes recently 

discovered imposed-dynamo plasma current drive (IDCD) that enables the use of a more 

economical magnetic configuration known as a spheromak as opposed to mainstrain tokamaks or 

stellarators approaches. The philosophy of using presently available and cheap materials was used 

to reduce cost.  A sufficient tritium breeding ratio (TBR) required for a closed fusion fuel cycle 

has been confirmed using a Monte Carlo N-Particle (MCNP5) neutron transport simulation in a 

molten-salt blanket system. High temperature superconducting tapes (YBCO) were used for the 

equilibrium coil set, substantially reducing the recirculating power fraction when compared to 

previous spheromak reactor studies. With these advancements, an electrical output of 1000 MW 

from a thermal output of 2486 MW was achieved, yielding an overall plant efficiency of 

approximately 40%.  

 

Derek Sutherland is beginning his second year of a Ph.D program in the Department of 

Aeronautics and Astronautics at the University of Washington. He is a research assistant on the 

HIT-SI team under the auspices of Dr. Tom Jarboe. During his undergraduate career at MIT, he 

double majored in nuclear engineering and physics, with a focus on plasma physics and nuclear 

fusion. His work during his first year at the UW has primarily been focused on advanced fusion 

reactor design based on a magnetic fusion configuration known as a spheromak. He looks forward 

to continuing the development of economical fusion energy with his Ph.D work at the UW as the 

field moves forward in making the dream of controlled magnetic fusion energy into a reality! 


