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Introduction:  Hostile environments such as 

the deep oceans, the Arctic, and outer space 

offer particular challenges to establish in-

struments to monitor the local environment.  

The pressure, extreme low temperatures, or 

the hard vacuum require specialized instru-

ments and power supplies. Development of a 

long-lived, compact power supply for hostile 

environments has eluded the research com-

munity for some time. The Center for Space 

Nuclear Research (CSNR) at the Idaho Na-

tional laboratory (INL) is developing small, 

compact, low-mass, power sources that can 

scale to power levels between 1 to 200 We 

and provide continuous power for decades.  

 

The basis of the technology is to efficiently 

convert the heat generated by the natural de-

cay of radioisotopes to electricity. The heat 

generated by the radioisotopes offers a clean, 

long-lived source of energy for instrumenta-

tion. Radioisotopes have a very high specific 

energy, j/kg, which is over 160,000 times that 

of chemical combustion. If converted to elec-

trical power with 25% efficiency, radioiso-

tope power sources have a specific energy of 

400,000 MJ/kg compared to the lithium ion 

batteries at 0.72 MJ/kg.  

 

Current NASA space power systems utilize 

the General Purpose Heat Source (GPHS) 

containing a radioisotope thermal inventory 

of about 250 W coupled to either a thermoe-

lectric or Stirling engine-based conversion 

process.  Thermoelectric-based conversion 

cycles suffer from low conversion efficiency 

while Stirling engines have moving parts, 

leading to concerns of long term reliability.  

The INL is researching the coupling of novel 

radioisotope heat sources to electrical power 

generation through thermo photovoltaic 

(TPV) conversion in order to produce a sys-

tem design with a target specific mass of 40 – 

80 kg / kWe.  

 

 Radioisotope encapsulation processes are 

being developed using nuclear material surro-

gates via the Spark Plasma Sintering (SPS) 

process. Surface emission spectrum tuning 

will be developed via modification of surface 

features, laser additive manufacturing, do-

pants, and other methods.  The optimized 

integral concept will be tested using a cus-

tom-built INL test facility.  These processes 

are being developed to assess the feasibility 

of producing compact, high temperature heat 

sources that have suitable mechanical strength 

while optimizing the surface emissions per-

formance for optical coupling with thermo 

photovoltaic converters. 

 

The CSNR is developing an electrically 

heated prototype of an RTPV power source.  

The unit is targeted to produce 5 We in a “D-

cell” size package and have a mass of around 

400 g.  The status of the effort will be dis-

cussed. 
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