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Operation in a future fusion reactor will aim to establish a high plasma core density in order to 

harvest a maximum output power.  This requires an efficient core fuelling actuator, capable to 

establish the required target value with a minimum of applied particle flux. Inefficient core 

fuelling will result in reduced plasma performance and/or intolerable amounts of Tritium within 

the fuel cycle. Injecting pellets - mm-size solid bodies produced from frozen fuel – from the 

torus inboard side is currently regarded as the only realistic option for the core fuelling task. 

Moreover, pellets have proven their potential to serve for other tasks as well – e.g. for ELM 

frequency control. If handled properly, the pellet actuator can be applied for simultaneous 

control of different plasma parameters. For the development of a potentially multi-tasking pellet 

launching hard- and software appropriate for reactor requirements, we have chosen a step-by-

step approach along the route ASDEX Upgrade (AUG), JT-60SA and EU-DEMO. The 

increasing machine size and pulse duration calls for larger pellets and quasi continuous ice 

production. The AUG pellet system is operating since more than 25 years, meanwhile optimised 

for high-speed inboard injection lasting a few seconds for either fuelling or ELM pacing. 

Techniques were developed for density measurements robust against strong short-term 

perturbations by the injected pellets and thereby allow to feed-back on performance parameters 

on a confinement time scale. Using a multi-parameter control scheme, we established a reactor-

relevant high-density high-confinement plasma regime. Currently, a novel and state-of-the art 

pellet system is being built for the new large superconducting tokamak JT-60SA. Its advanced 

design is based on the experience gained at AUG but will aim to extend the potential of a pellet 

system for extended high-performance operation lasting up to 100 s and enable simultaneous 

density profile and ELM control. This requires to manage both actuators simultaneously with 

one system. Finally, a conceptual design for EU-DEMO’s core fuelling actuator is under way. 

For this task, true steady state operation and even more control requirements as e.g. the 

adjustment of isotopic core composition for burn power control are becoming essential. The 

concept elaborated relies only on pellet technology already proven and reliable, yet it is 

concluded from modelling to be capable for granting the required operational plasma core 

density. Ongoing design optimisation takes care of keeping the fuel inventory as low as 

reasonably achievable while staying compatible with the detailed EU-DEMO design. In this 

context, integration of the pellet guiding system into the breeding blanket has turned out to be 

most crucial. 
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