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Improvements of Heating & Current Drive (H&CD) systems are being investigated for a demonstration fusion
power plant DEMO to deliver net electricity for the grid around 2050 [1]. Compared to ITER, which has to
show the generation of 500 MW thermal power, the target of DEMO is the successful production of 300 to 500
MW electrical power to the grid and to aim for a self-sufficient Tritium fuel cycle [2]. Three H&CD systems
are under development for DEMO in Europe, the Electron Cyclotron (EC) System, the Neutral Beam Injection
(NBI) System and the Ion Cyclotron (IC) System.
Based on present studies [3] for plasma ramp-up, ramp-down and flat top phases, to be further validated in
more detailed simulations, the assumed total launched power needed from the H&CD system in DEMO is in
the range of 50-100 MW, to be provided for plasma heating and control.
Among other topics, the paper describes the new designs and R&D status of H&CD systems considered for
their deployment in DEMO in Europe and the impact of the H&CD configurations on their performances
based on those areas described in the European fusion electricity roadmap [4] for the integrated design and
system development. These configurations encompass the operation of NBI with reduced Caesium consump-
tion, with modular ion sources and improved injector wall-plug efficiencies, EC system with increased gy-
rotron frequencies above ITER ones, as well as multi-purpose and frequency step-tunable radio frequency
sources, and related strategies for the fabrication of large Brewster angle diamond windows, together with
EC launcher designs compatible with a fusion power plant environment, avoiding front-steering by using
different launcher concepts.
The project also elaborates on new solutions to further increase the wall-plug efficiencies of H&CD systems
based on more advanced concepts, with the target to reduce the recirculating power fraction in future fusion
power plants. Different studies under investigationwill be discussed such as, for NBI, the photo-neutralization
and, for EC, new concepts for gyrotron multi-stage depressed collector.

This work has been carried out within the framework of the EUROfusion Consortium and has received funding
from the Euratom research and training programme 2014-2018 under grant agreement No 633053. The views and
opinions expressed herein do not necessarily reflect those of the European Commission. With special thanks to
whole WPHCD team for the durable, constructive and fruitful collaboration.
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