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In the European fusion roadmap ITER is followed by a demonstration fusion power plant 
(DEMO), with the capability of generating several hundred MW of net electricity and 
operating with a closed fuel-cycle. The ongoing development of a conceptual design for 
DEMO implies predominantly engineering efforts. However, as input for these activities and 
for the identification of the optimum set of overall design parameters for DEMO, also a 
variety of open physics questions related to the feasibility or the performance of investigated 
DEMO designs must be answered. 
This contribution will provide an overview of essential DEMO physics gaps and illustrate 
some consequences on the DEMO design development. Furthermore several areas, in which 
the DEMO Physics Basis has been significantly developed in recent years will be discussed: 
 
ELMs: It has been shown that natural occurring type-I Edge Localized Modes (ELMs) are 
intolerable in terms of divertor loads in DEMO. We present an initial concept for ex-vessel 
Resonant Magnetic Perturbation (RMP) coils (n=1-3), which according to most recently 
developed criteria effectively mitigate ELMs in DEMO. Also, the question, if RMP ELM 
mitigation is sufficient for divertor protection, will be addressed. Alternative operation modes 
like QH-mode or I-mode, are also interesting DEMO options, for which several gaps must be 
reduced. 
 
Divertor protection: A multi-parameters scan with a reduced SOLPS version suggest that the 
protection of the DEMO divertor (standard x-point configuration, detached) for the no-ELM 
case respecting all important boundary conditions is possible. This result is currently 
validated with SOLPS versions representing more and more physics (e.g. kinetic neutrals). 
 
First wall loads: A key feature of the power exhaust strategy for DEMO is extensive impurity 
seeding, leading to significant loads through this channel. Also charged particle wall loads 
can be relatively high. An initial overview of static heat loads in the blanket area finds that the 
sum of radiation and charged particle loads can be locally critical when compared to the 
relatively low standard first wall heat load limits assumed for DEMO (~1MW/m2). 
Additionally, a set of worst case non-disruptive perturbations is analysed with respect to the 
evolution of first wall heat loads. 
 
Disruptions: A complete DEMO concept needs to demonstrate that the impact of disruptions 
on safety and machine protection is acceptable. This necessitates an accurate assessment of 
the evolution and destructive effects of relevant types of disruptions in DEMO – attention is 
focussed particularly on heat loads to the first wall/divertor and on runaway electron wall 
loads. Based on these assessments tolerable rates for disruption events can be determined. 
These rates need to be compared to predicted rates and mitigation factors, associated with an 
optimised machine design and plasma scenario; it is particularly challenging to establish 
reliable disruption rate estimates from present tokamak data.	
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