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Studies for DEMO, the step after ITER, indicate that substantial current drive may be needed 

if steady state operation is envisaged at realistically achievable bootstrap fraction. On the 

other hand, since DEMO will be a point design without need for experimental flexibility, 

optimization of H&CD systems may follow a different route than for ITER. In this 

contribution, we assess the CD efficiency of ICCD, LHCD, ECCD and NBCD for DEMO case 

studies. This involves generating 1-d kinetic and current profiles by the transport codes 

TRANSP and ASTRA consistent with 0-d output from the PROCESS systems code. For a 

conservative DEMO design (R0=9 m, a = 2.25 m, Ip = 14 MA, ne,lav = 8.8 × 10
19

 m
-3

,  βN = 2.2, 

leading to Pfus = 1.6 GW and Pel,net = 500 MW), a ‘hybrid’ type H-mode temperature profile 

has been assumed, combined with a flat or peaked density profile and a ‘hybrid’ q-profile 

with q > 1 and flat shear. 

Local analysis of the CD capabilities of the individual systems shows that ICCD is best used 

for on-axis CD, while LHCD can exclusively drive far off-axis (ρ > 0.7) current for the profiles 

studies. For both systems, CD local efficiencies can be of the order of γ = 0.3, depending on 

SOL profiles which are important for coupling. Due to the constrained radial range, both 

systems cannot be used to individually synthesize the ohmic contribution to the current 

profile for the cases studied here, but it will be assessed how proper combinations of several 

systems can meet the target. 

ECCD and NBCD show more flexibility and can synthesize the desired current profile. This 

involves careful optimization of the launch geometry, indicating that for NBCD, there is not 

much flexibility, while ECCD can in principle be flexible if steerable launchers or tuneable 

gyrotrons are used. Local on-axis CD efficiencies are of the order of γ = 0.4-0.45, with off-axis 

(ρ = 0.4) values dropping to γ = 0.25-0.3 for ECCD while NBCD efficiency increases up to γ = 

0.55 in the best case. Consequently, NBCD has a global CD efficiency of <γ> = 0.4 to replace 

the missing Ohmic current while ECCD has a lower efficiency of  <γ> = 0.31, but still well 

beyond typical values reported in previous studies using a different optimization strategy. 

In the conservative DEMO design studied here, technology contraints limit the NBCD beam 

energy to 1 MeV and the gyrotron frequency to 250 GHz. We note that the values above 

have been obtained using 1.5 MeV and 280 GHz, respectively, and it will be evaluated what 

the impact of reducing these values to the more conservative ones will be.  
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