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CLIC power and energy studies
Alexej Grudiev, Akira Yamamoto, Walter Wuensch, Steinar Stapnes 

New power estimate for CLIC – focus on 380 GeV, design  and technical 

developments (RF, magnets, infrastructure)

Energy use, cost studies and energy sources  



CLIC layout, power generation

140 ms train length - 24 ´ 24 sub-pulses 
4.2 A - 2.4 GeV – 60 cm between bunches 

240 ns 

 24 pulses – 101 A – 2.5 cm between bunches 

240 ns 
5.8 ms 

Drive	beam	 me	structure	-	ini al	 Drive	beam	 me	structure	-	final	

Drive-beam (low energy, high intensity, long pulses) created by 

klystrons
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Note: We also study a klystron 

driven 380 GeV version – replacing 

the drive-beam complex on the 

surface with modulators, klystrons 

in the tunnel 



CLIC cost and power optimisation

• CDR 2012: Cost and power estimated (bottom up, PBS based, focus 3 

TeV machine but also 500 GeV estimated – less precise/partly 

based on scaling from higher energies)

• 2016: Cost and power update for 380 GeV drivebeam based machine 

made

• Still a very limited exercise:

• Optimize accelerator structures, beam-parameters and RF 

system -> defines machine layout for 380 GeV 

• Remove pre-damping ring for electrons, scale DB better, 

some other minor changes  

• Largely scaling from 500 GeV

Yellow report: New 

reference plots for power, 

costs, luminosities, 

physics, etc

https://cds.cern.ch/record/2210892?ln=en
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CLIC parameters



During 2017-18

• Project breakdown structure (PBS) of the costing tool has been used both for the Drive Beam and Klystron –based 

options in order to insure the consistency of the power and the cost estimate

• Operating (not the specification) values have been used as much as possible for the RF power sources and magnet 

power supplies

• Key design and technical changes:
– Injector optimized 

– CV, EL and other infrastructure re-evaluated 

– Development of high efficiency klystrons (see talk of Steffen Doebert)

– Special consideration for X-band klystrons (see later in this talk)

– Drive beam energy is reduced from 2.4 to 1.9 GeV, more optimized RF system 

– Different design of the BDS at 380 GeV 

– Magnet development (see later) 

– Instrumentation, alignment and stabilization systems checked

– etc

• First real bottom up estimate at 380 GeV 



Reducing the power for the klystron based version











Magnets  

ZEPTO (Zero Power Tuneable Optics) project is a 

collaboration between CERN and STFC Daresbury Laboratory 

to save power and costs by switching from resistive 

electromagnets to permanent magnets. 

1.5 TeV power



High strength quadrupoles
High strength Drive Beam quadrupole (tunes 60.4 to 15.0 T/M). Uses 4 NdFeB blocks (18x100x230 mm) with Br=1.37, requires 64 mm motion range.  

Built and tested at Daresbury and CERN.

Meets to needs of CLIC DB



Low strength quadrupoles
Low strength Drive Beam quadrupole (tunes 43.4 to 3.5 T/M). Uses 2 NdFeB blocks (37.2x70x190 mm) with Br=1.37, requires 75 mm motion range.  

Built and tested at Daresbury and CERN.

Meets to needs of CLIC DB
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Power

Power estimate bottom up (concentrating on 380 GeV systems)

• Very large reductions since CDR, better estimates of nominal settings, much more 

optimised drivebeam complex and more efficient klystrons, injectors more optimised, etc

Further savings possible, main target damping ring RF 

Did not revise 1.5 and 3 TeV numbers, some possible gains also there (10-15%) but were 

much better estimates already in 2012.   
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Energy

From running model (above) and power estimates at various 

states – the energy consumption can be estimated

CERN is currently consuming ~1.2 TWh yearly (~90% in 

accelerators), increasing to 1.4 for HL LHC 

Ramp up: 

• 10, 30, 60% lum at stage 1

• 25, 75% stages 2,3 



Energy studies - I
(Fraunhofer)

Topic 1:

CLIC is normal conduction, single pass, can change off-on-off quickly, at low 

power when not pulsed 

Specify state-change (off-standby-on) times and power uses for each – see 

if clever scheduling using low cost periods, can reduce the energy bill



Energy studies - II
(Fraunhofer)

Topic 2:

• It is possible to fully supply the annual electricity demand of the CLIC-380 by installing local wind and PV generators 
(this could be e.g. achieved by 330 MW-peak PV and 220 MW-peak wind generators, at a cost of slightly more than 
10% of the CLIC 380 GeV cost)

• However, self-sufficiency during all times can not be reached and only 54% of the time CLIC could run independently 
from public electricity supply with the portfolio simulated. 

• About 1/3 of the generated PV and wind energy will be available to export to the public grid even after adjusting the 
load schedule of CLIC. 

• Additional, the renewables are most efficient in summer, when prices are low anyway 

Topic 3: 

• The use of waste heat to generate electricity is technically difficult due to the low temperature of the waste heat. The 
heat would have to be raised to a significantly higher level and more electricity would be consumed than can be 
generated again in the later process. 

• A reasonable option is to use the waste heat to provide space heating. Also for this option, the temperature must be 
raised via a heat pump and thus additional electricity must be used. 

• Another possibility would be the research of further innovative concepts for the use of waste heat with very low 
temperature (for example very low temperature ORCs, thermoelectric generators or the storage of heat in zeolites). 

• The fact that the maximum energy need locally is during the winter, when it is favourable of energy cost reasons to not 
run the accelerator, also makes is more difficult today to envisage efficient large scale energy recovery strategies. 

More in chapter 7.4.3 of the CLIC project plan (link)

https://cds.cern.ch/record/2652600/files/CLIC_PIP_20190213.pdf


Final words 

The CLIC power and energy use are now quite optimized 

• Further gains possible for DB RF 

Most energy cost reduction are by not running in the winter

• Flexible scheduling to use excess power potentially interesting, in particular in view of push towards renewables where fluctuations are 

large 

• Storage not yet mature on the level needed (can change with time)  

Renewables interesting for future, clearly interesting to build future colliders at sunny and windy places – difficult to imagine in Geneva area 

(maybe better here) 

A final comment:

• LC’s have a reputation for being power hungry

• However, the CLIC average annual energy consumption (0.7 TWh) is less than 50% of FCC-ee (1.9 TWh)  

• FCC-hh is 4.0 TWh/year 

• So power and energy are general challenges







CLIC Efficiency

Mains

Modulators

Klystrons

DB RF structures

Drive beam

0.89

0.7

0.95

Waveguide

0.985

0.58

Drive beam

PETS

Waveguides

Main beam

Total 12.7%

Adding overheads etc: 11%

0.98

0.92

0.22

RF structures

0.44x0.64

0.97x0.9

21

Total wall plug to drive beam 

efficiency

Total drive beam to main beam 

efficiency

From talk by D.Schulte, CERN, February 2017


