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Preliminary Conceptual Design of FCC-hh
Cryogenic plants : Air Liquide Study

L.Tavian (CERN) on behalf of F.Millet (CEA), M.Roig, JM.Bernhardt, G.Zick (AIR LIQUIDE)

This work is performed in the Framework of the International FCC Collaboration
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• pp-collider (FCC-hh) : 100 TeV in 100 km 

=> 16 T bending field (Nb3Sn technology)

=> long-term goal, defining infrastructure 
requirements 

• e+e- collider (FCC-ee),      
as potential first step

• p-e (FCC-he) option

• HE-LHC with FCC-hh technology

Scope of the FCC study

100 km tunnel infrastructure    
in Geneva area, site specific

International FCC collaboration (CERN 
as host lab) to study:
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Cross section of the FCC tunnel and 
main FCC-hh cryogenic components
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FCC-hh cryogenic layout and architecture
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FCC-hh cooling requirement per sector
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40-60 K
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Loads Cooling circuit
Temp. 
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“High” 
mode

“Low” 
mode

Turn-
down
factor

Qcm [kW] SC Magnets 1.9 K 12 4 3

Qbs+Qts [kW]
Beam screens 
& shields

40-60 K 620 90 6

Qcl [g/s]
HTS Current 
leads

40-290 K 85 43 2

Entropic load distribution

Total entropic load per sector cryogenic 
plant equivalent to 100 kW @ 4.5 K ! 

Additional cooldown requirement:
24 000 tons per sector in less than 15 days
 Require up to 2.5 MW down to 80 K
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FCC-hh cryogenic engineering  study

State-of-the-Art
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International 
collaboration 
conceptual design

Specific engineering studies with the main world-
leader cryogenic companies to validate the concept 
and identify the R&D efforts:
in the following: the Air Liquide study outcome

Study
limit
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Air Liquide Process cycle options
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FCC-hh CDR proposal
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Solution B – Pure Helium
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Solution C – LN2 precooling
ITER-like option
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Efficiency performance of studied solutions

Precooling solution Electrical power 
consumption* [MW]

Carnot 
efficiency [%])

Solution A: MR plant 20.0 33
Solution B: Pure Helium 24.0 28
Solution C: LN2 plant 23.0 29
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Precooling solution Electrical power 
consumption* [MW]

Carnot 
efficiency [%])

Solution A: MR plant 17.5 38
Solution B: Pure Helium 16.9 39
Solution C: LN2 plant 17.0 39

With helium compressors based on screw compressors

With helium compressors based on centrifugal compressors

*: Including the energy recovery of large turbines (> 100 kW)
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Technical maturity of studied solutions
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Turn-down capability

• Beam screen and thermal shields cooling loop:

– Require a factor 6 turndown capacity

– Obtained by controlling the turbine cooling 
powers and the pressure levels in the turbo-
Brayton cycle.
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Solution A – Ne/He precooling

• Magnet cold mass cooling loop:
– Require a factor 3 turndown capacity
– Obtained by applying the proven LHC-like 

strategy (a train of cold compressors in 
series with volumetric warm compressors)
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Cool-down capacity

• The cooling capacity of a turbo-Brayton cycle 
increases with its operating temperature.  

– By introducing some process and equipment 
adaptation a cooling capacity up to 2 to 3 MW 
down to 80 K can be achieved.

– The 24’000 t per sectors can be cooled down to 
80 K in less than 15 days without using LN2.

• Cost (only energy) Full FCC cooldown: ~2.3 MCHF 

• To be compared with the cost of a CD using 45000 t 
of LN2, i.e. ~4 MCHF with a tricky logistics issue 
~200 LN2 transportable iso-containers per day!

12

Helium
compressors

He-Ne-mix 
compressors

Qbs+Qts 40 to 60K

Qcl
40 to 290K

Qcm 1.9K

T1

T2

T3 T4

T5

T6

CC1

CC2

CC3

CC5

HX1

HX2

HX3

HX5

HX6

HX7

HX8

HX4

HX9

tunnel

cavern

Ground 
level

shaft

Solution A – Ne/He precooling
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Circulator for beam-screen cooling loop: Cold vs Warm

• The electrical consumption required to cool the 
beam screen and thermal shields is marginally 
lower by using a warm circulator.

• This warm circulator simplifies as well the cool-
down  transient process
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 Technical feasibility confirmed for the 100kW@4.5K plants

 No showstopper identified by Air Liquide

 However, some technologies require specific studies and developments

 Confirmation of process cycle options and performances :

 He-Ne Turbo-Brayton Fridges for precooling stage  

 Warm circulator option to be more efficient & flexible (cool-down operation)

 Overall Carnot efficiency:

 up to ~33% with He screw compressors (to be compared with the 29% of 
the existing LHC plants)

 Up to 39% with warm He centrifugal compressors  aggressive R&D 
plan

Conclusions
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Thank you for your attention

Questions ?
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