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Abstract

The FCC-ee will be the largest accelerator ever built with kilometers of different accelerator devices.

The identification of the main loads is crucial for designing the electricity infrastructure and for evaluating its energy
consumption.

An update of the FCC power demand is ongoing with the evaluation of its annual energy consumption depending on
the machine configurations.

The next step is to identify how energy consumption can be reduced, by design and optimization of equipment and
systems, and by optimization of the operation mode of the accelerators and their infrastructures.

The goal is to identify where the effort needs to be focused to reduce the environmental impact of the project.
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Content

* Introduction to FCC

» Update of the power demand / main loads for FCC-ee

* Distribution of the power demand by points and by the beam energies
» Estimation of energy consumption per machine configurations

* Optimization of the accelerator systems to reduce the power demand

* Ways to reduce the energy consumption
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The FCC integrated program

inspired by successful LEP — LHC programs at CERN

comprehensive long-term program maximizing physics opportunities

- stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory at highest luminosities

« stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options
 complementary physics

« common civil engineering and technical infrastructures, building on and reusing CERN's existing infrastructure
« FCC integrated project allows seamless continuation of HEP after completion of the HL-LHC program
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Timeline of the FCC integrated program
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10 years
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19 FCCee, |
~ 15 years operation

| Y
~ 29 years operation

-

Feasbiity Stuly | ESPP
(o

Geological investigations, infrastructure
detailed design and tendering preparation

N

\.

\_ o/

( D
R FCC-ee dismantling, CE
Tunnel, site and technical & infrgshucture
infrastructure construction s adaptations FCC-hh )
>

FCC-ee accelerator and detector R&D and technical
design

Superconducting magnets R&D

d Feasibility Study: 2021-2025

 If project approved before end of
decade - construction can start
beginning 2030s

FCC-ee accelerator and detector
construction, installation, commissioning

High-field magnet
industrialization and
series production

Long model magnets,
prototypes, pre-series

FCC-hh accelerator
and detector R&D
and technical design

FCC-hh accelerator and detector
construction, installation, commissioning

d FCC-ee operation ~2045-2060
J FCC-hh operation 2070-2090++

F. Gianotti
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FCC roadmap towards first e*e- collisions

Highest priority goals: Fabiola Gianotti: “CERN vision and goals until next :
_ _ I strategy update” FCCIS Kick-Off, 9 Nov. 2020 >2030 >2038  >2045 first
Financial feasibility start tunnel Machine ee collisions
installation

Technical and administrative feasibility of tunnel: construction

no show-stopper for ~100 km tunnel
~2028 approval

Technologies of machine and experiments: magnets; minimised

>2030 -'37

environmental impact; energy efficiency & recovery 2026/7 element production
ESPPU
Gathering scientific, political, societal and other support 2025/26 >2026 - 30 full
A technical design
2014 FCC Feasibility proof
2020 2025/26
study kickoff esppy 2020 FCCIS

2018 FCC CDR Kickoff Financing model

Operation concept

2013
ESPPU

2020-25
FCC Feasibility Study
FCCIS H2020 DS

today

2012 Higgs discovery announced

2011 circular Higgs factory proposal
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Number of surface sites
LSS@IP (PA, PD, PG, PJ)
LSS@TECH (PB, PF, PH, PL)
Arc length

Sum of arc lengths

Total length

8 sites — less use of land, <40 ha instead 62 ha

Possibility for 4 experiment sites in FCC-ee

All sites close to road infrastructures (< 5 km of new road constructions for all sites)

Vicinity of several sites to 400 kV grid lines

Good road connection of PD, PF, PG, PH suggest operation pole around Annecy/LAPP

FCC 8-site baseline
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FCC key deliverables: prototypes by 2025

Accelerator systems design

FCC-ee complete arc half-cell mock up

including girder, vacuum system with antechamber + pumps, dipole, quadrupole +
sext. magnets, BPMs, cooling + alignment systems, technical infrastructure
interfaces.

— C

‘_\_\—\ ) )
key beam diagnostics elements

N oclering bunch-by-bunch turn-by-turn longitudinal charge density profiles based on

i Dean spisr laser electro-optical spectral decoding (beam tests at KIT/KARA) ;
S . e racdblaragid ultra-low emittance measurement (X-ray interferometer tests at SuperkKEKB,
e bunch / ) k—' .

i ¥ ¥ — encoded bunch ALBA) ,
. profile beam-loss monitors (IJCLab/KEK?) ;
—y beamstrahlung monitor (KEK);
I polarimeter ; luminometer

ultra-fast
line array camera



FCC key deliverables: prototypes by 2025

SRF cryomodule mock-up, high-yield positron source

+ prototype multi-cell cavities target with DC SC solenoid or flux ¢ seencia
sC__ | | : -

for FCC ZH operation concentrator | ‘TEF@E‘ —

High-efficiency RF power sources | e | |

i i t

beam test of e* source & capture linac
at SwissFEL — yield measurement

SwissFEL ARAMIS
0.4-6 GeV Linac Undulator Line

extraction

positron capture linac
large aperture S-band linac

* Freqg . 2.856 GHz
* 90 cells per structure
* Length: 3.254 m

magnet

* Distance between two TWs: 45 cm __* N ': __ ‘-?
« Gradient: 20 MV/m r’%}
« Aperture: 30 mm ae%ﬂr Diagnostics:
f’:’ Screen for spectrum
By W Charge monitor
é-{if{;rﬂ & Sﬁﬂara . Beam stop
. %ﬂw#@;
strong support from Smtzerland via CHART II program 2019 - 2024 for P Craievich. H. Braun

FCC-ee injector, HFM, beam optics developments, geology and geodesy activities. A Grudiev | Chaikoveka
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Integration of FCC-ee machine elements

3300

Arc section with magnets

Klystron gallery
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FCC-ee underground structure

RF systems at point L Service Shaft

112 cryo-modules 800MHz
/0 cryo-modules 400MHz

Connection Tunnel (Cavern/Klystron Gallery)

/ Evacuation staircase
(each 280 m)

il
il
||"
/]H”I”
‘ i
-I'”llll

‘J..--
\ Service Cavern

! 'J ‘\ Connection Tunnel (Cavern/Machine Tunnel)
\ Junction Cavern

Machine tunnel

Klystron Gallery

r!l l'
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FCC POWER
DEMAND
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FCC-ee operation model

150
45.6GeV

-l-l-r‘

: 80GeV:

Luminosity [ab’]

Physics program and machine configuration

109 | 120GeV /4 182,.GeV

Operation model for the FCC-ee, is based on the evolution of the machine for
different types of physics program. They are called the Z pole (black), the
WW threshold (blue), the Higgs factory (red), and the top-pair threshold 20|

(green) and shown as a function of time with the expected luminosity. The 4!
hatched area indicates the shutdown time needed to prepare the collider for i : : é 4
- | 1 | | | g e —T | | |

the highest energy runs. W 12345678 9101112131415
Years

The evolution depends on radio-frequency systems and on the beam energy
expressed in GeV.

. H | t;

Machine R e S AT R T T f ver— i o s e

Py ) R = 1-“ =i 100 T

time (operation years)
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Powering of radio-frequency systems

Energy loss from synchrotron radiation limited to 50MW per beam

Power demand for RF Storage ring Z, W, H
P = 100MW
P = 100 / nklystron / nmodulator / ndistribution

Storage ring
Beam Energy (GeV)

P =100/0.8/0.9/0.95 = 146MW PRF (MW) .
Klystron efficiency

Booster PRF EL (MW)

Pre = 15% Pk storage (1 beam) = 7.5MW

Pe, = 7.5/ nklystron / nmodulator / ndistribution SmEiE

D = * =

cLav = Pg * booster duty cycle = 1.7MW Beam Energy (GeV)

PRFb (MW)

The Booster duty cycle has a huge impact on its power

demand. With a low duty cycle, the power demand is very low Klystron efficiency

Booster duty cycle
PRFb EL (MW)

CERN launched a R&

target 80%

Z

45.6

100
0.8
146

Z

45.6

7.5
0.8

0.15

2

W
30
100
0.8
146

W
80
7.5
0.8

0.15

2

H
120
100
0.8
146

H
120
7.5
0.8

0.15

2

.D High-efficiency klystron, today 50%,

1T
182.5
100
0.8
146

1T
182.5

7.5

0.8
0.15
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Cryogenic systems

Cryogenic systems needed for RF cavities

ool
*rhar?

i I
s iy

per beam booster per beam booster 2 beams booster 2 beams 2 beams booster
Frequency [MHz] 400 800 400 800 400 800 400 200 800
i RF voltage [MV] 120 140 1000 1000 2480 2480 2480 9190 11670
Storage r'nng Eacc [MV/m] 5.72 6.23 11.91 24.26 11.82 25.45 11.82 24,52 25.11
. # cell / cav 1 5 2 5 2 5 2 5 5
Cryo power demand varies Z, W, H, ttbar Veavity [MV] 2.14 5.83 8.93 22.73 8.86 23.85 8.86 22.98 23.53
] #cells 56 120 224 220 560 520 560 2000 2480
Low static losses # cavities 56 24 112 44 280 104 280 400 496
_ _ B#CM 14 6 28 11 70 26 70 100 124
High-dynamic losses (beam loads) T operation [K] 45 2 45 2 45 2 45 2 2
] dyn losses/cav [W] 19 0.5 174 7 171 8 171 51 3
20 tons of Helium (140 tons for LHC) stat losses/cav [W] 8 8 : 8 : : : : 8
Qext 6.6E+04 3.2E405 1.2E+06 8.9E+06 1.5E+06 1.2E+07 8.3E+06 4.9E+06 5.3E+07
Detuning [kHz] 8.939 4.393 0.430 0.115 0.123 0.031 0.025 0.040 0.005
Pcav [kwW] 880 205 440 112 352 a5 62 207 20
rhob [m] 9937 9937 9937 9937 9937 9937 9937 9937 9937
Energy [GeV] 45.6 45.6 80.0 80.0 120.0 120.0 ! 1825
energy loss [MV] 38.49 38.49 364.63 364.63 1845.94 1845.94 9875.14 9875.14
cos phi 0.32 0.27 0.36 0.36 0.74 0.74 0.70 0.90 0.85
Beam current [A] 1.280 0.128 0.135 0.0135 0.0534 0.005 0.010 0.010 0.001

RF cavities v

with very low static losses
High-efficiency cryoplant 250Welec/W@4.5K (as LHC)

Storage ring Z W H
Beam Energy (GeV) 45.6 30 120
Pcryo (MW) 1,3 12,6 15,8

1T
182.5
47,5
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Storage Ring Magnet systems

Energy loss in magnets

Magnet losses storage ring

Storage Rin Z
Very low field, 0.1T a gE J GeV 45.6
P hagnets = 96MW from CDR eam Energy (GeV) o
abies = 20MW (rough estimation) Magnet current 252/0
PeLmagnets = 70 / nconversion / ndistribution P9wer ratio 6%
P magnets = 76/ 0.9/ 0.95 = 8OMW Dipoles (MW) 0.8
Quadrupoles (MW) 1.4
A lot of magnet families still unknown, inner triplet, single Sextupoles (MW) 1.3

guadrupoles, octupoles, correctors...
They should have a limited impact on the power demand <10%.

Power cables (MW) 1.2

Total magnet losses 4.8
Power demand (MW) 5.0

Low-loss magnets design

W
30
44%
19%
2.6
4.3
3.9

3.8

14.7
17.2

120
66%
43%

5.8

0.8

3.9

8.6

33.0
38.6

1T
182.5

100%
100%
13.3
22.6
20.5

20

76.4
39
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Booster Magnet systems

Energy loss in magnets

Booster
We made the assumption that the magnets are the same as the

storage ring, except sextupole (half power).
The duty cycle taken for calculation is 15%, one Booster cycle of

Beam Energy (GeV)
Magnet current

4s every 26.6s. Power ratio
However, in CDR, the repetition rate is up to 1 cycle every 5.6s.  Dipole (MW)
Quads (MW)
#5668V Sextupoles (MW)
__________________ 2068V N
by Power cables (MW)

Booster duty cycle

Total magnet losses
Power demand (MW)

45.6
25%
6%
0.8
1.4
0.6

1.2
0.15

0.6
0.7

30
44%
19%

2.6

4.3
2.0

3.8
0.15

1.9
2.2

120
66%
43%

5.8

9.8
4.4

8.6
0.15

4.3
5.0

1T
182.5

100%
100%
13.3
22.6
10.25

20
0.15

9.9
12
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Cooling and Ventilation systems

Power demand for cooling and ventilation systems Electrical

consumption (MW) Cooling Chillers Ventilation Total

Power demand is constant for RF loads. POINT

It varies for cryogenics and magnets depending on the 1.7 1.2 1.3 4.2

machine configuration Z, W, H, ttbar. 0.3 1.0 1.3 2.6
1.7 1.1 1.3 4.2
0.3 1.0 1.3 2.6
1.7 1.2 1.3 4.2
3.3 2.1 2.1 7.5
1.7 1.1 1.3 4.2
5.5 2.6 2.5 10.6
16.3 11.2 12.7 40.2

Z W H 1T

Beam energy (GeV) 45.6 80 120 182.5
Pcv (MW) all 33 34 36 40.2
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Total power demand by machine configuration

FCC-ee power demand

Physics program / W H TT
Beam energy (GeV) 45.6 80 120 182.5
Magnet current 25% 44% 66% 100%
Power ratio 6% 19% 43% 100%
PRF EL (MW) Storage 146 146 146 146
PRFb EL (MW) Booster 2 2 2 2
Pcryo (MW) all 1,3 12,6 15,8 47,5
Pcv (MW) all 33 34 36 40.2
PEL magnets (MW) Stroage 6 17 39 89
PEL magnets (MW) Booster 1 3 5 11
Experiments (MW) PtA&G 8 8 8 8
Data centers (MW) PtA&G 4 4 4 4
General services (MW) 36 36 36 36
Max Power beam operation (MW) 237 263 292 385
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Estimation uncertainties

Power demand uncertainties

The main loads are known for the storage ring, still, a lot of equipment is not defined.
Also, a lot of unknown on the Booster, equipment and operation mode (types of cycle)
Power cables, 20MW, can be optimized, 50% gain?

Option for 4 experiments, 4 * 4MW
General services are over-estimated (estimation based on LHC, but with mixed loads), should be below 26 MW

Despite of a lot of unknown of the accelerator systems, the global uncertainty is < 5%

Z W H TT
Beam energy (GeV) 45.6 80 120 182.5
Experiments (MW) PtA, D, G, 16 16 16 16
Data centers (MW) PtA, D, G, 8 8 8 8
General services (MW) 26 26 26 26
Compare to previous slide (MW) +2 +2 +2 +2

Power during beam operation (MW) 239 264 293 386
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Power demand during the year

Machine schedule

The machine schedule defines different periods during the year.
The power demand varies from the minimum during the winter shutdown to the maximum during beam operation.

= Technical stops are planned stops during operation to
perform maintenance and repairs, last 5 consecutive

days.
Power during, in MW Z W H TT = Downtime is when the machine is in fault, repair is on
65 68 69 78 going with no beam operation.

shutdown Ce : : :
= Commissioning, is the period before beam operation

where all systems are restarted and tested.

= Machine development are planned activities with beam

Commissioning 159 172 138 236 operation to improve the beam operation. No physics

163 182 210 287 production.

237 263 200 385 m Bea}rr.\ operation |§ when the beam is stable and In
collision for experiments

= Shutdown is scheduled when electricity is too costly

(winter time). The machine is stopped and open for work,
maintenance, and repair activities.

32 38 92 112
36 105 122 187

Technical stop

Downtime

Machine Development

Beam operation
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Power demand during the year Z configuration

Z machine schedule

The machine schedule defines different periods during the year.
The table bellow presents the power demand during the year for the Z machine.

Z configuration Beam Commissionin Machine  Technical Winter
Operation J Development  Stop Shutdown

Days Hours MW MW MW MW MW
Beam operation 143 3432 237 814167 MWh 63%
Downtime operation 42 1008 86 86534 MWh 7% :

Beam period

Hardware + Beam 30 720 159 114562 MWh 9% -
commissioning
Machine Development 20 480 163 78071 MWh 6%
technical stop 10 240 82 19598 MWh 2%
Shutdown 120 2880 65 186517 MWh 14%

365 8760 1.30 TWh

Average power 148 MW
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Power demand during the year Z configuration

Z machine schedule 2045 - 2048

Power demand during the year is shown below as well as the energy consumption during the year.

250

200

=
L
-

Power demand
|_'|.
-
-

L
-

Power

1 3 5 7 9111315171921 2325272931353353739414545474951

45.6GeV operation per week

Consomption

1400000

1200000

1000000

800000

600000

400000

200000

0

energy consumption

1 3 5 7 911131517192125325272931333537394145345474951
45,6GeV operation per week
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Power demand during the year W configuration

W machine schedule

The machine schedule defines different periods during the year.
The table bellow presents the power demand during the year for the W machine.

W configuration Beam Commissionin Machine Technical Winter
J Operation J Development Stop Shutdown
Days Hours MW MW MW MW MW
Beam operation 143 3432 263 901246 MWh 63%
Downtime operation 42 1008 105 105585 MWh 7% :
Beam period
Hardware + Beam 30 720 172 124056 MWh 9% -
commissioning
Machine Development 20 480 182 87507 MWh 6%
technical stop 10 240 88 21209 MWh 1%
Shutdown 120 2880 638 194539 MWh 14%
365 8760 1.43  TWh

Average power 164 MW
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Power demand during the year W configuration

W machine schedule 2049 - 2050

Power demand during the year is shown below as well as the energy consumption during the year.

300

Pt
L
(-

Pl
=
(-

Power demand
= -
[ L
(-] (-]

L
-

=

Power

1 3 5 7 9111315171921 2325272931333537394145345474951

80 GeV operation per week

Consomption

1600000
1400000
1200000
1000000
800000
600000
400000
200000
0

energy consumption

1 3 5 7 9111315171921232527293135353739414345474951

80 GeV operation per week
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Power demand during the year H configuration

H machine schedule

The machine schedule defines different periods during the year.
The table bellow presents the power demand during the year for the H machine.

Beam Machine Technical Winter

7l CORLEE Operation S SSIEg Development  Stop Shutdown
Days Hours MW MW MW MW MW
Beam operation 143 3432 292 1001479 MWh 63% ]
Downtime operation 42 1008 122 122944 MWh 8% Beam period
?;';\dr‘é";;?();ifgam 30 720 188 1352900 MWh 9% -
Machine Development 20 480 210 100749 MWh 6%
technical stop 10 240 92 22077 MWh 1% B
Shutdown 120 2880 69 199283 MWh 13%
365 8760 1.58  TWh

Average power 181 MW
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Power demand during the year H configuration

H machine schedule 2051 - 2053

Power demand during the year is shown below as well as the energy consumption during the year.

Power energy consumption
350 1800000
200 1600000
1400000
< 250 -
: § 1200000
£ 200 S 1000000
= -
= 150 E 800000
2 S 600000
& 100
400000
oU 200000
0 0
1 3 5 7 9111315171921232527293133353739414345474951 1 35 7 9111315171921232527293133353739414345474951

120 GeV operation per week 120 GeV operation per week
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Power demand during the year TT configuration

TT machine schedule

The machine schedule defines different periods during the year.
The table bellow presents the power demand during the year for the TT machine.

TT configuration ST Commissionin el | NEeiles] Ll
Operation J Development  Stop Shutdown

Days Hours MW MW MW MW MW
Beam operation 143 3432 385 1320325 MWh 64%
Downtime operation 42 1008 187 188041 MWh 9% :

Beam period

Hardware + Beam 30 720 236 170248 MWh 8% -
commissioning
Machine Development 20 480 287 137649 MWh 7%
technical stop 10 240 112 26932 MWh 1%
Shutdown 120 2880 /8 223796 MWh 11%

365 8760 2.07 TWh

Average power 236 MW
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Power demand during the year TT configuration

TT machine schedule 2055 - 2058

Power demand during the year is shown below as well as the energy consumption during the year.

Power energy consumption
450 2500000
400
350 2000000
—
£ 300 S
= = 1500000
S 250 =
: E
= 200
g E 1000000
S 150 S
100 500000
50
0 0
1 3 5 7 9111315171921232527293133353739414345474951 1 35 7 9111315171921232527293133353739414345474951

182.5 GeV operation per week 182.5 GeV operation per week
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E I e Ct ri C i ty S u p p Iy 2 O 3 6 - 2 O 6 O Year Type Beam Min power Max power Annual consumption

GeV MW MW TWh
2036 Construction 20 50 0.2
2037 Construction 20 50 0.2
o 2038 Construction 20 50 0.2
Electricity supply for FCC-ee from 2036 to 2060 2039 Construction 20 50 0.3
2040 Construction 20 50 0.3
2041 Construction 20 50 0.3
: : : : 2042 Construction 20 50 0.4
Schedule of the annual consumption during the FCC-ee lifetime. B e ~ o0 0e
2044 Construction 20 50 0.6
Lifetime 25 Years FCC-ee operation 15 Years 2045 Z operation 45.6 65 237 1.30
Total consumption 27 TWh Total consumption 24 TWh ggjg § gg:gﬂgz jgg gg gg; 128
annual average consumption 1.1 TWhly annual average consumption 1.6 TWhly 2048 Z operation 45.6 65 237 1.30
2049 W operation 80 63 263 1.43
2050 W operation 80 638 263 1.43
2051 H operation 120 69 292 1.58
2052 H operation 120 69 292 1.58
FCC annual energy consumption 2053 H operation 120 69 292 1.58
> 2054 Long shutdown 65 65 0.57
2055 TT operation 182.5 /8 385 2.07
2056 TT operation 182.5 /8 385 2.07
2 2057 TT operation 182.5 /8 385 2.07
2058 TT operation 182.5 /8 385 2.07
2059 TT operation 182.5 /8 385 2.07
Energy 19 2060 Upgrade 50 50 0.44
in TWh 2061 Upgrade 50 50 0.44
1 2062 Upgrade o0 50 0.44
CERN 1.3TWh/y 2063 Upgrade 50 50 0.44
) 20064 Upgrade 50 o0 0.44
7 LHC 0.6TWh/year 2065  HH operation 50 500 2

Swiss railways 3TWh/year
2036 2040 2044 2048 2052 2056 2060 2064 French railways 7TWh/year
Electricity production in France 510TWh/year
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Energy consumption, 182.5 GeV (T1T),by system

Estimation of energy consumption by system

Energy consumption FCC alone.

182.5 GeV ays  Hours PowerOP  p BHE Tm WD TS Shutdown pipding
Days 365 143 42 30 20 10 120

RF systems 148 0 74 74 0 0 596121.9 MWh 28%
Magnets 101 50 50 101 0 0 480599 MWh 23%
Cryo 48 48 24 24 24 10 310109.9 MWh 15%
CV 40 40 40 40 40 20 294264 MWh 14%
General services 365 8760 36 36 36 36 36 36 315360 MWh 15%
Exp + data center 365 8760 12 12 12 12 12 12 105120 MWh 5%
Power / period 385 187 236 287 112 /8

Energy / Period 1320325 188041 170248 137649 26932 223796 2101575 MWh

Ratio per period 62.8% 8.9% 8.1% 6.5% 1.3% 10.6% 2066990 MWnh




FCC GRID CONNECTION
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Power demand per points, configuration Z, W, H

Infrastructure needed for FCC-ee Z, W, H

Very high power demand on point L, 180MW due to RF systems.

PA, 20MW

PA (Experiment site) Azimuth = -10.75°

e

ELSS =1400 m

2 experiments, point A and G. — : .
.TI..SS =2160 m | TLSS = 2160 m
A AN | s g
Max power (MW) /Arc length = 9616.586 m .\ : ) 7
Point A Experiment 20 e N7 PD, 14MW
Point B 14 PJ, 14MW Techm% + T T T T T T T YT T T s ;‘14(',;,,;+ ¥°h.
Point D 14 experiment P 4 : N experiment
Point F 14 P g ; N .
Point G experiment 20 K ’ : N
Point H RFETT 14 Technical site N~ | l _ \ ~ Technical site
POlnt J 14 TLSS=2160m_ : TLSS =2160 m PE
PointL RFZW,H 178 PH, 14MW —~— "o

PF, 14MW

PG (Experiment site)

PG, 20MW
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Power demand per points, configuration T Tbar

Infrastructure needed for FCC-ee TThar
PA, 28MW

2 hlgh power demands, PA (Experiment site)

Azimuth = -10.75°

Point L 100MW, 40% 400MHz —— " —»
Point H, 140MW, 60% 800MHz o ~ : o
PL O Tiss=2160m i TLSS=2160T po meal site
N | v PB, 22MW
AN | . /
. | )
Max power (MW) / St T
PointA  Experiment 28 I N : e PD, 22MW
P0|nt B 22 PJ, 22 MVV Technicl%;i+ S ;\{_\ - _ELS_S =_140;m+ 'Ergchnical
Point D 22 orerinen \ IR cipemen
Point F 22 P N
Point G experiment 28 . : .
Point RETT 140 Technical site 'T/Lss=2160m : TLss=2160:1‘ Technical site
Point J 22 PH i PF

ELSS =1400m

Point L RF Z,W,H 100 -

PG (Experiment site)

PF, 22MW

PG, 28MW
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Electrical sub-stations, FCC-ee, 2036-2060

Infrastructure needed for FCC-ee

The proposal is to have 3 connections to the French grid.
The other points will be supplied through the FCC internal
electrical network.

Point L with a dedicated sub-station
Point H, with a sub-station covering PH - PJ - PG
Point D, with a sub-station covering PA - PB — PD - PF

Max power (MW)
PDL1 PL 178
PDL2 PD 94
PDL3 PH 190

PA (Experiment site)

e

ELSS =1400 m

|
Technical site |
PL L2 TLSS=2160 m . TLSS =2160 m 2 pg
N | P
N\ | 7
N | 7
|
|

N | /
N /
Arc length = 9616.586 n - /!
N . Ve

ELSS = 1400 m N7
PJ it ._-\f/_ - T _@» PD
Technic(z)a: /N ELSS = 1400 m Technical
experiment s N experiment
site i AN site
N

Technical site

PH () TLSS =2160 m (]

ELSS = 1400 m

PG (Experiment site)

PDL3,190MW

Azimuth = -10.75°

Technical site

PDL2, 94MW

Technical site
PF



Electrical sub-stations, FCC-hh, after 2060

Infrastructure needed for FCC-hh

Azimuth = -10.75°

The power demand will be spread all around the machine, due to

PA (Experiment site)

the cryogenic needed for superconducting magnets distributed all /" ee~L_
around the machine. rechnical i : o
SOOMW / 8 = 625 MVV per po|nt 7/ﬂ.882160m | TLSS=2160m 8 ;%Chnlcalsrte
. i |
Need 3 substations for hh configuration, rated at ~200MW . N |
g /Arc Iength=9616.5€%rq : 188MW
o
Techni(I;;ll+ ELSS_: 11002] — \;\lf/_\/_ 7 Liee. Technical

or or

experiment N experiment
Max power (MW) e : N ste
PDL1 PL 188 |
PDL2 PD 188 :
PDL3 PH 125 Technical site % i TLSs =2160 m xof Technical site
|

ELSS =1400m

&

PG (Experiment site)

PDL3,125MW
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Proposal for grid connection points

Infrastructure needed to cover all FCC configuration

The goal is to built an electrical infrastructure which will cover all

PA (Experiment site) Azimuth = -10.75°

the conﬁguration of the FCC machine without need to built new /" iEL'Sszm';nj - T T T
su b_StatI ons. Technical site i Technical sit
This proposal includes also the possibility to operate the FCC-ee "2 mss=2i60m | TLes=2160m 2 pa
machine without one sub-station, which will ease the N | |
maintenance and repairs. N |

p /Arc length = 9616.55% m : 2 O O M W
The proposal is to have 3 grid connection points rated at 200MW. R

Technical
or

experiment
site

ELSS = 1400 m N7
Technical / N

Under study with French transmission system operator (RTE). or

experiment
site

Technical site
PH ©

Technical site

TLSS =2160m [}
PF

ELSS =1400m

&

PG (Experiment site)

PDL3,200MW
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200
180
160
140
120
100
8
6
4

L T e T

0

Power by grid connection point 2036-2065

Max power demand per year and per point

The max power demand by grid connection point will vary depending on the machine configuration.
The estimation is shown below for the FCC-ee life time.

PDL1 max power

0
IIIIIIIII|||HHH||||||IIIII

2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056 2058 2060 2062 2064

200
180
60
40
20
00

T T T 4

20
60
A

-

0

PDL2 max power

0
IIIIIIIIIIIII””llHH‘IIIII

2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056 2058 2060 2062 2064

0

PDL3 max power

2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056 2058 2060 2062 2064
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Optimization of the accelerator systems

Focus on reduction of the power demand

Recall 85-90% of the energy consumption is with beam operation. Basic infrastructure consumption is less than 15%.
FCC team has already identified the main accelerator systems which need to be optimized to reduce the energy consumption.

_ow-loss magnets

-High-efficiency klystrons, target 80% (corresponding to 0.5TWh energy saving)

_ow static losses of RF cavities,

-igh-Q cavities, which could bring down the Cryo power demanded by 50%, R&D effort to be pursuit
High-efficiency cryogenic plant

The power demand estimation is already based on these optimisations!
Nice behaviour of FCC-ee: RF power (150MW) is present only with beam operation!

Power demand drops when there is no beam, be careful with electrical network stability!
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Ways to reduce energy consumption

Focus on reduction of the energy consumption

The management of the accelerator systems and of the infrastructure has a large impact on energy consumption.
Usually priority to physics but with special care to energy consumption.
Always too much energy consume without beams, an energy-saving strategy shall be developed.

Economic mode for magnets (Switch-off magnets during short or long stops)
Economic mode for cryoplant (Static losses represent less than 10%, can we operate cryoplants at 20%,50% for short or long stop?)
Economic mode for cooling and ventilation
can we reduce the tunnel ventilation when nobody is inside or regulated it on temperature? Different from fixed speed.
can we adapt the water flow rate depending on the power dissipation”? Motor drive systems regulated on power demand.

can we modulate the cooling tower with the power dissipation”? Motor drive systems regulated on power demand.
Economic mode for experiments

can we identify some systems that can be put in sleep mode?

Under preparation, a working group on energy saving and sustainability

Target 10% ? 200GWh
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What is 20GWh??

Nant de Drance (Switzerland) — Pumped storage power plant started operation July 2022

Erposson

.-'/r

\ Nant de Drance

. SES——

Vieux Emosson
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What is 20GWh??

Nant de Drance — pumped storage plant parameters

20GWh energy storage

25.10% m3 capacity of upper lake

425m vertical penstocks, 7m diameter

6 * 150MW generator sets

360m3/s, half of the Rhone flow in Geneva
18GWh = 900 MW * 20h

i
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What is 20GWh??

Energy production

The FCC machine is a multi-site complex that may be considered for
photovoltaic production.

Possible integration of solar panels on the new buildings.
Assumed available surface per point: 10000 m?
Assumed power density: 170 W/ m? e s vass o

Total installed power on 8 points ~ 14 MW PV installed (o}

System loss [%]: 14
. % Slope angle [°]: 37 (opt)
Ye a rI y e n e rg y p rOd u Ctl O n ( ) ~ 1 6 GW h — ﬁz;md:t;‘jrﬁir;: production [KWh]: ’16422959.2

Yearly in-plane irradiation [kKWh/m?]: 1657 .49
Year-to-year variability [kWh]: 917640.57 500K
(*) Simulation based on EU PVGIS web platform - Solar Radiation e o e ) I I | | | | | | | I I
Spectral effects [%]: 1.2 ok
Database: PVGIS SARAH — Selected area: Geneva

Temperature and low irradiance [%]: -10.95 Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Total loss [%]: -24 68 Month

PV energy output [kKWWh

Study how energy production can be integrated in the project
Sustainability: The focus should be on energy savings by design and heat recovery
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Energy for

Summary k.

Science

» The main loads of the machine FCC-ee are known

» An estimation of the power demand was presented depending on the machine configuration, with an uncertainty around 5%
» The power demand is known by point of the machine which allows for defining the electrical infrastructure

» The energy consumption of FCC was detailed as well as its optimisation

» The way to develop energy-saving was highlighted

Next steps
» Define the electrical infrastructure based on these numbers for the feasibility study

» Work on the reduction of the energy consumption
» Study energy production, energy recovery and sustainability

Building a future for the next generation of physicists

FCC - | And

Pursuing the development of knowledge



Thank you
for your attention
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