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Green ILC

Takayuki SAEKI *

Abstract

The design of International Linear Collider (ILC) is based on the Superconducting RF (SRF) technology, which
is more efficient than the normal conducting technology in terms of the energy consumption. However, still the total
energy consumption of ILC (500 GeV) is 164 MW, which is much larger than those of existing accelerators in the
world. In such a situation, the reduction of energy consumption in ILC, thus the efficient and sustainable design of
ILC, is the crucial issue to realize it in the near future in a Japanese site. In order to challenge the issue, we organized
a working group, so called “Green-ILC WG” in the Advanced Accelerator Association (AAA) in Japan, which
involves 112 companies from industry and 42 organizations from academia. The Green-ILC WG is also collaborating
with the international team of ILC. The activities are covering the studies on the efficient design of components,
accelerator sub-systems, ILC-system, and even ILC-city. This presentation will report the current status of these

studies.
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Conventional
Accelerator

Zeetion RF Power Racks NC magnets Cryo m Total
e~ sources 1.28 0.09 0.73 0.80 1.47 0.50 4.87
et sources 1.39 0.09 4.94 0.59 1.83 0.48 9.32
DR 8.67 297 1.45 1.93 0.70 15.72
RTML 4.76 0.32 1.26 1.19 0.87 8.40
Main Linac 52.13 4.66 0.91 32.00 12.10 4.30 106.10
BDS 10.43 0.41 1.34 0.20 12.38
Dumps 0.00 1.21 121
IR 1.16 2.65 0.90 0.96 5.67
TOTALS 68.2 5.2 224 379 208

92 (€ 164 MW )

*OEI ROV F — IR e KEK, High Energy Accelerator Research Organization

(E-mail: takayuki.saeki@kek.jp)
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ILC center futuristic view
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* Three presentations were given (by A. Suzuki, D. Perret-Gallix, and M. Yoshioka)
in 2" WS “Energy for Sustainable Science at Research Infrastructure” at CERN in
Oct. 2013.

« Asession (four presentations) was organized for Green-ILC activities in LCWS
2013 at Tokyo in Nov. 2013. A. Suzuki also presented Green-ILC activities in the
plenary session in LCWS 2013.

* Green-ILC Working Group was organized in “Advanced Accelerator Association
promoting science & technology (AAA) in Tokyo/Japan. The 15 meeting for the
Green-ILC WG of AAA was held on 25™ February 2014. (AAA home page =
https://aaa-sentan.org/en/about us.html)

« 20— 15" Green-ILC WG meetings were held on May 2014 — until now in
Tokyo/lapan.

* Various realistic technologies of energy-saving for ILC were proposed and
discussed by industries and scientists.

* D. Perret-Gallix, T. Saeki, and H. Hayano opened
. Please visit http://green-ilc.in2p3.fr/ and http://green-
ilc.in2p3.fr/documents/ .
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J. Particle Accelerator Society of Japan, Vol. 14, No. 4, 2017 29



tefl 47

7-. Green-ILC-WG X, Z#fi¥ TIC 15 DA
ZHMEL, B2AICBWVWTIRILC 22D
BLIANVF-—BREZAZ ALY LT 5701
NI T Be i 2 PESE D & BARINITIRE L TH 5\,
e g 217> v a. ZoiEEN, EHEH
HHEHICEEOLNTAEN TV Y. Bk
BEOFHMIc OV TIE, ZhooREHELSHE
Nz, 22T, 2O EHENTEE
2T 5.

3. BT —{EETDRES

31 ILCa2EK—x>b

FV=7vZ7DRFaryR—32v M7 54
RELT, WEZETET A AL & KEK
7> & Collector Potential Depression (CPD) Klystron
PIRE I N T3 Klystron D2 5B IETE
TE—LOERPS TXLF—2EINL T, T3
WXL EIFLI) EWIRATH S, 2O
Sz 5 ITRL .

774 FY ==y 7IZBL T, TDR Oi5tH
o HIEE M2 B 22 > A 7 L D3kl 18

B LR IN. COYATLAOMELZR 6
Y. ot v AT ANTH A HEER

N RS CHAH T2 2 £ T, TDRDS AT 4
I 3IMW DBV —(LEEBL T3,
IR DRREHNIFESE R D6 ThH 508, ity
5 b H IRV X —LEMDOHFEICBIL T% < DI
B3 otz BV =7y 7 OBISENEERIE L
T, K [E o FNAL#f %% fr 12 8 \» ¢, Anna

How to Improve RF Efficiency
R&D of CPD (Collector Potential Depression) Klystron

CPD is an energy-saving scheme that recovers the kinetic energy
of the spent electrons after generating rf power.

Conventional Schematic diagram of CPD

"\ collector

\ collector

5 WHEZETE T A A1 X % Collector
Potential Depression (CPD) Klystron D#g%,
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Example of effort by industry MAYEKAWA

New refrigeration cycle with AdRef

Low suction temp.
»small compressol
»small power

3
4.25MW(100%) 3.97MW(93%)
® consumption

sook L3 i e 270K {5 o He

Heat -xsﬁ)
1 310K ILC m‘: j'.wa
IWaste AdRef
[Heat(95%) A3MW i & 280K

(45.81— 42.79MW) | Heatany 1)

ILC-TDR New proposal

Compact
cold box
& HEX

270K

80K

. = 18kW

Conventional cycle

. =5 |18kW

New cycle with AdRef

6 HASHANEEFRICL 277944 2=y 7D
B F —LEMDRE.

Then “high-@ & high gradient” are realized

Increasing duration x 2 turns cavity into
“doped shape”, even higher Q!

T T T T T
SV Yoy /

Cavity evolution

T T T
telaes015 l
Increasing T ~40C
turns cavity into
“doped shape”!

3x10"

30ene
" s T
o“ N N infusion
y 3
=4 a 3
10
10 X $
B 5d@800C i i
A 30 @800 C+48h @ 120 C post oxidation W? are-tryl.ng to mv.owe
e 3h@so0C+4sh@120C+25mTorN, N infusion in ILC recipe.
© 3h@800C+48h @ 160 C +25 mTorr N,
3107} ¥ 3h@800C+96h @ 120 C+ 25 mTorr N, (tel pav007) 1

0 5 10 15 20 25 30 35 40 45
E_ [MV/m]

7 to be published in Supercond. Sci. Technol.
46 Martina Martinello | SRF 2017, Lanzhou, China
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R&D of Electro-Polishing (EP) process SRF2017
w1th HF free neutral e]ectrolyte by Blpolar Pulse (BP) method
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. Taguchi %, K. Ishida®, Y. Mochida %, T Nakajima *, M. Kuni
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Collaboration of Nomura
plating (industry) and KEK.
Sample test seems OK.
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* -
,',’E R&D on Plasma Beam Dump
¢ Beam dump

+ 14 MW (1TeV) @5 hertz
* 10 m Water 155°C, 1000m gas
Wakefield deceleration for beam dump project

Study on the International Linear Collider Beam
Dump by plasma-wakefield deceleration

. Saeki, J. Fujimoto, H. Hayano, K. Yokoya (KEK/Sokendai)
. Tajima, D. Farinella, X. Zhang (University of California at Irvine)
M. Zeng (ELI-NP, Romania)
A.W. Chao (SLAC)
D. Perret-Gallix (LAPP/IN2P3 ~ KEK)

15t Nov. 2016
Academia meets industry forum
IEEE-NSS/MIC
Strasbour, France

l9 IR - E—L - ¥V T OWZERFE.

Considerations on Power Supply System in ILC-TDR

£
275/66-kV
Main Substation
%

E101un; T ARLES AT AL,
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CGS (Co—Generation System) at RIKEN

Member in AAA
CGS output = 5.79 MW (Electric / 66 kV) + 8.96 MW (Chiller)
at 15"

6500 kW- Power Class
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Gas Turbine Cogeneration
with variable thermal & electrical powes

2560 USRT
(8.96 MW)

190 USRT

Chiller Water for Air Cooler
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0 Estimate of Biomass Electric Power

Cooling water temperature is
good for biomass industry.

Water content

16 %
Recycling Products

Water content
15-90 %

Estimate of Electric Power
Assuming the efficiency of 10~20%
Kitakami Site 58,104 kW X 10 ~20% = 6,000~ 10,000kW
Sefuri Site 43,280 kW X 10 ~20% = 5,000~ 10,000kW

PRI A 2112 & % TLC D i HIkHEE 2 7
AL 723 & < AFEORE.

Study by Kabuki
Construction Co. Ltd.

X 12
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A proposal of Solar and Wind Park for ILC

unisun
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@ | | Studyby UNISUN (Industry)
= \ '\ onSolar+Wind park for ILC.
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Smart ILC-City by Smart GRID

Solar power: >50 GW at 2030 in Japan

Roof Top of Residential House/Business Facili
Public/Industrial BIPV

Supply/Demand Controlby IT e

(Natural Gas Pipe Line)

HEMS: Home Energy Management System
Syster

- m,mc—m‘ ‘ fehideto HW : Home Wind Power 18 gs:r»mz
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* .
,',IE International Panel on
"Sustainable colliders and accelerators”

ICFA: International Committee on Future Accelerators
has setup a panel: ~ 20 ieople headed by Mike Seidel (PSI, Switzerland)

Denis Perret-Gallix, Takayuki Saeki

* strategy & coordination
» energy efficient accelerator concept
 energy efficient and sustainable accelerator technology

* energy management for large research facilities
Also providing close and active communication among various projects.

IEEE Strasbourg, Nov., st
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