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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 collabotrating with the international team of ILC. The activities are covering the
studies on the efficient design of componets, accelerator sub-systems, ILC-system, and
even ILC-city. This presentation will report the current status of these studies.



ILC Overview (from ILC Technical Design Report)
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Detectors

Accelerator tunnel

Example view of mountain site

e+, e- main linac

Center of mass energy: 250 GeV + 250 GeV (TDR)
Length of main linac: 11 km + 11 km
Length of tunnel: 32 km




® Tunnel Length = 32 km
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Power Consumption of ILC

Requirements from Physics Exp.
» Basic requirements:

— Luminosity : J;gg =500 fb'in 4 years

=

scan
— E stability and precision:
— Electron polarization: >

» Extension capability :

— Enerav uparade:

Bunch compression
e-ML

200 - 500 GeV and the ability to

80%

<0.1%

500 - 1.000 GeV

5GeV e-, e+ Damping Ring (3.2km)

Wi

_—
Q

E- production

Bunch compression

ILC (500 GeV)
Total Power
~ 164 MWV

The cost of energy consumption
(electricity) is serious issue for
the realization of ILC.

Conventional

Accele.rator RF Power Racks NC magnets Cryo Total Eﬁ:ICIenCy from Wa”-plug

section Normal Emergency . 0

e~ sources 128 0.09 0.73 0.80 1.47 0.50 4.87 to beam-power Is ~10 %

et sources 1.39 0.09 4.94 0.59 1.83 0.48 9.32

DR 8.67 2.97 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 W r h " n in f rhi h r ffi i n
BDS 10.43 0.41 1.34 0.20 12.38 € are chalie g g 0 g er ermcie Cy
Dumps 0.00 1:21 121

IR 1.16 2.65 0.90 0.96 5.67

TOTALS 68.2 5.2 22.4

37.9 208 9.2
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Serious issue for the realization of ILC

to have the green sign for ILC !
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R 2 2nd Workshop

ILC: an amazing enaergy transiformer

FROM £V TO TeV;

- eource

e- bunch ;
COMpressor positron 2 km
\ main Inhac

11 km

central region

THE GREEN ILC

2nd Energy Tor Suchainad’s Cenis Perre=-Gallix ;
Scierces, CERN Qcr 2013 LAFF/INZP3.CNRS (Fronce)

Energy Management in Japan,
Consequences for Research Infrastructuresé

Masakazu Yoshioka (KEK)

1. Electric power supply in Japan, before and after March 11, 2011 earthquake

| 3. Accelerator design by considering optimization of luminosity/electricity demand ;

||4. Accelerator component design by considering high power-efficiency

# High efficiency and “almost” environmental pollution-free electricity
generators can save Japan, and contribute to reduce global CO, problem
2. KEK Electricity contract as an example of large-scale Rls

> Example: Super-KEKB
> ILC

> Klystron
#» Availability based on MTBF and MTTR

5. Summary
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Atsuto Suzuki (KEK)

INTER-UNIVERSITY RESEARCH INSTITUTE CORPORATION
@ HIGH ENERGY ACCELERATOR RESEARCH ORGANIZATION
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x ILC center futuristic view
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G re e n - I LC Forecast and data management
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Hydro storage
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Advanced Accelerator Association
promoting science & technology (AAA) in Japan

Association by industries and scientists established in 2008

« 112 corporate organizations involved from industries (MHI, Toshiba, Hitachi,
Mitsubishi Electric, etc.) as of Nov. 2017.

42 institutional organizations involved from universities and laboratories (KEK, Univ.
of Tokyo, Univ. of Tohoku, Univ. of Kyoto, Riken, etc.) as of Nov. 2017.

i!ﬁ}miﬂﬁ*ﬁﬁmgmmg 0L ey q Honorary Chairman :
Masatoshi Koshiba
Director General at 1 1
Heisei Foundation for O rganlza‘tlon Of AAA
$ s P4 Basic Science
- 5 k
‘, o 2 ‘ X ~ : ~
Y @ \ \: ] Chairman: Supreme Advisor :
’ ko X Advisory Meeting Takashi Nishioka Kaoru Yosano
e h. " 4 .- S 1
- P E b -~ - @l a - aw
n * alA - 9 A A - ® D) > '“_ » AR A , < General Meeting Board of Directors
Secretariat l

Green-ILC WG started in Technology
Study Group on 25t Feb. 2014. = @m Outreach | imsliectual Property | Large Project




|EEE Conference Strasbourg Nov. 2016 D. Perrat-Gallix LAPPANZP3/CNRS-KEK

Industry-Research: Getting Organized

- Advanced Accelerator Association Promoting Science & Technology
(AAA) in Japan is an example

- Workshop series with presentation 1 ot S
to the industry and by the industry -
(4-5 fyear) -~
} Seuj&rmogym‘gzum |
Industry A Academia
- Set a World Wide Consortium Symposium

Towards a Global “Energy for Accelerators” R&D coordinated program

Industry-academy collaboration is essential to realize the Green-ILC.



Activities for Green ILC

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.

A session (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 15t 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)

2" — 15" Green-ILC WG meetings were held on May 2014 — until now in
Tokyo/Japan.

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://sreen-
ilc.in2p3.fr/documents/ .



https://aaa-sentan.org/en/about_us.html
http://green-ilc.in2p3.fr/
http://green-ilc.in2p3.fr/documents/
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,\é/:: :’F Green ILC http://green-ILC.in2p3 fr

, ' b Energy for Innovation, Innovation in Energy

Green-ILC Project

Recent Posts

The Green ILC Project N Wit e

Green Session at LCWS 2014
EUCARD? EnEfficient
Liquid Air in the Energy and Transport.
ILC, the International Linear Collider, is the next fundamental science project in high energy physics Systems
and the first ever true global basic science center.
Links
What CERN did for the European HEP community, ILC will do for the world. But the e+e- ILC project email: green accelerators@gmail.com
may go even beyond mere fundamental science and contribute to one of the world most pregnant issue: en-|
Energy, not merely high-energy but, more generally: energy for the society. SCHELC S EEdEEh

Artistic view of the ILC center in Kitakami (Japan) ILC-Iwate

The ILC scientific goal is simple: high precision study of the Higgs particle recently discovered at
LHC (CERN) and other signals LHC could possibly single out. New effects will also be searched for,
effects which could have been missed by the LHC due to the heavy background. Higher precision
here concerns, more particularly, the various Higgs couplings, limited at LHC, in part, by the
complex structure of the interacting particles, the protons compared to the elementary electrons.

IEEE Strasbourg, Nov., 1st Denis.Perret-Gallix@in2p3.fr
2016 CNRS/INZP3LAPP - KEK

49




Efforts on components



A- Grassellino

International efforts in academia:
Nitrogen doping for SRF cavity

Good technology for ILC ?

»
- ot — -
S Shendl B LS LR Y - .- -
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(Jlab)

Slide by T. Kubo
Fermilab toda

Y
http://www.fnal.gov/pub/today/archive/archive_2014/today14-06-03_Readmore.html
.7 E...;.;:;Tyy



Dijsadvantage of N-dope:

@, incregses but gradient decreases-

: N dope
High efficiency :

o 10" ™ Current [LC recipe
High gradient But high gradient is
necessary for ILC !
T=2K
10 b+——— ‘

0 5 l1IDI1I5I2IDI2I5I3IDI3I5I4IG
E__(MV/m)

acc

A. Grassellino et al, Supercond. Sci. Technol. 26 102001 (2013) Slide by T. Kubo 16



Forming

N infusion

EB Welding

recipe by
FNAL

: 1 purification

=iaaaaakc{Ching
100-200 ym

Annealing
800°C, 2h
(or 600°C, 10h)

High pressure
rinsing (HPR)
—
Assembling

Illllllmllllll
: He processing, HPP :

LARTRRRY] smemmmm®

C. Antoine
27/04/2013

WHY

Clean welding

RRR enhangs

Get rid of hydrogen

Inject N, gas

Slide by T. Kubo

(~3X10" Pa)

at 120°C
for 48 hours

segregaies near sumace in iarnm o

Wim

I hydrides (= bad 5C)

The surface processing sequence

Bulk electro-polishing
High T furnace with caps to avoid

furnace contamination:

e 800C 2 hours HV

e 120C 48 hours with N2
NO chemistry
HPR, VT assembly

N.Solyak | High E, high Q

Pressure (Torr)

1E-01

1.E-02

1.E-03

1.E-04

1.E-05

1.E-06 ||/*

[
iy
=]
]

TE1PAVO07 with caps - process
(12Apr. 2016 - IB4 furnace)

i~ Chamber
Pressure
800 C-2hrs
Cooldown to 120C
120C48hrs; N2@25mTorr
Cooldown to RT

Temperature (C)

Chamber
Temperature

3& Fermilab
7 17



Then “high-@ & high gradient” are realized

. _ Increasing duration x 2 turns cavity into
Cavity evolution “doped shape”, even higher Q!
v

| Y | Y | | X | | Y | v | ' | : |
AR / telaes015 4
Increasing T ~40C

‘ a O 00 0@ . i i
10 | turns cavity into
o) .N “doped shape”!
> %o,
R s 0 ®,

Y ®o o~ N infusion
Tﬁ““di ‘~‘("
o o
o 10*' C ‘ o
i = S
B 5d@800C . .
A 3h @ 800 C +48h @ 120 C post oxidation We are trylng to involve
e 3h@sooCc+4sh@120C+25mTorrN, | N infusion in ILC recipe.
¢ 3h @ 800 C +48h @ 160 C +25 mTorr N,
3x10°F ¥ 3h @ 800 C +96h @ 120 C + 25 mTorr N, (te1pav007)

| 1 | 1 | 1 | 1 | L | 1 | 1 | 1 |

1
0 5 10 15 20 25 30 35 40 45

. E [MV/m]
A. Grassellino et al., acc

arXiv:1701.06077 to be published in Supercond. Sci. Technol. #.- Fermilab
46 Martina Martinello | SRF 2017, Lanzhou, China 18




More efforts for higher Q and higher G. Thin-Film Coating Technology.

AFTER NIOBIUM : NANOCOMPOSITES

MULTILAYERS

Magnetic field B (mT)
80 160

1E+12

1E+11 ‘ﬁ
/

Structures proposed by A. Gurevich in 2006, SRF tailored

1E+10

Quality coefficientQ,

I Dielectric layer
== Small | vortex (short -> low dissipation) T+
= Quickly coalesce (w. RF)
== Blocks avalanche penetration
=> Multilayer concept for RF application

B Nanometric I/S/l/ layers deposited on Nb

= SC nanometric layers (< 100 nm) => H, T =>
Vortex enter at higher field

20 40 60
Accelerating Field E,.. (MV/m)

== Nb surface screening => allows high magnetic L —
field inside the cavity => higher E_. JH Slide by

== SC w. high T than Nb (e.g. NbN): Rff%% Ry T C.Z.Antoine
=> Qomulti >> QONb S-S E

C.Z. Antoine  LCWS 2017 | PAGE 6



Collaboration among CEA/Saclay, KEK, Kyoto Univ, and Utsunomiya Univ.

COMPARAISON WITH THEORY ﬁ

Theoritical predictions from T. Kubo (KEK)

10 10°

X
200+

Nb with defects”,

Ideal Nb substrate .+~
C ‘ with Bg,;=50 mT

with Bg,=170 mT

er thickness ds (nm)

*e.g. morphologic
defects that allow earlier
vortex penetration See

S lay

SST paper cited earlier
Coating sample test. o e e
150 T 7 T T T T T
@ 45K 10 i —o—Nb ] .
~v10mm | [ ok | —o—nNbN2snm |1 BB The enhancement of the field
< B —a— NbN 50 B 5 3 3 2
Zouig (| ok i |2 penetration increases with thickness of
Lrshage g 0 g —>—NbN 100nm | NbBN
< — °F 5 —o—NbN 125nm | ] _ _
P ab e —o—NbN150nm 14 p |t reaches a saturation at thicknesses >
B & —a—NbN 200nm | ]
or i\.\ 1 b 100 nm
L H ] 4 .
W RN, ] Slide by
F—8 e ] o
ol folo : C.Z.Antoine
0

2 2
T CZ. Antoine LCWS 2017 | PAGE 13



Example of effort by industry MAYEKALWAN
New refrigeration cycle with AdRef

Low suction temp.
ILC-TDR —small compressor

N 4.25MW(100%) emall power  3.97MW(93%)  New proposal
consumption
300K “-D E Waste 270K “'D > Waste

:I Heat(5%)

Heat | Heat(5%)
l 310K I L C Source 310K
et II
ot A3MW

Heat(95%) Waste ‘ iy 280K

A

(45.81— 42.79MW) Heat(93%) 4kW(0.1%)
270K Compact
cold box
& HEX
80K 80K
| | a\
[ : |
| | |[+3
mi |

D

A
=
o8]
~
=

A

D 4
V. N
v \ 4

a 18kW

Conventional cycle New cycle with AdRef




MAYEKALWA
Heat source from the helium compressor

Low stage

mpressor 0 0 _
0% 100% Power Iinput
> Inter _
cooler High stage [20%
; compressor

A

v After Oil separator
cooler

>
Oil cool G m Heat

@ y 45% msource 2.5%
g 5%
47%

42% '
Temperature balance of the oil cooler Gty

313K =363K h
Before < @ Cooling
water J
313K =358K =363K
After

Adsorption
chiller

(AdRef)




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

s
CIII..Llf -\

coIIector

i

I.EB —
—

RF oartput] kW)

A
=
4 .,
™ .
£

Middle /| Iectron baar
cavities — ik ga) -
Input cavity - 1 i
—J:I:\|_ —_—
R inpat [W) I ~Annde T

I,:" o Anode
AT
E

To Cathode

5 z
3 E
:_\_n_ N
= I
=
- 0
3

* Solenoid magnets sel gl oulside of the cavities w focus the slectron beam

Schematic diagram of CPD

Collecto

/\ collector
i “1,.

To Callectar

nisuls t-:ur

Crtput cavity
R .

HE v, rd-:nl.\\.‘ ﬂ_] I-;"] —_—

Coaxial ] /
‘Waveguide [ |
= H J wic [kv]
coveerler
RF oUtput] M} v —
Middie [/ |5 Electron beam
cavilies Ik {4 .
Wk (kY]
Input cawity - | i
]:"T =
I ; —
RF input (W] e Anode
= T Ancede
all -
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L Arsa 1 p—
| lator — T —
(e
Cathode 1 1 T
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Ti Lhiode
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Collector Potential Depression (CPD) Klystron

Preparation of CPD Klystron test at KEK in collaboration with Toshiba (industry)




‘6\’ .
- ,,’E R&D on Plasma Beam Dump

Green-ILC

—
wf/,-//"

e 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 Main Beam dumps

Dump by plasma-wakefield deceleration 10m water, or1000m gas
Plasma Acceleration, wakefield acceleration

3 N i Focusing (E,)
T. Saeki, J. Fujimoto, H. Hayano, K. Yokoya (KEK/Sokendai) Defocusing Ammmn Decelerating (E.)

T. Tajima, D. Farinella, X. Zhang (University of California at Irvine) e 3 + i f.; .
M. Zeng (ELI-NP, Romania) .- G t‘r + :I ) —>
A. W. Chao (SLAC) P SR D s Z'fa':‘""
D. Perret-Gallix (LAPP/IN2P3 — KEK) bk iMmbadr

6 5 4 3 -2 [

Plasma density (5.0 x 10'¢ em™%)
3 -2 -1

1st Nov. 2016
Academia meets industry forum
IEEE-NSS/MIC
Strasbour, France

@ Inter-University Research Institute Corporation HIGNENEgy Accelerator Resear
S ) R A .

LCWS, Strasbourg Oct. 2017 Denis Perret-Gallix (LAPP—IN2P3/KEK)



» Collective deceleration dump
(1) No dump window problem
(2) No hydrogen gas production problem
(3) Less radioactivation
(4) Compact facility
(5) Energy might be extracted as electric energies

* From the view point of Green-ILC, it is worth to study the
possibilities to apply collective deceleration dump system.

* |t should be checked that it works for the ILC long beam
condition.

e Ifintroducing the bunch compression after the collision
point, it is possible to shorten the length of the beam dump
facility.

» Efficiency of recovering energy is important from the view
point of Green-ILC

y Tl ,
@ Inter-University Research Institute CorporationiigIRERSrgy Acce erator Research ﬁ}gz‘l‘vn"iz_at:iroﬁn




beam :
o, =300um;o, =50 um;
E=250GeV(y, =5x10")

dE/E =0.1%
N, =2 x10'°(3.2nC)
n, = Ny =1.7x10" / n’

(Zﬂ)m (c.0,0,)

plasma :

n, =3x10" / n’
A, ~ 600mm

g A )2

2 2.0005 2.001

X (m)
electron density (m

5m
>_
-5

2, 0005 2.001

Simulation code: EPOCH Dr. X. Zhang (UCI)

- -
h Orgdnization > ’

Al ergy Accelerator hesear



Preliminary result of beam deceleration simulation

Dr. X. Zhang (UCD

0.95¢

More than 15%
energy loss after
3m

bunch energy
o
w0

0.85f

0.8




Electro-chemical Polishing (EP) |nS|de SCRF 9-cell
cavit

iy

A I

Use Sulfuric acid + HF

Apply voltage
o » between center At
. . . Y  cavity
Sustainable production in ILC: g i ar:
Toxic HF is used in the production. »® Faii,
HF_free proceSS |S better W' " Successive rinsing is another key
technology

- Shall e




R&D on EP process with NaCl water (salt water), instead of HF mixture.

Ml R&D of Electro-Polishing (EP) process SRF2017
with HF-free neutral electrolyte by Bipolar-Pulse (BP) method.

J. Taguchi !, K. Ishida !, Y. Mochida !, T Nakajima %, M. Kunieda 2, S. Kakudo 2, H. Hayano 3, T. Saeki 3
1 NOMURA PLATING CO., LTD , Nishiyodogawa, Osaka Japan 2 The University of Tokyo , Tokyo, Japan 3 KEK / The Graduate University for Advanced Studies, Tukuba, Ibaraki Japan

Abstract Conventional EP method I Bipolar(BP)-EP with neutral electrolyte I )
Currently the Electro-Polishing (EP) process of Superconducting Radio- .
Frequency (SRF) accelerating cavity is performed with the electrolyte  (1)Solution : H,50,(60%)/HF(40%) (1) Neutral electrolyte
that is the mixture of hvdrofluoric and sulfuric acids. II()WCVf:r, the -Very dangerous :iafer .
Collaboration of Nomura = eremmss oy rocc
121 COs! -Toxic gas(HF, H,S , SO,) .
_proc:e;s “High cost 2 X (2)Periodic Reverse (PR) voltage
° ° Ing the “By-
p I atl n g ( l n d U St ry) a n d K E K -formed By-praduce ol Sultar ) Studies on BP-EP process with neutral electrolyte
e ; ) *Performance degradation
3ipolar- 2H,S + S0, > 2H,0 + 35 (1) The selection of the anion in neutral electrolyte for the electro-

Sa m p I e te St See m S O K. Ca(l)lfs; polishing process of Nb coupon samples.

(2)DC voltage with Nb anode and Al cathode  (2) Study on the concentration of NaCl neutral electrolyte.

o e wi a2 wee Deutral X
blectmlvte_ (3) Study on the shape of bipolar pulse voltage. )
Periodic Reverse
/\Voltage Negative 9V for 3.0ms Turn off : 1ms
PR anode "
Pt \ | \_/ Positive 3V for 3.0ms  Reaction Time : 10min
Electrode setting v
3ms 3ms
: e
O OO <_§ 3ms (T [ 3ms
Og og
= :
o O (\ Y
A
1ms
Agitation : None Cathode |,

=

The condition of pulse shape for experiments with HCl electrolyte




Efforts on sub-system, ILC-system and ILC-city



Considerations on Power Supply System in ILC-TDR

ILC will consume 164 MW.

-n“ y

Surface Structures

rtace 03¢
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SCS71-10-16-038(1)

lications of Superconductor " Fujikura

|

» Higher operating temperature (no use of liquid helium)

Advantages of | : o . &
[L.@# > Higher critical current at higher magnetic field
Y-based HTS

, » Size reduction and lighter weight

Operating Temperature

A

Fault Current
Limiter

Y-based HTS
Power Cable Applicable Area e

transformer

Wind Power
Industrial
D
Bi-based HTS A e Next Generation \
A 4 ccelerator Nuclear fusion
‘ Reactor

Nuclear Fusion

@ Reactor (ITER) S

Magm;tlc Field NMR




e-Rl scattering with SCRIT

’ S

RIKEN RI Beam Factory (RIBF)
| | Memberm AAA

28GHzECRIS
RILACII _ ey
_ T = |
MaBte.arllals RI poduction e i , <%
iology : P
CSM 1" RiLAC aF " SAMURAI
&R GARIS .
{ %w GARISII SLOWRI ZDS 7
| S = .l{-.‘;v' !
1:’—?0. s > = ,-
' Rare Rl ring

.ﬁ'
L & ‘@& CRIB
AEILVA’ —--: s - iz 2
‘ﬂii—,?jﬁ‘ -:';.3)9‘
fRC P e
= fé’
&
SHARAQ
0 50m

Return BT
(design)

Space
Multi-RI Production

The Radioactive |sotope Beam Factory (RIBF) is a facility generating
unstable nuclei of all elements up to uranium and studying their properties



Element 113.
(Nihonium)

e RIKEN RIBF created the nuclei of
element 113, and RIKEN got the
naming right of element 113.

Nihonium

113 BTHFE D BIERERT |

RFEBAMRICT 7). HEROTRHL DS



Sustainable and high—efficiency accelerators

Member in AAA

Motors (Toshiba Co. Ltd.) for cooling water are in high efficiency.
30 KW: 92.62%(High-efficient type), 91.35%(Normal type)
55 kW: |94.20%(High-efficient type)| 92.30%(Normal type)
The transformer’s highest efficiency is 99.4% (1.5 MVA)




CGS (Co—Generation System) at RIKEN
= 77777777 Memberin AAA

CGS output = 5.79 MW (Electric / 66 kV) + 8.96 MW (Chiller)

6500 kW- Power Class [Rated Performances at 15°C] ;
Gas Turbine Cogeneration s il A AL g |
ith iable thermal & electrical power Fuel Consumntion i
with varia B -Steam Output 10.3 t/h
1618 Nm®/h Fuel(Natural Gas) S5 T, -Electrical Efficiency 32.0% ‘
2t/h Injection -Thermal Recovery Ratio 36.0% T
-Total Efficiency 68.0% |
5790 kW % -NOx Emission 32.3ppm (0, 0%) |
Electrical Output -Sound Level 70db(1m) 1
Burner
H 4
G c + | Turbines 400USRT X 5
(Gas + Steam) 360USRTx 2
titake/As Coolor Absorption Chiller
Compressor 10.3t/h Steam 12°C
Ambient Air Waste >
| heat 7°C
34°C l\/ 15°C boiler
l l < A =S
2560 USRT
Exhaust Gas (8.96 MW)
190 USRT

Chilier Water for Air Cooler



Co—Generation System (CGS) at RIKEN
Member in AAA

* * RIKEN RIBF consumed 18 MW when using Uranium
acceleration with the world’s heaviest and most powerful SRC.

* CGS supports RIBF as UPS.

Waste Heat Boiler :WHB Gas Turbine Generator : GTG



Adaptation case (considering the introduction of
gas engine cogeneration A TsymIs

It estimates a new introduction effect of the gas engine. The evaluation function as
a cost (initial + running), consider the optimal method of operating the gas engine
turbo chillers and absorption chiller-boiler

> Electricity
Power purchase Centrifugal chiller
=
Examination of new introduction .Chilled
: ter
/ Gas engine \ wa

— W

Lgxhaust - Ahsectiin
e » Steam
4
Fuel = ﬁ — Study on cogeneration in energy
Boiler GRID for ILC by MHI (Industry).

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 4



A proposal of Solar and Wind Park for ILC

nisun

ILC S/S No.1

Solar and Wind S/S

ILC S/S Noig

154kV

ILC Solar and Wind park

Wind Park  Capacl

ty
Windrmill / Quandly c.
L]
G| 20 | ot | A [Brvans
a2 B B8 2 =SSN | Aspravedt |

20 km

(This drawing is
for staged-ILC)

Study by UNISUN (Industry)
on Solar+Wind park for ILC.

WWW. Unisun-energy.com

China | Japan | Germany | India | Netherlands | US | Au



J  Estimate of Biomass Electric Power

ILC (Tunnel Heat Waste from Cooling Water)

Cooling water temperature is Heat
good for biomass industry.

Recovered Regional usage:|Farming

Tourism==-=

Direct Electric

Burning

Drying

Generation

Water content Steam
Water content 15%
15-90 % Burned Ash Recycling Products
Study by Kabuki Estimate of Electric Power
. Assuming the efficiency of 10~20%
Construction Co. Ltd. Kitakami Site 58,104 kW X 10 ~20% = 6,000~ 10,000kW
Sefuri Site 43,280 kW X 10 ~20% = 5,000~ 10,000kW




(1 Biomass Power Plant using Organic Waste

| Conceptual Biomass Town around ILC

* Ferment }
*«.,, Factory

pii:H
i
%
Organic Waste %
Process Machine

~ .
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VVV.

"‘"@ —— Biomass Diesel - = = Unutilized Biomass
EAmEmEIs  Fuel Factory =% Dower / Products
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Substantive
e()evelopment
:Guideliné for \

1992~
i N Smadrt
Grid Co$1ect|on Commiikley

Stable Systems
on Grid

Smart Grid

Clustered

%ﬂ?&ems 4 Local Grid
System

Roof Top of Residential House/Business Facility

Public/Industrial BIPV

Supply/Demand Control by IT

Mutual
Interchange

(Local Micrd Gri
Mutual
Interchange

PV

Wind Farm
-
-
-
FC
5 attery

Mutual

Interchange

Village

V2H, V2G : Vehicle to Home, Vehicle to Grid

FC : Fuel Cell

PV: Photovoltaic

Large Scale
Power Station
« (Nuclear, Clean Coal, LNG)

(Natural Gas Pipe Line)

‘ ﬁ .Forestry
Lo

omass Generation
SM: Smart Meter
HEMS: Home Energy Management System
BEMS: Building Energy Management System
HW : Home Wind Power {2t E8a> 4 L4k
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|/

x ILC center futuristic view

|
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G re e n - I LC Forecast and data management

(o=
33
Forecast
Information

Hydro storage
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Efforts on communication with
international LC teams, other projects,
and other scientific regions



D. Denisov (FNAL
K. Desch (Bonn Univ.
L. Evans (Im'ferial College,

Fujii (KEK
). Fuster (IFIC-Valencia

M. Titov (Irfu, PC Secretary,
A. White (Texas Univ., Arlington
M. Winter (IPHC, Chair of LOC
H. Yamamoto (Tohoku Univ.

S. Yamashita (Tokyo Univ.)




281. Introduction . . .
Lrakayud saek e SNaring information between ILC and CLIC teams
®26/10/2017,08:30

282. A site-specific green ILC design for Kitakami candidate site
ILC 2 Masakazu Yoshioka (KEK)
®26/10/2017,08:40

285. International Studies on Green-Accelerator

General 2Denis Perret-Gallix (Centre National de la..)
®26/10/2017,09:10
CLIC 286. CLIC power ansi energy studies, permanent magnet studies

A Steinar Stapnes (CERN)
®26/10/2017,09:40

287. High efficiency klystron studies
CLIC ; ,

A Walter Wuensch (CERN)

®26/10/2017,10:10

288. Study on thin-film structure for high-Q and high-gradient SRF accelerator
ILC A Claire Antoine (CEA)
® 26/10/2017,11:00

289. A proposal of the energy saving in the power supply system for Green-ILC
ILC A Takayuki SAEKI (KEK)
®26/10/2017,11:30



* ilp ,
N/ International Panel on

"Sustainable colliders and accelerators”

ICFA: International Committee on Future Accelerators
has setup a panel: ~ 20 people 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.

48
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Annual IEEE NSS/MIC/RTSD Symposium (since 1969)

NSS: Nuclear Science Symposium / MIC: Medical Imaging Conference
RTSD: International Workshop on Room-Temperature Semiconductor Detectors

The IEEE NSS/MIC/RTSD offers an outstanding opportunity for detector physicists
and other scientists and engineers and provides a comprehensive review of the latest
developments in technology and data processing, covering a wide range of
applications from radiation and accelerator instrumentation and new detector
materials, to complex detector systems for physical sciences, and advanced imaging
systems for biological and medical research.

..2016 IEEE Nuclear Science Symposium 2016 IEEE NSS/MIC

& Medical Imaging Conference

. 23; International Symposium on Room-Temperature X-Ray s Where: StraSbourgl France
and Gamma-Ray Detectors
Palais des Congres, Strasbourg, France : When: 29 October —
29 October - 6 November 2016 ’ B
Sy : 6 November, 2016
~2500 participants from
industry/academia

.9 G General Chair - Maxim Titov
'L‘ T el (CEA Saclay, France)
i T Chair of the Loc. Org. Committee
/ EU Liaison — Marc Winter
(IPHC Strasbourg)

Geny ICh ir .
oV’ | L




2016 IEEE NSS/MIC: Program Overview

Oct29 Oct30 Oct31 Novl Nov2 Nov3 Nov4 Nov5 Nové

Nuclear Science Symposium

instrumentation and techniques
in the fields of nuclear science,
radiation detection, high energy
physics, astrophysics, security,
energy, and related
iﬁmeentation and software

edical Imaging Conference
dientific medical imaging meeting on the
ysics, engineering and mathematical
aspects of nuclear medical imaging

AAA Green-ILC
activities are
presented in this

session. InduStry - AAA activities
Exhibition are presented.

V| onewy

Other programs:

»RTSD: International Workshop on Room-Temperature Semiconductor Detectors (1 plenary,
20 oral, 2 poster sessions)

» Special Focus Satellite Workshops (~ 4 workshops of 0.5-1 day each)

»Educational Program/Short Courses (4 NSS and 4 MIC courses of 1 day each)

»Outreach Lecture / “Science and Art for Society” Exhibition for general public



summary

e |LC (500 GeV) will consume 164 MW. The improvement of energy efficiency is the
crucial issue for the realization of ILC.

e The 24 ESS WS (Oct. 2013) triggered the Green-ILC activities. The 15t meeting for the
Green-ILC WG in AAA was held on 25" February 2014 to launch the Green-ILC
activities in collaboration between industry and academia.

* The series of Green-ILC meetings have been held since then, and various technologies
of energy-saving for ILC were proposed and discussed.

* The energy-saving technologies in Green-ILC are ranging from the components, sub-
system, ILC-system, and to ILC-city.

* Green ILC activities are on the web page now. Please visit http://green-ILC.in2p3.fr .

e Efforts on communication in this subject is very important, because we have limited
budget, man-power, and resources. This is the reason why the Green-ILC WG is
interacting with international LC teams, other projects, and other scientific regions.



Backup slides



Superconducting RF specification for ILC

LC
C.M. Energy 500 GeV :
Peak luminosity 1.5 x103* cm2s?

Beam Rep. rate 5 Hz
Pulse duration 0.73 ms
Average current 5.8 mA (in pulse)
Av. field gradient  31.5 MV/m +/-20%

Q,=1E10 |
# 9-cell cavity 16,024 (x 1.1)\

N
# cryomodule / 1,855
# Klystron ~400 ] ]
// High quality

16024 x 1.1(Yield = 90%)
~ 17600 cavities of mass-production




CGS (Go-Generation System) at RIKEN

e 6.5MW + 2720 USRT

e 1Hz (20msec) power switch for
blackout.

* Efficiency:68%, as of June 2010.

e G:7MVA. 6.6kV. 50Hz.

e T:1100°C/480°C. 14000rpm. 6.6MW /12°C.

e B:480°C/160°C. 1.6MPa(210°C)12.5t/h

e (C:400 USRT x5+ 360 USRT x 2, 7°C at outlet (1 USRT=3.52kW. )



