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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)

Accelerator tunnel

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

Damping Ring

Detectors

Example view of mountain site
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Detector

~1km

# of SRF cavities ~16000

Tunnel

Superconducting 

RF accelerator

Tunnel Length = 32 km 



Power Consumption of ILC

The cost of energy consumption 

(electricity)  is serious issue for 

the realization of ILC. 

Efficiency from wall-plug 

to beam-power is ~10 %

We are challenging for higher efficiency



Serious issue for the realization of ILC

Introduction

to have the green sign for ILC !



2nd ESS WS (Oct. 2013) 
triggered our activities !



Green-ILC



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.
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Organization of AAA

Green-ILC WG started in Technology 

Study Group on 25th Feb. 2014.



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 2nd 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 1st meeting for the 
Green-ILC WG of AAA was held on 25th February 2014. (AAA home page = 
https://aaa-sentan.org/en/about_us.html )

• 2nd – 15th 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 the interactive home page for 
Green-ILC activities. Please visit  http://green-ilc.in2p3.fr/ and http://green-
ilc.in2p3.fr/documents/ .

https://aaa-sentan.org/en/about_us.html
http://green-ilc.in2p3.fr/
http://green-ilc.in2p3.fr/documents/


Green-ILC WG (AAA) report-2016 in English and all presentations related to Green-ILC 

are found on http://green-ILC.in2p3.fr/documents/.



Efforts on components
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http://www.fnal.gov/pub/today/archive/archive_2014/today14-06-03_Readmore.html

Fermilab today

A. Grassellino

P. Dhakal

https://www.jlab.org/news/ontarget/target-december-2011

International efforts in academia:

Nitrogen doping for SRF cavity 

Ti-doping 

(Jlab)

Slide by T. Kubo

Good technology for ILC ?

N-doping (FNAL)
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Disadvantage of N-dope:

Q increases but gradient decreases.

Current ILC recipe

N dope

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

But high gradient is 
necessary for ILC !

High efficiency

High gradient
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C. Antoine

Electropolish

Electropolish

Inject N2 gas
(～3×10-5 Pa)

at 120℃
for 48 hours

No 

chemistry

Slide by T. KuboN infusion
recipe by 
FNAL
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Then “high-Q & high gradient” are realized

A. Grassellino et al.,
arXiv:1701.06077 to be published in Supercond. Sci. Technol. 

We are trying to  involve 
N infusion in ILC recipe.

N infusion



Slide by 
C.Z.Antoine

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



Slide by 
C.Z.Antoine

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

Coating sample test.



300K

4.25MW(100%)

310K

80K

Conventional cycle

18kW

Waste 
Heat(95%)

Waste 
Heat(5%)

270K

3.97MW(93%)

310K

80K

18kW

New cycle with AdRef

280K
4kW(0.1%)

ILC

⊿3MW
（45.81→ 42.79MW）

Example of effort by industry

New refrigeration cycle with AdRef

280K270K Compact 

cold box 

& HEX 

Waste 
Heat(5%)

Low suction temp. 

→small compressor

→small power 

consumption

AdRef

Heat 
Source

Waste 
Heat(93%)

ILC-TDR New proposal



Low stage 

Compressor

Heat source from the helium compressor

High stage 

compressor

Oil 

cooler

Oil cooler

Inter 

cooler

After 

cooler

Heat 

source

Chilled 

water

Cooling 

water

Oil separator

Adsorption 

chiller

(AdRef)

50%

50%
Power input

100%

3%

47%

47%

42%

3%

2.5%

5%

After
313K ≒358K

Before
313K ≒363K

Temperature balance of the oil cooler

≒363K



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 

collector

Schematic diagram of CPD

collector



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

CPD Klystron

Collector Potential Depression (CPD) Klystron

Dummy resister

DC 90kV oscillator 

circuit for output

Capacitor for circuit
DC 25kV oscillator 

circuit for input



• Beam dump
• 14 MW (1TeV) @5 hertz 

• 10 m Water 155°C, 1000m gas

Wakefield deceleration for beam dump project 

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

R&D on Plasma Beam Dump

Main Beam dumps
10m water, or1000m gas
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Electro-chemical Polishing (EP) inside SCRF 9-cell 

cavity

Electro-Chemical Polish
Use Sulfuric acid + HF mixture

Apply voltage 

between center Al electrode and Nb 

cavity

Optimize parameter for smooth surface

without sulfur residual particle

voltage and temperature are key 

parameter

Successive rinsing is another key 

technology

Sustainable production in ILC:

Toxic HF is used in the production.

HF-free process is better. 



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

Collaboration of Nomura 
plating (industry) and KEK.
Sample test seems OK.



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



Considerations on Power Supply System in ILC-TDR

ILC will consume 164 MW.



Study on DC power transfer by High Tc superconductor for ILC by Fujikura (Industry).



Member in AAA



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

Nihonium



Member in AAA



Member in AAA



Member in AAA



Study on cogeneration in energy 
GRID for ILC by MHI (Industry).



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



❑ Estimate of Biomass Electric Power 

ＩＬＣ (Tunnel Heat Waste from Cooling Water)

Water content 

15 – 90 %

Water content 

15 %

Burned Ash

Recovered 
Heat

Heat

Recycling Products

Regional usage: Farming

Hospital

Tourism・・・

Steam

Estimate of Electric Power
Assuming the efficiency of 10～20%

Kitakami Site 58,104 kW×10 ～20% = 6,000～10,000kW
Sefuri Site   43,280 kW×10 ～20% = 5,000～10,000kW

Direct 
Burning

Electric 
Generation

Drying
Various 
Biomass

Study by Kabuki 
Construction Co. Ltd. 

Cooling water temperature is 
good for biomass industry.



Conceptual Biomass Town around ILC

出典:土浦市バイオマスタウン構想書

❑ 有機性廃棄物利用バイオマス発電Biomass Power Plant using Organic Waste

Lake

Organic Waste 

Process Machine

Residences

Farming

Farming

(Animals) Farming

(Fruits)

Lumber / wood 

industries

Biomass waste

Unutilized Biomass

Power / Products

FactoriesStores

Traffic 

Offices

Biomass Diesel 

Fuel Factory 

Compost 

Factory

Methane

Ferment

Factory

Recycling Factory 

Park



Solar power: >50 GW at 2030 in Japan

Smart ILC-City by Smart GRID



Green-ILC



Efforts on communication with 
international LC teams, other projects, 

and other scientific regions





General

ILC

ILC

ILC

CLIC

CLIC

Green-Accelerator Session in LCWS2017

Sharing information between ILC and CLIC teams



Denis Perret-Gallix, Takayuki Saeki

Also providing close and active communication among various projects.



General Chair    – Maxim Titov
(CEA Saclay, France)

Chair of the Loc. Org. Committee
/ EU Liaison       – Marc Winter

(IPHC Strasbourg)

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 NSS/MIC
Where: Strasbourg, France
When:  29 October –

6 November, 2016

~2500 participants from 
industry/academia

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



Oct 29 Oct 30 Oct 31 Nov 1 Nov 2 Nov 3 Nov 4 Nov 5 Nov 6

Nuclear Science Symposium

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

Medical Imaging Conference
scientific medical imaging meeting on the 
physics, engineering and mathematical 
aspects of nuclear medical imaging

Industry 
Exhibition

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

P
le

n
ar

y

Green
Particle 
Physics
Session

AAA Green-ILC 

activities are 

presented in this 

session. 
AAA activities 

are presented. 



Summary

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

• The 2nd ESS WS (Oct. 2013) triggered the Green-ILC activities. The 1st meeting for the 
Green-ILC WG in AAA was held on 25th 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 .

• 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



9-cell	cavi es	 

HOM	coupler	

HOM	coupler	
	

Input	coupler		 

Frequency	tuner	 

LHe	tank	 Beam	pipe	 Two-phase	He		
pipe	 

Superconducting RF specification for ILC

Parameters Value

C.M.  Energy 500 GeV

Peak luminosity 1.5 x1034 cm-2s-1

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%

Q0 = 1E10

# 9-cell cavity 16,024 (x 1.1)

# cryomodule 1,855

# Klystron ~400

53

16024 x 1.1(Yield = 90%)  

~ 17600 cavities of mass-production

High quality

Linac (11km) x 2

ILC



CGS (Go-Generation System) at RIKEN
• 6.5 MW + 2720 USRT

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

• Efficiency：68%, as of June 2010.

• G：7ＭＶＡ． 6.6ｋＶ. 50Hz.

• T :1100℃/480℃. 14000rpm. 6.6MW /12℃.

• B :480℃/160℃.  1.6MPa(210℃)12.5t/h

• C :400 USRT x 5 + 360 USRT x 2,   7℃ at outlet (1 USRT=3.52kW. )


