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L’Energie pour l’Innovation, Innovation dans l’Energie 

Collisionneurs Verts  
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Power and Energy for Colliders 

ILC:  164MW @ 500GeV  –  300MW @ 1TeV (TDR)       
ILC lab. (Experiment, Computing, Buildings)  => 180 MW @ 500 GeV, 320 MW @ 1 TeV. 
TDR takes a  large margin:                               300 MW                    500 MW 
                           (240 MW @ 500 GeV, RDR estimation) 
 

Aussois-LAPP, Sept 2015 

ILC 500 GeV  18% of Iwate prefecture electricity consumption,  ~ Morioka (300,000) 
ILC     1 TeV  32% 
Cost: 
• 180$/MWh 2011 for industry (JP OECD 2013 report, special discount?, price volatility (2024)) 
• CERN (2011, ~ 70 $/MWh), ESS (Sweden, 110 $/MWh) 

Yearly electricity running cost:  500 GeV  ~  240 M$ (10 years,  ~25% of ILC capital cost) 
                                                                     1 TeV   ~  430 M$ (scaling on power) 

FCC-ee : 354 MW @ 350 GeV       (top ring and pre-injection not included) 
FCC-hh : 468 MW @ 100 TeV       (pre-injection NOT included (+100 MW ??) (P. Collier)  
CLIC     : 272 MW @ 500 Gev      589MW @ 3 Tev 

 
LHC-CERN ~ 180 MW - 1.35 TWh/year,  50% Geneva electr. consumption (~ 250,000)  

HEP future: To be Green … or not to be  !! 
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Presentation May, 2014…  

JP 



Les hautes-énergies… 
c’est d’abord l’énergie 
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ILC est un convertisseur d’énergie: de (m)eV au TeV 
avec 

Une faible efficacité ~ 9.6 % 
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Muon Colliders extending high energy frontier 
with potential of considerable power savings 

Aussois-LAPP, 
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Jean-Pierre Delahaye 
SLAC 
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ILC baseline energy budget 
164 MW @ 500 GeV 

Rank:            1             6                   3                 2              4                5 
%      :          42             3                 15              23            13                5 

MW 
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1. Energy Saving: improving efficiency … 90% (if not 100%) lost as heat waste 
2. Operational saving  
3. Energy Recovery and Recycling 

 

Green-ILC Objectives  

Revisiting all ILC components, in terms of: 

1. Renewable energy production, best for ILC and ILC site 
2. Energy Storage (recovery, intermittency) 
3. Distribution and Management: Smart Grid 

Renewable energies: 

ILC : lower running cost,  better operational flexibility, eco-friendly 

Energy for: societal needs and world economy,   

   1. Needs for Energy Basic Research  
2. Synergies: HEP expertise (SC, HF magnets, beams, computing), photon, neutron 

factories   
3. Technology innovation and large scale infrastructure management 
4. ILC as a test bench: Pilot plants for ILC 
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ILC Energy center view  

Biomass 

Off-shore wind 
Solar Power Plant 

Geothermal Plant 
SPA 

Wind turbine 

Pumped Hydro (LN2) 

Ocean power 
Wave/stream energy 

Courtesy of:  

Photovoltaic 
Photovoltaic and thermal 

LN2, He, H2 storage 

Smart GRID 

Forecast and data management 

Solar roads 
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The Green ESS 
European Spallation Source -- 4R 

Wind Power:100 MW 
Machine: 278 GWh/y 
Cooling: 265 GWh/y 

Reliable 
stable electricity and 
cooling  supplies 
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ICFA 
International Committee for Future Accelerators 

http://www.fnal.gov/directorate/icfa/ 
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Thank you 
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J. Minch 
ICFA President 
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1. Accélérateurs et détecteurs 
2. Electronique, mécanique, informatique, ingénierie des systèmes 
3. Economies par la conception (design) ou par la mise en œuvre 

Green-Colliders au LAPP  

Efficacité énergétique, basse consommation 

1. Thermodynamique, pompe à chaleur, conversion chaleur-froid 
2. Stockage de l’énergie : 
3. Distribution et gestion: Smart Grid 

Récupération et recyclage de l’énergie perdue (90%) 

Quelles compétences ?  
Groupe de réflexion et prospective  (Labs-Universite-Industrie)   

Energies renouvelables: 

1. Solaire, éolienne, hydro,  azote liquide(exemple “Air Liquide”) 
2. Meilleur mix énergétique pour un collisionneur  en fonction de son 

fonctionnement et du site 
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Green-Colliders au LAPP  

1. CEA (LITEN) (Grenoble, Chambery) 
énergies renouvelables (énergie solaire, biomasse), l'efficacité énergétique (véhicules et bâtiments basses 
consommations, filière hydrogène, gestion des réseaux électriques,….), les matériaux hautes performances pour l'énergie. 

2. Grenoble INP Energie 
3. G2Elab Génie électrique 
4. Economie du développement durable et de l’énergie  EDDEN 
5. GreEn-ER (Grenoble énergie - enseignement et recherche) 
6. ILL, ESRF, EMBL, LETI, MINATEC, …. 

Laboratoire de Recherche (Universite, CNRS CEA, INPG) 

Groupe de réflexion (Labs-Universite-Industrie)   

Industrie 

1. Air liquide (Sassenage) 
2. THALES, SOITEC, AlSTOM 
3. Dassault, SKF, SAGEM, … 

 

Rhône-Alpes: Première région de France pour: 
 
• Composants fluidiques et pneumatiques 
• Métallurgie et métaux  
• Composants électroniques  
• Réfrigération industrielle  

http://www.grenoble-inp.fr/strategie-/energie-480802.kjsp
http://www.g2elab.grenoble-inp.fr/
http://edden.upmf-grenoble.fr/?lang=fr
http://www.grenoble-inp.fr/actualites/green-er-le-nouveau-pole-d-innovation-de-dimension-mondiale-sur-l-energie-et-la-gestion-des-ressources-naturelles-482378.kjsp
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Green-Colliders au LAPP  
Synergie:   

1. Labo HEP Français LAL, IPNO, CEA et dans d’autres domaines  
2. Au cœur des projets futurs (CLIC, FCC, …) 
3. CERN, KEK (AAA), ESS, SESAME, … 

 

Ouverture Nationale et internationale 

Relations avec l’industrie et la societe   

   
1. Besoins de R&D dans l’energie:  

1. Recherche de base  
2. laboratoire intégré. de la R&D aux applications finales  

le project Green-ILC réunit ces deux conditions   
2. Expertise en HEP et accélérateurs: utile pour le R&D dans l’énergie 

 (SC, aimant haut-champ, faisceaux, informatique), usine à photons, neutrons  
3. Gestion de la construction et du fonctionnement de grandes infrastructures 
4. Au cœur d’une région technologiquement et énergétiquement importante en France 
5. Le LAPP engagé dans les questions énergétiques un + pour notre implantation locale  
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LN2 as energy storage  

Expected Efficiency up to 70% using heat waste (~ 115 C) 

Highview Power Storage (UK) 
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LO2, LAr, SCO2 

Compressor/liquefier Inside 

Air cleaning !!! 

To Industry 

Dry ice 

For Cooling or Sequestration 

• Cryocooler may save 30-50% electrical power 
• Cooling NC magnets 
• HTc power Transmission lines 
• Cooling electronics and computers 

Energy storage 

Turbine  electrical generator 

 heat waste LN2 

i.e. Drying and preservation  industry 

N2 gas applications Electricity Back to ILC/GRID  

LN2 

LN2 process cycle  
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http://green-ILC.in2p3.fr  

http://green-ilc.in2p3.fr/
http://green-ilc.in2p3.fr/
http://green-ilc.in2p3.fr/


Merci pour 
votre attention 
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CERN LHC 
~100 m underground 
27 km long tunnel 

Top of Europe 
Mont Blanc 

Geneva jet d’eau 

Geneva intl. airport 
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ATLAS Experiment © 2012 CERN 
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High-energy frontier infrastructures projects 

ILC, Japan 

ee 240 GeV, pp 50-90 TeV 

pp 100 km 100 TeV 

ee 250 GeV – 1 TeV 

ee 500 GeV-3 TeV 
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LHC 
Events 

@ 7.5 TeV 
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CERN-LHC “New Boson” discovery 
PP -> H+X -> γγ +X 
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ILC Sustainable Energy 
Research Center 

ILC High-Energy  
Research Center 

Basic Research 

Application R&D 

Electrons, photons, 
neutrons  factories 

HPC/GRID Computing 

Fundamental Research 

Pilot Power plant for ILC  

HEP Applications  

Global organization for Green ILC 

ILC Energy Center 

High-Energy community Energy community 

Industry 



• Klystron: 
• Better efficiency: from 60% to 80% 
• Energy recovery on the electron beam (Hitachi) 
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Energy Saving and recovery 



Recover non-used RF power: 
Smart RF loads 
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1) http://accelconf.web.cern.ch/AccelConf/IPAC10/papers/wepd090.pdf 
2) http://accelconf.web.cern.ch/AccelConf/IPAC2012/papers/thppc023.pdf 

Idea 1) – reconvert to DC power! Idea 2) – use high-T loads! 

Aussois-LAPP, Sept 2015 



• Klystron: 
• Better efficiency: from 60% to 80% 
• Energy recovery on the electron beam (Hitachi) 

• Cavities: 2 Magnetic shields -> Increase cavity Q0  
              -> decrease cryo -> save 62 ME (10 years running) 
              (O. Napoly AWLC 2014 and JLC 2013) 
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Energy Saving and recovery 



Cryonomics 
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If I am allowed to extrapolate the 75% increase of Q0 shown by E. Kako with a double 
magnetic shielding, to ILC cavities with Eacc = 31.5 MV/m 
 
and with the assumptions:  grid power = 0,15 € /kWh@300 K 
   CoP(2K)  = 700 W/W 
   magnetic shield  = 1000€ / cavity 

  cryogenics = 1 M€/100 W@2K        

Q0 = 8 1010 (RDR ) 

€ 

Pdyn. = 9.6 kW@2K , 6.7 MW @ 300 K Pdyn. = 5.5 kW@2K , 3.8 MW  

Q0 = 1.4 1010 

€ 

Saving 62 Meuros on cavity cooling (10 years) 

O. Napoly AWLC 2014 and JLC 2013 



• Klystron: 
• Better efficiency: from 60% to 80% 
• Energy recovery on the electron beam (Hitachi) 

• Cavities: 2 Magnetic shields -> Increase cavity Q0  
              -> decrease cryo -> save 62 ME (10 years running) 
              (O. Napoly AWLC 2014 and JLC 2013) 

• Beam dumps 
• Wakefield deceleration for beam dump, project and test  
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Energy Saving and recovery 



 

Pros/cons 
Water dump Gas dump 

length 10 m 1000 m 

Window pressure 10 bar static, 0.5 bar dyn. 1 bar static, 0.01 bar dyn 

 Window diameter 30 cm 8 cm 

Hydrogen gas producing Several liter/sec @ 20 MW no 

Tritium production 300 TBq 30 TBq ( in Iron) 

Component Activity 1.2 mSv/h ~ 1 … 10 mSv/h 

J. Fujimoto (KEK) 



 

Plasma Acceleration, wakefield acceleration 



Plasma Deceleration Dumping 

 The deceleration distance in the underdense plasma is 3 orders of magnitude smaller than the 
stopping in condensed matter. 

 The muon fluence is highly peaked in the forward direction.   

10 cm for 100 GeV 

Use Collective Fields of Plasmas for Deceleration 

Linear Collider WS  
Tokyo Nov. 15 2013 
A. Suzuki (KEK DG) 
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Application for a grant (MEXT, JSPS) for 2015 



• Klystron: 
• Better efficiency: from 60% to 80% 
• Energy recovery on the electron beam (Hitachi) 

• Cavities: 2 Magnetic shields -> Increase cavity Q0  
              -> decrease cryo -> save 62 ME (10 years running) 
              (O. Napoly AWLC 2014 and JLC 2013) 

• Beam dumps 
• Wakefield deceleration for beam dump, project and test 

 

• Cryogenics 
• Helium refrigerator saving 
• LN2 pre-cooling 

•   
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Energy Saving and recovery 



Proposal Pickup from AAA Green-ILC WG in 2014 

(1) Helium compressor efficiency improvement 
(Maekawa Co.) 

H. Hayano (KEK) : ALCW April 2015 
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Helium refrigerator 
Compressor Oil Separator 

After-Cooler 

Expansion turbine 

Expansion Valve 

SC cavities 

Cold-Box 

Low-press gas, medium temp 

High-press gas,  
high temp 

High-press gas,  
low temp 

High-press gas,  
medium temp 

Low-press gas,  
low temp 

Low-press Liquid,  
low temp 
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Compressor power reduction 
 by using Adsorption Refrigerator [AdRef] 

Characteristics; 
1. non-CFC gas, but use water 
2. Low temperature heat exhaust 
3. Economy operation ( only water pump) 

4. Easy maintenance 
5. Safe operation 
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Cooled water by Adsorption Refrigerator [AdRef] 

Cooled water Heat  
extraction 

Cooling water 

Oil separator 

1st compressor 

2nd compressor 
After cooler 

Oil cooler 

Oil cooler 

Inter-cooler 

Electric power 

divide 

add 

Adsorption 
refrigerator 
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TOTAL 

Gas Temperature down (310K -> 280K) 
Then Compressor power reduce. 
 
 

7% saving 
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• Klystron: 
• Better efficiency: from 60% to 80% 
• Energy recovery on the electron beam (Hitachi) 

• Cavities: 2 Magnetic shields -> Increase cavity Q0  
              -> decrease cryo -> save 62 ME (10 years running) 
              (O. Napoly AWLC 2014 and JLC 2013) 

• Beam dumps 
• Wakefield deceleration for beam dump, project and test 

 

• Cryogenics 
• Helium refrigerator saving 
• LN2 pre-cooling 

  
• Transmission power lines 
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Energy Saving and recovery 



(2) HTS cable for primary power transmission 
(Fujikura Co.) 
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Y-High-Tc ( HTS ) cable element 

Product                   

Cable structure ( formed by copper structure )                   

Stabilized layer 

Protection layer 

HTc layer 

Inter-mediate layer 

metal layer 

Stab. layer Metal layer thickness Width  Type 
Critical current  
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High-Tc power cable 

AC power loss 

Fujikura succeeded to develop 5kA HTS power cable in 2013 with 1.37W/m AC loss. 

Fujikura proposed to use 5kA HTS power cable in ILC AC-HV power line. 

Power cable using 500A HTS cable element 
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(3) High efficiency cryogenics for HTS cable 
(Maekawa Co.) 
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• Klystron: 
• Better efficiency: from 60% to 80% 
• Energy recovery on the electron beam (Hitachi) 

• Cavities: 2 Magnetic shields -> Increase cavity Q0  
              -> decrease cryo -> save 62 ME 
              (O. Napoly AWLC 2014 and JLC 2013) 

• Beam dumps 
• Wakefield deceleration for beam dump, project and test  

• Suiren, KEK computer ranking 2nd  
in the GREEN500 Nov. 2014 listing 

• ~ 5 GFLOP/S/W  for a  0.185 PFLOP/S machine 
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Energy Saving and recovery 

• Cryogenics 
• Helium refrigerator saving 
• LN2 pre-cooling 
  

• Transmission power lines 



Integrated Power and Energy consumption calculation package for colliders 
• Integrating existing computing tools for the various subsystems 
• Implementation of analytical scaling formulae (for hot and cool colliders) 
• Input from accelerator design/simulation packages  
• Testing various staging and operation scenarios 
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Accelerator Energy Consumption Calculation Package 
AECC 

First meeting KEK 
Dec. 2014 

Amaterasu  
Goddess of the sun and of the Universe 
Mother of all Energy 
And a famous Manga figure 
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Scaling laws for e+/e- linear colliders 
J.P. Delahaye, G. Guignard,T. Raubenheimer, I. Wilson 

Uf= Ebeam 
 
δB =% loss  by beamstrahlung 
 
ηAC

RF=wall plug power to beam power 

Would be nice to compare with actual data.. 
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ILC cryogenics  ~ 38 MW   (23% of ILC total AC power)  
• In current design all cooling is done with LHe. LN2 as a primary coolant -> - 20 MW 
• LN2 cooling: HTc (MgB2) power transmission lines, NC magnets, electronics/computers, 
• LN2 could be used to recycle low grade heat waste (including beam dumps) 
• And produce electricity with high-pressure gaz turbine 

An LN2 Economy for ILC 

LN2 could be produced by sustainable energies 
• Close to or at the ILC site (wind, solar, geothermal energy)   
• Wind energy: from electricity or direct liquefaction 

LN2  Energy storage 
• With the heat waste, turbine produce electricity when 

needed. 70% efficiency 

Liquid air energy network 

First LN2 car 

Sumimoto 



CR – ?? Cryogenic Concept 

From Nakai et al Aussois-LAPP, Sept 2015 

ALCW 2015 change proposal 
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Green ILC  
Sustainable Energies  

2) Energy Storage: HEP, experts in some of these technologies 
– Liquid Helium, Nitrogen, SMES(Sc Magnetic Energy Storage), Flywheel, Pumped 

hydro, Compressed air, Batteries, … 

3) Distribution: Local Smart GRID:  
Full scale multi-sourced, AC/DC, GRID management and control 

– Smooth and rapid switching between energy sources, including conventional supply 
– Energy Monitoring, Management and forecast: production, storage and backup 

1) Energy Production:  
– Study the pros/cons of various sources: solar, wind, geothermal, sea, …, smr,… 

• Availability, Price, Flexibility, Potential for improvement, Environmental impact 
 

– Find the best energy mix to cover ILC specific needs ? 24/7, long shutdowns, … 
 

– Power conversion: Match ILC component to the energy sources specifics: 
• RF power converter: PhotoVoltaic, fuel cells  (DC) 
• Cryocooler or asynchronous liquefactors ? 



“Liquid nitrogen economy” update: 
• The Fukushima Offshore Wind Consortium project update: 
• November 2014: 7MW first large scale hydraulic wind engine (MHI, Artemis) 
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Hydraulic Wind engine 

Many technical advantages: 
• Smaller, lighter nacelle 
• Less mechanical parts and vibration 
• Hydraulic accumulator 

• Larger wind speed range 
• No electrical frequency converter 

• Easier maintenance at ground level 
 

Good for the  LN2 
• “Base” based LN2 liquefier 
• Many mills to one liquefier 
• Hybrid: LN2 and electricity 
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Ground based equipment 
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Ground based hybrid wind power 

Hydraulic Motor 

Gas Turbine 
Hydraulic pump 

LN2 liquefier Electrical power 
generator 

LN2 storage 
AC power to ILC 

ILC Heat wastes 

Nacelle 
 
 
 

Hydraulic pump 

Nacelle 
 
 
 

Hydraulic pump 

H2 
 
 
 
 
 

 
H2 

Option 



• 10 access points on ILC main Linac 
• Proposal: Each house a renewable energy plant 
• ~ 10-20 MW at each of the 10 tunnel/pit access 

• 3 - Geothermal/biomass: close to cities, ILC lab site 
• 3 - Wind power: electricity and LN2:ILC lab site, costal side 
• 3 - Solar (best orientation) 
• 3 - 1 - Ocean Power: ocean side 

 
~ Total 100-200 MW  
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Access tunnels: Power plants 



Global Design Effort  - CFS 

6 February 2013 International Linear Collider TDR Cost Review (Asian Region)  

Asian Site Conventional Facility – Introduction 
  

(Site) Mountainous green field not far from big towns, accessible with existing roads. 
(Facility) Smaller surface structures and underground structures.  

Damping Ring 
Detector Hall Ring To Main Linac (RTML) 

PM-X 

PM+10 

(Center Campus) 

PM-ab 
PM+13 

RTML turn-around 

Surface Structures 

Access Tunnel Access Hall 
(Slope <10%) 

(Slope <7%) PM-13 
PM-12 

PM-10 
PM-8 

PM+8 
PM+12 

(The background photo shows a similar site image but does not show the real site.) 

Granite 
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• Japan has a huge potential 
• No fracking, medium depth…  
• Let’s work with the onsen/spa industry for hybrid 

projects 
• Output warm water: Many applications: 

• Onsen/spa for the local community 
• Heating close-by cities/villages 
• Greenhouses for vegetable and flowers growing 
• Fish farming needs to adjust water temperature 
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Geothermal power 

Similar for Biomass power 
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Iceland Svartsengi 
• Geothermal plant: electricity 75 MW, thermal 150 MW 
• 37 years of operation 
• 600 m drill 240 C + 1000m and 2000m steam wells 
• Hot drinking water to the city 

Geothermal Energy and SPA center 

Swartsengi Power plant and Blue lagoon 
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Ocean Power (by Tsumoru Shintake, OIST) 

• Many big projects: 
• Little impact on landscape 
• little intermittency,  

but variable power 
• Could be close to the shore  

• Prof. T. Shintake future presentation 
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Tide power (Canada) 

0.5 MW France 
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Tidal power 
Rance Tidal Power station (1966), France 
  
Type of dam Barrage 

Length 700 m (2,300 ft) 

Reservoir 

Tidal range 8 m (26 ft) 

Power station 

Type Tidal barrage 

Turbines 24 

Power generation 

Nameplate capacity 240 MW 

Capacity factor 40% 

Annual generation 600 GWh 

http://en.wikipedia.org/wiki/Dam#Types_of_dams
http://en.wikipedia.org/wiki/Barrage_(dam)
http://en.wikipedia.org/wiki/Tidal_range
http://en.wikipedia.org/wiki/Hydroelectricity#Generating_methods
http://en.wikipedia.org/wiki/Tidal_barrage
http://en.wikipedia.org/wiki/Nameplate_capacity
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/Capacity_factor
http://en.wikipedia.org/wiki/GWh


Infrastructures, not very eco-friendly, but necessary,  
   Better to use them to produce energy ? 
  
Assuming: solar panels (thermal or PV) ~200 W/m2 
 
• ILC Buildings: ~ 103 buildings ~ 91,000 m2 (80%) -> ~15 MW 
• Roads: 10 tunnel access  10 semi-private roads (1-2 Km each) 

•  ~ 10-20 km  
• Side road: * 3m = 30-60.000 m2 
• Top road:  * 10 m = 100-200,000 m2 

• Parking lots: covered by solar panels 
 

• PB.: cleaning, snow, support structures, storage, … price …  
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Solar power on Infrastructure 
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“Renault” car company to install 450,000m2 of solar panels: 60 MW 
140W/m2 

Shandong Huayi Sunlight Solar Energy  
115W/m2 

SRB and CERN: Thermal panels, Geneva airport roof  
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http://www.greenpepperenergy.com/index.php/roof-over-roads-to-tap-solar-power/ 

Solar roadways 
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Visually disruptive equipements 

Fos sur mer (France) 

Off-shore 

Amusement parks (Ferris Wheel ~165 m high) 

Industrial complex, reuse of polluted zone, 



 ~ 3.2 Mm3 will be removed from tunnels digging 
Can be used to build earth dams see for comparison: 
 
Kutataragi Pumped Storage Power Station (奥多々良木発電所) 1.9 GW 
Kansai Electric Power Company (Hyōgo Prefecture) 
 
Kurokawa Reservoir (3.6 Mm3 earth) 
98 m tall, 325 m long 
 
Tataragi Reservoir (1.4 Mm3 earth) 
64.5 m tall, 278 m long 
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Excavated earth for pumped hydro dam 
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Energy University Network in Japan 
Energy for Innovation, Innovation in Energy 

• Energy basic research and practical applications suited to ILC similar 
to medium-large city 

• Based on HEP type cooperation paradigm: open-science, 
international,… 

• Energy issues, pluri-disciplinary … very transversal in Universities  
• Physics: thermodynamics, condensed matter and solid state physics 
• Environment: climate change,  
• Engineering: electronics, high-current, high-voltage electricity, mechanics 
• Bio: artificial photosynthesis 
• Nanotechnology: H2 storage, menbranes, … 
• Computational science: modeling, simulation, Smart grid management,  

• Industry network  
• Already: Japan AAA “Green-ILC” every 2-3 month meeting 
• Local companies 

 
• Pickup the university individual expertises on each of these topics 
• Build-up a comprehensive R&D program 

 
• Expand the network to international partners 
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Collaborations 
• First joint Green-Session Belgrade/Beijing ILC, CLIC, FCC, CepC, SppC 

   “HEP future:  to be green or not to be”  
 

• ICFA proposal (A. Suzuki KEK DG) 
“Sustainable accelerator/collider panel” (decision Jul. 2015) 
 

• Industry participation 
• Japan AAA “Green-ILC” every 2-3 month meeting 
• Air Liquide 

 
• Green-ILC available at interactions.org 

http://newsline.linearcollider.org/archive/2014/20141030.pdf 
 

• Comprehensive paper in preparation (Co-authors, H. Hayano, T. Saeki, 
A. Suzuki, D.P-G, ….) 
 

• Website: http://green-ILC.in2p3.fr (LAPP) 

http://newsline.linearcollider.org/archive/2014/20141030.pdf
http://green-ilc.in2p3.fr/
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