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Energy for Innovation and Innovation in Energy 

An Industry-Research Endeavor  
in Particle Physics  
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Particle Physics at CERN - LHC 



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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8.6Km 
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LHC- ATLAS 
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ILC: International Linear Collider 

2 x 10 km linac: SC cavities  @ 500 GeV  2 x 20 km @ 1000 GeV 
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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 

ILC is a power converter from (m)eV to TeV 
with 

Wall-plug to beam power efficiency is 9.6 % 
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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) 
 

IEEE Strasbourg, Nov., 1st 
2016 

ILC 500 GeV  18% of Iwate prefecture electricity consumption,  ~ Morioka (300,000) 
ILC     1 TeV  32% 
 
• 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)  

 
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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Muon Colliders extending high energy frontier 
with potential of considerable power savings 

IEEE 
Strasbourg, 
Nov  1st 2016 
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Jean Pierre Delahaye 
CERN 
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Presentation May, 2014…  

JP 
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1. Energy Saving: improving efficiency ….         80% lost as heat waste 
2. Operational saving  
3. Energy Recovery and Recycling 

 

Green-ILC Objectives  

Revisiting all ILC components: 

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

Alternative energies: 

ILC : lower running cost,  better operational flexibility, environment friendly 

Energy for: societal needs and world economy,   

   
1. Basic Research 
2. Synergies: expertise (SC, magnets, beams, computing), photon, neutron factories   
3. Technology innovation 
4. ILC as a test bench: Pilot plants for ILC 
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ILC Energy center (artistic) view  

Biomass 

Off-shore wind 
Solar Power Plant 

Geothermal Plant 

Wind turbine 

Hydro storage 

Wave/stream energy 

Courtesy of:  

Photovoltaic 
Photovoltaic and thermal 

He, H2 storage 

Smart GRID 

Forecast and data management 



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

Total: 1853 cryomodules 



Recover non-used RF power: 
Smart RF loads 

Denis Perret-Gallix@in2p3.fr 
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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! 

OIST, Okinawa, May 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 



• 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 

Beam dumps 
10m water, 1000m gas 
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6. Preliminary result of beam deceleration simulation 

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

600 μm 

IEEE 
Strasbourg, 

Nov  1st 
 

Denis.Perret-Gallix@in2p3.fr CNRS/IN2P3LAPP - KEK 

19 



More than 15% 
energy loss after 
3m 

Dr. X. Zhang (UCI)  

Preliminary result of beam deceleration simulation 

First result of simulation is encouraging. Working is 
continuing with priority. 
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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 

•   
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Energy Saving and recovery 



TOTAL 

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

7% saving 
Adsorption Refrigerator 



• 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 
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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/June 2015 listing 

• ~ 6.8 GFLOP/S/W  for a  0.193 PFLOP/S Rmax 
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Energy Saving and recovery 

• Cryogenics 
• Helium refrigerator saving 
• LN2 pre-cooling 
  

• Transmission power lines 

Nov. 2015 
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Green 500 top superconputer 

2nd Suiren (KEK) Nov 2015 

Top 500 June 2016 
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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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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 ? 
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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 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  



“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 



• 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 

The new Hellisheiði plant: 300 MW 



IEEE Strasbourg, Nov., 1st 
2016 

Denis.Perret-Gallix@in2p3.fr 
CNRS/IN2P3LAPP - KEK 37 

Ocean Power (by Tsumoru Shintake, OIST) 

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

but variable power 
• Could be close to the shore  
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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 



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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“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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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) 

• strategy & coordination  
 

• energy efficient accelerator concept 
 

• energy efficient and sustainable accelerator technology 
 

• energy management for large research facilities 
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http://green-ILC.in2p3.fr  

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