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HEP future will be Green
or will not be

Efficient, Recyclable and Renewable

• Scientific: A road-block to the highest energies:
– 300 MW is the accepted upper limit for electricity consumption

– Limit to: ~ 1 TeV for e+e-, < 10 TeV for µ+µ-, 20 TeV pp, Wakefield acceleration may do better

– LHC@180MW CERN consumes 1.3 TWh/y (-> 1.5 HL-LHC)  1/2 Geneva or 0.3M UK homes

• Technical: From eV to TeV 
Colliders: the last link in the energy concentration chain: a huge success of technology, 

probably the most complex industrial system ever

– Historically, to reach higher energies, new concepts were used to overcome the wall-

plug power limitations
• From linear to circular for proton (adding progressively energy to the beam and reusing the 

beam zillion times)

• Collider versus fixed target

• From warm to cold RF and magnet (1/2 the consumption)

• Muon collider projects

– Power Efficiency ~ 10% (ILC), room for improvement ? 

– Vicious circle: Poor efficiency -> overheating -> complex cooling -> more power needed
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Scientific, Technical, Cost, Societal



Lepton colliders “wall plug power”

Jean-Pierre Delahaye
SLAC-CERN
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HEP future will be Green
or will not be

Efficient, Recyclable and Renewable

• Science: A Road block to the highest energies:
– 300 MW is the accepted upper limit for electricity consumption.

– ~ 1 TeV for e+e-, < 10 TeV for µ+µ-, 20 TeV pp, Wakefield acceleration may do better

– LHC@180MW CERN consumes 1.3 TWh/y (-> 1.5 HL-LHC)  1/2 Geneva or 0.3M UK home

• Technical: From eV to TeV 
Colliders: the last link in the energy concentration chain: a huge success of technology, 
probably the most complex industrial system ever

– Historically, to reach higher energies, new concepts were used to overcome the wall-
plug power limitations

• From linear to circular for proton (adding progressively energy to the beam and reusing 
the beam zillion times)

• Collider versus fixed target
• From warm to cold RF and magnet (1/2 the consumption)
• Muon collider projects

– Power Efficiency ~ 10% (ILC), room for improvement ? 

– Break the vicious circle: Poor efficiency -> overheating -> complex cooling -> more power 
needed
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HEP future will be Green
or will not be

Efficient, Recyclable and Renewable

• Running Cost vs Capital investment:

– Electricity tariff trend is to the rise (IEA1 up 14% or 123% (inflation) to 2050) 

– ILC: the least power-hungry ~ 15%2 of its capital cost after 10y@500GeV (2015 
Japan industrial tariff)

– Optimize running cost vs capital investment

• Social/Political/Environmental:

– Promoting $10-20 B projects on “fundamental research only” is not enough.
Underline the many technical benefits brought to the society. Energy should be put among them.

– Some are green field projects (ILC, CEPC, SPPC) and a perfect test bench for “Energy R&D”
Moving from pure “High-Energy Research” to an inclusive “Energy R&D”

– New Colliders should adopt the Green engineering paradigm for:

• Energy efficiency and recycling, storage, production/use of renewable energy, environmental impact 
and safety

• Gas and water management, …

1 International Energy Agency

2 160-180 MW, 200 days/year 24h/d 0.77-0.86 TWh,  180$/MW 138-155 M$/year, 10 years@0.5TeV  1.38-1.55B$
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Green engineering is the design, commercialization,
and use of processes and products  that minimize pollution, 
promote sustainability, and protect human health without 
sacrificing economic viability and efficiency.
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Where do Green issues stand today?

• In the HEP lab. triggered by National laws, running cost saving or 
environmental concerns (FermiLab or SLAC SSP*, CERN, KEK, …) 

• Most of the progress is coming from dedicated projects: 
ILC, ESS, CLIC (see Steinar’s Talk), FCC’s

• EU Workshop: “Energy for sustainable science”, sessions in conf./workshops

• Networks/committees

• Europe: EUCARD2 - WP3: Energy Efficiency (EnEfficient)

• International: ICFA panel: “Sustainable accelerators/Colliders”

* Site Sustainability Plan
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1. Energy Saving: improving efficiency ….         90% lost as heat waste

2. Operational saving 

3. Energy Recovery and Recycling

Green-ILC Objectives 
started Oct. 2013

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: building pilot power plants for ILC
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ILC “Energy Research Center” with its dedicated energy production

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



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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• Better efficiency: from 60% to 80% 
• 90% HEIKA CERN see I. Syratchev’s talk)

• Kladistron (EUCARD2,CEA)
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Energy Saving and recovery
RF Klystron

Kladistron

HEIKA 
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2)http://accelconf.web.cern.ch/AccelConf/IPAC2012/papers/thppc023.pdf

Idea 1) – reconvert to DC power! Idea 2) – use high-T loads!
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• Klystron Energy recovery 
Recover non-used RF power: Smart RF loads

Energy Saving and recovery
RF Klystron

Generator for REcovering ENergy from RF: GREEN-RF
SLAC-CPI R&D Partnership

1) http://accelconf.web.cern.ch/AccelConf/IPAC10/papers/wepd090.pdf 2)http://accelconf.web.cern.ch/AccelConf/IPAC2012/papers/thppc023.pdf

Claude Van Dalle, CPI

http://accelconf.web.cern.ch/AccelConf/IPAC10/papers/wepd090.pdf


• Very active R&D: Great saving potential

• Additional  Magnetic shields increase cavity Q0
-> decrease cryo -> save 62 ME (10 years)

O. Napoly AWLC 2014 and JLC 2013)

• Type I SN Meissner shielding (Kyoto Univ., 
Cornell, …

• Nitrogen Infusion/Doping (FNAL,ANL, JLAB, Cornell)

• Higher Q0

• Larger Gradient

• Coarse grain (D. Kostin, R. Porter) -> 39 MV/m

• 4.2K cooling instead of 1.9K Q0 2 1010 26 MV/m
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Energy Saving and recovery
Cavities

Very promising, 
great saving capital and running cost
But More R&D needed.



• Beam dumps

• 14 MW (1TeV) @5 hertz 

• 10 m Water 155°C, 1000m gas

Wakefield deceleration for beam dump project 
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Energy Saving and recovery

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

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

600 μm
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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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• LN2 pre-cooling
• Producing LN2 on site from wind turbine
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Energy Saving and recovery
Cryogenics



OIST, Okinawa, May 2015
Denis Perret-Gallix@in2p3.fr 

LAPP/IN2P3/CNRS - KEK
17

LO2, LAr, SCO2

Air cleaning !!!

To Industry

Dry ice

For Cooling or Sequestration

• Cryocooler may save 30-50% electrical power
• Cooling water
• HTc power Transmission lines

Energy storage

Turbine  electrical generator

heat wasteLN2

i.e. Drying and preservation  industry

N2 gas applications Electricity Back to ILC/GRID 

LN2

LN2 process cycle 



TOTAL

7% saving
Adsorption Refrigerator
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Helium cryocooler power saving
Green-ILC AAA meetings (H. Hayano, T. Saeki)

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

New Technology, new saving
• 3D turbine construction
• LN2 stage
Cryocooler for 1 W cooling power at 4.5K:  went from 600 W to 250 W (2.4 saving)
Dimitri Delikaris (CERN)
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Green-ILC AAA meetings (H. Hayano, T. Saeki)

Energy Saving and recovery
Transmission power lines



• Suiren, KEK computer ranking 2nd GREEN500 2014 2015 
• ~ 6.8 GFLOP/S/W  for a  0.193 PFLOP/S Rmax

• Submersion liquid coolant fluorinet
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Energy Saving and recovery
Computing

Nov. 2015

June 2017

Efficiency doubled in the last 2 years
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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

“ESS will not just be one of the world’s most 
modern research facilities; It will also be one 
of the most sustainable and energy-intelligent.

The objective is that the facility will use 
a minimum amount of energy, that all energy 
will derive from renewable energy sources and
that a maximum amount of residual energy is 
recycled. ”

ESS: 18 May 2017
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China Green networking
CEPC

• Ring SCRF: 168 800kW 650MHz CW klystrons are needed with 
efficiency ~85%. 

• A national network composed of institutes of CAS and Industries 
has been established and financed for R&D and industrialization.

• An international workshop " High Efficiency High Power Frontier,, 
or HEHPF2018, is planned to be held in Beijing, 2018.

• Networking  for High performance large Cryogenic system

(From Jie Gao, IHEP)
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ICFA: International Panel on
“Sustainable colliders and accelerators”

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

• strategy & coordination 

• energy efficient accelerator concepts

• energy efficient and sustainable accelerator technology

• energy management for large research facilities
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ICFA: International Panel on
“Sustainable colliders and accelerators”

• strategy & coordination 
 quantification of accelerator efficiency, formulation of figures of merit, steps 

towards establishing a carbon footprint for complete facilities, e.g. assessment of 
fabrication of specific components

 public communication and outreach, assessment of societal and political relevance 
in different regions

 assessment of economy & reliability vs. sustainability aspects

 Involvement of industry partners, managing IP rights

• energy efficient accelerator concepts
 energy recovery concepts, e.g. energy recovery linac

 improving brightness in light sources, luminosity in colliders,

 brightness of desired secondary radiation (e.g. Muon cooling)

 using advanced concepts, i.e. “gaining output per kWh”

 assessment of new/advanced acceleration techniques



PECPAC
(in development)

Power and Energy Consumption for Particle Accelerator and Colliders
An open-source full-fledged calculation package

Currently, only scattered and ad hoc tools, under individual expertise (not transparent)

Needed: an independent, integrated and open-source program,

• To support the design and modeling of accelerator/colliders lattice and technology.

• A benchmark to compare the efficiency of various projects (Higgs/MWh)

• To monitor project progress

• To estimate the impact on consumption when planning hardware or operation changes.

• To implement known  scaling laws for extrapolation to future projects 
(higher/lower energies, intensities, …) 

• To manage a database of past, current and future accelerator/collider planed and 
measured power and energy consumption, 
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Based on Jupyter notebook

Amaterasu
Goddess of the sun and of 
the Universe
Mother of all Energy
And a famous Manga figure



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

ICFA: International Panel on
“Sustainable colliders and accelerators”

• strategy & coordination 
 quantification of accelerator efficiency, formulation of figures of merit, steps 

towards establishing a carbon footprint for complete facilities, e.g. assessment of 
fabrication of specific components

 public communication and outreach, assessment of societal and political relevance
in different regions

 assessment of economy & reliability vs. sustainability aspects

 Involvement of industry partners, managing IP rights

• energy efficient accelerator concepts
 energy recovery concepts, e.g. energy recovery linac

 improving brightness in light sources, luminosity in colliders,

 brightness of desired secondary radiation (e.g. Muon cooling)

 using advanced concepts, i.e. “gaining output per kWh”

 assessment of new/advanced acceleration techniques
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• energy efficient and sustainable accelerator technology
 efficient RF sources (klystron, magnetron, solid state, IOT)

 s.c. cavity advancements relevant for efficiency (low cryo losses: high Q, HTC materials)

 efficient beam transport (permanent magnets, optimized electromagnets and pulsed magnets, 
s.c. magnets)

 optimization of large cryogenic systems

 technology for energy recovery: heat recovery in accelerator facilities, high T cooling 
circuits, recovery of RF power, recovery of pulsed magnet field energy, recovery of spent 
beam energy (ILC)

 efficient targets for neutron, neutrino, muon production

 minimizing the consumption of cooling water

 long term equipment and infrastructure sustainability, e.g. suitable selection of materials and 
re-usable modular components

• energy management for large research facilities
 using excess energy in an era of fluctuating sustainable sources; best mix of conventional and 

renewable sources

 dynamic operation avoiding periods of low supply, efficient standby modes and fast recovery

 integration of energy recovery and storage techniques in the overall energy management 
concept

ICFA: International Panel on
“Sustainable colliders and accelerators”
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Conclusion
Where do Green issues stand today?

• In the labs, minimal progress mainly pushed by regulations
• Most efforts are scattered, not globally coordinated
• Committees/networks  activities and influence are weak 

side issues… by the wayside, when not in-the-way ! 

• Getting  momentum, driven by  large projects
• Some brilliant and encouraging new R&D… but still greenifying is often seen as

1. Green issues must be integrated to the core of the projects from 
design to promotion

2. Collaborations with energy experts from academy or  research 
organizations are definitely needed (Applied Physics)

3. Partnership with the Industry is mandatory

Green is Key to HEP future

So What ?
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Thank you



Presentation May, 2014… Data date ??

JP
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Power and Energy

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)

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)

ILC (500)+ILC lab: Yearly electricity cost: ~ 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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1. Energy Saving: improving efficiency: 90% lost (if not 100%) as heat waste

2. Saving on ILC operation 

3. Energy Recovery and Recycling

Green-ILC Objectives 

Revisiting all ILC components:

1. Renewable energy production, which are 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, environment friendly

Energy: for societal needs and world economy,  

1. Basic Research (most needed for Energy Research)

2. HEP-Energy synergies: 
SC, HF magnets, RF, vacuum, surface treatment, computing, photon, neutron factories  

3. ILC will boost technology innovation

4. ILC as a perfect test bench for energy research
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PECPAC main features
• Modular in terms of:

• Subsystems (RF, cryo, water cooling ….)

• Accelerator components (sources, injectors, main linac,…)

• Designed for a generic accelerator or collider 
but with the ILC as a prototype

• Implementing also the approximate scaling laws 

• Integrating existing tools when possible

• Set standard definitions:  technology, parameters and units 

• Standard input and output format for data exchange.

• Use particle accelerator codes i/o format

• Simple User Interface and Graphics output
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Advances in Nb3Sn coatings:  Ryan Porter (Cornell) LCWS 2017
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