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Power and Energy for Colliders

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

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 589IMW @ 3 Tev

ILC: 164MW @ 5006eV - 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 1TeV 32%

Cost:

« 180$/MWHh 2011 for industry (JP OEcD 2013 report, special discount?, price volatility (2024))
« CERN (2011, ~ 70 $/MWHh), ESS (Sweden, 110 $/MWh)

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

HEP fu'rqr'e: To be Green ... or not to be |

LAFF/LNZF3/CNRDO - KEK
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Les hautes-énergies...
c'est d'abord I'énergie

ILC est un convertisseur d'énergie: de (m)eV au TeV

avec
Une faible efficacité ~ 9.6 %

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK



Muon Colliders extending high enerqgy frontier
with potential of considerable power savings
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Wall Plug Power
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Sept 2015
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* ;lr ILC baseline energy budget
- 164 MW @ 500 GeV

/
N

7

Table 11.6 :
Estimated DKS power Accelerator Conventional
loads (MW) at 500 GeV section RF Power Racks NC magnets Cryo Notmal | Emergency Total

centre-of-mass operation.

Conventishal® rfeists e~ sources 1.28 0.09 0.73 0.80 1.47 0.50 4.87
prawer nsed Tar-the il et sources 1.39 0.09 4.04 0.59 1.83 0.48 9.32
ties themselves. This DR 8.67 2.97 145 1.93 0.70 1572
LN M ——— RTML 4.76 0.32 1.26 1.19 0.87 8.40
e, svarblation snd Main Linac 52.13 4.66 0.91 32.00 12.10 4.30 106.10
air conditioning, (HVAC). BDS 10.43 0.41 1.34 0.20 12.38
Etnistigenicy’ power Fesds Dumps 0.00 121 1:21
e . IR 1.16 2.6h 0.90 0.96 h.67

utilities that must remain
operational when main TOTALS 68.2 .2 22.4 37.9 20.8 9.2 @
power is lost.

Rank: 1 6 3 4 5

% 42 3 15 13 5

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK



*ir  Green-ILC Objecti
o
o reen- Objectives
ILC : lower running cost, better operational flexibility, eco-friendly
Revisiting all ILC components, in terms of:

1. Energy Saving: improving efficiency ... 90% (if not 100%) lost as heat waste

2.  Operational saving
3. Energy Recovery and Recycling

Renewable energies:

1.  Renewable energy production, best for ILC and ILC site

2. Energy Storage (recovery, intermittency)
3. Distribution and Management: Smart Grid

Ener'gy 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

: Denis Perret-Gallix@in2p3.fr
Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK 7



* iﬁ ILC Energy center view
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Forecast and data management

Value added
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N1 The Green ESS

European Spallation Source -- 4R

Renewable: Responsible:
All energy from new, dedicated Reduce energy use to
renewable production at a under 270 GWh per year

stable and competitive cost

Reliable
stable electricity and
cooling supplies

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

Recyclable:

Completely replace cooling
towers with a cooling system
based on heat recycling.

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK

Aussois-LAPP, Sept 2015



*.ilr ICFA

Green-ILC

International Committee for Future Accelerators

http://www.fnal.gov/directorate/icfa/

ICFA: International Committee for Future Accelerators

ICFA, the International Committee for Future Accelerators, was created to facilitate
international collaboration in the construction and use of accelerators for high energy
physics. It was created in 1976 by the International Union of Pure and Applied Physics. Its
purposes, as stated in 1985, are as follows:

* To promote international collaboration in all phases of the construction and
exploitation of very high energy accelerators.

* To organize regularly world-inclusive meetings for the exchange of information on
future plans for regional facilities and for the formulation of advice on joint studies
and uses.

* To organize workshops for the study of problems related to super high-energy
accelerator complexes and their international exploitation and to foster research and
development of necessary technology.

The Committee has sixteen members, selected primarily from the regions most deeply
involved in high energy physics.

Membership

Secretary

What, Why, Who is ICFA?

ICFA Meetings

Panels

Recent Linear Collider Activities

Statements

Related Reports

Denis Perret-Gallix@in2p3.fr
AAA Green-ILC July 15, 2015 LAPP/IN2P3/CNRS - KEK
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Green-ILC ,’b
ICFA Membership
August 2015: (new since July 2014)
CERN Member States Canada
H. Abramowicz M. Roney
R. Heuer China
J. Mnich (Chair) Y. Wang
USA Other Countries
N. Lockyer M. Cho
D. MacFarlane L. de Paula
I. Shipsey V. Matveev
Japan 11
T. Mori J. Fuster
M. Yamauchi
Russia
A. Bondar Secretary: R. Rubinstein

S. lvanov

4 Mlmics

Denis Perret-Gallix@in2p3.fr

11
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1 Sustainable Accelerators and Colliders

> Panel proposed by A. Suzuki.

_ = (50als:
J. Minch

ICFA President = Improve power efficiency of every accelerator component
= Have energy recovery from the accelerator, and re-use it

* Have a stand-alone systemto provide all or part of the accelerator
power needs

> Important topic, with connections i.e. to efforts at ESS, EUCARD
enerqy efficiency network, etc.

= Region representatives looking into initiatives in this area, with the
aim of producing mandate and goal for potential panel, if topic found
to be appropriate for ICFA.

= |CFA asked proponents to propose a mandate and
membership for such a Panel.

J Mnich 3= A Mlaps 27 Bagpest JN10 saga 3

Denis Perret-Gallix@in;

AAA Green-ILC July 15, 2015 LAPP/IN2P3/CNRS -

12
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*ilr Green-Colliders au LAPP

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

Efficacité énergétique, basse consommation

1. Accélérateurs et détecteurs

2.  Electronique, mécanique, informatique, ingénierie des systémes
3. Economies par la conception (design) ou par la mise en ceuvre

Récupération et recyclage de I'énergie perdue (90%)

1.  Thermodynamique, pompe a chaleur, conversion chaleur-froid
2.  Stockage de I'énergie :

3. Distribution et gestion: Smart 6rid

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

: Denis Perret-Gallix@in2p3.fr
Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK 13



*ilr Green-Colliders au LAPP

Groupe de réflexion (Labs-Universite-Industrie)

Laboratoire de Recherche (Universite, CNRS CEA, INPG)

1. CEA (LITEN) (6renoble, Chambery)

énergies renouvelables (énergie solaire, biomasse), |'efficacité énergétique (véhicules et batiments basses
consommations, filiere hydrogéne, gestion des réseaux électriques,....), les matériaux hautes performances pour |'énergie.

2. Grenoble INP Energie

3. G2Elab Génie électrique

4.  Economie du développement durable et de I'énergie EDDEN

5. GreEn-ER (6renoble énergie - enseignement et recherche)

6. ILL, ESRF, EMBL, LETI, MINATEC, ...

Industrie Rhone-Alpes: Premiere région de France pour:

Composants fluidiques et pneumatiques
Métallurgie et métaux

Composants électroniques
Réfrigération industrielle

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

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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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

*ir Green-Colliders au LAPP

QOuverture Nationale et internationale

Synergie:

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

Relations avec l'industrie et la societe

1. Besoins de R&D dans I'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 I'énergie

(SC, aimant haut-champ, faisceaux, informatique), usine a photons, neutrons

3.  Gestion de la construction et du fonctionnement de grandes infrastructures

4.  Au ceceur d'une région technologiquement et énergétiquement importante en France

5.  Le LAPP engagé dans les questions énergétiques un + pour notre implantation locale
Aussois-LAPP, Sept 2015 Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK L
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,,’,f LN2 as energy storage

Green-ILC

Liquefaction

Storage

Cold air exhaust 1o
Cryo Energy System

Liquic air Highview Power Storage (UK)

Power Recovery

e i -
Cryogenic air P heck

Heat input Turbine into the grict
{ambient or waste heat) I an

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

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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* LN2 process cycle
o

Compressor/liquefier Inside

Cryocooler may save 30-50% electrical power
Cooling NC magnets

HTc power Transmission lines

Cooling electronics and computers

Green-ILC

LNz —)

l

Energy storage

L

wind turbine

windmills

LN2 heat waste

LOZ, LAI", SCO2 Dry ice \/
1 1 1 Turbine > electrical generator
——

To Industry  For Cooling or Sequestration N2 gas applications Electricity Back to ILC/GRID

l

i.e. Drying and preservation industry

Ljd 1157

Air cleaning Il
Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK

Aussois-LAPP, Sept 2015 17



-” | ’P Creen ILC http://green-ILC.in2p3.fr

, ’ b Energy for Innovation, Innovation in Energy

Green-ILC Pr

Home | Blog | Archives | » Research | Conferences | Documents | Links | Contacts

RSS

Aussois-LAPP, Sept 2015

The Green ILC Project

ILC, the International Linear Collider, is the next fundamental science project in high energy physics
and the first ever true global basic science center.

What CERN did for the European HEP community, ILC will do for the world. But the e+e- ILC project
may go even beyond mere fundamental science and contribute to one of the world most pregnant issue:
Energy, not merely high-energy but, more generally: energy for the society.

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

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.

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK

Recent Posts

Green-ILC in LC Newsline

New Hydraulic Wind Turbine

Green Session at LCWS 2014
EUCARDZ EnEfficient

Liquid Air in the Energy and Transport

Systems

Links
email: green.accelerators@gmail.com
Green-ILC wiki

Green-ILC group discussion

18


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

is-LAPP, Sept 2015

Merci pour
votre attention

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK
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CERN Accelerator Complex
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== protonfantiproton conversion

LHC Large Hadron Collider  SPS Super Proton Synchrotron PS Proton Synchrotron

AD Antiproton Decelerator  CTF3  Clic Test Facility
CHGE Cern Meutrinos to Gran Sasso 1S0L0E |sotope Separator Online DEvice
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Aussois-LAPP, Sept 2015 Denis Perret-GaIIix@ianSEfé
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ATLAS Experiment © 2012 CERN

Denis Perret-Gallix@in2p3 fé
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Green-ILC

ILC Scheme | © www.form-one.de

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK
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Geant4|  The Large Hadron Collider Experi
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CERN-LHC "New Boson" discovery
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* i'.'l‘ Global organization for Green ILC
vene UG

Fl

ILC Energy Center

ILC High-Energy

- - ILC Sustainable Energy
Research Center

Research Center

Industry

Basic Research

Fundamental Research

HEP Applications Application R&D

Pilot Power plant for ILC

,/Electrons, photons,\
o . K neutrons factories Ener communit
High-Energy community ~_HPC/GRID Computing gy Y
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Damping Rings IR & detectors compressor
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e- bunch
compressor

central region
5km

electron
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_2km

Denis Perret-Gallix in2p3.tr
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;,lc Energy Saving and recovery

« Klystron:
« Beftter efficiency: from 60% to 80%
* Energy recovery on the electron beam (Hitachi)

Denis Perret-GallixC ..._ ...
LAPP/IN2P3/CNRS - KEK

Aussois-LAPP, Sept 2015 31



Recover non-used RF power:
Smart RF loads

Idea 1) — reconvert to DC power! Idea 2) — use high-T loads!
~ N WR-1150 Pressurized air at Metalenclosure at Thermal
[ = = r:l J |r:' rs b ? wavegmde ambienttemp. high temp. (800 °C) insulation
(.9 [ ; DE] - FRENEN]
uo DC - Link [ [ 1]
ol £
1 AC
AC 50 HE, to distnbution gnd Airtight RF  Perforation Taperingfor Ceramic Perforation
window serves as RF low RF- foam serves as RF
tight airinlet reflections tight air outlet

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

Aussois-LAPP, Sept 2015



* iln .
.o Energy Saving and recovery

e Klystron:
« Befter efficiency: from 60% to 80%
« Energy recovery on the electron beam (Hitachi)
« Cavities: 2 Magnetic shields -> Increase cavity Qg

-> decrease cryo -> save 62 ME (10 years running)
(O. Napoly AWLC 2014 and JLC 2013)

:AUS.SOis:_EAPP Sept 2015: “Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK
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Cryonomics

|f | am allowed to extrapolate the 75% increase of Q, shown by E. Kako with a double

O. Napoly AWLC 2014 and JLC 2013

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
Pyyn.= 9.6 KW@2K , 6.7 MW @ 300 K Pyyn.= 5.5 KW@2K , 3.8 MW

2,50E+08 1,60E+08

1,40E+08
2,00E+08

1,20E+08

1,00E+08

m Grid * 10 years

1,50E+08
M Cryogenics capital 8,00E+07

1,00E+08 1 Shields capital )

6,00E+07

® Total * 10 years
4,00E+07 -
5,00E+07 -
2,00E+07 -

0,00E+00 — 0,00E+00 -+

QO = 8 10%° (RDR) QO = 1.4 1010

Saving 62 Meuros on cavity cooling (10 years)

Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK 4
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* :lp .
/1" Energy Saving and recovery

/.

« Klystron:
« Better efficiency: from 60% to 80%
« Energy recovery on the electron beam (Hitachi)
« Cavities: 2 Magnetic shields -> Increase cavity Qg
-> decrease cryo -> save 62 ME (10 years running)
(0. Napoly AWLC 2014 and JLC 2013)
« Beam dumps
* Wakefield deceleration for beam dump, project and test

Pressure Time Value = 2.2e-005 [ 5 |

7. 000e+005 0.035 @.ar 0. 106 (=) ﬁ

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK

Pa]

Aussois-LAPP, Sept 2015
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Pros/cons

J. Fujimoto (KEK)

I L

length

Window pressure
Window diameter
Hydrogen gas producing
Tritium production

Component Activity

10 m

10 bar static, 0.5 bar dyn.
30 cm

Several liter/sec @ 20 MW
300 TBq

1.2 mSv/h

1000 m

1 bar static, 0.01 bar dyn
8 cm

no

30 TBq (in Iron)

~1..10 mSv/h



Plasma Acceleration, wakefield acceleration

Focusing (E))
Decelerating (E))

Plasma density (5.0 x 10" cm™9)
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Plasma Deceleration Dumping

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 13, 101303 (2010)

Linear Collider WS Collective deceleration: Toward a compact beam dump

Tokyo Nov. 15 2013 H-C. Wu,' T 'l"ajim&,”l D. Habs,"? A. W. Chao,” and J. Mcycr-tcr—‘v’chn]

A. Suzuki (KEK DG) 'Max- Planck-Institut fiir Quantenoptik, D-85748 Garching, Germany
*Fakulit fiir Physik, Ludwig-Maximilians-Universitar Miinchen, D-85748 Garching, Germany
38IAC National Accelerator Center, Stanford University, Stanford, California 94309, USA
(Received 10 December 2(X)9; published 5 October 2010)

Use Collective Fields of Plasmas for Deceleration

100 MeV 4
1 GeV
10 GeV 1
100 GeV ]

D'E_' 10 cm for 100 GeV
—_— 4}_[m 0.0 . : : : : '
0.0 0.5 1.0 15

Distance x"E (mm+E__ )

» 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.

: Denis Perret-Gallix@in2p3.fr
Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK 38



= Appllcatlon for a grant (MEXT JSPS) for 2015
Collective Stopping Power for ILC M. Yosh:da KEK (IZEST)

Laump [m] = 1.7 X 10135%[;?-1% |GeV]

here or 2 060 & or>19x 10“6\,‘ NbaL

(electron bunch}

ILC Np=2x10" Ey;=500GeV

Laumyp [m] = 4.3 x 10%02 [cm]

> L 10 m for Li gas
Next Trials

» Experiment of Proof-of-Principle
» Deposit mechanism of Wake-Field energy
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« Cryogenics

LN2 pre-cooling

Aussois-LAPP, Sept 2015

Helium refrigerator saving

Energy Saving and recovery

h 7 MO
S : Ry
A
* e
.. i Frs A &
— 17| A any
S 4 r oy Al
= R 7

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK
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H. Hayano (KEK) : ALCW April 2015
Proposal Pickup from AAA Green-ILC WG in 2014

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



MAYEKAWAN

http://www.mayekawa.co.jp/ja/

Helium refrigerator

Low-press gas, medium temp

High-press gas,
medium temp

SC cavities

High-press gas, o
high temp

Expansion turbine

Low-press gas,
low temp

High-press gas,
low temp

[

Low-press Liquid,
low temp

Expansion Valve

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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Compressor power reduction
by using Adsorption Refrigerator [AdRef]

Stz 1T ; i 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

Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK =

Aussois-LAPP, Sept 2015



Cooled water by Adsorption Refrigerator [AdRef]

15t compressor

50% 100% . ,
« Electric power
N o 50%
Inter-cooIeEnd
' compressor
« L4 Oil separator

After ,c09le add

= =

= =
. Oil cor divide & A
‘ 3% ‘g
g @ - Cooled water
i n
Oil cooll | : Heat =
42% = extractiong
& 47% 9% -
=
e o | Adsorption
Cooling water , Al ratggrator
Aussois-LAPP, Sept 2015 Denis Perret-Gallix@in2p3.fr o

LAPP/IN2P3/CNRS - KEK



New refrigeration cycle with AdRef

Gas Temperature down (310K -

7% saving

> 280K)

425MW(1 00%) Then Compressor power reduce. 397MW(93%)

r
300K ¢ > Waste 270K & > Waste
= Heat(5%) 2 Heat 0= Heat(5%)
l 310K ILC TtoraL " Source 310K
Waste :l
Heat(95%) A3 MW o ‘ % 280K
(45.81— 42.79MW) Heat(98%) 4kW(0.1%)
270K 280k INEYE
80K [ 80K
| A\ | Wa
| ] [ |
| | L) | | )
mi | i |
| i 18kW | i 18kW
Conventional cycle . .;...: caixeinzpss New cycle with ADR - 20

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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/1" Energy Saving and recovery

« Klystron:
« Befter efficiency: from 60% to 80%
e Energy recovery on the electron beam (Hitachi)
« Cavities: 2 Magnetic shields -> Increase cavity Qg
-> decrease cryo -> save 62 ME (10 years running)
(O. Napoly AWLC 2014 and JLC 2013)

* Transmission power lines

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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(2) HTS cable for primary power transmission
(Fujikura Co.)

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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Y-High-Tc ( HTS ) cable element " Fujikura

B Product
Critical current
FYSC-SCF04 0.1 > 200

% 20155 E XY 4AmmiBIRERM IR E L FE

B Cable structure ( formed by copper structure )

Stabilized layer [Sn&)'jg‘(:u] 20um
Protection layer Zum

HTc layer [GdBa,Cu;0,] 2um ———
Inter-mediate layer  etc] 0.7um
metal layer [ARTEOA?] 75um

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015
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Fujikura succeeded to develop 5kA HTS power cable in 2013 with 1.37W/m AC loss.
66kV/5kA High-Tc power cable P Fujikura

Power cable using 500A HTS cable element }

)
> BICRMIZE DR MIBRIERZ R

> 66kV-SkAFRE LA —T )L AT L (10m)
S

>

EHITTERER: 20 cycles (1 cycle = 8h ON / 16h OFF)
BIERREE <2 W/m @5kA

FAIRZRIBL: 1.AW/ m@77K, 0.95W/m@67K - | e _."’
==
<b—TIURRE- %> =1 '
HE tHHE
T4 —<— SRAPRY £R (140 mm?). 20 mmd
HTS$R# AammiEfR#1 . 4F8 = » 77 K
(Ic=14 kA) Ic =240 A/4 mm-w s
oz 95k (6mm/E) § ! 67 K
HTSS—ILE | ammiE#R#+1. 2/ “os
(Ic=12.7 kA) Ic = 240 A/4mm-w
R—ILE | 87— (100mm?), 44mm _ T
F—JILIRE | THA. 45mmo : current (Arms)
aHE | ATLEILT—HE. SkARRE B/ 7 — 7 LBASE I AT,
s, B e 1.37W/mDIE 3 8 % %32 B (2013)

BRAODEH—T L (R FTRIER154kV 600MVARR) &

NEDOTRx7h(2013): 7295 KB, AHMEEER LI LT, 1/aUTORER

Aussoftjikurarproposed to use ﬁiﬁfﬁﬁ%&”ﬁ@ﬂ% in ILC AC-HV power line. 49



(3) High efficiency cryogenics for HTS cable

(Maekawa Co.)

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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Advantages of HTS cable system

HTS cable is key technology for next generation grid.

» Large capacity : equivalent to conventional cable with lower voltage
» Compact size :installed within conduit

> Low loss : less than 1/2 of conventional cable

Conventional

Cable ‘ /V
@Ol

) o B /8

Troughing

\ / @ Superconducting cable
< 800 i 600 [size: mm]
} 2100 .
Conventional cable HTS cable
275 kV, 700 MVA/3cc 66 kV, 700 MVA/3cc

HTS cable will be applied to power plant in service, conduit

Of urb,gFDSeaTrZeOg etc' nis Perret-Gallix@in2p3.fr

& SUNITOMO ELECTRIC €3 TORTOELECTRIE POWEREOMPANY MAY EK AL



" J
B . . '
Project overview

Project outlines

® Asahi S/S, Yokohama, TEPCO’s power system

® 66 kV - 2 kA - 200 MVA class HTS cable with 1G DI-BSCCO wire
® Compact 3-in-One cable design for 150 mm conduit

® Approx. 250 meter cable with a joint and terminations

Project members

TEPCO Host power company

SE| HTS cable system design,
manufacture and installation

Cooling system design, manufacture and
MAYEKAWA Installation. Refrigerator development

Supported by NEDO & MTEI HTS cable |

i nis Perret-Gallix@in2p3.fr
& SURATOMO HLECTRIC €3 TORTOTLECTRIC POWERK EOMPANY MAY EK AL




"
) Layout of test center at Asahi S/S Vacuum

— , insulation
. - = s Cable structure =

~250 meter HTS cable

Trans
154/66kV
200MVA \

\

Cogpling system
house
Ref
L

Monitoring
house

L\

20130 aN§

3-in-One
cable

L — ]

Terminations

ARl
ER=Zg=e

] Bﬁg_m —

-

0
=

(0

_o§ﬁﬁfﬂ+ﬁﬁﬁ' i"LE?:f?zlc ,ﬂ“"BWE“"mpANY MAY EKALIA



Turbo-Brayton refrigerator

= 5 SEmeCIEm WESRT

U

Gas Buffer

3rd COMP.
Expander

‘ Heat Exchanger
/ (Ne vs water)

'-. r,.. - :, ‘- : : [
_ &al o x| e =cowrni Results of performance test
¥ - _\. mY : e 6.0
SR The COP is 0.1 at 77 K with
respect to motor input Zss
power. §
&s.0
0.11 g
0.10 4.5 - ~ - -
_ 68 70 72 74 76 78
LO.OQ _ | Temperature of refrigrator outlet [K]
8003 | The Cooling Capacity is
' 5.0 kW at 69 K and 5.8 kW
0.07 : : ' at 77 K.
68 70 72 74 76 78
Temperature [K] . .
. We were successful in developing the
Aussois-LAPP, Sept 2015 Dens P el Bigh perdrmance refrigerator. 54
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,',’,': Energy Saving and recovery

Green-ILC

* Klystron: e Cryogenics
» Better efficiency: from 60% to 80% e Helium refrigerator saving
» Energy recovery on the electron beam (Hitachi) ¢ LN2 pre-cooling
« Cavities: 2 Magnetic shields -> Increase cavity Qg
-> decrease cryo -> save 62 ME e Transmission power lines

(0. Napoly AWLC 2014 and JLC 2013)
« Beam dumps
« Wakefield deceleration for beam dump, project and test

 Suiren, KEK computer ranking 2"
in the GREEN500 Nov. 2014 listing
« ~5GFLOP/S/W fora 0.185 PFLOP/S machine

Green500

Rank MFLOPS/W ) Computer*

L-CSC - ASUS ESC4000 FDR/G2S, Intel Xeon ES-2690v2 10C
1 5271.81 G5l Helmholtz Center JGHz, Infiniband FDR, AMD FirePro S9150 ar. 13
Level 1 measurement data available

High Energy Accelerator Research Suiren - ExaScaler 32U2565C Cluster, Intel Xeon E5-2660v2 10C

4,945.63 ; = 37.83
2 Organization /KEK 2.2GHz, Infiniband FDR, PEZY-SC
3 saq7ss  CSIC Center, Tokyo Institute of TSUBAME-KFC - LX 1U-4GPU/104Re-1G Cluster, Intel Xeon s
: Technology E5-2620v2 6C 2.100GHz, Infiniband FDR, NVIDIA K20x '
Denis Perret-Gallix@in2p3.fr e

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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% e Accelerator Energy Consumption Calculation Package

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

First meeting KEK
Dec. 2014

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK

Aussois-LAPP, Sept 2015

Amaterasu

Goddess of the sun and of the Universe
Mother of all Energy

And a famous Manga figure

58
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:h" Scaling

_ laws for e+/e- linear colliders
/"

J.P. Delahaye, 6. Guignard,T. Raubenheimer, I. Wilson

In the low beamstrahlung regime:

Uf ”5&1[11 (UIIIIIAUGA_ He
M =L S12p . ok 12 RN TR 1 + Ae /e T
0 B AC Sny *'nj'(_}{ + Eny/ z’ny(_}J
392 I.P. Delahaye et al. [Nucl. Instr. and Meth. in Phys. Res. A 421 (1999) 369—405
AC 1/2 AC 1/30~—1/6
Lo hli “Hrr ”htam OB IR w UG,

iR ﬁpac“

L. . ]}‘” + A:‘III_'I.'-":I-E;II_I'[J}1-':2 P"“-"-

P Ui} & I}I\EJ( + A:‘I11_r-"'|;£:n_rUJ 172 Uf= Ebeam
Ac X f)llx 9”&; W1B0G-1/6 .
=/0
65 =% loss by beamstrahlun
In the high beamstrahlung regime:
AC _—
L U o a2 . 7120 n*“ze=wall plug power to beam power
) 3’5 Pac 5::.1 e m(.“ + Aéyy <mu)1’:r
0w e my” R e w20
Lo 2 / 2 ) Pac oc 71,2 ; 2 P )
Ull:._ ﬁ:kl_} :1.':_{;1'?_1']:_ A erl:z b,tkl_ *r'rll_};(l + A{;n_r,-":urnU)l:_ e
[},*1 . *111 (1 + Azru 11\[}1.'
Pucoc ° —
e 0.‘; > nee w’20

Would be nice to compare with actual data

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK

Aussois-LAPP, Sept 2015
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*ile AnLN2 Economy for ILC

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

LN2 could be produced by sustainable energies
* Close fo 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 First LN2 car

Sumimoto

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK Liquid air energy network 60



ALCW 2015 change proposal CR-?? Cryogenic Concept

On Surface

Cooling Liquid HElium
Tower, Storagg Tank

. L.A

Sub-surface

In Tunnel \
(Cryogenic Cavern) . [ ] Liquid Nitrogen
4.5K & 2K Helium  storage Tank

Refrigerators Compressors

Main Linac
Tunnel

Cryomodules Liquid Helium
Storage Tank

|< -
1-2 km

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK From Nakai et al o



ile Green ILC

Sustainable Energies
1) Energy Production:

— Study the pros/cons of various sources: solar, wind, geothermal, seaq, ..., 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 ?

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

: Denis Perret-Gallix@in2p3.fr
Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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Hydraulic Wind engine

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

Many technical advantages: ‘

* Smaller, lighter nacelle J

* Less me.chanlcal parts and vibration ' Good for the LN2
e Hydraulic accumulator

e “Base” based LN2 liquefier

e Larger wind speed range =
* No electrical frequency converter "= * Many mills to one liquefier

e Easier maintenance at ground level o e Hybrid: LN2 and electricity

Aussois-LAPP, Sept 2015 Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK
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Green-ILC

ilp
o

7] Convener esaling system

[A] Hitergiteh pasned @Mhﬁum [B] Low soumesd braces igmariess desion) [ Highwpeed brakes

[#] P acourmiators [E] Lubncztion cysizm ] Yawr beakes. R Sysiem for hatch apenng Conbors weth o wincest fan and micr
[3] Piiervidage lock [F] Tricagh gearbex sssembly [#1] Gearbex coolrg gvsiem (38 Hyurautin pitch power pack 18] Couler

[4] Pitch actisstor & Buic yaw syatbam Retor and yie orake Gererator coolig aystem

[4] [8] ty = ¥ sysiem ¥

: Denis Perret-Gallix@in2p3.fr
Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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.ulq': Ground based hybrid wind power

Nacelle

Nacelle

Hydraulic pump Hydraulic pump

“‘J

Ground based equipment

Option
Electrical power . : :
Hydraulic Motor LN2 liquefier
generator

H2
AC power to ILC '
H ((Sjas Tﬁrb|ne LN2 storage H2
ILC Heat wastes ydraulic pump

Aussois-LAPP, Sept 2015 Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK o>
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| "If Access tunnels: Power plants

* 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

e 3 - Geothermal/biomass: close to cities, ILC lab site

« 3 - Wind power: electricity and LN2:ILC lab site, costal side
e 3 - Solar (best orientation)

e 3-1-0Ocean Power: ocean side

~ Total 100-200 MW

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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Ring To Main Linac (RTML)  Detector Hall

A Access Hall
Access Tunh [l

(Slope <10%) é/

. s

(The bag jund photo shows a similar site image butdoes not show the real site.)
g :

L

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




- Geothermal power

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
e Greenhouses for vegetable and flowers growing
e  Fish farming needs to adjust water temperature

Similar for Biomass power



Geothermal power plants
In the islands of Japan

(2011)
Mori
40MW
Sumikawa
20MW
Kakkonda #1 #2
SOMW
Uenotai
Haccobaru #1,#2 28.8MW
110MW 15
Haccobaru binaly .
2ZMW K
Ohtake
2\ L12.5Mw »
Takenoyu | o] X T &
0.05MW [Ty
Ohgiri Suginoi
3OMW 1.9MW
Yamagawa | Takigami
30MW 25MW
Kirishima International Hotel|| Kokonoe
0.22MW 0.99MW

) Matsukawa

o]

Ohnuma
9 5MW

23.0MW

Onikobe
12.5MW

Yanaizu—Nishiyama
65MW

Hachijo—Jima
3.3MW




* u’E Geothermal Energy and SPA center

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

Green-ILC

o S B
i3 | A L

Swartsengi Power plant and Blue lagoon

Aussois-LAPP, Sept 2015



e ;’IE Ocean Power (by Tsumoru Shintake, OIST)

[}

Float 390 g
(Buoyancy 760gf)

$250

185

Dia. 250 mm
.i \Cﬂ.}il?\_?f?/.
3 NN
- TN

L

Nacelle + Blade 350 = 1t a1/

170

Weight 520 g

* Many blg pf'OJQCTS: Scale model
« Little impact on landscape
 little intermittency, S

but variable power [
Could be close to the shore

e Prof. T. Shintake future presentation

Mooring wire

1.6m

Base
Aussois-LAPP, Sept 2015

Denis Perret-Gallix@in 03 cell
LAPP/IN2P3/CNRS - KEK
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Green-ILC

0.5 MW France

Tide power (Canada)
Aussois-LAPP, Sept 2015

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK
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* ilp
O 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

Denis Perre
LAPP/IN2

Aussois-LAPP, Sept 2015


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

Green-ILC

Solar power on Infrastructure

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 ...



= - ' (™ "Renault” car company to install 450,000m2 of solar panels: 60 MW
/P 140W/m2

Green-ILC

Shandong Huayi Sunlight Solar Energy
115W/m2

———mmnEE 7
. v
= Ea 11+
- 7
TR 7
- L
7

SRB and CERN: Thermal panels, Geneva airport roof

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK
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Solar roadways

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK




* e . . . :
i Visually disruptive equipements

eeeeeeee

Industrial complex, reuse of polluted zone,

Fos sur mer (France)

Off-shore

Amusement parks (Ferris Wheel ~165 m high)

Denis Perret-Gallix@in2p3.fr

Aussois-LAPP, Sept 2015 LAPP/IN2P3/CNRS - KEK
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... I Excavated earth for pumped hydro dam

~ 3.2 Mm3 will be removed from tunnels digging
Can be used to build earth dams see for comparison:

Kutataragi Pumped Storage Power Station (2% 42 RARKFKER) 1.9 GW
Kansai Electric Power Company (Hyogo 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

Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK /8

Aussois-LAPP, Sept 2015



Principle of a pumped-storage power plant

y upper reservoir

transmission

intake power grid

'-1

4
J'l' L
Pl ey -@h
LR

tunnel
penstock

4l power-house
inlet valve ibl turh}
salleri (reversible pump-turbine)
_) Direction of water flows when generating === «ccccacaaad » Directionof power flows when generating

(— Direction of water flows when pumping

Direction of power flows when pumping
D Rotation when generating

C Rotation when pumping



------

EEEEEEEE

llider

Um@vati@n = Leadefshiﬁ X Cfeativitv

Deris Perret-Gallix@in2p3 fr

Aussois-LAPP, Sept 2015 LAPP/T N / CNRS - KEK



Green-ILC

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



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.orqg/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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