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Motivation of my presentation is based on
“Social obligation of accelerator researchers”
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Accelerator consumes an enormous amount of energy
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Accelerator researchers must consider SUSTAINABILITY

(D Accelerator parameter design Maximize performance/AC power

(2 Accelerator component Improve power efficiency

(3 Wall plug power for accelerator Use sustainable (renewable) electricity
(@) Waste heat of accelerator Waste heat recovery and utilization

dd\“:\o(\ . . _ . .
\n 2 Make innovations of energy-related industries
by using the ILC as a trigger

By making wide utilization of
(Dunused waste heat, and (2)biomass for society
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Quick remind about ILC in Kitakami candidate site

The Kitakami candidate site has an enough
potential to accept the 50km ILC

ILC 500GeV

Basic policy of the ILC construction: Staging scenario ‘
20.5km= 31km = 50km
250GeV= 500GeV= 1TeV

~31km

Cost reduction by compact ILC
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Option A ECM=250GeV || SRF 31.5MV/m
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(note: 1 ML unit =2 RF unit =9 CMs (in TDR) )

Total tunnel length = 20549.5m
(20.5km) 3
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Surface Access Statio\qs

A proposal of
site-specific design of
Surface Access stations.

surface design
access stations
16,600m?2 X 5 area

to be further discussed.

PM-10

electron linac

 PM-8

©Rey . Hori/KEK

| surface design
S 2% |InteractionRegion |P garea 78,500m?
damping to be further discussed
ring \ especially with LCC-MDI.
\ PM+8

positron linac

PM+10



A proposal of Basic %sign of Underground Facilities

Site-specific design of
Access Halls with detailed utility
design. /

PM-10 Option A

electron linac

PM-8
— 1B o be further discussed
’ \ 4 Interaction Region with LCC-MDI
= ")“ y
-/ damping
Mg
PM+8
positron linac
Underground access halls for Immediate T 5
) : : Utility Hall next to
access of Helium, Electrics, Waters, and Airs. L PM+10
| the detector hall

. . 5-floor construction is different from just a cavern.
Direct access of utlities from IP surface to It will be applied the control of “building standards

u ndergrou nd ha||’ thro ugh utility shaft. law”. Need to clear the inspection of d;;sign, proof
of strength. Can we clear them?

&
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Accelerator parameter design
Accelerator component

Wall plug power for accelerator
Waste heat of accelerator

Maximize performance/AC power
Improve power efficiency

Use sustainable (renewable) electricity
Waste heat recovery and utilization




Table 5-1: New beam parameters optimized for ILC250GeV.

TDR New || The International Linear Collider

Center—of—-mass energy Ecm GeV 250 500 | 250 Machine Staging Report 2017

- Addendum to the International Linear Collider Technical Design Report published in 2013
Bunch population N el0 2 2 2
Bunch separation ns 554 554 554 KEK 2017-3
Beam current mA 5.78 | 578 | 5.78 DESY 17-180
Number of bunches per pulse Nb 1312 | 1312 ) 1312 CERN-ACC-2017-0097
Collision frequency Hz 5 5 5
Electron linac rep rate Hz 10 5 5 Ecm 250 GeV
Beam power (2 beams) Pg MW 526 | 105 | 5.26 Luminosity 1.35 e34/cm2/s with
r.m.s. bunch length at IP G, mm 0.3 0.3 0.3 beam polarization
relative energy spread at IP (e—) o/E | % 0.188 | 0.124) 0.188 P
relative energy spread at IP (e+) o/E | % 0.15 | 007 | o015 || Beam power 5.26 MW (2 beams)
Normalized horizontal emittance at Wa” plug power
IP Enx Ltm 10 10 5 117.3 MW
Normalized vertical emittance at IP | g, nm 35 35 35 . .
Beam polarization (e-) 5 0 |80 |so || Luminosity/power
Beam polarization (e+) % 30 30 30 0.011934/Cﬂ12/5/MW
Beta function at IP (x) Bx mm 13 " 13
Beta function at IP (y) B, mm 0.41 | 048 | 0.41
r.m.s. beam size at IP (x) G, nm 729 | 474 | 516
r.m.s. beam size at IP (y) G, nm 7.66 |5.86 | 7.66
r.m.s. beam angle spread at IP (x) 0, Ly 56.1 | 431 | 39.7
r.m.s. beam angle spread at IP (y) 0, LLr 18.7 | 12.2 | 18.7
Disruption parameter (x) Dx 0.26 |0.26 | 0.51
Disruption parameter (y) Dy 245 |246 | 345
Upsilon (average) Y 0.020 | 0.062) 0.028
Number of beamstrahlung photons Ny 1.21 1.82 | 1.91
Energy loss by beamstrahlung Ogs % 097 |450 | 2.62
Geometric luminosity Lgeo | e34/cm’s | 0.374 | 0.751| 0.529)
Luminosity L e34/cm’s | 0.82 |1.79 | 1.35 ?
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Accelerator parameter design Maximize performance/AC power
Accelerator component Improve power efficiency
Wall plug power for accelerator Use sustainable (renewable) electricity

Waste heat of accelerator Waste heat recovery and utilization

10




Walter Wuensch, CERN, LCWS2017 Strasburg, 26 Oct, 2017

High efficiency klystron for FCC. PIC simulations with CST(3D) and MAGIC (2D)

All Particles(z.Pz) @ 2.500 us MAG | C All Particles(zx) @ 2 500 us

HE compact (1.7 m) L-band, 1.4 /\M/\\/M/% " |

MW, CW klystron for FCC has 5 | f e

=

been design within HEIKA using " "y
CSM bunching technology. Efficiency 80.3% ' '

|. Syratchev
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Effort in Iwate prefecture
to develop tunable permanent magnets

» This is the first prototype of a
dipole magnet.
» This year, we will make advance

the R&D by collaboration with
KEK

A companies alliance is
created in Iwate
prefecture (see industrial
session, tomorrow)
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Accelerator parameter design Maximize performance/AC power
Accelerator component Improve power efficiency
Wall plug power for accelerator Use sustainable (renewable) electricity

Waste heat of accelerator Waste heat recovery and utilization
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B Hit#s Electric Power Supply

Generating capacity by energy source (including purchased power) in Tohoku
(e / 10um) New energy

3000

2,500

2,000

S00

Wind, solar,
biomass,

i geothermal
'“\ s \ w%] 2 ‘ ms! -___I_ 9% 1____-_-. 7%
3 g T Nuclear
26% 26% 5% 2% 26% 26% 25% 2% % . il
12 TR e = b < o e \
Gas
Coal
17% 17% 7% 17% 16% 16% 15% 14% 4 H yd ro
007 2008 2009 2011 2012 -2013 2014 2015 2016 (FY)

(D Generating capacity by new energy and hydro is 29 %
(2) Real generating power by new energy and hydro is 19 %

3 Total wall plug power for ILC is 1 % of total amount of power generation in Tohoku

@ As a result, the ILC electricity << available sustainable electricity in Tohoku 1
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ILCアニメ最新.mp4

@ Waste heat of accelerator II: Waste heat recovery and utilization

M REHPE AR . Exd
rerenomedeandndsry (Coyl|lgboration between
MEMM
R B lwate University,

ADVANCED INDUSTRIAL SCIENCE AMD TECHROLOOY (AIET)

National Institute of Industrial Science and Technology,
Takasago Thermal Engineering Co., Ltd. (Tokyo)
f BBMETRARS and
Higashinihon Kiden Kaihatsu Ltd. (Ilwate)

J mexnmmRHay

Waste heat utilization by using
the heat storage absorbent
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Waste heat energy recovery and its off-line transportation

Transportation of heat energy using “HAS-Clay” by container truck
Principle of “HAS-Clay”
=» Sintered nano-scale compound of
Hydroxy Aluminum Silicate + Amorphous Aluminum Silicate
=>» Phase transition of H,O (Vaper < Water) + Chemisorption

=>» HAS-Clay: “Adsorbent” developed by the National Institute of Advanced
Industrial Science and Technology (AIST)

® Specific gravity 1.2 >
® Adsorbed moisture content 0.37kg/kg m
® \/olume filling rate 50% %
® Heat storage density 580 MJ / m3 : .

=» 12 times of energy of natural gas (45 MJ/ m3)

Heat utilization business:
Greenhouse agriculture, wood and
biomass drying, heat supply
business for community and etc.

Energy recovery from waist heat of
factory, incineration plant, co-
generation, solar and etc.

/y R
s
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Amount of adsorption (wi%o)

Charging Operation & 2L,$& Discharging Operation J28,&&x

Air + Moister 225, + KD Air + Moister 225, + K93
Adsorption Air
Outlet Inlet IRSES
wa] ' '
RS SR Sorption thermal storage tank
. + 1 YN \;-v - 1
Endothermic |15+ ?’E}; REHEWMY VD Exothermic
i : reaction
reaction Adsorbent; HAS-Cray
REH; N 2oL+~ .
Inlet . . - Qutlet High-temperature
Desorption air fRE =S,
AO O (low-humidity) air
100 « Exhaust heat HEEL _ SRETETER
A S.Clay -
o) || == -Silica gel A type Air 225, Air =25,
=+ Silica gel B type

—— Palvmer adsorbent
————— AQUSDAFAM-Z01) .
= =« Zeolite 13X -~

B0

TO

60 ® Amount of moisture adsorption of HAS-Clay

increases monotonically as a function of relative
humidity in wide humidity range.

S0
S

* ® This means that HAS-Clay can be used to recover

both low temperature (from ~65° C) and high
temperature waste heat.
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Make innovations of energy-related industries
by using the ILC as a trigger in TOHOKU

By making wide utilization of
unused waste heat and biomass for society

19



Ranking of forest ré‘-ceA by country

(%)

Unused biomass

We have to remind as follows:

» Japan is one of the largest
forest nation (proportion of
forested land, not the total
area)

» Effective utilization of forest
resources is in our mission

» The ILC is not exceptional
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Example of utilization of
unused biomass in lwate
prefecture

Bark of hardwood is
smashed and dried (500
MJ/m3)

Large scale plant of fungal
bed cultivation of shiitake
mushrooms
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Firstly, we have to increase the wood demand to increase the
biomass unused

ILC-related facility (laboratory buildings, guest houses, and etc.)
should be “Wood first” by taking advantage of the characteristics of

the Tohoku region

E3d

Collaboration
between
lwate University

and
Shelter Co., Ltd. (Yamagata) She".er®

ML R —
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Cultural hall of Nanyo-city,
Yamagata Prefecture
Wooden hall for 1400-seat
by Shelter Co., Ltd.

We are making a design of
detector assembly hall of
ILC based on the hybrid
structure of wood, RC and
steel frame by this
collaboration.




— Green ILC city concept
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http://www.illust-box.jp/sozai/62464/
http://illpop.com/png_animalhtm/cow_a11.htm
http://illpop.com/png_animalhtm/cow_a11.htm

Jomon ruins:
We have a very long history (more than
10000 years) to live in harmony with nature

> Earthenware
> Stoneware
» Lacquerware

'vU.

Jomon Pochette
5500~4000 years ago

J 1Jd T INJIIIVT [ TUuvv
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Mt. lwate

This is a painting by a kid of Ichi-no-seki city to
welcome ILC in beautiful Kitakami candidate site.



