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Let me begin by introducing myself. ,
« | am an accelerator scientist, born in 1946 (77 years old) and love sake beyond

all else!

| have been involved in the development, construction and operation of large-
scale accelerators at KEK in Tsukuba/Tokai Campus for many years.

o After retiring from KEK in 2012, | moved to Tohoku and am now working to
realize the ILC in Tohoku.

Major accelerator projects | have committed to are followings:
® 1980~1994 TRISTAN Energy frontier : E,,=64GeV
® 1995~2004 KEKB Luminosity Frontier B-Factory: £=2 - 1034/cm?/s for
BELLE experiment
® 2004~2010 J-PARC: High-Power Proton Accelerator Research Complex
« 3GeV, IMW proton beam for neutron and mu-on science,
« 30GeV, 760kW fast extraction proton on the graphite target for long-
baseline neutrino experiment T2K
« 30GeV, bOkW slow extraction proton for hadron experiments
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Next, | need to know about you guys.
Have you ever attended a lecture related to accelerators?

Have you ever seen an accelerator?

Accelerators accelerate charged particles such as electrons
(leptons), protons (hadrons) and ions. What are the key elemental
technologies?

Vacuum

High voltage

Beam generation
Beam orbit control
etc.

What accelerators are you familiar with?

Now | know your level of knowledge!



Overview of the ILC,



Q-1: As an energy-frontier accelerator why we need both hadron and lepton
colliders?

-~

ILC operation expected to
start before 2040

ernational
Linear
Collider



Q-2: Why ILC is the next generation Lepton Collider after LEP (predecessor of
LHC)?

® LEP, the predecessor of the LHC, began experiments at Z-pole energy in 1989, reached
collision energy of 208 GeV in 2000, and was shut down

® Due to enormous synchrotron radiation loss, the energy only slightly reached the Higgs
boson.
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Why is ILC linear? (LHC is circular)

If it's circular, the electrons emit a lot of synchrotron radiation and lose energy.

Synchrotron radiation loss is inversely proportional to the fourth power of the particle mass.
Since proton mass is 2000 times the electron mass, proton synchrotron radiation loss is not
a problem

If it's linear, it won't emit synchrotron radiation, so we're going to linearize the light
electron-positron collider.

However, there is a tradeoff. With a circular collider, the same particle has multiple
opportunities to collide, but with a linear case, the collision of accelerated particles is a one-
shot deal




Q-3: Why the realization of the ILC will take more time than the LHC? (Not
political but technical question)

A-1: Issues are quality control, mass production and cost reduction of
superconducting accelerators

Yes, we can | = See next page (Euro-XFEL)

A-2: Beam control technology, especially collision control by narrowing the beam
size to nanometer size

Yes, we can | See ATF-II@KEK
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Beams of particles are bunched (swarmed).
Reducing the size of the bunch (narrowing the beam) makes collisions more likely.
Linear colliders especially need to narrow the beam size.

The role of the accelerator is all about accelerating and colliding well.

Original slides by Professor Emeritus Hitoshi Yarmamoto, Tohoku University
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Let's understand the technology to focus beams to nanometer size and control
collisions. (1) Realizing low beam emittance (radiation damping) and (2)good
chromaticity correction.
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| Shintake laser monitor for beam size measurement
- Laser light is splited and meet again.

make Compton scattering.

T
e
[ —— |

Then laser interference fringe is made, which is a target to

Beam Energy ATE-I| ILC design
achieved
1.3 GeV 41 nm /5.7 nm
125 GeV 4.2 nm 1.7 nm

Beam size is inversely proportional to the square root of energy.

ATF-Il results meet k@ goalgscHoor vostioka
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ILC video courtesy of Rey.HORI




Q-4: The core technology of the ILC has been achieved, so why we continue
further development and research?

Time-critical WPs

Figure 3: Time-cntical WPs
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construction and operation begins,
and upgrade its performance.

® Linear accelerators fit very well with
this.
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Q-5: Why was the Kitakami Highlands chosen as a candidate site for the ILC?
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® Granite is a deep-bearing igneous rock.

® Magma solidified over a long period of time and surfaced on the ground surface due to
its slightly lower specific gravity.

® Homogeneous granite zone is suitable for underground tunnelingTunnels can be

excavated by blasting, W|th low construction risk and therefore relatlvely low cost
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Courtesy of Professor Hitoshi Hayano



Bird's eye view of ILC Kitakami candidate site

- <
Tunnel design for ILC Kitakami candidate site (ILC 250GeV 20.5km)
APPI COLLIDER SCHOOL YOSHIOKA
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After the Corona disaster, the LCWS was held

I\/Iondcjy, May 15, 2023 face-to-face last year for the first time in many

years.
1A - Total number of participants: 220

J;‘ @ ° / participants from 3 companies in Tohoku

EN ~

POWERED BY
RENOWNED LINEAR AC_C;ELERATOR
& Yoube 73 |
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Status and Activities of the Keynote speech by IDT

International Development Team (IDT) Chair Nakata-san

LCWS2023 at SLAC
Menlo Park, USA, 15-19 May 2023

* [ILC is very attractive as a global Higgs factory;

— Thanks to the GDE effort, ILC is technically mature and ready to proceed to
Tatsuya Nakada construction.

EPFL., Switzerland = As a global project, ILC cost is affordable.

. ) — ILC power consumption and environmental impact is modest.

Chair of the IDT Executive Board = ILC has a clear upgrade path to higher energies: to t.t-bar threshold, to ZHH,
to ~1 TeV (and possibly beyond with technological advancement, when
physics justifies).

— ILC has been developed as a global project from its conception.

5) Overall ILC timeline

-success oniented and asuming no major incident-

Technology Network Preparatory Construction Phase
Phase Phase ~10 years for the construction and commissioning

2023 2024 2025 2026 2027 2031 2032 2033 2034

035 v

R —————— ’
» -
ILC preparation T =iy and
view and understanding intergovernmental discussion/negotiation

R&D and effort to gain a common

Researchers' strong will to

begin construction by 2030
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Shinichiro Michizono of KEK
Head of ICFA-IDT-WG2

KEK / IDT-WG2
Shin MICHIZONO (KEK)

Technology
selection

Tatsoys Nakada (EIFL)

FNCT ORI matureared after

Barry Barsh

Lpn Evans |
. v e European XFEL/LCLS-NI

{22 Nobel Prige winsenn J017) (ormer LM progect manager)
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ILC Technology Network (ITN)
Shinichiro Michizono of KEK

Head of ICFA-IDT-WG2
KEK / IDT-WG2

Shin MICHIZONO (KEK)
History of ILC Collaboration "lg

O wd v N

i i

r L ILC in Japan @

mermational Kitakami site was
ILC-250 °°"°‘°r“m pment 10 years ago!

Technology
selection

£3 countries
392 institutions
»2400 researchers

SRF technology

The design of GDE
¢« 500 GeV of the Higgs boson in 2012
« Designed for three |+ 250 GeV
candidate sites in Japan, ¢ Designed with the Kitakami
the U.S., and Europe Highlands as a candidate site

FECTFUR I matureared after

European XFEL/LCLS-I

IDT implements Pre-Lab
institutional design
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its significance and
impact on the region
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Last chapter of European N/
Strategy in 2020

Environmental and
societal impact

A Tha enorgy oifichncy of presant and Iuture accalemion, and of computing
ACINes. 18 and shoulkd remaen an ared regunng corstan! atlenton Travel 8so
regresents an enmvironmental chalenge, due %0 ™he infermationa nature of the heid
The environmental impact of particie physics activities should continue fo

be carefully studied and minimised. A detaled plan for the minimisation of
environmental impact and for the saving and re-use of enevgy showd be part
of the approval process for any major project. Allernatives (o fravel should be
explored and encouraged.

B8 Particle ptryscs, with &s fundameniad questons and technological rmovations
altracts Deight young minds. Ther education and raning are crucial for the Noeds

of the Twid and ol society ol Wege. For ewtly-caveor reseachers 10 thvive, the
particle physics community showd place sirong emphasis on thelr supevvision
and tradning. Additional measwes should be taken in large collaborations fo
increase the recognition of individuals developing and maintaining experiments,
computing and software. The particle physics community commits (0 placing the
principles of equallly, diversity and inclusion at the heart of all ts activities.

Soc I a I RQ l,e \Gf [‘g& : C Patiche physcs has contributed 10 Sdvances in marry Helds that huree D wght

great Derafils 1O sotoly. Awareness of Knowiedoe and lechnoiogy ansier and ™he

AcceleratervBased-Resea rch Prtie Bioutes émeh ovcitos howh romt Emvees ot et

trangfer and support their researchers in enabling M. The particle physics

L]
community should engage with industry fo faciiitate knowledge transfer and
Institutes. sz Ao prerssa.ch

Let 1 S Ioo k at t h e exa m p I e of [ #) [up&:vm] e lundamental peoperbes of nalure INspires and exotes. s
pant of the cuty of researchers 10 share the oxctement of sciemifc achevoments
with al stakehoiders and the pubdc. The concepts of the Standasd Model, a wob
C E R N SS1abAshAd thaory 106 slemaniyy partches, are an mtegral part of culhure Public
oengagement, education and communication in parficie physics showd continwe
o be recogmised as impoviant components of the scientific activity and recelve
adequate support, Particle physicists should work with the broad community of
sclentists 10 intensity engagement between sclentific discipiines. The particle
gs communily should work with educalors and relevant authorities to
HOOL YOSH m{ the adoption of basic knowledge of efementary p‘n:chszr’d their
RATOR intevactions in the reguwiar school curricufum




A Tha enorgy efichncy of prasant and Iiture accaiemions, and of computing
fACInes. 18 and should reman an ared regunng corstant atlenson. Travel also

represents an environmental chalenge, due %0 ™he infermabtional nature of the heid.
The environmental impact of particie physics activities should conlinue fo

be carelully studied and minimised. A detaled plan for the minimisation of
environmental impact and for the saving and re-use of enevgy showd be part
of the approval process for any major project. Allernatives (o fravel should be
exploved and encouraged.

8 Particle physcs, with s fundamentad questions and technological Pnovations,
altracts Deight young minds. Ther education and traning are crutial for the Nnoeds

of the Twid and ol socwty ol Wwege. For ewly-caveor reseaches 1O thrive, the
particle physics community showd place sfrong emphasis on their supervision
and training. Additional measwes should be taken in large collabovations to
increase the recognition of individuals developing and maintaining experiments,
computing and software. The particle physics communily commits (0 placing the
principles of equality, diversity and inclusion at the heart of alV its activities.

APP| COLLIDER SCHOOL YOSHIOKA
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C Paiche physcs has contributed 10 advances in marry Helds that hirve Drought
great benafils 1o socioly. Awareness of knowledoe and lechnoiogy ransier and ™he
assocated socetal impact is important at af phases of particie phySsics projects.
Particle physics research cenires should pyvomode Anowledge and technology
trangfer and support? their researchers in enabling M. The particle physics
community should engage with industry fo faciiitate knowledge transfer and
technoiogical development.

0O Expioning e fundamental peoperties of nalure inspires and exctes. it is

part of the cuty of researchers 10 share the cxctement of scienific achevoments

with al stakehoiders and the pubic. The concepts of the Standasd Mode, a wobk
SSiabishad thaory 10 slameniary partched, are an mtegral part of culhre, Public
engagement, education and communication in particle physics showd continue
1o be recogmised as impoviant components of the sclentific activity and recelve
adequalte support. Particle physicists should work with the broad community of
sclentists 10 indensity engagement between sclentific discipiines. The particle
physics community should work with educalors and relevant authoritles to
expiove the adoption of basic knowledge of efementary particies and their
interactions in the reguwiar school curricufum,

The ILC should alsg base its policy on this strategz)g/
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L ist of elemental
technologies for

“CERN NATURALLY CREATES
NEW OPPORTUNITIES FOR

accelerators, detectors,  |NNOVATION THAT BENEFIT

and computing

Beam Instrumentation _
& Systems

Cooling & Ventilation »

Cryogenics ,

Digital Sciences «

High & Ultra-High _
Vacuums

Industrial Controls «

Magnet Technology «

Manufacturing
& Mechanical Processes

Material Scienco »

Metfowy .

Particle Tracking _
& Calorimatry

Power Electronics,
Optoslectronics «
& Microelectronics

Radiation Protection
& Monitoring *
Radio Frequency _
Technology
Robotics «
Sensors «
Superconductvity «
Testing Faciities »

SOCIETY."

GIOVANNI ANELLL HEAD OF THE CERN KNOWLEDGE

TRANSFER GROUR

MEDICAL

& BIOMEDICAL

TECHNOLOGIES

— Create a new

AR industry in the
SRRSO O swer private sector

DETECTORS

Theough novel developments in the field of acceierator
technologees and detectors, and more recently In computing
and ¢igital sciences, CERN technologies and know-how
ARRY £UblERS IR ALMISNAE) IS, ncluding 30
the World Wisle ePERRITER at CERN by Tim Berners-Loe
In 1989. Behind these three pillars of technology llos a great



SENSORS

T So far, many new
* Advacam SRO . .
o Advacam OY industries have sprung up
* X-Ray Imaging Europe . th .
¢ Amsterdam Scientific Instruments
RADIO FREQUENCY § mars Bao-rlumagng N € reg 1on.
TECHNOLOGY * Quantum g:ec:ash
. msitec
* ADAM * Terabee mm
* Ross Robotics
HIGH & ULTRA-HIGH
VACUUMS
» 2D Heat
DIGITAL SCIENCES:
START-UPS USING DATA INTELLIGENCE
BEAM CERN TECHNOLOGY o BhBom
INSTRUMENTATION * Safetyn
& SYSTEMS » Colnec Health
¢ D-Beam
DIGITAL SCIENCES:
COOLING DIGITAL LIBRARIES
& VENTILATION Z
¢ Oxford Nanosystems ND
MANUFACTURING DIGITAL SCIENCES:
& MECHANICAL PROCESSES SIMULATION SOFTWARE

* |ispeert Innovative Technologies

= * FEAC Engineenng
* Croft Additive Manul%ﬁw%LUDER SCHOQ4eYQSHHQKA
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The next topic is about town planning/development
triggered by the ILC.

We need wide-area planning with Sendai and
Morioka as the dipoles

Ecosystem already under construction in Sendai,
triggered by the construction of a synchrotron
radiation facility

As a community of researchers and engineers, it
should be designed as a community of 200-300 units,
each with its own local characteristics.
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ILC-related resident community development concept * Locating the buikding to take

advantage of green spaces and
wnngto\mmmhumony topography
me.mm

oumwmmmmmm

v Mined-use housing for ILC-refatod resicents
and ocal residents

« Malndy rental, consisting of a variety of
housing types; detached and terrace
apartment complexes

= Comral green BB community development
w"' ‘"';“ 9 . 2 < management to promote

Accwler oy Asocabion Promoting SOwnce end Texhrasagy  AAA|

Figured: Community -dmﬁ;r égn%g[lagwgg mﬂb\ the construction of the 1LC.
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Summary

@ |LC is the most sustainable and economical accelerator as Higgs

Factory, which is based on the superconducting technologies.

® |LC is the most advanced Higgs Factory in terms of technology
development, and | personally believe that we are at the point
where construction can begin as soon as the green light is given.

® |LC is the most energy extendible accelerator in future.

@ We hope that the IDT/Pre-Lab process will lead to international
discussions on the structure and cost burden of the ILC, and that
construction will begin as soon as possible.

@ The ILC's relationship with society can be learned from the
CERN'’s experience.

@ \We are considering town planning together with the local
community in the Tohoku region, using the |LC as a trigger.

@ Establishment of Asia's first large-scale international research
institute is a symbol of “Science for Peace”.




@i Learn from the H|story of CERN

Where did it all begin?

1 SR 400 B mond M The | SA0y

Science for peace

French physicist Louis de Broglie put forward the first official proposal for the creation of a
European laboratory at the European Cultural Conference, which opened in Lausanne on 9

December 1945, First proposal was only 4 years after the end of WW-I|

In the present era of war and infectious diseases, we must realize
the ILC in Japan, the first large-scale international research

institute in Asia, and use it as a symbol of Science for peace and |
world wide brain exchange.

APPI COLLIDER SCHOOL YOSHIOKA 36
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sustainability
considerations



IAS PROGRAM

High Energy Pl

e
VEDUE TGRSR M A0 Ll 1 Workshop: Accelerator Physics (IAS2042)

Conference: January 22 « 25 2024
\1(.’4) 2 ,.fl..'... P-4 ..' - G &\
SRR AT et Jan 18 - 19, 2024 at 09:00 - 18:00
IAS Program on High Energy Physics (HEP 2024)
Break
. X Chair:
R S Maxim TITOV (CEA Saclay, Irfu)
Title Speaker
Th-AP02
11:00 Green ILC [Zoom) Masakaz YS""OKA
11:30 CO, Reduction Optimization with Future Colliders Dou WANG
11:45 Design, Construction and Operation (IHEP)
12:00 Energy Recover and Reuse Technology Rul GE
: Studies for Large Green Accelerators (IHEP)

Green |LC

KEK (Professor Emeritus)

lwate University/lwate Prefectural University (Visiting Professor)
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1. Prologue: Global Warming, ILC Timeline &
Features, Sustainable Accelerator Facility



== 9 [\ 1=

Greenhousce gas cmissions Our World

Dot

CARBON DIOXIDE OVER 800,000 YEARS

< Chant ) \@’Climate.gov aripy g bl ‘ ©
P " Our World
150 .".’ il"l Data
P 4 https://ourworldindata.org/
e P greenhouse-gas-emissions

Daty sowrce

A Downioad < s SAVION Tu
Let me clarify my understandings.
The earth is currently warming due to natural cycles (Milankovitch cycle).
Global greenhouse gases are accelerating this trend.
Scientists must work to stop it.
Accelerator facilities are no exception. 40



v R -~
Manufacturing & Construction — 6.3 bilhon 1
Fugitive emissions _ 34 bdton ¢
Buidings - 3 07 bilkon |
Indestry - 3 06 bilken |

Land-use changs and orsesry [ 1164 iton Breakdown of Global GHG Emissions.

W"m- ‘winient | This data shows that it is necessary to
evaluate CO, emissions over the life cycle of an
accelerator facility, not just over its operational
WMMMM.O@!QM'-:nl periOd.

Aviation and shipping - 1.31 blon ¢

Ot 2biliont 8 billion 1 10 billion t 14 billion ¢

Our World i Data based on Chimate Analysis Indicators Tool (CAIT) 2019 (Adapted)

Presentation by Suzanne Evans of ARUP, WSFA2023 in Morioka
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um refrigerator

0 Accelerators are electric power-loading facilities and their
construction uses a lot of concrete and steal.

® Reducing life-cycle global GHG emissions from construction
to decommissioning of accelerator facilities is an important
Issue.

42



PeakM W) | TW h/year Feature
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Energy Frontier
64 GeV in 1986

100M W 0.4

KEKB

Lum inosity Frontier Factory
M achine at10.5 GeV)

2.11 E34 /em %/s in 2009

80M W 0.5

LC

Energy and Lum inosity Frontier
250 GeV (H iggs Factory)
27E34 /cm2/swithbHz

operation and pol. e~

130M W 0.7

Contract
(MW)
120
R 100MW Transition Transition
% T | I I | | from TRISTAN 80MW from KEKB
to KEKB I o0 Super-KEKB
- TRISTAN 'n(gxg * Contrac
. E;n=64GeV =10.5GeV oew)
I E""“ frontier | | l | lummosltyfroot-er I | I
l"l.l' BARRERERERED
LB ABREBUBERHERABERRABERD R ARHE A BHA B AREEAREEIL L)
| 3 88 i V) » Nun %»* “” » 0 13 2 3456789 2 121
March 11, 2011 Earthquake
Yearly amount used (GWh) ® Contract (Peak Power Demand):
Smition Snsiiin TRISTAN = 1.15 KEKB
from TRISTAN from KEKB ® Yearly amount usage:
i I | |, toSuper-Kexs TRISTAN = 0.8 KEKB
I TKEKB | e
| ] IIIIII |
I I I I I I l
Ye'a.r‘lz.?_o_u\rle_f_l‘ull March 11, 2011 Earthquake

The table above shows how energy-
efficient the ILC is.

Super-KEKB, currently in operation
at KEK, is also an eco-friendly design
(nanobeam scheme) and achieves
twice the luminosity at half the
current of KEKB.

® These figures show data from when | was in charge of power contracts at
KEK during TRISTAN and KEKB operation.

® [n a large accelerator facility, the contracted power is in the 100MW class,
and the annual power consumption exceeds 0.5TWh/year.

® [n the case of the ILC, the contracted power is approximately 130 MW,
and the annual power consumption is expected to be about 0.7 TWh,

depending on the operating hours.
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Accelerator researchers are making following four efforts to achieve
sustainable accelerator facilities (In case of Japan for 3 and 4).

All efforts are made in collaboration with industry and will eventually have
to be returned to society.

@ Increasing the power efficiency and performance of accelerator
components.

@ Electricity used by accelerators should be provided by sustainable
power sources instead of fossil fuels, and effective local use of the
waste heat energy emitted from the accelerator.

(3 To this end, we will help to increase the amount of sustainable
electricity in the region and create regional energy management
business using waste heat.

@ Cooperate to increase Green Carbon (from forests), Blue Carbon (from
seaweed), and White Carbon (CO, fixation by increasing wooden
buildings) in the region to increase CO, absorption.




2. The International Workshop on Sustainability
in Future Accelerators in Morioka, lwate



® Green ILC work should be conducted under international
collaboration.

® A compact international workshop with 57 participants (35
from Japan and 22 from overseas) held in Morioka, Japan,
for three days from September 25, 2023, played an
important role in understanding the current situation and
creating a vision for the future.

® | will show here some of the highlights of this workshop and
a few of Japan's policies and contributions.
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Workshop Highlights

. According to Suzanne Evans of ARUP, CO, emissions during ILC construction
will be 250 kilotons.

. According to Steiner Stapnes of CERN, the CERN electricity future plan in 2050
is 50% nuclear (5 g/kWh CO, emissions) and 50% renewable (20 g/kWh CO,
emissions) => total: 12.5 g/kWh => 1 TWh/year = 12.5 kilotons of CO,
emissions.

. | could get global perspectives inspired by Anders Sunesson (ESS) and Steiner
Stapnes (CERN)

1. Nordic countries already meet 2050 EU Targets

2. Electricity and CO, emissions around the world

. Japan is an island nation, so it is necessary to create its own closed scenario.
Therefore, Japan and EU have very different scenarios for achieving carbon
neutrality.
> Japan reduces fossil fuel use but cannot reduce to zero, so it offsets by
increasing CO, absorption by forests (Green Carbon) and seaweed (Blue
Carbon) and CO, fixation by constructing wooden buildings (White Carbon)
> Japan is blessed with renewable biomass and also is working on low-carbon
technologies in concrete and steel making by indistries.
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According to Suzanne Evans of ARUP, CO, emissions during

|ILC construction will be 250 kilotons.

ARUP

Life Cycle Assessment

Final Repor * A methodology for calculating life cycle
CO, emissions has been completed.

« The CLIC and ILC cases were evaluated in

- detail.

W) () « Future reductions are also proposed.

B V- NN
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Conteris LCA spproach A1-AS maaesament Benchmarking Senairvites & reduction opportunities Conchuwons ARUP

Contents
Executive summary 4 Semsitivitios & reduction opportunitios
4.1 Sensitivity anadysis & cost impact of carbon

42 Material opportuntes

1. Uk CysloAssesament approse 47 CLUIC & ILC reductaon opportunities

1.1 Bachground

12 Lts Cycie Assessmant & Conclusions recommendations & future considerstcns
1.3 Dosh study

1 4 Methocclogy

2 ATAS assessmant

2.1 Assumptions & exclusions

22 Design parameters

23 A1-AS GWP ronults

2.5 A1AS Other Midgaint bivpact Categones resuls

3 Benchmarking Aushory: Sczarrm Tvans, Den Cavde
Contribstors: Yurg Loc, Melent Pantelicow, Jn Sassk. Fraghouts Kanawans
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Comterts  LCA spprosch
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CERN

Linear colliders

Sustainability studies for LCs
Life Cycle Assessments

Stesnar Stapnes

EAJADE WP4: Monoka 27.9.2023
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Sustainability during operation

Operation costs dominated by energy (and personnel, not discussed in the following)

Reducing power use, and costs of power, will be crucial. Other consumables (gas, liquids, travels ... ) during operation
need 1o be well justified, Align to future energy markets, green and more renewables, make sure we can be flexible
customer and deal with grid stability/quality.

Carbon footprnt related to energy source, relatively low already for CERN (helped by nudiear power), expected 1o
become sig);niﬁcanﬂy lower towards 2050 when future accelerators are foreseen 0 become cperational (in Europe, US
and Japan).

Provided we can run on green mixtures (PPA example at CERN, aiso (hopefully) built fully into the green ILC concept) we
can also contractually chose green options. LCs are very suited for this (variable power load)

A rough estimate, assuming ~50% nuclear and ~50% renewables (as wind/sun'hydro).

1 TWh annually equals ~12.5 ktons CO2 equiv. annually

(note: this is factor ~3 below the current French summer month average)

) TRV Swnar Supes

[ L STy R VY RN
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From energy to CO2 - in 2040-50

From: hitps.//app electrictymaps.com/zone/FR

R Contains also g/kWh per source

- &3
~" ; - Pigure 694« Averoge CO, infemily of slechicly genenalion for elecied
p—— regiona by wenado. J000- 2090
S
- AA gre od 03 - LRl e B §
—— ‘ "o
'\
0
T e ———y = v | S— -

i — B

M»

« Japanis an island nation and must be a closed
scenario in one country.

« Offset" scenario is reasonable because Japan
cannot go fossil fuel free by 2050 and is rich in
renewable biomass.

By 2050
\ - Japan: 480g=100g
o R I N EU:  220g = almost zero
PPl COLLIDER SCHOOL YOSHIOKA
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https://app.electricitymaps.com/zone/ -:W'S'ﬁ*i (gcozeq/kwn)
e

This site was taught by Steiner Stapnes 0 300 600 900 1200 1500

World Map of CO, Emissions/kWh: The greener the better, the darker the worse
Data not AVAILABLE for gray countries or regions
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https://app.electricitymaps.com/zone/

| spoke with Anders Sunesson (ESS Institute) from Sweden.
Sweden and Europe have liberalized their electricity markets and
electricity is traded under free competition.

Electricity networks are interconnected and power is transmitted
and distributed across borders.

The objective of the electricity market is to use integrated
resources as efficiently as possible to meet the demands of
electricity users.

The public can view the following electricity statuses at any time
in real time (https://www.svk.se/om-
kraftsystemet/kontrollrummet/)

As demand for electricity increases in the morning, wind and
hydroelectric power generation is increased.

Darvmark

Notge Fnland Extand Lttiand L auen Totalt

Graf [B Tabe

People are looking at this kind of
data on their smartphones on a

daily basis.
Others

© Karmkraft 31,

& Virmekrah: |

® Osgecificers

Thermal ® Vatreskraft: 3

Viendiraf: 29,
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This screenshot shows the
situation in Sweden at 8:02,
October 4. You can switch between
the 7 countries.

The lower figure shows the power
flow in the seven countries.

In Sweden, nuclear power is the
base power source, hydro and wind
power fluctuate according to
demand.

Hydro and thermal power adjust
the overall power balance.
Denmark: 90% wind power.
Norway : 90% hydro.

Finland: 51% nuclear.

Electricity mix varies by country

Kraftfordelning klockan 08:02

"
X
3N
488
o%

Anders Sunesson




Kraftfordelning klockan 09:11

i

@ Karmbksaft 17.5%
O Virmekraft 4 8%
@ Ospecficerat: 1,8%
@ Vattendraft 48,0%
Yindkraft 27.9%

« The total for the seven countries (left graph) is

(1) hydro,

(2) wind,

(3) nuclear,

(4) thermal, and

(5) other, in descending order.

 Thermal power is less than 5%.

 Renewable energy 75.9%, nuclear 17.5

* Nordic countries are a good model for
achieving carbon neutrality in 2050

Netto exportfimport
N SVERIGE
Exporserar

VIae i M SR 04 3700
Vinar Rodon fde. 2020 1004 574
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Finally, here are some contributions of Japanese companies to the Green
ILC

Again, Japan's strategy is to reduce CO, emissions while simultaneously
increasing and ultimately offsetting CO, absorption

Carbon Cycle

sislpnim

+ CO2

| Kajima Corporation
Dr. Kumar Avadh (PhD. University of Tokyo)

Fosvisiai Research Engineer
Cramaenss

Contributions

e Green Carbon
v' H. Kikuchi, Ichinoseki City: Estimation of CO, absorption by forest
v' Shibata Sangyo Inc.: Sustainable forestry

Blue Carbon: Yoshioka, Experience by Hirono-town

White Carbon: Shelter Inc.: Large scale wooden buildings

Negative CO, emission cement development: Kajima Corporation

Waste heat utilization business using HASClay: HKK Inc.
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Ichinoseki City Regional Forest Policy Advisor
HIROSHI KIKUCHI

About CO, absorption in

Ichinoseki City’s forest resources

Forests are CO, sinks

—Bam
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Forests in Ichinoseki City planted forest natural forest

e

m planted forest = natural forest » cedar » Japanese cypress m coniferous tree  m broadleaf tree
47% Planted Forest: 31465 ha o Natural forests are most|y
53% Natural Forest: 34895 ha | | In planted forests, cedar is the | | yroadleaf tree.
Total 66363 ha most abundant species,
followed by red pine.

Estimation by Hiroshi Kikuchi-san, advisor to the Ichinoseki City Agricultural Land and
Forestry Department:

® The entire Ichinoseki forest absorbs 303.53 kilotons of CO, per year.
® The average annual CO, absorption per unit area is 4.57 t/year/ha.
® Japan's Forestry Agency estimates that an ideally managed artificial cedar forest can

absorb 8.8 t CO, per hectare each year. Ichinoseki forest management has room for
improvement.

® This amount, 303.53 kilotons of CO, per year is already sufficient to cover the total
emissions of the ILC by the CO, emission factor, which should be so around 2040.

® Of course, it is necessary to consider the CO, balance of Ichinoseki City as a whole.

® Therefore, it is important to try:te furtherreduesemissions and increase absorption.

ACCCICDATAD
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Sustainable Forestry in the Tohoku region
~GREEN ILC IWATE~

September 26, 2023

WSFA2023@Morioka
Our Business
Treeﬁplantmg Transportation woad fuel e construction
Logging p production processing .

-

LLABM E L e

BUTERTLAFEILA L3 B8 N

Kimiya Shibata President Shibata is on a
SHIBATA INDUSTRY CO., Ltd. business trip to Austria, so |

will make the presentation on
Ichinohe Town in northern Iwate Prefecture his behalf. Q

M1 CU LIV LI Jel IV UL VUV 60
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Action goals of our Shibata Sangyo membesgn..

o Utilize the latest
forestry technology

® Making this region
thrive with the
power of the
forestry industry

®Let's create fun and
happiness together!

M1 CU LIV LI Jel IV UL VUV
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Blue Carbon (CO, absorption by seaweed in coastal areas
in the town of Hirono, northern Iwate Prefecture)

CO, absorption by seaweed is very promising because it is slightly better than
that of forests.

® Creating artificial tidal pools (4m wide and 1m
deep ditches, total length 17.5 km) to create a
flow of fresh seawater due to the difference in
tidal range, which encourages the growth of
wakame (seaweed) and kelp.

® Seaweed is eventually anchored to the
seafloor as flow algae.

® 3106.5 t (CO2 equivalent) certified as J Blue
Credit.

® Sea urchins (very tasty) are now abundant as
a byproduct.

® J Blue Credits are blue carbon credits issued
and sold by JBE (Japan Business and
Economy Technology Research Association).

® JBE is composed of the National Maritime,
Port and Aviation Research Institute, the

Sasakawa Peace Foundation, and individual
LLIDER SCHOOL YOSHIOKA
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Wooden Large-scale
construction for a
Greener Future:
Shelter Inc.'s Initiative

Shelter.

09/26/2023
Yuka Shibuya

(D Seismic resistance
and durability

The Challenges of Timber City

) Fire resistance
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* Load-bearing component (Wood)

* Fire-stop layer (Gypsum board)

* Surface material (Wood)

+ Use of metal hardware in in the joints and connections of wooden components

* Drastic improvement in the performance of timber construction, including seismic resistance, -
durability, insulation, airtightness, and ease of construction. 1-hour Fireproof COOL WOOD (Column)

EEETT
@\Absorpxion ri'MITT =
— | ETTTITS

N ITTTIT

CTTHTT

Forest
Regeneration

’TTTEF"

i --’l’-p-ll F
|

3 fuﬂmuxe

I W 7 ENOMR TS CSEND me e
: "

|
il

CO2 Sequestration |
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EAJADE Workshop on Sustainability in Future Accelerators (WSFA2023)

The Future of Construction: Carbon-Negative
Concrete for a Greener Tomorrow

Kajima Corporation
Dr. Kumar Avadh (PhD. University of Tokyo)
Research Engineer

1] KAJMA CORPORATION 2023/9/26
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Concrete: CO2 Emissions
NaturallylSourced

Sand Water \
)
: - /
co, ¥ Tooow -
Emissions 288 kg/m? 0 kg/m? 0 kg/m? 0 kg/m?

92 5, ~[cossigim] co,pe

1m?3 of
Cement o mp i - concrete
Production: —

1400°C ca0 +(CO,)
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CO,-SUICOM
Storage Utilization Infrastructure by COncrete Materials

* Concrete with negative CO,
emission in its manufacturing
process

* Development started in 2008
by Kajima and 3 companies of
Chugoku Electric Power, Denka,
and Landes

* Available for commercial use
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WSFA2023
Sustainability Session I :Green ILC & Japanese Industry

Commercialization of Low-Grade waste

heat recovery

Higashi-nihon KidenKaihatsu Co.,Ltd.(HKK)
Yuichi Kouno

What's HASClay ?

HASClay® is an inorganic adsorbent material composed of a
composite of amorphous hydroxyl aluminum silicate (HAS) and

low-crystallinity clay.

HASClay® has the ability to store heat with the principle of

energy transfer by water vapor desorption

In particular, it has an excellent storage
capacity for low-grade heat (<100 'C).

It is capable of repeating the heal storage and
dissipation cycle over and over again.

By sealing the container and blocking
moisture, the heat energy can be stored semi-

The appearance of HASClay®

Performance of various adsorbents

permanently and will not ignite or detenorate,
making it safe to store.

Off-line transport allows exhaust heat from ILC

and factones 1o be used effectively in a wide

range of fields

Heat storage Heal storage

Adeorbent ability capacity(kJ/L)
HASclay 40 'C or more 567
Modified zeolite | 80 "C or more 439

ML CULLIVLIN VT VUL T VJLHIviINMm
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What's HASCIay ?

Heat storage
(Desorption reaction of water molecules)| [

-
D o

Heat dissipation
(Adsorption ion of water mol

@ Moisture 2

Off-line Waste Heat Circulation Model

Heat stomgo procoss Heat reuse pro-cou
rmu. Hasclay '.;1 ‘
comtainer
Exhaust haat from ILC Greenhouse
{50~100 'C) f for agriculure
a . .
. qlnlu g =
NS . o :
. E“"gy Heat reloase device
management
00«-«1 and supply
~ Energy pricing and biling
i, =L E
Building a system that networks the facilities with small-scale

and decentralized demand and supply, making it accessible to t::i;‘:::.’;.:?::::

many people. (50~100 'C)
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Demonstration tests to achieve commercialization

Thermal storage process: Hot spring J [ Heat dissipation process: Greenhouse

R SR —

Utilizing the heat of hot spring water to store (dry) Utilizing HASClay for heat - : oy
HA'SC'ay D.M after diSSipaﬁon and USing it for . (‘\
Heat storage device , ’ heat storage nighttime heating < A :

——

) - — — ﬁ
) » 3
\"

Recovery and Recharging
after Heat Dissipation

Panoramic view of the heat storage facility
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Green |[LC Summary

® |L.C Lab (will be established in near future, hopefully) should
make further effort to advance energy-saving technologies.

® On the other hand, as a region with a candidate site, we will
continue our efforts to realize a sustainable society by the time
construction of the “ILC in Japan” begins.

® [0 this end, we will make efforts to deepen cooperation
between the ILC and local primary industries (agriculture,
forestry, and fisheries).

® Furthermore, we will use the technology of the |LC waste heat
recovery project to build a regional thermal energy circulation
system.



1. Prologue: Global Warming, ILC Timeline &
Features, Sustainable Accelerator Facility

2. The International Workshop on Sustainability
in Future Accelerators in Morioka, lwate

3. Epilogue: ILC and GX create new technologies
and give back to society

APPI COLLIDER SCHOOL YOSHIOKA
ACCELERATOR

72



® Accelerators are the product of the synthesis of a wide field of science and technology.
® Conversely, advances in accelerator science have led to innovations in a wide range of
fields of science and technology. Followings are past examples.

BERGARESLOR

: — — R . Japan's newest
Information Management Innovative Cancer Therapy synchrotron radiation

Innovation WWW CERN System with Linear ACCe|erator1 facility, Nanoterasu, Innovations in Structural
CERN/ADAMS expected to play an active  Biology at Spring-8

role in drug design.

ILC $2 GX :>Create new technologies and industries

o CompacsShF Accamer Giftord Mackahon Let me give you just one example of the impact of ILC x GX
‘ o on society.
o « |LC researchers are studying the use of Nb;sSn alloys to
"o further improve the performance of superconducting
accelerator cavities in order to improve energy efficiency
at the ILC.

e |If successful, a high-power compact electron linac could
be realized, which would have applications in many fields
such as drug discovery, environmental pollution control,
and shortening the life of nuclear waste.

proposed by Thomas K. Kroc (ICARST2017)
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Overview of the ILC, its significance and

impact on the region and sustainability
considerations

* Accelerator science is the culmination of a wide range of science and
technology and is a very interesting field!

* It requires knowledge of a very broad range of fields, and | am sure
that everyone's strengths can be utilized in the field of accelerator
science.

* Moreover, there are many opportunities not only in high-energy
physics, but also in synchrotron radiation, neutrons, medical
applications, industry, and many other fields.

* In other words, it is a field where science and society are deeply
connected.

 Come and join us in the accelerator field!




Backup



Tohoku, Japan

’ /
S, | Japan
.l

| ® Where is lwate Prefecture
® Where is ILC candidate site
® Whatis ILC?

The ILC is an eco-friendly accelerator based
on a superconducting RF technology that is
power efficient and sustainable

‘

: C REe Takeba KEX)
- *Tokyo

Tunnel design for ILC Kitakami
candidate site (ILC 250GeV 20.5km)
Positron Linac

Electron Linac

Colliding point
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CEPC and SppC Proposals ICFAt X F+—@DESY/N> 717

oo ® 20236
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The 13th ICFA Seminir on Future cnpcctivc{ in Mig#-!ncrgy Physics R
November 28-December 1, 2023, DESY, Hamburg t 1 —

® 2024~20274F

3 Summary EDRTERK (TFE%ET)
+ The CEPC TDR parameter and design optimizations with high luminosities (30MW and 50MW) ® 2027$
operations, for all four energies (Higgs, W/Z and ttbar) have been studied. The results $ =/L E‘I:ﬁ ;ZA
demonstrate that the accelerator design satisfies the scientific goals.
» A comprehensive key technology R&D program has been carried out in TDR with CEPC key o 2035 E
technplogies in hands ready for industrialization preparation in EDR. @ =/L == T
» CEPC accelerator TDR international review and cost review were held from June 12-16, AX L

2023 and Sept. 11-15, 2023, respectively, and endorsed by IAC meeting held from Oct. 30-31,
2023. TDR will be released formally soon at the end of December of 2023.

* Detailed preparation of CEPC EDR phase (2024-2027) before construction working plan and
beyond have been established (preliminary), with the aim for CEPC PROPOSAL to be
presented to and selected by Chinese government around 2025 for the construction start during
the "15th five year plan (2026-2030)" (for example, around 2027) and completion around 2035
(the end of the 16th five year plan).

* International collaboration and participation are warmly welcome. 94
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Last week, Professor Atsuto Suzuki asked me to give a
lecture at this school !

Suzuki-sensei is a great physicist.
As far as | know, he has made many achievements in
| neutrino physics and trained many students.
Y | am sure you are well aware of his achievements at

- Kamiokande, Super-Kamiokande, and KamLAND.
Among them, my personal favorite achievement is that
he opened the door to Earth neutrino science.

e By detecting unti-neutrino from the earth
HECPER ot KamLAND, it was clarified that the
' reason why the Earth's interior is still hot
today is that the energy of radiation
| Oz a=rV /0 . . .
MRS TE cmitted from unstable nuclear species is

LT CENE T

ETCEITIEle converted into heat.

R LaTE )
NLa>¥Eoa1
Ch=a~bFYUsn

HinT |

He was recently honored as a Person of Cultural Merit and was also appointed as a

member of the Japan Academy of ‘SEiEREEE >CHOOL YOSHIOKA 108
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