Current Status of Green-ILC
Activities in Japan

T. Saeki (KEK)
LCWS14 at Belgrade / Serbia
oth Oct. 2014



of
Power; Sreenute

serious issue for ILC

nternational inear ollide

l L C Dampingl.ll?ing
S




CERN, GENEVA, SWITZERLAND, 23-25 OCTOBER 2013

ILC: an amazing energy transiorrmer

FROM eV TO TeV:

! & EalIca e
i i _.___.--

& Busieh &+ EQUTCS
COMpressar h persilran Zkm
4 main linac
11 km
cenral région
Znd Engrgy Tor Suchainazls Cenis Perrer-Gallix

LAFP/TMERS CHRS [ France)

Scierces, CERMN Ocr 2013

Energy Management in Japan,

Consequences for Research Infrastructuresé

Masakazu Yoshioka (KEK)

| 1. Electric power supply in Japan, before and after March 11, 2011 earthquake

. KEK Electricity contract as an example of large-scale Ris
. Accelerator design by considering optimization of luminosity/electricity demand ;

. Accelerator component design by considering high power-efficiency
> Klystron
#» Availability based on MTBF and MTTR

# High efficiency and “almost” environmental pollution-free electricity
generators can save Japan, and contribute to reduce global CO, problem

> Example: Super-KEKB
> ILC

INTER-UNIVERSITY RESEARCH INSTITUTE CORPORATION
@ HIGH ENERGY ACCELERATOR RESEARCH ORGANIZATION




Power Balance of Consumption and Loss in ILC

Requirements from Physics EXxp.
» Basic requirements:

— Luminosity : JLMQ; =500 fb-'in 4 years N /o, _
- Een: 200 — 500 GeV and the ability to ]LC 500 Gev
scan =1 ). ,

— E stability and precision: <0.1% To}ta] Power

— Electron polarization: > 80%
» Extension capability:
Enerayv uparade: 500 - 1.000 GeV I

5GeV e-, e+ Damping Ring (3.2km)

~200 MW

Improve efficiency

loss rate‘/
Infrastructure : 50 MW 50 % : 25 MW Obligation to U
RF System : 70 MW 50 % : 35 MW lgation to uUs
Cryogenics : 70 MW 90 % : 60 MW
Beam Dump : 10 MW 100 % : 10 MW
200 MW ~ 130 MW

™\ Increase recovery




Activities for Green ILC In Japan

* Three presentations were given (by A. Suzuki, D. Perret-Gallix, and M.
Yoshioka) in 2" WS “Energy for Sustainable Science at Research
Infrastructure” at CERN in Oct. 2013.

» A session (four presentations) was organized for Green-ILC activities in
LCWS 2013 at Tokyo in Nov. 2013. A. Suzuki also presented Green-ILC
activities in the plenary session in LCWS 2013.

«  Green-ILC Working Group was organized in “Advanced Accelerator
Association promoting science & technology (AAA) in Tokyo/Japan. The
15t meeting for the Green-ILC WG of AAA was held on 25" February
2014. (AAA home page = https://aaa-sentan.org/en/about_us.html )

o 20 314 4th Green-ILC WG meetings were held on 51" May, 1st July, 24®
September 2014, respectively, in Tokyo/Japan.

o Various realistic technologies of energy-saving for ILC were proposed
and discussed by industries and scientists.

D. Perret-Gallix, T. Saeki, and H. Hayano are preparing



https://aaa-sentan.org/en/about_us.html

Advanced Accelerator Association
promoting science & technology (AAA)

Association by industries and scientists

e 99 corporate organizations involved from industries (MHI,
Toshiba, Hitachi, Mitsubishi Electric, etc.) as of Oct. 2014.

40 institutional organizations involved from universities and
laboratories (KEK, Univ. of Tokyo, Univ. of Tohoku, Univ. of
Kyoto, Riken, etc.) as of Oct. 2014.

Honorary Chairman :

Masatoshi Koshiba Organization of AAA

Director General at
Heisei Foundation for
Basic Science

Chairman: Supreme Advisor :

Advisory Meeting Takashi Nishioka Kaoru Yosano

General Meeting Board of Directors

Secretariat |

Green-ILC WG started in

Technology Study Group o . _
on 25t Feb. 2014. ‘-' Group | Sty Group | Suudy Group




Agenda for the 2" AAA Green-ILC WG meeting

1) Collector Potential Depression (CPI) Klystron (30 min.)
by Toshiba Electron Tubes & Devices Co. Ltd.

2) Power Saving of Large-Scaled Helium Compressor (30 min.)
by Mayekawa Manufacturing Company.

3) Examples of New Energy Power Plants (20 min.)
by RIKEN.

4) Solar Power Plant (40 min.)
by Japan Photovoltaic Energy Association

5) Proposal of Biomass Power Plant for ILC (20 min.)
by Kabuki Construction Co. Ltd.



Agenda for the 39 AAA Green-ILC WG meeting

1) Energy Recovery at Beam Dump at ILC (20 min.)
by J. Fujimoto (KEK).

2) Tests of Collector Potential Depression (CPD) Klystron (30 min.)
by K. Watanabe (KEK).

3) Drag Reduction (DR) Additive for Cooling Water (30 min.)
by Shin Nippon Air Technologies Co. Ltd.

4) Examples of New Energy Power Plants (30 min.)
by RIKEN.



Agenda for the 2nd AAA Green-ILC WG meeting

Date: 8th May 2014 (Thu.) 13:30 - 17:00.
Place: 6" floor, UDX Building in Akihabara, Tokyo.

1) Collector Potential Depression (CPI) Klystron (30 min.)
by Toshiba Electron Tubes & Devices Co. Ltd.

2) Power Saving of Large-Scaled Helium Compressor (30 min.)
by Mayekawa Manufacturing Company.

3) Examples of New Energy Power Plants (20 min.)
by RIKEN.

4) Solar Power Plant (40 min.)
by Japan Photovoltaic Energy Association

5) Proposal of Biomass Power Plant for ILC (20 min.)
by Kabuki Construction Co. Ltd.



How to Improve RF Efficiency

R&D of CPD (Collector Potential Depression) Klystron

CPD is an energy-saving scheme that recovers the kinetic energy
of the spent electrons after generating rf power.
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Present Status of R&D

Newly
fabricated

components
ecollector
eceramic
Insulator

R&D Schedule

soutput cavity
soutput coupler

2013.3: Modification of an existing klystron
to CPD klystron (already done)

2014.3: until then, preparation and

commissioning of the test station

~2014: Verification of klystron operation

without CPD

~2015: Measurement of rf leakage from the

gap between the body column and the

collector (with no CPD voltage applied)
Measurement of induced pulse

voltage on the collector with CPD

~2017: Test of rectification by Marx circuit I 1
Integration test of the proof-of-

principle of CPD operation 14 - 80 04 efficiency

Recycled
components
selectron gun
sinput cavity
sintemediate
cavities




Agenda for the 39 AAA Green-ILC WG meeting

1) Energy Recovery at Beam Dump at ILC (20 min.)
by J. Fujimoto (KEK).

2) Tests of Collector Potential Depression (CPD) Klystron (30 min.)
by K. Watanabe (KEK).

3) Drag Reduction (DR) Additive for Cooling Water (30 min.)
by Shin Nippon Air Technologies Co. Ltd.

4) Examples of New Energy Power Plants (30 min.)
by RIKEN.



Collector Potential Depression (CPD) Klystron

Preparation of CPD Klystron test at KEK
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by J. Fujimoto (KEK).

2) Tests of Collector Potential Depression (CPD) Klystron (30 min.)
by K. Watanabe (KEK).

3) Drag Reduction (DR) Additive for Cooling Water (30 min.)
by Shin Nippon Air Technologies Co. Ltd.
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Collective deceleration for compact beam dump

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

Collective deceleration: Toward a compact beam dump
H-C. Wu,'T. T&jima,]’ﬁ D. Habs,"* A. W. Chao.” and J. Meyer-tcr~‘u’chn]
'Max- Planck-Institut fiir Quantenoptik, D-835748 Garching, Germany
* Fakultit fiir Physik, Ludwig-Maximilians-Universitit Miinchen, D-85748 Garching, Germany

3SIAC National Accelerator Center, Stanford University, Stanford, California 94309, USA
(Received 10 December 2009; published 5 October 2010)

Bethe-Bloch formula for stopping power in material

— (dE/dx); = (F/B*)[InQ2m,y*v* /1) — B (1)

where E 1s the electron kinetic energy, F =
4 2 _ 22 e e PR
4me*n, ,,/m,c” = e°k;, ., n, , is the electron density in
the stopping matenal, k., = mpﬂm,/r: 1s the plasma wave
number, and 8 = v/c is the normalized electron velocity.



Energy recovery in beam dump from plasma wakefield

 The paper claimed that “in principle, the energies
from the decelerated beams deposited in the form
of organized plasma wakefield may be recovered
Into electricity.”

e Any electric circuit such as a metallic loop in the
plasma picks up coherent electric currents
caused by the plasma collective oscillations. Then,
ﬁxternal circuit extract electric energies rather than

eat.

« “Because the energy of the plasma electrons is
much less than that of the beam electrons, the
collisions do not give rise to excessive
radioactivation,”



Agenda for the 39 AAA Green-ILC WG meeting

1) Energy Recovery at Beam Dump at ILC (20 min.)
by J. Fujimoto (KEK).

2) Tests of Collector Potential Depression (CPD) Klystron (30 min.)
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by RIKEN.



Drag Reduction (DR) Additive In
Cooling Water

Effect of DR additive in cooling water

Large energy loss
In the cooling water
flow

lAdding DR
additive
Small energy loss In

the cooling water
flow

Slide by Shin Nippon Air Technologies Co. Lts.


プレゼンター
プレゼンテーションのノート
①乱流を減らす⇒配管抵抗低減⇒ポンプ搬送動力低減、②管壁と流体の摩擦抵抗低減ではない


Drag Reduction (DR) Additive In
Cooling Water

Effect of DR additive in cooling water

l

A Resister i DR effect
H eSIS ef: In 50 _ 80 0/0 (jf\".‘~-__~‘~~~~ reduc“on
Str.a|g t reS|Ster |n Stralght B T ...........................
pipes pipes is reducg_c_l ________ Resister
X Flow rate 1.5~2.0m/s
Gross pump. L L
head Resister in Resister in
+ +
: Resister in Resister in
active active
components components
\gJ
Before adding After adding
DR additive DR additive

Slide by Shin Nippon Air Technologies Co. Lts.


プレゼンター
プレゼンテーションのノート
①直管部抵抗の比率増大により、システム全体としての効果が決まる＞費用対効果を左右する
②配管システムの抵抗は、一様に低減される訳ではない。⇒逆にそうであったら弊害が生じる＞伝熱特性を阻害


Agenda for the 2nd AAA Green-ILC WG meeting

Date: 8th May 2014 (Thu.) 13:30 - 17:00.
Place: 6" floor, UDX Building in Akihabara, Tokyo.

1) Collector Potential Depression (CPI) Klystron (30 min.)
by Toshiba Electron Tubes & Devices Co. Ltd.

2) Power Saving of Large-Scaled Helium Compressor (30 min.)
by Mayekawa Manufacturing Company.

3) Examples of New Energy Power Plants (20 min.)
by RIKEN.

4) Solar Power Plant (40 min.)
by Japan Photovoltaic Energy Association

5) Proposal of Biomass Power Plant for ILC (20 min.)
by Kabuki Construction Co. Ltd.



Temperature balance of the oil cooler

Adsorption

313K =363K - chiller
Before
AdRef

313K = 363K

After




MAYEKALWA
New refrigeration cycle with AdRef

Low suction temp.
—small compressor

4.25MW(100%) —small power 3.97MW(93%)
_[:\‘Q consumption _[:\‘Q
£ > Waste Ky - Waste
310K ILC Source 310K
Heat(95%) ABMW Waste ‘ > 280K
(45.81— 42.79MW) Heat(93%) 4KW(0.1%)
270K 280K Compact
cold box
& HEX

80K 80K

Ha
)
|

a =) |18kW a =) 18kW

Conventional cycle New cycle with AdRef
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プレゼンター
プレゼンテーションのノート
世界最大最強の超伝導サイクロトロンであるSRCはその重量が8300トンあり建設に4年半を費やしたが皆様は1分で工程が理解できます。


CGS(Co-Generation System) at

6500 kW- Power Class
Gas Turbine Cogeneration
with variable thermal & electrical power

1618 Nm°/h Fuel(Natural Gas)

2.5 t/h

Iniection

€

6250 kW

Electrical Output
Burner
O,

[Rated Performances at 15°C]
*Output Power 6250kW
*Fuel Consumption 1618 Nm/h
*Steam Output 128 t/h
Electrical Efficiency 32.1%
*Thermal Recovery Ratio 32.3%

*Total Efficiency 64.4%

*NOx Emission 32.3ppm (0, 0%)
*Sound Level 70db (1m)

RIKEN

(400USRT X5
360USRTx 2

Absorption Chiller

.
10.3t/h Steam

Intake Air Cooler I
Ambient Air Waste >
! heat
34°C P/ 15°C boiler l
l Exhaust
Gas

12°C

7°C
Chiller Water
< >

190 USRT

2530 USRT

Chiller Water for Air Cooler



プレゼンター
プレゼンテーションのノート
G:発電機、C：空気圧縮機、T：タービン、Waste heat boiler：排熱ボイラー、Absorption Chiller:吸収式冷凍機


CGS (Go-Generation System) at RIKEN

e 6.5MW + 2720 USRT

e 1Hz (20msec) power switch
for blackout.

« Efficiency:68%, as of June
2010.

e G:7MVA. 6.6kV. 50Hz.

« T:1100°C/480°C. 14000rpm. 6.6MW /12°C.

. B :480°C/160°C. 1.6MPa(210°C)12.5t/h

e C:400 USRT x5+ 360 USRT x 2, 7°C at outlet (1 USRT=3.52kW. )


プレゼンター
プレゼンテーションのノート
電源の二重化と高効率の両立


Power Line Circult

! 6.6MWGTG |
@ GT Spare

. 52RG1 |_J|]
52SRB1

=S50 #1 NN ¢

e Big-RIPS SRC  He  Cooling Vac. Acc. Spare
s — SRF Magnet Refrig. Water Building Control
Ykvar Maanet
g 614kVA 1200kVA 757kVA  756kVA 1000kVA
7R JLOIMVA 209KW 602kW 1070kW 645kW 613kW  574KW

~— —

CGS Load
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Integrated Installation (2012) Installation per Year (2012)
WRFEFRETORRIAR WRERFOEMRFAR
KA 32,462MW | €— German KAy 7,60amw |€—— German
e Ubq 16,450 MW 18T 3,647 MW
- 7,272MW = 3,500MW
= Japan il
hE 6,800MW *E 3,362MW
A& 6,632MW BE 1,718MW | G Japan
MW AR 4,706MW MW/Y ISVR 1,079MW
35000 " 10000
SR 99,262MW s b 2R 29,665MW
/ 9000 ‘.\
30000 / \
8000

German

s - o ——\— German
20000 R0 / / \

/] \
15000 — -

et [ D
10000 SE 3000 =
/ Japan b/ A .

" J ap an
5000 -
_;‘}{"f* — e AT T
o —— . i =T — _..—— —’ ’\Jb#—'
2008 2009 2010 2011 2012 Fz3a s - y e 0%
2008 2009 2010 2011 2012 :;. =
HE - TRENDS 2013 Report IEA-PVPS T1-23:2013 16

Japan Photovoltaic Energy Association



G

~ 70

: p:
3 60 4—"
2 Projection done in 2013 it 509
— EO2013

CC) 50 {8 J H ., & : "

5 .-— i 1

> 39 -~ g 45

'8 40 T ,

N Projection done in 2012

T 30 ’Q5 (WEO2012)

)

= 2

A 20+ 3

«

@]

" 10

: @

S 0- Year
g 11 15 20 25 30 35 +2000
c

IEA World Energy Outlook 2013

3

Japan Photovoltaic Energy Association



Smart Country by Smart GRIG GBERA

Substantive
evelopment
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er: >50 GW at 2030 in Japan
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Wy Producon n Germany (2012) €<

Electricity Production in Germany: Calendar Week 36

Actual production
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. Biomass Power Plant using Organic Waste

Conceptual Biomass Town around ILC L
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d Estimate of Biomass Electric Power

ILC (Tunnel Heat Waste
\ ' v ‘ Regional us:gselzjilt:;rming

Tourism==-

Various ( ) |
Biomass L J L : J L J
Water content - Steam
Water content 15%
1> —90% L ' Recycling Products

Estimate of Electric Power
Assuming the efficiency of 10~20%
Kitakami Site 58,104 kW X 10 ~20% = 6,000~ 10,000kW
Sefuri Site 43,280 kW X 10 ~20% = 5,000~ 10,000kW




Summary

The 15t meeting for the Green-ILC WG of AAA was held on 25
February 2014 to launch the Green-ILC-AAA activity.

The series of Green-ILC-AAA WG meetings were held since then, and
various realistic technologies of energy-saving for ILC were proposed
and discussed by industries and scientists in the meetings.

The energy-saving technologies discussed in the Green-ILC-AAA
meetings are ranging from the components, sub-system, ILC-system,
and ILC-city.

Proposed items for Green-ILC energy-saving technologies will be
summarized and written in the report under the framework of AAA in
the year of 2015.



ILC center futuristic view
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Backup slides



Multi(6) — Beam Klystron (MBK) for 26 Cavities

DEVELOPMENT OF TOSHIBA L-BAND MULTI-BEAM KLYSTRON
FOR EUROPEAN XFEL PROJECT

Y. H. Chin. KEK. Tsukuba. Japan.
A Yano, S. Miyake, TOSHIBA ELCTRON TUBES & DEVICES Co.. Ltd.. Ohtawa-shi. Japan.
S. Choroba. DESY. Hamburg. Germany
» The design goal is to achieve 10 MW peak power with 65 %
efficiency at 1.5 ms pulse length at 10 Hz repetition rates.
» MBK has 6 low-perveance beams operated at low voltage of 115
kV for 10 MW to enable a higher efficiency than a single-beam
klystron.

Peak power 10 MW

Pulse width 1.6 ms
Rep. rate S Hz
Average power 78 kW
Efficiency 65 %
Gain 47dB
BW (- 1dB) 3 MHz
Voltage 120 kV
Current 140 A

% 2: Electron Gun of the E3736 Lifetime 40,000 h




Simplified Schematic Concept

Without CPD With CPD
Potehtial in the | Potential in the ! Ell.ectron !
c Klystron i Electron! c Klys / Energy 1
o U i / ngergy i o U / ! + RF . !
46 ! : B (I \ ‘\’, :
@ i . i @ i ]
L i Eo \ i - i Eo i
o3 ! A i E o3 | .
—_ 1 e 1 1 : :
E : : \\ : C_U : R :
= i Eqf v 7 = 2 !
T ! ! \\ /’, I 40—'1) : :
= : Lox S | |
o w 4 Vi et \ :UC al LV I
i i » N .
i Anod A N ' ' Anod
! \ +“ Cathod
+ - -~ J/ Collect
Cathod e gutput cavity O!1ect T e e Outpy‘t cavity
e S 0 \ e ,, ,, or
Effche'ncy of RF Conversion (40- 50) % Beam Decelergﬁon
4
Heat Loss Energy Recovery/Reuse

Potential denotes the electron potential energy, eV. For

simplicity, input and intermediate cavities are omitted here
and the anode potential is set to zero.




Issues must be addressed for CPD

() Energy spread Klystron

The spent electron beam has large energy spread through electromagnetic
interaction in the cavities. Therefore, the collector potential cannot be increased
beyond the lower limit of energy distribution of the spent electron beam, otherwise
backward electrons hit the cavities or the gun, and then deteriorate the klystron
performanc

Eb=00kV. [k=18A. Pd=2.8W ($0E1H H1E) Eb=90kV, Ib=7 A, Pd=2.0 W

In case of the saturated operation | & _un S atu rated 200 k_V_V |

~Saturated: 1 MW ul
'—UCEO= 90keV |

@

Energy (keV)

(II) Pulse-to-DC conversion Output Coupler collector
The spent electron beam is longitudinally bunched, so ; i
that pulsed voltage is induced on the collector. An
adequate pulse-to-DC converter has to be implemented.

(1l11) RF Leakage

CPD klystron has to be equipped with an insulator
between the collector and the body column in order to
apply CPD voltage to the collector. Thus, it would be
possible for the CPD klystron to leak rf power out more
or less from the insulator.

Ratio (%)

Energy (keV)

"

Ceramic Insulator




MAYEKALWAN
Adsorption chiller “AdRef”

Environmentally Friendly Chiller.
Features
1. No CFCs, HCFCs used.
Water (H20) is used as refrigerant.
2. Low temperature heat source.
As low as 65 C
3. Super Energy Saving
Only a few HP necessary
4. Easy maintenance
Very few moving parts used.
5. Safe
No pressure piping or refrigerant

42



Water
pump

MAYEKAWAN

Adsorption chiller “AdRef”

fr—

=

water

AN AN AN
Evaporator

Chilled
water

Z

N T

Adsorber | | Adsorber

Cooling
water

43

Vapor H20 is removed from adsorber
“B” by heating with warm water, and
condensed in the condenser by the cool
of cooling water.

'ﬁCooling Heat Liquid water goes to the
A B source evaporator.
——"" ‘ / The adsorber “A” adsorb vapor
\ﬁggr‘ / H20O by cool of cooling water.
Condenser  'hen the liguid H20 in the

evaporator evaporates, and the
latent heat cool down the chilled
water.
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“B” by heating with warm water, and
condensed in the condenser by the cool
/2 of cooling water.

Liquid water goes to the
evaporator.

The adsorber “A” adsorb vapor
H20 by cool of cooling water.

Then the liquid H20 in the
evaporator evaporates, and the
latent heat cool down the chilled
water.

Heating/Cooling of adsorber A/B is
switched periodically.



Absorption refrigerator (chiller)
(from Wikipedia, the free encyclopedia)

An absorption refrigerator is a refrigerator that uses a heat source
(e.qg., solar, kerosene-fueled flame, waste heat from factories or
district heating systems) to provide the energy needed to drive the
cooling system.

In the early years of the twentieth century, the vapor absorption
cycle using water-ammonia systems was popular and widely used,
but after the development of the vapor compression cycle it lost
much of its importance because of its low coefficient of performance
(about one fifth of that of the vapor compression cycle). Nowadays,
the vapor absorption cycle is used only where waste heat is
available or where heat is derived from solar collectors. Absorption
refrigerators are a popular alternative to regular compressor
refrigerators where electricity is unreliable, costly, or unavailable,
where noise from the compressor is problematic, or where surplus
heat is available (e.g., from turbine exhausts or industrial processes,
or from solar plants).



http://en.wikipedia.org/wiki/Refrigerator
http://en.wikipedia.org/wiki/Solar_thermal_energy
http://en.wikipedia.org/wiki/Vapor-compression_refrigeration
http://en.wikipedia.org/wiki/Coefficient_of_performance
http://en.wikipedia.org/wiki/Solar_thermal_collector
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