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1 Introduction

The total electrical power consumption of the International Linear Collider (ILC)
reaches 164MW at 500GeV center-of-mass energy. With 106 MW the two main linacs
are the most consuming components where 49% is used by the RF system, 30% by the
helium refrigerator and 20% by the remaining equipment (air conditioning, water
cooling, lighting, and control racks). The Green-ILC (G-ILC) project focuses mainly on
new technologies and approaches to save, recover and recycle energy as well as on the
use of renewable energy for particle colliders.

The main linac is simply the repetition of many merely identical cells (or cryomodules),
then the optimization of the energy consumption and efficiency of this basic element
directly improves the overall energy performance of the ILC. Increasing the efficiency
reduces the power lost on heat waste which also, to be dissipated, consumes energy but
it also reduces capital cost when fewer parts are needed to provide the same output
power.

Large scale research infrastructures like the ILC have major impacts on the environment
in terms of electrical power supply, heat waste recycling, water management, landscape
integration and road traffic. G-ILC intends to make ILC a world-wide reference on
handling these issues to the best benefit of the local people and of the society.

After colliding, both beams must be recycled or actually simply dump as in the current
design. In total, 10MW released in 1ms short pulse at a 5 Hz rate must be absorbed.
G-ILC will address conventional and advanced technologies to recover and recycle this
energy keeping the produced radioactive elements at minimum.

ILC as a large energy consumer similar to big factories, data centers or medium cities
must work towards sustainability to curb carbon emission and global heating. G-ILC
will study the use of renewable energies in its energy mix focusing on production,
storage and transport (smart grid).

Energy is one of the most prominent concerns of the 21* century and a global endeavor
backed both by the private and public sectors. G-ILC addresses the same issues in a
basic research framework which has proved to be innovative and able to manage large
industrial programs. With a deep cooperation with the high-tech industry and energy
experts, solutions will be found and tested and then transferred to the society.

The Technical Group of the Advanced Accelerator Association Promoting Science and

Technology formed the Green ILC working group with the fact-finding mission to bring



energy-saving technology to the ILC accelerator. Getting together the technical
capabilities of cutting-edge companies, accelerator and experimental researchers, we
propose to incorporate energy-saving technology to an advanced accelerator such as
ILC.

This report is a collection of presentations given during meetings held in 2014/15. It

is a first step towards greening the ILC.

Green-ILC WG Chair: Takayuki Saeki
AAA Technology Study Group Chair: Hitoshi Hayano

2 AAA Technology Study Group

Green-ILC Working Group
Green-ILC Working Group

To reduce the environment and social impacts as well as the operating cost of a large
scale advanced accelerator, energy saving and high efficiency component are required
from the design stage to the operation. In addition, the integration of renewable energy
in the ILC mix is a necessary step to reach sustainability. The "Green ILC Working
Group" set as part of the technical group has been created to cover these issues.

The suggestions from AAA technology studies in the 2014 fiscal year have also been

included. The activities are summarized in the following table.

Green ILC - WG | Date Green technology proposer and Technology presenter
(affiliation, w/o title)

1-st 2014-2-25 Denis Perret-Gallix(LAPP/IN2P3/CNRS), Junpei
Fujimoto(KEK), Atsuto Suzuki(KEK)

2-nd 2014-5-8 Yoshio Kawakami(Toshiba electron tube), Masato
Noguchi(Maekawa), Tadashi Fujinawa(Riken),

Junichi Honda(Solar power association), Mitsuo
Takeda(Kabuki)

3-rd 2014-7-1 Junpei Fujimoto(KEK), Ken Watanabe(KEK),
Hiroyuki Nishi(Shinnihon-Kucho), Tadashi
Fujinawa(Riken), Denis Perret-Gallix(LAPP)




4-th 2014-9-24 Tadashi Fujinawa(Riken), Osamu Takehisa(NTT
facilities), Takafumi Shimokouchi(Takenaka),
Takayuki Saeki(KEK)

5-th 2014-12-10 Toru Shibagaki(Toshiba), Hajime Sakuma(NEC),
Kentaro Otsuki(Tohoku Electric), Denis
Perret-Gallix(LAPP), Takayuki Saeki(KEK)

6-th 2015-2-18 Kunihito Kikuchi(Fujikura), Naoko
Nakamura(Maekawa), Manabu Miyamoto(MHI),
Mitsuhiro Yoshida(KEK), Takayuki Saeki(KEK)

The presentations can be broadly organized in 4 sections: energy saving technology (10),
energy recovery technology (2), storage technology of recovering energy (4),
implementation of renewable energy (8). They are summarized in details in the
following table. It should be noted, the energy-saving technologies presented during the

34th Technology Study meeting are also included.

Technology Sub-system Report Title Presenter Affiliation Meeting
(concise) (w/o title) (concise)
Power saving RF System CPD Klystron Kawakami Toshiba G-ILC
CPD Klystron Test Watanabe KEK G-ILC
Power Electronics Yamada Mitsubishi Technolog
Electric y Study
Cryogenics Helium compressor Noguchi Maekawa G-ILC

power saving

HTS cryogenics Nakamura Maekawa G-ILC
Infra-structure Friction reduction Nishi Shin-Nihon G-ILC
chemicals Kucho
High-voltage Fujinawa Riken G-ILC
Substation

power saving

Data center Takehisa NTT G-ILC
power saving Facilities
YBCO HTS cable Kikuchi Fujikura G-ILC
Smart Community Shimokouchi Takenaka G-ILC
Energy recovery Beam Dump Energy recovery Fujimoto KEK G-ILC

from beam dump

Related Beam Yoshida KEK G-ILC
experiments
Energy storage Energy Co-generation Osaki MHI Technolog

management y Study




Iron energy storage Hosoyama KEK Technolog
y Study
Power storage Sakuma NEC G-ILC
for power line
Energy management Miyamoto MHI G-ILC
Renewable Accelerator power Suzuki KEK Technolog
Energy saving y Study
New Energy Fujinawa Riken G-ILC
Power Plants
LN2 Economy Perret-Gallix LAPP/IN2P3 G-ILC
Green-1LC Perret-Gallix LAPP/IN2P3 G-ILC
Renewable Energies Perret-Gallix LAPP/IN2p3 G-ILC
and Environment
Solar Power Solar power Honda Solar Power G-ILC
generation Association
Biomass Biomass power Takeda Kabuki G-ILC
Energy generation
Geo-thermal Geothermal power Shibagaki Toshiba G-ILC
power generation
Geothermal Power Otuki Tohoku G-ILC
Station Electric
Wind Power —
Marine power —

As a reference, find here the power consumptions computed for the ILC Technical Design

Report (Vol 3.11, sec 11.4.4)*

Table 11.6

Estimated DKS power
loads (MW} at 500 GeV
centre-of-mass operation.
‘Conventional’ refers to
power used for the util-
ities themselves. This
includes water pumps and
heating, ventilation and
air conditioning, (HVAC).
‘Emergency’ power feeds
utilities that must remain
operational when main
power is lost.

Conventional

Accelerator = =
it RF Power Racks NC magnets Cryo Nevial Emergency Total
e~ sources 1.28 0.09 0.73 0.80 1.47 0.50 4.87
et sources 1.39 0.09 4.94 0.59 1.83 0.48 9.32
DR 8.67 297 1.45 1.93 0.70 15.72
RTML 4.76 0.32 1.26 1.19 0.87 8.40
Main Linac 52.13 4.66 0.91 32,00 12.10 4.30 106.10
BDS 10.43 0.41 1.34 0.20 12.38
Dumps 0.00 1.21 121
IR 1.16 2.65 0.90 0.96 5.67
TOTALS 68.2 5.2 224 37.9 20.8 9.2 164 MW
Rank: 1 6 3 4 5
% 42 3 15 13 5

* http://edmsdirect.desy.de/edmsdirect/file.jsp?edmsid=D00000001021265&fileClass=native




3 Green Technology Trends and Application to

Accelerator in the World

The Green-ILC

(Denis Perret-Gallix, LAPP/IN2P3/CNRS

ve GREEN ILC

Energy for Innovation and Innovation in Energy

ILC and the society

First World-wide Fundamental Science project

— A unique showroom for physics and technology
innovation

—Many scientists and experts from various fields

A large power consumer
—1.2 TWh (500 GeV) 20% of a nuclear reactor # Morioka
—"Only" for fundamental science

— Energy/Global warming/Financial crisis in the world and
in Japan

Energy for™
colliders

Large Hadran Collder,

(LHC, CERN)

«—— Top of Europe
" Mont. Blanc

CERN Accelerator Complex

ALICE

Denis Perret-Gallix IN2P3-CNRS
(France)

ATLAS Experiment © 2012 CERN

Energy for colliders
Large Hadron Collider (LHC, CERN)

CERN LHC at peak 180 MW, total one year 1.2 TWh

*82% accelerators, 12% experiments,
3% computer center, 3% campus infrastructure,
About 1 TWh gets dissipated in cooling towers"
(M3 Burckhort et o, TPACZ0L3)

« CERN is 10% of Geneva total energy (500,000 residents)
+ 40% of Geneva electrical power
* Electricity bill: 40-50€/MWh

For 1.2 TWh -> 50-60 M€/year 70-83 fif¥

Ener‘gy for ILC (rough estimates)

eve- Linac RF, Magnets, Cryo plants: 164MW @5006eV-300MW@1TeV (TDR)
Experiment, Computing, Buildings => 180 @ 500 GeV, 320 @ 1 TeV

Very similar to CERN consumption let's take 180 MW (peak) and 1.2 TWh/year
*A primary voltage of 275 kV was assumed for the site."

“The power capacity is designed fo be 300MW and space is reserved for

an additional 200MW for the future 1TeV upgrade.” 1icToR Vol 31 > 500 MW

180 - 320 MW 1.2-2.2% of Tohoku region (15 6W) ~ Morioka (300,000)
500 GevBL 1TeV 18-32% of Iwate prefecture (ILC location)

+ 135€/MWh 2011 in Japan for industry (OECD 2013 report)

Yearly electricity running cost ~ 160 M€ (500 GeV BL) 225 fii¥
Even if 50% rebate for very large users -> 80 M€/year

ILC baseline energy budget

Table 116
Estimated DKS power  Accelerator Conventional

RF Power Racks NC magnets Cryo

loads (MW) at 500GV section Normal_Emergency
contreof mass operation. T 12 000 073 080 147 050 487
Comvetiondl rlente  Gtowes 130 000 494 05 18 048 R
87 207 145 13 om 157
RTML a7 0m 126 19 o8 a4
Mainlnsc 5213 46 091 200 1310 430 10610
80s 045 o4 134 o2 123
Dumps 00 12 12
R 116 265 0% 0% 567
operationsl when main  TOTALS __G62__ 52 224 __ 9 208 92 164 Mw
power s lost
Rank: 1 6 3 4 5
% 42 3 15 13 5




il Some other Green Projects

+ Synchrotron light (Tohoku) 3.7 MW

+ European Spallation Source (ESS) 100 MW

+ Studies of the Future Circular Colliders 500 MW
+ Hyperloop high speed train 21 MW

+ Car factories and Mori Tower 38 MW

+ Workshop " Energy for sustainable science”

Denis Perret-Gallix@in2p3.r

LGSR TR LAPP/IN2P3 CNRS (France)

TR

HALBE R E

Synchrotron Light in Tohoku, Japan (SLIT-J)
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St e e et LAPP/INZP3 CNRS (France)

ilp The Green ESS

ue 2
European Spallation Source -- 4R
neutron source
Renewable:
All energy from new, dedicated

renewable production at a
stable and competitive cost

Responsible:
Reduce energy use to
under 270 GWh per year

Reliable
stable electricity and
cooling supplies

Wind Power: 100 MW s
Machine: 278 6Wh/y A Recyclable:

e Completely replace cooling
9 Y towers with a cooling system

based on heat recycling.

et-Gallix@in2p3.fr

ANA Green 1L 25/2/14 s RS (e

Future Circular Collider Study - SCOPE
CDR and cost review for the next ESU (2018)

Forming an international

collaboration to study:

« pp-collider (FCC-hh)
-> defining infrastructure
requirements

~16 T= 100 TeV pp in 100 km

~20 T= 100 TeV pp in 80 km

« e*e collider (FCC-ee) as
potential intermediate step

* p-e (FCC-he) option

* 80-100 km infrastructure
in Geneva area

3 long tunnel
.

Energy Eificiency

For FCC-ee of major importance - 100 MW CW RF requires
at least 200 MW from the grid to produce (in addition to
cryogenic power mentioned above)

Study more energy efficient methods to convert!

minimize losses!

recover waste
RF power!

—— recover
plug beam power!
Kklystron eff.

CELREATR beam @ & loss

resre LHC Operational Efficiency
LHC 2012

Average Time in each phase

LHC Design
Minimum Time for each operation
10 hour Physics Coasts 6 hour Average Physics Coasts
No Faults, or down time Faults and down time mainly in No
Injection Ramp Squeeze Beam, Setup & Injection Phases
% p

s

\ %
%

In spite of how it looks LHC operation in 2012 was very good !!

FCC-ee Power Consumption Estimates
Based on the 80km Machine Study — Should not be too different to a 100km
version. Pre-injectors not included.

It includes the infrastructure scaled to the need for TLEP and not that
which would be installed to allow a future installation of a pp machine.

TLEP (175) MW
RF System 218
Cryogenics 24
Cooling & Ventilation 60
Magnet Systems 6
General Services 15
Experiments 25
Total 353

The Key Driver here is the RF system: Cavity characteristics and
efficiency of the RF power sources (assumed 55%)

[R== FCC-hh Power Consumption

System LN To first approximation:
80

Power Converters 20

Machine Cryogenics 35 140 | Most will scale to FCC-hh very
Cooling 20 80 approximately according to
Ventilation 14 56 length (ie x4)

RF 18 72

Other Machine 2.5 10 The Experiments are likely to be

Experiments 30? more than LHC but not by a

22
Eotal /MW 1315 468 large factor
Beware: This is a ball-park figure to set a rough scalell

Clearly the Cryogenics is a key driver

But the il itself ( g/ will also be a large consumer
The RF system itself (if >60MV is needed) is significant

> same R&D for ee and hh machines !!

10
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Denis Perret-Gallix@®
LAPP/INZP3.CNRS

AAA Green ILC 25/2/14

Toyota Motor East Japan, Ohira, Miyagi
Co-generation, 100,000 car/year7.8 MW

Mori Tower (Roppongi hill, Tokyo)
Co-generation, 755,000 m? 38 MW

& ;lp . .
it Energy for Sustainable Science
23-25 October 2013
CERN

«  Campus and building management

+  Co-generation

« Computing energy management

« Energy efficiency of the facilities

«  Energy management, quality, storage

+  Energy management technologies developed
in Research Facilities

*  Waste heat recovery

SPALLATION

SOURCE

Den

AAA Green ILC 25/2/14 it

Energy Management in Japan,
Consequences for Research Infrastructures
Linear Collider WS
Tokyo Nov. 15 2013

P ariar o) Masakazu Yoshioka (KEK)

pl: Super KEKD
Jmponent design by considering high power-efficiency

o based on MTEF and MTTR

] N amazing enengy transiformaer
Energy Management at KEK,

FROM eV TO TeV: || &

N 1E trategy om Energy Management,

Efficiency, ibillivy

Atsuto suzuki (KEK)
HE GREEN ILC S

. (AHE N_— w@ el caimaie

*ir  Green ILC strategy

1. Energy Saving: improving efficiency

2. Energy Recovery: recycling energy

3. Energy Production: Renewable energies
4. Energy Storage

5. Distribution and Management: Smart Grid

=) DESIGN

G

6 5/2/14 ! e
AAA Green ILC Uapp/inzr e

Green ILC
Energy Saving

On components:
« klystrons R&D for higher efficiency
* cryocooler and cryogenic system optimization
~ New ideas: Thermoacoustic Stirling Heat Engine Pulse Tube
« ILC Lattice optimization

On operation
+ Power reduction during idle periods:
~ system on standby and energy saving mode.
~ More effective if made on design
~ Long running period (fewer, but longer shutdown due to cryo)
« Increase reliability (to avoid down time)

Denis Perret-6al
LAPP/INZP3.0N

Linear Collider WS

Power Balance of Consumption and Loss in ILC  icher 50

Requirements from Physics Exp. A.Suzulkd (KEK 0G)

+ Basic requirements.

T [ P——

- Lshe e
:

- Esblyandpreciion:  <0.1% Total Power

Electron polarization: > 80%
« Extension capability

" craovnann ~200 MW
L. aadl

Improve efficiency

loss rate «
Infrastructure : 50 MW 50% :25 MW T
RF System : 70 MW 50%:35 MW Obligation to Us
Cryogenics : 70 MW 90 % : 60 MW
-.Beam Dump ; 10 MW 100% : 10 MW
200 MW ~ 130 MW

~ Increase recovel i

How to Improve RF Efficiency gt s

A. Suzuki (KEK DG)

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.

Conventional Schematic diagram of CPD
“/ )\ collector ““/\ collector

11




Multi-beam klystrons:
State of the art

90% efficiency on the horizon?

+ Space charge is limiting efficiency > many small beams to reduce space charge effects.
+ State of the art: Developed for ILC/X-FEL, 1.3 GHz, 10 MW peak (1.5 ms - 10 Hz), n = 65%.

Thales Toshba ik L 1AW g ke (1.3 Lord Mok e In saration

Igor Syratchev, CLIC Workshop 2014

Lband
CW (TLEP, proton linac)
>30 beams; <30 kv?

CLiC/Double C. Gun
|12 beams; 164 kv

Optionaly - gun
with controlled

Cband

: ac
Lband 6-8 beams; 164 kv

e
6 beams; 116 kV|

2 6 10 20 “0 1

10Ts

Inductive Output Tube: density modulation with a grid (like a tetrode)
output to a cavity (like in a klystron). IOT shorter, less gain than klystron.
10T in 70 kW class used for DVB transmitters.

+ Klystrons reach maximum efficiency only in saturation.
Is it necessary to back-off in operation? (we did during LEP2!)
+ 10Ts (Inductive Output Tubes) may be better in this respect:

KiysrowMBK

lustration from CPI

Opening
Pover Level

Vighpin  Lowain

Picture shows a 100 kW installation for
Linac4 (352 MHz)

100 MW may not be possible today (or
at least much more expensive), but
investment into R&D may pay off!

Interesting feature (concerning
availability, to be studied) - one may
consider a module replacement while
the systems continues to run at
nominal performance with small built-
in fault tolerance margin...

‘The goa of the Linacé project i to build a 160

ing possible an upgrade

of i increase of

+ High efficiency, high power RF
generation is needed for many
future accelerator projects (proton
drivers for several applications,
linear colliders, material test
facilities) and certainly has impact
beyond the accelerator community.
A network called “Energy Efficiency”
has started to pick up momentum
inside the European Project
EuCARD2, see
1ttp://eucard2,web.cen.ch/activities/wp3
energy-efficiency-enefficient

You are invited to become part of
this network!

Green ILC

Energy Recovery

—Heat recovery from cooling systems:

*+ More than 80% of the consumed electrical power is lost as heat:
highest temperature preferable

+ Sterling engines and heat pumps, thermoelectricity, heat recovery steam
generators,

« Heat/cool close by cities, green houses, fish farms, ..

+ Recycling efficiency ? Cooling efficiency ? Saving/investment ratio ?

* Many Industrial applications

—Beam energy and beam dump energy recovery
« Linear collider (single pass) vs circular collider (recycling beam), but
+ 10-25 MW/beam .. a lot of heat and high-radiation
+ Energy Storage
+ New idea .. Plasma deceleration dumping

Denis Perret-Gallix@in2p3.fr

e Rce LAPP/IN2P3.CNRS (France)

Plasma Deceleration Dumping

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

Linear Collider WS Collective deceleration: Toward a compact beam dump
‘Tokyo Noi. 452013 HAC. Wu,' T. Tojima,'® D. Habs,"* A. W. Chao," and J. Meyer-ter-Vehn'
A Sun 46K 06) il el el et i

(Received 10 December 2009; published 5 October 2010)

Use Collective Fields of Plasmas for Deceleration

3
]
5
k]
5
@
' 10 cm for 100 Gev
AMm 00 05 10 15
Distance X'E, (mm+E,,,)
» The ion distance in the und nse plasma is 3 orders of magnitude

smaller than the stopping in condensed matter.
» The muon fluence is highly peaked in the forward direction.

Green ILC

+ Energy Production: Sustainable energies for ILC
— Study the (dis)-advantages of the various sources: solar, wind, geothermal, sea, ..)
« A case study: Availability, Price, Flexibility, Potential to improvement, Environmental impact
~ Find the best mix to cover ILC specific needs ? 24/7, long shutdowns
-A date the ILC power requil to the various energy
sources distinctive features:
+ RF power converter: PhotoVltaic (0C) , wind/sea (variable AC, DC), geothermal,
), wind/sea Variable AC, or mechanical

- cry
compressor (no electricity)
+ New cooling technology (

+ Energy Storage
— liquid helium, SMES(Sc Magnetic Energy Storage), Flywheel energy storage,
Hydrogen, Hydro (Dam), Compressed air, Batteries,

« Distribution: Smart (Local) GRID:
Full scale multi-sourced, AC/DC, GRID management and control
— Smooth and rapid switching between energy sources, including conventional supply
— Energy itoring, and forecast: production, storage and backup

Denis Perret-Gallix@in2p3.fr

(ELCA TR ORI LAPP/INZP3.CNRS (France)
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ILC site

Jones,R.S. and M. Kim (2013), Restructuring th Electricty
Sector and Promating Green Growth n Japan’, OECD.
Economics Department Working Papers, No. 1069, OECD.
Publshing,

it/ .ol org/10.1787/Ska3narhftc-en

Electricity Production in Japan

I it
o — et

ile The Japanese GRID

o . Natariearsmison vk ofsctoty n g
i

T

) Troeter
ey
F o / <10 M people
/ ILC = Morioka
fe
[_peakdemana ]
€
Denis Perret-Gallix@inp3 fr
. Denis Perret-Gallix@in2p3.fr . AAA Green ILC 25/2/14 293§ 3
AAA Green ILC 25/2/14 Pyt " LAPP/INZP3.CNRS (France)

Renewable energy share 2005-2020
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ARA Grean 1L 25/2/14 Dol Perret-Callx@inzpd r " 0 10 20 30km ILC 1TeV
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o

/
ot endai

Wind/Marine Energy

Tidal and marine stream

Wind Projects

Il [
%
6 floating 2MW wind turbines off Fukushima

up 1o 80 in 2020 e

2 MW Goto island prototype

2.3 6W installed, none failed after 3/11

Sea temperature gradient
AAA Green ILC 25/2/14 Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3.CNRS (France) *

TIdemitsu Kosan Co. 5 MW

Installed 2.3 6W (2011)
very little progress since 2011

AAA Green ILC 25/2/14

Miyasaki, Nishinippon Env. Energy co. 11.7 MW

Many sources including:
Rice, fishery and agricultural wastes

Algae
Other cattle and human wastes

Co-generations heat and electricity

Denis Perret-Gallix@n2p3.fr

LAPP/IN2P3.CNRS (France) 2

Geothermal Energy

Geothermal power plants

in the islands of Japan . rd
(2011) N
[ |

Inst
Geothermal potential sources : ~ 20 GW

No substantial progress since 2011
But:
* Avoid National Parks
+ Get agreement with the onsen industry
+ No Fracking

Denis Perret-Gallix@in2p3.fr "
LAPP/IN2P3.CNRS (France)

AAA Green ILC 25/2/14

* l'l'(’: Photovoltaic and Thermal Solar energy

10 MW Komekurayama 30 km Fuji-san (TEPCO)

70 MW in Kagoshima started Nov. 7 2013

oo
EoESeen
Installed: 8.5 GW
Projects T —————
341 MW in Hokaido —
100 MW Minami Soma Solar thermal Ene
2009 Target Japanese gov. C.Benvenuti
28 GW of solar PV capacity by 2020 CERN Physicist
53 GW of solar PV capacity by 2030
10% of total domestic primary energy demand
met with solar PV by 2050
} ) Denis erret-Gallx@inz
AAA Green LG 25/2114 Denis erver Gl iz "
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ile
o Funny note

ILC: an amazing energy transformer

Assuming an ILC powered by photovoltaic energy:

Energy at the particle level:
from1eV to 1 TeV:
12 orders of magnitude, a Tera scaling, x 10

Energy concentration:
Ratio of the PV surface to collect 82 MW(one beam) to the beam size:
20 orders of magnitude, almost Zetta scaling, x 1020

But energy transformation efficiency:
Beam power/AC power: 6-7%

AAA Green ILC 25/2/14

Denis Perret-Gallix@i
LAPP/IN2P3.CNRS (Frar

_.'_'_ﬁ Global organization for Green ILC
[/[H]

ILC Energy Center

ILC Sustainable Energy
Research Center

ILC High-Energy
Research Center

[ Fundamental Research | ((Basic Research

HEP Applications Application R&D

Pilot Power plant for ILC
Electrons, photons,

neutrons factories
HPC/GRID Computing

Denis Perret-Gallixe

GreenTl SinZp3.r
Ll o LAPP/IN2P3 CNRS (France)

AAA Green ILC 25/2/14

n
"

ILC Sustainable Energy Research Center

Two main objectives:
~ R&D on Sustainable Energies, attracting the best experts.
- Powering ILC

Industry participation
— Energy issues relate to most of the industry (much more than HEP)
~ Twofold inferest: be part of a global research endeavor and reach TLC market
ILC achievements: a showcase for the companies

Institutes and organizations over the world can be involved:
~In wn JCRE (Japan Council on Renewable Energies), JREF (Japan Renewable Energy
tion),
- In the world: IEA NREL (US), CREST, Narec(UK), CENER(SP), ..

However:
Must run parallel to ILC, minimum impact on ILC timeline
Must have its own specific budget from:

~ public programs, governmental and regional (EU) plans (US-EU energy council, .
- Industry participation and contribution

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3.CNRS (France)

I Main missions
L[5
« Contribute to the most advanced and promising researches:
— Basic research ... is the most needed and less funded
+ Nanotech for energy production and storage, for lighting, .. graphene, nanotubes, quantum dofs, .
+ Biomimetic research (artificial photosynthesis) and quantum effects in solid states
+ New materials for: catalysts, fuel cell membranes, high-Tc SC, solar cells high efficiency
+ Low energy harvesting devices, STEG (thermo-electricity), .
+ Characterization tools and computer modeling
~ Technology and engineering (devices and systems)
+ Hybrid systems, besv mix, energy melormnan matching energy source and accelerator components
+ Specific equipment 3 Stirling Heat Engine
Pulse Tube), solar mrgy ToRE focei or complmng systems
+ RAD on biomass, geothermal, wind/stream turbines
+ Smart GRID

Power the ILC:
~ Identify power plant locations with low environmental impacts.
~ Design and build pilot power plants (a few 10 MW each) from various complementary energy
sources for real scale studies and substantial ILC power supply.
— Build the ILC Smart Grid with connection to: conventional grid, pilot plans, storage

Can the ILC project reach energy self-sufficiency? How and when ?

Denis Perret-Gallix@in2p3.fr

AAAGreenIlc2B/2/14 LAPP/IN2P3.CNRS (France)

ic Benefits for Energy Research

Research in a cross-disciplinary and global center.

" Scientific work is stil foo fragmented and specialized, with a focus on incremental change
ras

ther than on fransformation” OECD Sustainable Energy Forum 2013

Focus on basic research, rarely done in other frameworks: Innovation and
Industry target short term returns

" Science can beperceived asworking o0 muchfor vested corparate inferests and ot encugh
2013

the publlic interest" OECD Sustainable Energy Forum

Comprehensive framework: From basic research to pilot plants

Synergies with HEP/accelerator:

AAA Green ILC 25/2/14

Material analysis (photon factories (XFEL), neutron sources, ..)

Large computing centers (6RID), Geant4 simulations, turbulences,

Expertise in advanced electronics, large electronics and computing system management,
Expertise in very high vacuum, surface treatment and cleaning,

Expertise in large scale manufacturing industrialization (cavities and magnets): from design

fo commissioning (quality control, ..)

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3.CNRS (France)

ILC center futuristic view

Forecast and data management

=

=

Courtesy of;

aridsy

[

AAA Green ILC 25/2/14

"I[: Gradual Multi-Staged Implementation

As a backup of the conventional power supply (~ 7 MW current diesel engines)
To cover buildings energy (electricity and heating) ( ~ 10 MW) (zero energy )

To power some parts of the ILC components: some of the cryo plants,
computers, .... (10-20 MW)
To power more of the previous components (30-40 MW)
To power some of the klystrons (100 MW)
All 500 GeV ILC electrical supply (170 MW)
~ Conventional power supply is now in backup mode
Get ready for the 1 TeV (additional 150 MW)

ILC Sustainable Energy Research Center Location

Most genuinely close to ILC, in Kitakami vicinity
But not necessarily, through special agreements between electrical power
utility companies
- could be anywhere in Japan or even with plants disseminated at the most favorable
locations

~ Anywhere in the world, could be part of the country running costs contributions, but
]

should be sustainable energy... reinventing the Data GRID model

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3.CNRS (France)

Green ILC tasks (some)
Design and R&D

Estimation of the energy saving and recovery potentials for all major
ILC components

Setup a baseline project and an advanced research line on more
innovative technologies.

Evaluate the impacts on the ILC project in term of:
~ ILC Design modification, implementation and timeline
~ Budget: additional spending and saving

Design a global sustainable energy project for the ILC
- Propose an “ILC Energy Center" global organization
~ Identify short term renewable energy pilot plants with build-in upgradability
~ Identify basic energy researches in line with the ILC project

1-Gallix@in2p3.fr-

AAA GreenILC R/ LAPP/INZP3.CNRS (France)
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Green ILC tasks

Governance and Communication

e

A global open-research framework between Research, Academy, Industry
and (Local) Government (Citizens)
First fime in the world
A pluri-disciplinary R&D dedicated to Energy
Open to foreign research organizations and companies
Intellectual Property issues, cross-funding, ..

Green ILC Communication
Towards the ILC community: LCWS workshops and other CERN LHC, CERN FFC, ESS, ....
More general Conference on “Power Innovation” for large research/industrial infrastructures
Within the industries involved
Toward the public and the local citizens
Prototype: http://tinyurl.com/mj8t303

Green ILC Feasibility report by 2014-2015

Denis Perret-Gall
LAPP/IN2P3.CNR

Conclusions

+ ILC being the size of a ci??', is a real scale workbench to develop, maintain and
manage d mix of sustainable energy sources.

+ HEP: a driver for innovation: a unique opportunity to link HEP and Energy R&D in
an ambitious but rewarding endeavor:

~ Societal impacts:

* One of the most important issue: Energy, boost basic energy research which is most
needed today

+ Raise ILC and fundamental research public visibility and appreciation
+ Better local appraisal: ILC provides rather than consumes energy resources

~ Great saving in running cost particularly if R&D/infrastructures are supported by a
separate additional budget. ELC 15 a (very) long term effort, investing in green energies

makes sense.

~ Better flexibility in ILC operations (less GRID dependence)

Additional motivations for the decision makers: ILC goes beyond basic science
~ InJapan:

italization of the economics (. ics), Re-industrialization after Tsunami in
Tohoku, Global cities (Japan Policy Council), industry (AAA) and internationalization

~ Elsewhere: fewer incentives. But energy is a big and motivating issue for everyone

De
LAPP

Perret-Gallix@in2p3.fi
INZP3.CNRS (France

AAA Green ILC 25/2/14
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Additional slides

et-Gallix@inzp3. f
N2P3 CNRS (Franc

AAA Green ILC 25/2/14 i

“ilp
"Renewable energy Japan (METT)

Energy Source Total capacity before Total capacity starting  Total capacity starting
FY2011 operation in FY2012 operation in FY2013 (as of
May 31, 2013)

Photovoltaic power (for

households) 446w 1.269 GW 0.279 GW
Photovoltaic power (non- 0.96GW 0.706 GW 0,961 GW
household)

Wind power 26GW 0.063 GW 0.002 GW
Small and medium

hydropower (1,000 kW or 9.4 GW 0.001 GW oGw
more)

Small and medium

hydropower (less than 1,000 0.2 GW 0,003 6W oGw
kW)

Biomass power 236w 0.036 GW* 0.038 GW
Geothermal power 056w 0001 6W oGw
Total 2036w 2.079G6W 1280 GW

AAA Green ILC 25/2/14
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LN, Economy
(Denis Perret-Gallix, LAPP/IN2P3/CNRS)

iln
i

e GREEN ILC

LN2 Economy

Energy for Innovation and Innovation in Energy

1-Gallix@in2p3. fr

uly 1st, 2014
LR 5/IN2ZPILAPP - KEK

*ir  Green ILC Objectives

ILC : lower running cost, better operational flexibility, environment friendly
Revisiting all ILC components:

1. Energy Saving: improving efficiency ... 80% lost as heat waste
2. Operational saving

3. Energy Recovery and Recycling

Alternative energies:

1. Renewable energy production, best for ILC and ILC site
2. Energy Storage (recovery, intermittency)
3. Distribution and Management: Smart Grid

Energy for: societal needs and world economy,

1. Basic Research

2. Synergies: expertise (SC, magnets, beams, computing), photon, neutron factories
3. Technology innovation

4. ILCas a test bench: Pilot plants for ILC

Denis Perret-Gallix@in2p3.fr

GLORILA O CNRS/IN2P3LAPP - KEK

In Global organization for Green ILC
/17
era ente
ILC High-Energy ILC Sustainable Energy
Research Center Research Cenfer
(CFundamental Research IdUstY fasichesearch )
HEP Applications Application R&D

Pilot Power plant for ILC

Electrons, photons,

P Erergy conmny) e s

AAA July 1st, 2014

,-"{" ILC Energy center (artistic) view

Forecast and data management

oo™

v Smart'GRID i
Photbyoltaic and therm:

Photolohtait

RS 2 stghady)

Courtesyof;

arind:;

An LN2 Economy for ILC

The ILC cryogenics is consuming ~ 40 MW (25% of ILC AC power)
* In current design all cooling is done with LHe. LNz as a primary coolant -> 20 MW
* LN2 cooling: HTc (MgB2) power transmission lines, NC magnets, electronics/computers,
+ LNz could be used to recycle low grade heat waste (including beam dumps)
* And produce electricity with high-pressure gaz turbine

LNz could be produced by sustainable energies
+ Close o or at the ILC site (wind, solar, geothermal energy)
+ Wind energy: from electricity or direct compression

LNz Energy storage
* With the heat waste, turbine produce electricity when
needed. 70% efficiency -

Sumimoto

s Perer Gallx@inzgd W TR
1st, 2014 enis Perret-Gallix@in2p3.fr . .
AAA July 1st, 2014 A A A [P—

: ,,I{,l LNz as energy storage

Liquefaction

Storage

Power Recovery

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

Denis Perret-Galix@in2p3.fr

AAA Tuly 1st, 2014 CNRS/INZP3LAPP - KEK

LN2 from Wind

Liquefaction

Storage

Power Recovery

Denis Perret-Gallix@in2p3.fr
AAA July 1st, 2014 CNRS/INZPILAPP - KEK

LN2 Electrical Production and Transport

6Grid/ILC

Solar thermal

Wind,
Sﬁ’lﬁl}L"V Geothermal, biomass
- Electricity

Make LN2

By Cryo Pipeline
Longest LNG ~ 5 km

HTc SC power line (project)
by 20 Km long section

e Denis Perret-Gallix@in2p3 fr
(OO L Ap CNRS/IN2P3LAPP - KEK

16




,.’I‘l: LNz direct from wind, no electricity ... 22?

CRYOGENIC WIND FARM [iRsiAsitsl

WIND

Denis Perret-Gallix@in2p3.fr

AAA July 1st, 2014 CNRS/INZP3LAPP - KEK

:l[' LNz process cycle

+ Cooling NC magnets

N2 heat waste

LOz, LAr, SCO2z oryice
To Industry  For Cooling or Sequestration

=

Air cleaning Il
Denis Perret-Gallix@in2p3.fr

LR A CNRS/IN2PLAPP - KEK

Cryocooler may save 50% electrical power

Compressor/liquefier inside LN2 == - HTcpower Transmission lines
1 Cooling electronics and computers
Energy storage

N2 gas applications  Electricity Back to ILC/GRID

*ile N2 for TLC, just as an example

Needs R&D

Many positive aspects:
+ Negative (less than zero) carbon emission technology, air cleaner
+ Important cryogen for ILC:
+ Cooling: cryocooler, HTc transmission lines, ..
* Heat waste recovery
* Storage: 1 gazometer (like for NLG): ILC runs ~ 4 days
+ Fast startup (minutes)
+ Long life-time

Applications to industry
+ Energy Storage
* Heat waste recovery
* Drying

Safety issues, specially in ILC tunnel:
* N2 gas suffocation

* Cryogenic fluid hazard

* LN2 may liquefy ambient oxygen

Other discussions ... Hydrogen economy

Denis Perret-Gallix@in2p3.fr

AAA July 1st, 2014 CNRS/IN2P3LAPP - KEK

Soon at: Research-up.kek.jp/group/Green-ILC
,‘,'E Green ILC

Energy for Innovation, Innovation in Energy

Wome Blog Arhves EnergySaving  Energy Recylig  Sustinable Energies  Contacts

The Green ILC Project

Recent Posts

e
and thefrst ever true abal basic scence centr

What CERN did for the Eurapean HEP community, ILCwll dofor the world. Bu theeve- ILC project

Enersy,notmerely high-energy but, more genelly: enrgy fr the sociey:

Acistc view o the ILC centerin Kitakami (apan)

discovered at
Lic

here concerns,more prticularly,the various Higgs coupling, limited at LC, in part, by the

Denis Perret-Gallix@in2p3.fr

AAA July 1st, 2014 CNRS/INZPILAPP - KEK

Wiki site for Green-ILC internal discussion:
http://wiki.kek.jp/ Space-> Green-ILC

GreenLC Home

Space conreutors

Denis Perret-Gallix@in2p3.fr-

oA CNRS/IN2PILAPP - KEK
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Thank you

Denis Perret-Gallix@in2p3.fr
CNRS/INZP3LAPP - KEK

AAA July 1st, 2014
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Renewable Energies and Environment
(Denis Perret-Gallix, LAPP/IN2P3/CNRS)

1

s GREEN ILC

Renewable Energies
and Environment Innovation =L eadership x Creativity

Energy for Innovation, Innovation in Energy

Denis Perret-Gallix@in2p3.fr
/IN2P3/ E

AAA Green-ILC Dec. 10th, 2014 et AAA Green-ILC Dec. 10th, 2014

Gallix@in2p3 fr
/CNRS - KEK

* ilp y
[ Lepton colliders “wall plug pow
Content - P Plug P
* Green-ILC project (a reminder) m::“:x Lepton Colidrs Fgureof Mer: .

Luminosityperwallpug power

« Eco-Friendly ILC, a driver for innovation

* Renewable Energies
« Update on "Liquid Nitrogen Economy”
« Implementing power plants N
+ Wind power
* Geothermal power e
+ Ocean power
« Power generation on ILC infrastructure .
« Excavated Earth for pumped hydro
+ Green Computing

. colldng b ey (4]

U R A S0 v )
AR Eren L e 101, 2014 Denis Perret-Gallix@in2p3 fr

LAPP/IN2P3/CNRS - KEK : Denis Perret-Gallix@in2p3.fr LAPP/IN2ZP3/CNRS - KEK

Global organization for Green ILC

: ulf Green-ILC Objectives

ILC : lower running cost, better operational flexibility, environment friendly

ILC Energy Center

ILC High-Energy TLC Sustainable Energy
Research Center  [S————|  Research Cenfer

(Fundamental Research Industry

Revisiting all TLC components:

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

3. Energy Recovery and Recycling

Renewable energies:

e

HEP Applications Application R&D

Pilot Power plant for ILc 4

Electrons, photons,
Energy community

= —3 eutroms Tactores
High-Energy community HPC/GRID Computing

1. Renewable energy production, which are best for ILC and ILC site ?
2. Energy Storage (recovery, infermittency)
3. Distribution and Management: Smart Grid

Energy: for societal needs and world economy,

1. Basic Research (most needed for Energy Research)
2. HEP-Energy synergies:
SC, HF magnets, RF, vacuum, surface treatment, computing, photon, neutron factories
3. ILCwill boost technology innovation
4. ILCas aperfect test bench for energy research

e TOIR. 5 Denis Perret-Gall
AAA Green-ILC Dec. 10th, 2014 s

AAA Green-ILC Dec. 10th, 2014
KEK

ILC Energy center (artistic) view

*ilp
[[1%

* h’{: ILC in beautiful Kitakami
Make it Eco-Friendly

Forecast and data management

Couresy o,

Sy

AAA Green-ILC Dec. 10th,
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il .
v ILC: an Eco-Friendly Model
We know how to build ILC, let's make it beautiful.
Conserve resources: land, water, air, energy

Minimize pollution
Keep it aesthetic

For the quality of life at ILC site and for the local people

For Japan and the world: ILC should be a model... should be inspiring
A green field project: new new methods, new technologi
Rewarding to the society

P 9

Be ready for environmental impact evaluation (by the local Gov. and people)

Should be planned from the start, for quality and efficiency

Driver for innovation: Business opportunities and growth potential

* Mitigation of construction impact, landscape (re)design, energy plant integration,
gardening,

« Transportation and security: personnel and equipment over ~ 30-40 km long lab.
Drones, balloon, ...

+ Water and air management,

Denis Perret-Gallix@in2p3.fr

AAA Green-ILC Dec. 10th, 2014 PO INEPS IO RS- KEK

* ile
/L

LN2 Economy Update

Denis Perret-Gallix@in2p3 fr

AAA Green-ILC Dec. 10th, 2014 AP/ TSI ChRS - LEL

LNz process cycle . yq, save 30-50% on cryocooler consumption

+ HTC power transmission lines
LN2 == - Cooling the cooling water
l + Cooling electronics and computers

Energy storage /;M

LOz, LAr, SCOz Dryice

111

To Industry  For Cooling or

Electricity Back to ILC/GRID

iie. Drying and preservation industry

Air cleaning Il
Denis Perret-Gallix@in2p3.fr

AAA Green-ILC Dec. 10th, 2014 PP/ IN2P3/CNRS - KEK

- ,,IE LN2 from Wind

Storage

Power Recovery

Denis Perret-Gallix@in2p3.fr

AAA Green-ILC Dec. 10th, 2014 LAPP/INZP3/CNRS - KEK

xae
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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)

s

Many technical advantages: l

* Smaller, lighter nacelle

. ;ess mechanical parts and vibration | Good for the LN2

« Hydraulic accumulator octor ! N
Larger wind speed range * “Base” based LN2 liquefier
No electrical frequency converter = * Many mills to one liquefier

* Easier maintenance at ground level = * Hybrid: LN2 and electricity

L)

AAA Green-ILC Dec. 10th, 2014 Denia Perret-Gall@in2pfr 5 AAA Brean-ILC Dec. 10th, 2014 eyl
,IE Ground based hybrid wind power
celle celle
Hydraulic pump Hydraulic pump )
Implementing

/ ]

Ground based equi v
Option
Electrical power / ) 4, . .
generator = Hydraulic Motor s LN2 liquefier
AC power to ILC .
’ Hy Gdas 'I’II.erme LN2 storage H2
ILC Heat wastes | "Y4raulic pump

Denis Perret-Gallix@in2p3.fr

Green-ILC Dec. 10th, 2014
ArAG ne 10th, 2014 LAPP/IN2P3/CNRS - KEK

Sustainable Power plants for
ILC

AAA Green-ILC Dec. 10th, 2014

Gallix@in2p3 fr
5 - KEK
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"l{: 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

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

+ 3 - Wind power: electricity and LN2:ILC lab site, costal side

+ 3 - Solar (best orientation) ” I—
+ 3-1- Ocean Power: ocean side 4 5

~ Total 100-200 MW

Denis Perret.

AAA Green-ILC Dec. 10th, 2014 TAte/michs

U Global Design Effort - CFS

Asian Site Conventional Facility — Introduction
(Site) Mountainous green field not far from big towns,

Ring To Main Linac (RTML)  Detector Hall
F W
= rce

e oV

-~ N
e =\ ope <)

Actess Hall 3
AKlome S50 Ll :
D 3 el ol

[
/[ 7
| 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
+  Greenhouses for vegetable and flowers growing
«  Fish farming needs to adjust water temperature

Similar for Biomass power

Denis Perret-Gallix@in2p3.fr

Green-ILC Dec. 10th, 2 - o
AMAE i 10th, 2014 LAPP/IN2P3/CNRS - KEK

Geothermal power plants
in the islands of Japan
(2011)

50MW ‘q
Kakkonda #1#2]__J o
BOMW oV

i ,',’c Geothermal Energy and SPA center
Iceland Svartsengi

« Geothermal plant: electricity 75 MW, thermal 150 MW

« 37 years of operation

+ 600 m drill 240 € + 1000m and 2000m steam wells

« Hot drinking water fo the city

Swartsengi Power plant and Blue lagoon
AAA Green-ILC Dec. 10th, 2014 LAPP/

’:’IE Ocean POWCI" (by Tsumoru Shintake, OIST)
[ Float 390 g

(Buoyancy 760gf)

Gia. 250 mm
Pt R
v 8 Nacelle + Blade 350§ L
Weight 520

* Many big projects:
« Little impact on landscape
« little intermittency,
but variable power
« Could be close to the shore
« Prof. T. Shintake future presentation

Denis Perret-Gallix@in 103d el

AAA Green-ILC Dec. 10th, 2014 L APP/INEPS /MRS - KEK

ile F-

0.5 MW France

Tide power (Canada)

Denis Perret-Gall p3.fr

AAA Green-ILC Dec. 10th, 2014 PP TINGP3 /O RS - BEK

Tidal power

Rance Tidal Power station (1966), France

Type of dam Bamage
Length 700 m (2,300 )

Reservoir
Tidal range 8m (26 1)

Power station
Trpe Tidal barrage
Turbines 2%
Power generation

Nameplate capacity 240 MW
Capacity factor ao%

Annual generation 600 GWh

AAA Green-ILC Dec. 10th, 2014 LAPP/TN)
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* ilp
7
~ " 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
+  Toproad: * 10 m = 100-200,000 m2
« Parking lots: covered by solar panels

« PB.: cleaning, snow, support structures, storage, ... price ...

AAA Green-ILC Dec. 10th, 2014 L APP/IN2P3/CNRS - KEK

Denis Perret-Gallix@in2p3.fr ,

:If‘ “Renault” car company to install 450,000m2 of solar panels: 60 MW
1A 140W/m2

SRB and CERN: Thermal panels, Geneva airport roof

Denis Perret-Gallix@in2p3.fr

Green-ILC Dec. 10th, 201 -
I T TS R LAPP/IN2P3/CNRS - KEK

[ =

. . Denis Perret-Gall
AAA Green-ILC Dec. 10th, 2014 LAPP/INZP3/C

* ;)
G Visually disruptive equipements

Industrial complex, reuse of polluted zone,

Fos sur mer (France)

Off-shore

Amusement parks (Ferris Wheel ~165 m high)

Denis Perret-Gallix@in2p3.fr

AAA Green-ILC Dec. 10th, 2014 TAPP/INEPS/CLRS | (BK

ile
It Excavated earth for pumped hydro dam

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

Kutataragi Pumped Storage Power Station (8% 4 RASMAT) 1.9 GW
Kansai Electric Power Company (Hyégo Prefecture

Kurokawa Reservoir (3.6 Mm? earth)
98 m tall, 325 m long

Tataragi Reservoir (1.4 Mm? earth)
64.5 m tall, 278 m long

AAA Green-ILC Dec. 10th, 2014

Principle of a pumped-storage power plant

upper reservoir

transmission
power grid

turbine
power-house
et {reversible pump-turbine)

> irectionofwater flows when generating —aeenean3 Directionof power flows when generating

G Oiectionotwatelows whanpumping
2
<

= Direction of power flows when pumping
Rotation when generating

Rotationwhen pumping

M’E Energy Saving in Computing

Suiren, KEK computer ranking 2¢ in the GREEN500 Nov. 2014 listing
+ ~5G6FLOP/S/W for ~0.185 PFLOP/S submersion liquid coolant fluorinet
ttp://uww ek [p/ jo/NewsRoom/Release/20141121140000/ Tadashi Ishikawa (KEK)

LCSC - ASUS ESCAD00 FOR/GZS, Intel Xeon EB-2690v2 10C
1 827181 GSI Hemhoiz Canter 3Gz, Infiband FOR, AMD FirePro 59150 E2
Lovel 1 measuroment data avalatie

High Energy Accelerator Research  Sufen - ExaScalr 32U2365C Cluste, It Xeon ES268002 10C 1 o

Organization KEK 226z, Infiiband FOR, PEZY-SC
SiC Conter, kel Xeon
B AMTS Technology E5.2620v2 6C 2.100GHz, Infisband FOR, NVIDIA K20x i

GREEN

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

AAA Green-ILC Dec. 10th, 2014

And more ...

+ Ground water power generation

* Natural Tunnel ventilation and
heating/cooling

* SmartGRID

Denis Perret-Gallix@ |
KEK :

AAA Green-ILC Dec. 10th, 2014 AP INGPS/CHR
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- u':': Needed: ILC site region data

Temperature

+ Daily Day-night T° for these last 20 years or more

+  Degree-days: nb of days above or below a given T°and |T- T°|
Solar

*  Map of solar irradiance (max. 1 kW/m2) Morioka ~ 180 W/m2

+ Map of the average sunshine days or hours per week (Morioka 176D, 1684H)
+ Wind

+ Map of wind conditions: costal, off-shore, in land. Weekly average
Ocean

+ Map of the ocean streams and tides
Geothermal and Biomass

* Map of geothermal data (water T°, depth, water quality, ..)

+ Map of biomass availability
Geography

+ Possible locations for pumped-hydro storage.

+ Underground water

*  Reusable lands

AAR Green-1LC Dec. 101h, 2014 Dens PerverCall@inzp3

LAPP/IN2P3/CNRS - KE

; ,.y& http://green-ILC.in2p3.fr
e UTE -'IP Green ILC ~ Now on http:
(/]

b Energy for Innovation, Innovation in Energy

Home Blog| Actives » ReseachConfreces Documents Links Gontats Rss.

Recent Posts

The Green ILC Project Gemcni e
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,,’E LNz as energy storage

Liquefaction

Storage

Highview Power Storage (UK)

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

Denis Perret-Gallix@in2p3 fr

AAA Green-ILC Dec. 10th, 2014 AP IINZP3/ONRS . REK

LN2 Electrical Production and Transport

6rid/ILC

Solar thermal

Wind,
@ S.Ell“JL”V Geothermal, biomass
- Electricity

Make LN2

By Cryo Pipeline
Longest LNG ~ 5 km

HTc SC power line (project)
by 20 Km long section

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

AAA Green-ILC Dec. 10th, 2014

"'E LN2 for ILC, just as an example

Needs R&D
Many positive aspects:

Negative (less than zero) carbon emission technology, air cleaner
+ Important cryogen for ILC:
+ Cooling: cryocooler, HTc transmission lines, ..
+ Heat waste recovery
+ Storage: 1 gazometer (like for NLG): ILC runs ~ 4 days
+ Fast startup (minutes)
« Long life-time

Applications to industry
+ Energy Storage
+ Heat waste recovery
« Drying

Safety issues, specially in ILC tunnel:
+ N2 gas suffocation

« Cryogenic fluid hazard

+ LN2 may liquefy ambient oxygen

Other discussions ... Hydrogen economy

Gallix@in2p3.fr
12P3/CNRS - KEK

Denis Per

AAA Green-ILC Dec. 10th, 2014 s

*;
. it Underground water power ?

Currently expect: 1m3/km/minute ~0.5
m3/s

High pressure underground water
experienced at LEP/LHC at one point
100m deep:

0.6m3/s pressure 20 atm ~ 200 m of
water ~ IMW

Francis Turbines

1 MW enough to tunnel light and
ventilation

1 0 w0

Denis Perret-Gallix@in2p3.fr

AAA Green-ILC Dec. 10th, 2014 AP/ INZP3/CNRS - REK
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4 Energy Saving Technology of Accelerator Device

Collector Power Depression (CPD) Klystron
(Yoshio Kawakami, Toshiba-Electrontube)
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Operation test of CPD Kklystron
(Ken Watanabe, KEK)
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Power electronics technology for power saving power-supplies
(Masaki Yamada, Mitsubishi Electric)
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Power Saving of Large-scaled Helium compressor
(Masato Noguchi, Maekawa)

Abstract

About one-third of the power consumed by the linear collider is consumed by helium
refrigeration equipment. For the purpose of power consumption reduction of helium
refrigeration unit, it was examined the combination and optimization of the helium
compressor and chemical refrigerator. Cooling the compressor suction gas by an
adsorbed refrigerator with a required non-large power consumption, it was confirmed to
be effective in power reduction of the entire refrigeration system. It was confirmed that
heat source required to drive an adsorption chiller is to be well managed by extracting
from lubricating oil system of the high-pressure-stage helium compressor. The study
that was modeled on the refrigeration system of the CERN / LHC as a representative of
a large refrigeration system, it was confirmed to be about 7% of the power reduction in
linear collider. (This document is a report of re-validation based on what was presented

at the 24th SOFT: Symposium on Fusion Technology [1].)

1. Introduction

In the linear collider, cryomodules with built-in superconducting accelerating cavities
are arranged in many areas to accelerate electrons and positrons. Helium refrigeration
system for cooling the cavities in cryomodule will be arranged, as shown in Figure 1,
ten large 2K refrigeration station, four small 2K / 4.5K refrigeration station, and seven
large refrigeration station [2]. Among the power consumed by the ILC, the power
consumed by a helium refrigeration equipment is large and it is 45.81MW. The most of
power is consumed in the helium compressor [2]. For this reason, it is easily leading to
think about a reduction in power consumption in helium compressor in ILC. However,
it can not be expected now more efficiency improvement, since the efficiency
improvement has been studied in the long history of the helium refrigeration system

development and the helium compressor development.
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Figure 1 layout plan of ILC refrigeration unit

In an oil injection screw compressor used in the helium compressor, the suction
volume capacity and the shaft power are not changed when the suction gas temperature
is changed. As a result, it has been confirmed in a large helium compressor for NIFS /
LHD [3.,4] that the power consumption per unit weight flow rate will reduce, as the
intake gas temperature become low.

On the other hand, when we install a refrigerator for the purpose of cooling the suction
gas, the power consumption for the refrigerator is required, so that the benefits of power
reduction of the compressor will be cancelled.

Assuming a large helium compressor be applied to the ILC, we investigated the
relationship between the temperature and the heat capacity of the waste heat recovered
from them. Also, we investigated what type of the chemical refrigerating system which
can be driven by the waste heat, and to determine the relationship of the cooling
performance and the driving waste heat.

Finally, we made to optimize the power consumption of the helium compressor and

chemical refrigerator.

2. Heat balance of oil injection type screw compressor
In the development stage of helium liquefier, reciprocating helium compressor has
been the standard. Later, after adopted the oil injection type screw compressor in

satellite cooling system of TEVATRON at Fermilab in 1979, for large helium
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refrigerator system with long-term operation, oil injection type screw compressor has
become a global standard.

Features of the oil injection type screw compressor is to inject a large amount of oil
during the compression of the helium gas. The temperature of the lubricating oil supply
is approximately 313-318K, the temperature of the discharge oil becomes comparatively
low temperature (349-365K).

Considering the large helium refrigeration system, such as ILC, refrigeration systems
of CERN / LHC is a good reference [5]. As a basis for comparison, we examined a
similar model compressor as described above using a Japan-made compressor. The
model compressor is shown in Figure 2.

The highest temperature is the discharge side of the high-pressure-stage compressor.
The lubricating oil of that side has a lot of heat capacity. For heat recovery from the
lubricating oil, a new heat exchanger is necessary. Recovering heat quantity from the
heat exchanger is decided from the circulation amount and temperature of the
lubricating oil, as shown in Figure 3.

On the other hand, the amount of heat required to add cooling of the helium gas is
decided from the amount of circulation and the temperature difference between the gas.

The cooling heat from the 310K is shown in Figure 4.

LP return MP return HP supply

790g/s @1.05bar 908g/s @3.9bar 1698g/s @20bar

300K 300K 310K
400L,595kW 4008S,1540kW

D_ ‘ .., Gas
Cooling

Gas
- Cooling E 365:
NI Wy W ;....i@.@.@..;
v Heat
Recovery

Figure 2 model compressor based on the CERN / LHC specifications.
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Figure 3 heat recovery temperature and the amount of recovered heat
Figure 4 required heat to add cooling of gas

With reference to Figures 3 and 4, the ratio of the cooling heat amount and the
recovery amount of heat required for each heat recovery temperature, COP, can be
obtained. When the discharge temperature of the high-pressure-stage compressor is set
to 363K, the COP curve are shown in Figure 5. It is good if there is a chemical

refrigerating machine which has a higher COP than shown in the curve.

2 "
——Cooling Temp=273K I
— -Cooling Temp=278K },"
- - “Cooling Temp=283K !,',f
— =Gooling Temp=288K if
o
Q1
o
0 1 1 1

330 340 350 360 370
Temp. of Heat Recovery (K)

Figure 5 COP which is required in the chemical refrigerating machine

3. Chemical refrigerator characteristics

For the chemical refrigerator not consuming a lot of power to drive, there are
absorption chiller and the adsorption chiller. Each of the representative structure are
shown in Figure 6 and Figure 7. Also, each of the COP characteristics are shown in

Figure 8.
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Absorption refrigerating machine with lithium bromide solution as a refrigerant is the
most common in the chemical refrigerating machine, and the COP in the drive
temperature range is high. To separate the water from the dilute solution, it requires the
waste heat of a relatively high temperature (= 360K), and seem not suitable for heat
recovery applications from the helium compressor.

On the other hand, application of the adsorption chiller that can make the cold water
from the lower temperature of the waste heat in recent years has been increasing.
Adsorption refrigerating machine consist of two adsorbent layers, a water condenser
with a built-in silica gel, and an evaporator, is operated by periodically switching the
adsorption layer A / B. In the state in Figure 7, moisture adsorbing layer B is desorbed
by the waste heat, and liquefied by the cooling water in the condenser. The condensed
water is fed to the evaporator and evaporated in the adsorption effect of the adsorbent

layer A, then it becomes low temperature.

{ Cooling water Adsorption
r— — out phase
ﬂ _§§ . steam t A
l [ : (Heat source) - |Adsorber Adsorber] _ |
’ /“X___ | Cooling 7 g Warm
Cooling | S Z=—1% —» Chilled e "
water in _— water
— Liquid
water Desorption
Evaporator phase
( 0 Water — 4 !
— Weak LiBr —— Refrigerant vapor pume t . ' - 3::::‘;
B Strong LiBr == Refrigerant liquid Chilled
water
Figure 6 Absorption chiller Figure 7 Adsorption chiller

An overlay to the requirements of Figure 5 with the refrigerator COP in Figure 8 is
shown in Figure 9. Absorption refrigerating machine itself has high COP, however, it is
not possible to exert the COP required by the system, so it is not suitable. Although the
COP of the adsorption chiller is low, operating temperature is low and it has the COP

required in this system.
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Figure 8 Chemical refrigerator refrigeration efficiency (COP)

Figure 9 Comparison of the request COP and the actual performance of the
refrigerator

4. study of low temperature cycle of incorporating the adsorption refrigerator
compressor suction gas

The compressor system incorporating the adsorption chiller is shown in Figure 10. By
installing additional heat exchanger in the lubricating oil system of the high
pressure-stage, the recovered heat is sent into the adsorption refrigerator by circulating
hot water made in the heat exchanger to the adsorption refrigerator. By sending the cold
water produced by the adsorption refrigerator to the newly installed heat exchanger to
the gas system, the discharged gas of the low-ptessure-stage compressor and

high-pressure-stage compressor is cooled.
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Figure 10 new compressor system incorporating the adsorption
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When the discharge temperature of the high-pressure-stage compressor is set to 363K,
as shown in Figure 10, it is possible to obtain the recovered heat of 845kW with given
cooling down to 345K. On the other hand, in order to cooled the helium gas of 310K to
280K by water cooling, 124kW at a low-pressure-stage, 267kW at a high-pressure-stage,
total of 391kW refrigeration capacity is required. When the hot water temperature is set
to 345K, and the cold water temperature is set to 276K in a heat source water of the
adsorption chiller, the COP of the adsorption-type refrigerator will be 0.49, cold water
of 414kW 1is able to produce from the input of 845kW. Accordingly, refrigeration
capacity of the adsorption refrigerator has exceeded the cooling heat amount necessary
for cooling of the gas, it was confirmed to be established as a system.

Incidentally, considering the helium refrigerator side, the temperature of the helium
gas fed to the cold box will be down to 280K from 310K. If the temperature of the cold
end of the first heat exchanger inside the cold box (here 80K) is not changed before and
after the system change, and temperature of the supplying gas is changed to 280K from
310K, the high temperature portion of the heat exchanger becomes unnecessary. As a
result, the temperature of the gas returns to the compressor is even down to 270K from
300K. The density of the suction gas of the compressor is increased, it is possible to
make more gas flow in the same compressor. Meanwhile, the discharge pressure of the
compressor is increased by adding the heat exchanger to the discharge side of the
compressor, the power consumption increases.

The compressor performance under these conditions is shown in Table 1. If we use the
same compressor, by making inhalation gas temperature drop, the low-pressure-stage
gas flow rate (LP) / intermediate gas flow rate (MP) / high-pressure-stage gas flow rate
(HP), respectively 790/908/1698 g/s will increase to 870/964/1834 g/s. On the other
hand, the power consumption of the low-pressure-stage / high-pressure-stage
compressor will also increase from 1190/3080 kW to 1230/3100 kW. Assuming that one
can arbitrarily increase or decrease the capacity of the compressor, as a result of
translation of these performance criteria of the LP800/MP880 g/s, the total power
consumption of the compressor and the adsorption chiller was confirmed to be reduced
to 3965kW from 4252kW, that is 7 %.
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Figure 11 new helium refrigeration system incorporating the adsorption
refrigerator

Table 1 power consumption comparison

Normal Temp. Cold Temp.

Mass Flow LP gls 790 870
MP gls 908 964
HP gls 1,698 1,834
Shaft Power LP-MP kW 1,190 1,230
MP-HP kW 3,080 3,100
Shaft power converted to LP800/MP880 g/s condition
LP-MP kW 1,205 1,131
MP-HP kW 3,047 2,830
Total kW 4,252 3,961
Power for Chiller kW 0 4
Total Power kW 4,252 3,965 (-7%)
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5. Summary

For the purpose of power consumption reduction in large-scale helium refrigeration
system in the ILC, the combination of adsorption chillers was examined.
By the study discussed above, the following results were obtained.
(1) It 1s possible to construct the heat cycle with the lubricating oil, as a heat source, of
the compressor combined with the adsorption refrigerator.
(2) It 1s possible to reduce power consumption of about 7% by combining an adsorption
type refrigerator.
(3) It is possible to reduce the size of the cold box, by lowering the gas temperature.
(4) The present system is self-contained, and can be operated without being affected by

the load of the other lines.
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Development status of High-Tc YBCO superconducting wires
(Kunihito Kikuchi, Fujikura)

1. Introduction

Superconductivity is a phenomenon in which the electrical resistance of the material is
reduced to zero in the lower side of a certain temperature. Although the electrical
resistance of the normal metal drops along with the temperature going down, in the
superconducting material, the property of the electric resistance becomes zero below a
certain temperature (the critical temperature) (Figure 1). It is not necessarily restricted
only the temperature in the superconducting state, in practice, under the three critical
points of the current (critical current), the temperature (critical temperature), and the
magnetic field (critical magnetic field), superconducting state is emerged (Figure 2).
Since superconductivity is zero electrical resistance, it is very fascinating material.
From the fact that a practical application of high critical temperature superconducting
material is expected in recent years, not only to the conventional superconducting

equipment, but more wide range of applications are expected.

wEm ER
mREn ERER
0 BE BE
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15
Figure 1 temperature and electrical Figure 2 Three critical points of
resistance superconducting material

Superconducting was first discovered in Hg in 1911, it has been found in a variety of
metal material (Figure 3). In the 1970s superconducting applications advances in
particle science, metal-based superconducting material such as NbTi, Nb3Sn, are
applied to realize the wire mass production technology at an early stage. And it was
established to put a practical use in superconducting applications equipment such as
current MRI and NMR. These metal-based superconducting material are necessary to be
cooled to cryogenic temperatures of liquid helium temperature (4.2K / -269°C). In the
second half of the 1980s, the high temperature superconducting materials that exhibit
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superconducting state at the liquid nitrogen temperature (77.3K / -196°C) or even higher
were discovered. In addition to attract much attention as the next generation of the
superconducting material, many studies have been made. Unlike conventional
metal-based superconducting material, the high-temperature superconducting materials
are intended to be a copper oxide-based. From the commitment to the wire of the past,
practical use of Bi (bismuth) system and Y (yttrium) system of high-temperature
superconducting material 1s expected. Bi-based high-temperature superconducting wire
is the first generation because it is mass-produced initially, Y-based high-temperature
superconducting wire is referred to as the second-generation high-temperature
superconducting wire because it is expected to mass production following the Bi-based.
As described below, Fujikura has been conducting research and development of Y-based
superconducting wire as a high-temperature superconductor of the second generation

for practical use, and it has started the wire supply.
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Figure 3 transition history of superconducting material

2. Superconductivity research and development of in Fujikura

Starting from the 1970s, with long history of superconductivity research and
development in Fujikura, it has been done research and development of metal-based
superconducting material wire and magnet, such as NbTi and Nbs;Sn. Since the
discovery of high temperature superconductivity, it is quickly focus on the Y-based
high-temperature superconductor, over more than 20 years since the early 1990s, it has
been done research and development aimed at the wire of the Y-based high-temperature
superconductor. At initial stage of development, making a short wire was the best. Since

there was a boost in the wire development and application equipment development by
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the national project of the Ministry of Economy, Trade and Industry through the New
Energy and Industrial Technology Development Organization (NEDO), wire
performance increased yearly, and in 2004 Fujikura succeeded in making the world's
first 100m grade wire (Figure 4) [1]. In recent years, it is reached by the level that can
be supplied in the production stably of several 100m grade long wire. In 2010, Fujikura
starts to supply commercial Y-based electric conductor material manufactured in-house
and the wire feed for the various projects to date.

Y-based high-temperature superconducting wire has a structure obtained by laminating
a thin film multi-layer (Figure 5), meanwhile, there is a technical problem that
superconducting properties can not be obtained when no specific crystal orientation of
the superconductive layer is aligned on a metal substrate. Fujikura solved these
problems by the fundamental substrate technology that was originally developed, and
has been realized the wire performance of world-class [2]. There are two of these
fundamental technologies, and one is the IBAD method and the other is PLD method.
First, IBAD method stands for Ion Beam Assisted Deposition, a method of forming the
intermediate layer. For forming the superconducting layer having uniform crystal
orientation, crystal orientation rising required to be aligned at the stage of the
intermediate layer. In the IBAD method, a film-forming particles as a raw material of
the intermediate layer is fed onto a metal substrate. By irradiating the assist ion beam
from a particular angle at the same time, has enabled formation of a uniform
intermediate layer of crystal orientation (Figure 6). Next, PLD method stands for Pulsed
Laser Deposition, is a method of forming a superconducting layer. Although the PLD
method itself is a general technique as a method for forming the thin film, and Fujikura
employs a hot-wall type PLD method to elaborate their own ideas in. In the deposition
of the superconducting layer, a deposition temperature is very important parameter. In
the hot wall type PLD method, by adopting a method of enclosing the film formation
area in a hot wall, the film-forming particles are succeeded in stabilizing the deposition

on a substrate, and to achieve high crystallinity superconducting layer (Figure 7).
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3. High-performance Y-based high-temperature superconducting wire

Y-based superconducting wire of Fujikura has a high critical current and a high critical
current uniformity, by using a manufacturing method that was originally developed with
the aforementioned feature. Critical current, in 77K, and in the self-magnetic field, is
proud of the 500A / cm-wide and the world's top level of performance, has achieved a
very uniform critical current distribution also in the longitudinal direction in the several
100m class of long wire (Figure 8). Although longitudinal current flow in conventional
copper wire is uniform, it is difficult to get uniform current flow in the Y-based
superconducting wire, because of a process of laminating a thin film, it is not easy to
obtain a uniform superconducting characteristics in the longitudinal direction. From
efforts for wire production over the years, Fujikura has been to improve the critical
current and the longitudinal direction of uniformity, at present is being reached to a
level that can be supplied to practical use [3].

When a magnetic field is applied to the superconducting material, there is a property
that the critical current is reduced. Fujikura have done the evaluation of medium-critical
current characteristics for the Y-based superconducting wire, including the area of up to
a strong magnetic field and at low temperature, in cooperation with universities and
research institutions (Figure 9) [4]. The application equipment to be used in a magnetic
field as a superconducting magnet require a high critical current density in a magnetic
field, it has started to consider an improvement of the critical current in a magnetic field

as a future technological challenges.
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4. Application of Y-based high-temperature superconducting

The Y-based superconducting wire is not put to practical use yet, in recent years, long
wire is able to produce stably, verification demonstration in various projects have been
started. The conventional metal-based superconductor had been limited to use in a range
of liquid helium temperature, the high temperature superconductor is to exhibit a critical
temperature higher than the liquid nitrogen temperature, and further subject to the
influence of the magnetic field for the Y-based high-temperature superconductor, it is
expected commercialization in both wide area of operating temperature and magnetic
field (Figure 10). Strong magnetic field magnet or the like, some of the superconducting
equipment, in the future, are expected to further strong magnetic field, especially the
Y-based high-temperature superconductor with less susceptible to the influence of the
magnetic field, the application is expected in the strong magnetic field superconducting

equipment there.
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Figure 10 superconducting applications equipment

In addition to research and development of superconducting wire, Fujikura has been
done a basic study of the application to the superconducting magnet and power cable. In
the evaluation of the small coil is advanced for the superconducting coil, for the first
time in the world, we have successfully developed a 5 T Ilarge-diameter
high-temperature superconducting magnet of the room temperature bore diameter of
20cm in 2012 (Figure 11). This superconducting magnet uses a Y-based
superconducting wire 7.2km manufactured in-house (the coil configuration: 300m x 24
layers), and the center magnetic field strength 5T at operating temperatures 24K, a

stored energy 426kJ were achieved [5]. For superconducting power cable, by
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participating in the yttrium-based superconducting power equipment technology
development project of the New Energy and Industrial Technology Development
Organization (NEDO), we developed a 66kV / 5kA class superconducting power cable
in 2013, to verify the AC loss reduction successful (Figure 12). In this project, we
constructed the test line by 66kV class superconducting power cable prepared using the
Y-based superconducting wire, performs 5kA energized which is largest as a power
cable, and to be less 1W/m per one phase was verified. AC loss of less than 1W/m per
phase at the 5kA energized, as compared with the working of the power cable (typically
154kV/600MVA class), the transmission loss of less than 1/4 in consideration of the

cooling efficiency is estimated [6].

Figure 11 Y system 5 T high-temperature Figure 12 66kV/5KkA class
superconducting magnet superconducting power cable

5. Summary

Fujikura have continued to research and development aimed at further improving the
performance of Y-based superconducting wire. Among the project with aiming the
practical use of Y-based high-temperature superconductor rises variety, Fujikura put the
emphasis on the reliability of the wire itself, in addition to the performance
improvement, also in wire-making that can withstand practical use, in recent years. In
addition, to meet the future demand, it has also started consideration of mass production
technology, there is not only in the area of traditional research and development, is also
ready to enhance the production capacity as a supplier of Y-based superconducting wire.
It is passed through a demonstration verification in various applications, to provide a
high-performance Y-based superconducting wire which is excellent in reliability, we

want to expect to be able to contribute to the realization of a low-carbon and
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high-efficiency energy society.

As a part of this report, "superconductivity application infrastructure technology
research and development (II)," the Ministry of Economy, Trade and Industry and
"yttrium-based superconducting power equipment technology development", National
Institute of New Energy and Industrial Technology Development Organization (NEDO)

are included for their outcome that was carried out by trustees.
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Status of High-Tc superconductor cryogenics for large volume,

high efficiency and high reliability
(Naoko Nakamura, Maekawa)

1. Introduction

Adaptation of high-temperature superconducting cable to the ILC, we think useful as
energy-saving technology to reduce the loss of ILC power supply. In order to introduce
the current situation of high temperature superconducting cable, we report on the NEDO
"high-temperature superconducting cable demonstration project", which was operated
by connecting high-temperature superconducting cable to the ordinal power system, for
the first time in Japan. In particular, the cooling system of high-temperature
superconducting cable is an important key-technology, not only for the keeping of the
superconducting state, but for the overall system efficiency and reliability improvement.
In this paper, we will introduce the state of the art technology, such as developed

refrigeration and cooling system in this project.

2. Outline of the NEDO "high-temperature superconducting cable demonstration
project." [1], [2]

In NEDO project "high-temperature superconducting cable demonstration project”, the
system and the performance, operation, reliability, and maintainability of the system
components were investigated, a high-temperature superconducting cable system to
withstand the continuous automatic operation in the power system was build, and it was
carried out to demonstrate an operation in the power system of more than one year. In
parallel with the above demonstration, a large-capacity, high efficiency and reliability of
high-performance refrigerator has been developed with considering the practical use of
future high temperature superconducting cables. It should be noted that this project is
the first project in Japan, which was operated a high-temperature superconducting cable
by connecting to the power system.

Study of the impact of high temperature superconducting cable in the power system
has been done by TEPCO. Study of the design, production and installation of the
high-temperature superconducting cable have been done by Sumitomo Electric. Study

of the design, production, and installation of the cooling system as well as development
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of high-performance refrigerator have been done by Maekawa Seisakusho. They were
carried out respectively. The project was started from fiscal 2007. The design,
manufacture, and a single verification test were done for the high-temperature
superconducting cable and the cooling system. The power system interconnection test in
October 2012 was carried out for continuous operation for more than one year, and in
December 2013, the study was completed.

High-temperature superconducting cable that was used in this project was a three-core
batch type cable with a rated 66kV, DI-BCCO of 200MVA, the length was about 240m.
Considering the adaptation to the future of urban power cable laying situation in urban
areas, the use of the joint, the cable bends and underground part were provided. In the
Asahi substation, where the line is to step down the voltage from 154kV to 66kV, the
part of the 66kV bus line was replaced to the high-temperature superconducting cable.
Photos of the high-temperature superconducting cable used in this project is shown in

Figure 1.

Figure 1 photo of high-temperature superconducting cable

3. cooling system used in the demonstration and its challenges [3]

The cooling system used in this project is the close circulation device. It is composed
of refrigerators, circulation pump, and a reservoir tank. The sub cooled liquid nitrogen
refrigerant (hereinafter, LN2) were used. LN2 that are sent by the circulation pump
performs circulation cooling of the high temperature superconducting cable after cooled
in the refrigerator. Flow of the cooling system and the installation situation are shown in
Figure 2 and Figure 3.

Selection was made for a refrigerator type by the results to date, and it was also

decided the number of refrigerator by the heat loss of the high-temperature
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superconducting cable system. In the cooling system, six of 1kW@77K Stirling
refrigerator were used, and made them in three parallel x 2 units, considering pressure
loss in the heat exchanger, the temperature controllability, and backup during the fault.
Two centrifugal circulation pump were placed in parallel. In addition, one refrigerator
one and one circulation pump is in the spare, they were automatically activating in the
event of a fault. The volume of the reservoir tank was 1000L, considering of the volume
change due to temperature change of LN2 in the high-temperature superconducting
cable. Furthermore, it is necessary to maintain the pressure more than 0.2 MPaG in LN2
system for keeping electrical insulation of high-temperature superconducting cable, it
was installed 3 types of pressure control device including the spare unit into the
reservoir tank.

As described above, a circulation cooling of high-temperature superconducting cable
using LN2 of sub-cooled state was performed in this project, but the operating
temperature of LN2 was controlled to 69+1K (standard value) at the inlet temperature of
the high temperature superconducting cable, considering the critical temperature of the
superconducting material, LN2 temperature rise at the time of trouble such as a short
circuit, and temperature margin. Specifically, the operation number control was
performed in order to control the temperature by matching the variation in heat loss of
the high-temperature superconducting cable between seasons and in a day. Control of
operation number of the refrigerator is a commonly used method, even with cold water
chiller refrigerator for pipe-tunnel cooling of underground cables, maintenance concept

on the power plants are considered.

! —
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Figure 2 flow of high-temperature superconducting cable cooling system
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Figure 3 photos of the high-temperature superconducting cable cooling system

Current through the high-temperature superconducting cable in the demonstration,
temperature of LN2, pressure, and flow rate are shown in Figure 4. The demonstration
test, which was lasted 1 year or more, was completed successfully without any big
trouble. During this time, not stopping the circulation cooling may be considered as a
major achievement. In addition, by the temperature control of the refrigerator, by the
pressure control in the reservoir tank, sub cooled state of LN2 was kept, and even
possible to achieve a stable long-term circulation cooling. Furthermore, even it was
performed several times of the refrigerator replacement work during demonstration,
LN2 circulation state was stable, no obstruction of LN2 circulation by ice or so,
maintaining the LN2 circulation operation, so, it was able to establish a working

techniques to replace disconnected the equipment only individually.
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Figure 4 test results of the demonstration
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While operation of high-temperature superconducting cable has verified without
problems in the power system, however, for practical use, it has become clear that there
are a number of challenges. Examples of the resulting problems are described below.

In this cooling system, the six refrigerator were connected with vacuum insulation
piping, and further, the bypass line for the refrigerators for maintenance were installed.
Therefore, increasing the number of valves of vacuum insulation pipes and bypass, their
loss became comparable to the refrigerating capacity of one refrigerator in the cooling
system. In order to increase the overall efficiency of the high-temperature
superconducting cable system, improvement of the refrigerator efficiency, reducing the
loss of the high-temperature superconducting cable, and reducing heat losses in the
cooling system, are required. large capacity of the refrigerator which has reducing the
effect of heat loss of the cooling system, is thought to contribute to the high efficiency
of the entire superconducting cable system.

In this project, the power consumption of the cooling system required to cool the
high-temperature superconducting cable is defined as the cooling system COP. In the
cooling system used for the verification test, the efficiency has been unquestioned,
however, in order to give the operational benefits of future high-temperature
superconducting cable, it has to be a COP of 0.1. However, as the results of this
verification test, the cooling system COP was approximately 0.04.

Lowering of the refrigerating capacity of the refrigerator started after the start of three
months during verification test, sequential performance degradation was seen in the six
refrigerator. In order to maintain the refrigerating capacity, 1-2 times of evacuation and
the overhaul of the refrigerator by manufacturers were performed monthly. When we
use it in a power system, the reliability of the cooling system and longer maintenance
intervals of the device are also important. Therefore, it is necessary to develop a
refrigerator of long maintenance intervals.

Considering above results, a large capacity, high efficiency, high reliability of the

Brayton refrigerator has been developed and introduced in the next section.

4. Development of high-performance refrigerator [4]
In terms of the aim of practical application of high-temperature superconducting cable,
since a large-capacity, high efficiency and high reliability refrigerator was essential,

from February 2011, in parallel with the demonstration test at Asahi substation,
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development of a high performance refrigerator was performed in this project.
Considering the loss of high-temperature superconducting cable during practical
application, required single refrigerator capacity was assumed as 5 ~ 20kW, this time
target refrigerator capacity was set to SkW which was 5-6 times the capacity of the
current Stirling refrigerator. Furthermore, the loss of the cable system is required to be
reduced by 50% over than ordinal cables, in order to achieve this, the goal COP of the
cooling system was 0.1. Also, considering the practical use, maintenance intervals of the
refrigerator is also an important evaluation items, and 30,000 hours, which were general
industrial refrigerator equivalent, were targeted in this project.

To achieve the development goals above, reversed Brayton cycle was adopted in the
refrigerating cycle. Reverse Brayton cycle is a refrigeration cycle consisting of
insulating process and isobaric process, it 1S a gas cycle, but, it is the heat pump
radiating heat out of the system. The basic system flow and photographs of Brayton
refrigerator that was developed in this project are shown in Figure 5 and Figure 6. In
adiabatic compression process, considering the refrigerator efficiently become better for
plus work from the outside isothermally, and considering the proper pressure ratio of the
compressor, the refrigerator employs the three-stage compression. In addition, the turbo
type compressor and expander were adopted in order to maximize the characteristics of
the reverse Brayton cycle. In addition, in order to be the cooling system COP to 0.1, the
design value of the adiabatic efficiency of the turbo compressor-expander was set to 0.8.

Considering refrigerator efficiency, the shape of the rotor blades, a motor specification,
and the economical efficiency, first-stage and second-stage turbo compressor, and, the
third-stage turbo compressor and turbo expander, are integrated. By integration of the
turbo compressor and turbo expander of the third stage, power generated by the
expander is consumed for a part of the power for driving the third-stage compressor,
which contributes to the efficiency improvement of the refrigerator. The refrigerant of
the refrigerator, the helium gas and neon gas has a potential, since it is required to be a
low boiling point. In turbo machine, as the molecular weight of the working fluid is
small, it become high rotation and tend to be compact, because much high difficulty of
the manufacturing as to be compact as described above, we adopt the neon gas
refrigerant in this development. Since the rotational speed of the rotary machine in the
case of using the neon gas refrigerant becomes 40,000 ~ 70,000rpm high speed rotation,

the bearings were used non-contact oil-free bearings. It realizes the increase of
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maintenance intervals by using non-contact oil-free bearings, and increased the
reliability of the refrigerator. This horizontal type compressor with the pressure sealed
structure placed the rotor blades in both ends around a built-in motor. Structure of
three-stage compressor and the expander were also similar, but it had the vertical
structure for disposing the expander side in the cold box.

This refrigerator consists of, a turbo compressor and an expander, first-stage and
second-stage integrated turbo compressor, expander-integrated third-stage turbo
compressor, cold recuperator heat exchanger for utilizing the cold heat generated in the
expander, LN2 heat exchanger that performs heat exchange between LN2 and neon, and
the water heat exchanger for dissipating the heat of compression to the outside air in the
cooling water. The cold recuperator heat exchanger and LN2 heat exchanger were
adopted aluminum plate-fin proven helium liquefaction refrigerator. Turbo expander,
cold recuperator and LN2 heat exchanger were installed in the cold box, other devices
were installed as a compressor unit on a single frame. Considering the ceiling height of
the cooling system building of Asahi substation, it was making a structure for drawing
the body of the vacuum chamber while leaving the top plate of the cold box down, and
making easy maintenance of the equipment installed in the cold box in the cooling

system building.
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Figure 5 Brayton refrigerator flow
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Figure 6 Brayton refrigerator photo

The results of performance test, the refrigerating capacity of the refrigerator was
5.8kW@77K, and COP was 0.1@77 K, then it was a certain degree of success.
Therefore, as a basement of the structure of the circulation system, which was
introduced in Chapter 3, we have developed a cooling system equipped with this
refrigerator. At the factory testing, the performance of the cooling system, the
controllability, and the operability and so on, have been transferred to the Asahi
substation after confirming that there is no problem. Currently, in preparation for the
long-term continuous operation in a power system on which we plan to start from

summer 2015, the final confirmation of the cooling system has been performing.

5. Summary

Adaptation of high-temperature superconducting cable to the ILC, we think useful as
energy-saving technology to reduce the loss at the time of ILC power supply. In this
paper, we introduce the state of the art of refrigeration and cooling systems that have
been developed by NEDO "high-temperature superconducting cable demonstration
project" of high-temperature superconducting cable that is attracting attention as the
future of energy-saving technology.

Demonstration that lasted more than one year, was successfully ended without any big
trouble, and it made a big success. However, assuming a future superconducting cable
commercialization, it also became clear that there are problems in the capacity of the
refrigerator, the efficiency, and the reliability. Therefore, development of large capacity,
high efficiency, high reliability of the refrigerator was carried out.

The refrigerator using turbo compressor and the expander, aimed large capacity, high
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efficiency, and high reliability, by reverse Brayton cycle, multi-stage of the compressor,
and the adoption of magnetic bearings. The results of performance test, refrigeration
capacity and COP were both able to accommodate certain results. We performed
relocation to the Asahi substation. We are currently preparing for the demonstration test

connected to the power system in summer 2015.
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1.

Energy saving and Cost Reduction in High-Voltage
Substation and Distribution System for Green-ILC
(Tadashi Fujinawa, Riken)

Introduction

Accelerators are mainly operated nonstop for a long time and require a large
amount of electricity. From this point of view, an AC power supply system must be
highly reliable, economical, and efficient.
The author proposes a new high-voltage (HV) substation and distribution system
using Green ILC, which can achieve energy savings and cost reduction based on the
RI beam factory (RIBF) experience of the RIKEN Nishina Center. Using this
proposed substation and distribution system, the construction cost will be less than
half of that of the technical design review (TDR), and the amount of energy savings
will be 9,218MWh per year.

. HV substation and distribution system of TDR

The plan for the transmission and distribution of ILC using TDR was accepted by
both Kyusyu Electric Power Corporation and Tohoku Electric Power Corporation
and is excepted to supply 275kV, according to the report of the Large-Project
Division of AAA two years ago (2013).

Fig. 1 shows the general plan. Fig. 2 shows the main substation single-line diagram
(SLD). Fig. 3 shows the SLD of a 66kV/6.6kV [HV/medium voltage: (HV/MV)]
substation.

This plan was designed by an engineering consultant company requested by the
High Energy Accelerator Research Organization (KEK), which is simply an
expansion of KEK and the J-Pack facility.

Fig. 4 shows a photograph of the RIKEN Nishina Center HV/MV substation for
reference.

The author expresses some doubts on the plan and will present my comments and

explanation of each item.

1) Receiving voltage

TDR plans 275kV as the receiving voltage, but Kyusyu Electric Power
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2)

Corporation does not have a 275-kV system. It uses 220kV instead of 275kV.
The power receiving voltage in the Kyusyu area is 220kV, and no other voltage
option is available.

In the Tohoku area, the supply voltage is 154kV for a 200-MW load. In addition,
the JFE Steel Corporation Chiba Works and Nippon Steel & Sumitomo Metal,
both in Chiba Prefecture, and the Kashima Kita (north) Industrial area where
Mitsubishi Chemical Corporation has its flagship
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Fig.1 This drawing shows that the 164-MW power will be received at
275kV/66kV main substation from the utility company, and power is distributed
to the seven 66kV/6.6kV HV/MV substations using 66kV underground cables.
The received power at each HV/MYV substation is less than 30MVA.

project receives 154kV from Tokyo Electric Power Corporation. The Kashima
Minami (south) industrial area uses 66-kV distribution systems. Kashima area is
in the Ibaraki Prefecture. The only example where a 275-kV supply exists is in
Tohoku-epco for the East Japan Railway.

Economic performance
The 275 kV-transmission lines are directly connected to large power stations
and create a basic power grid. However, in Japan, the manufacturers of 275-kV

equipment are only Hitachi, Toshiba, and Mitsubishi Electric, and the equipment
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is very expensive compared with that in the 154-kV system. In addition, an
expensive microwave tower and its communication systems are required in the
275-kV substation in the Tohoku-epco area. We have to note that a 275-kV
substation requires a first-class licensed engineer (which is currently rare after
the Fukushima Daiichi Nuclear Power Station disaster), whereas a second-class
engineer is required for a 154-kV substation.

The Large-Project Division of AAA has estimated an HV substation system.
Under the same voltage, a 60-Hz transformer will cost lesser than a 50-Hz
transformer because the 60-Hz transformer is smaller than a 50-Hz one.
However, in a 220-kV versus 154-kV system, the 50-Hz transformer has an
advantage in terms of cost.

The TDR plan has twice the capacity and spare power; thus, we must consider
the economic aspect. With this design, not only the construction costs but also
the operation costs increase. The large number of transformers causes more iron
loss (no-load loss), and the series connection of the 275-kV (154kV/66kV and
66kV/6.6kV) system creates large losses from both hysteresis and Joule heating

losses.
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Fig. 2 The 275-kV/66-kV main substation is heavily-protected. NC means
normal close (ON), NO is normally open (OFF). This SLD shows four times the
number of 100-MVA transformers compared with a load of 164 MW as shown
in Fig. 1. This plan also shows two extra gas circuit breakers (GCB). The areas
colored pink and blue are layout of the 66-kV vacuum circuit breakers (VCBs).
The feeders from A and B are connected to the 66-kV/6.6-kV HV/MV
substations with the 66-kV underground XLPE/PVC cables.

60



3)

One line diagram of 66KV sub | Normal Position

X
(o) B6KV/BKV () BEBKV/EKV
O 30Mva O “30Mva
| |
* * .
NC N NC NO
1 nwno N | NC ) B
p z I
X * * 4 * *
v NC \ A
C“ ) ) 6% 36% .
| | | ? |
VCB space vce
For RF

1Capautm for conventional load
power factor improvement

Fig. 3 SLD of the 66-kV/6.6-kV substation. The seven HV/MV substations are
arranged. Each substation has loads from 10 to 15 MW, but the transformer
capacity is 60 MVA. This drawing shows an emergency 6.6-kV generator and
capacitors for conventional power factor improvement, but the capacities are

unknown.

Reliability

The TDR has two lines for power reception: one is for normal use, and the one
is for spare. However, the two lines are installed in one tower. From our
experience, a jet plane simultaneously severed two lines due to engine trouble,
and a crane ship severed two lines above a river. Both created long-time power
outages. The two lines are connected to the same power source (substation).
Thus, in the event of substation trouble, both lines will be de-energized.

A two- line power receiving system can be considered useful only for
scheduled power outages, although it is costly. The RIKEN Wako campus
employs the same system yet still experiences sudden power outages.

The most serious concern is the series connection of the HV/HV and HV/MV
transformers. If one of them is damaged, the system will not work. Therefore,
the two sets of equipment have a two times probability of failure compared with

one set.
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Fig. 4 RIBF substation. The front is a 66-kV gas-insulated substation with a
VCB. The back row shows a transformer with a capacity of 25/30 MVA and the
6.6-kV metal-clad switch gears behind.

. Proposed plan for Green ILC
Fig. 5 shows the proposed plan of the HV substation and distribution system made
by the author.
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Green ILC Substation(154kV, 50Hz)
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Fig. 5 SLD of the energy-saving system. The drawing corresponds to those
shown in Figs. 3 and 4. Green ILC will arrange two switchyards and receive
power from different power utility sources such as the A and B substations. The
two lines are energized at all times and supply power via four 60-MVA HV/MV
transformers. In case one line is de-energized, the green normally off GCB will
switch on immediately and supply power within 6 Hz (12 ms). With this almost
uninterruptible power supply system, we can operate cryogenic refrigerators,

vacuum systems, and other important loads without interruption.

First, the voltage should be 154kV from the Tohoku-epco area, which was
recommended by the Large-Project Division of AAA. The 275-kV system cost is
very high compared with the 154-kV. In addition, the Tohoku-epco has no plan of
supplying 275kV at all.

Green ILC has two switchyards and receives power from different power sources
of Tohoku-epco. In case the total required power is 200MW, both substations will
supply 100MW each. One normally off GCB is installed in between. If one side
experiences a sudden power failure, the high-speed under-voltage relay
automatically orders the GCB to “switch on,” as indicated by the green color. From

this action, we can operate cryogenic and other systems without interruption. The
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main distribution cable size is two 325mm2, and the feeder cables are 150mm?. The
main cable capacity is 240MVA, and the allowable power in each feeder is more
than 60MVA. This type of different power supply system can be used in government
prefecture and other essential loads.

The required transformer sets will only be four 154kV/6.6kV (HV/MV) 60MVA,
and they will be distributed at the same interval. From this setup, this system does
not require 154-kV/66-kV HV/HV transformers, and savings in terms of losses from
the said HV/HV transformers can be realized. The 14 transformers in the TDR will
be converted to only four transformers, thus a significant savings in terms of lesser
number of circuit breakers, disconnect switches, bus bars, and other equipment will
be realized. In addition, fewer parts mean fewer troubles, which increase reliability.

The reason for the HV/MV is that it has two windings of 6.6kV 30MVA for the
MV circuit breaker maximum capacity of 3,000A, which makes the MV side
achieve a maximum capacity of 30 MVA. I believe that TDR chooses 66kV/6.6kV
for the 30M VA transformers.

The construction cost of the proposed system is approximately half that of the TDR
system owing to its fewer equipment and simple structure.

The performance of both systems can be quantitatively calculated. The conditions
are as follows:

The power requirement of Green ILC is 200MW. The amount of CO, emission

from Tohoku-epco is 0.591kg/kWh in 2014. The electrical cost is ¥12/kWh. The

operation time of Green ILC will be 7,000h/year. Fig. 6 shows the transformer
efficiency: one 100 MVA, seven 30MVA, and eight 60MVA.

TDR system: (4 x 100MVA + 14 x 30MVA)

1) 100MVA at 50% load, n= 99.49 at SOMW: 1 - 0.9949 = 0.0051; SOMW x
0.0051 = 255kW. 4 x 255 = 1.02MW (total). The iron loss is 125kW for a
total of 4 x 125kW = 500kW.

2) 30MVA at 47.6% load, n= 99.545% at 14.3MW: 1 - 0.9945 = 0.0055; 14.3
MW x 0.0055 = 79kW. 14 x 79 = 1.1 IMW. The iron loss is 22kW for a total
of 14 x 22kW = 308k W.

3) Total loss
During operation: 1.02MW + 1.11MW = 2.23MW
During maintenance: S00kW + 308kW = 808kW (1,760h/ year)
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Green ILC system: (154kV/6.6kV, 60MVA x 4)

Load factor is 83% of the 60MVA, which is SOMW. n= 99.40%: 1 - 0.994 =
0.006;

4 x 0.006 x S0MW = 1.2MW (almost half). The total iron loss is 4 x 50kW =
200k W.

The comparison of both systems is presented as follows:

Energy loss during operation time: 2.23MW - 12MW = 1.03MW
(7,210MW/year)

During maintenance: 808kW — 200kW = 608kW (1,070MWh/year at 1,760h/

year)
Total: 7,210MWh/year + 1,070MWh/year = 8,280MWh/year

Electrical cost of transformer loss:

During operation: 1,030KW x 7,000h/year x ¥12/kW-h =¥86,520,000.00/year
During maintenance: 608kW x (8,760 - 7,000) x ¥12/kW-h
¥12,840,960.00/year

Total amount: ¥86,520,000.00/year + ¥12,840,960.00/year
¥99,360,960.00/year

CO; emission

During operation: 1,030kW x 7,000h/year x 0.591kg/kW-h =4,261,110kg/year
During maintenance: 608kW x (8,760 - 7,000)h/year x 0.591kg/kW-h = 632,417
kg/year

Total: 4,261,110kg/year + 632,417kg/year = 4,893,527kg/year = 4,894ton/year.

Cable loss

The cable size capacity is same as the capacity of the transformers. The
calculations were made by PAT No. 263544. The other conditions are same as
those in the transformer loss calculations.

TDR system

1. 66kV XLPE/PVC Cable 150mm? for 14 feeders

65



Each cable length is as follows : 4 x 11.65km, 4 % 7.7km, 4 x 4.1km, and 2 x
0.4km

The current is 125A (14.3-MW base); the conductor temperature is 49.1°C.
The cable losses are 25.2kW for 11.65km, 16.6kW for 7.7km, 9.0kW for
4.1km, and 0.9kW for 0.4km.

The total loss is 205kW or 1,435,000kW-h/year; the CO, emission is 848tons

per year.

Green ILC system

1.

Main cable: 154kV XLPE/PVC 2 x 325mm’ (51.4°C at normal current of
450A and maximum current of 900A)

Transformer feeder cable : 154kV XLPE/PVC 150mm2, 225A at 60MVA and
200A at SOMVA at 69.5°C.

. Each cable length is as follows: for the main cable—2 x 6.2km and 2 X

3.1km; for the feeder cable—0.4km.

Cable losses: main cable —for 2 x 6.2km, 375A at 100MW is 56kW and for
2 x 3.1km, 188A at SOMW is 6.9kW. The total loss for the four cables in the
feeder is 8.1kW.

The total cable loss is 71kW. The electrical loss is 497,000kW/year. The CO,

emission is 294tons.

Difference between the TDR and Green ILC:

I.

Cable portion: 1,435,000kW-h/year - 497,000kW/year = 938,000kW/year.
(¥11,256,000.00)
Grand total: 9,218MWh/year, ¥110,616,960.00/year, and 5,448tons of CO,

per year. We can consider this as monergy.
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Fig. 7 TDR HV/MV transformer efficiency curve. 66kV/6.6kV, 30MVA, 99.30%

at rated capacity.
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Fig. 8 Green ILC transformer efficiency curve. 154kV/6.6kV, 60MVA, 99.30%

at rated capacity.
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4. Conclusions

The system that the author has proposed is the so-called “Green ILC system,”
which offers a large reduction in the construction cost of more than twenty billion
yen, and the operating cost will be more than one hundred million yen per year
lower than the TDR system. In addition, the Green ILC system reduces the CO,
emission by more than 5,000tons per year, a fact known by everyone.

We plan to use a superconducting cable for transmission and distribution. However,
the cable loss in the Green ILC system is only 71kW. The author has some doubts
whether a superconducting system, which requires cryogenic refrigerators can be
sustained. This aspect must be very carefully studied.

Some people might worry about the direct transformation from 154 to 6.6kV. In
fact, in Japan, many residential transformers from the nuclear power stations use
500kV/6.6kV. In addition, the Korea Proton Engineering Frontier Project has also a
154-kV/3.3-kV system.

The ILC system will provide large advantage derived from nuclear physics, but its
need for huge consumption of electricity would be its weak point. Not only the
construction cost but also the operation cost should be considered for the Green ILC,

which the author has explained in details earlier.
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Introduction of Friction Reduction Chemicals
for water pipes
(Hiroyuki Nishi, Sin-Nihon Kucho)

1. Introduction

The method adding very small amount of pipe friction resistance reducing agent in the
circulating water piping (Drag Reducing Additive: hereinafter referred to as DR agent),
has been known technique to reduce the carrying power of the pump. This DR agent is
used polymeric agent or a surfactant. Practical use of a surfactant has a long history, and
has many examples, such as an increase in the navigation speed of the ship,
improvement of the water discharge capacity for fire fighting, and oil pipeline transport
capacity, they are examples of to transient flow field.

However, in the circulatory system DR agent will be destroyed its molecular structures
by the mechanical shearing force such as a pump impeller, there is a problem of
deterioration of the DR agent. Surfactant, on the other hand, because there is a
regenerative capacity which will be mentioned later, become the mainstream in recent
years of research carried out basic research and field tests in abroad. In the regions of
the district heating pipes in Europe, it is used in practice. In Japan, it reached the stage
of practical use from the basic research stage, the examples of the use have been
increasing.

Shin-Nihon Kucho has about 15-year career and achievements with respect to DR
agent introduction as energy-saving technology of air conditioning piping system. We
introduce the basic characteristics of the DR agent description and example of
application to the air-conditioning piping to the existing commercial building in this
paper. It is our hope to help deep understanding DR agent for Green ILC WG

participants, in turn, project promotion.

2. Mechanism of DR effect

When water is flowing in the pipe at a certain speed, water molecules at the pipe inner
wall and the central portion disarray intensely in the flow, that is, the "turbulent flow"
state. Most of the piping friction resistance rises due to the turbulent motion. Thus, by

suppression of turbulence (laminating of the stream), the pipe frictional resistance can
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be reduced significantly. In Moody diagram showing the relation between the Reynolds
number and the pipe friction coefficient in Figure 1, the friction coefficient of the
turbulent flow is to close an extension of the diagram of the laminar flow zone shown
by a broken line. This is a DR material has been developed for the purpose (the effect is
called DR effect).
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Figure 1 Moody chart

DR effect which was discovered by B.A. Toms in 1948 is a phenomenon which is
also referred to as Toms effect. As the material of the DR agents, surfactants and
polymeric agent is used. For example, by adding small amount surfactant to flowing
water, collection of the surfactant molecules that form as if long chains as shown in
Figure 2 (rod-like micelles) can modify the water flow to the non-Newtonian fluid, even
rod-like micelles can be destroyed by mechanical external force, it will recover. While
fresh water is Newtonian fluid is the constant viscosity regardless of the shear rate, the
non-Newtonian fluid viscosity varies with shear rate. As shown in Figure 3, pipe flow
state is almost the same as a fresh water at near-wall where is a large shear rate with
small viscosity, at the center, since the place is in a large viscosity with small shear
speed, the flow become small disturbance massive flow, then, turbulence is suppressed

and the pipe frictional resistance is reduced.
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Figure 2 the molecular structure of the surfactant, and rod-like micelles in the flowing
water
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Figure 3 changes in the pipe flow state

3. Characteristics of DR effect

DR agent that we are using, is cationic surfactant of Ethoquad system, added counter
ion conducive to form rod-like micelles, it is a product that also has anti-corrosion effect.
DR effect determine mainly "flow velocity in the pipe", "the temperature of the
circulating water", and "concentration of DR agent". As "flow velocity in the pipe (Im /
sec ~ 4m/sec)" is faster, and as "the temperature of the circulating water (5°C ~ 65°C)"
is higher, and "concentration of DR agent (stock concentration 500ppm ~ 1,000ppm)" is
higher, DR effect tends to increase.

Figure. 4 is a data of DR effect in the straight tube portion with stock concentration of
DR agent 1,179ppm and 500ppm, has to organize the DR effect by the pipe flow
velocity and temperature as a parameter. The DR effect is approximately up to 80%
where DR effects increase by an increase in flow speed and temperature. Although, at
the low concentration 500ppm, DR effect is greater at low flow rates range, if it exceeds
a certain limit in the high flow rate region, the rod-like micelles is destroyed in a

turbulence intensity and then DR effect is lost. Also in the joint portion of the curved
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portion, because of large turbulence intensity originally, DR effect can not be expected.
In addition, both of straight tube portion and the joint portion, for viscosity increase
due to DR agent additive, sometimes DR effect is negative at below 1m/sec of the low

flow rate region, where the viscous resistance becomes dominant.
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Figure 4 DR effect of straight pipe section

The DR effect is up to 80% in the straight pipe section, on the other hand, for the
effects of the resistance in the joint portion of and the resistance of the equipment inside
are dominant in DR effect of the entire piping system, overall DR effect is shown in
Figure 5. DR effect of the entire piping system will be determined by the ratio of the
DR effect of the straight pipe portion resistance to total resistance (corresponds to a

pump total lift).
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Figure 5 overall DR effect of piping system

Figure 6 shows the effect of DR additive to fin and tube type air/water heat exchangers
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which are used in air-conditioning fan coil unit. DR effect, because it is brought by the
turbulence suppression, cause a reduction in heat exchange efficiency if generated in the
heat exchanger tube. The heat exchange efficiency is hardly reduced because DR effect
is relatively small in the case of cold water, reduction in heat exchange efficiency due to
the relatively large DR effect is assumed to have occurred in the case of hot water. In
DR agent case study on our company's existing commercial building, reduction of heat
exchange efficiency is not observed for cold water heat exchanger.

However, decrease in heat exchange efficiency due to the DR effect in the internal heat
exchanger can not be simply assessed, because of dependence on the diameter of the
tube, the length of the straight pipe section, also the influence of the shape of the inner
wall. For applying the DR agent to specialized equipment which is different from the

commercial air-conditioning, it is expected to require more detailed examination and

verification.
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Figure 6 impact on the heat exchange efficiency of the fan coil unit

4. Input conditions of DR agent

Are shown below nine conditions (© ~ (®) is a study item at the time of the DR agent
input for the existing business building. Since @ ~ (3 is a necessary condition, it can
not be applied on as long as it does not meet this. ) ~ (® is not a necessary condition,
since the higher the initial cost and running cost, since the cost-effective worse, the
possibility that results as the input becomes unsuitable.

As for @, the circulation of the water is significantly inhibited by capturing the gas
bubbles into the circulation water, if it is an open circuit rather than a closed circuit. It

should not be applied on because there are cases in which bubbles are blown out from
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the expansion tank. For 2, when components such as iron and zinc of the circulating
water is at high concentrations, the expression of DR effect is interfered. In addition,
since surfactant component is adsorbed on the rust that is generated inside the pipe, and
is to peel off the rust which may inhibit the flow of the circulating water, DR agent can
not be introduced into the system piping where internal corrosion has progressed. For 3,
because the circulation amount of water due to the reduction of piping resistance
increases only by applying DR agent, the carrying energy of the pump is increased.
Therefore, it is essential to control or to adjust so as to be a proper flow rate by the

inverter or something.

- DR agent conditions for input (for the existing business building)

@ it is a closed circuit.

(@ water quality and piping internal corrosion is within the allowable range.

® it is a inverter control pump (or manual inverter adjustment).

® the flow rate is relatively fast in the system (more than 1.5m/sec).

(® resistance ratio at straight pipe section is a relatively large in the system.

® chilled water system or similer piping system (hot water system is unsuitable).

(@ no using rust inhibitor incompatible with the DR agent.

measurement environment (pressure, flow rate, the amount of power) are in place.

(® the pump has a mechanical seal.

5. Case example of DR agent introduction

We introduce the reality of DR effects and energy-saving effects based on the real case,
although it is not possible to state the magnitude of DR effects unconditionally, where
the air conditioning piping system has a variety of characteristics, such as the ratio of
the resistance for straight pipe section and the rest (resistance of internal joints and
equipment) depending on the design of the building equipment, difference of pipe flow
velocity, flow rate change throughout the year, and properties such as temperature.

Building as a target of case studies, which is the 20th floor above ground, in the total
floor area of about 50,000m® merchandise store building, is a DR agent application
example to a heat source water piping system (for water heat source package air
conditioning), where heat source water pump is a 15kW x 3units (parallel operation and

constant control of discharge pressure).
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In Figure 7, it 1s shown piping resistance curves, two of the upward curves showing
the measured result of the circulation flow and the pipe pressure loss of the input before
and after the DR agent of the building. At the rated flow rate at three pump operation
(circulation flow rate 100%), the piping pressure loss after turning-on (DR solution) has
been reduced by 13% compared to before (pure water). Reduction of the pipe pressure

loss, that is, the DR effect.
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Figure 7 actual measurement result of the circulation water and the pipe pressure loss

Figure 8 is a plot obtained by actually measured the power consumption and the
circulation flow rate, based on the measurement of the pressure and the flow rate of
input before and after shown in Figure 7, in a state after the appropriate control settings
change. Although, for the circulation flow rate less than 80m’/h, it was about 13% of the
energy-saving effect with one pump operation before and after, it was about 37% of the
energy saving effect together with operating unit reduction effect, for the circulation
flow rate around 100m’/h and since after applying DR solution operating pump units
became one. The energy-saving effect through the year is determined by whether how
much of the load flow rate change occurs in how much of the frequency, since

circulation flow rate is constantly changing in the actual operation.
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In Figure 9, the occurrence of each load flow rate (in every 10%) when the maximum
flow rate designed to be 100% are shown in the bar graph by a respective measurement
of one year before and after the introduction, in the case of the same building that was
introduced case above. Total operating time of year was a 5,475h, one pump operation
time after application was increased to 3,534h, where an operating time of the before
was a 2,776h, and 3 pumps operating time of the before was 557h was reduced to 37h
against. In other words, it can be seen a number of operating unit reduction coming

from the effect that the average number of operating units of the pump was decreased.
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Figure 9 pump operating time with each load flow rate of year time occurrence

When we estimate the power consumption of the year for each load flow from Figure 8
and Figure 9, it is Figure 10. From this result, the annual power consumption
72.8MWh/year before application, it becomes 52.2MWh/year after the application, and
energy-saving effect of the year was about 28%. In particular, it is read a large

energy-saving effect in the load flow rate ratio of 40% to 50%.
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Figure 10 annual power consumption of each load flow rate

6. Summary
This paper is assumed the DR agent application to the air conditioning piping for the
existing business building, the findings are summarized below.

(1) it is necessary to examine well the appropriateness of the target system before input.
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(See "Conditions for DR agent application @ ~ @")

(2) Energy saving effect can be easily obtained as the straight pipe section resistance
ratio is large. (See Figure 5)

(3) energy savings can be obtained for the first time by carrying out appropriate
pressure-flow rate adjustment.

(4) The proper pressure and flow rate adjustment is required overall engineering design
based on actual measurement.

(5) hot water system has a possibility that the heat exchange performance degradation
occurs. (See Figure 6)

(6) After application, the DR agent concentration management is important.

Nevertheless the auther’s understanding of the ILC is not sufficient, the challenges of
adopting the DR agent in this project are listed three below;

(1) Acquisition of basic characteristics data in the case of DR agent charged into a large
diameter pipe.

(2) Design of the resistance ratio of the straight pipe part and the optimum pipe size in
consideration of the energy-saving effect.

(3) Verification and its counter-measure to radio-activation of DR agent.
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High efficiency operation of Data Center

1. Introduction

(Osamu Takehisa, NTT facilities)

Data center that houses the computer and data communication equipment has become

an important infrastructure that is essential not only for the company but for the entire

society. However, power consumption of the data center is increasing year by year.

Figure 1 shows the amount of heat generated per rack of ICT equipment by the

investigation of ASHRAE. According to the 2012 the latest survey results, the amount

of heat generated by the ICT equipment is further increased, it has become a 40 ~

50k VA per rack with a maximum, and there is a prediction that extends to about 10-fold

in 2000 to 2020. Power consumption of the data center will consume the power of 5-10

times more compared to the same scale of the office building.
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(48] ASHRAE, Datacom Equipment Power Trends and Cooling Applications, 2005&2012.

Figure 1 calorific value trend of ICT equipment

More recent price hike of electricity prices is multiplied by the final blow, power cost

reduction has become the greatest challenge of data center business operations. (Figure

2)
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Figure 2 Changes in model electricity prices in TEPCO

The power consumption breakdown example of a data center by the Uptime Institute
and the McKinsey survey is shown in Figure 3 (The Uptime Institute, The Invisible
Crisis in the Data Center 2007). ICT equipment is 56%, the air-conditioning power is
33%, the power supply loss, lighting and others become 11%. To reduce power
consumption in this situation, the following three points are important. First, to improve
the air conditioning efficiency. Second, to improve the power conversion efficiency. The
third is to do optimization throughout total system including ICT equipment, air

conditioning, and the power supply system.
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Figure 3 power consumption breakdown example of a data center

In Figure 4, it shows the breakdown of the data center facilities investment. This is
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the average for conducted hearings on the data center operators by ourselves. It finds
that about 75 percent of the capital investment is being used to maintain the existing
data center (surveyed 38 companies in December 2012 implementation). The old data
centers faced many challenges, because they are unable to stop the service to the
equipment specification renewal, and can not be extended by the power capacity

shortage despite a space in the server room, etc.
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Figure 4 the capital investment breakdown of the data center

NTT Facilities will maximize the value of the data center from the multilateral point of
view, by a combination of technology that has supported the communication of Japan
and building and energy technology, and by solving the issues for reduction of power
costs and personnel expenses, equipment and buildings of aging measures, the issues
such as response to the scalability. In addition, we support cost reduction for electricity
charges and equipment of the data center, and provide a variety of solutions from the
power-saving products such as LED lighting, system development to realize the energy
saving, and to consulting, since the data center is to continue to operate a long time,
especially energy-saving and cost reduction becomes important. NTT Facilities has
carried out about 30% of the design and construction of the entire domestic data center,
in 2000 or later, there are building experience about 40 buildings of large-scale data
center of more than 5,000 square meters. Also, in addition to the 24 hours operation a
day and 365 days a year by the advanced systems that make full use of ICT, we have
maintenance staff of experienced professional, which is located across the country about

260 locations of maintenance bases, to deal with rapidly and eligibility at the time of
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trouble. Overseas, we have the local subsidiary in the United States West Coast and in
Beijing, the branch in Singapore, the partner construction company of the data center in
Thailand. There are consulting experience at about 120 sites in the world 30 countries,
the design, construction and O&M records in Singapore.

This time, focusing on the energy and cost savings from a variety of solutions, we
introduce the solutions for improving the power efficiency and improvement of the
air-conditioning efficiency. For the solution for air conditioning efficiency, airflow
control system for ICT equipment "aisle capping", smart air-conditioning control
system for the data center "Unified Cooling", introduction of efficiency improvement of
air-conditioning system by outside air use "indirect outdoor air cooling type of FMACS
hybrid", are introduced. For the solutions of power efficiency improvement,
high-voltage DC-current system for ICT equipment "HVDC (high voltage DC power
supply)" 1s introduced.

2. Solutions for improvement of the air-conditioning efficiency

There is different cause that is not able to efficient air conditioning in the actual data
center. As a typical example, the following three are mentioned. The first one, that cold
air to cool air for cooling is inhibited, and does not reach to the server. The recent years
of data center take the method which is often supplying the cold air from the double
floor in the double floor system, however, in the double floor, it has been laying the
cable to the ICT equipment, and is often stacked high. Also, the cables being made
replacement of ICT devices often can not be removed and buried in another cables. As a
result, when the replacement of ICT equipment is followed by cable is piled high, it has
often occurred that cold air to the ICT equipment is unable to supply. (Figure 5)

Figure 5 inhibition of airflow (cold)
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The second one, adverse heat effects to ICT equipment will occur, by the hot spot and
heat accumulation where required cold air can not be placed and the exhaust heat of ICT

devices are wrapped around (when it severe, server is down). (Figure 6)

Figure 6 inhibition of airflow (cold)

The third one, the server often become hot at the top, being made of good cooling in

the bottom, since it has about 2m height. (Figure 7)
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Figure 7 the upper and lower temperature difference at the suction surface

To eliminate hot spots, as a countermeasure 1, is a method of increasing the air
volume of the air conditioner cooling, however, energy saving as a whole can not be
achieved for sending cooling air flow more than necessary in other locations. As a
countermeasure 2, there is a method of lowering the set temperature of the air
conditioner, however, energy saving can not be achieved to lower the temperature in the

same or also required elsewhere. (Figure 8)
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Therefore, here we will introduce the solutions that lead to cost reduction and energy

saving.
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Figure 8 countermeasures for hot spot

2-1. Airflow control system for ICT apparatus "aisle capping"

The aisle capping, is an airflow control technology to realize the efficient air
conditioned environment and is a solution that can be both energy-saving and high
reliability in the data center, by partioning a rack passage by walls and roof, and by
separating physically the exhaust the (high-temperature) of the IT equipment from the
air supply (low-temperature) to the IT equipment. As energy saving effect as a feature,
by improving the supply air volume reduction and operational efficiency from the air
conditioner, the air conditioning power can be reduced up to 20 percent. In addition, by
eliminating the hot spot of the cold aisle, a good air conditioning environment can be
achieved. And it has a high seismic performance, mitigation of the supply temperature
rise in the event of a power failure. The top panel is removable and can be easily

maintained. (Figure 9) (Figure 10)
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Figure 10 Inhibition of airflow (cold)

Also, by calculating the pressure distribution under the floor tailored to the air
conditioner and underfloor availability, and by calculating the blow-off distribution
commensurate with the airflow in need or with heating value of the equipment, the
equipment necessary aperture ratio of the double floor panel and its deployment plan are
obtained for properly cooling, and it will be able to suppress the air volume of the air

conditioner. (Figure 11)
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Figure 11 porous double floor panels with different aperture ratio (aperture ratio: 0%
to 50%)

Then, by mounting the blank panel that blocks the hot air flowing through the gap in
the rack to the cold aisle to the place of not mounted server equipment in the rack, it is

possible to enhance the control efficiency of the aisle capping. (Figure 12)

Figure 12 inhibition of the air flow (cold air)

2-2. Data center for smart air-conditioning control system "Unified Cooling"

Since in large data centers scale power consumption increases, and for the air-cooled
package air conditioning system there is a possibility that can not be installed outdoor
unit to the outdoor space, there is a growing tendency for cold water use air
conditioning system is adopted. In chilled water use air conditioning system, there is
divided three functions, the chiller cooled the water (heat source system), a pump for
circulating the water (water-based), and air conditioner which performs cooling

installed in a server room. These chiller, pump, and air conditioner, it is often that
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consists of different manufacturers, it can not be cooperation operation between devices.
Therefore, cold water temperature and water supply pressure (water amount) of cold
water made by the chiller is operated at a constant set value assuming the maximum
cooling load, if the load is not a maximum value, such as a low operation rate of the
ICT device, it tend to consume power more than required and to decrease the efficiency.
Power consumption of the chiller pump accounted for 60% of the power consumption
of the entire water-cooled air conditioning system, energy conservation has become a
major issue. Therefore, Unified Cooling® is ever performs chiller and pump integrated
control that was operated at a constant set value, to reduce power by adjusting the
flexible settings. The dedicated developed controller, regardless of the building new
construction or old, unifies the information of chillers, pumps, and integrating
information of the air conditioner into BACnet which is a standard communication
protocol specifications of the BAS, and controls the settings of the chiller pump by
monitoring the operating temperature and humidity and air conditioners in the data
center. (Figure 13)
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Figure 13 Overview of the Unified Cooling®

In addition, Smart DASH collect the suction temperature data of ICT equipment, by
the wireless temperature sensor installed in the server rack and the server room,
individually automatically controls each of the air conditioners on the basis of the
analysis result of collected data. Until now adjustment of the temperature environment
has been done manually by a technician-operator, etc., Smart DASH has a learning
function, and precision of air-conditioning control is improved through the utilization of

a continuous operation, by dynamically respond to the amount of heat change generated
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by the server, achieve a higher energy efficiency optimum air. It is noted that the
air-conditioning control, wireless communication and BACNet, the communication
protocol, such as MODBUS are used. (Figure 14) (Figure 15)
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Figure 15 Benefits of Smart DASH

By these system, highly reliable and highly efficient integrated air conditioning control
can be achieved, and up to 30% power consumption of the chiller and pump can be
reduced. In addition, by combining the data center air conditioning automatic control
system SmartDASH® of our products, it is possible to make all energy saving for air
conditioners, chillers, pump, 2.5 times saving as compared in the case of use
SmartDASH® only, it will reduce power consumption up to 30 percent of the entire

system of air conditioning. (Figure 16)
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Figure 16 effect of reducing power consumption of the air conditioning system

2-3. High efficiency air conditioning system "indirect outdoor air cooling type FMACS
hybrid" through the use of outside air

Generally, direct outdoor air cooling method using low temperature ambient air
(Figure 17-1) has a case that it is necessary of humidity control to avoid corrosion of the
electrical circuit board due to impurities, such as outside air dust and sea salt particles,
and in accordance with air introduction amount. With clearing these challenges, we
have developed FMACS hybrid (Figure 18) as an indirect outdoor air cooling type air
conditioner suitable for data centers where high energy efficiency is required (Figure
17-2). This air conditioner comprises a compressor and a refrigerant pump, a less
indirect outdoor air cooling to reduce the influence of external air quality, and high
efficiency while ensuring high reliability and availability are realized. The compressor
is stopped in winter and in the interim period when the outside air temperature is low,
by performing the outside air cooling operation that circulates the coolant in the coolant
pump, operation efficiency is greatly improved, since the power consumption of the
coolant pump is much smaller than compressor used in a conventional air conditioner.
Using the present air conditioner, the annual power consumption and annual CO;
emissions related to the data center air conditioning are up to 54% reduction (estimated
result by the standard meteorological data of Sapporo) as compared to the general

computer room air conditioners.
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Figure 18 FMACS hybrid appearance

As a reference, for condition of the outside air environment of the location, possible
year time of direct outdoor air cooling at 24°C operation data center estimated from
meteorological data of each city, is 5,000hours in Sapporo, 3,500hours in Tokyo.
However, because it is necessary to adjust the humidity, it needs to be careful that it is

not all for energy-saving time. (Figure 19)
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Figure 19 estimated operation time of outdoor air cooling

3. Solutions for improvement of power efficiency

Power supply system, which has been utilized in the central telephone office as a
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reliable power supply, are deployed in the data center, in recent years, in consumer
electronics, also to distributed power supply, etc. Although previously mentioned, in
which the power consumption of the data center is expected to increase more and more
in the future, in the NTT Group, as part of the "DC power supply promotion of
initiatives policy", as a friendly power supply system to the global environment we are
promoting the further research of the DC power supply system. So, we will introduce

the solutions related to power efficiency improvement.

3-1. ICT equipment high-voltage DC system "HVDC (high voltage DC power supply)."

General ICT devices converts AC power into DC, and operates by further converts the
voltage. The ICT equipment in the data center is connected always via a UPS
(uninterruptible power supply). Also, since in the UPS the conversion of the AC/DC,
and the DC/AC performed, four times in total including conversion in the ICT
equipment takes place in the data center. In contrast communication system used in
NTT, by feeding the first from the DC 48V in order to reduce the power conversion to
twice, a mechanism to reduce the cause of energy loss or damage has been employed
for a long time. The company, applying this mechanism, in order to cope with recent
ICT devices large power consumption, has provided the HVDC power supply system
that enhances the voltage of the supply power to 380V since 2011. (Figure 20)
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Figure 20 large-capacity HVDC rectifier system

Compared with conventional UPS systems, by introducing the HVDC power supply

system, up to 20% energy saving and 40% space saving is achieved. Cost is also served
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at almost the same. (Figure 21)
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Figure 21 benefits of the high-voltage DC power supply

Mounting in a rack by the 2013, migration apparatus which can convert the voltage to
fit existing ICT equipment (AC100V/200V, DC48V) is also on sale, and is to improve
the flexibility of introduction for the spread of HVDC. On the other hand, we have been
also promoted movement towards international standards, ICT equipment
manufacturers to sell the HVDC-enabled products are gradually increasing. In addition,
such as there is also a movement to standardize the connector or plug of the power, it is

expected the spread in the future. (Figure 22) (Figure 23)
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Figure 22 Overview of HVDC power supply system
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Figure 23 migration devices, and HVDC outlet bar and power plug

As an example of an introduction effect of HVDC, in the system of Figure 24,
comparing HVDC power supply system efficiency with the AC power supply system, it
is improved by 11%, and there is a reduction of 108000kWh per year of power
consumption. As a result, about 1.3-million-yen reduction in electricity rates over the
years, and there is a reduction of CO, emissions by about 36.5t. This is equivalent to the
CO; absorption amount of forest 10.2ha (2.2 times Tokyo Dome area). (Since this
introduction example is one of the cases, at the time of the actual introduction system

configuration quantity, etc. are different, then result might be different.)
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Figure 24 System Comparison (Example)

Table 1 power consumption and comparison of electricity prices

IS AT L HVDC #ES A | RIIEES AT A 7=
VAN (UPS)

FEEEEDE (O 85.2 96.0 10.8 77 kWh
k Wh,4F)
FRIEXEe (55 10.7 12.0 130 5 M
M 4F)
R CO2 HEHE (t 289.7 326.2 36.5 t
/)

4. For the future

In recent years, we often hear DCIM as data center-related keywords (Data Center
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Infrastructure Management). Data center operators, by DCIM introduction, has the
advantage of energy conservation and cost reduction. The DCIM is integrated
management method for ICT equipment, power supply equipment, air-conditioning
system, the resources that make up the data center such as rack space etc., and for
facility management techniques to support the optimal operation of the data center. In
our company regarded the followings as "DCIM", that is, from the design, construction
and procurement, to operation, maintenance, and analysis, and the "management cycle"
itself, including the planning and consulting. From "Connecting", "Accumulate",
"Showing (the show)" various data to the "Use (to find customer value)", and further to
realization of the "Prediction", "Action", we have strength to realization of DCIM where

no other companies having, then we will further study and as able to offer.
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Smart Community
(Takahumi Shimokochi, Takenaka)

1) ILC and smart community

Although there is no clear definition against smart community, in the "Basic Energy
Plan" [1] of Japan, it is marked as "a certain scale of the community, while using a
distributed energy such as renewable energy and cogeneration, and building through
energy management systems that utilize technology such as IT and storage batteries,
comprehensively manage the energy demand in distributed energy systems, as well as
optimize the utilization of energy, a new social system incorporating also other life

In addition, Figure 1 is shown as an image [2].
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Figure 1 image of smart community [2]

In the ILC, about total floor area in the central campus and the experimental site
254,000m” of ground facilities have assumed, international science and technology
research sphere, such as shown in Figure 2, is envisaged [3]. Campus building with
smart community, town planning is an important point of view also in the ILC. We will
introduce a demonstration cases and building cases which Takenaka is doing in the

following.
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Figure 2 Deployment image of ILC international science and technology base to

construct a research area and District [3]

2) Energy management that utilize cloud

"Building communication system", information and control platform of building
equipment that was developed by Takenaka, is a system to capture the changes in the
building and out of the environment and information, to create the cooperation of the
building and "people" by lobbying to users, and to activate the activity of the "people"
and the "town".

"Building communication system", creates added-value such as the automation of
control to realize the energy saving and demand response and productivity improvement
by analysis and show of various sensor information, and aims the creation of convenient
and attractive space for the user.

In addition, not only the building itself, it is possible to centralize the information of
city block area, and to contribute to the rationalization of the various management, such
as optimization of energy in the area, the formation and activation of the area within the
community. Through this system, by cooperating people such as landowners, tenants,

visiter, the system operator, a sustainable area management can be build. (Figure 3)
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Figure 3 energy management that utilize cloud

3) Energy management by regional cooperation example: An Empirical Case Study in
Osaka Business Park
(1) work style that utilize a shared space

Building distributed workspace outside or the indoor of the building with less energy
consumption, the work styles free to choose space depending on the preference of
worker and comfort were realized. Also, by sending environment information and
congestion level in real time to match the indoor or outdoor preference of the worker,
the use of a variety of space to the worker was encouraged.

Thus, amount of moving to a distributed workspace is reduced the energy of the office
room, but also workers for performing the activities even outdoors without staying

office, the bustling of the city was created. (Figure 4)
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Figure 4 work style that utilizes a shared space

(2) Taking advantage of the EV in the region to demand response and BCP

For the realization of a low-carbon society, with a view to conversion to company’s car

to an electric vehicles (EV), and plug-in hybrid (PHV), we promote technology

demonstration project of power supply system utilizing a battery of EV-PHV.

We have developed a new energy management system that leads to energy load control

by EV-PHV and charging/discharging at the same time to EV-PHV, which are Japan's

first five EV-PHV. (Figure 5)
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Figure 5, taking advantage of the EV in the region to demand response and BCP
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4) three-dimensional urban Abeno-harukas [4]

"Abenobashi Terminal Building(Abeno-harukas)" is a building height of 300m that
contains the stations and department stores, office, hotel, museum, observatory, such as
a variety of applications, as shown in Figure 6. It aims to "energy-saving

three-dimensional city", and various technologies have been applied.

Building Overview

Address Abeno-ku, Osaka Abenosuji 1-1-43
Applications Station, department stores, office, hotel,
museum, observatory

Site area of approximately 28,700m*

Total floor area of 353,000m2

Height above ground 300m

Floor BS5F - 60F - PIF

Structure steel reinforced concrete, steel frame
Owner Kintetsu Corporation

Design and supervision Takenaka Corporation

Construction  Takenaka JV

Figure 6 building outline and appearance

(1) using the natural energy ventilation and lighting system: Eco-void
Void provided in the building each place, it becomes a light and for air passage, are in

gently connecting the external and internal. (Figure 7)

VOIDI hotels Void
«Hotel daytime and night»

In the four seasons, it leads a comfortable outside of the air in the spring and autumn to
Eco-void. Air that has passed through the void flows gently to the hotel hallway. Air in

the void is deprived corridor heat, and is exhausted from the top.
VOID?2 office Void
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«Office daytime and night »

Comfortable outside of the air in the first half, gently flowing to the office, such as
refresh corner through the void.
«Office night»

To introduce the night of cool air to the office, to cool the offices by night purge, to
reduce the air conditioning energy for the next day.
VOID3 department store Void
«Department store daytime and night»

There are a lot of air, which is air conditioning in the department store where people
gather many. Through the void without discarded as it is reused to cool the machine
room.

«Department store night»
Department store cooling is required even in winter, in a night of cool air, cool the

precursor enough by night purge, to reduce air conditioning energy for the next day.

(2) Comfort and energy saving and space by two glass: double skin

By the glass curtain wall for the outer wall of the building, a great view has spread. A
double skin structure by the float laminated glass and Low-e double-glazed glass, we
have adopted the air flow window system that does not leak the outside of the heat into
the room. A high heat insulating shade is installed between the glass and the glass,

thereby reducing the air conditioning load. (Figure 8)

102



3742914 F

2l

|
|
35°C |\j O—ARYY)—RRY)

28°C

Za—rHDA

AT IWAF Wl

Figure 7 Eco-void Figure 8 double-skin structure

(3) Power generation utilizing the garbage generated in the building: biogas power
generation

From garbage such as department stores and hotels, a bio-gas as a fuel is produced. As
well as reduce the amount of waste discharged outside of the building to 0, the
generated biogas is used, such as in power generation and hot water as a fuel.

It was introduced a state-of-the-art energy-saving technology that make the biogas
power generation by using the garbage generated in the hotel and department store

restaurant, for the first time in high-rise buildings in Japan. (Figure 9)
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Figure 9 biogas power generation
(4) Energy saving in the comfortable office lighting: toning-dimming LED lighting
In Abeno-harukas Building, it is an important theme to be a comfortable for people
while achieving energy saving. Depending on the season and time of day, it captures the
natural light well, to illuminate gently with LED lighting (toning-dimming). In energy
saving, in fact we are aiming to expand the pleasant "new comfortable area". (Figure

10)
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Figure 10 toning-dimming LED lighting

(5) High-efficiency energy system

By a combination of equipments with small environment load of high efficiency, we
are building an energy system that can be friendly to the redundancy and safety relief
and excellent maintainability in a space-saving. When there is a room and transportation
benefits, we performs heat interchange to aged existing heat source. Others, a
high-efficiency heat pumps which collect cooling exhaust heat and biogas generation
equipment for heat recovery were installed. To reduce the valuable energy such as

electricity and gas, we utilize natural energy, such as ambient air. (Figure 11)

104



(6) Energy saving promotion system by making the energy visible: A-EMS

In the case of motor vehicles, we check the speedometer, then operate the brake.
Similarly, in the case of the building, there is a need for energy meter. The A-EMS, is a
system making energy visible, and making everyone involved for performing
management of participants. By interact with it, we are aiming to continue a reducing of

CO; activities and reducing waste of energy. (Figure 12)
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Figure 11 highly efficient energy system
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(7) Leveling of energy load using the store-hours difference: peak cut
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The hotel at night, the office on weekdays at day, department stores on holiday use a

lot of energy. The leveling of energy load using business time difference, contributing to

energy conservation. (Figure 13)
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Figure 13 Leveling of energy load

(8) The energy conservation by heat exchange between applications: area heat recovery
Because a lot of people gather in the department store, cooling is required throughout
the year. The exhaust heat for the cooling has also used for hot water supply of hotel

rooms. The efficiency of energy by the exchange of heat between the area, contributing

to energy conservation. (Figure 14)

Figure 14 Area heat recovery

5) Summary
For smart communities, various initiatives are mentioned, demonstrated cases have

also been reported. Here, we introduced the "Abenobashi Terminal Building
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(Abeno-harukas)", as a demonstration cases and building cases in Osaka Business Park.
In order to be inclusive green ILC of not only laboratory equipment and facilities, but
around the facility, even in the ILC of the campus building and town planning, these

systems and the technology might be made to the reference.

Reference

[1] http://www.enecho.meti.go.jp/category/others/basic_plan/pdf/140411.pdf

[2] http://www.meti.go.jp/policy/energy environment/smart community/doc/smartcommu.pdf
[3] http://lcdev.kek.jp/LCoffice/OfficeAdmin/Test/images/KEK Report2013_5.pdf

[4] http://www.abeno.project-takenaka.com/
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5 Energy recovery, Energy storage,

Energy control of Accelerator

Energy Recovery from ILC beam dump
(Junpei Fujimoto, KEK)
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KEK

01/07/2014
AAA Green-ILC
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Requirements from Physics Exp. 1. A0OMWISE ESTHRILE—A B,
« Basic requirements EURATERIE, LYT—
- Luminosity Judt =500 151in 4 years

sCn

E stability and precision: <0.1%

Electron polarization: > 80%
Extension capability

Eneray uparade: 500 > 1.000 Gev
e

o

T o e Q-
e [cTRicg~Ece]
loss rate <«— OZDOHELERS
Infrastructure : 50 MW 50 % :25 MW
RF System : 70 MW 50 % :35 MW
Cryogenics : 70 MW 90 % : 60 MW

100%:10MW «— CZEERD

Organis K

HioN Enere or Researct

I~

2. Water beam dump designed in TDR

Chaptar . Besm Divery Systm and Machine Dusncor Intrfce

‘Boam dumps and Collimators ]

8.8.1 _ Main Dumps

The beam-delivery system contains two tune-up dumps and two main beam dumps. These four
dumps are alldesigned for 2 peak beam power at nominal parameters of 18 MW at 500 Ge per beam,
which Is also adequate for the 14 MW beam power of the 1TeV upgrade. The dumps consist of
1.8m-diameter cylindrical stainless-steel high-pressure (10 bar) water vessels with 3 30 cm diameter,
30cm OEET. 1 mm-thick Ti window and also Include their shielding and assoclated water systems (Fig. 8.15). The
Imm kTR o en 188] is based on the SLAC 2.2MW water dump 189, 190]

ODFVTVATL
10 REDKELY

Figuro 8.15.
Temperature disu-

dump just afer
of the beam tain (left)
(The geomeury of

i kelvin; the assc
mum temperature s asvc
155°C [191] asxc
arc
arc

wator s awe

28
BT RCcA Mo Research

:

er-University Research Insitt

KT AT LIZEITHKRE
TESLA

¢ 30°C

DESY, February 2001, TESLA Report 2001-04

General Cooling Water
Concept of the High Power ¢* Beam Dumps
for

W. Bialowons, M. Maslov, M. Schmitz, V. Sytchev

+ 70°C DRKDFOND.

4

o SIS ITRILF—[EURD
AR HY

I~

A.3 Schematic Layout of Water Beam Dump

f exhaust / chimney

general
cooling water
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containment shielding j
L
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Based on “Another idea of a LC dump”
by Albrecht Leuschner 16/09/2003

1000mIZ R ARSHBHE
FIVIAVHADINAT
B F—

AT OEER

WHIKE

Albrecht Leuschner

400 GeVD BFH#AFILIzEEDIRILT—2F

radius [cm]

2000
length [m]

22E-04 10604 10E-05 10E-06 106-07 10E-08 10E-09 10E-10 10E-11 10E-12 10E-13 90E-19
Energy Density [GeV/em?]

B~ 4 KE|
 icd

Y Recelerator Reseorch Organization

AT -5EAT

RS 0m 1000 m
BISHHBEN 10 bar static, 0.5 bar dyn. 1 bar static, 0.01 bar dyn
BOEE 30cm 8cm

KFEHRDERK S Several liter/sec @ 20 MW no

4TSAIRBRE VT RT L

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

Collective deceleration: Toward a compact beam dump

H-C. Wa,' T. Tajima,'? D. Habs,"* A. W. Chao," and J. Meyu mn-Vehn‘
) e lonch nsin fir Quntecpi, D4574 Garci, G
Fakuli fir Physih, L, Mimilans-Universi Minhen, D-$5343 Garehing, Germany
3SLAC National Accelrator Cener Sanjond Universiy, tanford, Calforia 94309, USA
(Received 10 December 2009: published § October 2010)

Bethe-Bloch formula for stopping power in material

= (dE/dx); = (F/BH)[In@m.y*v*/1) = B2} (1)

where E is the electron Kkinetic energy, F =
dme'n,,,/mc* = ezkf,,,,,,. n,,, is the electron density in
the stopping material, kpe,m = @ pem/c is the plasma wave
number, and B = v/c is the normalized electron velocity.

The collective stopping power for wakefield deceleration
of the electron bunch is large;

— (dE/dX)cqii-wave treak = MeC@pe(ny/m,).  (5)

Equation (5) is exact for the resonant excitation of a wake-
field with bunch length o,/A,, = 0.5, transverse size
or/Ape = 0.3, and modest density ratio n,/n, <10

where A, is the plasma wavelength of the background
plasma with density n,, n,is the bunch density.

For a long beam /A, 3> 1, the stopping power
decreases exponentially with the factor k.0, X
exp(—k%.07/2). For a narrow beam o7/A, < 1, the
stopping power decreases with the factor kf,,trz,.

TIXIMBIE NS DT RILF—EURD AT §E

FRICTIL. “in principle, the energies from the
decelerated beams deposited in the form of
organized plasma wakefield may be recovered into
electricity.” LD H 5.

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

“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.”

/Ay =% BDT o =7 c/w,, & n, = Ny/logo?) %,
2T N AL FHOBT BHEDT.

= (dE/dX) oy p1-wave breai |G€V/em] = 5.74 X N, /oz#leml]
R,

Lyymplm] = 1.7 x10% 0,%/N, E[GeV], w/ o7 > 0.6 0,

ILCTIE. #hEFh. N,=2x101, E=500 GeViED T,

Lgymylm] = 4.3 X105 07[cm]

=130 m w/ 0;,=300um, o0p=0.6X0;,=180xm
=10 m w/ op= 50um, 0,=0,/0.6 = 83um

<1000 m

6. FEDERE

+ TDRTDKF VT RTFLIFELE/BSNATNT, ¥
Sal—iavdk{ShTlV%,
s LUTOEETREANHIIELEHNOTVD,

(1) H0REDFE VTR
(2) RETBHKFEHRDOHEE
(3) 70°C MBKMNB{LND,
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s HREVTETIE.
(D) 1IKRETEVD T, FTROMERIREEARLY
(2) KFH ZADFEMEL

.

Green-ILC, DE AN D, TSXATFEL VTV AT L

(3) @EAELY. (1000m O 4 FLTLRT L) EERTHLEBHRDHD,

o ISATBEL L TVRT L o =12 ILCD ESHMEVE —A TR DIRIEL DL
(1) > T BT ERIE> AL £
(2)KFEH ZDREHIL - FIZIE, BRRDBE. /iyizyjy‘y*f—ﬁg"&
B)HREVTELYIE. EL lh?jiz7jlﬁi$9‘>j(:ﬁbf:lf—Aﬁﬂﬁli_f
(5) BATH L X —EIRO AR5 g r = DT RBRAHLAT,

* Green-ILCOERMBIE, EDVRTLIZE>TI R
L —RBIURMNHEMIZITZ DO HE,
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Status of charged particle acceleration and deceleration by
Plasma
(Mituhiro Yoshida, KEK)

TS5ARIZK DR EHFDINE-
RICEHTHHEDEHRK

FEOEAAA J)—-ILCWG B E
2015.02.18
HH HER (KEK)

Novel Accelerator
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x &R

@F5X% E= ZS—VVV~,-¢W I\E/:{Tiim;mﬁ
OB e

. A

or EWMIRLX—Z LTS

EE A CTRENHTWSHFMELSRK

S X T AE(LWFA) u—&‘—ﬁ«;gﬁ;m;z

hilE % :

$ A 0-2% E—LREmELS
FEIRM OB MRS : THz QEDEL vl BEARMEDWA) wg)v;fz %fihi (PWFA)
- HEEDGHBMEA - BEHCu: Q~10,000 prive feam N
S 20GHZELE DB R RiEAEL - HBEEND . Q~101 LALER<40MV/m Acceleration beam__ Aceeleraion
-100 fs BEORE/ILRE -BERE : Q~10°
FXT o BRI L HE MR T ROREORET— —
L——ER L—H — BRI L ELGEL Heskon b
EFE—LEEE SLAC/KEK % T o] &ttt 5 5 T IE O 5
BBFE—LERH CERN/J-PARC#H T fE—/ \UF EMEHRIRE
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« NUFEMEIZE 4w

Most of intense Iaser facilities worldwide are
for R&D on laser-plasma-based acceleration
as the next generation particle and radiation sources

O~ Intense g/ 95, 9, 664-2010)

sl ‘..;
® Laser Wake Expts fectron Wake Expts -+ Wake Expts
LPARSD hhute rom Tor Raubenhelmer (SLAC), 5th ARC2008 [ T —

o L—H—=FSXTME HRMIC 5&0)¥RLL\E§£7§\E;&¢
— 30fs #2E T 1 PW &LV3Thales D
— 500fs #2ET 1PW DA R (EARYEL)

o E—LEEBOEBEERMNE : SLAC/FACET AME— D KB fEE%

IRLF—ENDBE
-L—H—: CPA(?’«—j/(IWJ!'ﬁ)fh

-E—L : frtaEER el o
IRILF— IRJLF— THRJLF—
ERE—ETRETSOT
—— THLF—EERELAEL
—t ERSENUFIS DAL
TDNUF:
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BBFE— L] 60mm (200ps)

RLAVFRAEBT HI<E
20fEDTHRILF—EAYHRLE
HEFTH R

VT AUETIRNF—

RZEZ (T 1578 O & & B0 EEOREE

THz DTS X RE) <L 2 i
o EARTSXIDBEN?
- BHER(L—Y ) ZHREO TETHBOERAFETERN
- E—LLBRMRIICADEERMOE —LICTRLF—EEE L
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Laser pulse/
o & Em _\ Particle beam
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- FEBF-BFAAUFOI—OUH

NISXTBFEHR,
TSAIAADETRNTEFESIERT,
TIXTRHAEED — COTSXRBOEREA THz

IRILF—REEBR
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6/12GHz  13GHz  5THz(SOfs)  STHz(SOfs)  ? Thz (i)
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IARLHF— =40MW  =300kW =23GeVX3nC = 450GeV X 30nC
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=7GeV X 5nC = 7TeV X 20nC
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K.Lotoy, AFAD-2013 (Novosibirsk), 25.02.2013

Second key idea: multi-bunch wakefield excitation

i Single bunch:

( ( ‘l 2 LHC beam: o, = 7.6cm,  energy spread = 0.01%

3 Conservation of phase volume: energy spread = 7.6% = 500 GeV
I : for 7 TeV beam compressed to 0.1 mm —

o ILC-scale compression section may be too expensive...

Bunch train:
For 1y = 10'S cm™ , the length of the 10 bunch train is 1 cm.
The required correlated energy spread is

0.076% * 2 (we use 2¢7,) * 4 (for bunching) = 0.6% = 42 GeV/

Self-modulating beam (cheap and easy):

No compressor, no chopper, just et the plasma to modulate the beam
via the transverse two-stream instabilty:

modulation of the beam radius produces modulation of the
(de)focusing force, which further changes beam radius etc.

\

ﬂhuwuznr. RS> K.Lotoy, AFAD-2013 (Novosibirsk), 25.02.2013

Road to the experimental test

i AWAKE collaboration (>60 physicists from ~25 instiutes) aimed at experiments with 400 GeV proton
£ beam of SPS synchrotron (CERN), now at conceptual & technical design stage.

KEKE & DB
(FY2011 D> D SEENIRR)

L—H—TS5 Xk
*L—H—BER(RALY)

* L—H—BA%
*TSAIF o1 ILDEF
FEAME

EFIERICEHE—L
EEEBTH T I8—N—F—(BmE)
SRBIENUFIEM ~50fs RRISAIFvoRIL

SRy
5 GV/mX 20em = 1GeV

oY o

al)xi(mappmm) STWX 100fs= 05I% 10Hz
“BAFEP(YD:YAG) : S0TW X 200fs = 10 ] X 50Hz

L—H—T5XIMEDH TREMBEIEI &Y T T4 —REERBET.
TSXTEMOBE NS ERETSIXT

© RER 1 ~10) REOL—F—

+ R0 LDAEEA

FHIZRE (I$)b=\'—'—AE/E<O 1%) CTRENVFOBFE—L
— L—¥—F5XIMEOBE, BEF

E—L/L—Y—EERBRIFR
T After burner / Staging DB H

Experimental
Area

o=l ps, q>5nC, ex,y <20 mm+mrad

Total length ~300m” => 9 GeV

LY —EREFHICKIE—LMBMEDRELLR L
s L—H—BHE AL HE— LSO
- ARKRERALEZEF/ N\ F OB EME

J-ARC:
Isochronous
- Achromatic

E—L-L—Y—HEERIKTOT 78— /\—F—FiERR

6,=10 ps, q>5nC, ex,y < 20 mm-mrad

~afew 100 fs )

e e = i e Total length_"400m =2 78V, . ; Gey, snc
X,y = 35um (B~1m)
/100fs = 350 TW

" dlpe)

8BNS 3

B I e N e R e HEN e RN ey M e I

1GeV=40m (8 V54 AkOY) : ~20{8M
<1im

L—H—T5XIME o
L—4%—:10) ~5{8M -

High density electron beam in KEK LINAC
Injection for the SuperKEKB (5nC, 7GeV)
Ultra high field experiment

— Beam driven accelerator (DWA, PWFA)
— Injector for laser plasma accelerator (After burner)

Photon generation

D

Low emittance ( < 10 mm mrad )

Advanced
High charge (> 5 nC) RF-Gun
Short bunch length (fs)
4-stage bunch compression
—> Bunch shape control / precise syncronization

LCLS Injector
( Y = AR

FACET at SLAC
Two stage bunch compression. .

Bunch Comorgssors . b
(o8 o]

North Damping
g Positron Sokce 7 TE ’

ostion Retum Line |

At FFTé experiment : Gradlem PWFA(>30GV/m), DWA(>16GV/m).

\ \——l — . LCLS ) :

Qf thae \ { \ |
FACET Sockor 0 sokor20 s |

S SN 0.4ps 23GeV.3nC N K

1.19 GeV 06z=14um=50 fs <. e
o6z=5.5mm=18 ps ox,y = 10 um
€x,y=50 x 5 mm*mrad

Total acceleration voltage : > a few 10 GeV.
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8 GeV LINAC Third Switch Yard

KEKB
(continuous inj.)

8 GeV LINAC

/ '
PF (top up)
1

hird Switch Yard

Experimental area for laser plasma after burner

7 GeV, 350TW beam

[

]

Ti:Sapphire Laser
7 TW => 100TW(future)

Compressor under installation
Vacuum chamber

BZRAYFV—RERE
o LIRTKE > BEKkOEERIIHR

Ti:Sapphire Laser from U-Tokyo Uesaka-lab for Phase-1
THALES -10 + Oss'llla_a,tor

300mJ/40fs = 7 TW at present |
=> 25 TW (upgrade compressor and Nd:YAG pump) in FY2014
=>??? TW (Nd:Glass pump)

PHYSICAL REVIEW LETTERS
v 1o

Ex. DWA

13.8 + 0.7 GV /m. ] Fused stcn iz ran

Single-wall DWA:

® Mode wavelengths
4(b-
A= M\/E—l =0.7mm
n

® Peak decelerating field

- 2
a=0.1mn eE, .~ ——2IME 3GV /m(o, =0.1ps)
b=0.324mm a[ 8—"]56, +a}

o
£=30(5i0,)

*Transformer ratio
g=5nC

o =30um(0.1ps)

DWA test plan at 40 MeV LINAC &
Achromatic ARC bunch compressor (AIST)

M

150 fs, 50um bunch size
=>3 GV/m is expected.

0.2mm diameter ceramic pipe

ERmTo DWA DFER

7 | A
-

o JEERRUESEIC & D THZ RO ERAI
c E-LDREESHRORE
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THz FE AR

+ THz TOFBIRME
— 10mJ (1.2THz) LIRFTHOIERE O 100) (12GHz) HREICHEBE
— BRRE TH (VT WA~ (D)L > BEAF EFE
> FYXLASTER

Microchip
Laser Parametric THz $8 4
(GFH (WA ER/FEHB)

Low density and long
plasma waveguide
for LWFA afterburner experiment

Possible experimental region for LWFA

r,=100um, Elaser = 1J, 20J, 1kJ

e

10000
Standard LWFA E——— —
experiments 100 I hase-1 E——
P
Phase-2 - e
Phase-3
100 To0es
g g); 1K Phase-3(2019) s
% o Ph: {) YD:YAG - o
§ "\.,< //m X 20cm=1GeV -
i 20)
1 Joeea
PhaEa (2015 o M\:oo;‘ 00 w0 00 %0 K
1GV/m X 2cm=20MeV ogetz
Ti o1 -
Tj:Sapphire
(already installed) i yb-v;:;‘“ 1o
by A »Cryogeni:
001 ¥ d 100
OPCPA P Yb:YAG

Plasma waveguide

* Gas filled capillary with electric discharge :
— Slow mode (Simon’s method)
Simmer Discharging (100s)
=> 200~300A, afew 100 ns
Capillary diameter = 200-500um
— Fast Z-Pinch mode (Hosokai’s idea)
1kA, 10ns
Capillary diameter = 1mm

=> Pulsed HV power supply for both mode is required.

Preliminary test for
Electric Discharging Plasma Channel

Photoconductive switch for Fast Z-Pinch

ansic

Ypterm optical Bandgaplev) w1 22
Winsandng@V/em) 20 30 20 300
Dark current(Qcm) 2x10° 2x10° 36%x107 10V
Mobility(cm?/Vs) 6000 1350 6500 300
Themalcnduciviy 055 140 07 43

o (W/em/K)

Metal

Semiconductor

Metal

Laser development
toward high energy sub-picosecond
LWFA afterburner experiment

N vevAQ

Laser development in KEK, ==~ =~ == ==

20us  90us
o5

s e
Wan  stem st

lsn 2w 20w
ey 108 o o

= ‘ Use commercial product & upgrade.
500 mJ / 40fs = 12 TW

- To 1/ (Transmission Grating)

- ?J (Nd:Glass pump)

Ti-Sapphire

e
GRCPA" | 1 Uitrabroadband laser |
1 for electron injector 1

Superconitnuum
broadning

High efficiency
80KW pump => 20J/200fs

~40%, X 4 units
Using at electron gun [ =1035nm
-51/100fs

Yb-Fiber

- Broadband
Oscillator Pump Amplifier
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Upgrade of Ti:Sapphire Laser
* New compressor using transmission grating

Cryogenic Yb:YAG DPSS Pump
— 1.5 inch Yb:YAG disk

Cryogenic Yb:YAG
* Improvement of thermal and emission property
(Thermal lens effect) (Excitation density)

1KW/em2

Tompersture ()

— SW/om
10 W/m/K , dn/dT = 8ppm/K @ 300K

25W/m/K, dn/dT = 3ppm/K @ 150K
/M150K 1/6 Thermal lens

Pertier @
300K

30kW/cm?
— 150K Yb:YAG with He-gas cooling _—
ng ~ 40 _ 360kW Same gain @ l/j excitation density = [
- 150K => 1/20 th " 7o= 130, 190 ) 250 310
_ 10]/m0du|e > ermal lens iggi P/Ii; gix;([g;z‘!‘] 2 Temperature [K]
Yb Fiber + Yb:YAG Disk Lar sytem X’T:)l—)l/(FYZOII-ZOIS)
. " T e —

7** \‘ | l’

Main Fiber Amplifier
with 70W pumping LD
and Pulse Picker

Regen E 5 kW pump
Pre Amp : 10 kW pump
Main Amp : 80 kW pump

E

- o = =)
. RT:

- JTLMPRIRIEMSE

- L2TWL—H—B (RREOHFAHR+EK)
o HEfTHR:

- L—¥—Dils

© BHEYDTARIL—HF—BIF (>10)

. BARITL—TOTITkBALT LYY —
- REHTSXIF o2 ILBIR
- FI8—I\—F—DFHi

Plasma Beam Damp
for ILC

Plasma Damp

* 250 GeV DE—LZEH10m THRET S

s BUTITBHF BB IRIINT—S a4V DER
Mz

s ISARDIRILF—ZEEIRTS?

Collective stopping power
(E—4ah s [PHHO T 2L F—)

_ (4 - ™
dz CWB_mecwpe Ne

H.C-. Wu, et al, PR-STAB, 13, 101303 (2010).

1/2
Me ; TroHR C i Wpe = (47mzng/mg) 4 i BT 5K < M
=5.64 x 10'n/? rad/s
e , WIMBTOMENE ny =~ Nof (0L0%): v 7 Osr
Ny svrporss, OL ; svsk, OT ; Av70H
g L] 5
Yy 20 ® Hfxs 1 0B
kol
o, orwpe 1 A-,,H,,m,(, 5 ) TAERD
Sl L= pe =
Ape 2mc 2 S0 77 1 DA 2 4>
@ yusvr Tl oA,
me. Z>o03 ™ 19 ’ Ape ”
e n.

kot e <%

Collective stopping power®D i HE
stopping power® =, & LG D KA 5
dE 9 g1 (T
= (H)cws [eV/em] = 0.96n2/2 [em 9] ("J’)

N

—58x107
a7 [em]

Lgumyp [m] = 1.7 x 10

2
8 ”T]\[fm] Ep [GeV]

b
@\L. or > 060 ¢ or>19x107%/Nyoy
ILC Ny=2x10° E;=500GeV

Laump [m] ~ 4.3 x 10502 [cm]

or > 0.33 /0L , 0 <or <0.25cm (8.3ps)
0.6\/o , o, > 0.25cm
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NOFHARXEINEK
Lgymp [m] ~ 4.3 x 10562 [cm]

RE%Z10mIZF B2l or =~ 50um
oy, = 3or ~ 150pm
(510fs)
TSRARDEFHRELNHAKESFOEEL.
ne = 3.1 x 10¥%cm 3
P (RT) = 0.1mbar — Hy

ILCTOD/N\UFEMRED AR
s BREBEODIRILTF—DH:
N%
s BREIKZEROAE TIEATEE
o TSRXTIELSBRYIRLIETTHE
* DWAFE=[E TS X HEIZ &Y HE
> 7—UTREME > T3RXTHEE

TSRXET
=

DWA or Plasma 7=2
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Utilization of Stored Energy in Iron
(Kenji Hosoyama, KEK)
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HEKDERMEDLLE

Heat Capacity of Water
Cce= 42 Jfec/C
i x* c =42 Kk/L/C
Cos = 42 MYm¥/°C
AE=mxCpxAT
=8000 kg
X 0.1 keal/kg/°C
X500 °C
x4.2k )/ keal
AT =500 °C =1680000 kJ AT =100°C
=1.68G)

Energy required to rise the temperature 1°C
Specific Heat Cp ~ 1/10 keal/kg/°C of 1 m? water
Density p ~8 kel ey
Heat Capacity per Volume Cv Energy required to rise the temperature 1°C
of 1m?iron
¢ = xp

E=0.8x42MI=~34M)

Heat Capacity of Iron/volume

Energy required to rise the temperature 500 °C

= 0.8 x Heat Capacity of Water "
of 1 m?iron

Weight = 8ton Very Heavy R T
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(SMES: Superconducting Magnet Energy Storage)

+ Stored Magnetic Energy E
E=1/pox B2 x V =10/(47) B2x V [MJ] E=%L

Case 1: B=5T,(V=1m3)

E=20MJ)
Case 2: B=10T (V=1m?)
E=80MJ

« Stored energy of LHC
15 GJ (including Detector magnets)
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Power-line storage system and Green-1LC

(Hajime Sakuma, NEC)

Empanerea ynvovnon (NJIEQC

FMABBATLE
J)-ILC

20145128108
NEC R?—-hIRNF-EIRRI=Vb
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History of Lithium-lon Battery

Demand technology 1996 ® Mangancso serics lihium-ion rechargeable battory (Word firer)
development 2 ®) Laminated lithium-ion rechargeabie battery

G A 5 s
primary products == siorage sysiom
o +J
\\ < Residential Storag /:
Va ‘ .l» =N 00
N a 3 \ S Y-

hy Mo Grid Storago
[T e ——

NEC Confidential [T

Energy Storage Systems

Enel, TEPCO (Tokyo), YSCP (Yokohama Smart Cty Project)
| From small size in consumer market to middle-larger in Industrial market
For the supply side

For the demand side

Power Communication (base | _ Building, commercial
ansmissiondistibuton facilties LSS
Apploaton upNaturalenergy ntegraton backp S B
System size |1 MWh~ 150 MWh

1 kWh~15 kWh

10 kWh~50 kWh | 10 kWh~300 kWh

i

5.5kWh

2MWh (Enel), 250KWh (YSCP, TEPCO)

Sl |
0.25~ 1.5kWh

50 kWh (YSCP)

L e NEC Confidentia

ervmvesaty msson NJEC

YSCP* Storage System Field Test

| Battery & Charger Integration System (BCIS) was developed in
cooperation with JX Nippon Oil & Energy Corp.

| LiB ESS based charger allows us to shorten charging time and to cut
peak-power.

Energy storage syste

YSCP*: Yokohama Smart City Project S5 : Service Station

L Spages

NEC Confidential [T

12UFPEneltt AT RIKAETE AT L

| m% : Enel Distribuzione (Enel/—70ERBE4)

| ®EBR  WAEUT ASTVPH FT7I/ULEBRR

| »274 : A 2MVA. BR 2MWh (201452 TH-RN
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|| NEC Energy Solutionsd#&

NEC Confidential [ — T

NEC Energy Solutions® %

| 2014558 16H. NEC Energy Solutionsh BB 4.

| IBA123 Energy Solutionsh7t b % ERAL-RKk AT EBHERK
ZRDEL, RERATOEBERGMBTE.

IO-NVERIERFELEIC. BARAREICOHA TS,

[y | = o
RELEASE

Press Release - For immediate use May 16,2014
NEC Press Contacts (Japan)

NEC establishes world-class grid energy solutions and
commercial energy systems business, NEC Energy Solutions

NEC Confidential Pn—— = -
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NEC Energy Solutions History

- NEC
,M“J.‘E"j:?m NEC ENERGY SOLUTIONS

Pt otaatznd R G55
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i matmegmt o €3G baghs i

23 Sptoms saisran ST R ey

Pack & System Group n eompleted, calad G5 Solutions

etk syt .

AN 127 Ganrst

2006 2007 2008 2009 2010 2011 2012 2013 2014

4 000x4av Frst b 20309 L0
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About NEC Energy Solutions

Advanced Energy Storage

HR GSS™ for high LD GSS™ for long
power applications duration applications|

Standard Battery Products

Configure-to-Ordor and OEM Batteries

» Increase grid rellabilty » Improve performance
» Enablo Wind and Solar » Lighter weight

~ Lower
over lead acid

(e sy NIEC

NEC Energy Solutions Locations

| Westborough, Massachusetts: Headquarters
o Includ

Test, Jos and Marketing, Product Manufacturing
Operations, and Administration

1St Louis, Missouri: Software Development
1 Suzhou, China: Supply Chain

| Tokyo, Japan and Rome, ltaly: Sales Offices with future engineering support and installation services

g

ES

[\ - —— NEC

Modular Building Block Architecture

Validated modules for economies of scale and rapid deployment

b B ) m

(=] I oo s
\ LDGSS™

HR GSS™

[ ety NIEC

GSs™

An Integrated System
| The GSS™ is a fully integrated, turnkey energy storage plant ready to
interconnect to the grid
Designed and manufactured by NEC Energy Solutions, and includes
® Rack-integrated energy storage with BMS and controls hardware
. (standard but custom possible)
® Power conversion hardware (inverters)

® Command and control software suite

® Configured to order from factory assembled & tested standard modular components

ilding-based SMW,
32MWh GsS
-

N s NIEC

GSs™

Three major functional components

(Grid Battery System ) Power Conversion System

Gss™ Operator
P Lt S = N
/ AEROS™ Controls \
[ 1
Lim ] 1
/ - :
GBS™ :
1
l
1

)

Cooling.

L ey NIEC

Flexible Product Architecture

Flexibility in Power: Flexibility in Energy: Scalabilit

Choose PCS Size

Select Number of Racks

Add Grid Battery Systems

(i

[ES————NT

Containerized: LD GBS™

Standard containerized battery packages

| Based on NEC's flexible modular rack-integrated system
® Accommodates a range of racks for many possible power and energy levels
® Using A123 Systems Nanophosphate® lithium ion cells
@ Includes all control hardware

Standard Long Duration (LD) GBS™:

GBS-C53-LD40* GBS-C40-LD28* GBS-C20-LD12*

Pomrratng  Upta 40y Upto28mw Powraing Upto 1200
Enoyming  Upto 01D Eroyming  Upto 2800 Eroyming  Upta 12000
ssxssnos wrssass wxs5x05
(Container sz6 g 7m x 2.6m x 29m (Container $28 13 om x 2.6m x 29m Container 828 g 4m x 2.6m x 29m
Rockay 401D Rake” Rockay 2810 Racks Facksay 1210 Rake”
™ e NIEC.
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Containerized: HR GBS™

Standard containerized battery packages

| Based on NEC's flexible modular rack-integrated system
@ Includes all control hardware
® Based on A123 Systems Nanophosphate® lithium ion
® Standard High Rate (HR) GBS:

Power rating 20w
53'x8.5 x9.5
16.2m x 2.6m x 2.9m
Rack gty Up to 20 HR Racks*

Integrated Fire.
Suppression

Container size

Included

18 racks.

bo imited below 16 racks

% P\ = =

Utility-scale grid energy storage

CASE STUDY

L™ —

FRABESRATLOEBEY—ER- 7TV r—ay (REOHFI)

Y—ER-PIVr—2av & Lid
| Bulk Energy Services
Peak shaving / Time shifting

HRE-IRORNE, ﬁ!.ﬁ'&klﬂ‘l‘ﬂﬂ. BIXN R

LERMBHEERT, REMARICHA,
Electric supply capacity T BRHET
WA,
Ancillary Services
Primary reserve/Spinning reserve | EEFFRIMATO 1 RMBF WM AGARI-5%) e WL, RRBL KW
NEOBALEED,

Frequency & voltage regulation
Bl3Primary reserve TRX, BB TRA,

Renewable ramp mh. AT,

Black start BRBICLIWARERICRBAE TOF—5/PAFICHL TR
NEHRTS,

Transmission & Distribution Support
T&D

ral ']

k\\' 19 NNEC Confidential

e NEC

NEC Energy Soluti GSS™ Deploy Around the World

Over 110MW DEPLOYED

200w W

2013

A o
T e |

) Frequency Regulation

2ownsmn |
P “[* Renewable Integration

oUW

&

) NEC Confidentil

2014 |
) Primary Reserve

75 T8D Support Il
[E——NT" o]

20MW/SMWh GSS™

Angamos (Chile)

Primary Reserve
20MW Power Capability
5 MWh Energy Capacity
10 Battery Containers
5 Inverter Containers with
| integrated Transformers
External Chillers
| Operational since 2011
e

The International Recipient of the 85th
Annual EEl Edison Award

R Al AL
— L

L e S v e e, s

ronranyonn. NJEC

32MW/8MWh GSS™

Laurel Mountain, WV

8 MWh Energy Capacity

16 Battery Containers

8 Inverter Containers

Renewable Energy Award for Wind  External Chillers and Transformer:

Recipient of the 2012 Excellence in
Project of the Year. Operational since 2011

= 014y Sk, s, ey e

N -

Auwahi project

| 21MW wind farm located in Hawaii on the island of Maui
| Interconnection requires wind farm output to be steady
]| Change in wind farm output must be less than 1MW/minute

= -

—— =

11MW/4.4MWh GSS™

Maui, HI
Wind Ramp Management

11 MW Power Capability
4.4 MWh E: -

-y
R i
External Chillers and Transformers i »
- —

\' Operational since Decembi T

L L —————

s NIEC
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Wind Ramp Management Operation

Autonomous response to wind farm output

H
£
- Wind farm output ramps up [ ——poipower
& and down rapidly; battery Wind Output
3 effectively softens power i r
A ramp L
|
) |
\ A \
| ! " ]
ol A b \ LA I
W ¥ W, WV
- o
K 1000 100 200 20 000 300 400 4500 5000
Operatona dat taken Janary 28,2013 Time (s)

= [ e—— NEC

| YI—-rILCAnEiwk

[T prry—

B | | of

Wind Farm& BB A7 LICEZBARE(L

| REICHSTWind FarmASEBS AT LENL THIEHHE
| RENSEES AT LERLI/NNYIT YT iR
| Wind Farm- R 7513 3 2T - MR E B £ S 5@

Gss™ (Grid storage Solution)

NEC Confidential

Empowered by Innovation

NEC

Page2s
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Introduction of high efficiency co-generation system using
Gas-Engine (Ryusuke Osaki, MHI)
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Energy Management System
(Manabu Miyamoto, MHI)
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6 Installation of Renewable Energy

into Accelerator

Examples of New Energy Power Plants
for the Green ILC
(Tadashi Fujinawa, Riken)

1.Abstract

Construction of the International Linear Collider (ILC) in Japan will soon begin. This
facility will be very large, so it will also consume considerable energy. It will operate
continuously for 7,000hours per year. Thus, it is necessary not only to consider how to
save energy, but also to introduce new kinds of energy, including renewable energy, for
use in the ILC.

The government declared that renewable energy should account for between 23% and
25% of all electrical energy sources in 2030. However, renewable energy sources
currently provide only 10% of all energy. A large portion of those sources are
hydro-powered, but no suitable locations for additional hydro-power generation remain.

In this paper, forms of renewable energy that could be developed for ILC use will be
described, namely, solar energy, wind energy, geothermal energy, hydraulic energy,
biomass, and thermal energy obtained from a temperature difference or thermal

recovery.

2.Solar cells (photo-voltaic systems: PV systems)

Solar power stations are among the easiest renewable energy systems to build, in
contrast to wind power generators and geothermal power stations. However, PV systems
are not reliable or stable power sources.

In this paper, we will discuss the solar park for the Green ILC (design date supplied by
UNISUN JAPAN). The AC output capacity will be 200MW, and the DC capacity at
installation will be 220MW. A similar plant is shown in Fig. 1.

The inverter will be a TMEIC 1500kW (750kW x 2)/unit. TMEIC has the largest

market share in Japan at more than 70%, as well as more than half of the global share.
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The output voltage will be 22kV, and the solar panels will each generate 265W.
A one (1) MW solar power station requires 15,000m? of land. The basic design is as

follows.

Solar Power Plant — Neuhardenberg 145 MW

Project Overview Project Location

*  The project is one part of the biggist single PV project(145MW) in
west Europe, located in neuhardenberg, Germany with DC capacity
of 20 MW. The project achieved interconnection in September 2012.

*  The project is developed over 350,000m? of flat land.

*  The EPC contractor of 20 MW is Baysolar Projekt GmbH.

Key statistics

Project Name Neuhardenberg
Location Jichisu, Romania

Nominal Capacity kwp 20,000

firstyear’s
production Gwh 13.15

Technology Poly
Modules Talesun
Inverters Powador

Grid Connection 30-Sep-12

Fig. 1 One of the largest solar plants, generating 145MW (Germany) and presented by
UNISUN JAPAN.

Required land area: 15,000m2/MW X 220MW = 33,000,000m2 (3,300ha). This area
corresponds to dimensions of 150m x 22,000m and does not include the 22kV/154kV
substation and control building.

Array design: 23 panels/string, 6.095kW/string

Solar panel quantity: 220,000kW + 6.095kW/string = 36,095 strings

36,095 strings x 23 panels/string = 830,185 panels (219,999kW)

In the subsequent discussion, the following symbols are used: V.. (open circuit
voltage), Vyp (maximum peak voltage), I/A (short-circuit current), and In,/4
(maximum peak current).

The reasons for choosing 23 panels/string are as follows, considering that we will use a
JA solar JAM6 (BK) 60-265/SI, which has V,. = 38.3V at 25°C and Vppm = 31.1V at °C.
In the case of 23 series, 984.7V <V, < 1000V at -10 °C and 554.2V > V,, > 540V at
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80°C.
3,960 panels + 23 panels/string = 172 strings
172 strings x 9A (Ii/4) = 1,548A
1,548A + 16 feeders = 96.75A/feeder
Please refer to page 6 of the GO-ASES-2014-001-A specifications.
The rated current of the power fuse is 160A, and the recommended current is 102A
(160 +1.25 + 1.25 =102A), according to NEC690.8 (US electrical STD).
97A < 102A
The actual current is 11 parallel/box % 15 array boxes + 7 parallel/box = 16 incoming
for one 750kW inverter.
SO 11 x9A=99A
99A < 102A
The required number of inverters is as follows: 200MW + 1.5MW/inverter = 133

inverters.

Local governments will be essential in building such immense solar parks. These
power stations should be built on the ILC grounds by a business partnership, and the
land should be supplied by the government for this enterprise. The company will pay
taxes as well. In case the land is farmland or is protected forest by law, the local
government will provide the necessary documentation and change the land category so
that the power station can be built.

All of the generated power will be consumed by the ILC, and therefore no
transmission capacity issues will occur. Tohoku-epco claimed that solar power will
overflow sooner or later; however, their estimate assumed that all solar parks approved
by the Ministry of Economy, Trade and Industry (METT) would generate power.

All of the nuclear power stations (NPSs) shown in Table 1 are operable. METI
estimates that only 40% of approved solar parks will actually be commissioned, while
the other 60% will be given up for some reason. The NPSs in Table 1 are all boiling
water reactors (BWRs), which is same type of NPS as the Fukushima Daiichi NPS.
Furthermore, some of them are very old, and therefore it would be quite unlikely for
them all to be simultaneously operable before they are decommissioned. Thus, it can be
concluded that Tohoku-epco’s concern is needless.

The key is that local governmental support is necessary for this type of renewable
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energy system to be implemented. The land should be free, not only that used for the
ILC main body, but also that for the Green ILC power stations. The government will
perform all necessary legal work, such as changing forest land or farmland to
miscellaneous lands.

As mentioned previously, there are no transmission capacity issues since the ILC will

consume all of the generated power.
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Table 1. Nuclear power stations related to Tohoku-epco.

Concerning the economics, the feed-in tariff (FIT) price for solar power will be
¥27/kWh after June in FY2015. The FIT price has decreased from ¥42 in 2012 to ¥36 in
2013, ¥32 in 2014, and ¥29 until the end of June this year, after which it will be
¥27/kWh. In this paper, we will assume ¥20/kWh as the FIT price. The sunshine time in
Iwate Prefecture is 1,888h/year, corresponding to a power generation of 234,110
MWh/year and an output price of 4.7 billion ¥/year. The Green ILC utility company will
sell all of the power to Tohoku-epco, and about 10% of the income will be donated to
the ILC. After the FIT has been paid off, control of the power plant will be transferred
to the ILC, and thereafter, the ILC will be able to obtain free electricity for about 1,250
h/year.
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The other government support requested of the METI Sendai office is that the licensed
electrical engineer will maintain both the ILC and the Green ILC. Since the Fukushima

Daiichi NPS disaster, there has been a heavy shortage of licensed electrical engineers.

3.Wind power generation

In the early stages of Japanese wind power generation, power stations were constructed

by local governments with imported turbines. However, they did not well endure

Japanese weather, and almost all were retired. The Japanese weather phenomena and

problems that affect wind power are as follows.

1) The direction of the wind changes many times per day. For example, there may be
sea breezes in the morning and mountain winds in the evening. Furthermore,
mountain sides have irregular air flows.

2) Wind power generation requires an average wind speed of 6.5m/s. It is quite
difficult for humans to live in locations that meet this requirement, so no access
roads or transmission lines are available. Thus, utility costs will be high without a
generator system. For instance, the Chiba Marine field is famous for its strong
winds, and this baseball park has the only wind speed meter in Japan. However, the
strong winds that are present at the ball park are not usable for power generations, as
the winds that are defined as strong at this location only measure 3—4 m/s according

to the wind speed meter. Figure 2 shows the Chiba Lotte Marines field.

S ;A'

B s
o

- v 3
S o . -
Frptutact — s *

Fig. 2 Home ground of Chiba Lotte Marines (QVC Marine field)
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3) If people live nearby, low-frequency noise must be considered.

4) Typhoons and/or tornados generate winds over the design speed.

5) In Japan, thunderstorms occur more often than they do in other nations, and
lightning may hit the turbine blades.

6) The center line of a turbine shaft is located very high (50-100m), making it difficult
to maintain and repair.

7) Assessments of bird strikes and other environment factors take time (more than

three years). Thus, it is difficult to judge whether or not to invest.

Even though there are many difficulties involved in wind power station construction, if
locations are available that will yield more than 2MW/unit of power generation and if
there is strong support from the local government, it is possible to build such stations. In
addition, the FIT of ¥22/kWh will be maintained for 20 years, and according to
Tohoku-epco, the peak power times of solar and wind power are different (Graph 1), so
both generation systems can use same transmission lines and same locations. Thus, if a
200MW solar park is constructed at the ILC, then 72MW of wind power can be
generated also. In this case, one generator unit would yield 6MW, which would be the
greatest power generation in the world for a single unit. A total of 12 generator units
will be located at the north end of the solar park. It is recommended that the local

government study the average and maximum wind speeds at the ILC.
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Graph 1. Peak output of solar cell and wind power generation reported by Tohoku-epco.

4.Geothermal power generation

Tohoku-epco and Toshiba explained geothermal power generation in another section of
the Green ILC. Please refer to the above documents.

The Ministry of the Environment reported that the potential geothermal power
generation is 33,100MW, while the recoverable amount is 14,200MW. This power is 17
times higher than that consumed by the ILC.

The author studied geothermal power generation at Japan Metals and Chemicals Co.
Ltd. in Iwate Prefecture as a student 50 years ago. This company has more than 50 years
of engineering knowledge and experience related to geothermal power generation.

The geothermal power generation capacity is 100MW in Iwate Prefecture, which is the
second largest capacity in Japan. If an additional 100MW of geothermal energy were
generated in Iwate, all of the power consumed by the ILC would be provided.

In addition, Japanese geothermal power generation manufacturers are very productive

and get 70% of market share of the world. MHI (Fig. 3), Toshiba, and Fuji Electric
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always compete with one another to be the world’s most productive geothermal power

manufacturer.
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Fig. 3 From MHI Graphic.

5. Hydro-power generation

Hydro-power will be generated at the base load authorized by METI. However, water
rights issues appeared when the construction plan was proposed. Thus, local
government support will be required.

Here we present the calculations of the energy generated by a 1MW solar power
station and the requirements necessary to generate the same amount of energy
hydraulically.

The energy generated by a IMW solar power station is as follows:

IMW x 1,800h/year (insolation time) x 0.6 (ratio of sunshine: from sunrise to sunset) =
1.08GWh.

The construction cost is ¥200,000/kW (for the solar cells only), yielding a total cost of
¥200,000,000.

To achieve the same output by hydro-power:
1.08GWh =+ 24h/day + 365 days/year = 123kW
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The hydro-power generation P for a drop H and water volume Q is given by:
P (kW) =9.8 x H (m) x O (m’/s)

In order to achieve 123kW of power generation, if O = 1 m’, then H will be 12.6m:
123kW = 9.8 x 12.6m x 1m’/s.

Considering the efficiencies of turbines and generators, H should be about 14 m. The
FIT price will be ¥34/kWh for 20 years (assuming a total output of not more than 200
kW), yielding a total income of ¥732,686,400 over 20 years. Hitachi and Toshiba also

have catalogs of mine hydro-power.

6. Biomass power generation

MHI developed a biomass plant at the Koiwai ranch in Iwate Prefecture that uses
methane gas from dung as fuel (Appendix 1). In addition, MHI and Hakutsuru Japanese
Sake Brewing Industry Ltd. are researching how to produce liquid fuel from straws
(Appendix 2).

In Japan, biomass generation is currently difficult economically; however, after the
commissioning of the ILC, an international scientific project will be operational that
will require a sewage treatment plant. Methane gas from this sewage treatment plant
could be used as power-generator fuel. Biomass power centers can also produce
fertilizer from sludge by using engine waste heat. The FIT for this system is ¥39/kWh
for 20 years.

During construction, a great quantity of wooden boxes is generated as waste material.
Similarly, forestry necessarily produces large amounts of wooden chips as waste. The
best way to use these by-products is as raw material for the paper industry, and there are
many paper factories in the Tohoku area. If they do not wish to receive these materials,
the second option is to thermally recycle them. In this case, the waste would be used as
fuel for boilers, turbines, and generators. This type of system is called a carbon-neutral
power station. After construction, such a plant would be a waste-treatment plant for the

city. The FIT for such as system ranges from ¥13/kWh to ¥20/kWh for 20 years.

7. Temperature-difference energy (waste heat recovery)
The author previously reported that the planned supply of waste heat from the
Radioactive Isotope Beam Factory (RIBF) to the next-door 4 elementary school in

Wako for heating in winter and for swimming pool temperature control was not working,
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demonstrating the difficultly of supplying energy outside.

Now we have a new technology, the binary turbine. Turbine systems are being
introduced into the market by MHI and other companies. The energy sources will be RF
power sources, He compressors, transformers, HVACs, and chillers for water-cooling
systems. If the coolant outlet temperature is more than 60°C, and ideally as much as
80°C, electric power generation as well as waste heat recovery can be achieved. For this
purpose, teams working on the accelerator and turbine should jointly consider and
resolve the differences between the two arguments.

The 200MW electrical consumption of the ILC will be released as heat. If half of that
amount can be controlled as waste heat and if the binary turbine system has an
efficiency of 40%, the power generated by the turbine system will be 40MW, which is
same as the consumption of the ILC control building. Furthermore, this amount is twice
as high as RIKEN Wako campus’s peak consumption from the utility company, Tokyo
Electric Power Corporation (TEPCO).

8. Conclusion

The renewable energy sources that can be used in the ILC were explained in this paper.
New energy plants cannot be established independently; they require support by local
governments and/or utility companies. Without this support, it would be nearly
impossible to build the Green ILC in addition to the ILC itself.

Only temperature-difference energy can be controlled by the team at the ILC, but the
necessary system is one of most difficult to establish, as reconsideration of the decisions
made by the accelerator builders would be required.

Nevertheless, there are numerous energy sources that could be implemented at the
Green ILC. Therefore, only the selection of the preferred energy sources and

concentration are necessary to realize the Green ILC.

9. Appendix
1) Mitsubishi heavy industry graph No.170 2013.1
2) Mitsubishi heavy industry graph No.163 2011.
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Power saving and use of New Energy
at Riken RI Beam factory
(Tadashi Fujinawa, Riken)

1 Introduction

RI Beam Factory (following RIBF) of RIKEN Nishina Center for Accelerator-Based
Science (hereinafter RNC) is a heavy ion cyclotron of the top in the world, was
commissioned three months earlier than expected in December 2006, the
superconducting ring cyclotron (hereinafter SRC) succeeded the initial beam extraction,
then, a lot of the research results has been continued to report in various fields.
This time, in the WG of Green ILC where we consider energy saving and new energy,
the efforts for the RIKEN of advanced energy-saving technologies are reported, such as

the world's first combined heat and power system (CGS) installed in accelerator facility.

2 Co-Generation System

For the introduction of CGS, environmental measures are the largest purpose, as well
as Green ILC. When we explained the RIBF plan in RIKEN of the Board, we received a
proposition, as physicist, to think something contribution to make "world best
accelerator facilities, which, of course, it is specialty of RIKEN accelerator, however,
while an accelerator uses electricity and water as if we use public water, something
ecology in accelerator, considering about the Kyoto Protocol has been studied." And we,
studied various new energy, and concluded that CGS (also referred to as cogeneration)
with the introduction of the gas turbine generator (GTG) as the main engine is the best
in the RIBF.

In this method, by supplying electricity and heat at the same time, efficiency is greatly
improved compared with the supply of electrical only or heat only. The GTG body is
shown in Figure 1. Figure 2 photo shows periodic inspections. Figure 3 shows a flow

diagram of CGS.
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Figure 2 during annual inspection, the front is the compressor, rear is turbine
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6500 kW- Power Class [Rated Performances at 15°C]
Gas Turbine Cogeneration *Output Power . 6250kW \
with variable thermal & electrical power] *Fuel Gonsumption 1618 Nm®/h
+Steam Output 128 t/h
1618 Nm®/h Fuel(Natural Gas) 25t/h Iniects “Electrical Efficiency ~ 30.5%
St/h Injection “Thermal Recovery Ratio 35.7%
l +Total Efficiency 66.2%

6250 kW
Electrical Output

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

Burner

400USRT X 5
360USRTx 2
Absorption Chiller
1 \
Intake Air Cooler 10.3t/h Steam 12°C
Ambient Air Waste
B P/ N heat 7°C
ue 1se boiler Chiller Water
l l 2530 USRT
Exhaust Gas
160°C
190 USRT

Chiller Water for Air Cooler

Figure 3 G is the generator, C shows the air compressor and a turbine, by
generating saturated steam in the waste heat boiler, making it as a heat source of the
absorption chiller cooling to make a cold water of 7°C, for the building cooling and

the accelerator facility cooling, and is used for the intake-air cooling of the CGS.

This equipment has been introduced as an environmental measure, that is, as a
response to the Kyoto Protocol as RIKEN. In fact, it also plays very important role into
a function of accelerator facility as a large uninterruptible power supply at the same
time.

CGS is using natural gas supplied from the Tokyo gas as fuel, the output of the
generator is introduced and consumed in the RNC and the commercial lines of the
Tokyo Electric Power Company (TEPCO) in parallel. If a problem in CGS has occurred,
power is supplied to all of the accelerator from TEPCO uninterruptible.

If the instantaneous voltage drops (voltage sag) or power failure occurs in TEPCO,
CGS disconnect the commercial line within one cycle, CGS provides power only to the
critical loads such as helium refrigerator.

We believe that it is previous special situation to drive the accelerator, if the supply of
TEPCO and Tokyo Gas will be disabled at the same time.

It should be noted that, for the power shortage due to the Fukushima Daiichi nuclear
power plant accident in 2011, RIKEN CGS contributed to power supply to perform
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continuous operation until the end of the year.

For more information, accompanying CGS, you should refer the article in
"accelerator" Vol.8, No.l, 2011(18-25) and "consideration of the large accelerator
facilities for combined heat and power device as an uninterruptible power supply -
RIKEN CGS-"".

For English article should be referred to a Proceedings® of ARW2013 and "RIKEN
Accelerator Progress Report 36. (2003) ", "Cogeneration system for RI Beam Factory®
" Report 37 (2004) CGS operation®.

Finally, as for the environmental effect, maximum efficiency is proud of the 68%,
because the generator is located directly above the accelerator, there is no transmission
loss. Natural gas is a very clean fuel compared to coal and oil. CGS absorption
refrigerator is  different from the typical refrigerator to repeat the
compression-expansion by using a motor, there is an advantage of not using any

ozone-depleting gas or greenhouse gases.

3. Energy saving and environment effect other than the CGS

It was already mentioned that minimization of transmission loss by placing the CGS
just above the accelerator facilities. For commercial lines from TEPCO, the second
special high voltage substation (the second extra-high voltage) was constructed at the
top of the accelerator building, connected the 66kV underground line by the full-length
750 m from the first extra-high voltage substation in order to reduce the transmission
loss. In the first floor basement, place the power supply room 2 to transform the high
voltage (6.6kV) to low voltage (415, 220, 110V), further down below the power room 1
which houses the accelerator power was placed, in the next to the power room 1 the
accelerator was arranged, in this way, the cable length was minimized.

In addition, high-voltage AC power supply of the experimental equipment SHARAQ
(IMVA) and Rare-RI Ring (R3) 1.5MVA deployed to the accelerator room, with an
effort to minimize the low-voltage cable length.

In the accelerator facilities, a lot of the electric motor in the cooling system being used,
it is kept in mind the energy saving using a high efficiency electric motor actively.

It shows a photograph of a high-efficiency motor in Figure 4. Ordinary efficiency of
the electric motor has a warship color in any manufacturer, gold color motor in the

photo is made of Toshiba, a black color motor by Fuji Electric, they are descriptive.
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Mitsubishi has two color motor, 31th US Navy warship color of GSI Creos Mr. HOBBY
is high efficiency, 32th Japan Navy color (Yokosuka) is ordinary efficiency, to be
difficult to determine the type. We suspect that there is a length of day advance in
Toshiba and Fuji.

Figure 4 high-efficiency motors that are used in the cooling system (Toshiba)

Direct drive method was adopted for the motor start-up scheme considering helium
compressor (315kW) as a main system, is a good start method for efficiency compared
with the other start-up method (reactor, compared to Y- /A and inverter start-up).

High efficiency high/low voltage transformer is also adopted. Efficiency of the
transformer are also advances year by year, the latest of a transformer for the RNC is
the 99.4% of R3 (at rated 1.5MVA).

In addition, the transformer there is no worry of fire by using a dry-type transformers.
As a result, carbon dioxide fire extinguishing equipment which has a risk of death is no
longer needed. As harmonic voltage measures, we arranged the transformer alternately
the winding A - A and the A -Y, so as to obtain the same effect as three winding
transformer. In CGS central control room, there is a harmonic monitoring device, and
always shows the minimum value of the measurement limit. This is also that
environment friendly design.

For more information, please refer to the English article > .
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4. New energy other not adopted

1) Solar cell: As the simplest new energy, solar power generation is raised. Since the
energy density is low (a large area required), Wako of sunshine time is 1840 hours per
year, even side-by-side solar cells on the existing Nishina Memorial Building roof,
power generation capacity of about 40kW the maximum, there is unreasonable as the
accelerator power. However, as a whole RIKEN, five places at the moment, we have
total a 120kW of equipment. All generated power is a self-consumption, does not use
fixed-price purchase system.

2) Wind power generation: suitable wind speed for wind power generation is 6 m per
second, while average wind speed of Wako City is the 1 m. So it is not at all adapted.

3) Adsorption chillers: by changing the cooling water output temperature of the
accelerator from 60 to 80°C, and making it as a heat source of the adsorption-type
refrigerator, to give the cold water of 7°C to be used for the air conditioning and cooling.
As accelerator side, there is anxiety that the cooling water temperature is high, so we
gave up.

4) Temperature difference energy’: those are proposed in Wako City area new energy
development committee, that waste heat of RIBF the (around 40°C), supplied to
adjacent the Wako municipal fourth elementary school, for heating, hot water supply,
and pool. It has been favorite proposal benefit to Wako areas as a result of the study
over two years, however, a business entity did not appear, and did not reach to a
realization, together with a problem of the education committee.

For more details, refer to the English documents.

5. Application to the ILC

High-efficiency equipment (electric motor, transformer, etc.) and so on, should be
introduced for granted. It is necessary to note that it is slightly different even in the
same high efficiency number by the manufacturer.

Next, as for the electric transmission and distribution, therefore it is very important and
is described in a separate description. Please refer there.

Adsorption chillers with good improvement for performance in recent years, and worth

considering because also possible to operate at a lower temperature.
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CGS i1s an energy saving of the centerpiece of RIBF, but here it is necessary to pay
attention.
The first, in planned construction site, there is no city gas, that is to lay the pressure pipe
for CGS is required huge cost. In the case of RIKEN, because there was a medium
pressure pipe next to the site of RIBF, so it was realized. Even if temporarily it is solved
the problem of gas piping, because the ILC using 10 times the electricity of RIBF, by
simply thinking, it requires 65MW of engine. For the gas engine it is too large, for the
latest of composite power generation GTG it is too small.
Furthermore, absorption chiller which is key component of CGS has no noticeable
progress in this more than 10 years. On the other hand, COP (Coefficient of
Performance) of the motor drive refrigerators improving to 3 or more in the hot water
supply, up to 6 or more in cooling, rather than a combined heat and power, combined
cycle power generation (Combined Cycle; CC) can be used to convert to electricity,
then to carry out the cooling and heating by the converted electricity. Those efficiency is
good in the final end.
Temperature difference energy, it is to find a business entity who can build firstly with

the investment.

6. Reference

1) "accelerator" Vol.8, No.1,2011 (18-25) record and consideration of the large accelerator facilities for
combined heat and power device as an uninterruptible power supply - RIKEN RIBF of CGS-

2) ARW2013.Proceedings

3) RIKEN Accelerator Progress Report 36. (2003) Cogeneration system for RI Beam Factory

4) Report 37 (2004) CGS operation

5) WAOO07. DESIGN, INSTALLATION, OPERATION AND MAINTENANCE OF ELECTRICAL
POWER SUPPLY FOR RI BEAM FACTORY

6) RIKEN Accelerator Progress Report 46 (2013) AC power system for Rare-RI Ring.

7) New Energy Establishment Committee of Wako City District and RIBF; RIKEN Accelerator Progress
Report
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Solar Power
(Junichi Honda, Solar Power Association and Kyocera)
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Biomass power generation using ILC exhaust heat
(Mituo Takeda, Kabuki, Hitachi-cement,
Nihon-premium, Mizuing)

1. Introduction

Since International Linear Collider: ILC, become one of the foundation industry for
the region, it will be intended to integrate to regional management unification. If the
facility is operational once, a number of researchers and their families from abroad will
visit and stay, then how the effective use of the waste generated from there is a theme as
a national project. Furthermore, it is considered necessary to indicate the way of next
generation waste disposal incorporation with the entire region is developed.

By operating the linear accelerator of 30km or more as the main ILC facilities, a large
amount of heat is generated. By utilizing the exhaust heat, it is possible to ensure the
thermal energy source, which accounts for significant costs in organic waste treatment
at low cost. Biomass power generation, although a wide variety of methods have been
taken, as simple as possible is good, by using an inexpensive heat, direct combustion

power plants which accept any type of organic waste are proven, and can be expected.

2. Biomass direct combustion power generation plant

(1) the value of biomass direct combustion power generation plant

- It is possible to generate electricity by using animal and vegetable waste generated in
the region.

- By using the waste heat of the ILC facility, it is possible to dry them with costs
cheaper

- Along with the drying — incineration — power generation is simple line, also
accepted any kind of organic waste.

And disposal destination of sewage sludge and organic waste will expand.

- Reduction of the incineration plant of each municipality is measurably proceed.

(2) flow of direct combustion power plant

In biomass direct combustion power plant flow as shown in Figure 1, it is to accept all
of the biomass from the high moisture content livestock manure to as low as rice straw,
is to dry by the ILC exhaust heat and recovered heat. Then burned directly, and then the

power generation by the steam, use the full generated power at the ILC facilities.
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Figure 1 biomass direct combustion power generation plant flow

(3) Considerations of direct combustion power plant

<Notes of dry>

- For drying machine, the rotary dryer type is safe to cope with the wide variety of
biomass.

- When the oxygen concentration is high, it is necessary to lower the oxygen
concentration replaced with steam (turbine extraction steam) and the exhaust gases,
since there is likely to be burned in a dryer.

- In order to keep the dry exhaust as much as possible, it will be exhausting and
dehumidified in the wet scrubber, re-heating by the ILC recovered heat, and recycling
and re-using some part.

- Surplus exhaust, you can either use as combustion air of incinerator, or on the
deodorizing process, then dissipated to the atmosphere.

<Incinerator type>

- By taking into account the nature, input amount, fluctuation range of input, the
optimum furnace type should be selected from stoker, fluidized bed, and the other.

- Review of the post-process of the exhaust gas treatment.

3. Power generation amount expected by biomass direct combustion
(1) Biomass endowment amount and effectiveness available amount
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In the Tohoku region (Iwate, Miyagi Prefecture) and Kyushu region (Saga, Fukuoka
Prefecture), each of the biomass endowment amount and effectiveness available amount
can be estimated from NEDO data, as shown in Table 1.

Table 1 Biomass endowment amount and effectiveness available amount

Stz 2 YV TR REPES 7 ERE DD
ERFETEE | EHHERE | EHAETR | AP ERE |FHAETE | EHAERE | FHAETE | FHAERE AR ETR | DA ERE
DW-t/& GJ/&E EOW-/E GJ/ & EDW-vE GJ/&E EDW-t/E GJ/ & SDW-/E GJ/ &
=4 EFR 4,980 90,142 5,982 127.390 5214 59,956 1.475 18,432 39,315 534,690
BE EHE 1,316 24,627 2,167 46,155 3,117 35,847 4,644 58,055 51,075 694,617
T EER 746 13,495 477 10,148 7,733 88,935 17.311 216,383 18,752 255,031
HME _
EER 402 7,282 1,757 37.423 12,614 145,056 29,999| 374,992 27.493 373,900
BERE - E=Hb ZTOHOEERZE ¥4 AZF
ERFETEE | EPAERE | B ETE AP ERE |FRAETE | EHAERE | ERAETE | EHAERE AR ETE | DA ERE
DW-t/ & GJ/ & EDW-t/E GJ/ & EDW-v/E GJ/ & EDW-vE GJ/ & SEOW-vE G/ &
=it EFR 4,790 68,022 1,444 19,638 9,455 102,111 2,417 32,876 135516 1,843,020
HME .
=HE 5416 76,909 971 13,208 9,146 98,779 0 0 28,703 390,362
8 EER 2,309 32,791 8,109 110,288 12,201 131,770 54 738 3,998 54,367
HBER e
BTER 4,504 63,962 7,706 104,805 8,079 87,249 18 239 27,714 376,913
EEMEM EM e EEEY - EEEY AEBER
ERFETEE | EPAERE | EPAETE AV ERE |ENFETE | EDAERE | ERAETE | ERAERE AP ETE | DA ERE
DW-t/& GJ/&E EOW-/E G/ & EOW-UE GJ/E SDW-t/F GJ/ & BOW-/E G/ &
=it EFR 12,459 225,502 2,699 48,846 2,742 49,625 2,467 44,659 14,815 87,487
BE =R 6.154 111,394 4,462 80,109 10.114 183,068 725 13,117 2,652 30,503
i EER 1,640 29,683 162 2,938 3,896 70,511 291 5,266 611 7,022
HME _
BER 1,547 27,996 1,045 18,919 4,007 72,535 2,246 40,650 3,562 40,965
LA HER P4 #R ST-#R FROPFE R TAq45—3#R
APFIATRE |, o APFIAATLE|, o ANFIAAEE o AYFIAALE o AR -
DW-t/4E BRI ABEGS F| BOW-t/ & HEFIARMEGS/ F BEOW-t/ & EMFAREG)E BDW-t/F EMFAREG)E BDW-t/F AHFAREGY/E
=it EFR 6,642 39,690 14,815 87,487 6,642 39,690 2,847 32,739 13,686 223,060
#h[X
B EHR 5,578 32,132 13,198 77,927 3,973 23,750 1,262 14,505 1,096 17,866
L EER 1,133 6,521 8,581 50,669 1,582 9,449 467 5,364 2,489 40,560
ﬂi”E = =]
2R 4,112 23,683 3,382 19,977 1,077 6,443 3,706 42,624 524 8,523
TKEIR CRFEHEIR) LARELiE- RELER £EFKER BRMIEEY RERETTE
EDFATRER | EYHHARE | GHMATE | EYHHARE | DM ATE | EYHARE | FHFATE| EVHARE | EHFATE| FHHARE
DW-t/ & GJ/ & EDW-t/F GJ/ 5 EDW-t/5F GJ/ 5 EDW-t/F GJ/ & EDW-t/F GJ/ &
Tt EFR 680 6,046 309 2,992 623 6,297 200 576 18,311 373,577
X e
BRE 0 0 241 2,332 463 4,678 4,400 12,672 34,234 698,455
FU EER 0 0 372 3,602 190 1,922 2,561 7,374 11,744 239,609
X _
EREIR 3,562 31,687 818 7,920 142 1,437 1,800 5,184 69,199 1,411,822
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Summarizing the results, the number are shown in Table 2.

Table 2 Summary table

BhFIETAEO-VE| BOFERABGE
£F8 318,092 4,279,248
Hib K
TR 209,847 3,041,795
it 527,939 7,321,043
hER 112,331 1,488,343
AU R
EZEE 252,026 3,964,889
it 364,357 5,453,232

(2) The expected amount of power generation from biomass direct combustion
After calculating the total amount of heat per year from each of the effective use

possible amount of both regions,

Tohoku district: 7,321,043GJ/year = 2,033,623,055kwh

Kyushu district: 5,453,232GJ/year =5 1,514,786,650kwh
Power generation amount in the case of use all the effective utilization heat quantity by
the efficiency 20% of the power generation system,

Tohoku district: 2,033,623,055kwh x 0.2 = 406,724,611kwh

Kyushu district: 1,514,786,650kwh x 0.2 = 302,957,330kwh
Output in the case of the power generation equipment that runs the power generation
per year 7,000 hours,

Tohoku district: 406,724,611kwh + 7,000h = 58,104kw

Kyushu district: 302,957,330kwh + 7,000h = 43,280kw
When there is an effective available amount of about 10 to 20%, it can be expected that
the following output.

Tohoku district: 58,104kw x 10 ~20% = 6,000 ~ 10,000kw

Kyushu district: 43,280kw x 10 ~ 20% = 5,000 ~ 10,000kw
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(3) Amount of heat required for biomass fuel drying
Required amount of heat to dry the biomass waste, is calculated as follows.

@ Effective available capacity
If drying the moisture content from 60% — 15%, water evaporation amount W is,
W = effective use possible amount x (1- solids ratio before drying / solids ratio dried)
Tohoku district W = 527,939t/year x (1-40% / 85%) = 279,497t-H,O/year
Kyushu W = 364,357t/year x (1-40% / 85%) = 192,895t-H,O/year
(@ The necessary amount of heat to dry
Latent heat of vaporization at 70°C (qj) = 2,332kJ/kg, and the drying efficiency (n) =
60%.
q=Wxqj/n
Tohoku district q = 237,572 x 2,332 / 0.6 = 924GJ/year
Kyushu district q = 192,895 % 2,332 /0.6 = 750GJ/year
® If you have 10 to about 20% of the effective possible amount of use
Tohoku district 924GJ/year x 10 ~20% = 100 ~ 200GJ/year
Kyushu district 750G]/year x 10 ~ 20% = 75 ~ 150G]/year

4. Challenges for biomass direct combustion power generation

(1) Collection challenges

- How much ensured biomass collection amount is, from location issues?

- It was assumed 10 to about 20% of the effective use possible amount, as a planning.
- Local understanding can be obtained in broad-based way?

(2) Issues of plant installation

- ILC facility adjacent is favor, but challenges such as landscape and smell issue remain.
- Whether it is possible to underground plant including the cost?

- What is extent of temperature, amount, operating time, and period of the tunnel
exhaust heat?

- Recycling of incinerator ash? or final disposal method?
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5. Reference Case (Hitachi cement)
Biomass methane fermentation plant

8T ‘FE‘ZZ4E 3R

i v - o o ) A
IJTSVh

MEMRE : 150.0t/H

B FE - O—YU—FI-ZAN—hiF

This project, has large part at the joint venture with local governments and the private
sector, in a sense might also say PPP (Public Private Partnership) civil cooperation.
There is a need to local governments to be a prerequisite to gain certification of

Biomass Town, confirmation of intention is important (Figure 2).
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Figure 2 Tsuchiura Biomass Town Initiative
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(1) Overview of biomass utilization business

Framework of the business is as follows, the gas by methane processing mainly from
food waste (general waste, industrial waste) is used as a co-combustion gas of the
cement burning fuel. Further it features a composting facility, by utilizing a part of, such
as digestion solution from the methanation facility, perform the manufacture and sale of
compost (Figure 3). In this project, there is also a merit of burden reduction, such as a
reduction in the size of the incinerator, in local government.

As for business scale, it becomes 100t/day of methane gas reduction facility, and
30t/day composting facility.

The facility of summary flow is shown in Figure 4. By acceptance of garbage, animal
and plant residues in biomass in the building, after removal of the fermentation
unsuitable material at fracture separation, it is fed to the methane fermentation tank
through the solubilization, anaerobic fermentation process is performed.

Biogas obtained by methane fermentation process, is used as auxiliary fuel substitute
of the existing incineration facilities, also makes use of the surplus steam boilers of the
existing incineration facility as a heat source of the methane fermentation tank and dryer
of the new plan facility.

Digestion solution after methane fermentation is to solid-liquid separation at the
dehydrator. Dehydration residue is subjected to aerobic fermentation process in the later
stage of fermentation composting facility, to provide compost to the regional farmers
and citizens. Filtrate after dehydration processed by water treatment to the sewage
discharge standards, then it will be discharged into the sewer.

EERET ]
SERETOM Bhe T3S
RE ZOM
BEREDB RS :
B e s
{IF gl il bl eleesislnsnsh ks mishiiiiiiie SISO SO do s IR 0l -
noo —

A O NN N - TFKEE :

i e i
B AR # | e
2| ST RS HHES AT -
2 e s il —e——— ;
3 | | P4 bhEs% o :

TR

Figure 3 framework of business
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Geo-thermal Power Generation System using variety of

under-ground energy

(Toru Shibagaki, Toshiba)
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Summary of Geo-thermal power generation

of Tohoku Electric Power
(Kentaro Otuki, Tohoku Electric Power)

1. Mechanism and characteristics of geothermal power

o Mechanism of geothermal power generation
The steam of low temperature that has finished work in a steam turbine becomes

condensed water in the condenser, is back from the reinjection wells in the basement.

(Figure 1)
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Figure 1 mechanism of geothermal power generation

o Features of geothermal power generation
Features of geothermal power generation is as follows.
* Net domestic energy that does not rely on imports
* Renewable energy
* Stable power supply in the natural energy
» Environmental load is small, CO, emissions is small

* Multi-purpose use is possible (agriculture, forestry and fisheries, tourism, etc.)

* Share is not very large in the world

Life cycle CO, emissions of geothermal power generation has become a low level
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compared to other power sources.
Also, compared to other renewable energies, as high as about 80% facility usable rate,

there are many power generation can be characterized by the same output. (Figure 2)
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Figure 2 life cycle CO, emissions, each power supply facility usable ratio

2. World and Japan's geothermal power generation

o History of geothermal power generation

1904 Driving a generator using natural steam by Jiriko Conti Duke in Italy Larderello
(output 0.75 hp)

1913 The world's first geothermal power plant in Italy Larderello (output 250kW)

1918 Vice Admiral Toshiharu Yamauchi started excavation at Oita Prefecture Hayami
District Asahi village Tsurumi 950-1. The success of excavation in 1919. (Pore size 4
suns, depth 80 shaku)

1925 Mr. Osamu Tachikawa of Tokyo electric light Ltd. Institute, took over the business
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of Yamauchi et al, named "Tsurumi fumaroles", after number of test results, the first
successful geothermal power generation in Japan by the turbine. (Output 1.12kW)

1947 Geological survey was started for research on the selection of geothermal
development area.

1948 Tone bowling Ltd. succeeded in power generation by steam turbine in Shizuoka
Prefecture Joto village Yunosawa laboratory. (3kW)

1951 The geothermal power generation succeeded in Industry and Technology Agency
Beppu test site. (Output 30kW)

1958 The world's first start of operation of geothermal power plants in hot water
separation type in New Zealand Wairakei. (Output 6,500kW)

1960 Start of operation of private geothermal power generation at Fujita Kanko Inc.
Hakone Kowakien. (Output 30kW, 1965 obsolete)

1966 Start a geothermal power generation by Japan Metals & Chemicals Co., Ltd. At
Matsukawa geothermal power plant at the first time in Japan. (Output 9,500kW)

1967 Start a geothermal power generation by Kyushu Electric Power Co., Ltd. At Otake
power plant. (Hot water separation type, output 11,000kW)

1996 Geothermal power output 500 000 kW achieved.

2006 Japan's first binary power plant (Hatchobaru, 2,000kW) was in operation.

2012 feed-in tariff (FIT) was started.

o Geothermal power generation facilities in the world

Japan is located in the volcanic zone of the Pacific Rim, abundance of geothermal is
said to be third largest after the United States, and Indonesia, however, the introduction
amount is not as many than other countries. (Figure 3, Figure 4)
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Figure 3 The world geothermal power generation capacity
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Figure 4 World major geothermal resource amount of each country, and the change in
the geothermal power generation capacity

o situation of geothermal development in the world
Geothermal development in countries around the world is accelerating aggressively.

(Figure 5)

172



BT BKW

$E 2005% 20104 201545 (RA#H)
_ 256.4 309.3 540
GE) ELMRREEBI A4 —X (D) THIL=F7M. 142 HH127 35kW) %
s 2005% 2010% 20155 (RIAH)
1~Ex27 79.7 119.7 350
CE) ERREBAR - Y57 (B DvIOM, 62, H A7 55kW) #
—a—s—sy e |2005% 2010% 20155 (RiAH)
7 435 62.8 124
CGE) EHRREEAR 240K (Za—C—5UFLB, 1% HH17.55kW) %
— o 2005% 2010% 20154 (RiAH)
TARSUR 202 575 80

CE) ELHMBREEBA AV TA(FARSUFEER. 5%, HH30.35kw) F

<Hi#8> Ruggero Bertani : Geothermal power generation in the world 2005-2010 update report

Figure 5 status of the world's geothermal development

3. The proportion of power generation scale of nationwide and our company
o Power configuration ratio based on power generation capacity
As for our company's geothermal power generation, it is about 1% of power generation

installed capacity in our company inside, and it is a minority and less than 1% in Japan.
(Figure 6)

2E (2012848 [ <% 3 (201 25248)

wFFN
| ¥3)rq
[ Faps
G
wmkh
| sbmztmzeLEo |

<Source> Federation of Electric Power Companies of Japan, "Nuclear energy drawings Collection 2014"
(national data only)

Figure 6 Power supply configuration ratio in accordance with power generation
installed capacity (nationwide, our company)
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o Power generation scale of geothermal power
Currently, geothermal power generation in Japan has been developed in thel7 points,
most of which have been installed in the Tohoku and Kyushu. (Figure 7)
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Figure 7 Japan's geothermal power plant and the power generation amount
4. Features and efforts of our geothermal power

o Overview of the geothermal power plant of our company

Our Company has 5 power plant 6 generators including a cooperating group, total
authorized output accounts for about 48% of the geothermal power plant of Japan.
(Figure 8)
Our company’s (including a group of companies) geothermal power plants are,
relatively, located in the vicinity of the ILC candidate site. (Figure 9)
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Figure 8 Overview of the Company's geothermal power generation
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Figure 9 position of the geothermal power plant of the Company (including a group of
companies)
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o Our geothermal power generation organization

The steam production and reduction are conducted by steam supply company. We
adopted a joint development system for generating electric power by purchasing the
steam (about Matsukawa, consistently operated by Tohoku Hydropower Geothermal
Co., Ltd. [group of companies]). (Figure 10)
% Matsukawa geothermal power plant, consistently operated by Tohoku Hydropower
Geothermal Co., Ltd. (group of companies)
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Figure 10 Our company's geothermal power generation organization

o Features of our geothermal power plant
Geothermal power plants have a simple structure without such a boiler compared to
thermal power plants.
From this reason, we have adopted the remote operating system to monitor and
control in the monitoring room of 10-30 km away from each geothermal power plant.
Our company has proceeded further rationalization from 2000 fiscal year, to
employ a centralized monitoring and controlling of 5 geothermal power generators of
four power plants locations from Akita thermal power plants.
(Figure 11, Figure 12)
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Figure 12 Overview of centralized remote monitor control system

o Changes in year average output

Our geothermal power plants, there is a high performance experience,
operation of Kakkonda Unit 1 (1978). In 1990 or later, we have sequentially started the
operation of Uenotai, Sumikawa, Yanaizu-Nishiyama, and Kakkonda No.2. Initially,

after the
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although the output power was the order of 70-80 percent in about 5-10 years, and
significant vapor reduction was happened in 10 years passed, and the output power
became about 50 percent in about 15 years and now. After that, it is almost stable at this
level.

As annual average output (red line) is close to approval output (blue line), it shows a
high investment performance. (Figure 13)
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Figure 13 Trends in year average output

o Transition of power generation time utilization

Transition of power generation time utilization ratio of each power plant can be
divided to two groups; Uenotai and Sumikawa of high utilization (70-90 percent) group
even 15 years after the start of operation, and Kakkonda, Yanaizu-Nishiyama and
Matsukawa of low utilization (50% or less) group. You can see the difference in
investment performance point by point. (Figure 14)

The power generation time utilization ratio is the percentage ratio of the amount of
power generated during the fiscal year, with the amount of power that can be obtained
within the actual power generation time at the rated output.
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Figure 14 Transition of power generation time utilization ratio

o Challenge of geothermal power plant operation

"Steam well attenuation", "scale", and "hydrogen sulfide" are the issues as big factors
that reduce the output (operating ratio) in geothermal power plant operations.
Our company has implemented for the operating rate improvement efforts.

o Operating ratio improvement efforts

In Uenotai and Sumikawa geothermal power plant of our company, it has gained a
certain degree of success by drilled the replenishment well into the natural park, by
receiving benefits of a deregulation of Japan. (Figure 15, Figure 16)
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Figure 15 the example of Uenotal thermal power plant replenishment well T-56
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Figure 16 The situation of fumaroles of inclination well in the National Monument
Park (replenishment production well T-56)
o Geothermal reservoir recharge project

There is a case that the power generation output is fluctuating in a geothermal power
plant by being unable to collect the required amount of steam and hot water stably.

By performing the supply of water to the heat source of the underground more
appropriately, JOGMEC (National Institute of Oil, Gas and metal mineral resources) is
developing a technology to achieve optimization and stabilization of the collected
amount of steam and hot water at Yanaizu-Nishiyama geothermal power plant. (Figure
17)

Figure 17 Schematic of geothermal reservoir recharge project
5. Challenges and the Japan's support system for geothermal power generation
o Challenges geothermal power generation
- Single machine capacity is small.
In business power generation facilities in Japan, 3,300kW ~ 65,000kW
In Japan of private power generation 100kW ~ 23,500kW

- Research ~ development ~ commercial operation take time.
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National-wide survey ~ wide area survey ~ rough survey ~ fine survey ~ development
survey ~ power plant construction.
(Example: on Uenotai took 23 years)

- Number of new power plant construction is limited.
Since promising areas are unevenly distributed in the Tohoku and Kyushu, and since

about half of the possible development area are located in a special area on the Natural
Parks Law, new development is difficult.

o For support measures in geothermal development process
Auxiliary support of Japan related to geothermal development (JOGMEC) has been

provided in stages. (Figure 18)
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Figure 18 Support measures in geothermal development process

o Geothermal development point of nationwide

Figure 19, is a situation of geothermal development sites nationwide.

We in the corporate group are being carried out the early stages of the investigation
"Kijiyama - Shimonotai (Akita Prefecture Yuzawa City) area".
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Figure 19 status of geothermal development sites nationwide

o Geothermal power plant that was operating since FIT
The operational geothermal power generation facilities after FIT (feed-in
tariffs) were five plants and total output of about 250kW. At the moment it is
mostly small-scale plant. (Figure 20)
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Figure 20 geothermal power plant that has operated since FIT

6. Efforts to geothermal development of our company's corporate group
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o Kijiyama, Shimonotai regional geothermal resource development research projects
Our group of companies "Tohoku Hydropower Geothermal" is making the geothermal
resource survey of the early stages, in the adjacent land of Uenotai thermal power plant
"Kijiyama, Shimonotai".
In the area of Kijiyama and Shimonotai, up to now, we conducted the ground survey,
exploration well two, and monitoring well single drilling, then make ongoing the overall
analysis. (Figure 21, Figure 22)
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Figure 21 bird s—eye view of Kijiyama, Shimonotai area
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Figure 22 Kijiyama—Shimonotai regional position
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o Kijiyama, Shimonotai region geothermal development research results and

planning

Kijiyama - Shimonotai survey schedule is below.

Continues a similar survey to 2015 fiscal year, and to review and evaluate
the commercialization potential on it, is expected to plan an investigation

after the 2016 fiscal year. (Figure 23)
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Figure 23 Kijiyama, Shimonotai investigation schedule

7. Utilization of geothermal energy

o Effective utilization of geothermal energy due to the difference in the temperature

We are utilizing the area of the steam power generation, but in recent years has spread
the movement to take advantage of geothermal resources in the binary power generation.
(Figure 24)
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<Source> New Energy Foundation brochure
Figure 24 Geothermal energy area and the availability
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o Mechanism of geothermal binary power generation (hot spring power generation)
Binary power generation is a system for generating electricity by turning a turbine

generator, using a medium having a lower boiling point than water boiled in hot spring

of heat (70°C ~ 150°C). (Figure 25)

If the order of several hundred kW is required, it is possible to develop in a short period

of about 2-3 years.
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<Source> Agency for Natural Resources and Energy, "the current state of geothermal resources
development (September 2014)."
Figure 25 mechanism of geothermal binary power generation

o Case Study of geothermal resources

Matsukawa geothermal power plant (Tohoku Hydropower Geothermal Co., Ltd., Iwate
Prefecture Hachimantai) warmed condensed water after power generation by the
addition of steam, and sold to Hachimantai Industrial Promotion of the third sector. It
has been used in Hotels and cottage villa, and in greenhouses with a hot water supply
contract. (Figure 26)
(In the 2010 fiscal year, 70 °C, up to 260t/h)
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Figure 26 Matsukawa condensed water supply destination after geothermal power plant
power generation

End.
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7 Editor words

High efficiency energy conversion in International Linear Collider (ILC) is an
inevitable issue among advanced accelerator project. ILC should be the model for use of
high-efficiency equipment, and the use of sustainable and renewable energy sources.
The Technology Group of the Association of Adavanced Accelerator Science and
Technology Promotion began a study of this issue. This report is a summary about the
technology being studied which has been proposed at green ILC Working Group in
February 2014 to March 2015. Technical study is intended to make continued even after
April 2015, but the present report is the first stage of the study results, which will be a
help document at the time of ILC detailed design stage in the near future. We would like
to keep both the Japanese and English version of this report in the ILC-related
web-page.

Individual presentations at the working group can be found at;
https://aaa-sentan.org
See the member pages of the inside.

Editor
May 27, 2015
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