5 Energy recovery, Energy storage,

Energy control of Accelerator

Energy Recovery from ILC beam dump
(Junpei Fujimoto, KEK)
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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
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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]
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General Cooling Water
Concept of the High Power ¢* Beam Dumps
for

W. Bialowons, M. Maslov, M. Schmitz, V. Sytchev
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Based on “Another idea of a LC dump”
by Albrecht Leuschner 16/09/2003
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Collective deceleration: Toward a compact beam dump
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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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Status of charged particle acceleration and deceleration by
Plasma
(Mituhiro Yoshida, KEK)
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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)
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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)
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*TSAIF o1 ILDEF
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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
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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

HRTRILF—DRE
(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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|
|
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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
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i matmegmt o €3G baghs i
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Pack & System Group n eompleted, calad G5 Solutions

etk syt .

AN 127 Ganrst

2006 2007 2008 2009 2010 2011 2012 2013 2014
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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

123

[ = -




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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