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Operating Experiences on the Co-Generation System (CGS) as
an Uninterruptible Power Source (UPS) for
the Super-Sized Accelerator Facility, RIBF of RIKEN

Tadashi FUJINAWA * and Yasushige YANO

Abstract

The RI Beam Factory (RIBF) of RIKEN Nishina Center for Accelerator-Based Science, which succeeded in extracting
first beam on December 28™ 2006 as scheduled, is currently conducting nuclear physics experiments. The RIBF has six
accelerators, one of which is the world’s biggest and most powerful superconducting ring cyclotron (SRC). The
accelerators require not only a huge amount of electricity but also a reliable power supply for the He-cryogenic system,

vacuum system and superconducting magnet systems.

For this purpose, the co-generation system (CGS) was

introduced. A gas turbine generates 6.5 MW of power from liquid natural gas (LNG) and supplies it to the systems
mentioned above as an uninterruptible power source (UPS) . By utilizing gas heat exhaust from the gas turbine, the CGS
will also supply cooled water to the cooling system of the RIBF accelerators as well as to the air-conditioning system for
the building. The CGS plant was completed on the 1st floor of the RIBF accelerator building and it began operating in

April 2003. This paper covers the merits and demerits.
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K 10 4RI UCEBER & s - 7. Z0tk, gk
THOEHDIEE Y, AT LT Z X7 b
0 X —% (ZDS : Zero degree spectrometer) »° BigRIPS
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NTEXTWA. Hi\WwT20104F3 A2, HE K%
CNS EDitETa Y =+ 7 N ThHAEDREERI ¥ — A
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KO ASF %% (RILACID (RILAC &HN7IC iz X1 5)

DEEIED BN TN 5.
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PENTIR -T2 ETC, SEERET2RETHS.

2. CGS BEAN#EERE CGS BliR
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RIZ CGS DI & FEIZ DWW TR 5.

21 F147—EBEZ2—ER CGS
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WEST 8 % 300 MW BTG %8 ¥ 735 5.
2.2 HRA—EHER (GTG) LEHFIMAX CGS
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S HIE DN 20 T I ERIZH HNHNTWA. KRR
Hx, GTGIZH# LT 40%7FiE & @S, FEEL DI HIK A
80 “CHiifk, HEZA ZH% 400 “CHifts & EXEIEN RN, B
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BRI E A & L CERIED, FELTREEINS
FEIL, HEREA CGS BHEZ, THORHARHEL DY)V ik
L, BENELOZFOMEEZIT> TN 5.
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H5. IZ CGS T6.5MW ZEFH D LIZET S E,
KIIFREFTD CO, HEth A A % 4ERE 1,100 ¢V B3
52 EICHYST 5. 2l 220 ha DR D CO, WX
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EfEOAMICK UsE xR & O &I 54E%, BIEK
TERWEBIETIZM->TLES. ZDOXD mdiilRic
GTG Zf#S 7=, GTG BEREZ% 6 FHBERR &V s
ZYIVEETENDLETH 72 YVEELA D < 0hah
W EIRERICIZ Y — ¥ VEBESSY 7 E Y (Shear
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T5 BIZIEE—Y—AR— DRI ) a—bz PV
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LW, B2 127" #RERERE 1 TR SO kD 5 U Bk
B U@ ess, BN 28X 0REcI k.
MU XD AEW 25 & CGS & DA G HE T, e
O EIEE ORI TRE S Il L, SRRt 21T
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Jabb, B3TOMAEE G TRIN CGS
BEFRORNZ, fmdEds (52SRB2) #iEX, FiH%E
TIDY10% LA DOBHE A F A1 U Gl 5 £ CloAeAIR
Mz 194 7 )VER 175, PR TV EES
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Super speed switchgear (X|F/ch a2y, G208
ED VCB).

2, ki

—
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P E U TCOREDHE

LB DY & B % — I RIBF O CGS —

ZEI KV EEAMIC CGS B/ EMEEEIC TG

%4, BARMIZIE, 10%0 O EE F%%%% ER N
B U 728a, OEEERIE 8 ms LAY, @BHMRIERRH
1ms, @7 — 7K, 50 Hz BIERROIE ESMEIC
KVFIRY, 6.6 ~99ms &b TOFEE, HEHY
EEEst 189 ms A &7 5.

F/o, ABMEBEEEFNIZX - T, @0 4% (2200 A)
LA EOSTERFEAE U726 COBRARHENE W 725
KET13.05ms &b, ZDOMEFRE %Liﬂéﬁ#
BAMICIXBRIER T2 5208, R ERD TR /=
B, BEEICE oW SR s 2 B E L, EEEA L
DFIIZ CGS BRI H AT 5.

Z DI, CGS DI KTEIIFEEE L 5.25 MW TH DV,

HEAMBHE, 2 MW KO TRER DS, —,
CGS BAMuEEIZ M) v 7 USGEL, MHEIX

VEEAMIZ, ZNIMMERICTREINS.

PERTET) & CGS 2%, RANFEIRFIZE D2 G TE el
FREDFEA T L FTREME IO TR EE LT 2.

BigRIPS, SHARAQ & SAMURAI iz, FHEEfEns
TRB & I 2 BRSNS RN S B % 3,
NOEFFERAMEEEIEE LT E iz, CGS BEFR AR
RHC ISR R K VIR T 2 2 & TRIEELZX - T
Wb ZOXHIZ, WHRN_EEISNTHLDT,
HEAMIIA LT, O TEEEDOESWEE &
WZ 5.

—
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NOILINE

[]|Pratective
ralay
For power system protection
(back=flow prevention device)

TR

The rated shoet circuit breaking current

SHMESNMCW
7 50m

Z5MVA
BERV/6.6kY
12=10.68%

SRS1

Nu 5TR NoATR NoITR
BOOOKVA SE00RVA SE006VA S500RVA S000KVA
B6hY./6.6 BV BERV/ BBV BBV BBRY GOV G BRY S BEKV/B.6KY

2 SRG1

HFP‘uk FfPI te

EEEENEEN]

Bulﬁﬂl

Capacitor

S?Sﬁﬂi

HERRER] )

Superconductive Dite Svsum System System  building

Expersmental

oltage magnet PS5
:mu ::f:ﬂ JZE0KVA 1700kVA 4250KVA 40BOKVA  TMVA 20006vA IMVA D000 1000RVA  750kvA "EI0YA JanrevA 000KV J00CKVA
61N SOmW  T1B3KW 765k BSORW 236 236N 120KW s OO oot 17mav TIBKW
2720kvA  1360KVA The rated short circuit breaking current
BEIRW  S03RW of VOB is 1254 Current—fimiting resctor SMVA

'?414141'??43

Mishina Nishina  Nighin Msh ina 1_,,,,, Liniac
HVZ  HVI  experi al axporiment
20T 2200kW 4D 1060 ool bl

RILACEZRAC BMVABMWIWith FRC 1MW

nnnnn

——

VCE for synchronizing
& Triped by power system protective relay

X3 RIBF sk OENEFRK. —FEIERO O IADEFZEF 2R D 66 kV 2 Hixiii & RIBF LI/ 6.6 kV 4
BRI THD. CGS 13 RIBF 214K 16 MVA D9 Bk 7 MVA % H/N—TZ 5.
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Gas Turbine Cogeneration
with variable thermal & electrical

1618 Nm’/h Fuel(Natural Gas)

[ESOD KW- Power Class ]

[Rated Performances at 15°C]
*Output Power 6250kW

-Fuel Consumption 1618 Nm'/h
+Steam Output 128 t/h
*Electrical Efficiency 30.5%

25t/h *Thermal Recovery Ratio 35.7%
Iniection »Total Efficiency 66.2%
6250 kW -NOx Emissi 32.3ppm (0, 0%)
Electrical Qutput *Sound Level 70db (1m)
400USRT % 5
360USRTx 2
Absorption Chiller
Intake Air Cooler 10.3t/h Steam 12°C
Ambient Air | Waste )
IV J heat 7°C
34°C 15°C boiler Chiller Water
| ——  Water
2530 USRT
Exhaust
G
as 190 USRT

Chiller Water for Air Cooler

4 Diagram of CGS.

4. CGS DIERK

X4 12 2R #2779, CGS OFHEE, 1 filiBamA
HAY —E VREHTHD. B4T GIEREKRERL
ClIZeX LRt Ty - CThs.

AL I VXN S 0.8 MPa O HE KRR H 2k
Bz, ML zBe L ON—F — TR 8 5.
N—=F =BT 25 1,100 ‘CDOPRBES 213 480 *CF
TWEYEZSR LTy — v B F Y TRIZN /- 38 B
AR XHE T 5.25 MW OFEXTRIVF—2H D4 5.
COBMEEEE T LA f YA 2V ERS. GTG O
i, WROEE T HRbOLIREIZIKFT 5728, EFE
W SIS 34 °C7% 15 °C & T FIF AW KA HIEEE # fifi %,
A 34 CE CEME N ZMRFCX 5L IZEANT
W5,

R 5124 25— v AREZRT. BGUITEM I N,
PRBEZR CIRBEL, BREEH X135 — b Cmlis ) (H3E)
w52 121k, 480 ‘COPEGRH A L ix > THEEERA T —
IZE NN S,

PR A T — 28 NP Z1E, ZOET 1K
24721 1.8 MPa/210 "COfafIZ&% 13t #EV i L,
FEZEN D 160 CIZTHENEIN S, Z OZARSUIBIGS
HEITE SN LD, BN TOBRARDID WL,
D—EHHMERIRK 8 t £TC GTG DERBEZIZEI N,
IBAINTY —E U CHBWZR T 5 Z &0 TE, X6
IZ1.25 MW O I#EEDLZENTE D, ThETVF
VYA T INWEMNS. 212U, EKEGNIENW DD
KDFEEIDIIDENS B, bbb, FFO CGS 1
LIV DaA N, VR A7) (EERE) O
ThV, BKIME 15 COR;, I K6.5 (5.25+1.25)
MW OFEN #1935, REDEOBLAI DT, &K
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5 Gas turbine.

X AHEM DM EXY S, BEEICKZSFHDIZS
Dy, RGO R I I3 B O ARk &
WZFELWOTHEL) 1, KOARREEBEZFAH L URK
HHHITHHDT, KyORIF (LiB: ZILY F 7 2)
DFFAIZ 0.8 MPa DFIFIZA S HH LT\ 5 ([#8UZ
Ko THRT] EVnHDIFZ 23 ). RIBF Tid,
400 USRT (1 USRT I3®WWAES) 3.52 kW IZH¥M9° %)
5 &% RIBF BN IESSHIZ, 360 USRT 2 G KR
ICERE XN, 7 ‘CONNEZREEE A E v /K i & 223
AmKOBEIZHWSN A, (WEAGHE (Adsorbed
Chiller) WO mEHEDH 5. Fesh GRHEK) ZFIHL TR
HRIO ) B 7 IVOEIEIZANWEEDT, BEDOX W) H
7V DRERIE X 80 ETH D, LarL, Z DI RIBF
WO DOFEEOBEREFH & L CUIHEYimTh D700 H Lk
MHolz)

WA Y, & — R s O EAEEE 2 )
BRI, & VEBEE T AP R & 4 <
AL 2WOTEERICHENTHA.

7272 U CGS Z IRz & A Hs A B3 7-0121L,
BARA T =0 BT, RRT A DRG] 0.8
MPa, &% 1.7 t/h DEERERAAR A 7 —%25HH
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BELTH2.
5. EERKIR L FH

CGS 1, MEFAIZEhx 2 el ) TE Y 2011 i 2R
HHERREH] Y 40,000 REfENZ i < FRETH 5.

WAEREDOERKE LT, 2010 4 6 712 345 MeV/u
D *Ca € — LT AT - 120, KB ARITT O
MR Ch - 722 &2z, B CRARIIEAL
7o, BAEDNE68.02% ek Lz, ZNIEKIIRE
DR H T 5 40% xR — DI FEiE G RE
(MACC) (More Advanced Combined Cycle) @ 59% 2
L Ch @i nz £,

CGS EAT 2 MIDEE LR L=, FHb@ ) 0%
xR Uz, BT, 2008 4 8 HIZ AL Tk A &
F8 U 72 B K & 7D & M A 7203,
He %% D3 iz B AMSRIZ KD DD s WO IRIET I e
BT %S (52SRB2) 2MEE) L CGS-UPS I8V b 5 /-

BRI 2 ~ 4 [BI34E LT 5B, CGS-UPS 134
8RS G L TWAD., Bl L2 EEH DS [b]
KDYl nDlE, HAKRYORITSHSFRIZE XN 7=
FEHO—DIZFEEND NG DY, FEHA PR T
DIETHHZELRVWEEZEZ Thd EEDbN5.

JEWEEANDKIGTIZ WD, B G EEF
IZd, CGS OFE 72l g s (X1 [ o))
TOERTITO =, FriixOEEAMZRFLDOD
HREIDTET) (6.5 MW-2 MW) 7% [HIsE g5 e 1= g5 L
P B AR FERFIZ X 3 o) AR T 2T %5 SRST (TR 25
MVA OE Ff) (TR AEIZFEIFA LT, &8
W CRARRERERBECXH I ELEI L

ZDEDIZ, KCGS IZBEIGEEDALST, ik
HTKRMZ UPS & LTCHpIcHZRI-L Wb EE
Zbh5.

6. CGS DFFFMHE

DX IRFH T E D D EARTHD.

6.1 154 kVSEODRKELLTEA

RIBF OB HTEOVEICHI- > C, BhHEtICZ
BREOMEZITZ L& 25, GHTEEBINKE
W (35 MVA. 48)1d MUSES & KN TCW- &8
) v 73 HED G - 7=. MUSES Offidnid, 7 D1k,
SCRIT & Rare RI ring &\ K VR E & T2V F—
HEODVIEWERTRORBNICX > THEIHINEZ &
Lileotz) EWHBET, BURD 66 kV 2% 154 kV
TRIZHER LW EB OGN TE RN E NI FER
Frb BN, #7212 154 kV R xR O L, 154/66
KV O # EEGRE L, 66 kV COMNRE X175

B DI & E %% — FLHF RIBF O CGS —

SHEANITHNE. LA L, AFEICIZKEEOEE
AT St & 2 EHOBR BN 5. ZNBIE, Vo
Z D, CGS #HEECEA L T 154 kV BET DGR %
[BEET 5 2%, MEMIZIFRCIE NS Z i
tote. ZTOVWDIXHEHDEREZM > TnEHH, £
WO bUIrEINEHIY, 66 kVDOF F CHEE &
AT AL OB LELRDHY, 154 kVEETD 2 HH
LIBED CGS $AEE 2V, fik, WKLEHRTHZE
KT HEEN BT X 7.

CGSEAIZ I VAN E L S -ELRMDOELDLD
LR O@BY Th 5.

© 154 kV ZEFTEHR

@ BERERIER HXERK 2.5 MVA

® HEREFEM T ¥ — 3 MVAR (R
BREWIMI TS E VAR Z#RIN L DR KET 5.
CGS 1ZZN BT 3 MVAR OREI#FFD.)

HRt 22 AR E s 5.

CGS AiAfifits (AEMEET) 1§, THEMETSE
MEEETHY, kit 22 EACHEL, ERTFEOKIE
PANEF RN B p A

6.2 CGS BAILLZBROEXHESZFDER

BRADERREL, BREMHIT HHEFR & L CHH
ERBHIZHEDOOTHATEE NI L CEA —EH
(1 kW40 1,533 1) 28 NESHITZH S D TH 5.
GTG ##E)9 % DIZ 150 kW ORGHEINILE 2 DT
TR 6.5 MW D5 5 150 kW #BEV 7= 6.35 MW 70 D3k
ARk (FEE117EM) 2067k kb 0o ihE
127525,

X B2 g FI 3 2 WA b ClamsIc B
NEEAEELRWDT, RARESORBE k5.
RIBF OGS HAE DL, [ UGHAE D= HoEL
RBHHEDOMETE S 2.72 MW IZHYS 45 (AR
COP = 3.52 (Coefficient of performance: %% /) 1 kW
MV OWHEEN KW Z2R9) EL70) Z&Enb, ZD
K, 5,060 HHE RS,

CGS DEAIZ XV IWE T Z&HDOKOFER &
7I i) 7’:. :nﬂ: ck i) (ﬁX$fﬁﬁﬁ“Tﬁ‘ V), fﬁﬁﬁéﬁiw
BERS N D H 2RI 2,400 B C & 7= 2
EH CGS BAIZ X AFEMLRFBERINE WX 5.

Pl bzAET 5 &, FRHEE 1 9000 7 OFREEEE
12785,

6.3 CGSEGETEEE
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