B4 Kawasaki
Powering your potential

ISSN 0387-7906

NG & T 5 8k

TSUb - RIBHES

TECHNICAL REVIEW

No.176

October 2015



mc% mim—%&
KpE Y= ﬁl:l?iﬂ']jjludij
\ \ﬂiﬂé*iﬁd)ﬁﬁz




ISV - BIBIEES NIBETHE F£1762

| #9921 — FSUN -BIEEEOERESEDREE - - 1
| 4I5S FSUN BRIBAVNZ—([CHITDRIE - MR - - - 2
b 5-201) 5
LNG (GRIERAAR) BFiE —tHRRARINGEFEOEHLEHICKISERE - BIXA MEANDERVEH— - - - - o v v e e 6
Liquefied Natural Ga (LNG) Tank
—Optimizing Quality and Cost with Automation Technology for the World's Largest Class LNG Tank
HREABA—FILV—T8E —-KR—AaVI78RU—LSAF—MIEEEESHEEBFE— - - - - v v e oo 10
One of the World Largest Autoclave Facility —High-precision Composite Curing Oven for Boeing 787 Dreamliner
CKKY AT L (FEICHNEY R T L) —ZHOREEIL - TRIVF—FIA - BERLERRRER— -« - -« - - o v v v e oo 14
CKK System —New Waste Treatment System that Achieves Waste Reduction, Energy Use and Recycling
U-KACCIRAS —E#itIRA SIBEIC & W BIMMTISEERMER — - - o v oo 18
U-KACC Boiler —Technology to Effectively Utilize Residual Fuel from Oil Refinery
ROFREEAEPBIRAEIRNA S —BENE « BERYREICKIREME— - - - - - - - v v v v e e e e e v v viviinne e 22
RDF-fired Internal Circulation Fluidized Bed Boiler
—Longer Operating Life Achieved with Improved Structure and Operating Conditions
THEED « NA A HZESHER —-BEESRHEICESTIMIBTHUIBI AT L= «rvvrr it 26
Waste Treatment and Biogas Generation Complex
—New Waste Treatment System Compatible with the Feed-in Tariff Scheme
EIWO—RBNAAILI/—IVELEY AT L —ERBRERHCKDIRIVF—RBE— - - - v v v v v e v v v viiiiiee et 30
Cellulosic Ethanol Production System —Energy Creation from Non-food Sources
KERIL « RILKEEIEETRE —RANEKELRICHEIT T — c o v v v v ettt ettt it c it i 34
Technologies of Hydrogen Liquefaction, Transport and Storage —Paving the Way to a Hydrogen Fueled Future
FREET

135 - RAFRSEMT

KSV (ENOxBYURIRF) —BEULWBEREIDI O—/NIEICHIIG— <« oo v v ee i i iiiiiiciii i 40
Kawasaki Spouted Bed and Vortex Chamber (DeNOx Pre-Calciner)
— Addressing Global Trend of Strict Environmental Regulations

JIOZwTIVEEIS VN —BRIFHIAAZFIRAUTEIRILF—EZEBIET — - - - - cvvr e e i i e ci 42
Ferronickel Smelting Plant — Electric Furnace Off-Gas Utilization to Save Energy
BRIEEARI v HUTU— — BT — ROFER - EFBBECRIRICHIG = - oo vvrrrrre e 44

Stacker-Reclaimer for Conveying Coal
—Enabling Rapid Response to Demand for Coal Yard Installation and Upgrades

D UAR—IVEAFRAIFTEERKY —IU RIEERE —RIES - BKE - 88 H—JEHIOMREICHH— - - - - oo v e e e e e 46
Slurry Shield Machine for Singapore Power —Handling Long Distance, High Water Pressure, and Curved Sections
BRIVIVAMBIYRATL —AVTFIAMN - BEERENORUEDH — - - - ccvveer i 48
Dry Bottom Ash Handling System —Improving Maintainability and Economic Efficiency

Prelude FLNGm "R‘,ra —ﬁﬁ%xwﬁim 7ﬁ‘,f Sﬁml— ....................................... 50
Prelude FLNG Boiler —World's Largest Off-shore Boiler Delivered

—REEEY (OFH) RACERESR — “TH" H'S R EEUE AR — - - v e e 52
Municipal Waste Carbonization System —Making Effective Use of Carbonized Fuel Manufactured from Waste
ERV—YAF v ZVIVRATL —EUEEICL—Y O RDEEM - BEZE[E— < - - - v e 54

Kawasaki High-speed Laser Scanning System
—Using Differentiation Technology to Boost the Productivity and Quality of Laser Processes

ZTAMATIERE —EFHREFCOMMEMRLICERR— - - - - v v v v v oo s eme ettt 56
Air Fin Cooler (AFC) —Excellent Earthquake Helps Make Nuclear Power Station Safer

TPAIETI—0 (V—9) — BB — -« o v v e e e e e 58
Fine Sector # —Achieve Ultrafine Powder Classification

EEKEHARNLV—S —ERTIDESEEEMEREI— -+ v v ot oot oot m ettt e e e 60

High-pressure Hydrogen Gas Trailer —Japan’s First Composite Vessel

I N0 O T T S PP 62
—RDDZVEEITH, REERICTU—VBENZME [UKACC] -
BEEEMIMLEBERIE - - -« » v v v v v v v n e e e e e e e e e e 62

—CHOEEL - HELE XY MOEZERCER [CKKYZXFT L] —



- SV -RIRHYNZ—
TLIFVMCEKL —

T3V b - IRIBEED
VR &SR DER

T2 b IRIEEEOERIE?

Wy oX= =&, 20144F BEC [ MR A AR & R
ELTHMT 5K F3EEM (UKACCHRA 7, BthA
WERI) |, TRIRFTAZFERET A V) V#EETS
¥ b+ (GTG : Gas to GasolineZ79 ~ b, MLVZ AZR%
) L, THREA 2 < BRIRIEHE ¢ 16. ImBE KA S — )L K
RS (RIERX, EBEZ@MT)] v Hfamz
MRNTZELE L7

ZDH L, UKACCHEA F1&, N—F ZBREEE LIRIC%
AR EREEETRTHI LIS, HRTED L AR
HOHA N T—27 A% ) ZRRR MBETREZR R A 7T, %
BB LY I 2L —Y g VN A RELET AL,
Hi S AIR & O ILFWFIERIE DI D A0 £ L7

T/, BELRBRITAGHEZAETAH MV A=ZRAY T
i, HARELLTHOTORBTaY =2 hThb, It
B752 bERM4EIOHIZETL, "VZ AZRAS ¥
KD IO F TR ZTVWE L, ZIUTHARMSE
OREEBORE»Y L2 b0 TY. Bk, ZoER
77 v MEROFER R E CEHEh, SROGTGT 7~ b
ORI ZAEITE LTV FE T,

EHIT, KB Y — v FIRAERRIZ20204F £ CTICENTS
BoWtErsyrash, fuidie < BRIRERIT TS %
BLEEANIC X o TEMWE O ¥ — )V NI % Fa T A
WREE Y F9.

SHRORERIL?

20154F 4 H1Z, #9210 OF AT ERM 2= IS E) L,
7 Y= —HAE M OMP R LT LE L7z, 200540
ALV, [ 4 ooui GHRRSCE, koo, EBUOE,
Heafr,/ $EUOE) 2 Mk L CB 0, SRIOMMFER I,
HRESCE DL EALEAFIT T E T, T ofFEHIHE
W, R —OEMI RS - BE L, OF1 IBU, &R
BBU, J#EREBU, 1b4% - fUREAEBU, ApEASR RIS
X B ES IO, @IKLBBU + #uXBUDRZEIZ L 5
FRKIIFEEIPP (MOrRBEEE) RUEOZFELKR, O
JEF-IIBU + BFBUDEAMIREZ & 2 FrHl S~ DR,
DY FT—RREOFEBIHFL T T 7.

WO RETEZ WL &, FRDEAT I —AEH K

L T REAGHRE S

T b BN S — FTLIYF U

EHY FTA, BBOARBERASLAZNTEY, &iH
- FEETI, S%E b AVF— - BRESETORE
P IR TVwE T,

RIS, R - A ofbARERE IR L C, COMF RO
INESWKRRAT ADFELEIEIRELILARL T E T, §TI,
LI MR O ERIRFT AWALT F ~ b [Prelude] 12
BWENLMHEARA S (FLNG : Floating LNGKRA 5) %
BRITMA L TWETAY, FLNGORZEMR, FMA 7 A
LNG7a Y =2 b - BECPCHIHE L HEN TORBLNG S ~
7 OZEEHELTVET.

72, hE W T VT TR, SRR EOBEEY
WLER R DO SZEILR O HEMEAR & <, Ml A — 7 — b Rk
PR L TwE . Yikid, hEAeRE LI, T4
V¥ — % KIEICHIL T & 2 BEEW LR & & 2~ ik
R ERA L S AME Y 25 A (CKKY AT L) B X
OEEAED A b — 1 RBEEF O ZEIERICY HA TV T

R&IC

[BATERF DA TR & B ¥ F V=25 DAk,
[Yuyzs MREDON EB L OREEOMmNME] [~
NRZ—DaAT - AYEY Y ATHDH AW OHME: - 561k,
[ IeAlitE B T DAt ] % RIS ED T E T

o)L, [FEMitEHESHoMmib] T, HELETDH
AHGTG7F >k, UKACCHAF, FLNGRAF, CKKY AT A
o EREAIMER G E LTHERLTEE L.

F 72, BRI 57—~ DA, IIE T84T
WMOMATHS [KEZANVF—HFTI4F = — ]
WKL, riEgoRE») ELTwET

Ihbd, ARG EHENE D T AEGbERDS
5, RN A¥EMEoN EEHIELCWE T

Kawasaki Technical Review No.176 October 2015 | 1



fis ¥& 5 B3

T3V b BRIBAVINZ_—ICBITB

R - HiTRER

I%ﬁﬂi%ﬁl

HATRE o0 b - BREEA VS — NAZATLIYF UL

AN E

BE, WEEIOF ISP EEIMICHIBEL T dRELLEL
TIN—TREETN2018% 5K L. TOPTYHT T v
b BB ==, [ AV T — - BB & i,
EWELBHSSE D Ty VT ) YR R R L
BMLHEAN L BN B X AEEMLIC XD, HhEkEREEfR 4
WCHEBKL, BREEORmVE G - -2 217 5,
Wt 275 A=A —IORETA] St HEELT
W5,

AT, Uh v X=—ORET D45 d 285 - Hily
DFFEB X G HOBMER IO W THINT 5.

1 BN —DE

W o= —I1d,

O ¥AYETTUN, WETT VN, IRRETT
TR DPER T 5~ b ERY

@ Ab¥%7 7 b, LNGY ¥ 7 %2 ¥ DAL - iR
A ]

B HBHEA T, RETI VMV aEDIIVEF—TF
R

AN
[@E#&?’%‘/I\EBFEJ }

[@1@-1&5&&?@7’3»&5?3

- ‘
»7
v N
/7 S ﬁ

[%ﬁ%%-%ﬁﬁﬂﬁ }

e EEEE e

@  THBEHEM, TAKUBEERMEOBREE TS~ MM
& <H—7727 b)—E LTOEEREE FETLY)
DAy - FEEMEK, MAELTELBHZALTBY, £
OB A UL  BEINN O I 72 & NS EAR
DIEEMHIZHBL T & 7.
ZOEMIERORE R, 27425580 E S ME A
LTWAZ END, ENENOLEOIMERAM %2 S0 72
GEM MM, o5 o8 LA GbEizh 3
LT LX), #Hiek, X0 KE BN E LRSS
LiZH 5.
KGDOHTRALTWED, ThEH AL, ZOH A
BEEAVNTT Y MOBEE LTHHT % &I, A
BEHNC X o THELBIRGER LAY bOERE LTHHTS
[CKK¥ A5 24 (CONCH Kawasaki Kiln System) | &,
FEULLERTT Y MM EBIE TS v MM ORAIC X
DHEFNZVATATHL., INHLOREIE, %D
FHEL EF L TEBRMBOURMTOLRSHO LY B
EZAHFRWINL, E) iz EAHTEE L LTHRESh
TW5.

BUE DB 8 L LI, RI1oEB) THAH.

EE x| EAKER || g

2770 || KBEHET I

E G An RN RAFEET
it

b

R TO UM RE¥h

I 27 L | TERRA )| BECE RN

1 HESEFEHELEM




2 BEXFMOEEHREFMBRE
R D T 7 Bl & BARBEE 2 DUT ISR 3 5.

(1) E#TZ> MEF
(i) EETITVDN (BAVETITVH)

LE, BRI X 2 MO BE 2B L, BRI
30~ 40ERDOEERFMRICL 2R LFEEODL &, HH
HCTH - 2L BIERICBIT 2 HENMAZEZHITL L
EDIT, BRAVMNT T U MEEMROFERIZLY, 2
MEENC® B KA ORI S kg £ CiRro—B 7
Ot ARG OMIR L, RETIT VTV =T ) VT
BT, MRERDOEA L N TF U P A=A —ITFRL
7z.

HADY X v PEFIIMR T v 727 5 ADH T AR
AL TBY, ZHICIS LYW T H IR
wmOHIEZ Hig L TR P EA S BER 2, 728
HEROPHRWER IV [CKI V] BXUOTFHHY AT
AHBB I )V [CKPI V] 2B L, EWNIMZEEBA
LCHEhTHD. vAY NTFS Y MEER Yo7
v MO O, 19614EDIK, &0 T T v
FOMAFERHEAB LTS,

EHIZ, AV NT TV NESOIGHSE & LT, 2007
A YRR TDOT Y% 5 (PT ANTAM Thk) #E[i
F7zu=y r VBT I v ba, 200945 (2 EISNNCHE
MR R EE3 T NY) =y rVEERT I T+ &
AL, 20154FICIZREIIEE (ERES HA T hY) T
MESER L TWA.

(i) #E77 > b

Wk 77 ¥ MRS, AR ERELA, TR o] -
Wk - ARE AR, S oI, B - Wk - e, MAICE
MDY AT AR, B, gl AT N, bR
—H =R ERLASMALTEBY, ZOEEMHEE %G -
BT LB, NYRY YT VATFLADI—=F VT
V2TV rERERL, BELAMAEREBMIEZALT
W5,

F7z, HERRI T O ARYIHRT, U—F L AD7-DIKER
B ARIRE) T EEREA 2 v, BRBRICELE LA ML RN
Ll BEhREELZDOERF LT XY (Flow
Dynamics Conveyor—FDC) %5 L, EWNIMHIZ LM
ALTWwa. 20154FICIEHEMRIOIREI CaRIfE L LT
RSN baK 4km, 182,000t/h - 2 3%, 4,400t/h - 4
EEMAL TS,

(i) JKWLFRTZ b

VL, ARAKIDAIKUBEEDO A —H—L LTT XY
HCTHEBEWN R Y =7 % F2UCCH: (United Conveyor
Corporation) & 19634 ICHMTFEHE L, EINFHIER A KK
NFEEAORIBFIIRLAEEZNALTE 61,

WHAZI99FEICA Z ) 7O TNV T A4 L VX R ML T
v Y2 WY AT AOFAM A EA LIz T OB AFG 2N
— AL L THEOYURRREMLY AT AORFE LT, BHE
Z— R E LA SR E 2 B L CMALTE
D, FERIIBWTEWETE > = 725 Tw5. 20164E0
B HHLZ 15 AZZIPPREF KON IR LBI R
& ZEZEL TS,

(iv)  EARBEAE (b2 AOVIRAERS)

LHATHEIT T B IEIEICE, BT HEATHHAO Y —
IV NPRAERR, WA b > AV (TBM © Tunnel Boring
Machines), BIEOIRHINEDDH 5.

=) FHEERIX, RO HEL P 2o fFERD v —
W R AL TRAHHHI LT Y —b LR &
NHPWEIBETH 5. Mk, ek, REER, Bt
IR, TR LD 5w AHEO v — I FiiERK %
BELTBY, KRIOETIEER Ny TOMMIIH S, 2012
ARV 0 e A B P e BRI TR 12, 55 m B L o —
WV RAEEI 2 52T (20154F 3 AU BAR), F 72, 20144F
FEZIE, ¥y R = VBB XU TS IRk
T =V FIRAERE % 3525 A L 72,

TBMIE, VA Aolz < hbE, HEEER, $d
R, ETRKEZED N YA NVEELEMTH D, Kt
X, FOREGESMICEDTBMERE LA+ =T, L
T, WU/RKITBAZER FARE THIT 21X U, WAL
(R = N—3FlE) WFEE b > RV 7 CHBY MR, $dE b >
AVINFICE L OFEFEE D, ¥ — I Fig#ER, TBM%
P T HARENA TR, 400252 A LT 5.

(2) qb% - EREFHET S > ERFY
(i) fL%7F b

Mo LT T v M EMIE, A bEEAR, R - =
Ly x5 =), PHEBIGEOIEA, BHAMLS, (b
HWBEREEORETS vy VT Tk, FO
RS Cd 5 S - A - By - 0 IE % E o
EICE S FTIRAVEREFEMNZAH LTV A5,

R ZF LY s AF ) — VI BWTIE, 19814E 7
AV AOMWIray 74t (Bl KBRft) Lpary—37
AZEBFA V) TILERATT VEZT 77 MHA
ZIILDEL, RIETIX2009F1C MV 7 X =2 & Y EEAL
AL MV 2 A v e — I YA I ER KO R TS
M ATHRE, TNETICTHOEEEAL TS,
E5I220144E121%, MV Z A=A ¥ YEIIFIZ, KRG A
ZEFE LEdE AV ) v 2 B 2 IR R K (BERE6O S
b)) XV yEGETS b (GTG : Gas to Gasoline
TN BgELE (R2).

PGS E 1, S E B & 2 KRBEVKISHIS L
7PN AR - AEEEFEAMET 2 L & b2, ARKI%
g & LA HEALEE Y 2 7 A 2 B, & S IZEHEREH]

Kawasaki Technical Review No.176 October 2015 | 3



[A& : 850mx760m
AV EFER 60/ F

760m

850m

2 BMULIXZZECERTGTGT > b

MY ATFLR ) )= A —%, i ERE AL
EremAmsL, wE, XhFaA, Y77 R EHE
WA CTOTHDEREH L TV 5.
HAfrBgscld, BB EBEALAVWRAHERTH SV 7
Ferva—2Z2MEH LT, WERETH DRI TR
S BOKERALICHI T 55 % 7 — VELERA O Bl %
D FATYS. BHKEEZED [V 7 o —ZF)E
FHHAMREL ] 12B VT, R EEARE & I,
2013E3HFCThib O R ERFERETLINAF Ty ) =)L
BUIERIAHRELZERBL, =¥ — L ORERFI53.5L/ 5
Bt (dry) ZER L7z BUfERBEALICmI TSR %3
A MERER S EEBIZ, NATFIHVGEHL GO
H77 Y DR ZM> TV,
(i) fREiAE 77 >~ b

Wik, F#ERER, F—22, FERZ oM
RPEME S~ 7%, Wby A - ZREM Y A 7 EEEN
DHAZWERTHLEEY 7 IS BOERKEZH LTV 5.
72, KR BUKRO SIS R ALY A, LPGR
WALT Y E=T7 R EOFPIRMFE KR Y ~ 7, B ELNG
5 v 7 OIS % D, IR TR CENR A R o %
i &, MEOBKEr, HLEM 2L T,
FRICLNGS > 7 Tld, PREFEHNC 9 %N 7V I &4
PHH L& _EmRXy v 7 ZHh ICEE L72E Y b
4R, PC(FLALRAIYZ)—}) iRz —1k
1L L7-PCHME —F#LNGY » 7, #lA 5> L A§%
FH LM TRA T Ly vy, KBLNGY v 7
THH SN2 LETOMBEOMAFEEEZAL TS, RET
i, ERICBIT S RMINGY ¥ 27 D50% M Eo Yy =7 %
AL, WA CIREB MBS At — A NS Y 7T
HEHTWBEA 7V ATy 2y PIIFRRY v 7 4 %, &
BOEE M AL TH 5 BE TR A RAF A H
BECHRTALNGY v 27 3 L DOZEND 5.

Yk, AMRBI AV EF—L L THRMICLNGOE

BT B, & v 7 WARO R & IR 7 LWRIE
WAL D HLA TV A,

Pz cld, SN T TITE b2 B 7 W BBty % F)
MU CHALAKREw R 2 > 7 FREMAE ML — T 2%
L, MkOKEF = — > OFEBNMT, KFEREEH®LZ T
REICLTWa. 5k, EEILEZ W HEH R KERE
B O RAZ XY [RFEFHAE ] OFPRS PRI S D 53
WAtiE SN F TICH o 7oK TR D Sk, W, FIHE
MAEBHL [KZEZANVF =BT I F x— ] BEICH
WAIZETI LT L.

(3) TxILX—TF> bERMT
MAHIZAIZEDCE, B A E D CIRAVWSH TS T EE
BHE=— XD EERD KN T T N 2 BERY)
fEL, EWNAMCIEEMALTE L e LTid, Eil
filk, LNG, KEF v 7REBE (WK OV TEER) L
DINA <A, FINGRE R B REL 2 & OFEBRIREL, &
Vo 2 SRR RIREHIRTIS T RE T, T EhoEIca b
Tl R R AR L T — Ay F LIRS, 5%
RAEL TV 5.
(i) —RBEHEERSL

A - AR e OB E R A T3, KHEEEICB
\F 5 ENB X ORI LD 720 OB H R I8 %M
ELTRIBOWEEDSD Y, ITHFE TIEERLEKLIILD
ET BURILVESE DB L C & 7. BRICHAE, ARpRE
FTHRIEERAT M CAE SN AETEDOT 27 7V
MYy FZFHT S [U-KACCKA J | %l (BENOx,
BKIZWCAFRAL F) EDERITEHL TS,
(i) JEURKA 7

WA, RE N T~ ZARBERWIRR 2 R X BRBEL
BT & ZMAHM OWENRRA 72L&z 4§
ICNERTEBRRBIR R4 5 Tld, RARORLL XTSI
PR IS BT O R IR R JUBE T & 2 BN BN & A
LTW5. Gefl i SRS H L0130, 30 ASE
DY, Hok TIEEEENTRPFZREIE 32 20
HEADH Y, WAL AHEICEHETE 28 e LTEHHO
TEPRDBEAEN TN S,
(i) MHEA

WA, AR T A TR E LCOMM AL 5 % E4E
LT 5b. COEFRTE T Z20134ECE, 5050
Tz VEERA — A b T ) T TR T B R O R R A
HAWAL T ~ & [Prelude FLNG] [MFICH 2R A 5
ZRFEL, MHKRA T 78 (164720 &K H220t/h) %
MALTWS (B3). SHLNGOTEI AR, *+—
ANT) TINCH R AHBELEEINTEBY, &5
BbZENRATNS.
(iv) HEEARA Z

PEECR A 5%, Bk - kS| - (k¥ - kX v - TA




3 ¥ zJuit "Prelude FLNG" 220t/hR4 7 HHE#H

BERF 2 ED T Z ¥ b HPEH SN D PR X O Y
L., RGBT A F—ICEMT BEETH L. BAHRD
Wi - AT ANF— - REDILICERLRE DT TS,
B2, X M OBGETRTHRR SN B2 PR 1
TEIRL THBEIZHHT 5 X ¥ MERIEBEERMHIZOWT
&, hESFEEZELTPE, F-ay SR MLails
WTHERMEA LRI 41EZMAL TV 2.

(4) WET 7> MEEFY

AR, TAMLEL (BEHD) (2fko TREAHICEE RS
BhoHbyA Ky HEEOHEWE O, - Bkt
RKiEbHAADZ L, WEKRBE LR SR () 72— X,
Va—RA, VA 7N HEEOBEILTAZERET S
AR BEREM I BN EFENE T > T 5.

WikiE, EHNO SHREREHEOKFA—H—L LT, BE
Hpz e A - BB A, FETER%IR 2 & 0 JEl
iz 79 v e LTHD FLOTMALTED, 20144F
ERETOZTHMI T T ¥ b ZiFEEBRA (BERhEd)
&, ERAVCLTST S Y N TH D
(i) FRhERTE TR

LWALATIA U 7 BEBIE TR A Z A BEAI iR 12201448 2
KETIAMRIELTWAD., /2, ATHF - 7 Y
AN RAb=ATATLAOEMEBHAL, KA FEKRSELM
% 4MPa, 400C 7 5 2 ¥ CoEEFL L 2msh%EstE
FiE, 20144EE K T CII2Rifk &2 ZIEL TV 5.
(i) ZABEH - N A F F AL R

WMrkik, FEAEREINT A P RE T ROV F —FHH AT 0 =
— R B 7200 SAHAMIBEARM AR L. SOV A
T AL, NA G H AR - S ABEEERE = LA A T
AR BRI E A EHL, WERE A AP R
HMTAYATATHE. KYAT LTI, JRITADD
INA A AT L7 TR 2 BMaER L, N4+ 7 AL

RCOEREZR A 7 VR X DN, FH AR RS
Hh. NAFTH AR T THOLNLERE S SHICH
By R LCHH SN, BB TOBRIMIR X &
UEEERIE R LIZonTh, BEEEREO A I — A KIEATiR
BEHFIC B TR B SRR Z 1T, oL F—L
LTS 5. 20144 IR B HF TN IS AR TERE O 9 5 1% %
MALZ. F72, K A7 2 IZE4ED B T3EHRA T
[FRFRSE] 22HLL.
(i) X PFNTEIEH LIRS 2T 4
WA, X Vb FV sk BB AA L 22
RIOBEFEY MBS 25 2 [CKKY A7 2| ZF%8 L, WiE
ZIILOETHHBETHRE MG L. R AT A1,
CTHRERERN DA AMLFTH 2L L, kL 2B R
AL F v —RIRpEEHITEA Y MEGEBRMICHRE LT,
A Y NEGETRTHRES X OBEURE U TR 2 Y
BYATATHY, TTIRI9ELZHE LA 20104F (2=
TREA P IC S ABEEEI300t/d7 T v FEMAL, Bl
FE200~400t/dZ B3 2 5 75 ¥ S BEHTH L. X
HIZ, AU AT HITFAKGIRLEL & K FA LB O B RE %
i - A& L7z TZEET (Zero Emission Eco Town) ¥
AT 5] OFEELIZLBYMATNS,

(5) AEFEAE (HBEIH)

Y —=7 727 )= LTORBBIILZ KEKRAL 5,
Wl HMTRLNGY v 7, KREOZEY =V FH#EIEZ &
YR —OFEEE T EaE - TR ENICEE T S
T L, MR AR OB X Y B0 bE XD
BN EWLT AL RHEL LTS, ZOOIl4E
Befidy, ABEEHY, ru—vd, B AL, &
AR DL ) HEBRILLTWD. BRICAERHM & L
T, L= =Wk Sk b KB THA o 1) I,
FHERBEH OB, WALKES v 7 \SEH 5 5 B2
MoEERERIL, 3D - sHlBROFEHLE HiFL
TWab.

H & H E

T BB S, SFEELRFEESFICE
WTEHHEORBE AL, TORE, ==X L72%<
OHEGmEEAMLTE. ZLORGPHFORTELATS
ZERHEH N —DRATH Y, ST TS
LTz EART, SRR FOR W
FDANBG XL E L TREZBEITTE L.

Ltk EINOET) Y AT 2 OUCRERHFEZ ik L
BN TANVF-FEOBTE ) 2ERIC, SHEES - B
W7oy Y27 )Xy, RO AL DB
NG & HUERBRBE O ARICHERN T 2 i 2 EA I LT <L

Kawasaki Technical Review No.176 October 2015 | 5



Toomwae

LNG (GRIERARHR) EFiE
—HFREXRLNGEEOBELIEMIC L P25 RE -
(K3 RX MENDEY $HA —

Liquefied Natural Gas (LNG) Tank

—Optimizing Quality and Cost with Automation Technology for the
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t5H B * Akira Umeda
=1 ) Mitsuhiro Miyazaki
Bl EE®* Masahiro Tsunekawa
R BEZE@* % Masahiko Akamatsu
RE—EG Kenichiro Niimi
FA EAO®x % Atsuhito Aoki
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51703, WTFKALNGEFETIE, x> TL ISR ILDiEE
BEFRMi#EFE L T, THTHOTOy VBEAEAL, Bh
7-oaE & BENEERI5% & ERK L 7=.

LNG tanks require high standards of safety and quality as they store natural gas liquefied at a cryogenic temperature of
-164C .

Kawasaki has been developing automated welding technology as part of an effort to ensure consistent quality. For
aboveground LNG tanks, an automated welding robot was developed for the processing of knuckle plates to ensure
consistent quality and high efficiency. For in-ground LNG tanks, a new automated welding technology was developed for
membrane panels. By applying this technology to block welding in shop fabrication, Kawasaki has achieved both
excellent quality and an automation rate of 95%.
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One of the World Largest Autoclave Facility
— High-precision Composite Curing Oven for Boeing 787 Dreamliner

al)ll =@ Kanji Maekawa
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In May 2015, Kawasaki installed an autoclave facility designed to meet the specification requirements of the Boeing
787-10 at Nagoya East Plant. This facility is identical in diameter to the autoclave (designed for the Boeing 787-8 and
787-9) installed at Nagoya North Plant in 2007. The increased length of the 787-10, however, requires some related
structural changes such as strengthening in some areas. This called for further performance improvement in terms of
temperature distribution inside the oven. Kawasaki used thermohydraulic analysis and other approaches to optimize the
specifications and operating conditions, and achieved uniform temperature distribution with the world’s largest-class

autoclave.
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CKK System
— New Waste Treatment System that Achieves Waste Reduction,
Energy Use and Recycling
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The CKK System is a new waste incineration system jointly developed by Kawasaki and the Anhui Conch Group, its
joint venture partner in China. This innovative system achieves hygienic waste treatment at low cost, and also makes
effective use of the energy and ash content of waste as fuel and raw material for cement production. Orders for the CKK
System are steadily increasing in China.
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Table 1 Comparison of waste incineration system

HRZE) DT ONFEME 75, R2IIRT LHIZ, HRFED
FNBETEESKE L BSWMAT ZAOFFNHFTHD I &
R, THWKGHZ ) 2 AHEIRITEE L 2 Wafle 2 3 A
& e L CRIRL 722,

F72, BAYIEFNURLOHET AR, FALOET
HEFT I & Tl A1 B X2 H AN %2 2 CTHORIF
WAL TWAS. ZOFRAMINEGGRAT A & LG L THR
ST IR S/ 5 720 O I P AR 3B L O P Af
FEayIal—a VIZEDWREEL 7.

BRI, SR o LI & O T ARG T A %
AT D SRAGT BT ET V2B L, BT A D
P ANLIE - M2 SN EL ST, AAME, BRRIRE,
HATRIEPRED X S ooy — 2 Ll DD ias L7z,

RNTCIRE TN 2R 212, H ANEE A & B 21 B 53 Ai
DY Ial—Ya YFEROFIZRIIZENEIURT. K3
DO~DIFROLHITERL TV 5

O ZHRBGMRT A DIRBE X o TIAT 5 il

@ BB R OB X o THRET 5 BRI

@ BB ZeK0EMIC X B MEFIEIE O B\ I

@ FVHAEMIC X HBEFEIEE ORI

K2 BMENZRABEFROLE
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Table 3 Analysis results of waste in Tongling city
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U-KACC “4 2

U-KACC Boiler
—Technology to Effectively Utilize Residual Fuel from Oil Refinery

# #ZO Hiroyuki Mori
FH {§—® Shin-ichi Toda
B E1T® Tomoyuki Ogino

FANA-TREEDHBRERRZEERBE L CAENERATE, 8K
NOx - RIFVWLC AT — > HREBEZAIRE & L 72U-KACC (Upgraded Kawasaki
Advanced Clean Combustion) K1 J ZBFE L =, ELHMBEH.H#7 HERE
FIEIGDT X7 7V bE Y FREEZU-KACCHKRA T TlE, FEN—FHEDLEDT
L FEMFERERRL 25851 - EE2EH TV 2. SROELUMORMHEE
PLTEIX  BEREICEMTESI R FHEIRICED TV L.

Kawasaki has developed the Upgraded Kawasaki Advanced Clean Combustion
(U-KACC) boiler, which achieves ultra-low-NOx, low-dust combustion by
effectively utilizing petroleum coke and other residues from refinery as fuel. The
asphalt pitch-fired U-KACC boiler that Kawasaki is currently designing for Fuji
Oil Company, Ltd.’s Sodegaura Refinery will feature a new burner and other
improvements, developed to overcome some new technological issues.
Kawasaki will continue to improve its expertise and develop boilers that
consume less energy and resources.
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KACC (Upgraded-KACC) R T ThH5. Fig. 1 Comparison between KACC boiler and U-KACC boiler
18 O 77 BEAYSZ— ZANF—T TV MR KA FTuY s M
@ T3V b BEHINZ— IZFRVF—T5 Y MNRIEE KA T EEHD

@ BAlTHFEARTE  PAMFes 2> A 7 AMF7EE



L2 L5, KACCRA FI3RGE & 2 WIRENCE
WCII R ERATRETH 22, AW —27 A%
ASP E DI G % G REHI A L Tid, JHEEHRICIK 23 HE
B LRI HGER I3 X v & v ) ED B 5.

ZOEE Wl LB O AMFRESRAHC DB TE 5 X
IKACCHRA T OMBER IS A2BIKE L, KACCKRA F
OFEREN LD, WFIEIZA Yy S Z#REL, KoMk
HZWEEIZ L72DOHU-KACCEA FTH 5.

U-KACCHA T DILARMRIRIE S X7 LIZKACCKRA 5
L% THY, EKNOx, KTV UAMRBEZER TS & &
HIZ, BBES THIIK LD R v (% 3kiE L, RIET A
R S5 2 LT, FIKHTOKDOGEEEZIREL T, %
TR ORI BT 5 5 A M EMIR &K EICE D BT
7 haAK, FANHELREDOREEZIHILTWE .

2 fHEEMERS

U-KACCHA 7 OHMVEZRTEET 572012, T3 44 -
He BAFE AR 0 /NEL GBI % FH o AR 70 RIS IRE 1 % FifE
AL, RIEONT— 7 B RICERT A ZDEFIVICE
Y Iab—a VN R FERL 7.

(i) MRERABR

PRI RER I ZIEIE 5 10% LT DR D fiiha — 27 2 %l
MALUTE-LZ, R2@ITRT &I ITHEK - RBEIZRLT
B, KRR DS E L, N —F 22500, 7TH £ O H iR T
R TOBNOXL b FEE L7 (B 3).

B 2 (o)l $ & ) ISR B L 2 48 T L 72t DN
WZBWTH, FEEADIKMNENHLONT 7Y — VR IKET
Hol:. TN ERBBEETORITEMATICB VT,
INTF T AR DS AL e REE (B 2 1EV,0,0 @i
1,970C, V,0,i31,640C) Td 5728, JKAERE I
PRBEE TR E D, MRFRLIRBEIC X D @IS N H 5
2 AL L T S U-KACCH H o B BE 5 31 & 303
THhbEHESINS., 512, B 2C)TIFFEMEKITR
— T AROBMERLTEY, RBH—RUPFL AL
WEIF R RBEIRETH B 2 EDTERTE L. NT T4V %
WEKIZOWT Y, B 2(d)D X 5 1Kk F+ ok a1x
Rond, ABEEOKVIKTH L EDMRINLY.

(i) BRBES I 2L —3 3 VT

PRBERER TS L 27T — 7 2 RX— 212, EHT A4 XD
U-KACCRA SDEFNVEEHR LTI I 2 b= a Vf#
Wiz dehti L7z, 73— F OBRBEZESE M J5 1) R BREHRL 1~ A
A EDOEMNEEZ T LT, BB AR, T ARNB X
O RIS, BRELRL T2 & IKA~BBAT 3 2 BRBESUS 288 70 &
RIRHT L, Bl ikt et iR L2t

D EofER, U-KACCKRA I EDMi% 54 L,
BRIV AR RS L TR T& 5 2 L A WGE S
nr.

(a) KZIKH (b) EEREDIFPRIKSR

(c) FEXREE (d NTT74NWAREBEE
X2 HAEERERFE COMBIAR, FRRKERE, KEE

Fig.2 Combustion state and internal conditions of a test furnace and ash
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Fig.3 NOx concentration and flue gas temperature of a U-KACC test
furnace
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Table 1 Boiler specifications
e IR B AR 1 5
% % 2(@/h) 295
AREH (B#zHO) (MPaG) 10.3
ERUBE (B#HO) (C) 503
BE AR TEHEE
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Table2 Comparison between ASP and other fuels

B B ASP | B#I—7 X (E swm | VR
e 7 %60 8,300~ 4,000~ |9 500~
(MJ/kg) ' 8,500 6,000 | 10,000
&% 5 (Wi%) 40.6 10~13 30~40 -
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Z X 5 (wWi%) 1.4 1~3 2 ~1
&' D (wi%) | 6 (&Kk8) 4~7 1T 4~6
NF 94 (ppm) | 600~900 <1,500 - <250
R 5 (wi%) 0.3 0.2~1.0 | 10%% | 003
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Fig.4 Results of ASP adhesion test
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Fig.5 Results of ASP burner test (comparison of combustion states)
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RDF-fired Internal Circulation Fluidized Bed Boiler
— Longer Operating Life Achieved with Improved Structure and
Operating Conditions

H#E =H1TO® Sadayuki Mutoh
#  H£2z@ Hiroyuki Mori
7&K #E® Hironori Shimizu
TH @ Koya Takeda
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Kawasaki’s Internal Circulation Fluidized Bed Boiler that runs on refuse-derived fuel (RDF) has achieved high
efficiency by adopting an embedded tube structure, which generates high-temperature, high-pressure steam in heat-
recovering cells. The operating life of this boiler is largely affected by the corrosive abrasion of embedded tubes. In the
boiler delivered to South Korea in 2012, Kawasaki significantly improved the operating life of embedded tubes by
rearranging their layout to minimize abrasion, and optimizing the fuel to alleviate its corrosive properties.
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Fig. 1 Conceptual diagram of Internal Circulation Fluidized Bed Boiler
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Waste Treatment and Biogas Generation Complex

—New Waste Treatment System Compatible with the Feed-in Tariff Scheme

AHE 182  Hiroyuki Uchida
MHE EE@*x Hideaki Murata
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In March 2014, Kawasaki completed the construction of Japan’s first waste treatment and biogas generation complex
called Hofu City Clean Center. The facility converts municipal waste into biogas via a methane fermentation process.
The biogas is used to superheat main boiler steam for high-efficiency power generation. Kawasaki has adopted the
proprietary Parallel Flow Type Incinerator for this facility, enabling low-emission combustion with a low excess air ratio.

This resulted in a system that is both energy efficient and environmentally friendly.
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Table 1 Power generation efficiency
RIS e 1=1ER:
BHA (KWh) 3, 545 3, 584
ZHAE (MJ/h) 62, 429 63, 202 n -
INA A HANE (MJ/h) 3,885 0 LEfhE PR a0 BT
HEHER (%) 23.6 21.0
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Cellulosic Ethanol Production System

— Energy Creation from Non-food Sources

s tH EXRO® Shoji Tsujita

FR FBH® Noriaki Izumi
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Kawasaki constructed a demonstration plant of bioethanol production in Akita Prefecture in FY 2008
and demonstrated its operation until FY2012 under a subsidized project of the Ministry of Agriculture, Forestry and
Fisheries. With a view to commercialization, we developed our technologies based on demonstration to produce the
bioethanol more economically and make our process compact by increasing the concentration of raw material in hot-water

saccharification.
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Table 1 Saccharification rate and fermentation efficiency Table 3 Transition of saccharification reactor
(raw material: rice straw) - . N_EDO f’kgﬁﬂr;%ﬂ( ] f’kﬂﬂ?ﬁ
" A R 2EERR AR XL | HREAEEE
NI O—X RREE 2006~2008 2008~2012 2011~2015
FELR (%) 70 70 5 iRE ERE ERE
+)O—X Ny ;it Eﬁit Eﬁﬁ
L= (%) 50 46 BB SRR |VIL&Fa—7| —HISEL
C5&ENE (%) 70 88 = = 5~10% 2~5% 25~30%
C 6 ZEENE (%) 80 91
ShEH=R  (L/t-dry) 150 153
% BLEREICEKY, EKEOOXIEEET
£2 I8/ - LEEMHEER I iatiprtagt
Table2 Ethanol quality analysis results e - .- »
B A T JISHAE
5 8l Fii3=:) R ’_," JPias
I5/-1%  (vol%) 99.8 =99.5 Q g
X8 =)l (g/L) 1.0 =4.0 6
7K o (Wt%) 0.35 =0.70
B (g/L) 5.6 =10 6 SEREERN 283/ NIV ERICSHEEXR
ESEEE (uS/m) 10 =500 Fig. 6 Schem'atic diagram of a high-'c'onc.entration continuous
%=%S  (me/100mL) 0.2 =50 two-axis paddle-type saccharification reactor
R (mg/kg) <0.10 =0.10
i3 = (Wt%) 0. 0031 =0. 0070
pHe (&%) 5.2 (3%)
WmE S (mg/kg) <1 =10
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Fig.7 Saccharification reactor used for the demonstration test in Akita
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Table 4 Saccharification and fermentation efficiency
(raw material: bagasse)
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(L/ton-dry) 206 151 242
EILHE (%)
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Technologies of Hydrogen Liquefaction, Transport and Storage
—Paving the Way to a Hydrogen Fueled Future
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Demand for hydrogen is expected to increase as we head toward becoming a hydrogen economy. With a view to
realizing the Hydrogen Energy Supply Chain Initiative, which envisions importing hydrogen produced in Australia,
Kawasaki is developing related equipment. Before commercial operation of the hydrogen energy chain, Kawasaki is
planning to implement a small-scale pilot chain around 2020, and a large-scale demonstration chain between 2025 and
2030. When importing hydrogen gas, it will be converted into liquefied hydrogen suitable for large-scale transport and
storage. The technology used for liguefaction, transport, and storage is derived from the cryogenic technology Kawasaki
has built up through the development of rocket launch complexes and LNG carries.

Technological development to realize the chain concept is steadily progressing. In terms of liquefaction technology,
Kawasaki has succeeded in hydrogen liquefaction using Japan’s first large-scale hydrogen liquefier. In terms of transport

technology, Kawasaki has obtained approval in principle for the cargo containment system to be installed on the world’s
first liguefied hydrogen carrier.
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Kawasaki Spouted Bed and Vortex Chamber (DeNOx Pre-Calciner)
— Addressing Global Trend of Strict Environmental Regulations
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Ferronickel Smelting Plant

— Electric Furnace Off-Gas Utilization to Save Energy
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Stacker-Reclaimer for Conveying Coal

— Enabling Rapid Response to Demand for Coal Yard Installation and Upgrades
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Fig.1 Stacker reclaimer overview
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Slurry Shield Machine for Singapore Power

—Handling Long Distance, High Water Pressure, and Curved Sections
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Dry Bottom Ash Handling System

—Improving Maintainability and Economic Efficiency
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Overview of dry bottom ash handling system
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Prelude FLNG Boiler —World's Largest Off-shore Boiler Delivered
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Mumupal Waste Carbonlzatlon System
—Making Effective Use of Carbonized Fuel Manufactured from Waste
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Kawasaki High-speed Laser Scanning System

— Using Differentiation Technology to Boost the Productivity and Quality

of Laser Processes
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Air Fin Cooler (AFC)

=1

— Excellent Earthquake Helps Make Nuclear Power Station Safer
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High-pressure Hydrogen Gas Trailer —Japan’s First Composite Vessel
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