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Low Rank Coal Utilization Technology in CEB Boiler
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In the last few years, the effective utilization of low
rank coal such as peat, lignite, and sub-bituminous
coal has been drawing attention. Low rank coal is
the one with low energy density. In other words, in
such coal, the actual amount of heat is low because
of its high moisture and ash content. Besides, there
are types of coal that contain constituents related
to corrosion or a fly ash deposition on the heat tube
(fouling). Circulating Fluidized Bed (CFB) boiler, a main
product of Sumitomo Heavy Industries, Ltd., is featuring
the capability of using various types of fuels and low
carbon dioxide emission. Low rank coal having different
characteristics in comparison with generally used coal
as mentioned earlier, it is important to fully understand
it for a high-efficiency utilization of such coal in a direct
fired system of the CFB boiler. This paper reports
utilization technology of the direct fired system of the
CFB boiler, describing the typical characteristics of
low rank coal and the combustion test done by a pilot
test facility of CFB SHI possesses and the operating
situations of the boilers in some commercial plants.
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Components of low rank coal

Wl | R A | ERGR B | SRR C | T

S AL

ARG | MJ/kg (K0HZ) 25.16 22.9 16.4 29.5

AR #G | MJ/kg (F155) 15.2 18.1 15.4 25.5

£\ wt% (FI%) 37.5 22.1 14.4 10.5

K53 wt% (FI%) 0.54 4.28 30.3 12,5

Wi 53 wt% (FI%) 0.03 0.5 5.12 0.45
BRORLEE — 1.04 1.15 1.1 2.2
BTN EA R | mg/kg (HZ1F) 14 3760 — —

=p CFB/NMOv MBMEERILE
Main specifications of the CFB pilot test plant
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Indonesian low rank coal
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CFB boiler for Vietnamese low rank coal
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Design Concept and Delivery Experience of Small Scale CFB Boiler
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Overview of power plant with small scale CFB boiler
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Biomass fuels are carbon-neutral and therefore they
can restrict carbon dioxide emission. The current
situation is, however, that a large part of them is left
unutilized, and sparsely scattered over a wide area as
forest residues because of their difficulty to be collected
extensively. In 2011, Sumitomo Heavy Industries, Ltd.
(SHI) developed a small scale Circulating Fluidized Bed
(CFB) boiler without sacrificing the superior functions
of the original CFB. The small type is suitable for the
scale of collection amount of forest residues, and
four of them have been delivered up to this time. The
modular design adopted to the small scale CFB boiler
has made it easier to transport their main body to a
construction site, and to assemble their parts. Moreover,
this design has realized a quick-delivery that takes 14
months or less from an order intake to its delivery. The
first model of the small scale CFB boiler approved by
Feed-in Tariff (FIT) is contributing to power generation
that is environment-friendly. This paper describes the
development concepts of the small scale CFB boiler,
such as quick delivery or module design, and an
efficient use of biomass fuels, including forest residues.
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Overview of small scale CFB boiler
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Main specifications of small scale CEB boiler
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MG 72 IS K - THRERM R O 7L 1 ) 3RS FLR0 M 2 116
BMRES R CcE 3 2T 65T 5,

3 /JMEICFBRAZNREI T M EEREH

/NEICFBA A 7 O BIHX 2R 112, ekt kedR 1 1IR3,
31 B%aC w7 b
INHICFBOBR T v 7 MIRD 3 HTH 3,
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WX - #W|E NBEICFBARAZNDALET b EMAERE

=2 WMAESE (B FEED)
Delivery record of small scale CFB boiler (Units under construction included)
4=V ALFEER
P FEE A7 it
e e HORH (2015 4F4H 1 FII 1)
t/h MWe MPa T C
At 25 5.7 5.0 450 130 R AL~ Ffgy
Bt 28 KA 7RO AA 130 KB SMAF A - FR Ffgy
C ft 25 5.7 5.0 450 130 KB AL~ Ffg
D #t 25 5.75 5.0 450 130 K A*~ 2 T
Ett 25 5.75 5.0 450 130 KN MAX =2 (ttaxrh)
F 25 5.75 5.0 450 130 FNEVAR e e (7ter)
Gt 25 5.75 5.0 450 130 KR A*~ A (7t
H 25 5.75 5.0 450 130 KB A*~ A (7ter)
14t 25 5.75 5.0 450 130 KB A*~ A (%)
@ MM RE X B MM D & 5 IDEBIZ AR T 4 =
BUEL T BB AR 5. e
@ SRR AR TR T E 3CFBAR A 7 OBl 41 MAEE

T %,
® HNATHREEEY 2 —VEEREHT 2 Z & TR
B EXUOBGERE AR T 5,

MM TR D7 > TARTOHIEL T B Z &2 b,
INERE L BRSO N TED, ZORICAESZHRA TH A4
ZOBEENREENE KA T LS EEE &£ 5,

F 7z, INHBENA A ZFEEF Q@I LHITIE, EER
BESEHIEAEE ENE ZEnEL, BT LEETHIEL
DA VT T FMENIE S - & 1SR S Zevy, brEAS %
FIHT 2 RE 4 EIZAEOILME IR Ehs 2L e b D
Zenb, KA TARKROBIBL F Ok HiFET 52

E3, WA EBT 55 Z TEBELSERE LD,

WM TIE, RA TAEKAETY 2 —LKEET B T L Tk
O EERYT 2 L & 312, TIHTHEfEI 2R 1 5 KED
FEEME, GBI TRIDNO T THN  THZ N TES &L

IR R T o 72, WERE LT, BY 2 — I LEFHI B SE
DR LRI, WIHORHEIZ & Tl T 7=,

WAL TIE, A TERHA T TEL, 4 -V RER
BERMARBRME LTERHET I LN TES, KA
T DIERSGMFOREREIL, A 4~ 2R ORE, REMIzi
AFNBENUER, MEHNCEZ IR EEEBEL
THARE25t/h, FAKURE453°C, EHEKRIETI5.4MPak L
770
3.2 EA{#

HEREBIIINE TYAMA LT X M & g % &)
HBID25t/hi%it Td 55, CFBKRA I DOEN A Mk
DHDTIZHA XX VT EHIENTET,

K212, MAFRE T OB AR,

:hif4 A ORE A FZB L, 5 I ERh ORI
b %, CEFBOBRBERA % WG L Chibidt, @55RME X0
BIANA F v 2 EOKRBEINA X< 2R L - 72 SRR
FHIHIG L TV 5,

42 HERR

20124F 7 HIZ/NUCFBAR A T OIS HE A 8 % 4 e
Lz, W77 7 FEMHEM AR L - RERWTH D, /i
HATTRE T 3 )L ¥ — OFITHIE OREE &2 7=,

72, 20124E11HISIIA L 723 ¢ld, ARE/ A F~ 2R
BZTTESARIBHTEAZEEEIELE, THhETIC
A U 7=l Tl 8GN, SR\ (NOx), Bty
(SOx) & E I F W\ THRBHE & &L E O VERE SR & 2 3
LHERNHE SN,

20154F- 4 A DI TIRWT ORI T & 1 L 7= H@ »it
W3,

43 EY 21— VEREI DR

INICFBAA IR, BT TEY - LT L5l
L, ZOF Efink L CERBRY CHMAL TS Z L 230EEAE
Ua— L ERHLAEZZE T, BIEE B OREMIN (R
ﬁ%MﬁHW@Tﬁ@T%%%*&FT&% & ERFEEEL
7zo [RIRFIS, HEERBUG COWEEL & QM T L EKKT 2
_&f%ﬁﬁgmﬁ%ta&#otmz)o

5 ¢&Iv

(1) MtEAPEZE L 7=/ NUCFBAA T3, &itav w7 b
E ¥ 0 O A 5145 HUUN) BEEETX 7=,
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Construction flow of small scale CFB boiler

X2

(2) INUCFBAA 5 2RI L - R8I, HAREROMK
WESH 2 GG 5 TRO—D L LTHIRNTH 5 2
L NRFGE X N7,

(3) 5t & WEAP RN O SR A HUH8 L T < 2 & % #ki
Lo, BFDMNEA EF T, BEAROKH T X
N — AT B E U THENREL TOLFET
b5,

(BEXM)
(1) BEEEKHh, EBEE, h AR, MNUICFBAR 1 SHEDRET, FRER

W, No.177,2011, p.4.
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CFBRAZICHFB 777U > J5HE

CFBHRASIZEBIT A7 7)) 27 i

Fouling Evaluation for CFB Boiler

@k H = "
Tatsunori SHIBATA

FRY Y NHEAREE
Overview of deposit simulator
test equipment

BEFEIRILX—E, COHBHENSEWVWIY -2
BIZINX—EULTREBNTOFIAPBFEIN TS,
Z OFIAERE I BERRE L RIVE —OEEMEEIREE
(FIMBALZEORBAICEUEFEINhDDH 5,

L4t(d, EBRFENRE (Circulating Fluidized Bed CFB)
RAZICH T 2BEERZOEAICERYEL, BETE
IRIX—ICDOVWTH, HHFERFP/N— LFIFRR (PKS)

BEEODNA AT ZDBEEREEN 5 5.

NAFTZDHEPICIE, EFERDICEYFRAERLS
B LOMEERESEERI IOV H 5, BMED—
THRIGEHREDRFAE (T 7 U > J)ICDWT, Hite
Amec Foster Wheelertt (3R T7 7o U > TETIV
[FoulEst] ZRA%EL T&E /o £ALHTIE, BHIBTER
(FARD v b)) FHMERBREBEAVCEEN A 77U >

T O % 1T > TV B,

1 EZAHZE

KEEKRRT, /34 A~ 22 EOFAERET XL ¥ — 13,
LR L D B COAED D RN XL F - L LT, HER
WAL A IO B A © 5876 H 19T ORI LA A HER A A5

TRDEN TV 5,

ZD &S mERIZR U, FITHIE DA 42 40612 FAE AT Rg
I RILF — DO RAZIANT 72 HU A2 S E O BUF R AR, B

Renewable energy is expected to be a form of clean
energy available for power generation with less carbon
dioxide emission. The environment for the usage of
renewables has improved by making efforts to introduce
Feed-in Tariff (FIT) for the energy. Sumitomo Heavy
Industries, Ltd. (SHI) has been working to expand
applications of various renewal energies to Circulating
Fluidized Bed (CFB) boiler, and successfully used
such biomass as forest residues, and Palm Kernel
Shell (PKS). Some of biomass fuels could cause
serious problems in operating a boiler because of their
constituents. To deal with one of the issues, which is a
fly ash deposition on the heat exchanger tube (fouling),
SHI has collaborated with Amec Foster Wheeler to
develop a fouling model “FoulEst” . Moreover, SHI has
been conducting a quantitative evaluation on fouling by
using test equipment for fly ash on the superheater.

BB K URMEEIC L > Tirbh T E 2, ZOMR, H
AEFTRET 3L X — OFIFHBRBEI N E RIS h >0 b 5,
B OFENBEDO—DTHBCFBRA T1d, MRHEWEEHD
AR RE T 5 LW I Rk EE 2 L, ThETIThR
DSz AT 5 2 F v 2 K (RPF) RB4 4 ¥ (TDF),
279 VREERBIE LRSS ORET TV P ANOHAFE
W2 H 5, HAETRET FLE—12D0 T, MibFebs s
gk, 7S — LRBTRRE VNS 72N, F v ZDMEHISEN S B

9 * T RLF B EES
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1. Loading of fly ash particles generated from

— fuel, make-up, material and additives into

X - HE CFBARAZICHITB 7790 J5HME

% XMCFBRAF(CFB1 & &UCFB2) DR} HiE
Analysis data of fuels for commercial CFB boilers(CFB1 and CFB2)

.- 2 . CFB1 CFB2
the baAckApath. ftem Unit Coal  |Sunflower| Wood PKS
2. Deposition of the generated fly ash onto the - < .

surfaces in the convective backpath. Moisture %, as received 10.6 6.1 53.3 23.0

3. Natural shedding and soot blowing efficiency. Ash %, as received 23.4 4.0 0.9 35

. Volatile %, as received 24.6 70.0 38.0 57.3
- 2 L.H.V. MJ/kg, as received | 19.33 17.39 7.44 14.33

- S mg/kg, dry 12200 1700 190 300

g%\ 1 Cl mg/kg, dry 4500 1000 100 300

. = P mg/kg, dry 569 1300 130 300

Na mg/kg, dry 5592 110 110 93

3 j Na, pH 3 sol. mg/kg, dry 2400 18 50 32
/ K mg/kg, dry 5703 12600 950 1400
. -~ - K, pH 3 sol. mg/kg, dry 230 10300 750 1200
— YARVARVAR Ca mg/kg, dry 5066 5700 2800 5100
- § ] f Ca pH1sol |  mg/kg dry 4900 | 5700 | 2800 | 5100

’ Mg mg/kg, dry 4375 2400 310 540

Fe mg/kg, dry 12022 440 530 560
R ) Al mg/kg, dry 40280 490 340 1100
1 77U TETINOEE Si mg/ke, dry | 62000 | 4300 | 3300 | 1100

Scope of fouling model

INA X2 2D, NaXK, ClEWwos 2t E2E< &
0 dDHBFIEL, CFBRA Z k(T BIFAIGEEIFIC & % Bt
BW(rraiv =g V) OERRKIFKE R X RSO
fr, BEBERANDT 7o) VDX S kR4 TR EOR
IR S, AMIT7E5CH 5 k51T, SHEABREEIC
& % WREEFHl AR & FEHE L C & 72,

A THEEEOMED S BT 7o) v IZONTIE, R
RLFMA ORI KR TF -4 N7 79 ) vV IDE
BItZTFHME LT, Amec Foster Wheelerth & 2 [FT2012
LD T7o ) YT ETFI [FoulEst] OBAFEEIT > TE 7=,
FoulEstETFIiZ, FEHECFBARA T B XUOHBBT S TR »
N Al E N SR O N T — 4 &2 3 LICHR X im’:o

A TIE, FoulEstEFILDWBARTEY v b iFAliikER

_;577¢U/7ﬁmﬁﬁ,meg%rw%Mﬁ&i
BECFBA A 7 HIEM & O IIRBEERERIZ DWW TG T 5,

2 FoulEst

FoulEstET L &1d, B 1ITRT LI IZCEFBARA 7 DH%ER
JEICERE SN TR HESHIBITE TRy b DT 7))
VOREOTIEA ST A EF LD L TH S, FoulEst
EFATE, UTOFIETT7 7oV v 7dEREE XN 3,

© 7747 v ¥ BRBTRIK) Fe4 i d K ORI O 5L
@ B EEAEASRE EAOTEY 5 MRS O R
i

® Z—-t7u—(EBEICNE L2794 T 92kl
DIREE) £ 7 I3EHRFBEIZ L 2 7R Y v - FIHEEE O
i

Tro) v EEE, OQBXUOICTHEI ENAZTEREY v
MPEBEE TARY  FREBREDZEE LTESR, A (1)
128 &£5<,

AMyoposit _ FAgenX Simy My |
0sii en mp __ L SREA | i
ASHdt ASH shed ASH (1)

Meposit * MBEGRAND TR Y v MM EE (1)

Aw BRI (m?)

¢ FEf (day)
FAgen 179547y v AR ERE (t/day)
Fmp 2 774 T v ¥ aHERB(-)

kgea © TR Y w b RIBEHE (day ™)

Mpeq * FIBET A D b EHH (1)

a TRV MHEEEFRIC B AR (B e=1) (-)

K () HOFAIE, KIF2 & HIBIEREATREL S 2 R 47
WIEBA, WINAIRRD 7 74 7 v ¥ 2 R TR TR % S
T5, £72FALIE, R4 TOFIK, Kk X OBEEEICE
I BIRESE, AR EELRA TGN EOST X — 472
TR, BB, IFNTEERA, I OREE R KOG E
EroEMENS, OB, &% T LlBE L EECEFB
AA T TOHERFIZE EDXRBBONEZT T4 T
VA RAERBEBERT S, 754 7 v v A RERKE, TR
Uy bIZZ < EENBILE (Na, Mg, Al, Si, P, S, CI,
K, Ca, Ti, Fe, Zn, Ph)IZDWTZRZFIAEEL, KIFIC
RS SRR, IFINTEERM, BWIAI R OB ITER T 74 7
v¥a, T7 VT A RO E 22X BRI T),
Sk & UCKIFA 5 H%IBIEARECT 2 HIG 2R L T 5,

BRORECIFNIEERAS, WRIAIOMKR I J OMbsEE2 AL,
T4 T ¥ a BERBIC L 2K TEROGEGEIHETS 2 &
T, KIF2 S BEMENTRELNT 2 7 74 7 v ¥ 2 ORI &
CZ ORI HEREFALPREN S,

”W@L«mﬂbt7747/zlmi017u/»
KR0S H— WMEGREICHE LT RY v b 2R
T3, %@NEE‘ i, WREMIZBONEZTIA T v ¥ a5
B Splc K0S SN S, 7547 v v aHERKIE, %
HHENTRIAL 727 54T v adD5 B, LRI L OME
PEEANONEHAEZE®RT S, FoulEstichBiF 37 R v
FMEEFRE L, RQIITRTEICTIAT v v 2B ER
FApnk 7 74 7 9 ¥ 2 (NG R B, B HHT 5 T & THILRIC
DNWTHE I N, BILRDTEY v MIERE E/ET5 2
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X - i CFBRAZICHFZT7 77U JEH

Ash hopper 55%Coal+45 %Sunflower 80%Wood+20%PKS
H [J Analyzed sample from CFB1 [EModel [J Analyzed sample from CFB2 [EModel
L 40 60
35
Air A 50 —
= 30
Bag house <+—Heater 25 40
= 20 30
15 i
20 I
= i 10 —
5 10
om HH nec W a(l ﬂDﬂD_DEL al =
\ Probes S P O" > OLov IO . Oy
ol SEFEEFTISES OF SESES TS 9
oo
Stack IDF

X3
FRY v FHERBRERET O-R

Flow diagram of deposit simulator test equipment

X2

LT, BEROTHRY y MEERESHEM E NS,
THRY y M (t/day) =FA,(t/day) X f,, (= )-oeeee 2)

2= b7 a—=IC X3 REREEREN S EEFREKRE T2 HA
ﬂ%&not?£9yk®ﬂ%ﬁ%touf,ﬁﬁ@meg
EFALTIEMEAOHREZXFETOELLDIIL TV S,
AT b FEGER I, RBOMAR T & ‘@6h67+//
N HEERBE WAL S B, FoulEstizk 357 R v
NSRS, RGUTRT &S, Ok EMr kT
DFRYy FRFEREERIT I TR NS,

TR M HIEEEE (t/day) =DR 0,0 (t/day)X fed carse( )
+DRﬁne(t/day)sthed_imp(  E T P PP (3)

R ourse * AR 1585 B (t/day)
ﬂmﬁm~ﬁ&%7¢/vbﬁﬁﬁﬁ(ﬁ
DRy, * MR8 3U% (t/day)

Fed fine * WIRIF TR D o T FIPEEREC(-)

KR »oEM 7 7o) v rdEgE, R(Q2) THA X
NB7THRYy MPEEE LG TRBENETRY v M
B & DEEFBBBRAOBTHRT I L TEETI LN
TZ 5,

AT, AR (coal) 55% & ¥~ 7 V) IR (sunflower) 45%
EBEDFCEFBA A 7 (CFB 1) 5 X UARBIRE (wood> 80% &
78— LHRT-520 %iRBEDIUECFBA 4 5 (CFB2) I TR 6
tT—a%ﬁwT,mem%rwtwm&@&%ﬁoo$1
12, CFB1 ¥ & U'CFB 2 Q¥R % 78§,

3 FHRY v MR

CEFBAA T8 254 A2 2B OMBEIZ L 5T 7
) V7 EERMZFHMET N, FRY b EHlisABRREE IS &
BB (TR Y v b HliEER) 2L 72, K212, TRV v
P A GRBRRE O 7 v — X &R, REIS &4.9m, NE
78.1 mm® M {8 P & AP D Loz E

IZBE IN-LPG/S—
FTEEXVCTIA Ty Y a GO T =TT 4 — Zh 5K

CFB1 B KU CFB2ICHF2T7 547 v a D FllE & A {ED LEE
Comparison between estimated and analyzed fly ash compositions in CFB 1 and CFB 2

ENhb, 7z, FNICIZERERE 2 HI# L 2 B2dsigioze
BRTU—TAEREL, ODFEEID T —TERKENDTFTE
Uy MIERREBEE T2 Z LTS 5,

FERY v MR Tld, CFB1 ¥ X UCFB2 &b #RH
L7794 7 y¥awni,

7a — FIHFNH 2 23750 °C 5 & U650 C Lzl X h
LTI ZhFhfE S h, $XTOT e —THEIZ480°C
IZHIE Xz, SMIFEEL 27K v bEMliiRERIZ W T,
SRR E IR O ¥ 25 5 71 — T H A ZIRIET750°C DTz T
3K (FFNFRERE 34, 66, 10085R), # ZEE650°C DT

12T 3A (FNFRE R34, 66, 10085[) zhZ2higohs: .
Zhen7a— 7B I2iE, 3 XTHUCHE (10CrMo9-10)
W,

B O T a—TE, OFEEI D 1205 T L ITH R
L, BRI T o —TE&IFNP S HhEM L 221%, SE 3R
BRFr & A AN ORI A 0° & LT, Z I 56RBH 0N
FRENCH L TO0° T &SR AT - 72, 72, Bk
IRHEE L7227 R Y o P OEREHNE R L O S AIZO0W T
FhE L 7=,

4 RIEHSIUHRER

CFB1# &K UCFB2I22WWT, FoulEstEF LIz & b B
ENZTFTAT v v 2RO PHNE & ISR E =T 5
47 9y DG A IR L 728 2 4, fEIZRAFIC—3K
L7 (RI3). 72, 7947 v ¥ aMBICIIA T, FoulEst®
TLERNCTTIIA Ty v 2% EROTHIE T 572, CFB2
DYRIZ TREERAT - 7= 3FIADRMESM REBKI80% &
JEZNA F 7 Z20%)UZDNT, AIFFEAREA (BREDK, 47
NTEERME, RINAD SxId 2 HAET 54 7 v v 2 OEEHIS
ZFoulEstETFNMICKDERAE L, BB h7-THlEE KR
WO T — 2o ol b sL, 75
A7 ¥ 2 FERO TG & REME, wOHEBE?S 5 K5
IZRZ%(R4).

SHEFEML 727K v FEHlEEIZ DWW, CFB1D7 7
A7 92wl ERunl, CFB2D7 547 v a
EHOWREEARun 2 &9 %, i ORBESEFE, REICH
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FA generation (% of solids input) =12 3.0E-03
= A~ A =
30 ’ % 10 == =
e s = 25E-03 -
. =1 @
. 28 5
. L 7, & 2.0E-03 —
€20 o g O = ¥ |
i -7 20% Straw Za e £ L5603
2 20% Sunflower -~ ¢ 24 S 1.0E-03 L
g 10 ¢ 15% PKS+5% = —— )
= PXd Olive* = 0 = 5.0E-04 —
L 34 66 34 66 100 2
e ) Run1 (h Run?2 (h 0.0E-03
e * +80% Wood und (b un 2 (k) 100%Coal Coal+ [100%Wood Wood+PKS
% 10 20 30 I BNy B
Model (%) CFB1650 CFB2 650|CFB1 750 CFB2 750 CFB1 CFB2
ms4 CFB2WBIEIZL 72 ms 7 AV bFEERICEETO-T me FOUEStEFLICLWHEEhr:
REEDTHE & BIEBOLEE KRENDTRY v MIBEE 777 2 TREDTHIE

Comparison between estimated and
measured fly ash (FA) generation in CFB 2

W27 547 9y 2 DM AERETRTRERUCE L7z, Runl
T, Fu—7 L 2Rh ORI K0T D180° RO
IZFRY w P BELEL, Run2 TlE, 7u—7¢ 525
NOWHEMIZRE L NEHE LTV, Boh=FE Yy M
FTRTKSE 2 <, ABH 2 5B TESITMO RS Z & AR
Thotz, BSIZ, Tu—T7EXKmIMNELEZTRY v FOHE
BAMRY, Run212633 70— 77X R ANDTKRY v MIE
FRIZRunl LI LT, # RAWRET50CITHE W TED %<
DFRY v P ST 2EMERL 7,

fiiRE e~V REDRBEICL DRSS NZZCFB1 DT 74
Tyvald, BREROTZLI ) rABEEREELEAT
B0, 770N S EFHTE 5, REBRE
IS8 = LR OIRBEIC L DR 6N 7Z2CFB2D 7 947 v ¥ 2
12, £ OB 4 £ (Si02) 2 EA TS A, BT L3
=% 4 (A1203) 125 B SiOD EHEDHENEH NI L2 5,
TILI ) TABBOGERND RN EWRE SIS, £7-
INEDT 47 v allid, CaPK, Clok> %577
VIORRBIZRES DI LRV L HEER T,

B NIZ 100 E X h 72 70 — T2 SR 727
KUy ME, RBAHkE Eh3Fed £ GATVWEZ &
o, B OBREICL2EENELONDS, FICH AWE
750 COMEICREBE S N7 a -7 OREIREETH D, #
BEL 723 BRR 2 0T 3 EKB K UCIB L it x 7z, #
%5 H AWE (650 CH L VT50C) s TRESh=zTa—T
PE/ENETRY v M, BEMIPZMK TS 572, &
7z, ThHEDFRY vy FERBRICHWAZ7 5479 v 2 &iF
LAEFUHIR TS 5724, # RRET50CIcRBEN:T
O—-7OFKRYy ME, CIGEAENDLE 572,

Runl &Run2 & CTH#KT 2L, Run2 I THW =27 v -7
DIFENFECTH 572, 727 L, EHCFBHA 7 (CFB1,
CFB2) T3, BEGEOMECBERIRE QY] B I LD
MEG OB EERMAEIREIZ L ED5h T 5,

FTHRY y PEHliEEE A, SRS N2 ERIE, 7947y v
ERBUC KX % Z & TFoulEst® FILISEM & iz,

K612, FoulEstEF MIZEDEH EN/ZCFB1 &
CFB 2120\ T ORI 7 7 ) v 588 CAAFEE A
RT3 ETHRY y bOEREEIE) £7F, FoulEstE 7L
IZRBEMRICED, AREZEAREBREHIEIER NN 4~ 2

Measured weight of deposited ash onto
probes during deposit evaluation test

Fouling rate estimated by FoulEst model

EMABZELTT 7o) v/ EENEIIL, ARED EAE
L BERNAX VY ARREEEEILET, kD779
VIORENRKRELS LD LRGN D, FoulEstETLIZKD
B a7 7o) v @ EOMIIE, N+ AEBBE
L72FHECFBARA 5 TOT 7o) Y/ lHEIE 3L T\ 5,

5 9V

(1) Y*tix, CFBHA 712k \F B %M ICHE X iz
MEABERAD T 7o) v rBEOERLE HIIZ,
Amec Foster Wheelertt & f[ET7 7o) v 7 EF L
[FoulEst] ZFAFL 7=,

(2) FoulEst® FILid, MREHRIRIMAOMAL I & O'CFBAR
AFDHET— 2B EEHNT, 754 T v v 297K
Uy b OFERE KOMERERD, BENICT 7o) v
sHEEENT S,

(3) FoulEstEF MIZk D RAM ST 74 Ty v ak &
VFERY v b ORERRHKIE, FBCFBEA 75514
Sh7-MEM e BIFic—% LTk, 779 v rdyg
12, A A ZEBRELE L-ECFBAA 12k 5%
B0 7 7o) v @R E & <IRL T,

(4) FERY v IR E UL, FECFBEAA 755
BHL2=T7 547 v ¥ad7 7)) v @Ot A A
BETH D, TRV FIHliERBIC LD, GREROT L
ITABEE L G TIAT v ald, N F TR
HRODOT 547 vy 2T 720 v 0 ndiin
ALz,

(5) FoulEstEF LD X 553 WFERELT, 79547y
VaADREBIUOTRY v MIFIZB T 2EIIEETHO
O, 72, TERY o FOBRFEEE 2 - T o -2k
Bl HEEE 23 CEAB I B ERH T OIS,

(BE3H)

(1) Vesna Bari$i¢, Tatsunori Shibata, Edgardo Coda Zabetta, Modeling
of fouling in CFB boilers, Proceedings of the 11th international
conference on fluidized bed technology, 2014, p.383~388.

(2) INTE4E KLHERE, CFBRA SHMBRMEHR, TREHRBRER,
no.177,2011, p.5~8.
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Research on High Temperature Erosion-Corrosion Failure in Molten Salt

® it K HY § W M g

Daiki MITSUISHI Kazuki YOSHIDA

Bl

Ryuichi AGAWA

Bt W B A R
Kimihiro NOGIWA

________________

________________

________________

________________

________________

U AT
1 HHE 300°C 1

________________

| EEERERRE

High temperature erosion-corrosion test equipment

ST, fEERMRENE (Circulating Fluidized Bed CFB)
RAZICHWVWT, S22 FaAX ML EEBRIC/N
1 F v ZRBOEREIEHSEMT 2EmICH D, —HT
N F 3 ZBRERESEVIGE, BEHRICEEh
(kT b U L (NaCl) (kA U ) L (KCI) & EDiBREL
EOEEICLY, MFEOEFERELSENT 5 FTRefEH
HENTWB, TOKD BBRIERERICEVTHT T
ChDESHIREERERHTIANC, FRREICEL
EMERRERMOREI ROSNTWVD, LErLEDLS,
INA F ¥ 2R % R LU 7-=CFBR 1 SIREEh COEFER
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In recent years, while there are an increasing number of the

Circulating Fluidized Bed (CFB) boilers utilizing biomass
fuel for the purpose of reduction of its running costs, it has
become known that a higher percentage of biomass in the
fuel could accelerate the pace of erosion-corrosion of their
boiler tube because of molten salt such as NaCl and KCL
contained in the fuel. To realize more stable operation of
the plant despite such an adverse condition, it is required
to develop a technology to determine the proper tube
material. However, the mechanism of the erosion-corrosion
in the CFB boiler still remains unclear, and, therefore,
the method of the accelerated test with the aim of the
selection of the material has not been established. This
paper describes how Sumitomo Heavy Industries (SHI)
was working to establish the method of the accelerated
test by simulating the conditions in the CFB boilers in order
to determine the suitable material for the furnace of the
CFB boilers utilizing biomass fuel, of which demand would
be increasing in the future. To be specific, SHI produced
a test device for a high temperature erosion-corrosion in
the molten salt atmosphere, which is capable of controlling
each factor of the in-boiler environment independently, and
thus of investigating levels of influence of each factor.
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Ultra-Fine Bubble Membrane Tube Diffuser System (Low Pressure-Loss Type)
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Ultra-Fine Bubble Membrane tube diffuser system
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Air blowers used for aeration consume a large amount
of power in the wastewater treatment process. Although
an Ultra-Fine Bubble Membrane Diffuser with high
oxygen transfer efficiency has been adopted to reduce
the power consumption, the problem of higher pressure
loss in comparison with the conventional ceramic diffuser
remained. This paper reports a general description of an
Ultra-Fine Bubble Membrane Tube Diffuser System (Low
pressure-loss type) that has realized the same level of
pressure loss as that of the ceramic one, while keeping
the high oxygen transfer efficiency, and also describes
some installation cases of the system. It was confirmed
that two domestic wastewater treatment plants, in which
the system was installed, achieved 40-50 % reduction of
the airflow in comparison with the ceramic diffuser and
were able to keep stable operation of the system without
increase of the pressure loss.
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Interannual trend in pressure loss
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Interannual trend in pressure loss (G WWTP)
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Reduction of air volume for aeration by ultra-fine bubble diffuser
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New Dewatering System with Belt Press
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Belt press type dewatering device
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As various climate indices indicate that the entire globe

is getting warmer, it is becoming ever more important
to take countermeasures against the global warming.
At the same time, concerns about the depletion of
resources and energy are also widespread due to the
growth of the world economy and population. Under
these circumstances, it is necessary to realize a low-
carbon society and to shift to a recycling-oriented society
so that a sustainable environment can be maintained.
It is also required to effectively use biomass created in
the sewerage system, which has been playing a role to
circulate water and maintain the environment. Although
methane gas that a digestion tank produces in the
sewerage system is recovered for efficient use as fuel,
a poor dewaterability of digested sludge is one of the
reasons to hinder the adoption of digester equipment.
SHI Environment has developed its own system adopting
a belt press type dewatering device, and we used that
system to conduct a demonstration test to digested
sludge that is less dewaterable. This paper reports that
the test result confirmed that our system achieved a
higher reduction of the water content of the sludge.
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Tapered-Impeller Type Mixer II
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Tapered-impeller type mixer I
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In recent years, it has been promoted to introduce
the advanced sewage treatment process that deals
with nitrogen and phosphorus, along with the organic
substances, as processing objects. A submerged
stirrer has been employed for the anaerobic/anoxic
tank operation. However, since that stirrer requires
large operational power and a lot of maintenance and
inspection work, an energy-saving reaction tank agitator,
of which the driving unit can be set above the tank,
is increasingly being adopted. Tapered-Impeller type
Mixer being put into the market at the moment, we have
developed Tapered-Impeller type Mixer I with enhanced
performance by making the original improvements on
the former. This paper reports the positive results from
the characteristic evaluation of the agitation functionality
of Tapered-Impeller type Mixer I working in the deep
reaction tank.
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R EIBEEE A3 7 —1(Zone Separator Model)

High-Performance Sludge Blanket Clarifier-SUMI-THICKENER Z
- JF & x* & [ S NI VN

Masafumi MITHUI Shigeru SUZUKI Kouchi SAKAMOTO
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233w 9 F—2Z(Zone separator model)
SUMI-THICKENER Z (Zone Separator Model)
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Coagulation-sedimentation is one of water treatment
methods which are most important and widely used in the
treatment process. In recent years, however, a space-
saving and high-speed coagulation-sedimentation is
increasingly adopted, which can make the treatment with
higher surface loading rate than the conventional one.
Based on the unique structural features and technologies
of SUMI-THICKENER, which various water treatment
plants employed, we developed a sludge-blanket-type
coagulator, “SUMI-THICKENER Z-Zone Separator
MODEL” that has realized the clearer treated water.
We evaluated the performance of SUMI-THICKENER Z
to treat circulating water for an iron manufacturing, and
it was found that the new model produced a treated
water of a better quality with higher surface loading rate
and lower dosing rate than the conventional coagulation-
sedimentation unit: Suspended solid (SS) concentration
of the treated water was around 10mg/L at the surface
loading rate of 38~52m®/m?/hr, the poly aluminum
chloride (PAC) dosing rate of 1~5mg/L and the organic
polymer dosing rate of 0.3mg/L.
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Commonly used coagulation-sedimentation and sludge-blanket clarification
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B4 Schematic representation of SUMI-THICKENER Z
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SERITERN & Il U 2R A & b T 723 A, iR
E OB S ST 1340 mg/LFEE & = 7245, 105 FE T
20mg/LAit%, 307F20% T10me/LAifk &, G cE#E
BRI X DV TE e B K 2R 5 h 7z,

ZOMBHELTAT Yy O T IV y b — VICRERERIC
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NS FTHBARETH -2 e ELbND, &, B
MIcEfE ERXEBZLT, L0HEELNEAEEHERL,
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T HOERF O MUK SSIRIE X, (FIT10me/LLLT 2 #EH L
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IR, PACHRIIE 1 mg/L, &Y~ —7ME0.3mg/L
TREHEHTRETH - 72, fERIE, PACHNIZEE30~50mg/L,
RV — I 1 mg/Lai#s — M0 2 UBR T H > 720
1L, KIRIZA R OSEEIRNIER CRE L 7252175 2
WTET,

7.3 BNEEEEONIERRT

X7z, 7KikRE B % 20~45m®/m?/h D HPH T 2%
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20mg/LIRE E THEL L3580 % 5725, bR ORI
THR10mg/LIZA Y, KEDSKESLHLZGETEREL
TR ARETH 5 T L Z iR TE 7=,

¥, AfiEBERICE e a EEHIEENZ 5L
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Result of pilot testing (Response to load change)
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E8 Example of a study on structure with aid of FEA
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Example of flow simulation
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NTHEN b X h 5 &5 417> T3,
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(1) AIv v o+ -2, ZLOEEEHRODZAIV YT
— DOREME L B HiE L U TR L =T 5.

2) 299977300y VlEEREITS ZLICKD, ThE
T ORI TIIR LIS 28 A o 7 KRR & 3545,
IEET, EREAROHAREAERT 52 EHTRETH .

S B, 3B, TIHHEKOBEENEH % &,
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—ZBABNBEEDEEL TS, £72, CAERHMAKY 3

2V =Y a YEFEHLZRGE &S 28T, LoEHtEoE
WEROREHI D T FIHFTH b,

(BE )

(1) BHEE AREC EMERRETBRBOSENHRE (20 1)-EH&
D EEATEOFHE —, T3 A K, no.192, 1974, p.17~29.

2) =HEX ZH—E BETFET RBPRE, A5y T507y bRk
E£RRREE, S16EKREEY S VRI Y LFEEE, 2013, p.264~265.

3) HbEFE— ERFEXBEBXID vV F—0OBABG 7T F—
¥ a » EREEMIEER, no.179, 2012, p.33~34.
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New CEFB Applications to New Power Companies for 2016 Japanese Power System Revolution
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Kazuyoshi ITO
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= 1 CFBH& A5

CFB boilers for each business model
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20165123 —MeRIEE & B/ NE D ORI & X 5 i H b3
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RickBWTIE, AFAERS T 3 FE — iDL NG R 5
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B L0 MEATES 5.
KT
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A% BRI K133 (USC) 12 — bk D mEUY - Ik (CCS)
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LWL TIE, 2002FDBRHEEHFICL BT LT —FOF]
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— o Ji%& EhERI I 5 BERMAMAL TV 5,

201 14E-OFTTHIE LI, 20164F-0% 11/NE D O 4 H 1L
AN 7z EENE T, 22—, fIHREHC BV T SR L
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HENTW5,
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iz, FEEUH11100~200 MWD F678 3412 3o W T
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Models of biomass fuel utilization and adequate CF'B boiler

Db [V FIT EIF TP (RIE) AR (FIT )
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okt A ERES % KK e Tl - 54 A 2 b
ERAR 8 ) HsbEAA e e Sl oA A= 2
Z DAt TDF/RPF/ BT I A F v o ATV ARV y b
HR AR
£ 4 5L TV 2N B L F — ORISR I3 F v ZHIE
AT /NI CFB # 4 7 CFB #1 7 P CFB £ 1 7
AR (0F) 999 _aco 409
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(S E~ AP TR - RIS EAE - R A o
(g-CO2/kWh) N
1000 /54 % 230 %
[ | O3 700000 T8
3
800 ==
8951 Ik, 58, nr a0
600 | | EPSHi 420~454¢ ||
g64|  [s10 \/
400
6| [375
Tkl USC  IGCC  IGFC Ak LNGKJ NG
S&:2)) S&:2)) ) (@A)

X2

FHEREHCH T DkWhE 72V DCOREE
Typical CO2 generation by different fuels

INA G ZRBERIZENTE, KAPRE RO HELL X
LR CIGCCE A% DCo R4 (K2 BT F L ¥ —JF
DERVE & LAZHIE) % R < 30 %LU LR % ¥t~
—ZIZL72'T L (R1) #43RE LIRIEL T 5,

4 BHYIC

(1) EHEBCZ G 22 NRBA SR 218, ThE
TOBRBMHENII A, HEREBESHE L L TDCOHIR
ZORBTEEI NS,

(2) Yttid, REITE T 3COMlds &K Ut EmkE H
B, FEEICE & DV SRR & A IR L Tl
Fifi T %,

(BE3THK)
1) BEIxILEX—F, EPEORKREEICOVT, 2013, p.30.
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Vertical Screw-Type Screening Equipment with Crushing/Dehydrating Mechanism Spiral Cutter
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New 0.9~3.5t I.C.E. Forklift Truck QuaPro

F09~35t =Py T7+ =210 7 FQuaProld, T4
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