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Celebrating this special issue on the
turbo-charged pressurized fluidized bed
sewage sludge incinerator technology

YR 1

Masayuki HORIO

R LR (BEHR)
Tokyo University of Agriculture and Technology

Abstract

Concerning the TSK group’s new technology, the turbo-charged
pressurized fluidized bed sewage sludge incineration, 1 would like to
stress that it has been a significant innovation achievement of fluidi-

zation technology in Japan in terms of the following three points: 1)
as a historical mile stone of sure technical innovation in contrast to
those during the 1970s and the 80s, when development efforts were
much intensive but many of them failed due to poor understanding
on scale up and risk management; 2) as an excellent and sure appli-
cation of pressurized combustion concept, where pressure level is
much lower than that of coal fired PFBCs but sufficient to reduce
electricity consumption for air blowing by applying turbochargers,
to reduce N,O emission and as a whole to reduce GHG emissions of
sewage sludge incineration by 40% from those of ordinary fluidized
bed incinerators. 3) as a good example of appropriate technology
practice in the modern sense with lowered plant-costs by diverting
marine turbochargers for pressurization and with lowered develop-
ment risks by the good team-working of TSK and other plant compa-
nies and national research institutes for their common target.
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Development of turbo-charged pressurized fluidized bed sewage

sludge incinerator, a technology transfer from coal combustion to

sewage sludge combustion

AR =
Yoshizo SUZUKI
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Bl IR IVF—MRRIBFIRFER
HZEHTOERTIL—T
LREEHAEE

Abstract

A new fluidized bed sewage sludge incinerator combined with a turbo-charger is recently put to

practical use. Fundamental technology used in this incinerator is originated with pressurized fluid-
ized bed combustion (PFBC) with combined cycle power generation. This new incinerator does
not generate power but generates pressurized air used for combustion air. However, forced and
induced fans can be omitted in this system. This leads about 40% of energy saving comparing with
conventional fluidized bed incinerators. In addition, low environmental impact, such as low NOx
and N2O emissions, is achieved. On the contrary, original PFBC technology for coal combustion
currently cannot be used for commercial power generation system because of some weak points
for commercial unit, such as low reliability and low thermal efficiency. However, PFBC technol-
ogy itself has a great potential as a solid fuel combustor. The turbo-charged pressurized fluidized
bed sewage sludge incinerator, we recently developed, is one of the best examples in technology
transfer from coal combustion to sewage sludge combustion. This article describes the original
PFBC technology including current status and development history of the turbo-charged pressur-
ized fluidized bed sewage sludge incinerator.
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Table1 Development history of turbo-charged pressurized fluidized bed sewage
sludge incinerator.
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SOx) DOHEHFANE K DIRBERE I HLARIEBIAR, THEAHN 2
DFFEA AWM B EREE LTHD P o7z f ik D IRBEC i
WTH /B THhbd, FBCHAM DA 197 B 513 1960 £ AU A
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Development of turbo-charged pressurized fluidized bed sewage sludge incinerator,

a technology transfer from coal combustion to sewage sludge combustion
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Fig.1 National development program of FBC and PFBC in Japan.
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RITONIARBE CTHRRERESE, BR Y —C U TRERE R
FEEIT) WhWLBEAIEE Y A7 4 (Combined cycle power
generation) ZIEK 2D 5 OFHETH S, ZDEHIIPFBC
FAIHEE A 7 VS BBAME B BRI S H25, AN 1340

SOBMTHY., 1R DOIMEIRBE L BEA T A 7 VI BOIRSE S
DB IRBEE A TH LD, RO PFBCHE 70t Ak
Fx50

2T AR L7z LB PFBC IR ¥ A T 2%~ T, KR
HERARIIE ZE 2 S, A R ENNE 22U 2y L0
AR ENL R AEOBEREY AT L2OYE1I7 ) — 70k
HADESNDEDT, ZOEIH AT —Y NHEH A% L5 g
ThHAHD FiREEPFBCOPEA 23 HIKE S I a iz, 7 A
7=V VREERDPSTHOMSPOPEE Y AT AW LT 5,
BB IIEBAR A CTH B A AT A e B AL, NG AT
IHITHIEFBCEABETH L, THLIEARE I AT 2xfllrlt
T\ A RFEEPFBCHI AR TE Tl TR 3 T42% 8 B AV L
WHETH S o PERDM K TIEHA, 2 ~ 3F A ¥ M Bl RO
LERET, AU R EICLTT% R EORif L%, CO2 Pk
HEDHIK SN,

PFBCICEAHAFEOMEELTE. (1) BEEESE T TOMRBE
D728, FHFBC TIEE WIRBER R AMF N D o7 kB TH R W
BERN RSN, R RO KD G TH L, (2) #MEEIINC
HHIL TR E RO b5, (3) PFBCIZBWTHH T FBC O
ARBEE B (BENOx, R SOx) 25K E NS, TLA, BEALIC
NSO BB AR A B 5, ST ON5, PFBCH
BYAT ATIEM2ITRENEEB), EELMREZLLT () N
JEGRENE R A 5, (2) H R EREE, 3) #AF—Y V., 75Hb
NSO BB FEDITE AL ST HAM S O DIE R 2B,
PFBCHEY AT AORFIIEMMITIZBFSL I Tz,
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Fig.2 Typical flow sheet of coal fired pressurized fluidized bed combined cycle
power generation.
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CORIZ, FiREFH S 2 RAEIEE 2 2 7 2L L TI990 44812
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DRRREDWSHERY, F72, PEBC OB HAMTH A1 518 7 A LR
A BT (Integrated coal Gasification and Combined Cycle
power generation, IGCC) 233 TE 3 T4 3~ 45% D BN F % 3E W
L. ZOEHEMLBE B AS7=2e s, i HI9IC PFBC OBl B
LT ER I L Cnd, ROECRERESN A 30,
ERE L3RR I W EN R ) ORI L AR R B & 20, Bl
£ (2015 45) JUMTE T H#T 1 5 B3 H B SN C0 B DA TH
%o £1 kD PFBC M A5 OB AL,
OIKDFERE T B72307 A 5 —¥ ¥ AR A 850 CAHF I i B
S, BN, BER S OUEIE PEBC L e v 24
BERDBEAF OB R IR BEE A THIF DN 5,
QEIMOBREEY AT DHVIERDLH, £ T Iv7 T4V & —IHE M
2R MDD Do T2 YA 7OV TIEBRED S 4Tl AT —
CUVROBERNBLL AV T F v A&,
Tbo ZDT28D, BRI DBR HRIBE R A T AR LD HIH T,
PSS BEE L L TUIHFY AV ID v EFXHBIL 72 FBC D
1453 (19th Int. Symp. on FBC, Vienna, 2006) T3k i Tl
bz, “PFBC is deeply sleeping” DEINZDOREES 25,
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4.1 PERERIET O INTE FEB) S A BET e
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FEER R BB O G EY B A BRI O E R T REE TH RO
IRBEIRRE 52 B2 L7275, PFBC OIRBER L L COR TV ¥y
W RLETHIELT, KA RIROERE G TR, BMRZ%
B RZZZE S A AOELEENE N7 ¥ 7 BB g P52
IRBESE 7 G OIKOMEIRIE, BEITREND INTHE LTI
HERIRIAIT%E S BALTH BA5, IF 4 (0.8MPa) TldIR R
R H05%FEEEL Y, K7D, ZORUIPFBC 4Tl #R%5E
TRIE DR B AR BRELCOEE R 5 DS\ 7280 R &R BEH E AR5
MBIz, FERIIK PRI DT UBRBER S b R 7 %0

M4 DB HEIIRENE LI, PFBCZ Db DI EARBEL OB ER:
BELTIERICHORT Y oV AL TWALIEDR b Db f1 RO
H PFBC AN L 72013, PFBCZDbDIEF VAR T ¥ X v idh -

72h0D, FNABERE T O AOBBERELTIRALES A, %
SDOREDEL D0 THD, PFBCEBEAIEBLLEETIZ, M
DAMIIH B HEMIEEZIZHIBIL TV7zs ZOMRIRR T, #
W CH PFBCHFZE D2 IED b LT R ol I o Bl 56 0
REIL EEHEDPHEBELTOAZPFBCOFHLWAHEIIA LT 50
TS REZETH 72

3200

Analog output
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502 e &
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3 PFBC X8> X7 L, LB MIERER. TE : EBRS X7 LA
Fig.3 Schematic diagram of lab-scale PFBC. Upper: Photograph and schematic of
pressure vessel. Lower: Whole system flow diagram of lab-scale PFBC.

4 ARDEEFBCEPFBCTODIK D EEEL
% RE. A E
Fig.4 Photograph of ash produced by FBC and PFBC. Left: Atmospheric
condition. Right: Pressurized condition (0.8MPa).
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Development of turbo-charged pressurized fluidized bed sewage sludge incinerator,

a technology transfer from coal combustion to sewage sludge combustion
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ROBEHTHLIEIIHIR L2 BN TH D AHAMTBIFEDMLINIZ,

FABRICRESTH AT = ANLAT AN F— IR LI2H, K
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GFBAET. HITHEM A 3L F— I (IE 22K D) 12k &
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I ANV F—NEHTES,

OBARTRGRFOZ RmORE, WIS 7 AL L THHT
&b, Fio, KEELILIZEY, BIER Y FICLEEEBRE T~
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FATEDS L,

COfl, INEMBEZ DBDIZH KT B2V IELT, A A KO i

LR AR, BB OB LE U I BGR K OR A, Hix

785 X—=ZBAEE T Db BTN X BBl 4 DT RAL, SR

JFE DRI LB )RR IRALIC X N2ODBIR (b §5) . 3 5,
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- il
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5 AxDGEICHREEN CELET7 JOAL—2a>
Fig.5 Photograph of agglomerate produced in the fluidized
bed at pressurized condition.
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$L 18T 1MPa. 2250 B & i/ METE B L3 BE 1, £ 35 CHERAEL T
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WL 7% FARGIRIIMKE TS TH D Na, K, Calfrk KmiZH
ATBY T BRDEAEDSEA D) L7 AR R S 732 X2 K 7 il
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2B E R R B 2 2 MBS LT R— 28— H v F
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BET2UWDOREBEREL ST WD, D720, ERBOEABIKIHIR
ARSNGB CORE RIRBEDHERF CE S, NRIZ80mm, &
131300mm T, FEBIIEBERE 2 7 ¥ L AMA LR T L CRRiE
ENTWVD, BKHRIL, FERE LR E SR AE LD
BER YT (=7 R 7) I L 720 HEFT AT A A2
3T 397 74Ny —RREL, 7 APICFMESNAIK 5% 50 BEL
720 BAEE 713 0.8MPak L7z,

FEERORE R, ETOENEMETRTIORT GEOBIAEL72H
KIGIHDIKITFNFEAEDT T4 Ty 2k LTHRE S, WREIEN
IIHFEAETRE T, GHLTW BB N TOIKOERNTAET 2
WIEPHERESNIZ, Thud, BORITIRITTO A Ty b kB ebif
RINTWD, KRS, BN TIKOBEEMAPAELIBEMTHL

' T e, I %
7 €T3 T4 E—CRNRENEZT FA T v a
Fig.7 Photograph of fly ash separated by ceramic filter
module attached with the lab-scale fluidized bed combustor.
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Fig.6 Schematic diagram of lab-scale fluidized
bed combustor for wet sewage sludge.
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Fig.8 Temperature profiles in freeboard section of 5 t/day scale pilot turbo-
charged pressurized fluidized bed sewage sludge incinerator.
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Fig.9 Calculated volumetric heat production rates in freeboard.
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Practical Operation of a Pressurized, Fluidized Bed Incineration

System
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Abstract

The pressurized, fluidized bed incineration systems that we built at the Kasai

Water Reclamation Center of the Tokyo Metropolitan Area and at the Sagami
River Basin Right-bank Treatment Plant of Kanagawa Prefecture last year are
currently running smoothly. In relation, the Tokyo metropolitan government
has formulated its “Smart Plan 2014” basic energy plan and actively works to
reduce energy consumption. Kanagawa Prefecture also lists measures regarding
global warming and the circulation of resources and energy in its “Kanagawa
Prefecture Basin Sewage Medium-term Vision” and actively promotes energy
conservation measures. As part of these efforts, our pressurized fluidized bed
incineration system can reduce power consumption and auxiliary fuel usage,
and can also reduce N.O emissions through high-temperature combustion zones
formed using the effects of pressure. We thus report on the reduction of green-
house gas emissions in practical operation.

FEFEE. RREMOETEKBE > 2—HLJUHE/EDOEER) g4 F LIRS
WIRREN SRR R EMAL. REIERICHEBF THZ, RREATIF T % L F—EAK
EHE[RY—rTF522014] #RELTT 2L X —HIBICTEBAICIEEN TS, B
FNNETEHFEERETAEFIE Va> | THICEBEXRPER - TxIL¥—
DRBIREL/IT TE I X MREEBIIEDSN TS, ChEDBWHEAD—RELT,
HEENSLCHBREHERENHIRTE, MEDRICLIEEBREFIDOTET
N0 HEH B HHIB TE 2Lt D B RENF | £REINTOSY  AB TR EAEE
ICBIBREMRS AHEDHIBHIRICOWTIRET S,

F—7— FOBIERENF. BIGHE. B OREIR S AHHE. BIEHIR
Keyword : Pressurized fluidized bed incineration, turbocharger, independence, greenhouse gas emissions,
reduction effect
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Fig.1 The flow of the Pressurized fluidizedbed incineration system
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Fig.2 The flow of the Pressurized fluidizedbed incineration system
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Fig.3 The picture of Kasai water Reclamation center incineration system(1)
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Fig.3 The picture of Kasai water Reclamation center incineration system(2)
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Fig.4 The flow of Kasai water Reclamation center incineration system
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Table1 The comparison of the incinerator specification (of existing incinerator)

e P

(554F) (1%545)
LB vH 300 300
M mm 8,200 5,400
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B =
_? I C 850 870~890
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Fig.5 The picture of Sagami River basin right bank treatment plant incineration
system(1)
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Fig.5 The picture of Sagami River basin right bank treatment plant incineration
system(2)
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Fig.6 The flow of Sagami River basin right bank treatment plant incineration system
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Table2 The comparison of the incinerator specification (of 100t/day scale)

BEsIR (g f ﬁ?ﬂﬂ)
HLEGE t/F 100 100
]2 mm 4,800 3,200
AR mm 5,500 3,900
!ﬁ HMNIES kPa-G -0.5 110
o oL 850 §70~880

%3 BEKBE L 2—HLURE) | FEA F LR EOREIRR
Table3 The operation situation of Kasai water Reclamation center and the Sagami
River basin right bank treatment plant
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Fig.7 The operation conditions in Kasai water Reclamation center (temperature)
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Fig.8 The operation conditions in Kasai water Reclamation center (pressure)
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Fig.9 The operation conditions at low load operation (Shinomiya)
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Fig.10 The operation conditions at low load operation (Kasai)
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Fig.11 The operation conditions of turbocharger at low load operation (Kasai)
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Fig.12 The flow of the past incineration system
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Fig.4 The comparison of the annual COz2 amount of emission
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Tsukishima Kikai's Incineration Technology

Abstract

Tsukishima Kikai’s involvement in incineration technology
started with the introduction of a multistage incinerator technology
from BSP in USA, with the company entering the sludge incinera-
tion field in 1963.At first, many multistage incinerators which pro-
vided the integrated function of slow drying and incineration were
installed. Its fluidized bed incinerator (FBI), using sand as a fluid-
ized medium, has provided an alternative to multistage incinerators,
which come with the problem of fumes from flue gas. Thus far,
FBIs have achieved excellent results due the continuous improve-
ment of the technology used, aiding situations of increased excess
sludge and necessity for sludge combustion. Against this backdrop,
new incinerator technology has been developed, involving a fast-
fluidized bed incinerator utilizing a circulating-type fluidized bed
and a multipurpose incinerator with applications for several types
of waste. This supercharging fluidized bed incinerator is the result
of more than 50 years of experience and technical know-how in
incineration technology.

On the other hand, the melting kiln for combustion of industrial
solid waste was introduced by Steinmiller Babcock Environ-
ment (previously, AE&E) in 1994, and the first commercial kiln
was installed at Sun Eco Thermal Co., Ltd., which was subsidized
by Tsukishima Kikai. Here, trial & error has resulted in major
improvements to kiln technology, through continuous research
into combustion air supply. Furthermore, since 1965, Tsukishima
Kikai has been developing wastewater incinerators for chemicals
recovery in the field of pulp & paper. Subsequently, submerged
combustion technology was established for application to highly
concentrated waste for which treatment using microorganism was
not possible, and many positive results were achieved.

This paper focuses on fluidized bed incinerators, melting kilns,
and submerged combustion for waste liquid.
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