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Thermal Power Generation by Industrial Waste Incineration

by Katsuyuki KURIHARA

Ebara has developed an industrial-waste incineration system capable of thermal power generation. Noteworthy is that this system
can also incinerate paper-mill-deriving PS-wastes, considered difficult to recycle, and used tires, whose illegal dumping is causing a
social problem. The incineration of these two types of wastes alone generates 14 000 kW, making this system the largest scale such sys-
tem in Japan. This system features superior boiler characteristics, in terms of thermal efficiency, controllability and operability, equal

to those of fossil fuel burning boilers.

This system also features minimized pollution and superior feasibility, and is thus being used now in conjunction with existing
power generation plants as a base load unit. It can also perform as a backup power source when the main power plant in a factory is
shut down for periodical inspection. This large-capacity system is expected to revolutionize power generation by waste incineration.
Keywords: Waste, Waste tire, Paper sludge, Power generation facility, Turbine, Boiler, Turbine bypass valve, Thermal efficiency, High tempera-

ture, Corrosion
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Table 1 Specifications of power plant

R L CREBEWMMEL LA 387,
2-2 REt7«0OV 71—

07| m PHIRASRA (7 TH S PR SN H PS T L L2 RS DMLY
Boiler Type Internal circulation fluidize bed boiler R C e L
IR 2 KR 9 B O MOBMHIITD - 7275, WEIIEIREICL 2 H0E
One drum-water tube and . - - _ e
natural-forced circulation type (M HEL 2 EIZEImEEHABIE L 72, 1T FE R
ﬁj‘ﬁﬁy’éi . 65000 kg/h DERRER 2R T 25, HOHELLZES B TERSR
aximum capacity
TR ) 790 MPa FHERAIRD X 9 BB AT > 720
Maxi : =
dznmmipressure 2-2-1 FHENTRELHRME
¢ e i FH LR 480°C
Maximun temperature THBEENTH 5 PS & WA TIEASEID, ho%s
e 7K o . - < . o
Feed ‘water temperature 134T THEFIZILS 5 2 LR 2T N TH D, PS
S ey 17 520 ke/h (125 V) FRBELLTVOTEAN, SEILLE VTR BT
PS 5900 kg/h (142 t/d) AT AZX ) BRDOFE LI EIELTwb, 212
3 i 7 5 SVl N - N — e =
Jf)_raft sirstem Bala;ed draft PEA ARG WA & B sl 2 7R3 F 72, PS B
B[k WIS BRI LK 7 — € 7 T b LM LRI S LR S LTy
¥ —¥ ¥ | Type Impulsive bleeding condensed turbine
Ste]z;m of horizontal multi-stage type %o PSEHERR I, T3 DEANEE W AR A o v g
turbine
) 14000 kW BAESE T ORI L EHAT iR £ ISRE SR TV a,
e T Z DR AR REI ORI A TR ORI % Bk 5
eam capacity - . R e
P ZEThHe LIhioT, RERMOTIAHSAEEEL
Prossire 559 MPa B} i}
AR TH LN R R & O BERMM TNy 77 v 7
JEAT L5 o
Temperature 456 C VAT LERBEL TV,
T > - N 2
Blecting pressure |62 MPa B, THMOREIC X % PS O I AR T i & &
] 755 kPa (abs) ST, BEY A VST TRERMRBEY 5o SR
Exhaust pressure ) A e N .
s b i i 5806 min- DFERIZ XY PSHFG AW RE & 72 o 725613, PSP
Revolution = = - - 5
G 22 LT A R S ¢ 5 2 L2 X D T
SRR i Al 4 PH 7K 45 78 = AH 28 U 1) 1) 76 R EiprE 2 T W B D Lo
Generator | Type Three-phase AC synchro-generator ERFE S RBAANELIEL Twh,
of horizontal closed water cooled type .
e 0 KA 2-2-2 H—ERERHIE
Capacly By bk OWMEEL 720, §— YR
Power factor BR%EI B D BT A i & 24T L 720 BEBEWIIANZ 2 Wk
e 11000 V LB BBEBDD 5720, §— Y VHIESALAEREO X
I 1500 min-! ) EATHEILEEE S S, BRI Lo TGRS 5
Revolution
F2  PEm APERGIMfE & ElnE (O, @ 12 %305 4E)
Table 2 Planned and actual data of flue gas
IHH Hifir e ARGIEAE HEH Z 531l fiti %
Ttems Unit Guaranteed value Actual value Remarks
‘fglll;/“ g/m* (NTP) <004 0004
Eﬁﬁé%ltm ppm <65 36
SR T BBRBEE
NOx ppm <120 o7 Used two-stage combustion
fﬁ%ﬁ mg/m?* (NTP) <100 08
#@C{gﬁ?ﬁ: ppm <100 8
HEA A TP N
TAX X 8 In flue gas ngTEQ/m*(NTP) <01 0.0082 Active carbon not injected into furnace
DXNs T
In ash ng-TEQ/g <30 0.0087
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Fig.1 Whole system chart
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Table 3 Operational function of turbine generator

Control | FRBCHIED | HiE AR | EL R Generator

[P function | Speed | Pressure | Load N N
g control | control | control Hh A5

Operation Independent | Parallel

HUhE i

Independent operation

O - - O

5B b

Parallel operation

1. OWlHITbNLillizE— FE2RT,

1. OMark indicates usual operation mode.

2. AR R FAESUE IR ELER L 22 Y A&, miE b
¥ 7 b L CHEIRZ JfHET 50

2. In case of disturbance in the main steam pressure under
loaded control operation, operation is resumed after a shift is
made to previous pressure control.

- @) (@) - (©)

BWOEHE) 3§56 ICPSUELARA T (BEE @ BE
%) PGS Lz, FHICLDY ﬁ%m#‘m%@ﬁﬁ%é
n, DR WPSALELE 14000 kW O ORI
DHEWZEDDLZ ENTE,
F 7o, FEHEIRIC K > TRELRRE LB 0T
BETHhAHIENEILESN, LB E ORKE))
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Table 4 Planned example of waste power generation

15/k%  Condenser : 223  Air cool type,
HEAGRIE  Atmospheric temperature © 20 C

FAEKES MPa) | BfiE ) | R | SRR
A4 7 VEEH | Main steam pressure | Condensed | Power of | Gross thermal
Type of Cycle A (C) pressure | generator | efficiency
Steam temperature | (kPa) (kW) (%)*
V%44 7V IERE
Rankin cycle 204 196 5427 187
1 . 300 (100)
stage regeneration
A “‘j"‘?"f Va2 785 _ 6685 230
Kalina cycle 300 (123.3)
HY—FH4 7L 785 - _ 258
. 7500
Kalina cycle 400 (1382)
5 7% /44 V2B
Rankin cycle 392 1471 6220 214
. 400 (114.6)
2 stage Regeneration
I % /A 7 V1B
Rankin cycle 588 755 14000 280
1 . 460 (149.7)
stage regeneration

*TEO () WEMEIES v %94 2V 1B FA (294 MPa x 300C)
DI BB E RS

* Values in parentheses show ratio of gross thermal efficiency for one
stage generation (2.94 MPa % 300 C) of rankin cycle.
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Table 5 Example of unit operation modes

JEiRE— N e - K g7 oy 7 X F 258 St
KA T WREDZEALIH L, & — € ¥ I 258k FE & ARSI
JBHEIENL L CHEROBEMISBIESE D, ] > T ¥ 2 W 5
(BRI | R4 7 ADE GaK, W, 225K o2 bidiE HiziE, 450
FEEEHEED | woOT, FREEZOEZLT (AFRIOEA V=3 AN A
Fi9) EHILRT) AMELEAT . HChbo FMMNZL

ZORE LT JENEFICHL, F
DR T A R OBRIAR 0 PR AT B 2 i K BRI F ELEHEE 5 —
M3 207T, FEEOBEENRV Y UNA SRR T

CRA T~ —E VO R FEZ O 790
FMAL TR IHERRZWNT 2720, f KRG ClE, Zo
i ) ) & AR ) O S8 ISl R — F ORI
g WA RE LT\ b,
y—rs W R DAL L, R oMz 2 28 2. FEERIIETY —
JBHEE R THRA T AN mEBHESE, FBERKRELELS | SIS TN
(AEREED | €2, BESE O B VAL W),
#i9) y— € VMR IR FRLE) & — SRS 5 & WX EREE R % —
IWEET 2DT, KA FRARSRENIZE o ERHELThy -
TR Z MR EMEICBRE ST HATH S, VAR KA Bk B Ll

TORE LT

L8 —E VRS A 2 i E R 24T 5 o T,
RA T~ —E VDT AN FIZZOFHAR N
CRBEROZEZ, BREOZEMNMICL S0,
HEROIBEDTEN

NTHNUZE, FEIH
5.9%,

BESEW ST L 72
REMES M TE
%o

AR TlE, 2o
B E — N oI

[l % B LT\ o
RAT - r—Ey | MABREICE D EAL T AR E & — ¥ Ik o BTG O T 3L F—F
1y FEEIC I~ R 5 184155 % 15 ) Tl 4 e WRD 720,
FNCEMESE %, . HEOWENPLETD
BRI TL LT, MREMIGBRES e s %75, BEREY T Ll
2k, FAEELQENEEE LTEL I A R YRFHRIREETH 5.
ORI X > T—BIHERT 2 HETH 5.
TOREE LT
ISR L, EARRIEIIMRAEIC L 2 58E -
HBILEZMA 50T, HEROBHIEZBALD | ey
FICFEELLE OLEIHA D 5 BEWH S b
IR E AL & FERIS AR A T A TR BiG
THDOTERKENOLEB ZHHTE S
F—VEUINAINA | F—E UNA NS ABBIZTICKDOUEDND 5. Hili By 25 S I OV
Ut s B O E I 12k oTid, WES—
AR OB LI E LTOAPHIHE S PAT A& 3153
CBEHIEEE (R4 Z) o HAGEEIRGE O EARSET HTnwZrbd b
il FAELKEN D EHIED
DRI 0 AR AUE 8 Wt N4 S ARG
L72h35C, BIEY —EUNA N ARME, ¥ — DIAEFHLIN Y,
U U RARIAARIEREIHAS o AR OFILES LR TN A N ARO
MEEZ 5> TWh, AE A O i 8 28 2 %
RHE Y —E N RS2 THERE L=y b THbH (KL Uabik
BN R % B < RIS & KA T o H)o
CRA SRBIED S MR E TERELE) GREE KBTI, 2ol
7)) s TB Y, PEARIIANHE X 5 E — PRI
AERIEENCE) ) b 5 il & BT LTV B0
CERRERES 2 VId s — Yy Y v TSI, 7
DD 5 — ¥ ¥ NGRS T 2 5
BELZZGEICB CEEREN O LA BT 5
PR FB e BEHNFE H R VIR & 72 2 BEFEW) O A AN Al — R CBEHE W S D
+ ERLELH Y, RIS U2 BEEEHm 2 3o < HE AL EL L, R &
I 1) 0 3 s LB OR%E % TR CIT WIS, AENET) T B BEREW O 5 B it

L C b ZLAMELZ < FEBICH G- 2 A EH 1 2
AT 28 TH b

ZOR, FEERIN)OLBRITEERZER BV
CENLETHD GEEIRIIL) o

L7235 C, REfbfbtid s — e v ek 28
RBVEIITHET %o

LR LB AT
Thrb, O
EERICL, 2=v
MEEIYEE NS,
KM, ok
iz E — N R
[l % 3 LT\ b,

INSHER No. 207 (2005-4)




NR=ISAT 9 Y (PS) RUWES A B R E ei

=5

=y
-
—

65

60

55

50

45

40

35

Inlet steam flow

30

ANZELE G, (t/h)

25

20

IR ALIZESUE 637 t/h Design point
—  Max. inlet steam flow Go=60.7 t/h

| T

Ge=126 t/h  frmd

L. =140 MW
I [

T T
& Ge=126 t/h
Bleeding steam flow
| |

/

L ST EWESE: 39 t/h

- Lower limit of bleeding steam flow

Il
7
‘ 10 t/h/

5t/h

/

fisdE 0 t/h

Bleeding steam flow |

/

Max. power of generator

IRRFEEHEMT 14 MW

T
Operatinal condition

AZEAUET] =5.69 MPa (abs)
Inlet steam pressure

A AL = 456 C

Inlet steam temperature

JAUET) (CTTR) =0535 MPa (abs)

Bleeding steam pressure

|||||||||l|||l|||l|||l|||l|||

PESUET) =755 kPa (abs)

Exhaust steam pressure

6 8 10 12 14 16

SRR L (MW)

Power of generator

2 ¥ — VY UAESNE RN
Fig. 2 Steam consumption diagram of turbine
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Table 6 Analytic values of paper sludge

1555 (%) WG DILHE (%)
B Composition Element of combustible material. RMREFER— A (k]/kg)
Sample Ko RS JK55 Calorie of wet base
Moisture | Combustible Ash c H 0 N S c
vl
50.0 42.0 80 50.7 85 334 1.2 0.1 1.1 9370

Sample 1

AF2 62.0 25.0 130 52.8 6.2 46.8 2.1 0.4 1.7 2470
Sample 2

AR 60.0 370 3.0 65.2 10.6 218 0.2 0.1 22 10410
Sample 3

R4 55.0 18.0 27.0 64.5 10.1 24.6 0.6 0.1 0.1 4200
Sample 4

AR 45.0 52.0 30 66.5 10.1 223 0.6 0.1 04 15500
Sample 5

ARG 50.0 495 0.5 44.0 6.1 49.6 0.2 0.1 0.1 6650
Sample 6
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Fig. 3 Analysis map of fuel
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Table 7 Control values of cooling water

FEH
HH HAL | Rl Actual value
Item Unit |Planned value| fi§ Bt 7K | #ili #& 7K
Ciruclating water| Make up water
pH (25C) | - 7~9 7.0 69
ARG
Electric conductivity uS/m 337 113
[730ck- ¢
Acid consumption (pH48, COy) | ppm 39 15
AR L -
Total hardness (CaCOy) | ppm 82 26
I AVIN ]
Calcium hardness (CaCOy) | ppm | <200 55 19
Wb A4 A+~ _
Chloride ion (C17) | ppm | <150 37 13
A A+~ . -
Sulphuric acid ion (SO:7) | ppm 33 14
AF R A .
Slica ion (Si0,) | ppm | <120 30 1
&k
Iron (Fe) | ppm <10 0.53 0.03
H P JiE
Turbidity Degree| 10 10 <05
IR R N B
Concentration of chemicals ppm | 100~200| <25
278 LSTRERD (GAAH 80 m3, K ¥ 7 1 MiE o)

Vacuum up time (Exhaust capacity : 80 m?*/One pump operation)

BLZ2R 7K 125NVECM-102

Type of vacuum pump
1067 |- S A A
Exhaust gas : Dry air
80.0
K&UET] 21013 kPa (abs)
533 Atmospheric pressure
267 - TEK 150C
—-— #bk 31T
—--— t#Hk 26T
s 133 Temperature of seal water
2
2 ~
83 S~
<= 67f -
A E
< 3 53
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‘}R(E 10 F
Bl
Fi¢ 27
13
1 I 1
0 10 4 20 60
185% —
19.95

F22 PSR (min)

e

Vacuum up time
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Fig. 4 Characteristic curve of vacuum pump for condenser
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Table 8 Design conditions of condenser

i 4 SENGHE iR LA 2AV AV $1 1 iy

Operational | Hifii | Normal Operation | Operation of turbine bypass
%A conditon | Unit | grats | EF | kite | 2%
Items Design point| Summer | Design point| Summer
AOZESET

MPalabs)| ~ 5.69 5.69 5.69 5.69

WEHIBED 2 4 v 7 L AR A

Quick response of fuel control

| |

ERRASGMDOLE
Stability of main steam condition

i Y

TR

Disturbance in main steam pressure

Exhaust quantity

Inlet steam pressure ¥ — U v A A IEE)
KA — © > E 1) s —ESAANAAR i
AV SR BE . y—¥t < Control workin i
. . v g of turbine
Tnlet steam temperature C 456 456 456 456 Loaded control operation for turbine bypass equipment
P
ADERR th | 607 | 614 | 64 | 614
Inlet steam capacity l,
\ 42
juy—y 2 P—
HERUE Palabs)| 755 01 _ _ WL = b & ol FHERLIRE TR
Exhaust pressure Combined operation with other unit M FI~D Y 7 b
P& Shift to pressure control
t/h 479 485 - - i when unstability of main

Ry

Exhaust enthalpy kJ/kg | 2325 2337 2745 2745

R

kW 14000 14000 - -
Power of generator

ok

Condensing quantity t/h 48.1 487 79.0 79.0

BRI B
Thermal capacity of M]J/h 103.6 1044 1994 198.2
condenser

BORERIES

kPa (abs) 7.55 9.1 14.3 17.0
Pressure of condenser

HHK AL EE
Inlet temperature of T 26 30 26 30
cooling water

WHK IR E
Outlet temperature of T 355 395 44.2 481
cooling water

Ak it m”h | 2620 | 2620 | 2620 | 2620

Cooling water quantity

FAELAOLES), BT OLEB) KL ORI O % i#iix
OWEES 2 SFEATE L COMRE K, L2d- T,
FHE L2 0B/NI7ZGTHHE L, F72, BEHBEARE
DT TN —E BRI R A 7 26
D12 RN ET BT 2= V=T DRI AT L%
FHT 52 &% 0,

AR D RS NI A AN TR A0 — e 2 BESEY)
FEEITH o 7225, HRMKIIFEETEO R FEE %
B2 I TR EZRDO X ) ITEHE L7,

(1) #EofFfEEz I L s 1E1HEFRORH

(2) #iHIZ50% x 23 & LT Ambk 2 1o LB & i
DY Erd 2/4 AT EER O R A

(3) F—U rEEESMEL TS, PSHEHIZITREL
5 R4 7 i X ORH

(4) & — ¥ UREBRIIIER & 58 is 257 ) 7 B4 il
AR OB

CNOEETT L0 ELROILELZ /R E
L, W&o &EEBERE EBEREM» DNy 2T v T
VAT LEMINTHELEDIL, F—EUNANRAV AT

steam condition

L

B DL AL
Stable operation of power

K5 ®wHLELTTY 7
Fig. 5 Diagram of power stability

M X B EBIEEIICE D2, BhRENDTO Y 7 %
X5 12R7

4-2 FEEOEFRME

TEALGERANR & L ARSI OB A RS 7,
TR O ERCGHHE E LR, RS EERKOR Y T2
ISPt % 3%l L7z PRI T RTA Y VNS iEH)
UREE L, iMool % md)iEg 5 et e Lz,

AR DU DK 6 16 A B O3 94% T, EMREH
B L2 EMBEIE D 90% % 8 2 BEFREW BB & LTIk
FWEEMEZH TV 5,

RIICEEL NI TVHIZRT Y, FEOFID R
CHIBEBIRD I T TV DL OPIFTH 5o HitkBILR
OWEBROEBIENZIN X852 L5, Thbbkiialk
OEEEZIN ESELZ L% 5,

4-3 ARFE{LIC

I KEMZAL#IE35%/min (480 kW/min) & BER%
2=y MIET, BHEH EBHEE) ROBZLI=v b
EER L CHEA SN TV 5B R IEH IR g
PER 2R T 575, M=y bOHRRIBERETY
[l OMME R OBERAT FE e X ) ISR E Sh, 15
PEDRELICEEFBINTVSE, Liz-> T, Mikr=
v N EMIGO T O LY~0%E, REE 0%
LIV, BT O F< > FEERHEHE L Th ARV,

5. 5bH W I

BN BIIE L CT ISR RIC e 8K A4 5 - %
—U Y REERREOTRICETSE M7 TV n,
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Table 9 Table of unit trouble

Steam control valve

Defective function due to
damage on valve stem

Intrusion dust to stem clearance
of valve

[ SEZ Y F TNV OHL JE A x5
Name of equipment Phenomenon of trouble Cause Measures
1 AEINIRT FHEOHIZ X IEBIA L FHRAND T H DI A A RL T v ¥ 2O

Change the valve stem and bush

2 L AT e
Heat recovery furnace

FH4Ek D
Clogging of wire

RIS a0 HERG
Accumulation of wire in heat
recovery furnace

5 A XPANEDOETIZ X B840
WA B 1

Change the bed temperature of tire
feeding time and prevention of
accumulation at initially

3 BB % T XY
Transfer conveyer for
bed material

F . — VR

Wear of chain

PWAARIC & 5 F = — > OEERG
Wear of chain due to
inappropriate installing

IUARY LR L KT = O3
Re-centering of conveyor and
change of chain

4 Tk bE
Magnetic separator

FJ Ao~ T 1) > 7
sl
Bearing damage of drum
shaft

BRI EE I KB R T o R
Bearing damage due to high
temperature of bed material

T2 T RANDE T (Yik)
Cooling of bearing part
(Remodeled)

5 SremkE (a—1)
Transfer pipe of wire
(Chute)

SHEICE DY 2 — M P%E
Clogging of wire

WEPE T RER OS2 Y 2 — b
I PH%E

Clogging of wire in chute

after magnetic sparator

Vo — MEEE L OGSO FHL
(EE)

Smoothening of wire exhaust for
chute welding part and confluent part

6 HELERIRHE 2 XY
Ash transfer conveyor
for super heater

U—%1)—a A M
Damage of rotary joint

WHZEROB/BIZL AV af Vb
ReHRIE O it

Excessive design temperature of
rotary joint for cooling air overheat

Ta A b RMEE 0K
DA

Reduction of pressure drop in
piping

7 TR A4 L oW
Silencer of IDF

o fam CHRBY IS A
Vibration of partial load

JDI25% CHRE S (RAERE))
Vibration due to air quantity at
25% load

EEmRE < L, RO )5
Change of vibrational generation
range

8 A7 I8
Scrubber

A= IVERIZK BT
THI 0B

Increase of pressure Loss

KEAL~ 7RSI M EB AR =)0 7
Scaling by magnesium hydroxide

A7 7 2N ONG B KpH O ZE
Change of circulation water pH
for scrubber operation

ZEZ XK

ZDOECKRERTE/RMR L ERERINTBEY,
FERImNFIL28% & 6 MPa x 460 C X 14 MW fL DB
WIEERM TR HORTEA ST S, TY»
SR T 2 MR EEY TdH 5 PS L A i FE T &1
HBALLCW BB A XY 2T —< )V B4 7§ %Rk
&Y, EIMRE TI5%/FOHif %, KETAD6.5
Tt/ SEDHIERN R Z TV 5, 5B BVEREE, Bun
FEME, OB OFG 2 MR T RIET L7zv,
RARICEN 2 & B iRE T £ T, WiREHE LA
ARBFBGRAALBRO IR AL EH OB 2 KT 5o

ANRETE, M [BESEMAINIEE ], KRBT I%EE, No49s,

SRS, Ml TBRBE T4 MENE (1997.10)

“Korrosion Ercheinungenen und deren
Reduzlerung an Verdampfen und Ueberhitzerbauteilen in
Kommunalen Muellver brennungs anlagen” VGB Kraftnerks

BB [RA BB O L # ] &S, Vol.39,

BRI BEEEMLHT 277 ¥ FOMEHIOW T, b3k

1)
Vol48 (1997.10)
2)
3) R.U. Muremann.
technik.72 (1992)
4)
No.l (1997.1)
5)
i (1969.2)
6)

I s [BEEW ISR ], KT J1%8%, No.505, Vol.49
(1998.10)
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