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Biomass Power Plant
— ICFB for Nakoso Mill, Nippon Paper Industries Co., Ltd. —

by Keisuke TSUKAMOTO, Shigeharu WATANABE, & Eiji ISHIKAWA

Ebara’s biomass power plant, featuring an ICFB (Internal Circulation Fluidized-bed Boiler), is now operating in Nakoso Mill, Nip-
pon Paper Industries Co., Ltd. The fuel used for the boiler is mainly wood waste produced at this plant. Construction began in April
2004 and completed within the set schedule in August 2004. This biomass power plant, highly reliable and capable of speedy compli-
ance to load conditions, constitutes a single main boiler unit for supplying power for the entire mill as well as process steam. Prior to
the introduction of this biomass power plant the power and steam used at this mill were supplied by a heavy fuel oil burning boiler and
a diesel oil power generator. The annual heavy fuel oil consumption had been 34 000 ki. The biomass power plant is not only achieving
a 98% saving in fuel but also a significant reduction in carbon dioxide emission deriving from fossil fuel combustion (about 10 thou-

sand tons per year).

Keywords: Fluidized-bed boiler, Power plant, Biomass, Thermal recycle, Carbon dioxide reduction, Wood waste, Coal, Steam turbine, Nippon

Paper Industries Co., Ltd.
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Table 1 Specifications

i IHH iR
Facility Item Specification

SRR il Nl 3

Fuel silo Wood waste silo 1500 m
AT A1 3
Coal silo 135 m

KA 7 I TN T NERIEBRTLEIR R A 5 HIAERX AR/ SREIIGER D

Boiler Type Ebara internally circulating fluidized bed boiler One drum natural/forced circulation boiler
AT IR 105 t/h
Steam flow 105 t/h at MCR
5T TERE 6.4 MPa (GEZERHIT), # 7.7 MPa

Steam pressure

Nor. 6.4 MPa (SH outlet) , Max. 7.7 MPa

AR EHE460°C, 480T

Steam temp. Nor.460 C, Max.480 C
AR EE i AT 143°C

Boiler feed water temp. 143C at economizer inlet
R ST 3 V-1 o

Draft type Balanced draft
Ay —vr LI MR % Bl By i sk 7 — e v
Steam turbine Type Horizontal speed reduced multistage extraction turbine

AREIET) /T
Steam pressure/temp.

6.1 MPa/456 C

55 VI SUE ) /i
No.l extracted steam pressure/flow 113 MPa/37700 kg/h
P - oy
55 24D /i i
No.2 extracted steam pressure/flow 0.35 MPa/49200 kg/h
PESUE N
Outlet steam pressure 644 kPa (abs)

SRR LN Ay 4 PH 225 78 = AH 2 i Im) 1) 76 TR A

Generator Type Horizontal totally enclosed water-air-cooled three-phase synchronous generator
ek
S . 17647 kVA
Maximum generating power
PIES I 85 % 3150 V
Power factor Voltage 85% delay
I i 3 2 -
Rotational speed 1500 min
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Table 2 Fuel properties (Design value)

K TR IR 55 B A N — 2L TE B TIRIHUK (%)
(WB%) (DB%) (DB%) k]/kg lkcal/kgl Elemental analysis
Moisture Combustible | Non-combustible Calorific value C H 0 N S cl
ENE] 15100
Wood waste 16.9 81.7 14 136171 50.36 545 42.99 0.96 0.06 0.18
Vay S 24164
Coal 9.6 86.5 39 5773 7844 6.80 12.78 1.62 0.36 0.00
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Table 3 Pollution prevention standard and analysis

of exhaust gas (Scrubber outlet)

HLAY ONER AR P A AT RR fii%
Pollution Analysis of
Unit prevention nalysis ob Remarks
standard exhaust gas
EUNY 5 . (0, 6%35%)
Dust g/m* (NTP) 01T 0.002 (0, 6% conversion)
g 1
BIRAD | om vy | 20007 01 -
ERMILY . (0, 6%Ht5)
NOx ppm 150 A 123 (0, 6% conversion)
=3 - (0, 12%4:55)
co ppm 100 2L F 24 (0, 12% conversion)
N < <y | ng-TEQ/m’
FATXZVR] PINTP) | 01BLF 0025 (0, 12%85%)
Dioxins (WIHO-TEF) (O, 12% conversion)
LT AT
NARRAARANRRRNRRNARRN Combustion
gas outlet
AIg A
Wood waste Wood waste
N
g&}lgllelzliﬁ Main combustion cell ﬁI—IE{MZt%
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Immersed Immersed

heating surface

AV

Flui

AR

Non-combustibles

heating surface _|

3-3 AEBHILEEE

R IZAERILEREEZIRT,

3-4 AEHEORHE

3-4-1 ZAMHEIME

KBEKEDNT v 7 TWHASNDL 2D NT v 7 5V
INTARBZAKR Y NI v T END, R4 Biid7
AL aERRHAL, A aBEOMERIZ2 R/ L
LCIAME T E Lz KRBT 70y 3y RYTE
BEEN, EELABRICESY VXTI =V LAEREDS
KA T OMEEN LA SN D,

BIRIET TNy 2 hOZARyINIIT T ERN,
ARV A B THFEIND, ik A arbidz sy
A b= MIXDLE L THE S, fMxRiETeERt
WMSNAT VY F TR S RPN I NS,

3-4-2 KA TXKME . NEBBIRTEIKRA 1> (ICFB)

KA 7 ORENZR 2R,

KA FIFE2HTHRRAICFBTH Y, FRBEE O
TN NE DA - 72BN E % b2, BNEIXEETTS

I \HH\HHH!‘“MHHH

Combustion L
N
= \

o0 &Coal FRE N—F
o — Start-up

[ burner

I

Immersed
heating surface

JEluu/

H) 225

dizing air

R

Non-combustibles

2 ICFBH§EX
Fig. 2 Structure of ICFB
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PSR TR S LD — —
3-4-4 HEH AWIEE5 R Date Ttem
200346 H HBETHBILG
PEX AP & LTI EICE LA ONT 711 %) Jun. 2003 Foundation work starts.
LAZINEMATEY, WHTEVLAZREL, #& 2003210 1 77 % P LEHA
Oct. 2003 Installation starts.
HTIEARBIL~ 74 ¥ A&k Fe72h AL X0 B 200441 1 2N
% ﬁﬁ ;) Jan. 2004 Drum installation
° 200443 H KT R, A
F IO W TIL, IREFEAKBEZEIC L A A B A % Mar. 2004 Hydraulic test, weld examination
fii% 7 2 MR L, % LR S N2 200461 R
7 - e A % Eﬁ Ly —/- Jun. 2004 Heat drying of refractory
AKEfiie LTRHAT A2 EE LT 200447 H il b A
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Fig. 3 Cold-start up characteristics (e. g.)
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Fig. 4 Boiler load control characteristics
RAFHI0202 L 57 4 — F3y 7 il
Feedback control by O2 concentration at boiler outlet
+6.0% 120
g ’ e T =
R®g H% Main steam flow 100 55 g
O E 420% =TT . 80 S
zE 7 | | Jﬂﬁ g
oy & RUE 60 g
-E “jgﬁ/ — ‘ 3 o B3
=S KA Z A 02 ' ®.g
QS ~40% 102 concentration at boiler outlet | 20 Hs
—6.0% : : : : - : 0
©0:00 6:00 12:00
S|
Time
ARBUFEIZE 27 14— B3y 71l
Feedback control by wood waste feed
L Te0% BT 120
S8 ’ EAR KL S
TE % A Main steam flow 100 5
EE am P 180 g
208 i il w e IV L P
S Lm L 0 h&i %
o] A4 7 I 02 ®.g
—40% 102 concentration at boiler outlet | 0 Hs
—6.0% H H H H T T 0
0:00 6:00 12:00
IR
Time

E5 KA F IO,k EEZ B O Lk

Fig. 5 Comparison at boiler outlet of oxygen concentration
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