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Abstract

The purpose of this study is to propose the control parameters during the wood carbonization, and to provide that

the grindability and combustibility of the carbonized woody biomass are suitable for co-firing at pulverized coal power

station. In this study, the authors conducted experiments of wood carbonization and of pulverizing and combustion of

carbonized wood and obtained the following results. (1) Carbonized wood characteristics (such as energy yield and

calorific value per weight) have a relatively low correlation coefficient with the measured carbonization temperature

and a high correlation coefficient with the fixed carbon and weight yields of the carbonized wood. The weight yield

observed during carbonization process can be a practical operation control index of the carbonizer. (2) The carbonized

wood could be pulverized using the roller mill of the coal-fired power plant without modification. In the pulverization

process, the energy consumption of the carbonized wood is close to that of coal. After the pulverizing process, the

particle size of the carbonized wood is larger than that of coal. However, particles of the carbonized wood were

combusted well like coal and the combustion gas satisfied environmental qualities. Using carbonized wood, it is

expected to increase co-firing rate of biomass and reduce COz emissions in coal-fired power plants.
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Table 1 Properties of biomass and coal used in the experiments

BK-A1 LR-A1 CF-J1 LR-A2 FR-A1 CoalLD Coal NL Coal AD
Fuel
Bark Ié:;;iz Conifer 11%2;1;52 RIL Os?iite Bituminous Subbituminous
Producing Area Aifgéa Al:rnll;tfcla Japan Aifgga Alx\rlloel;ti};a Australia Australia Indonesia
Carbonization O O O O O
Carbonizing Test O O O
Grindability Test O O O O O
Combustibility Test O O
Moisture(*1) 46.3 59.5 28.5 45.0 29.2 5.2 9.6 27.8
(Wt% as received basis)
Proximate Analysis(*1)
(wt% dry basis)
Ash 4.1 0.1 0.2 1.0 2.9 12.5 14.2 3.2
Volitile Matter 78.9 87.7 87.2 85.6 83.2 35.1 28.8 52.5
Fixed Carbon 17.0 12.2 12.6 13.4 13.9 52.4 57.0 44.3
Fuel Ratio
(ash-free basis) 0.22 0.14 0.14 0.16 0.17 1.49 1.98 0.84
Ultimate Analysis
(wt% dry ash-free basis)
C 51.3 50.3 50.6 50.0 48.8 73.8 73.3 70.2
H (*2) 6.65 6.64 6.45 6.62 6.39 4.95 4.33 5.23
N 0.23 0.05 0.06 0.14 0.36 1.82 1.53 1.04
(6] *3) 37.70 42.90 42.70 42.20 41.50 6.5 6.4 20.3
S 0.02 <0.01 <0.01 <0.01 0.02 0.49 0.30 0.13
Calorific Value(*4)
HHV 21.09 19.80 20.90 21.22 20.63 28.75 29.93 27.87
LHV 19.59 18.3 19.44 19.73 19.18 28.64 28.95 26.69
(MJ/kg dry basis)

*1 : According to JIS M 8812, *2 : JIS M 8819, *3:JIS M 8813, *4 : JIS M 8814
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Points of Metal Surface Inci t )
Temperature(*) ncinerator < P

LPG Stack Items Specifications

.>:<<—r———— ---f--? _>° Size of 2.5 X W2.3m X L10
1 Biomass Air Carbonizer -=m =m m
Circulating - % )

" . Size of $0.8m X L7.5m

Gas |1 Inner Cylinder | Pyrolysis gas Inner Cylinder (Heating part : L6m)
® 0o i Carbonized
1 Cooling Woter Feed Capacity 100~150kg/h

biomass

Air Exhaustges Outer Cylinder ~ Cooler Residence )
Furnace time 15~50min
(*) The inner cylinder surface temperature was measured with a radiation
thermometer attached to the outer cylinder.
Fig. 1 Outline of carbonizing test facility
AR EERIPHIE, N A Z VIR OEE (LT, RIGIE 2.2.2 BMREER
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P 5720, RO EEIR (RICHIER) fe Lib & D, a—FFE % 5.0MPa, ﬂ#&tﬂ%lﬁlﬁgiﬁz%ﬁ
(%) , =XAF—UE g (%), RICEGDER pee (%) 450 rpm, VT — 7 VEEEEAK 60rpm & L. LI

R (D)~B)DiE Y EFE L. BEET 2 RALIT, ERROfECIT LRR 2 T 5729,
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Op : A A~ ZEhcE i (Mlke) RACI) DRI TR 21T - T2 40 R IR FEBRER (i 19 % Fig. 3
O : LPG w5 (keal/Nm?) \Z7” 9. BK-Al, LR-Al ORALMEFLEIEER, I L OZEMNPE
Rollerm|ll
Hopeer nduced Draft Fan Primary air & pulverized feedstocks I
Stack I IZ.Sm?/mT:lF — SE.Forceel Draft Fan
e

2ndair 3rd air ®850mm X L8000mm

Feeder Burner
Furnace secondary reference position :
80-380kg/h g 3m from the burner
Grader Stack

400-500rpm Heavy oil
Roller
©280mm
Scrubber
[ Induced Draft
generator Mill table _Fan
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30-90rpm Bag filter
Fig. 2 Roller mill test facility Fig. 3 Single burner combustion test facility
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Table 2 Typical Properties of carbonized woody biomass

Biomass BK-A1 LR-A1 CF-J1 LR-A2 FR-A1
Moisture(*1) <0.1 <0.1 <0.1 <0.1
(Wt%)

Proximate Analysis(*1)
(wt% dry basis)
Ash 8.00 0.63 0.60 2.30 5.80
Volitile Matter 68.40 55.77 61.20 64.90 60.70
Fixed Carbon 23.60 43.60 38.20 32.80 33.50
Fuel Ratio
(ash-free basis) 0.35 0.78 0.62 0.51 0.55
Ultimate Analysis
(wt% dry ash-free basis)
C 55.84 68.68 63.00 62.60 60.50
H (*2) 5.91 5.30 5.58 5.57 5.36
N 0.34 0.09 0.11 0.22 0.54
(6] *3) 29.88 25.30 30.70 29.30 27.80
S 0.03 <0.01 0.01 0.01 0.02
Calorific Value(*4)
HHV 22.17 27.35 25.67 24.99 24.52
LHV 20.84 26.16 24.41 23.73 23.31
(MJ/kg dry basis)

*1: According to JIS M 8812,
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(c) Thermal efficiency of carbonizer

Fig. 4 Carbonizing temperature affects carbonization
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Fig. 5 Carbonization characteristics and fixed carbon of

characteristics carbonized woody biomass
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Fig. 6 Carbonization characteristics and weight yield 7c»
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Fig. 7 Grindability of carbonized woody biomass and coal
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Fig. 8 Particle size distribution of carbonized woody
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