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Biochar reduction zone

.ﬁ¢h
/ | \ Water-gas reaction: C + H,0 < CO + H,
L

® o '+ Boudouard reaction: C + C 0, 2C0 't ;_[_ Eg/' — ﬂ]
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Methanation reaction: C + 2H, < CH,

C+0,—- (O,
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FER | SUNR | BRERE FEER | AEWHE
(MJINmM®) | (Nm*/kg) (%)
KB =5 5.71 1.70 61.2
FE7T =5 5.37 1.18 48.3
° | W
I AR
i
g

0.40 0.45 0.50 0.55 0.60
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Compositional changes during Torrefaction

Non-torrefied 7,774
(10% m.c.)

Torrefied at 220°C 40.7 12.0 25,1 8,474
Torrefied at 2500C 37.3 5.0 31.8 9,376
Torrefied at 280°C 20.6 2.9 v 47.3 10,167 v

MNon-torrefied

(10% m.c.)

Torrefied at 2209C  49.4 3.5 44.1 0.3 0.0 1.1

Torrefied at 250°C  50.5 5.4 41.8 0.4 0.0 i 2

Torrefied at 2802C 56.4 5.4 36.1 0.9 0.1 1.4
From reference: Sudhagar Mani, 104 °C 200 °C 250°C 300 °C
University of Georgia
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250 °C | 275 °C | 300 °C | 350 °C | 400 °C
KAIEHRE (MI/Kkg) LK

275 c EKFF BWHREFRY | ERKEHE DDGS
Raw / Torrefled Raw / Torrefied | Raw / Torrefied

O.1lmm

freir & AR 16.8/19.4 17.6/21.4 18.4/ 23.7
(MJ/Kg)
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140 - _ P ——— Particle size distribution example
| - torrefied wood chips milled
1 ) A‘ down in pilot mill

8

100

5 100 - A wordchips 2 &
) d
B 0 - A & wheatstw © 70
E 6o —+lIntreated
E S0’ 'y » voodpalt 2 s -
40 - A —coal (waty & 10 Gt
| Q—Q" S 3
Pat “‘ =iyl {d s 20 % ~ Torrefied at
A ? tdre) 8 10 280° C
0 - , g 0
100 150 200 250 300 £ 0 1 2 3
Temperature, °C 3 Particle size [mm]
Untreated dsp = 1.2 mmi
Torrified at 250°C d.y = 0.7 mm

Torrified at 280°C dgg = 0.4 mm
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160
140

120

Mill capacity ton/MWh
o 8 85 8 8 8
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0

100 200 300
Torrefaction temperature °C

400

@ Chips_labl

® Chips_lab2

# Chips_Pilot scale
s Pellets_lab2
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XH.Ren, R.SUN et al,
Fuel,188,310-323

SO2 emission factors
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SO, (kg)/GJ of dry fuel
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® Raw biomass Ca/S



s A 490 BT R 1% 1T FENOX B L

® gg;g'“o‘

4

(@) oz
3
= 06 L ]
'E ™ 2 658
2 o Yriow = 14.260°2
2 04 2205186
[T]
=
2
= 0.2
8 1.398
< A Yo, =0.2323v 0 e
0 R?=0.2281
0 2 4 6 8
® Raw biomass Volatile/Fixed Carbon
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NO, (kg)/GJ of dry fuel

& Torrefied biomass
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’ ]
A
Y
| | )
Yrox = 0.14577 0555
R? = 0,404 Voo,= 0.1177 0718
R?=0,5043
i‘ —— .
0 1 2 3 4
® Raw biomass (Ca+Mg)/N

& Torrefied biomass
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3500 SO, (ppm) s 50, (me/g of dry fuel S0, (kg/Gl of dry fuel) % Fuel S to S0,
. . i 100 F
lllinois 3000 | 4
= i K 100
= 2500 F
\ 3 k 75 F _
. A
2000 } \ 75 \ iTAN
a = % ."\__\ \“\'t:\‘
1500 } \ 2 \ 20
= 1000 p \:"-‘ -.;i:;\.:_\:_ Illinois-Rice Husk(g)
li\\ 75 l1F Y 25 [ —8— Illinois-Rice Husk({T)
500 “\\ Illinois-Corn Straw(R)
YH , \ —=&— lllinois-Corn Straw(T)
TR PR % 0 : MR I 0 : i 0 : :
Coal Blend Biomass Coal Blend Biomass Coal Blend Biomass Coal Blend Biomass
SO
2 200 50, (ppm) g 50: (mg/g of dry fuel) 1a S0 lke/Glof ry fue) % Fuel S to SO,
% 100 f
_150 B \ 6 F | 03 F i\
"" .I::Zt, 75 " \‘\ —
b 100 } \ a } \ N\
\ \ = 50 1N
= \ PRE-Rice Husk(R)
50 p \ 2 F 0.1 25 i
P R B il \ AN\ T ) —— PRB-Rice Husk{T)
A\ PRB-Corn Straw(R)
\7& i *% 0 \‘i = X —&— PRB-Corn Straw(T)
'] '] 0 Il L — 0 '] 'l

Coal Blend Biomass Coal Blend Biomass Coal Blend Biomass Coal Blend Biomass



WG IEHCI, CH3CIE SRR ninE

XH.Ren, R.SUN et al,
Fuel,200,37-46

v
L Cng v

EHIBUERE . AR CIFR AL

ARG

[R5 FKFEF -- 51.6 40.1
HEKE T KFEFT 77.4 9 5.7 7.9
[ 4 WA 7 - 35.2 34.6 30.2
L R 59.1 11.8 28.9 0.2
[FERE - 60.2 36.6 3.2

MHEE A 60.8 18.3 22.1 1.2
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