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Fig.1 Process flow of cogeneration technology of gas, liquid
and solid product from agricultural straw pyrolysis
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Table 1 Proximate analysis and ultimate analysis of crop straws

TME4#HT ™ Proximate analysis/%

JEEAMHT ™ Ultimate analysis/% MCHME LHV

JsUl Feedstock

1

M v A FC c H N S o (MIkg™)
KT Cotton stalk 4,66 74.96 259 17.80 4522 634 115 034  37.70 17.18
ISEHT Rapeseed stalk 3.87 81.99 4.60 9.53 4563 573 045 021 3950 16.31

e O HZEWIFHAFH], ad FoR AT, N,

Note: The O content was determined by difference, ad means air-dried basis, the same as below.
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Table 2 Fuel gas properties

IV
AT o
SiH b e
Item National standard of (i?:tisgr?ri);y
manufactured gas )
Yanglingban
G
LHV/(kJ-m'3) >4 600 11 706
CO AR
CO volume fraction/% <20 176
O A5 £11%
0O, volume fraction/% <1 0.8
P M A T AR L
Acid gases <20 16
content/(mg-m™®)
£ R AR R AR LG
Tar and ash <50 14.6

content/(mg-m)
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Table 3 Charcoal properties

TiH Title 54 Symbol K45 Test results

7K%Y Moisture/% Mag 3.00
K45 Ashi% Aad 9.16
FER 53 Volatile/% Vad 11.94
A Sulfur/% S.ad 0.06

4 Hydrogen/% Hag 2.894

[ 52 %% Fixed carbon/% FCu 75.9
fE#ME LHV/(kd-kg™) LHV 28227
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Table 4 Composition of wood vinegar and wood tar
determined by GC/MS (Area % of liquid-oil)

/&glsfi%
. . Liquid products
Catgeegj(jjjries Con??)cgrj:ents AR AR
Wood Wood
tar Vinegar
N i 147 75.58
o 4 I3 LA 6.45
3,5- I IE-4-FR IR 41 2.65
Kjﬂne 4 - -3 5 T AR LR 2 1.08
i 4-F2HE-3- AR 2 g 1
Alcohols 3-JRIR LB 2.89
ENU 3.61 10.91
2- KR 8y 2.27
4-FRLOR Y 2.73
2- A LR 4.93 2.33
2,4 FRIE R 2.19
4- KT 8.99
2,6-— ALK 11.39 5.76
o 0-FF A4 LY 216
3-ZIEA 2.56
2- . H5-6- IR} 1.44
4- 2 5E-2- AR LK} 5.1
2- 4 H-4- 2905 B 25Ty 1.6
2- A JE-4- N SE 25 1.37
2,6- " F AR AE-A- PR BT 1.25
2,6-— FUVAR - 2- TR I 2 Ty 5.31
S, 3,4- BRI 2.89
oY A4-FE S 2- R RS- 2
Nitrogen LRI 1.26
compounds A-TRFLIESE 3
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LN
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N 65.7 J1JG; EAEFEAEY TR 547.5 t, BRIEEA
3200 JT, FUWN 175.2 J370; FEAE AR £ 91.25 t,
R 2000 TG, FRSEUON 18.25 ot A4
W BT 259.15 J5 6. PRI T AR R s AR
TAGAT 2555t, H AN 200 Jo/t (£
FEANJIREH, FIsE 2 35 km, F
Biskn e o 50 Joit) , FEJERESR U 511 Jroa; it

Kb TN 13 44, BNRHE TRARAITFN 2.4 11
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IS AT AL HE 31.82 JToayTIH:, 4.76 J1 Gl
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Horp 10 2 4% 20 a T ST, 2, ERLZRA
& B DR AL AT A2 B I DU s BRI I H A4
IBAT AN 201.40 J1JC. %5 ERTIA, KRITiitatksr
P URTE TR EH N 57.75 JT 0.

x5 RIITHMHTELRREES

Table 5 Equipment list of Yanglinban gas supply system
station in Tianmen

B4 FK Facilities 7 Units 30 Amounts
g f 1
PR = 4
AT J3E 1
IR = 1
s JA 1
el sy J3E 1
TR R B Ak 5 2R & 2
I B S JEE 2
ek JEE 1
K4 fa 2
W Bt EE JEE 2
T fa 5
PRTHE AL fa 3
POKYGI AL & 1
R EIE K T 5 & 3
FARAE IR B 1
v/ Ve B 1
PN TSR ik & 1
il R A A 1
AL = 1
JBizK £ P 1
U4 P 1
ey €apes i 1
B R R & 1
10T Mm% (I f 1
TAREIERL A% & 4
RGBS TG (D P 1
ENEERiilk fa 1
FEATB AL fa 2
ORI 4 = 1
JEF A A R = 1
kL fa 6
il (A 3h 2% %= 1

RT3 G i I =0l T I 3 4558
416.88 J17G, FHUAN 57.75 JI0, ARAGHIRE
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Table 6 Annual income and expense of Yanglinban gas
supply system station

A o ¥
HH P RE b A Togll
Title Yield/Consumption Price !
Jit
WR= —
o 54.7 Jj m’ 12 6m® 657
I Fuel gas
RN P
Annual Chm | 547.5t 3200 o/t 175.2
income 71;:!593?
;»ﬁ:{ .
Wood tar 91.25t 2000 Tt 18.25
ISYLOAN
Total 259.15
revenue
R 2555t 200 Jt/t 51.1
Feedstock
AT 24 )i 7t
Labour 13 A e 31.2
5 L 52.56 Jj 1456
S ety KW-h owny 1398
Annual :
expense Jifl
Other 45.52
expenses
M H
Total 201.4
expense

AT H AEBAT AT AT PR AE I, TR A 4%
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Application of cogeneration technology of gas-liquid-solid products
pyrolyzed from crop straw

Liu Biao®, Chen Yingquan®, He Tao?, Yang Haiping"*, Wang Xianhua®, Chen Hanping®
(1. State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Wuhan Tianying Environmental Engineering Co., Ltd., Wuhan 430074, China)

Abstract: To improve the standard of living in rural areas, many distributed gas stations were constructed in
Hubei province, and these stations were based on the biomass-polygeneration technology which could produce
charcoal, fuel gas and bio-oil simultaneously. This paper presented a theoperational process and the character of
products of a typical station. The gas station consisted of a biomass pretreatment system, retort equipment,
condensation and purification system, gas storage tank, and pipeline. At first, agricultural straws were dried until
their moisture content was below 12%. Subsequently, the dried straws were briquetted, and these briquettes were
placed in an orderly manner in the retort equipment. The fuel gas or straws were combusted to supply heat for the
pyrolysis process of the briquettes. A complete pyrolysis process would take above 8 hours. At the beginning of
2-3 hours, a large amount of water was formed from external water and bound water when the temperature was
controlled below 250°C. At this stage, the gas product consisted of CO,, CO, and water vapor, and the heat value
was rather lower, therefore, these gases would combust. After the gas product was heated about 5~6 hours, the
temperature of the retort was up to 600°C, then, the straw briquettes degraded rapidly, and a large amount of
volatiles generated which would be removed from the retort equipment to a condensation and purification system.
Simultaneously, charcoal was formed and the residue volume was only 30% to 40% of the original briquette
because of the released volatiles. At the last 2-3 hours, the retort was retained at 600°C, then the charcoal would
be further upgraded and a small amount of liquid product and gaseous products would be generated. The
temperature of fresh volatiles out of the retort was up to 450°C, and then these fresh volatiles would cool down to
room temperature by condensation and purification. The bio-oil and fuel gas were separated from the volatiles,
and the bio-oil was further separated into wood tar and wood vinegar that was stored in the liquid tanks. The fuel
gas was stored in a gas storage tank and transferred to users by pipeline. Charcoal was naturally cooled to 60-80°C
in a retort and then collected to package and place in storage.

For biomass-polygeneration technology, 1 ton agricultural straws can produce 230-310 m® of fuel gas, 250-300kg
of charcoal, 50 kg of wood tar, and 250 kg of wood vinegar. The main components of fuel gas are CO, CO,, Hy,
CHy,, and other incondensable light hydrocarbons, such as C,H,, C;H4, C,Hg, and so on, and its heat value (LHV)
reaches to 12 MJ/m® due to the volume fraction of hydrogen and methane being up to 25% and 18%, respectively.
The characteristics of charcoal are similar to anthracite, which has a small volatile content and high fixed carbon,
and the heat value (LHV) is around 28 MJ/kg. The porosity of charcoal is well developed, and can be used as an
industrial adsorbent and soil conditioner. The yield of wood tar is generally from 4.5% to 7%, and wood tar is
composed of a large amount of macromolecules, such as anthracene, naphthalene, and some 10 carbon aliphatic
chain hydrocarbon. Wood vinegar has high water content, more than 85%, and the organic component is
composed of acetic acid and a small amount of phenol. Meanwhile, this paper analyzed the economic benefits of
the typical gas station. It found that the sharp rise of electricity and labor costs reduces the economic benefits of
the station.

Key words: straw, crop, pyrolysis, central gas supply system, economic benefits, case analysis
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