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Industrialized Characterization of Biomass Gasification Technology
Applied for the Industrial Boiler Heating-supply
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Abstract: Based on an industrialized demonstration, the biomass gasification technology applied in industrial boiler
industry was studied in the paper. The operation characteristics and the energy consumption were investigated. Meanwhile,
the effects on both the environment and the economy for the demonstration were analyzed. The result showed that Chinese
redwood displayed the best capability in terms of the system operation characteristics compared with other biomass
feedstock. Moreover, the energy consumption analysis presented that heat loss resulting from the exhaust gas, the
recyclable cooling water and the equipment & pipeline accounted approximately for 16% of the total energy, which could
be further saved for the system. Finally, the demonstration was proved to be largely environment-friendly and profitable by
its low pollutant emission and high investment income. Furthermore, it was found that the sales price of the steam would
be the main factor determining the economic benefits for other similar-scale projects.
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Fig. 1 Flow sheet of biomass gasification technology applied in industrial boiler heat-supply
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Fig. 2 Schematic diagram of the fixed-bed gasifier
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Table 1 _Technical parameters of the fixed-bed gasifier

Item Range value

Inner diameter of reactor 2 000 ~ 2 700 mm

Height of reactor 5000 ~ 6 000 mm
Output thermal capacity 56 ~7MW

Hot gasification efficiency 80% ~ 85%
Maximum fuel consumption 1.5~2th

Size of biomass 25 ~100 mm
Maximum gas production 3 500 ~ 4 600 Nm*/h
Ash discharge ratio 2% ~ 4%
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Table 3 Details on system energy distribution
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Item Value (Gl/d)
QOrsu = me % f(T) (5)  Heat from biomass feedstock (0,) 370.45
N, my. HDRRER (W) R x JREM Heat from crude hot fuel gas (Qs) 323.87
SR, Heat loss due to carbon residue produced (Q,) 15.62
(3) S5k EPitaER. Heat dissipation by gasifier (Qs) 10.46
Heat loss due to recyclable cooling water (Qs) 17.80
Orsu = Ve x g(T) (6) Heat from clean hot fuel gas (Q7) 311.82
Vei gdT) A3 RR BRI x R IR L Heat dissipation by pipeline & equipments(Qs)  8.85
(4) FLBEEREE. SALP L LIRS B Y Heat loss due to hot dust in fuel gas(Qo) 3.20
ks e Yob = L : Heat from preheated boiler water (O;) 22.04
45];?):(? : ﬁ?ﬁﬁf;;&gégég);@ﬁl?j?é?gi; Heat from steam prod}lced (@12 286.36
Other heat loss for boiler (Q3) 14.06
KB 50°C, HHAEREZ) 200C, Heat loss due to exhaust gas (Q14) 33.43
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Item Amount (kg)  Sulfur ratio (%) Sulfur content (kg) Note

Biomass feedstock 20 530 0.03 6.16 Average value measured (dry basis)
Carbon residue of biomass 725 0.51 3.70 Average value measured (dry basis)
Dust purified from fuel gas 103 0.43 0.44 Average value measured (dry basis)
Exhaust gas of boiler 118 720* - 2.02 Value calculated (a-unit:Nm®)

MR 4 MEBSBRE A, WK SO, &8
37 34 mg/Nm®, SO, SLMME H 26 ~ 38 mg/Nm’,

XTI NOy, VIR EALN 0.08% ~
2.5%, AAFRESEBHTE 1% T, S BREsE
46 N, NHs. HCN il NO2Y, KEIS4L28H, NH;
HEESEY, B 60%BEHEBRE N
NH,; 21, Scik[22)45 H , KA FRE KT 1 200°CHY,
T B NO, , BUERI NO, 15 & NO, & 5% T, 70%
~ 90% MIRKIAEL NO,. T HETHER SHENKT
0.5%, AXEHEBREE NO, AR EilHSER
St Wt B A FRED KB SR Y, (P R Py B ks,
AR IR NO, BAE B R, NO, SE{E N 134
~150 mg/Nm®, Hrh, CO #MHEF 80 ~ 90 ppm.

X FHAP RS, AR RS T 2 BRICH
A, AL &AL B 500 ~ 600 mg/Nm’®,
A A AN RRL, TERVP PRI — 2B R
Wb, it fE AR AR AR R, AT ERIECE &
MRS AR STME R 15 ~ 25 mg/Nm'®,

BORATE S HEBGR B8R P KRR TE R HE K
RS, WIRER RN,
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Table 5 Data for carbon print analysis of system

Item Value

136 360 GJ
2452 X 10*Nm’
5668 x 10°Nm®

Annual heat required

Annual fuel gas consumed

Annual exhaust gas emitted

CO, per Nm® exhaust gas 0.15 Nm*/Nm®
Carbon of biomass 44.34%°
Annual feedstock consumed 11500t
Moisture of biomass 14.98%"
Annual carbon residue produced 345t

3.06 kg COy/kg?*!

12 (kW-h)/t°

0.9 kg CO»/(kW )i
26.4 kg/100km**!
100 km

Diesel consumption for carbon residue  21.8 kg/100km*!
The radius of Carbon residue transport 25 km

CO, emission per kg diesel
Power consumed per ton steam
CO, emission per kilowatt hour
Diesel consumption for feedstock

The radius of biomass transport

Note: a-air dried basis; b-as received basis; c-average annual value.
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Table 6 Carbon print analysis of system

Process Feature CO; emitted (ton) Instruction

Carbon fixed: 4348 ton

Diesel consumed: 40480 kg
Power consumed: 600000 kWh
Diesel consumed: 1 253.5 kg
Exhaust gas emission CO, volume: 852 10*Nm®

Total -

Biomass growth
Biomass feedstock transport
Gasification and combustion

Carbon residue transport

-15941.0 Absorption by photosynthesis

123.9 Indirect emission by diesel consumption
540.0 Indirect emission by power consumption
3.8 Indirect emission by diesel consumption
15326.5 Direct emission by exhaust gas emission
53.3 -

4 JRIET B Z P
41 ZFMS

Z5CLA7R T B AR BN 320 JT/ZENE, JR
RLEAY 950 Jo/M, FERERUAR 50 000 Mi/4E, ZREH
MR T1.4%0EAE, 0TI B 25T &
MAETHERRPR L 7.

£ rEUBREHRE

Table 7 Capital investments for demonstration

mFE 7 A, EanmBBTEERAT, R
BB G LepIE S, 5 80%LA o FEILFERER IR
RHMET, TEESFER 170 THRT, §TWEE
R R (BUE ) 4 2.9 45, 10 SFERB%
W3S 1 200 TATG, SFHAEHRETE, 4%
B2 BT, ATSLERERE RA

Item Costs (10* yuan per year) Instruction
Fuel consumption 1092.5 Based on Chinese redwood
Equipment depreciation 333 Residual value rate: 5%, life span:10 year
Other capitation 6.0 Administrative approval, etc.
Personnel 64.8 12 workers, 3 shifts
Water & Power consumption 74.5 -
Maintenance 28.0 Accessories maintenance, etc
General & Administrative expense 49.3 -
Comprehensive costs 13484 Fixed costs & variable costs
Sales income 1 600.0 -
Net profit 170.3 -
42 SRS T . DIEHERIR MR, S E

ASCUAFRM G . ZEREH BN . PERERLR
SAPERERRE, MR E AT AT

SR TEI B BH IO & 10 SEBBE MR iR
@80



278 OB OH O B

H3%

—=— Fuel price
t —e— Steam price
—a— Steam scale

—v— Comprehensive efficiency

,\
Investment recovery period (year) &
— [ 8] w H w [ ~J oo =)

-3 0 3 6 9 12

—
8]
i
O
=)

Volatility (%)

. (®) —s=— Fuel price

é 2500 —e— Steam price
- —a— Steam scale

S: 2000 [_ —v— Comprehensive efficiency

g

2 1500

5

% 1o00f

g

3

g 500 L

g Oof

E 12 9 6 3 0 3 6 9 1

Volatility (%)
B8 T EBHEH (a) A 10 FRFTRE (b) BEEER

Beah g E A
Fig. 8 Investment recovery period (a) and investment income
of 10 years (b) vs. volatility of factors, respectively

& 8 Bl5, FEEFRRAEEME LI, &
MEREE . FRME TR, FREE K, SiEE
TR, 10 FEFYREEMm., X4, XmE
SRR F BRI HEREENE, SFEHIRER
RJERM IR 2, FEREEE R/, Ah,
MEIFIR B, ZEIRE BT R A R RXT &
TP MR R R RN E N B,
THREZRHEENHRAEW, YHESEEZE -10%
A, #%EME EFAE 8 FLIE, 10 8RR
4 85 TG, /ATEHBMEF, LRSS ARE
T H AR 5, Rk, XTI B IR
B (100 000 Z&mi/AELAT ), T HAVEN A 5 2%
RHEENH, HETHZF/E. MEESATER
FIRE S G R EAE T Wi ORE ML KB
Kiidy, s, QRMATE TZ,
EERFETREN, BREEDR, BRGEEH
B

5 4 @

A SCHFE 1 3 TV AR A Y B S A Tl S
WHORIET H AB 1R . RERETS L . SRR S
U, BRI T4

(1) NIRRT 2R 50 B ik,
TIRTERREE R . AR, MR EE LR
Fe 7 IR B AR B TR ;

(2) ETFLRE RERBFETIE B HEHRH R |
AR HIK IR B RE 5 SRER Y 16%, AT
SRR AioyAnE

(3) R ET H 4595 Yy B B se i 45 SR 391
FHEHARAE, SAERRMRN, REDME
HAr A BABRHECN 1.41 g COseq/(kW-h), HtHuIHE
AT SEEL CO, I HENL

(4) RYEI HAEFFNEE 170 TR, #%E
WAy 2.9 47, 10 FF 2B 1 200 IRTT, &
FEHETTL; BUBMA S R R LR A RUR TR IR N
TABAMKEERE, A, EREBMEEAIE
HAYHAEIR B 285525 28 5

&5 3CHk -
[ FREEGRPEALT. RTERBIFHRITE (5
PRSI HEROR ) (IESRBILRE ) LAY oA

[EB/OL]. 2013-08-02. http://www.zhb.gov.cn/gkml/hbb/
bgth/201308/t20130805_256939.htm.

2]  ZF%RAK, B4, . TSIk 537
RETHIEN]. AL T, 2009(7): 67-69.

3] &&H, FER. RETLRPREEZRDINTD. T
Ak ER A, 2007, 15(1): 19-20.

[4]  RZEH. JOME TS RS 5 REEORIT R
(D] /M HEEEHET A2, 2010.

[51 O R. FE TS IR S5 BRI AR SRR
[7]. TolkéR%, 2010, 25(3): 1-8.

[6] GB 13271-2014, $4P KI5 Y YRR HELS .

[71  FERPEDAIT. RTF AW XY
& PA[EB/OL]. 2013-08-07. http://www.zhb.gov.cn/info/
bgw/bbgth/200908/t20090812_157379.htm.

[8] Ed4Tech. Review of Technologies for Gasification of
Biomass and Wastes Final report[C]. NNFCC project
09/008, 2009.

[9]  Stahl K, Neergaard M. IGCC power plant for biomass
utilization, Varnamo, Sweden[J]. Biomass and Bioenergy,
1998, 15(3): 205-211.

[10] RAIZ, x4y, AHW. AW RIUHEAR LRSI
(7] #REHE2E2ER, 2013, 41(7): 798-804.



5% 43 B R%: EYRSIEARS YR Tl At st 279

(11]

[12]
[13]

[14]

[15]
(16]

(17]

(18]
(19]
[20]

EEF, MR, RoK, §. PEAYRSEAR KB
FERMBRIVIRIT WARKFFER(TFR), 2007, 37Q2):
1-7, 29.

TSGG0002-2010, Fa4r 7 REBAR WBHE SRR S].
RBz, BT, REK, % —MEYFRBERRS L
E: fE, Z1L201120164215.9[P]. 2012-01-18.
Collard F X, Blin J. A review on pyrolysis of biomass
constituents:Mechanisms and composition of the
products obtained from the conversion of cellulose,
hemicelluloses and lignin[J]. Renewable and Sustainable
Energy Reviews, 2014, 38: 594-608.

GB/T 212-2008, JE8) Tolk 434177 H:[S].

Abatzoglou N, Barker N, Hasler P, et al. The
development of a draft protocol for the sampling and
analysis of particulate and organic contaminants in the
gas from small biomass gasifier[J]. Biomass and
bioenergy, 2000(18): 5-17.

HG/T 20525-2006, fL2 Tl & Ry &It E R+
FE[S].

HJ 2.4-2009, SEEIFHEAR TN FERIES].
GB12348-2008, Tkl )~ FEF MR HEBPRAE[S].
Erd Hug. SR PRE-N WIE ST

HURDIZE[D]. R SRR, 2011.

[21]  van der Drift A, van Doorn J, Vermeulen J W, Ten residual
biomass fuels for circulating fluidized-bed gasification{J].
Biomass and Bioenergy. 2001, 20(1): 45-56.

[22] Z=RI. YRS RES YT RYIES D] R
T KHEERAE, 2005.

[23] EBL, W82, ERE, & BRESSN T IETRSG
R[] FERESHER, 2010, 33(7): 71-78.

[24] TR, WRMS. Ao RV R P R R A e AT,
BRI 5, 2009, 34(3): 61-64.

[25] XIF0, EEZ, ok, % ABEMEBRENEESIHE
PRBSE[I]. 35 T RE S MR, 2008(3): 16-22.

EEEN:

& R(198-), H, B, T, TENFLEYHERSL
BRI AP A o

AR (1981-), B, BHE, RRTEm, TENELY
BREALEAR TR AR AR,



