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ABSTRACT This study has a focus on deriving the optimal operating conditions of biomass and waste plastic film SRF under dual
fluidized bed gasification and on its domestic commercialization. From the analysis results, it was proven that the carbon conversion
of biomass was optimized as 81% at 826 °C with 1,334 g/hr steam stream and 5.56 L/min air stream. On the other hand, that of waste
plastic film SRF was 71% at 750°C with 754 g/hr steam stream and 18.8 L/min air stream. In case of operation on waste plastic film
SRF, temperature should be under 750°C to prevent from agglomeration of bed materials.

Key words Gasification(7}223}), Solid refuse fuel(Z2% ¢ &), Dual fluidezed-bed(©] % -G-%5 %), Syngas(E4d 7}2~), Response

surface methodology(HH-3 3 HE A))

Nomenclature

E. : Cold gas efficiency, %

Sev : Caloric value of syngas, kcal/hr
F., : Caloric value of fuel, kcal/kg

Fr : Feed rate of fuel, kg/hr

C. : Carbon conversion, %

F. : Carbon mass flow of fuel, kg/hr
S¢ : Carbon gas flow in syngas, kg/hr
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subscript

RSM : Response surface methodology
SPA  : Solid phase adsorption
NDIR : Non-dispersive infrared analyzer

GC-MS: Gas chromatograph-mass spectrometer
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Fig. 1. Fuel supply system
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Fig. 2. Dual fluidized bed gasifier
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Table 1. Specification and dimension of gasifier

ltem value
Riser diameter (m) 0.036
Combustor diameter (m) 0.25
Feeding rate (g/h) 5,000
Velocity of the syngas in the riser (m/s) 6
Combustion temperature (C) 925
Riser temperature (C) 850
Operating pressure (bar) 1.1
Producer gas volume flow rate (m’/hr) 6
Residence time (sec) 6.9~7.4




HIO|20iAF SRFE 0|8t 0|ERSS 7IA8|9| F2HA =&

Table 2+= 541 &2]41(Olivine) 2] B4 2 114 & 2.2 7IASI Ms AlsidiH
4o}, B2 RS Alojelr] 18] L2ule ANl 221 o2 EME

1_.

o T 7zl747/\ Q 2-2]4] E/\%E 7
Dﬂ it bash 25, SRS 54 Table 3:4 Table 4= H}O]&DH&QP mnu]g SRF] Mg—
st 1A f55EE LATto i A
5s=0 O =] =]
o] QYA 355 FAISIALA} SFGIT, EX H@]_% 3] uf % 0] ?:7:, 02X 7]__§} /\4%‘_/\5@
RFe] £J4w 2 gskas 5

S
Table 2. Characteristic of olivine and estimated circulation
24 A7}, wu]d SRFL: Hlo] onfl 2o

rate bed material At da g F |
Item Value H]éﬁ IE—]—-/’\—Q]' ‘)l\‘-/'\—ﬂ' lr';‘j—, _,*,_/\“:_'o] Uro]’ H]'OIQUH/\ EHH] =iy
O (wt.%) 46,7 defo] w2 o= FRIEGlon, 7IA3E]9] ARl
Chemical Mg (wt, %) 29.7 S 8l AdF o= Huld SRFE BUEKEE W
characteristic Si (wt. %) 17.5 I Q7} gtk oo ulet vlo| L ALl HH|Y SRR B
Fe (wt. %) 6.1 QA&EE 4kg/ho} 2kg/h 2 AABIACH
Particle diameter (mm) 0.3
Physical -
sieal Particle density (kg/m’) 3,200 - ,
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Bulk density (kg/m”) 1,700
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Table 5. Operating range of gasifier for experimental design

Item Biomass SRF
Temperature ('C) 650~850 700~800
Desi
esigt Steam/Fuel 0~0.33 0~0.72
factors
Air/Fuel 0~0.29 0~0.79
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Table 6. Experimental design of biomass and SRF
Feed Biomass SRF
Run Temp | Steam/ | Air/ Temp | Steam/ | Air/
(°C) Fuel Fuel (°C) Fuel Fuel
1 650 0.33 0.00 800 0.72 0.00
2 750 0.18 0.14 700 0.72 0.00
3 750 0.18 0.14 750 0.38 0.79
4 750 0.33 0.14 750 0.38 0.40
5 850 0.33 0.00 750 0.00 0,40
6 750 0.18 0.14 700 0.00 0.79
7 650 0.33 0.29 700 0.38 0.40
8 850 0.00 0.29 750 0.38 0.40
9 850 0.00 0.00 800 0.38 0.40
10 750 0.00 0.14 750 0.38 0.40
1 850 0.33 0.29 800 0.00 0.79
12 750 0.18 0.14 800 0.72 0.79
13 750 0.18 0.14 750 0.38 0.40
14 850 0.18 0.14 700 0.00 0.00
15 650 0.00 0.00 700 0.72 0.79
16 750 0.18 0.14 750 0.38 0,40
17 750 0.18 0.00 750 0.38 0.40
18 650 0.18 0.14 750 0.38 0.00
19 650 0.00 0.29 750 0.72 0,40
20 750 0.18 0.29 800 0.00 0.00
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Table 7. Gasification temperature according to combustion

temperature
Biomass SRF
Combustion Gasification Combustion Gasification
Temp (°C) Temp (°C) Temp (°C) Temp (°C)
690 650 740 700
814 750 817 750
916 850 904 800

Table 8. Syngas concentration according to temperature

Biomass (%) SRF (%)

Temp Temp
z H Ho | 5 H H
(C) b | CO | CO2 | CHq (C) b | CO | CO; | CHy

650 [15.9|37.2|18.7]13.2| 700 |17.5| 8.4 |18.4|13.3
750 [19.031.1|19.9|12.6 | 750 |19.4] 9.8 | 21.3|14.6
850 122.1]30.8/20.8]12.0| 800 |26.6|13.4|14.4|16.0
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Table 9. Cold gas and carbon conversion efficiency according
to temperature

Biomass (%) SRF (%)

Temp | Cold Carbon Temp | Cold Carbon
(°C) gas | conversion (°C) gas conversion
650 57.3 53.6 700 47 .4 41,6
750 78.0 76.2 750 74.3 65.4
850 79.1 75.8 800 82.3 69.4
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Al (12)o|A S, = Amount of tar(SRF), %
X = Temperature, C
Y = Steam input, g/hr
7Z = Air input, L/min
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Fig. 12. Verification of model equation for tar

84 AIXHHoIAX|

(o]

Fig, 13- Hjo| QujA QA WrEA g8} eha 79
of et WhgEHEd ol WiARs HElS FAGH
i}, RES-2 9} Steam FYUFO] 1L, Air FYFo]
o WraEgo] & ASR HAANY, o Air F3
o wE gl 7jelt Ao B Airo] o3t
ABHESE No2F COE S7HA1717] wizoll 7k I
A 4= QAL 11 kel whet WrkAago] "ol
| ot

EAHEES] e, vheaHRd EAA0 WA g
I fARE wdo] =EES SRIsHITE ol Aire]l 93t
AFSHHES-3F Water—gas shift reaction HHS-0]| 7]Q1st A
o7 Helrh AirE QIgh 447149 & Z
gheof] YRS vl A= WhH, WR3-2%=9] 57H= Water—gas
shift rectaion Hkg-ol 2Jsf] Ho®} CO.E F7HA1717] Wi
of BagREo] FolR= Ao Al wEbA o]F
oo 7Hag7|of vlo| ujAE ARE AME 7%, Air
FUTF Fjaslele] Y7k FA e = Ta

7t A,

[e]

3T

XL

c

K1
}l
>~
Ir
B
[0

1334 ~ 850

667
H,0

750
Temp
0 650

(a) Cold gas efficiency (b) Carbon conversion

Fig. 13. RSM model of biomass gasification
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Fig. 14. RSM model of SRF gasification
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