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Abstract: This paper evaluated the gasification performance of a 1.5 t/h coupled drafting fixed bed gasifier using eucalypt,
and compared the operating parameters to other fixed bed gasifiers from literatures including updraft, downdraft and
two-stage. The air with or without steam input amount was selected as a major controlling variable, temperature and
pressure distribution, syngas composition, tar and fly ash content, gas yield were tested in a long period. The results show
that the operating performance of the coupled drafting gasifier meets the design requirements. The operating temperature
and pressure are relatively stable. The syngas calorific value is approximately 4 900 ~ 5 500 kJ/Nm®. In most of running
conditions, the cold gas efficiency of about 70% ~ 78% could be obtained. The syngas tar content is mainly in the range of
600 ~ 3 500 mg/Nm® and generally lower than 1 500 mg/Nm® when running at capacities of higher than 50%. The
parameters considered are all equal to or better than conventional downdraft fixed bed gasifier. The results are expected to
improve the design and operation of the coupled drafting gasifier, and also to provide a reference for other gasification
process.
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Table 1 Proximate and ultimate analysis of eucalypt chip for gasification

Proximate analysis (wt%)

Ultimate analysis (wt%)

\2 Aq FC, Cq

LHV,, (MJ/kg)

Nq Sq 04 (by diff))

81.2 1.13 17.6 48.44

6.92 0.61 0.09 43.42 13.8
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Fig. 1 Schematic diagram of 1.5 t/h coupled drafting fixed bed
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Table 2 Analysis of syngas composition and cold gas efficiency at parts of operating conditions

Gas composition (vol/%)

ngas
Test or Ref. LHYV (KI/NmM®)  E e (%
H, 0, N CO  CH, co, it %) (Nm/kg)
Air 320 Nm*/h 996 035 53.68 2245 216 10.91 4984 72.23 2.00
Air 500 Nm*/h 1196 035 5116 23.14 143 11.45 5026 73.21 2.01
Air 770 Nm®/h 11.13 060 5337 2218 211 10.11 5059 73.68 2.01
Air 800 Nm*/h 11.09 045 5008 2544  2.06 10.38 5448 77.84 1.97
Air 520 Nm’/h, S/B0.057 1558  0.17 4890 18.66  2.38 13.80 5190 75.94 2.02
(Peanut shell, 1)!'®! 6.6 1.9 - 114 278 11.67 3150 - -
(Wood, D7 7.5 1.9 59.4 15.8 29 11.9 4508 72.9 -
(Eucalypt, ¥ 12.37 - 4148 2380 255 11.68 5257 63.9 -
(Pine bark, |)!'”! 8.0 - 62.7 13.0 1.4 14.9 2965 - -
(Corncob, Py. + D' 14~20 - 45~60 12~20 1~25 12~25 4200 ~5000 - -

1: updraft; |: downdraft; Py. + |: two stage of pyrolysis + downdraft; S/B: steam to biomass ratio (kg/kg).
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Table 3  Estimates of total carbon loss in gasification process

Ash sampling day ~ Carbon in gasifier ash (%)  Carbon in fly ash (%) Carbon in tar (%) Total carbon loss (%)
D6 1.02 0.60 1.11 2.73
D7 0.70 0.61 1.14 2.45
D8 2.33 0.62 1.15 4.09
D9 4.62 0.61 1.13 6.36
D10 2.65 0.61 1.14 4.40
D11 1.20 0.60 1.12 2.92
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Table 4 Tar and fly ash content in the syngas produced in coupled drafting fixed bed gasification system

Test or Ref. Operating conditions Tar (mg/Nm?) Fly ash (mg/Nm®)
12:00 D6 Air, 460 Nm®/h 3534.0 1190
14:10 D3 Air, 500 Nm*/h 679.2 433
23:10 D5 Air, 650 Nm*/h" 1474.0 670
[10] Py.+ |, air or oxygen enriched air 20 NA
[20] Py.+ |, air ~20 NA
[19] 1, air, ER 0.31 7730 NA

* Approximately corresponding to 45% capacity.
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