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Fig. 1. Tar reduction concept by secondary methods.
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Fig. 2. Tar reduction concept by primary method.
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Fig. 3. Typical gasification temperature for various feedstock and influence of temperature change on some critical factors as reported by
Hallgren [1&]
CoHy +nH O — (n + x5/ 27 Ha + nCO, il
CHy + H:O 2 3H; + CO,

AHYy = +20581 kI mol ™, (2)
CoHy + 2H20 2 4H, 4 2C0,

AHYs = +210.07 kI mol ™', (3)
CO 4+ H,O 2 Hy + CO4,

AHY = 4116 kI mol ™', (4)
C+ H:0 2 H; + CO,

AHYs = +13129 kJ mol ™, (5)



CoHy + nC0; — (x/29Hz + 20 CO, (6]

CHy + CO; 2 2H,; + 2C0,
AHYy = +246.98 k] mol ™, (7)

CyHy + 2C0; 2 2H; + 4C0,
AHYg = 420241 kJ mol ', (%)

COs +H; 2 CO -+ H,0,
AHjy = +41.16 kI mol ', (9)

CO; +C 2 2C0,
AHb = +172.46 kI mol ™, (10}
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Table 1

In-bed additives used by researchers under different operating conditions

Fead Fead properties Operating conditions Additive Reference

Moisture (%) Size (mm)  Gasif agent  Temp (*C)p  Time (s)

Cellulose — 10-20 Steam 600 800 26-154  Limestone  Walawender et al. [33]

Wood — — Steam 750 — K.CO; Douglas et al. [52]

Pine sawdust  B.5 1.0 Steam 750 — Dalornite Carella et al. [37]
FCC

Pine sawdust  10-25 40-08  Air 800 0.6 Dolomite Marvaez et al. [13]

Pine chips 10-12 5.0-1.0 Steam,0; TO5-R35 — Daolomite Olivares et al. [35]

Pine sawdust 10 — Steam T00 =04 MNi-Al Bilbao et al. [46]

Pine sawdust 10 — CO: T00 — MNi-Al Gareia et al. [23]

Pine chips — — Airisteam/0. 800 -850 — Dolomite Corella et al. [9]

Pine chips 10-15 — Air B0 845 — Dolomite Gil et al. [14]
FCC

Almond shell 7.9 1.1 Steam TT0-820 — Olivine Rapagna et al. [39]
Dolomite

Birch [ 10-30 02Nz T00-900 — Silver sand  Rosén et al. [41]
Olivine

Pine/bagasse  — — Steam 750 30 Ni-based Baker et al. [44]
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Fig. 4. Two-stage gasilication concept ¢ Asian Institute of Tech-
nology, Thailand ).
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Fig. 7. Fast internally circulating Awidized-bed gasification concept.
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Fig. 8 Tar removal approach in biomass gasilication.
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