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Abstract : Bio-oil is produced by the fast quenching of hot vapor produced by fast pyrolysis of biomass in an inert atmosphere.
Nitrogen is used as carrier gas to control the concentration of oxygen less than 3%. The consumption of nitrogen should be
increased with increasing process size, and leading to increasing of facility and operating costs due to nitrogen charge. The effects
of the recycling of non-condensable gases on the fast pyrolysis, bio-oil yield and quality, and nitrogen consumption have
systematically investigated to see the possibility of these results in fast pyrolysis process of palm residue.
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Pyrolysis units

Bio-oil recovery units
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Figure 1. Pilot plant for biomass pyrolysis and its process block process diagram for 1 ton d.

(a) blower

(b) non-condensable gases
storage tank

(c) pre-heater (d) post heater

Figure 2. Photograph of (a) blower, (b) non-condensable gases storage tank, (c) pre-heater, and (d) post heater.

Table 1. Operating condition for circulated fluidized bed for 1 ton d”'

Pyrolysis temperature ( C) 400 ~ 600
Recycle ratio of non-condensable gases (%) 0~ 100
Direct contacting/
Bio-oil r Indirect contacting +
o-ortrecovery ESP (Electrostatic
precipitator)
Sand input (kg) 5
Gas velocity in fluidized bed (m s'l) 3
Biomass input (kg h'l) 42
Temperature of the end of 1st condenser (C) 21
Temperature of the end of electrostatic
i N 20
precipitator ( C)
Particle size of biomass (mm) 1
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Table 2. Proximate and ultimate analysis, HHV, component analysis,
and apparent density of palm residue sawdust

Palm residue

Proximate analysis, wt%

Moisture (M) 9.6

Volatile (VM) 65.0

Ash (A) 59

Fixed carbon (FC) 19.5
Elemental analysis, wt%

Carbon (C) 47.3

Hydrogen (H) 6.2

Nitrogen (N) 0.5

Oxygen (O) 46.2

Sulfur (S) ND
Component analysis, wt%

Cellulose 59.7

Hemicellulose 22.1

Lignin 18.2
HHYV (Higher Heating Value), MJ kg'1 16.51
Apparent density, kg L 125.6
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Figure 3. Thermogravimetric (TG) & differential thermogravimetric
(DTG) analysis of palm residue at 10 C min™".
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Table 3. Effect of bio-oil quality on the recycle of non-condensable
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Table 4. Composition of produced gases depending on recycle time
(Gas composition : N free basis)

gases
Specification | Recycle ratio of non-
of ASTM D condensable gases
7544 [14] 0 20 | 40
Heating value (MJ kg']) >15 13 15 17
Moisture content (wt%) <30 29 20 21
Solid content (wt%) <25 23 43 0.6
églﬁgaifngi:fi;’s“y <125 72 | 217 | 187
Density (20 C, kg’ dm™) 1.1-13 12 | 1.1 | 1.1
Ash content (wt%) <0.25 0.10 | 1.30 | 0.20
Pour point (C) <9 7 7 -17
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Sampling time of recycling gases [h]

1h 2h 3h
CH, mol% 5.49.0.00 6.72:0.08 7.470.06
C,H4 mol% 1.31x030 1.40:0.2 1.43:0.10
C>He mol% 0.340.08 0.50-0.07 0.73:0.06
C;Hs mol% 0.40-0.00 0.590.00 0.770.00
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