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Abstract

The palmyra palm shell is one of local biomass in Songkhla Province. This biomass is the
residue from processing of ripe palmyra palm fruit. The production of palmyra palm shell charcoal
briquettes (PSCBs) for using as biofuel in household and grinder restaurant is an interesting way.
The objectives of this study were therefore to study the effects of binder types and ratios on the
quality of PSCBs by using solar greenhouse drying (SGD) system. The quality of PSCBs was
considered in terms of proximate analysis, ultimate analysis, heating value, compressive strength,
density and crumbling. The drying kinetics, production cost and payback period of PSCBs were also
studied. The binders that used in this study included tapioca flour, tapioca residue and native
tapioca starch. The proportions of binders were 4, 7 and 10 % (wt), respectively. The spiral
compression machine was used as charcoal briquettes making machine. The obtained PSCBs had
hexagonal prism geometry with diameter of 5 cm, length of 10 cm and at the center of PSCBs has
a hole with diameter of 1.5 cm. The moistened PSCBs were dried by SGD system until their final

moisture content were lower than 8 % (wet basis). The results showed that drying of PSCBs with
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SGD system to the desired final moisture content can be done within 2 days. Type and ratio of
binders had small effects on the quality of PSCBs, considering from the results of proximate analysis,
ultimate analysis and heating value. The lower heating values (LHV) of PSCBs were in the range of
25.48-27.43 MJ/kg. Type and ratio of binders had effects on compressive strength, density and
crumbling of PSCBs. Mixing of binders with the ratio of 4 % (wt) was not appropriate to produce
the PSCBs due to they were highly crumbling. Production of PSCBs by adding the proposed binders
with the ratios of 7 and 10 % (wt) obtained the PSCBs which pass the charcoal briquettes standard.
However, adding more ratio of each binder into charcoal mixture led to higher smoke during burning
of PSCBs. Production of PSCBs with 7 % (wt) of tapioca residue provided the lowest production
cost and payback period.

Keywords: solar drying; palmyra palm shell charcoal briquette; solid biomass fuel; binder; payback
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Table 1 Conditions for preparing the composition of charcoal briquettes

Conditions Compositions
no. Ground charcoal (kg) | Water (kg) Binder types Binder (kg)
1 10 a4 0.4
2 10 a4 Tapioca flour (TF) 0.7
3 10 a4 1.0
a 10 a4 0.4
5 10 aq Tapioca residue (TR) 0.7
6 10 4 1.0
7 10 a4 0.4
8 10 4 Native tapioca starch (NTS) 0.7
9 10 a4 1.0
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Figure 1 Real charcoal briquette machine used in this study
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Table 3 Properties and heating value of each composition for preparing charcoal briquettes

Properties samples
Ground charcoal TF NTS TR
Proximate analysis (% wt)
Moisture content 16.03 11.42 11.15 7.73
Ash content 5.88 1.55 0.86 293
Volatile matter 23.37 86.83 87.41 83.92
Fixed carbon content 54.72 0.20 0.58 5.43
Ultimate analysis (% wt)
Carbon (Q) 71.61+0.58 38.59+0.50 38.96+0.21 41.08+0.22
Sulphur (S) 0.07+0.00 ND ND ND
Nitrogen (N) 0.92+0.04 ND ND 0.26+0.01
Hydrogen (H) 1.95+0.00 6.25+0.12 6.36+0.07 6.45+0.07
Oxygen (O)* 25.45 55.16 54.68 52.21
Heating value (MJ/kg)
Higher heating value (HHV) 27.40+0.20 22.25+0.31 22.54+0.17 23.40+0.14
Lower heating value (LHV) 26.98+0.20 20.91+0.29 21.17+0.16 22.01+0.13
ND = not-detectable; * oxygen was determined by difference.
Table 4 Proximate analysis, ultimate analysis and heating value of charcoal briquettes
Properties Conditions no.
2 3 5 6 8 9
Proximate analysis (% wt)
Moisture content 5.13 6.02 4.07 5.03 7.51 7.04
Ash content 6.27 5.05 7.79 5.36 6.09 552
Volatile matter 20.84 18.41 16.79 19.04 16.85 20.53
Fixed carbon content 64.71 69.08 68.18 68.82 68.65 65.00
Ultimate analysis (% wt)
Carbon (O) 70.87+0.57 | 68.85+£0.68 | 69.72+1.00 | 70.50+0.77 | 66.59+1.14 | 69.28+0.98
Sulphur (S) 0.13+0.00 | 0.12+0.00 | 0.13+0.00 | 0.15+0.01 | 0.12+0.01 | 0.14+0.00
Nitrogen (N) 0.90+0.04 | 0.82+0.02 | 0.84+0.01 | 0.98+0.03 | 0.71+0.01 | 0.78+0.01
Hydrogen (H) 2.54+0.09 | 2.32+0.08 | 2.19+£0.05 | 2.17+0.08 | 2.12+0.02 | 2.28+0.05
Oxygen (O)* 25.56 27.89 27.12 26.2 30.46 27.52
Heating value (MJ/kg)
Higher heating value (HHV) | 27.98+0.21 | 26.99+0.16 | 27.10+0.32 | 27.34+0.35 | 25.93+0.37 | 27.09+0.40
Lower heating value (LHV) |27.43+0.20 | 26.49+0.16 | 26.63+0.32 | 26.88+0.33 | 25.48+0.37 | 26.60+0.39

* oxygen was determined by difference.
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Table 5 Physical and mechanical properties of charcoal briquettes

Conditions no. Compressive strength (kg/cm?) Density (kg/m”°) Crumbling
2 14.13+2.33 898.08+8.58 Few
17.71+0.64 915.02+18.15 No
5 18.43+1.87 876.95+63.91 Few
6 20.53+4.17 900.73+38.71 No
8 10.85+£3.94 881.89+33.39 Few
9 24.05+1.10 910.13+25.34 No
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Table 6 Burning test results of charcoal briquettes

Conditions no. | Burning times (min) | Ash content (% wt) | Smog during burning | Splashing fire
2 235.33 + 2.08 759 +0.28 No No
3 237.33 + 4.04 7.71 £ 0.05 High smog during No
5 225.67 + 6.66 8.14 £ 0.10 Small smog at initial No
6 224.33 + 5.86 9.07 + 1.77 Small smog at initial No
8 233.33 + 5,51 8.29 + 0.55 Small smog at initial No
9 234.00 + 7.94 7.79 £ 0.73 High smog at initial No
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Table 7 Cost, profit and payback period of palmyra palm shell charcoal briquettes production

Conditions no.
Lists of cost (Baht/kg)
2 3 5 6 8 9
Charcoal 8.00 8.00 8.00 8.00 8.00 8.00
Binder 1.75 2.50 0.46 0.65 0.77 1.10
Water 0.01 0.01 0.01 0.01 0.01 0.01
Electricity 0.67 0.67 0.67 0.67 0.67 0.67
Labor 1.14 1.14 1.14 1.14 1.14 1.14
Machine and maintenance 0.50 0.50 0.50 0.50 0.50 0.50
Total cost (Baht/kg) 12.07 12.82 10.78 10.97 11.09 11.42
Total cost (Baht/MJ,y,) 0.44 0.48 0.40 0.41 0.44 0.43
Net profit (Baht/kg) 293 2.18 4.22 4.03 3.91 3.58
Payback period (year) 1.30 1.75 0.91 0.95 0.98 1.07
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