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ABSTRACT In recent days, awareness on Biomass-Solid Refuse Fuel (BIO-SRF) has increased significantly as a potential alternative
energy source to solve impending issues on the depletion of fossil fuel and greenhouse gas (GHG) emissions. Among BIO-SRF,
biomass derived from wood cultivation has advantages of both CO, reduction and fuel supplement. Bamboo possesses characteristics
suitable for fuel rather than other biomass resources, and trade on bamboo from South East Asia, which has better environmental
conditions to produce the bamboo, has increased. Here, a new species of bamboo, ‘Dike bamboo’, which was developed and harvested
from Myanmar, has an almost solid culm and thick wall. A comparative study was performed to estimate the feasibility of raw bamboo
to be used as a sustainable biomass fuel. The sample was pulverized, and proximate and ultimate analyses were conducted using
standard testing methods. The tests showed that Dike bamboo contained higher ash and chlorine contents than other kinds of bamboos,
which have adverse effects on the heating efficiency. Although a few properties did not satisfy the required level, its high productivity
and density could be considered advantages in economic aspects. In addition, the calorific values were comparable to previously used
fuels despite the high ash content.
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Fig. 1. Specimen of Dike bamboo
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Fig. 2. Cross sections of Dike bamboo (Left : Bottom, Right
: Top)
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Fig. 3. Sample pulverization (Left : coarse, Right : fine)
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Table 2. Previous results of proximate analysis by bamboo

species[s'g'"'
| o | o [

Bambusa vulgaris 9.40 80.4 10.2
Phyllostachys nigra 0.47 83.7 15.9
Phyllostachys bambusoides 0.59 83.5 15.9
Phyllostachys bissetii 1.15 83.3 15.5

Dendrocalamus asper 2.87 76.1 21
Dendrocalamus strictus 3.0 79.7 17.6
Dendrocalamus brandisii 2.2 79.7 18.1
Dendrocalamus stocksii 3 79.4 17.6
Dendrocalamus bambos 14 80.8 17.8
Dendrocalamus balcoa 1.7 7.2 211
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Table 3. Bulk density and biomass content of Dike bamboo

Bulk density (t/m°)

Biomass contents

Fine Coarse particles (dry wt, %)
particles (D < 30 mm)
0.89 0.2 87

Table 4. Bulk density by bamboo species

[11,34]

Species Bulk density (t/m°)
Bambusa vulgaris 0.80
Table 1. Proximate analysis of Dike bamboo Dendrocalamus strictus 0.48
Composition Ash Volatile matter | Fixed carbon Dendrocalamus brandisii 0.52
Content Dendrocalamus stocksii 0.78

ntents 12.3 87.7 “ND

(dry wt, %) Dendrocalamus bambos 0.61
*ND : None detected Dendrocalamus balcoa 0.63
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Table 5. Ash elemental analysis of Dike bamboo

Elements Contents (dry wt, %)
Si0, 2.42
ALO 0.085
FeyOs 0,21
TiOy ND
CaO 1.62
MgO 0.071
NayO 0.049
Ko0O 5,94
MnO ND
P20 0.54
S0; 0.7

Cl 0.65

Table 6. Previous results of ash elemental analysis by species
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[8,11]

R Contents (dry wt, %)
nigra bambusoides bissetii strictus brandisii stocksii bambos balcooa

SiOy 0.077 0.045 0.16 7.63 177 10.1 7.07 9.46
Al,O 0.002 0.003 0.011 - - - - -
FeoOs 0.002 0.002 0.006 ND ND ND 0.17 0.14
TiO, ND ND ND - - - - -
CaO 0.024 0,037 0.073 0.22 - 0,93 0.90 0,71
MgO 0.031 0.075 0.076 0.93 0.59 1.67 1.27 2.05
NayO 0.003 0.001 0.002 ND ND ND 0.15 0.30
Ko0O 0.158 0.18 0.382 7.65 14.2 4,96 7.81 4.70
MnO - - - ND ND ND ND ND
P05 0.097 0.123 0.181 1.73 1.56 1.50 0.48 3.49
SO 0.011 0.019 0.033 1.0 0.83 1.03 1.09 1,96

Cl 0.003 0.002 0.007 116 1.36 0.27 0.27 0.023

*— no data
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Table 7. Ultimate analysis of Dike bamboo

Elements C H N S
Contents
46.4 5,68 0.36 ND
(dry wt. %) ) ’ ’

Table 8. Results of ultimate analysis by bamboo species[e‘“'zﬂ
Species © H N S|
vulgaris 39.8 5.75 ND —

nigra 51.4 5.25 0.21 0.03
bambusoides 50.9 5.4 0.38 0.04
bissetii 51.1 4,51 0.32 0.05
strictus 46,7 6.2 0,14 0.02
brandisii 46,9 5.9 0.16 0,18
stocksii 46.2 6 0.32 0.07
bambos 46.7 5.9 0.15 0.03
balcooa 48.7 5.6 0.51 0.13
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Table 9. Calorific values of Dike bamboo

Calorific values

Calofific values (kcal/kg)

Gross Calorific value

4710.9

Net Calorific value

4139.6

Table 10. Calorific values by bamboo species

[8,9,11,13,34]

Calorific values (kcal/kg)
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Species
Gross Net
Hambusa vulgarts 34433 — Table 11. Domestic standard quality of pluff BIO—SRF (Ministry
Bambusa emeiensis 4210.8 - of Environment) and wood chips for fuel (National
Phyllostachys nigra 4605 6 4940.4 Institute of Forest Science)
Phyllostachys bambusoides 45626 4213.8 ; Standard Quality
Phyllostachys bissetii 4663 4287.6 PIelESEs BIO—SRF Wood Chips
Phyllostachys pubescens 4688.3 - Moisture (wt, %) 25 or less 40 or less
Dendrocalamus asper 42017 - Net calorific value (kcal/kg) | 3150 or more | 1900 or more
Dendrocalamus strictus 4493 3 3559.1 Ash (wt, %) 15 or less 6.0 or less
Dendrocalamus brandisii 4565 3740 Cl (wt, %) 0.5 or less 0.05 or less
Dendrocalamus stocksii 4469 4 3696.6 N (wt, %) - 1.0 or less
Dendrocalamus bambos 45889 39847 S (wt, %) 0.6 or less 0.05 or less
Dendrocalamus balcoa 46845 4032.3 Biomass (wt, %) 95 or more -
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Table 12, Net calorific values of forest products (National
Institute of Environmental Research) and wood
biomass for cogeneration plant“®*!

Biomass Net calorific values (kcal/kg)
Forest products 4,120
Waste woods 4587
'EFB 4659
"PKS 4822
Coal (bituminous coal) 6970

%EFB . Empty Fruit Bunch
" PKS : Palm Kernel Shell
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