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ABSTRACT
213190

The project had main objective to study the potential of Vernicia fordii Plantation in a
condition of complete ambient temperature control for biodiesel production using microwave and
ultrasonic techniques. Scope of this study covered cultivation, harvest, biomass management from
agricultural residue, chemical compound analysis, toxic and the biodiesel production by using
microwave gather with ultrasonic techniques. The results from this study could be used to compare
with other biodiesel production methods. Furthermore, the tung oil biodiesel was tested in diesel
engine to analyse the performance and engine durability, including economic rate of return.

The result of genetic survey of tung-oil at Xamneua and Viengxay, Houaphan district, Laos
people democratic republic was found that the majority of tung-oil trees were Vernicia monitana
Lour. There were four types of its plantation which were 1) nature cultivate 2) fence lie of trees 3)
indoor shade in home 4) farm or garden plants. The suitable plantation was distane in a range 7x7
meter. Yield was 23-25 kgftree or 736-800 kg/Rai at 3-4 years old. In case of experimental
plantation in this study the results found that yield was 4-8 kg/tree or 128-256 kg/Rai due to the
difference of surrounding climate, mineral of soil and watering. The harvest of tung-oil was in
September — October by using a long wood to keep its fruit or kept under the tree. After harvesting
tung-oil fruit were took in the air for drying and separated seed from its shell market price of tung-
oil in Lao market were 12 Baht/kg of the whole fruit and 14 Baht/kg of only seed.

Oil extraction from tung-oil used mechanical process with screw press and hydraulic press.
The maximum oil yields were 22.16% and 17.79% by weight. When preheated before extraction,
the result found that the hydraulic press gave the maximum vyield of 33.70wt% at ripen
temperature of 80°C for 30 minutes. For screw press, the maximum oil yield was 20%wt. at riper
temperature of 100°C for 60 minutes. For chemical extraction using n-hexane as s solvent, the
result found that the maximum oil yield was 36.35%wt at the extracted period more than 6 hours
and ratio of oil and solvent of 1:12. Acidity and quantity of fatty acid were 2.06 mgKOH/g and
1.03%, respectively.

Biodiesel production by integrated process of ultrasonic and microwave was found that
molecular ratio of oil and methanol was optimum at 1:8 which used KOH of 1.25wt%. The reaction
of ultrasonic were spent 10 minutes at electric power of S0W. After that react and heat up by
microwave for 5 minutes at electric power of 240W. The result found that the maximum biodiesel
yield was 94.45wt% which was higher that of ultrasonic method, microwave method and
conventional method which gave the yield of 88.29%, 93.11% and 91.19%, respectively. Purify of
methyl-ester and heating value of oil were 98.83% and 42.33 MJ/kg. Properties of biodiesel were
followed the standard of the Ministry of energy,Thaifand,2007. Morever it was tested in a smali
diesel engine 11 hp at a range of load 20-60%. The result found that fuel consumption rate was
0.452-0.605 kg/hr, thermal efficiency was 11-22%. For the durability test of engine for 120 hours,
the result found that there were metal residue in fubricant oil which were ferrous and aluminium in
amount of 76.2 and 9.88 mg/kg, respectively. There were increased 25.74% and 23.50%,
respectively, when compared to diesel test. There were no other metal residues in testing.

Tung-oil residue from branch trimming and shell separation could be used as biomass
energy which gave heating value of 14,545 and 15,922 kJ/kg, respectively. The branch trimming of
tung-oil gave biomass of 4-5 kg/tree at moisture content of 57.37% wet basis. Furthermore, it was
found that tung-oil tree had potential on heat load reduction of its shading of 741.87 W/m*-bush
and it could reduce ambient temperature due to heat transfer to environment in average of 72.65
w/m’-bush. Its water consumption rate was in average of 2.58 mm/day for 3-4 years old of
platation. In additional, tung-oil plantation could be carbon trade in forestry project of CDM, small
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afforest type, which carbon absorption up to 16,000 ton/year. The tung-oil plantatior‘f i Rai at
distance of 4x4 meter could absorb CO, from atmosphere to generate biomass of 3.116 ton which
could be converted to carbon credit of 3,384 Baht/Rai at carbon trade was 15.49 EUR/tCO, or
656.31 Baht/tCO,.

In rate of return analysis, it was found that tung oil plantation cost was 2,050 Baht/Rai in
the first year. Tung-oil seed was 30 Baht/tree. It started to produce fruit at the third year with yield
of 625 kg/Rai. Which had plantation distance of 8x8 meter. The return from seed sale was 8,750
Baht/Rai and break even point was at 171 kg/Rai and 3.28 Baht/kg. Biodiesel production from
tung ail had cost of 57.60 Baht/liter and 59.09 Baht/liter of the conventional production and the
ultrasonic/microwave production, respectively. In case of crude tung-oil was available, cost could
be reduced to 29.09 Baht/liter. The prototype of biodiesel production in community at capacity of
1,000 liter/day had investment cost of 7,987,940 Baht. The operate cost was 341,058 Baht/year,
workforce operation cost was 112,400 Baht/year. The overhead cost was 415,349 Baht/year. Raw
material cost was 9,517,200 Baht/year including annual cost of 11,006,439 Baht/year. In case of
biodiesel price 52 Baht/liter, net income per year was 1,348,761 Baht and pay back period was
5.92 years.
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