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NHAN THI THUC TRUONG : DEVELOPMENT OF BIO-JET FUEL
PRODUCTION USING PALM KERNEL OIL AND ETHANOL.
THESIS ADVISOR : ASSOC. PROF. APICHAT BOONTAWAN, Ph.D.,

111 PP.

BIO-DERIVED JET FUEL/GAS TURBINE ENGINE/PALM KERNEL OIL/

TRANS-ESTERIFICATION/FATTY ACID ETHYL ESTER

The main objective of this study was to demonstrate the feasibility of using palm
kemel 01l and ethanol as main substrate for bio-jet fuel production process by fractional
distillation. The transesterification reaction was carried out between palm kernel oil and
ethanol in the presence of potassium hydroxide as catalyst, fatty acid ethyl ester (FAEE)
was formed with glycerol as by-product. This research studies the variables affecting
palm kemel oil trans-esterification and was carried out under laboratory conditions.
Consequently, using response surface analysis, it was possible to study effect of key
parameters on the ethyl ester yield conversion. Process optimization was accomplished
by applying factorial design and response surface methodology. The effects of multiple
parameters including molar ratio between oil and ethanol, temperature, residence time
and concentration of catalyst were investigated in the range of 1:6 to 1:12; 40 to 60 °C;
60 to 120 minutes and 0.5 to 1.5 wt.%, respectively. This study clearly showed that
response surface methodology was a suitable method to optimize the operating
conditions in order to maximize the ethyl ester yield production. The optimum
parameters for the highest concentration of fatty acid ethyl ester was achieved at molar
ratio ethanol/oil 9:1, 50 °C with 1 wt.% of catalyst concentration within 120 minutes.

The optimal conditions were then applied in 20 L trans-esterification reactor laboratory.
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To purify fatty acid ethyl esters C8-C14 of the bio-jet production, the fractional
distillation process from laboratory experimental and process simulation design using
Aspen Plus V8.4 were carried out. As expected, high concentration of 96.84 wt.% bio-
jet was purified from the distillation laboratory system. It was acceptable compared to
the predicted result from the model of Aspen (97 wt.%), indicating that the fractional
distillation was the best process to purify FAEE production with efficient column.

The FAEE properties were then analyzed by different methods including ASTM
and EN standard. The ethyl ester which produced at optimum conditions had acceptable
properties. It had lower sulfur content (<0.0001 wt.%), sulfated ash (0.005 wt.%),
carbon residue (0.02 wt.%) and phosphorus (<0.00008 wt.%}) than the iimit standard for
biofuel, but kinematic viscosity and heating value of jet fuel is some better relative to
bio-jet 42 and 38.3 MI/kg™, respectively. The flash point of bio-jet 105 °C is higher than
the conventional jet fuel 51 °C, which is safe and non hazardous for transport purpose
and constituted a safety guarantee from the point view of storage. Furthermore, bio-jet
fuel was performance with lower emission of CO, NO, HC with the completely burning
compared to the conventional jet fuel.

Finally, we can conclude which bio-jet will be a suitable altemative for
replacement of gas turbine engine without any modification in engine. Since methanol
used for biofuel production 1s produced from fossil fuels, the innovation in this study is
the combined of palm kernel oil and ethanol to produce a bio-jet fuel from 100%

renewable energy sources.
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