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Abstract

Low cost ethanol productions with folk wisdom for a renewable energy were studied.
Banana peels, an agricultural residue, were used as a raw material. Organic acid was used
instead of inorganic strong acid for the pretreatment and hydrolysis processes. And the baker’s
yeast that was a low cost Saccharomyces cerevisiae was employed for fermentation process.
The 3 major processes were investicated. The first 2 processes, their experiments and
important factors were designed by response surface methodology. For the first process,
pretreatment and hydrolysis, the peels were carried out by 3 different methods. The peels
were immersed in sodium chloride solution at the weight ratio of peels to sodium chloride to
water of 1:0.09:3 for 5 h. This sodium chloride could make the peels fresh and easy to
hydrolyze for the next step. For the first 2 methods, the pretreated peels were boiled in vinegar
solution with weight ratio of peels to vinegar to water of 1:0.03:3 to 1:0.06:3 for the hydrolysis
step. These hydrolysis, the 2 different heating ways were done by an oil bath at 70 - 95 °C for
20 - 40 min and by a microwave at 100 - 800 watt for 1 - 10 min. In addition, the third method,
the peels were pretreated and hydrolyzed by using natural microorganisms (decay). For the
decay, the crushed peels were sealed in plastic bags which the bags were put in a dark bucket
under 85 - 95% relative humidity for 3 - 12 days (4,320 - 17,280 min) at a room temperature
(26 - 32 °C)

The second process, the hydrolyzed products from the each optimal condition of the 3
methods were investigated in the fermentations. The factors were yeast amount 2 - 6 %w with
the initial pH of 4.5 - 6.5 at a room temperature, 30 and 35 °C for 1 - 8 days (24 - 192 h). After
that, the optimal fermentations were scaled up from 250 ml capacity to 5 L.

The third process, the optimum fermented liquid products would be purified to reach
more than 95%v ethanol product by a packed-column distillation unit.

The results were found that the optimal pretreatment and hydrolysis for oil bath heating
were a ratio of 1:0.03:3 at 70 °C for 40 min. This provided 7.043 g/L reducing sugar in the
product. For microwave heating was a ratio of 1:0.06:3 at 465 watt for 10 min that gave 10.261
¢/L reducing sugar. And at a room temperature with 85 - 95% relative humidity for 3 day (4,320
min) could get 0.196 ¢/L reducing sugar for the decay.

The results of the optimal fermentations, the oil bath product should be done using
6% yeast with an initial pH of 5.4 at 40 °C for 192 h that 8.625 %v ethanol product was
obtained. The microwave product should be fermented using 3% yeast with an initial pH of
4.8 at 40 °C for 192 h that 9.238 %V ethanol was received. And the decay product should be
fermented using 2% yeast with an initial pH of 6.5 at a room temperature for 192 h. This
provided 12.210 %v ethanol. Furthermore, these optimal conditions of 250 ml fermentation
capacity were studied in the higher scale of 5 L. The ethanol product could be about 2.5%

increase.
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The third process, the purifications of the fermented liquid products from the 3
production methods were carried out under atmosphere pressure. The fermented liquid
products were heated at 102 °C for 15 min to reach >95%v ethanol product.

The production costs of the 3 methods were estimated. They were found that the third
method (decay) provided the highest yield and the lowest cost. This showed that banana
peels were the potential raw material for the ethanol production. The third method yield
480.42 L/ton (a L of ethanol to a ton of peel) and the cost was 9.97 baht/L. The second
method (microwave) was 402.53 L/ton and 15.64 baht/L. And the oil bath method was 361.02
L/ton and 21.57 baht/L. All 3 methods could get a good vyield with low expenses. These

showed that the 3 methods in this work were suitable to be commercial productions.



