Power Your Car — From Your Dinner Table
Stephanie Chan

Background, Purpose and Hypothesis

In the world’s quest for greater energy security, biofuels such as bioethanol and biodiesel stand
poised to take the place of gasoline to reduce our dependence on fossil fuel and to reduce
pollution to improve our environment. Currently, farm-grown crops are the most commonly used
feedstocks for biofuel production, but their use has reduced the world’s supply of crop available
for food, greatly increased food prices, and resulted in loss of large tracts of forests, wetlands and
grasslands (Grunwald 30). The goal of this project is to use industrial organic waste such as
potato peel, pineapple peel and core, overripe banana and apple pomace to produce a
commercially viable biofuel. The hypothesis is that potato peel will yield the most cost effective
bioethanol as it has the highest starch content by weight (23%), followed by overripe banana
(22%), pineapple core and peel (13%) and apple pomace (11%).

Procedure and Results

Part 1: Preparation

1) Preparation of the Control Solution. 15 g of glucose powder was weighed and dissolved in
100 ml of distilled water.

2) Milling. Each of the apple pomace, overripe banana, pineapple peel and core, and potato peel
feedstock was ground separately into small particles using a blender.

3) Preparation of the Fermentation Mixtures. ~700 g of each feedstock was weighed and
transferred entirely into separately labeled pickle jars. 400 ml of 0.5 N sodium hydroxide was
added to the jar containing the milled pineapple peel and core feedstock and 400 ml of distilled
water was added to each of the jars containing milled banana, apple pomace and potato peel

feedstock.
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3) Autoclaving and Adjusting pH. All jars were mixed and autoclaved at 121°C and 15 psi for 30
minutes. After the jars were allowed to cool, the pH of all substrates was adjusted to 4.5 with
glacial acetic acid.

Part 2: Saccharification

1 g of cellulase enzyme was added to the pineapple peel and core feedstock, 1 g of invertase was
added to the banana feedstock, and 1 g and 10 g of a-amylase was added to the apple pomace and
potato peel feedstock respectively.

Part 3: Fermentation

1) Activating the Yeast. Five packs of the dried Saccharomyces bayanus (5 g per pack) were
activated by adding each pack to 50 ml of warm distilled water and let stand for 15 minutes.

2) Adding the Activated Yeast Solution to the Mixtures. 50 ml of the activated yeast solution
was then added to each of the feedstock solutions and the control. The jars were capped tightly,
mixed, and left in a dark, constant temperature area (25°C) to ferment. After seven days, the
fermented mixtures were tested with glucose test strips to see whether all the glucose had been
used up. If not, the feedstocks were left to ferment for a few more days. No harvesting was
conducted until all glucose had been consumed.

Part 4: Harvesting the Ethanol

1) Filtering out the Solids. To harvest the ethanol, each of the fermented feedstock was first
filtered through cheesecloth, then through #4 filter paper into separately labeled 500 ml conical
flasks.

2) Isolating the Ethanol From Water. 200 ml of toluene was added to each flask and refluxed at

60°C for 1 hour. The toluene-ethanol-water mixture was allowed to cool, transferred into a
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separatory funnel and the layers were allowed to separate. The toluene-ethanol mixture was
transferred into a 500 ml Erlenmeyer flask.

3) Distillation. Boiling chips were added to the flask and distillation begun. The collection of the
distillate in a calibrated measuring cylinder began when the temperature reached 77°C, and
stopped when the temperature reached 80°C. The volume of distillate was noted and transferred
to a tightly capped vial.

4) Adding the Molecular Sieve. ~1 g of molecular sieve (Type 3A, 4-8 mesh) was added to the

distillate in the vial to remove the rest of the water molecules. After two days, the specific gravity

of the distillate in each vial was determined at 25°C.

Results

Results are summarized in Table 1.

Table 1: Yield and comparative cost of making biofuel from different feedstocks

15% 700gof |700gof |700gof |700gof
Glucose | Potato Overripe | Apple Pineapple
Type of Control | Peel Banana Pomace Peel and
Feedstock solution | Feedstock | Feedstock | Feedstock | Core
Feedstock
Specific 0.7998 0.8056 0.8021 0.8009 0.8033
Gravity
Yield (y) 48.5 ml 42 .8 ml 313 ml 29.8 ml 13.0 ml
Total cost (¢) $7 $407 $122 $47 $147
$ Cost per ml $0.14/ml | $9.51/ml $3.9/ml $1.58/ml $11.31/ml
of bioethanol
(c/y)
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Conclusion

As seen from Table 1, potato yields the most ethanol as hypothesized, but apple is the most cost
effective. With a fixed set-up cost, the cost-limiting factor in the production is the starch
converting enzymes. Potato and apple were hydrolyzed with the least expensive enzyme but
potato needs more enzymes to break down the starch to glucose. Apple pomace needs less;
therefore it is the more cost effective feedstock to use (Table 1). As there are more than 1.3
million metric tons of apple pomace produced each year, it makes economic sense for each apple
processing plant to set up its own biofuel producing facility to generate energy for its own use
and for sale. Similarly, with the amount of organic waste generated by food processing plants
each day, it would be both sensible and environmentally beneficial to harness these waste
products for fuel production.
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