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Producing Bio-Fuel In 
the Classroom: A Simple 
Experiment to Make Ethanol
By Mark Benvenuto and Danielle Garshott, University of 
Detroit Mercy, Department of Chemistry & Biochemistry, 
4001 W. McNichols Rd., Detroit, MI 48221-3038

Introduction
It’s difficult to imagine a student getting through high 
school today without ever having heard of the subject of 
sustainable energy, or of bio-fuels. At times however, it 
seems that lab experiences related to such subjects are 
difficult to perform, or are costly, or require apparatus 
that isn’t common to the college, high school, or middle 
school environment. For instance, the production of bio-
diesel from soy beans requires a reaction step that breaks 
down tri-glycerides, and the production of any sort of bio-
fuel from algae requires a controlled reaction chamber, as 
well as a significant amount of time, for the algae to grow.
(1) We have found though that there is one extremely 
easy, inexpensive experiment which produces ethanol 
that can be run in almost any classroom, at any school 
level. It is the production of ethanol from sugar, using 
only water and yeast.(2) In connection with this, and very 
importantly, there is an inexpensive means by which the 
student can verify that he or she has produced ethanol. It 
is a form of paper chromatography. In it, a sample set-up 
in which ethanol has been produced can be compared to 
a similar set-up that is lacking the alcohol. 

Necessary Equipment
A single set-up requires the following items. All materials 
can be purchased at a grocery store. Scaling up is simply 
a matter of multiplying that which is listed below by the 
number of students in a class.

1.	Sugar. A ten-pound bag is usually enough for an 
entire classroom. A sample of about 10 g works for a 
single experiment.

2.	Water, about 100 mL per experiment.
3.	Yeast, about 0.5 g per experiment.
4.	A beaker or jar, 250 mL or 500 mL beakers work. 

But any jar works as well.
5.	Filter papers for a coffee maker. 
6.	Permanent black marking pens.

The experiment is quite “forgiving” in terms of the 
quantities listed for numbers 1 – 3, above. In general, a 
set-up does not need so much sugar that there is solid 
sugar resting at the bottom of the mixture as it settles. 
On the subject of coffee filter papers and permanent 
black markers: you might wish to try different brands 
of both prior to running the experiment in class. Some 
filter papers absorb water very quickly, while other will 
require several minutes for absorption from one end to 
the other. Likewise, some black markers have ink made 
from a single, black pigment, while others have a blend 
of colored components. Neither is better than the other. 
But it is usually good to see the phenomenon for yourself 
before it is attempted as a classroom or laboratory 
exercise. 

Experimental Procedure
1.	 Measure the sugar samples and dissolve in water. 

As mentioned above, it isn’t wise to put so much 
sugar in a sample that some rests on the bottom. 
Other than that, just about any amount of sugar 
will work for a sample. Note, this first step is a 
good opportunity to assign different quantities of 
sugar (and yeast) to different students or student 
groups. The results of the differing amounts can 
be compared after the reaction is completed.

2.	 Add yeast. Usually, 1/10th the mass of yeast is 
desired, when compared to the amount of sugar. 
But other ratios can be used also.

3.	 Stir the mixture thoroughly.
4.	 Discuss the process and chemistry of fermentation 

with your class. The unbalanced reaction:  
C6H12O6  C2H5OH + CO2 is a simplified version 
of the fermentation of sugar, but it is one that 
adequately describes the phenomenon. This is a 
good point at which to discuss that the reaction 
produces two products: the ethanol, C2H5OH, and 
the by-product CO2. The reaction can be balanced 
to: C6H12O6  2 C2H5OH + 2 CO2

5.	 Leave all the mixtures for at least one night.
6.	 The next class period, note and record any visible 

changes to the sample mixtures. Depending on 
amounts of sugar and yeast, the solution will 
appear cloudy, and foam may have formed at the 
top.

7.	 Using two pieces of white paper (a coffee filter 
paper generally works well) and some permanent 
black marker, draw a black line approximately 
1” from the bottom of the each piece of paper, 
without touching the sides of the paper.

8.	 Pour an aliquot of the ethanol solution into a 
beaker or other container. This should be enough 
of the fermented mixture to cover the bottom of 
the beaker to a depth of 1 – 3 mm. The amount 
poured should definitely be lower than the line 
inked on the papers.

9.	 Pour the same amount of water into a different 
container of equal size. This is the comparison, 
and thus uses just water.

10.	 Stand either of the papers with the marker line 
into the container with your ethanol solution, and 
the other into the container that holds water. Be 
absolutely sure that neither black, permanent 
marker line starts out wet (as the water and 
the solution elutes, the lines will get wet, but 
shouldn’t start out so).

Observe what occured as the liquids absorb into the 
papers and creep upward. The paper immersed in water 
should have not move or smudge the permanent marker 
line (if the line was mistakenly drawn right to the edge 
of the paper, the water may not elute above it, since the 
marker’s ink is permanent, and is saturated through the 
paper). The paper immersed in the fermented alcohol 
solution should make the black, permanent marker 
line move (it may even separate into various pigment 
components, if the marker ink is not a single black dye).
continued on page 8



8   •   Michigan Science Teachers Association   •   www.msta-mich.org

The movement and possible separation of the 
permanent, black ink is a simple indicator that some 
material has formed – in this case, ethanol – in the 
solution in which sugar and yeast were mixed during the 
previous class.

Discussion
This is a multi-class activity, as it requires one class 
period to set up the fermentation container, some time 
for the yeast to produce ethanol from sugar, and a 
second period in which to determine whether ethanol 
has been made. That can actually work to the teacher’s 
advantage, since the fermentation time in turn provides 
time to discuss the chemistry and biology of yeast and 
fermentation, what is required to make this chemical 
reaction run, and what role bio-fuels are playing and will 
play in peoples’ lives. 

This experiment, while simple in concept and execution, 
does link in well with several of the points mentioned in 
documents such as the Vision Statement of the Michigan 
Curriculum Framework. Specifically, this connects well 
with the idea that students should be, “able to think 
scientifically and use scientific knowledge to make 
decisions about real-world problems,” and that they 
should be, “able to reflect in an informed way on the 
role of science in human affairs.”(3) The experiment is 
also well connected to the National Science Education 
Standards, for example, “Teaching Standard A: Teachers 
of science plan an inquiry-based science program for 
their students,” as well as, “Teaching Standard D: 
Teachers of science manage learning environments that 
provide students with the time, space, and resources 
needed for learning science.”(4)

For the teacher who is working on balancing chemical 
equations with his or her students, fermentation 
provides an excellent example of a reaction involving 
a carbon-based starting material that is more complex 
than a hydrocarbon, and that can still be balanced 
with relative ease. The experiment is also well suited 
to biology classrooms, and a discussion of how a living 
organism such as yeast is used to produce a desired 
material. For an introductory science class, this 
experiment lends itself well to an understanding of the 
scientific method through the comparison between the 
resulting alcohol solution and the control, using water.

For the teacher who wishes to expand this to a semi-
quantitative experiment, the following can be added 
without a large expenditure of time or resources:

1.	After setting up the yeast-sugar-water mixtures, 
make a series of standards of ethanol solutions of 
known percentages. For example, volume-percent 
solutions can be made that are 99 mL water and 
1 mL ethanol, 98 mL water and 2 mL ethanol, 
95 mL water and 5 mL ethanol, and 90 mL water 
and 10 mL ethanol. A teacher is certainly free to 
make as many standards as she or he wishes, but 
baker’s yeast usually does not produce ethanol to a 
concentration higher than 15%.

2.	When the yeast mixture is ready to test, run not 
only the clear water and lined coffee filter as a 

comparison, but perform the same with the 1%, 
2%, 5%, and 10% ethanol solutions that have been 
made. 

3.	Have students compare how far their black ink 
line has moved in the ethanol produced from 
yeast with those lines from the standards you have 
prepared. From this, you should be able to obtain 
a good estimate of the percentage of ethanol in 
the yeast-alcohol solution, either by extrapolation 
or interpolation to the black lined paper that was 
inserted in it. 

Perhaps obviously, the production of a series of 
standards may be a portion of this experiment that a 
teacher chooses to do either with groups of students, or 
perhaps only once for the entire class. There is no need 
for each student to make a set of standards, but doing so 
gives each student a chance to work through the math 
needed to produce such solutions for themselves.

Overall, this has proven to be a simple, cost effective 
experiment that introduces students to the idea of how 
a bio-fuel can be produced. While there is much more 
that goes into the industrial production of bio-ethanol 
from corn and other feed stocks than just what is 
presented here, the chemistry and biology is essentially 
the same.
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Field Trips 

Call (734) 764-0480 

University of Michigan
1109 Geddes Avenue

Ann Arbor, Michigan 48109-1079
(734) 764-0480

www.lsa.umich.edu/exhibitmuseum

Prehistoric Life
Students use hands-on inquiry to solve scientific problems. Learn about 

fossilization, paleontology, and geologic time. Explore the world of dinosaurs 
and prehistoric animals; observe adaptations and what they tell about 

lifestyle. Use our incredible collection of skeletons, dioramas, and fossils!

Planetarium
Our new, state-of-the-art digital projection system will transport your 

students to places near and far, exploring astronomy and other topics.  A 
15-minute live add-on presentation on the topic of your choice concludes 

each full-dome program, making the total time 45 to 50 minutes.

Explore Evolution
Students explore our NSF-funded evolution gallery, using the guiding 

concepts of variation, inheritance, selection, and time. Working in teams with 
a museum educator, students investigate and explain seven research projects 

on organisms ranging in size from a virus to a walking whale.

or e-mail 
ExMusReservations

@umich.edu




