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The Ethanol Production Process Unit 2 Lesson 3
Precepts A. Action _ _ _ _
Al. Work independently and in group settings tbthengs done.
C. Vision

C2. Conceptualize ideas.

National Standards NL-ENG.K-12.6. Applying knowledge.

Student As a result of this lesson, the student will ...
Learning 1. Identify the types of fermentation that caoduce ethanol.
Objectives 2. ldentify how starch and cellulose differ e tfermentation process.

Time Instruction time for this lesson: 50 minutes.
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Conventional
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The Ethanol Production Process Unit 2 Lesson 3
INTEREST APPROACH

Recall with students thathanol is a product ofermentation, highlight the following points:
-Ethanol is a product ofermentation.
-Definefermentation as a sequence reaction which releases energy drgamic molecules
in the absence of oxygen.
-Sugar ->Ethanol + Carbon Dioxide

i e’ve learned thatthanol is a product of théermentation process. Looking back to your
notes, who can share with us the definition, watee forfermentation?

Great! We even created an equation to help usméreethat sugar, through thermentation
process, yields what two productg2thanol and carbon dioxide)

Great work! Keep this information in mind; we whilild on it today!

Explain to students that all beveragdanol and industrialethanol is made in this process. Lead
students to this understanding by making compasisdrother items that are similar, but carry
differences. Go on to explain that elhanol is not made through the same process. In objective
1, students will write down tHermentation equation and explain the two methods used in the
production ofethanal.

%A Think about some things you know of that are sinblat have slight differences. Think
about apples and oranges. They're both fruits Pighhink about how they were grown. They

both came from a tree and are sold in the groderg &s a fruit. Both apples and oranges can be
eaten with little preparation. But when you thirfpees, which fruit do you think of? Apples,
right? Apples are used to make pies, cakes, breadses, and other foods much more often than
oranges are.

Now think about raw milk. What is raw milk usedrntake? Elicit student responses.

Raw milk is used to make a number of different pieid including the milk we drink, cream,
cottage cheese, yogurt, ice cream, buttermilk,isipdocessed a number of different ways to be
used in hundreds of foodsthanol also has similarities and differences.

We are mostly concerned with industeghianol, or ethanol that is made for use as a fuel. There

is alsoethanol that is made in certain food making processesla¥he outcome is a little

different and the products are used for differeaisons, the processfefmentation is virtually

the same. Sugars are broken down to nettk@nol and a by-product of carbon dioxide. There

are; however, a couple of differefiet mentation processes depending on what the raw material is.
Today we will examine thBermentation equation in-depth. We will be able to identify and
describe two differentermentation processes.



The Ethanol Production Process Unit 2 Lesson 3

OBJECTIVE 1. Identify the types of fermentation that can prodetienol.

A. Fermentation Equation: Raw Material + YeasEthanol (Energy) + by-product of carbon
dioxide. C6H1206 -> 2 CH3CH20H + 2 CO2.

In this objective, the instructor will present tteementation equation to students and guide
them to understand the typed@fmentation processes that result in different typesgtbnol.
Use the Crayon Momemihen presenting thiermentation equation. The Hieroglyphic Moment
can be used to present the different typdsrofientation processes.

23 We know that théermentation processes yields two products. Who can tell ug tuse
two products areElicit responses.

Great, those two products athanol and carbon dioxide. Who can tell us what the inpurt
thefermentation process?Elicit responses.

Awesome, the input is a sugar or carbohydrate slymit thefermentation process into a
chemical equation. Take out a piece of paper feesrand a writing utensil.

Crayon Moment

The Crayon Moment is used to help students’ assodiéferent parts of thBermentation
equation. ldentify the compounds in the equatian; material,ethanol, etc., then assign a color
for each component, or let students choose their @ors. The instructor should record the
equation on the board while students record iteitt notes. If possible, the instructor can use
colored writing utensils to match the suggestionthe lesson.

4 While we are writing this equation we will be usiagyons to help us make associations
between each of the components of the equationogghany color crayon and write
“Fermentation Equation” as a heading in your notes. Then lobedgn, red, and blue crayons.
Also, choose another color you can use. This oeilbbe used to write some numbers and
symbols. We know that sugar is an input tofésenentation equation. Since this sugar or simple
carbohydrate hasn’t been processed yet, let’'stallRaw Material” for our equation. The
brown crayon will represent the inputs to our emumatUse the brown crayon to write “Raw
Material” on the far left side of the equation.

Fermentation Process
Raw Material
We also need yeast in this equation on the leé sfdhe equation. Using the number/symbol
crayon you chose, make a plus sign to the rightwfmaterial. Now, write “Yeast” to the right
of the plus sign using the brown crayon.

Fermentation Process

Raw Material + Yeast



The Ethanol Production Process Unit 2 Lesson 3

These two components yield, or equal two outpaibgnol and carbon dioxide. Use your
number/symbol crayon and draw an equal sign irethiation to the right of yeast.

Fermentation Process

Raw Material + Yeast

Locate the red and blue crayons. These represewiutputs of our equation. Use the red crayon
to write ethanol and the blue crayon to write carbon dioxide, soemuation should look like
what | have on the writing surface.

Raw Material + Yeast = Ethanol + Carbon dioxide

Now guide students through the process of writggdhemical equation for thermentation
process using elemental symbols. Using the corredipg colors for the elements, write the
equation, and then explain how the equation islambd the equation above that is written out
in words.

%A We can take this equation a step further by writingsing elemental symbols from the
periodic table. There will be three elements in eguation that will make up the components we
wrote above. They are C — carbon, H — hydrogenGardoxygen. We’ll continue using crayons
to write our equation. We’ll use the same colorsich up with our previous equation. Let’s
create our equations; do this in your notes bel@meiguation we wrote out in words.

The first part of our equation issK:.0s. This represents the raw material, or sugar aadtye
What color did we use before to represent the spuiVe will use brown again to write out this
compound. On the far left hand side of the papetewut GH120s.

CeH1206

Next we need to draw a symbol that leads us toigine side of the equation, or the products. For
this we will use an arrow, this arrow means “equatfs‘yields”. Using the crayon you chose for
numbers and symbols draw an arrow left to rightnftbhe chemical compound we just drew.

CsH1206 >

Since we used the elements carbon, hydrogen argkoxyn the left side of the equation, we
need to see those same elements on the rightfdide equation. Who can tell us what we can
expect to see on the right side of the equatiowhat are the products of this procedslicit
student responses.

That is correct; we should see the resultgtlodnol and carbon dioxide. Our next task is to write
these compounds in a chemical equation. Leave spawe between the arrow and the
placement of your next letter, we’ll need to conagloto fill in some information later.
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The compound we really want to get out of this psscisethanol, so let’s look at that first.
Remind me again, what color did we use abovetfzanol? Great, find your red crayon and
draw the compound fathanol:

CeH 1206 > CH:CH.OH

The second product of tiiermentation process or a by-product is carbon dioxide. Wha teil
us the two elements that we will use to represeriian dioxide? Great answer, carbon and
oxygen are correct. We need one atom of carbonvam@toms of oxygen to represent carbon
dioxide. Let’s record a plus sign nextditnanol, leaving some space to come back to record
more information later. Use blue to represent cardtioxide and record that compound.

CsH 12056 -> CH:,CH,OH + CO

In order to balance this equation, we need to rsake there is the same number of atoms of
each element on each side of the equation. To d&aldne equation, we must add a 2 before
ethanol and carbon dioxide to get the same amount of atontke right side. Let’s do that now.
(Instructors may wish to go in-depth into teachiraancing equations; this is suggested below
as an extended classroom activity.)

CeH 1206 > 2 CHCH,OH + 2 CQ

As we look at the two equations we wrote, we camadiately see the similarities because of the
color coding. Brown represents the inputs sugaryaagt. What does red represefgthanol)

And blue represents oxygen. As you think back &f¢hmentation process, you can make
associations with the colors and the compoundsiedo

Now that students have identified the compoundsved in thefermentation process and the
chemical equation, identify the two typestbianol. Use the Motion Momend help students
visually and kinesthetically remember these twesygfethanol.

Motion Moment

The two types dadthanol, conventional andcellulosic ethanol are developed from different
products. Creating motions will help students rétlaé differences learned in objective 2. First,
present the content on the writing surface, whilelents record it in their notes. Then guide
students through making each motion. The instrusttbmeed to model what each motion looks
like.

B. There are different types tdrmentation processes that result in different typestbfinol.
1. Conventional Ethanol- ethanol that is derived from grains such as corn and wheat
2. Cellulosic Ethanol- ethanol that is exactly the same as grain-baatednol, but it is
made from agricultural residues.

Conventional: using both hands, make the motion of putting @ @lacookies in the oven
Cellulosic: using both hands, make the motion of sweepinddbe with a broom
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%’:&A There are two types ethanol that can be made through tteementation process,
conventional ethanol andcellulosic ethanol. Let’s take a moment to capture some information
about these two types ethanol.

Conventional ethanol — Ethanol that is derived from grains such as corn and wheat

Cellulosic ethanol — Ethanol that is exactly the same as grain-baaldnol, but it is made from
agricultural residues.

%A Let’s think about what this mearGonventional means usual or typical. The word
conventional is used to describe the type of oven that wersegany homes. For us to
remember thatonventional ethanol is the “usual’ or “standard” type ethanal, let's make a
motion like we are putting a pan of cookies in tiven. So, when | sayc6nventional”, put the
cookies in the oven.

“ Conventional” The instructor and students will make motion éonventional.

Great job! Now, let’s look atellulosic. Cellulosic ethanol is made from plant residues, or the
leftovers. To represetllulosic ethanol we can make the motion of sweeping the floor, Vilee
are cleaning up after a project. Let’s practice.tBtand up! When | sagdlulosic” pretend

like you are sweeping the floor.

Okay, now that we have our two motion€ptiventional” (make motionand ‘Cellulosic”
(make motionjve can find out more information about each.
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OBJECTIVE 2. Identify how starch and cellulose differ in therfeamtation
process.

II. The starch andcellulose fermentation process each have unique steps.
A. Starch Process
1. Starch must first be broken down into simple sugars befermentation can even
occur.
a. In early times this was done by chewing of thendn which enzymes were
broken down.
b. Today the cooking of corn and the addition afyenes, alpha amylase and
gluco amylase, are added as catalyst.
2. Yeast is added and feeds on the sugar begitimafgrmentation process.
3. Production o&thanol results with the byproduct of carbon dioxide.
B. Cellulose Production Process
1. Made froncellulosic biomass materials that are composedetitil ose,
hemcellulose, and lignin.
a. Plant wastes- corn stover, cereal straws, sagarand bagasse
b. Plant wastes from industrial processes- sawg@aggr pulp
c. Energy crops- switch grass.
2. Aim is to extract fermentable sugars from tredtock, in which they are locked
in complex carbohydrates called polysaccharides.
3. Separating complex structures is essentialgefficient and economic production
of cellulosic ethanol.
4. There are two major processesahulosic ethanol production
a. Acid hydrolysis- this is the break-down of coeyptarbohydrates to simple
sugars.
b. Enzymatic hydrolysis- this process utilizes presatment process to reduce
the size of the material to make it accessiblénfairolysis. Enzymes than are
added back in to break corn material flenrmentation.

The purpose of this objective is to help studentketstand the differences between how
conventional andcellulosic ethanol are made. This can be accomplished by using the
Cartographer MomentThis moment allows students to conceptualizéenfioemation in a
map. Provide students with the content in AS.A, sijpidents into groups of 2-3, guide them
through the process of creating a map (exampldsidec below), have groups share maps
with the class, and summarize the content of tiectbe.

%’:&A These two types athanol are made through two different processes. Thegssofor
conventional ethanol is thestarch process while we call the processdallulosic ethanol
the cellulose production process.

Cartographer Moment

4 When you're traveling somewhere, like to the naidf=A convention, it is useful to
have a map to get you there. Since we don’t haseaal view of the roads, we need a guide
to get us there. Since we can't see everythingishaitferent about thetarch andcellulose

7
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processes, we can create a map to help us. Lk€satiok at the information we have about
these two processes.

Provide students with copies of AS.A.

%A Take a moment to pick out the important pointshef¢ontent. Circle, highlight or
underline those important points.

These important points will help us create our m&hs maps should represent the content
of each process so that we can describe it to soeneise. We’ll make our maps in groups.

The instructor can determine how to group stude@tsunting off, alphabetical grouping, or
clusters of students who sit near each other aenaideas for grouping students.

3 Make sure you have your handout and a writing titansl let's get into groups. Each
of us came up with important information for eacbgess. Now, let’s take some time to
think in our groups about the important informatiea want to include in our maps. Share
with your group your ideas and come to a conseaswghat your group will use for the
map.

Guide students through the first aspect of the osapg TM.A before they continue in
groups. Finally, have groups share their maps i class.

3t We will create two mini-maps, one for th@rch process and one for tioellulose
process. We’'ll need paper and markers to do tleisd ®ne person from each group to the
front of the room to get materials for your group.

Let’s start with thestarch process. What was the first important piece ajrimiation you

found about this process=licit student response&reat thoughts! One of the first
important points | found was thstarch first has to be broken down befdeementation can
occur. This will make up the first part of my mdfoyou would like to use my example as the
starting point for your map feel free, or use #gmample to create your own starting point.
We identified earlier that these starches come fgoans like corn. So, | am using Kernel
Corn as the traveler in my map. Kernel Corn staiggourney by taking a box sfarch and
breaking it down into smaller pieces using a hammer

Show students this aspect of TM.A to provide ampl@of how they will create their maps.
Instructors may choose to share another aspedieotample map on TM.A depending on the
students’ ability to come up with ideas for eacmponent of their map.

w4 From here, Kernel Corn will travel to another ldeaton the map. Our task is to
continue this journey for Kernel Corn and thenreate a mini-map for theellulose process.
Let's take 8-10 minutes to complete our maps. Wheine finished we’ll share with the
class. What questions are there?

Okay, let’s create our maps!
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The instructor should circulate through the roonb®sure groups are including essential
elements in their maps and to assist groups intorgaoints on the maps. The samples in
TM.A can be used to guide students through thegssodnce finished, allow groups to
share maps.

%A Great job creating maps! Awesome job at workingrimups and coming up with new
ways to communicate the information! Let’s tak@@ment to share our creations with the
class.

Groups present maps. Show appreciation to eachptioough applause, snaps, etc.
%A These maps really reflect the content from the bahdVith our maps and the content

from the handout, we have a great understanditigeodifferences between th@rch and
cellulose processes for makinghanol.
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REVIEW/SUMMARY

Review with students the equation for fiérenentation process, the motions for the two types
of ethanol, and ask students to select components from niegas to review objective 2.

3 We have learned some great information abougtienol production process today!
Be sure to have your notes and your maps in frombo. Let’s review thdéermentation
equation. Think about the left side of the equatidhat are our inputsElicit student
responsesYes, raw material and yeast. Picture in your mimgtithat chemical compound
looks like from our second equation. Who can telthe major product of tHermentation
process? That'’s right, itethanol. Picture in your mind the letter and number corabens
that represendgthanol. Last, a by-product of tHermentation process is carbon dioxide. Who
can tell us the letters and numbers that make tpoadioxide? Amazing, CQs correct.

The second thing we discussed was the differenweele@conventional andcellulosic
ethanol. Let’s practice our motions. Stand up! Make thations when | say the words. We
learned thatonventional” (putting cookies in the oversjhanol is the standard type of
ethanol using grains like corn and wheat. We also learhat‘tellulosic” (sweeping motion)
ethanol is made from plant residues or leftovers.

Finally, we looked at the two processedafmentation that make these typeseahanal,
starch andcellulose. Within your group, take one minute to pick oueomportant part of
your map you can share with the class.
Let's share these important points.
Have groups share one important point.

2 Great job! What questions are there abouféh®entation equation, the two types of

ethanol, and the twdermentation processes?
Let's show what we know about today’s lesson bynigkhe evaluation.

10
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APPLICATION

Extended classroom activity: Instructors can teach a “lesson within the lessam’ balancing
chemical equations and go in depth on why twos wkreed beforethanol and carbon dioxide
in the chemical equation féermentation. Additionally, instructors can obtain chemical
equations for other reactionary processes to akkbwdents to practice balancing chemical
equations.

FFA activity: Invite a chemist (preferably involved in titbanol/fermentation process) to
serve as guest speaker at an FFA meeting for cangaloration opportunities.

SAE activity: Students with a grain production SAE project cared short talk on the

production process from planting to harvest so stid can see where the raw material in the
fermentation process originates.

11
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EVALUATION

Assess.A
Answersto Assessment:

A. Matching:

1. Acid hydrolysis

2. Starch

3. Cellulosic

4. Enzymatic Hydrolysis
5. Fermentation

6. Conventional

B. Short Answer:

1. C6H1206 -> 2 CH3CH20H + 2 CO2.

2. The starch process breaks down carbohydratesate rapid pace than cellulosic
fermentation. Starch fermentation is cheaper anceraoonomical than cellulosic.

12
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The Ethanol Production Process
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AS.A

II. The starch andcellulose fermentation process each have unique steps.
A. Starch Process

1. Starch must first be broken down into simple sugars befermentation can even
occur.

a. In early times this was done by chewing of thendn which enzymes were
broken down.

b. Today the cooking of corn and the addition afyenes, alpha amylase and
gluco amylase, are added as catalyst.

2. Yeast is added and feeds on the sugar begitimafgrmentation process.
3. Production o&thanol results with the byproduct of carbon dioxide.
B. Cdlulose Production Process

1. Made froncellulosic biomass materials that are composedetitil ose,
hemcellulose, and lignin.

a. Plant wastes- corn stover, cereal straws, sagarand bagasse
b. Plant wastes from industrial processes- sawg@aggr pulp
c. Energy crops- switch grass.

2. Aim is to extract fermentable sugars from thedfgock, in which they are locked in
complex carbohydrates called polysaccharides.

3. Separating complex structures is essentialeé@tiicient and economic production
of cellulosic ethanal.

4. There are two major processesahulosic ethanol production

a. Acid hydrolysis- this is the break-down of coayptarbohydrates to simple
sugars.

b. Enzymatic hydrolysis- this process utilizes presatment process to reduce
the size of the material to make it accessiblénfairolysis. Enzymes than are
added back in to break corn material flenrmentation.

14
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Assess.A

A. Matching:

Conventional Cellulose Fermentation

Starch Acid hydrolysis Enzymatic hydrolysis

1. is the break-down of compdelrahydrates to simple sugars.

2. is a complex carbohydrate.

3. ethanol that is exactly the same as grain-baatednol, but it is made

from agricultural residues.

4. utilizes pre-treatment prowessduce the size of the material to
make it accessible for hydrolysis. Enzymes tharadded back in to break corn material for
fermentation.

5. resultsethanol and carbon dioxide.

6. ethanol is derived from grains such as corn and wheat.

B. Short Answer:

1. Write out thdermentation equation with the by-products in the correct cluaiormula.

2. Explain the difference in thstarch process andellulosic process ofermentation?
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