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Fun with Fermentation

How cellulose becomes ethanol
Overview
Making ethanol from cellulose is becoming a reality. There is a lot of research based on the process of making ethanol from cellulose. The research involved is focused on the pretreatment of cellulose, but also includes the role of yeast for fermentation. Yeast plays a big role in the production of ethanol from corn. It is important that students understand the process of producing ethanol as governments try to become less dependent on oil. 

Objectives

At the conclusion of the lesson, students will be able to:
· Understand the role of fermentation in ethanol production

· Understand the reasons for using certain substrates, sugar, starch, or cellulose

· Understand the biochemistry of fermentation

· Understand the difference between alpha 1,4 and beta 1,4 bonds and the consequences
Length of Lesson

30 Minutes
Grade Levels

Middle School and High School

Standards covered

S.IP.00.11 Make purposeful observation of the natural world using the appropriate senses.

S.IP.00.12 Generate questions based on observations.

S.IP.00.13 Plan and conduct simple investigations.

S.IP.00.14 Manipulate simple tools (for example: hand lens, pencils, balances, non-standard objects for measurement) that aid observation and data collection.

S.IP.00.15 Make accurate measurements with appropriate (non-standard) units for the measurement tool.

S.RS.02.11 Demonstrate scientific concepts through various illustrations, performances, models, exhibits, and activities.

P.PM.02.14 Measure the volume of liquids using common measuring tools (graduated measuring cups, measuring spoons, graduated cylinders, and beakers).*

S.RS.03.17 Identify current problems that may be solved through the use of technology.

E.ES.03.41 Identify natural resources (metals, fuels, fresh water, fertile soil, and forests). *

E.ES.03.42 Classify renewable (fresh water, fertile soil, forests) and non-renewable (fuels, metals) resources. *

E.ES.03.43 Describe ways humans are protecting, extending, and restoring resources (recycle, reuse, reduce, renewal).

E.ES.03.51 Describe ways humans are dependent on the natural environment (forests, water, clean air, Earth materials) and constructed environments (homes, neighborhoods, shopping malls, factories, and industry).

E.ES.03.52 Describe helpful or harmful effects of humans on the environment (garbage, habitat destruction, land management, renewable, and non-renewable resources).

S.RS.06.16 Design solutions to problems using technology.

P.PM.07.11 Classify substances by their chemical properties (flammability, pH, and reactivity). *

P.PM.07.23 Illustrate the structure of molecules using models or drawings (water, carbon dioxide, table salt). *

P.PM.07.24 Describe examples of physical and chemical properties of elements and compounds (boiling point, density, color, conductivity, reactivity). *

P.CM.07.22 Compare and contrast the chemical properties of a new substance with the original after a chemical change.
P.CM.07.23 Describe the physical properties and chemical properties of the products and reactants in a chemical change.
Materials 

· Sugar

· Ground Corn

· Grass Clippings

· 50 mL Hot Water

· Yeast

· Snack size Ziploc bags
Background

Research is in progress to produce ethanol from cellulose. Ethanol production from cellulose is a challenging process. Cellulose digestion requires pretreatment and enzymes before it can be fermented by yeast. Currently, when ethanol is produced from corn enzymes or acid are used to break apart the starch into single glucose molecules. Once the feedstock is in single glucose molecules, they can be fermented into ethanol and CO2 by the yeast. It is important for the public to be educated about this topic as biofuels are to decrease our dependence on oil. 

Activities of the session
1. PowerPoint presentation explaining background information on fermentation.

2. Fermentation in a bag activity.

Add 1 teaspoon of the feedstock, add 1 teaspoon of the yeast, and add 50ml of hot water to the snack size Ziploc bag. Try to remove all of the air from the bag and then seal. Wait for at least 15 minutes and observe the bag. Which feedstuff created the most CO2 and why?

3. PowerPoint presentation explaining the reason for using cellulose and challenges with pretreatment.
Resources

www.glbrc.org The GLBRC website has many lesson plans and activities, including “Fermentation in a Bag.”
Extensions and Modifications

The original activity involves an ethanol probe; this could be added to the lesson.

Assessment

Students could write a paper on the issues surrounding cellulose digestion. Another topic could be the pros and cons to biofuels. Biofuels are controversial topic as they may decrease the dependence on oil, they may not be environmentally friendly.
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