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Bioenergy: An Introduction

The what, how, and why of bioenergy
Overview
Students explore bioenergy. We explore the questions “What is bioenergy?”, “How do you make it?”, and “Why should we care about it?”. Lesson components include a presentation and video addressing these questions followed by a discussion designed to clarify ideas in the presentation and video and to personalize the issue of bioenergy for students.

Objectives

At the conclusion of the lesson, students will be able to:
· Define bioenergy in their own words

· Explain why bioenergy is an improvement over fossil fuels

· Become familiar with trade-offs of growing different plants for bioenergy

· Participate in a discussion involving science and social issues.

Length of Lesson

One 45-minute class period. 

Grade Levels

3rd – 12th grade 

Notes for grade-level appropriate content or extension are noted throughout lesson plan. 

Standards covered

Grades 3-5
S.IA.03.12, S.IA.04.12 Share ideas about science through purposeful conversation in collaborative groups.

S.RS.03.11, S.RS.04.11, S.RS.05.15 Demonstrate scientific concepts through various illustrations, performances, models, exhibits, and activities.

S.RS.03.17, S.RS.04.17 Identify current problems that may be solved through the use of technology.

S.RS.03.18, S.RS.04.18, S.RS.05.17 Describe the effect humans and other organisms have on the balance of the natural world.

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).

E.SE.03.32 Describe how materials taken from the Earth can be used as fuels for heating and transportation.
P.EN.04.42 Describe heat as the energy produced when substances burn, certain kinds of materials rub against each other, and when electricity flows through wire.
S.IA.05.12 Evaluate data, claims, and personal knowledge through collaborative science discourse.

S.RS.05.13 Identify the need for evidence in making scientific decisions.

S.RS.05.19 Describe how science and technology have advanced because of the contributions of many people throughout history and across cultures.
Grades 6-7
S.RS.06.13 Identify the need for evidence in making scientific decisions. 

S.RS.06.14 Evaluate scientific explanations based on current evidence and scientific principles.


L.EC.06.41 Describe how human beings are part of the ecosystem of the Earth and that human activity
can purposefully, or accidentally, alter the balance in ecosystems. 
L.EC.06.42 Predict possible consequences of overpopulation of organisms, including humans, (for example: species extinction, resource

S.RS.07.13 Identify the need for evidence in making scientific decisions. 

S.RS.07.14 Evaluate scientific explanations based on current evidence and scientific principles. 
S.RS.07.15 Demonstrate scientific concepts through various illustrations, performances, models, exhibits, and activities.

S.RS.07.17 Describe the effect humans and other organisms have on the balance of the natural world. 

S.RS.07.18 Describe what science and technology can and cannot reasonably contribute to society.

L.OL.07.63 Describe evidence that plants make, use and store food.

E.ES.07.42 Describe the origins of pollution in the atmosphere, geosphere, and hydrosphere, (car exhaust, industrial emissions, acid rain, and natural sources), and how pollution impacts habitats, climatic change, threatens or endangers species.
Grades 8-12

B1.2g Identify scientific tradeoffs in design decisions and choose among alternative solutions.

B1.2k Analyze how science and society interact from a historical, political, economic, or social perspective.

B2.1A Explain how cells transform energy (ultimately obtained from the sun) from one form to another
through the processes of photosynthesis and respiration. Identify the reactants and products in the general reaction of photosynthesis.

B2.2A Explain how carbon can join to other carbon atoms in chains and rings to form large and complex molecules.

B3.2A Identify how energy is stored in an ecosystem.

B3.3b Describe environmental processes (e.g., the carbon and nitrogen cycles) and their role in processing matter crucial for sustaining life.

B3.4B Recognize and describe that a great diversity of species increases the chance that at least some living organisms will survive in the face of cataclysmic changes in the environment. 

B3.4C Examine the negative impact of human activities.

B3.4d Describe the greenhouse effect and list possible causes. 

B3.4e List the possible causes and consequences of global warming.
Materials 

· PowerPoint of background information and optional application to bioenergy plots in 

GK-12 schoolyard research project (included).

· Video of bioenergy - answering what, how, and why questions (included).

· Potential discussion questions (included).

Background

Script to accompany PowerPoint, organized by slide:
(1) Climate change is a BIG problem.  Raise your hand if you heard of this.  Lots of people also call it Global Warming, but most scientists prefer to say climate change because not only is the average temperature of the Earth getting higher, the climate in many areas is changing to being rainier or dryer or more unpredictable.
(2) This graph shows time (in year) on the x-axis, and Carbon Dioxide gas in the atmosphere on the y-axis.  Is Carbon Dioxide in the atmosphere going up or down?  Carbon Dioxide is a greenhouse gas, which means it contributes to global warming and climate change.  Is there something you do that emits carbon dioxide into the atmosphere? (Besides breathing).
(3) To drive our cars and heat our homes, most of us use FOSSIL FUELS like coal, oil, and natural gas.  Whenever you burn a fossil fuel (like when you drive your car), carbon dioxide is emitted into the
atmosphere.  These are called “FOSSIL” fuels because they hundreds of millions of years ago they were plants on land and in the ocean.  Slowly between then and now, geological processes converted them into the coal, oil, and natural gas we use today.

(4) Burning fossil fuels adds extra CO2 to our environment.
(5) The CO2 put in the atmosphere from this pathway is in addition to the CO2 that is added to the atmosphere from burning fossil fuels. 
(6) Grassoline uses energy from grass to fuel cars that would otherwise be used by herbivores (like a zebra) to move around or by decomposers like fungi to grow.  This is opposed to fossil fuels that add additional CO2 to the atmosphere that would otherwise not end up there.  Thus, if we get our fuel from grassoline then we will eliminate the fossil fuel pathway, which means less CO2 going into the atmosphere. 

(Optional)
(7) Intro BEST experiment Question
(8) BEST experiment treatments
(9) Other schools are doing the exact same experiment.  This way we can compare and contrast our data and have more certainty in our results.
(10) Here is what the plots look like. What comparisons can we make? Which do you think might have lots of plants? Those will be the ones that produce more bioenergy. More plants = more bioenergy.
(11, 12) Picture of students planting one of the blocks. [Insert your own pictures here.]

(13) Link to Bioenergy Video.
Activities of the session
1. Present the introduction in the PowerPoint (included) asking comprehension questions throughout. This should make the lesson connect to students’ previous knowledge.

2. Show video. You may choose to stop at particular points to ask questions, or you may choose to watch it more than once.
3. Facilitate discussion:
· After watching the video and the PPT, how would you define bioenergy?

· Why is it useful?

· Why is bioenergy an improvement over fossil fuels?

· What can we learn from experiments involving bioenergy (e.g., GK-12 research plots)?

· What kinds of plants might be best for producing bioenergy?

· What are trade-offs between using annuals and perennials for bioenergy? 
Resources

PowerPoint of examples and background information initially generated by Lauren Kinsman-Costello, edited and augmented by Alycia Lackey, and revised by Nick Ballew.

Video, available for streaming and downloading at http://www.ndep.us/Biofuel 
Extensions and Modifications

Read articles from multiple sources (e.g., news, primary literature), and (a) have a discussion of current
scientific and social standings on bioenergy, (b) have students write a recommendation for future scientific testing, (c) write an opinion piece on what society should do about bioenergy, and/or (d) structure a debate about an issue related to bioenergy.

Have students design an experiment to test topics related to bioenergy.

Have students draw out the cycles (with as much simplicity or complexity as you would like) for CO2 in the fossil fuels process and the biofuel/grassoline process. For elementary students, you could have precut pictures of the different parts of the processes, and students could draw connections between them.
Assessment
Have students draw processes of CO2 through (a) fossil fuel use and (b) bioenergy use (Answer: pictures
in PowerPoint slides). For lower grades, you can provide picture cutouts of the parts of the processes (fossil fuels or grass, gasoline pump, car, arrows, and CO2). 

Have students explain which process increases CO2 release into the environment (Answer: fossil fuels) and which might reduce CO2 emissions (Answer: bioenergy).

Have students explain why bioenergy is important for minimizing future climate change. (Answer: Carbon 
dioxide is a greenhouse gas that traps light energy from the sun, which contributes to climate
change [For lower grades: Carbon dioxide causes climate change]. Using bioenergy as fuel reduces CO2 release into the atmosphere. Thus, this process doesn’t contribute to increased climate change.)
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