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EXPLORING BIOMASS AND BIOENERGY:

Renewable Energy from Natural Materials

By the end of this lesson, students will be able to:

v Define biomass and explain its role as a renewable energy source, using examples like wood, crop waste,
and other organic materials (U.S. Department of Energy, 2023).

v" Understand how biomass is converted into bioenergy, and describe its environmental impact compared to
fossil fuels (National Geographic Kids, 2023).

v" Explore ways bioenergy supports sustainable practices by reducing reliance on non-renewable resources

and lowering carbon emissions, contributing to a cleaner environment for future generations.

v Biomass: Natural materials from plants and animals that can be used as fuel to create energy. Biomass
includes things like wood, agricultural waste, and other organic materials that are part of the carbon cycle (U.S.
Department of Energy, 2023).

v Bioenergy: Energy that is produced by burning biomass, such as wood or crop residues, to create heat,
electricity, or fuel. Bioenergy is considered renewable because it comes from materials that can regrow over
time (National Geographic Kids, 2023).

v" Renewable Resource: A resource that can naturally replenish itself over time, like trees, sunlight, and
wind. Biomass is a renewable resource because plants and trees can regrow, unlike fossil fuels which take
millions of years to form.

v Carbon Emissions: The release of carbon dioxide and other greenhouse gases into the atmosphere, often
from burning fossil fuels. Biomass energy can help reduce carbon emissions by using organic materials that
absorb carbon as they grow.

v Sustainability: Using resources in a way that does not harm the environment or exhaust them for future
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generations. Sustainable practices in bioenergy focus on using organic waste or fast-growing plants to ensure

resources remain available long-term.

Biomass refers to organic materials, like wood, agricultural crops, and waste, that can be used as fuel to create
energy. This process is called bioenergy, and it’s a renewable form of energy because these natural materials can
regrow or be replenished over time. Unlike fossil fuels, which take millions of years to form, biomass resources
are part of a faster natural cycle. When plants grow, they absorb carbon dioxide from the atmosphere, storing it
in their stems, leaves, and roots. When we use these plants or organic waste for energy, the carbon is released
back into the atmosphere, but it can be reabsorbed by new plant growth, creating a balanced cycle (U.S.
Department of Energy, 2023).

There are several types of biomass that can be converted into bioenergy. Wood is one of the oldest and most
common forms, often used in heating. Agricultural by-products, like corn stalks and rice husks, are also popular
bioenergy sources. Organic waste, including food scraps and animal manure, can be processed to create biogas,
a type of renewable gas that can power homes and industries.

Using biomass for energy has important environmental benefits. It reduces our reliance on fossil fuels, which
emit high levels of carbon dioxide and contribute to global warming. Bioenergy from biomass has a smaller

carbon footprint, making it a valuable resource for sustainable energy (National Geographic Kids, 2023).

Students will explore different types of biomass materials and learn how they can be used to produce energy.
Working in small groups, they’ll examine samples like wood chips, dried leaves, and agricultural by-products to
identify common biomass sources. They will then discuss how each material might be used as fuel and consider

the environmental benefits of bioenergy. Through this activity, students will gain a hands-on understanding of

biomass and reflect on how renewable energy sources can support sustainability.
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Introduction

Start by asking students, “What types of materials can be used to make energy?” Encourage them to think
beyond traditional energy sources like coal and oil. Introduce the concept of renewable resources, explaining
that these are sources of energy that can be replenished over time. Ask, “Why is it important to find renewable
energy sources?” Guide the discussion toward the environmental benefits, such as reducing carbon emissions
and conserving natural resources for future generations. Then, introduce biomass as a renewable source of
energy. Explain that biomass includes materials from plants and animals that can be used to create energy.

Tell students that today they will explore different types of biomass and learn how each can be turned into

bioenergy.

Materials Needed

* Samples of biomass materials (e.g., dried leaves, wood chips, corn stalks)

* Diagram showing the process of energy conversion for biomass

* Handouts or worksheets for taking notes and recording observations

Steps

1. Introduce Biomass: Begin by explaining that biomass is any organic material that can be used as fuel
to produce energy. Use the diagram to show how biomass materials go through energy conversion
processes, like burning or fermentation, to release stored energy. Explain that this energy can heat
homes, produce electricity, or create renewable fuels.

2. Examine Biomass Materials: Distribute samples of biomass materials to each group, including items
like dried leaves, wood chips, and corn stalks. Have students take turns handling each material and
observing its texture, smell, and density. Ask them to write down their observations, noting the
differences between each type of biomass.

3. Discuss Energy Conversion: Explain that each biomass material can be processed in different ways to

release energy. For example:
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o Wood chips: Can be burned to produce heat and generate electricity.
o Corn stalks: Can be converted into biofuels, such as ethanol, through a process called
fermentation.
o Leaves and other plant matter: Can be used in anaerobic digestion to produce biogas, which can
then be used as fuel.
Discuss how each material, when used sustainably, can help reduce our dependence on fossil fuels and lower
greenhouse gas emissions. Encourage students to think about the pros and cons of each type of biomass
material as an energy source. Ask questions such as, “Which material seems most effective for producing

energy?” and “What might be some challenges in using these materials?”

To conclude, bring the class back together and ask reflection questions to prompt critical thinking. Examples
include:
* “What might be some challenges in using biomass for energy?” (Encourage students to consider factors
like resource availability, cost, and environmental impact.)
¢ “How does bioenergy compare to fossil fuels?” (Discuss that while bioenergy is renewable and has a
smaller carbon footprint, it still requires careful management to remain sustainable.)
e “What types of biomass materials do you think would work best as energy sources?” (Guide students

to consider efficiency, renewability, and environmental impact.)

Tip: By discussing these questions, students will gain a deeper understanding of the role of biomass in renewable
energy and reflect on the benefits and challenges of bioenergy. This hands-on investigation will help them
appreciate the importance of sustainable energy solutions.
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For this activity, students will conduct a simple observational study on potential biomass resources in their local

environment. Have them explore the area around the school or their neighborhood to identify materials that

could serve as bioenergy sources. They might observe plant material, such as fallen leaves, branches, and grass

clippings, or consider agricultural waste, like corn stalks or straw, if available nearby.

Students can create a chart to record each material they find, noting where it was observed, its availability, and

any potential advantages or limitations. For example, they might list leaves as plentiful but seasonal, or wood

chips as useful but requiring processing to become energy-efficient. This activity will help students understand

local resources and consider how biomass could be a sustainable energy solution in their community.

To help students connect what they’ve learned to real-world applications, use the following questions to prompt

discussion:

1.

“How does bioenergy help reduce pollution?”

o Encourage students to think about how burning biomass releases less carbon dioxide than fossil

fuels and how using organic waste for energy can reduce the amount of waste in landfills.
“What are the benefits of using renewable resources like biomass over fossil fuels?”

o Guide students to consider how renewable resources can be replenished over time, making
them more sustainable. Discuss how biomass, as a renewable source, helps conserve finite
resources like coal and oil and reduces environmental impact.

“What might be some drawbacks of bioenergy?”

o Ask students to reflect on potential challenges, such as the need for large amounts of biomass
to generate substantial energy, land use for growing biofuel crops, and the need for careful
management to avoid overharvesting natural resources.

“How might bioenergy be used in our community?”
o Prompt students to think about ways their local area could benefit from bioenergy, like using

agricultural waste from nearby farms, or plant material from parks, as fuel sources.
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Tip: These questions encourage students to think critically about both the benefits and limitations of bioenergy,
connecting classroom learning to real-world energy and environmental issues.

This lesson aligns with the following NGSS standards, focusing on energy, renewable resources, and
environmental impact:

* NGSS MS-PS3-4: Plan and conduct an investigation to determine the relationships among energy
transferred, the type of matter, and mass, which is applied here as students explore how biomass
materials store and release energy in different forms.

* NGSS MS-ESS3-3: Apply scientific principles to design a method for monitoring and minimizing human
impact on the environment. This standard is reflected as students discuss bioenergy’s role in reducing
pollution and explore ways biomass can serve as a sustainable alternative to fossil fuels.

* NGSS MS-ESS3-4: Construct an argument supported by evidence for how increases in human population
and consumption of natural resources impact Earth’s systems. Students engage with this standard by
examining how renewable biomass energy can reduce environmental strain and support sustainable

practices.

Tip: These standards encourage students to apply scientific principles, conduct investigations, and engage in
discussions that connect renewable energy concepts to broader environmental issues.

1. Research Project on Global Bioenergy Use: Assign students a mini-research project where they
investigate how bioenergy is used in different countries. For example, they could explore how Sweden
uses wood pellets for heating or how Brazil produces bioethanol from sugarcane. Students can create
posters or slides to present their findings, focusing on the types of biomass used, energy production
methods, and environmental impacts. This extension allows students to see the global reach and varied
applications of bioenergy.

2. Pros and Cons of Bioenergy Presentation: Have students work in small groups to research and present

the advantages and disadvantages of bioenergy. Encourage them to think critically about issues like
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resource availability, environmental impact, and energy efficiency. They could use charts or diagrams to
illustrate their points, concluding with suggestions on how bioenergy can be used responsibly.

3. Bioenergy in Local Industry: Students could investigate how bioenergy is used in specific industries,
such as paper manufacturing or agriculture, in their own country or region. This activity could include
interviewing professionals or reading case studies, helping students understand bioenergy’s practical

applications in everyday industries.

Tip: These extensions deepen students’ understanding of bioenergy and encourage them to explore real-world
applications and perspectives.

1. Short Quiz on Bioenergy Vocabulary and Concepts: Give students a brief quiz covering key terms like
biomass, bioenergy, renewable resource, and sustainability. Include questions about how biomass is
converted into energy and its environmental benefits. This quiz will assess their grasp of foundational
concepts.

2. Reflection Essay on Renewable Energy Benefits: Ask students to write a one-paragraph reflection on the
benefits of using renewable resources like biomass over fossil fuels. They should explain why bioenergy
is sustainable and how it can reduce pollution and conserve natural resources. This essay encourages
students to articulate the importance of renewable energy in their own words.

3. Group Presentation on Biomass Materials: Have students work in groups to present their findings
on various biomass materials, such as wood, agricultural by-products, or organic waste. They should
discuss each material’s potential for energy production and any challenges associated with its use. This
collaborative presentation allows students to showcase their understanding and engage with different

perspectives on bioenergy.

Tip: These assessment options provide a mix of individual and group activities, encouraging both comprehension
and critical thinking about bioenergy.
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on bioenergy, detailing different types of biomass and their uses in energy production. Visit U.S.
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Tip: These resources provide engaging, age-appropriate content to support learning about biomass and
bioenergy.
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