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Unit Overview
Unit Length

Brief Description

Five lessons of varying length

This five lesson unit with a laboratory for grades nine through twelve
promotes the development of STEM abilities and critical thinking
skills, while fostering an appreciation for energy and its importance to
food production. The new curriculum includes inquiry-based labs and
real life challenges for students to understand energy sources and their
implications.

Objectives
At the conclusion of this unit,
students will be able to:
`` Explain how energy is
generated and distributed.

In the first lesson, Energy Flow students discover how energy is
generated and distributed. This information is essential in the second
lesson, Commodity Trace-back as students explore energy use in the
food production system. In this lesson students investigate a specific
commodity and the forms of energy used to produce the product
from farm to table. The third lesson, Renewable Energy Comparison and
Analysis provides knowledge and student analysis about the forms of
renewable energy. An in depth investigation of one renewable energy
source is evaluated in the Lab Investigation: Bio Diesel lab as students
determine the amount of energy released through the burning of bio
diesel. Finally in the Farming with Renewable Energy lesson, students
create renewable energy plans by analyzing farm case studies to
evaluate the best use of renewable energy on real farms. These lessons
can be used separately or together and may be taught in any order.

`` Develop a model demonstrating the flow of energy from
generation to use.
`` Describe the domestic food
supply chain.
`` Identify the use and types
of energy involved in the
growth, harvest, processing,
transportation and marketing
of an agricultural commodity.
`` Describe the benefits and
drawbacks of renewable
energy.

California Standards
A concerted effort to improve student achievement in all areas has
impacted education throughout California. California Foundation
for Agriculture in the Classroom provides educators with numerous
resource materials and lessons that can be used to teach and reinforce
the standards for California Public Schools, Common Core State
Standards, the Next Generation Science Standards, and the Agriculture
Industry Sector of the California Career Technical Education Model
Curriculum Standards. The lessons encourage students to think for
themselves, ask questions, and learn problem-solving skills while
learning the specific content needed to better understand the world in
which they live.

`` Analyze data comparing
different forms of renewable
energy, drawing conclusions
about cost and feasibility
of each type under variable
circumstances.
`` Determine the amount of
energy released from biodiesel
through a laboratory exercise.
`` Compare the energy released
from biodiesel to other energy
sources.

This unit includes lessons that can be used to teach and reinforce
many of the educational standards covered in grades nine through
twelve. The purpose of the unit is to strengthen Common Core skills
while introducing students to careers in sustainable energy. Detailed
information on the alignment of each lesson with California standards
is provided on page 47.

`` Evaluate the renewable
energy strategies of individual
farms by examining real-life
case studies.
www.LearnAboutAg.org
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Energy Flow
Learning Objectives

Introduction (10 minutes)

At the conclusion of this lesson,
students will be able to:

Plugged In:
`` As students enter the class, challenge them to silently think of five
things they do each day that require energy. When they have five
things in mind, they are to hold up a hand showing five fingers.
(PPT 2)

`` Explain how energy is
generated.
`` Explain how energy is
distributed.

`` Draw a circle on the board or a large piece of paper with hash
mark for hours, as if looking at the face of a clock.

`` Develop a model demonstrating the flow of energy from
generation to use.

`` Without moving students, split the room into two teams, the
“Midnight to 11:59 a.m.” team and the “Noon to 11:59 p.m.”
team. Ask each team to send up a volunteer to capture notes on
the board.

Time
50 minutes, plus homework

`` In a fast-paced, race environment, challenge teams to share things
they do each day that require energy for their team’s time frame
only. As teams shout out ideas, the volunteer from their team will
capture the answers on the board. The team with the most items
written at the end of 1 minute wins.

Materials
`` Energy Transmission Cards
(1 set per group of 3-5
students)

`` Ask students to look at the lists generated. Ask students to
share any conclusions they can draw from this visual. Listen for
observations such as, “There are certain times in the day when we
use more energy.” or “We use energy all day!”

`` Note paper
`` 3x5 index cards (1 per
student)

`` Preview the lesson by sharing with students that energy is
something we depend on every day. Energy is amazing, because
it is never created or destroyed. It also cannot be stored in large
quantities, so it must be harnessed/generated when it is needed.
By the time students leave class, they will know how energy is
made and how it gets to their homes. (PPT 3)

`` Take-home craft supplies
(Optional. If you have
students who may not
have supplies at home, you
may wish to lend common
supplies such as glue or
scissors, or make your room
available for after/before
school work time.)

Objective 1 (15 minutes)
Explain How Energy Is Generated:

`` Access to YouTube,
computer, projector and
speakers

Every time we plug something into an outlet, fuel our car or flip a
switch, we are using energy. But where does that energy come from?

`` PowerPoint file:
Energy Flow.pptx can be
downloaded from www.
LearnAboutAg.org/energy.
www.LearnAboutAg.org
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`` Using PowerPoint, display the Top Ten slide (PPT 4)
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Energy Flow
Careers

`` Introduce a game called “Top Ten.” Teams will review a list of 10
energy sources and race to put them in order of use in the United
States. The energy source that is used the most should be at the
top of the list. Teams will earn points for each answer that is in
the correct order.

`` Agricultural Engineers apply
basic science and engineering
principles as they design
solutions to engineering
problems in agricultural
production.

`` Divide the class into teams of 3-5 students each. Give each team
2 minutes to quietly review the sources of energy and rank them.

`` Physicists investigate motion
and gravity, the behavior
of gases, the structure and
behavior of matter, the
generation and transfer of
energy, and the interaction
between matter and energy.

`` Using PowerPoint, display the Top Ten Ranked slide (PPT 5) to
show the correct order and have teams calculate scores. Celebrate
the winning teams.
U.S. Energy Consumption by Energy Source, 2012 i
1. Petroleum, 36% (20 points)
2. Natural Gas, 27% (18 points)

`` Journeyman Linemen build
and maintain electrical power
systems.

3. Coal, 18% (15 points)
4. Nuclear, 8% (10 points)

California Standards

5. Hydropower,2.7%(9 points)

Common Core English
Language Arts

6. Biomass/Biofuels, 2.43% (8 points)
7. Wood, 1.98% (7 points)

`` SL.9-12.5

8. Wind, 1.35% (6 points)

`` WHST.9-12.9

9. Geothermal, 0.27% (5 points)
10. Solar 0.18% (4 points)

Next Generation Science
Standards

`` Ask students to share observations about the list. Listen for
observations about petroleum, which is high because of use in
vehicles. Or observations about renewables, which make up just 9%
of the total energy use.

`` HS-PS3.B
`` HS-PS3-3

`` Clarify that energy is often generated in one form (i.e., wind) and
converted into another form (i.e., electrical).

Career Technical Education:
Agriculture and Natural
Resources

Objective 2 (15 minutes)

`` C2.0, C2.1, C2.2, C2.3, C2.4,
C2.5

Explain How Energy Is Distributed:
`` One of the challenges of producing energy, just like producing
our food, is that energy is often harnessed (generated) in a
place other than where it is used. Energy, like food, must be
transmitted/distributed.

www.LearnAboutAg.org
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Energy Flow
Transmission Card Challenge:
`` Break students into groups of 3-5.
`` Each group will receive a set of energy transmission cards.
Groups will have four minutes to review their cards and place
them in order from the generation plant to the end user at
home.
`` Give each team a set of energy transmission cards.
`` After teams have attempted to place cards in order, ask
volunteers to share and defend why they placed the cards in this
order. Listen for their rationale. The objective of this exercise
is not accurate placement, but building awareness of the many
factors that affect energy production and transmission.
`` When sufficient volunteers have shared, reveal the correct
placement and rationale using PowerPoint. (PPT 6)
`` During this review, have students draw each component of
energy transmission resulting in a pictorial flow chart.

Objective 3 (3 minutes)
Energy Transmission Process:
`` Using PowerPoint, introduce the homework assignment.
`` Students are to create a mini-model of the energy transmission
process which fits on the face of a single 3x5” index card.
`` The mini-model must include the six major steps in energy
transmission:
`` Power Plant (generation)
`` Transformer: steps up voltage to allow energy to travel long
distance
`` Transmission Line: Carries electricity long distances
`` Neighborhood Transformer: Steps down voltage so it can
travel shorter distance
`` Pole Transformer: Steps down voltage before entering the
home
`` Distribution Line: Carries electricity to homes
`` Mini-models must have a three-dimensional component.

www.LearnAboutAg.org
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Energy Flow
`` Students will be expected to share the process of energy
transmission using their model when they return.

Conclusion (7 minutes)
`` If access to YouTube is available, play “Energy 101:
Electricity Generation” (5:18) https://www.youtube.com/
watch?v=20Vb6hlLQSg
`` Challenge students to observe how energy is used and
transmitted throughout the rest of the day.
`` Preview Lesson 2: In Lesson 2, students will explore energy use
in the food production system.

Extension Activity/Career Tie-in
Students will tour a local Energy Source such as PG&E, for example.
While touring, challenge students to think back to the Energy Flow
Transmission Cards and identify the six key components to energy
transfer. After touring, students will speak with a Journeyman
Lineman, and discuss possible career opportunities in the field.

U.S. energy consumption by energy source, 2012. (2012, January 1). Retrieved October 14,
2014, from http://www.eia.gov/

i

Graphics reproduced with permission by National Energy Education Development Project. For
more information, visit www.NEED.org.
www.LearnAboutAg.org
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Energy & Agriculture • High School • Educator’s Guide • LESSON 1: Energy Flow

Flow
Resource:Energy
Transmission
Cards
Print and cut out 1 set per group of 3-5 students.

Resource: Transmission Cards

Print and cut out 1 set per group of 3-5 students.

Transformer on pole
Neighborhood

Answer Key:

(1) Power
Answer
Key:Plant (2) Transformer (3) Transmission Line (4) Neighborhood Transformer
Transformer
Pole (6) Distribution
Line
(1) (5)
Power
Plant (2)on
Transformer
(3) Transmission
Line (4) Neighborhood Transformer
(5) Transformer on Pole (6) Distribution Line

1 U.S. energy consumption by energy source, 2012. (2012, January 1). Retrieved October 14, 2014, from http://www.eia.gov/

www.LearnAboutAg.org
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Commodity Trace-back
Learning Objectives

Review from Previous Lesson

At the conclusion of this lesson,
students will be able to:
`` Describe the domestic food
supply chain.

If you are completing the entire unit, begin with this exercise.
`` In Lesson 1, students discovered the primary sources of energy in
the United States and how energy is transmitted from generation
facilities to homes.

`` Identify the use and types
of energy involved in the
growth, harvest, processing,
transportation and marketing
of an agricultural commodity.

`` In pairs or triads, have students share their mini-models and talk
through the process of transmission.

Introduction(10 minutes)
The Backwards Egg:

Time

`` Organize students into groups of 3-5 and distribute one
hardboiled or plastic egg to each group.

50 minutes

`` Have students place the egg in the center of their notepaper
and create a mind web around the egg, brainstorming all of the
points where energy was used to produce it. If students have
trouble starting this activity, provide them with a few of the
items in the example list below. Ask them to place these items
on the mind web and continue brainstorming.

Materials
`` Hardboiled or plastic eggs (1
per group of 3-5 students)
`` Note paper (1 per group of
3-5 students)

`` Have students think backward first. How has energy been used
to produce this egg and get it here? (PPT 3)

`` Computer lab access (1
computer per group of 3-5
students)

Example list:
`` Egg

`` Energy in the Food Chain
Handout (1 per student)

`` Refrigeration at grocery store

`` PowerPoint file:
Commodity Trace Back.pptx
can be downloaded from
www.LearnAboutAg.org/energy.

`` Transportation of eggs

`` Grocery store employee stocking shelves
`` Cleaning and packaging egg
`` Chicken
`` Feeding the chicken

Careers

`` Housing and lighting, cooling, heating
`` Water for chicken/energy to pump water

`` Animal Nutritionists
formulate diets for food,
companion and zoo
animals.

`` Delivering feed for chicken
`` Growing feed for chicken
`` Sun

`` Agricultural Economists
use communication,
www.LearnAboutAg.org

`` Then ask students to think forward. How will energy be used
with this egg, before it is consumed?
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Commodity Trace-back
analytical, and business
skills to find success
in sales, marketing,
management, and
finance careers.

Example list:
`` Refrigeration
`` Mixer
`` Electrical or gas stove

`` Farmers/Ranchers are
producers of food.

Back and Forth:

California Standards

`` After groups have completed their mind webs, ask groups to
share by playing “Back and Forth.”

Common Core English
Language Arts

`` One group starts by saying the first item on their list.
`` The next group shares one of their energy inputs without
repeating.

`` RST.9-10.1
`` RST.11-12.1

`` Write energy inputs on the board as each group shares them.

`` SL.9-12.5

`` Continue calling on groups around the room until groups have
shared all they can. The group that adds the last energy input to
the list wins!

`` WHST.9-12.9

Next Generation Science
Standards

Objective 1 (5 minutes)

`` HS-ESS3-3

Describe the domestic food supply chain.

`` HS-PS3.A

The Chain:

`` HS-PS3.B

`` All food products go through a similar path from producer to
consumer.

`` HS-PS3.D
`` HS-PS3-3

`` Using Power Point (PPT 4) introduce the domestic food supply
chain i:

Career Technical Education:
Agriculture and Natural
Resources

1.
2.
3.
4.
5.
6.

Farm production
Food processing and brand marketing (processing)
Food and ingredient packaging (packaging)
Freight services (transportation)
Wholesale and retail trade and marketing services
Away-from-home food and marketing services (food
service)
7. Household food services (households)

`` C2.4, C2.5, C3.0, C3.1, C8.0,
C8.1, C8.2

The Value of the Chain:
`` Ask students to consider how food preparation has changed in
the past 100 years. Ask volunteers to share.
www.LearnAboutAg.org
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Commodity Trace-back
`` Background: Research was conducted on adults between
ages 18 and 64. The study found that time per day spent
cooking at home dropped from 65 to 31 minutes per
day between 1965 and 1995. People spend less time
preparing food at home now, because we have access to
“convenience foods” — foods that are ready to go right out
of the package. This means that, while there is less energy
spent at home preparing meals, more energy is spent by
manufacturers who are preparing convenience foods. i
`` Ask students why they think it might be valuable to look at
energy use in the food supply chain. Listen for observations
that reference the cost of energy or the environmental impact of
energy used at each step.

Objective 2 (30 minutes)
Identify the use and types of energy involved in the growth, harvest,
processing, transportation and marketing of an agricultural commodity.

Commodity Investigation:
`` You may wish to do the next activity with groups or individual
students.
`` Assign a commodity to each group (or individual student).
Possible commodities include corn, soybeans, rice, potatoes,
oranges, grapes, strawberries, steak, apple, flour, milk and so
on.
`` Give each student one “Energy in the Food Chain” handout.
`` Using PowerPoint (Slide 5), remind students that there are
multiple types of energy. ii

www.LearnAboutAg.org

15

© California Foundation for Agriculture in the Classroom • 2015

Commodity Trace-back
Potential Energy: Stored energy
and energy of potential

Kinetic Energy: the motion
of waves, electrons, atoms,
molecules, substances and
objects

Chemical Energy: Stored in
bonds of atoms and molecules.
Ex: batteries, petroleum, natural
gas, coal

Radiant Energy: Energy that
travels in transverse waves. Ex:
sunlight, x-rays, radio wave

Mechanical energy: Stored in
the tension between objects. Ex:
compressed springs, stretched
bands
Nuclear Energy: Stored in
the nucleus of an atom and
generated at nuclear power
plants.
Gravitational Energy: Stored
in an object’s height. Ex:
hydropower, moving objects
down a hill

Thermal Energy: Heat energy
from the movement of atoms.
Ex: energy from fire
Motion Energy: Energy that
is stored in the movement of
objects. Ex: A wrecking ball
releasing stored energy as it
breaks a building.
Sound: Energy that travels in
longitudinal waves.
Electrical Energy: Energy
from charged electrons moving
through a wire or space. Ex:
electrical outlet in home,
lightening

`` Instruct groups to research the energy involved in each step of
producing their assigned commodity and the type of energy
used. Groups should address the following questions as they
complete their “Energy in the Food Chain” handout.
`` Where is this commodity primarily grown/raised? What
energy is used?
`` When is it planted/harvested? What energy is used?
`` How is it planted/harvested? What energy is used?
`` How is the raw product commonly processed and/or
packaged? What energy is used?

Canning, P., Charles, A., Huang, S., Polenske, K., & Waters, A. (2010). Energy Use in the
U.S. Food System. USDA Economic Research Service, 94, 3-5. Retrieved October 15, 2014,
from http://www.ers.usda.gov/media/136418/err94_1_.pdf

i

Forms of Energy. (n.d.). Retrieved October 15, 2014, from http://www.eia.gov/KIDS/energy.
cfm?page=about_forms_of_energy-basics
ii

www.LearnAboutAg.org
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Commodity Trace-back
`` Optional enrichment: If time allows, you may wish to have
groups create a diagram mapping the flow of energy for their
commodity.

Conclusion (5 minutes)
`` Almost everything takes energy, and our food production
system is no exception! To maintain a stable food supply, it is
important to have a variety of energy sources available for these
activities that feed, clothe and house us.
`` Challenge students to mentally walk through the same
questions they responded to on their handout with another food
item they consume throughout the day.
`` Preview Lesson 3: In the next lesson, we will explore various
forms of renewable energy.

Extension Activity/Career Tie-in
Using PowerPoint Slide 5:
`` Assign a livestock commodity to each group (or individual
student). Possible commodities include hogs, cattle, sheep or
goats.
`` Students will put themselves into the mindset of an Animal
Nutritionist. Through research, students will design a sack feed
for the commodity of choice looking at all aspects of producing
that feed (soil preparation, planting, harvest, etc.). In their
research, they are to look at the energy involved in each step of
producing that commodity and the type of energy.
Conclusion
`` Challenge students to mentally walk through the processes of
creating a sack feed. As an animal nutritionist, what are some
of the key factors that go into creating a balanced feed ration?
Extension
`` Students will research the career industry in regards to Animal
Nutrition and answer the following questions using a diagram.
1. Job Description
2. Years Of Schooling and Major
3. Annual Income
www.LearnAboutAg.org
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Commodity Trace-back
Resource: Energy in the Food Chain Handout
Name:____________________________________________ Date:_______________ Class Period:__________
Energy in the Food Chain
Potential Energy: Stored energy and energy of
potential

Kinetic Energy: the motion of waves, electrons, atoms,
molecules, substances and objects

Chemical Energy: Stored in bonds of atoms and
molecules. Ex: batteries, petroleum, natural gas,
coal

Radiant Energy: Energy that travels in transverse waves. Ex:
sunlight, x-rays, radio wave
Thermal Energy: Heat energy from the movement of atoms.
Ex: energy from fire

Mechanical energy: Stored in the tension between
objects. Ex: compressed springs, stretched bands

Motion Energy: Energy that is stored in the movement of
objects. Ex: A wrecking ball releasing stored energy as it breaks
a building.

Nuclear Energy: Stored in the nucleus of an atom
and generated at nuclear power plants.
Gravitational Energy: Stored in an object’s height.
Ex: hydropower, moving objects down a hill

Sound: Energy that travels in longitudinal waves.
Electrical Energy: Energy from charged electrons moving
through a wire or space. Ex: electrical outlet in home, lightening

Commodity:________________________________
Where in the United States is this item grown/raised?

What form of energy is used to produce it?

When is it planted/harvested?

What form of energy is used?

How is it planted/harvested?

What form of energy is used?

How is the raw product commonly processed and/or packaged?

What form of energy is used?

www.LearnAboutAg.org
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Renewable Energy
Comparison and Analysis
Learning Objectives

Review from Previous Lesson

At the conclusion of this lesson,
students will be able to:

If you are completing the entire unit, begin with this exercise.
`` In Lesson 2, students identified the food supply chain and identified
energy inputs through the food supply process.

`` Describe the benefits and
drawbacks of renewable
energy.

Ask students to turn to a partner and share about a food item they ate
the previous day and identify 2 points of energy input with that food
item.

`` Analyze data comparing
different forms of renewable
energy, drawing conclusions
about cost and feasibility
of each type under variable
circumstances.

Introduction (5 minutes)
Gummy Bear Power:
`` Immediately after students arrive to class, present them with a
physical challenge. For example, you may challenge them to a 60
second wall sit, 20 jumping jacks, jogging in place for 30 seconds
or rubbing their hands together as fast as they can to release
energy. Consider physical limitations of students when selecting
an activity.

Time
50 minutes

Materials
`` Gummy bears (1 per student)

`` After students have completed the first challenge, ask them how
long they think they could repeat the activity. Let students know
they’ll have one more chance to complete the challenge, but
before they do, give each one a gummy bear to eat.

`` Role Play Resource Cards
(1 set per group of 5 students)
`` Paper (graph paper is best,
but not essential)

`` Have students complete the physical challenge a second time and
then return to their seats.

`` PowerPoint file:
Renewable Energy.pptx can
be downloaded from www.
LearnAboutAg.org/energy.

`` Preview the lesson: Our physical energy is renewable! While a
gummy bear isn’t the healthiest food, the sugar provides quick
energy for our bodies. Eating nutritious food, getting rest and
drinking water help our energy continually replenish. But all
energy is not the same. Some of the energy sources we use are
non-renewable; they cannot naturally regenerate. Other energy
sources are renewable — they can be replenished over and over
again. Today, we will explore the pros and cons of renewable
energy sources.

`` Supporting background
resources:
`` National Energy
Education Development
Project (NEED.org):
Secondary Energy
Infobook 2013-2014
`` U.S. Energy Information
Administration (www.
eia.gov); energy KIDS
Renewable Energy
www.LearnAboutAg.org
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Renewable Energy
Comparison and Analysis
Objective 1 (20 minutes)

Sources
`` Energy 101 on YouTube

Describe the benefits and drawbacks of renewable energy.

Careers

Role Play Resource Cards:

`` Ecologists ask scientific
questions about the
relationships between
organisms and their
environment.

`` In this activity, students will each receive a card with a renewable
resource. The card will include a description, as well as pros and
cons for using the resource.
`` Students will review their card and assume the role of an expert
for their form of renewable energy (i.e.,a solar equipment dealer
would discuss reasons why this resource may or may not be the
best fit for a given situation).

`` Hydrologists help assess
and protect our water
supplies and water quality.
`` Solar equipment dealers
sell solar panels to
businesses that want to
create energy through
photosynthesis equipment
that turns energy from the
sun into chemical energy.

`` Break students into groups of 5. Give each group 1 set of
Resource Cards.
`` Instruct students to sit in a circle, and place cards facedown in
front of them.
`` Inform students that in a moment they will each draw a card.
After reviewing the card, they will assume the role of an expert
for this renewable resource. Give students 2 minutes to review
their cards and ask questions.

California Standards
Common Core English
Language Arts

`` Once questions have been answered, pose a scenario to the group,
such as: “I am a hay farmer. I use electrical pumps to irrigate
5,000 acres of hay. I need to cut the cost of running my pump.
What should I do?” You may wish to use PowerPoint. (PPT 03)

`` RST.9-10.1
`` RST.11-12.1
`` RST.11-12.8

`` Challenge groups to debate, within their group, the best solution
for this scenario. Allow students 3-4 minutes to debate. When
time is up, ask teams to share the solution they came to.
Important note: The solution is less important than the “why.”
We are not looking for a right or wrong answer, but rather a
thought process and ability to defend why a certain resource was
selected.

Next Generation Science
Standards
`` HS-ESS3-2

Career Technical Education:
Agriculture and Natural
Resources

`` Repeat this process using 2-3 of the following scenarios, or create
your own!
`` “I am nurseryman. I have to heat and cool my greenhouses
throughout the year to make sure my plants have the ideal
growing conditions. What can I do?”

`` C2.3, C2.4

www.LearnAboutAg.org
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Renewable Energy
Comparison and Analysis
`` “I am a vegetable processor. We sort, slice and bag carrots.
We use water to transport carrots in man-made rivers
around the factory. We live in a hot sunny environment.”
`` “I am a cattle rancher. We have 1,000 head of cattle on
range-land and in a confined feeding area. We live in a cool
region with stormy winters.”
`` Using PowerPoint, review the primary sources of renewable
energy as needed. Ask students what they observed about all
forms of renewable energy. Listen for comments about the cost
of implementation or the lack of consistent energy production in
many cases. Reinforce the need for a variety of energy sources to
maintain consistent energy production.

Objective 2 (20 minutes)
Analyze data comparing different forms of renewable energy, drawing
conclusions about cost and feasibility of each type under variable
circumstances.
`` Ask students to consider the following question, “If renewable
resources are free, then why isn’t renewable energy free?” Listen
for answers that suggest there is a significant cost to collect,
process and transport the energy from these renewable resources.
`` To account for the cost of setting up renewable energy equipment
and the cost to run this equipment, economists have developed
a formula that identifies the levelized cost of energy (LCOE) for
different renewable technologies.
`` Display the following table of LCOEs using PowerPoint
(PPT 04). Students are to review the data in the table, select
an appropriate graph format to represent the data and write a
3-5 sentence statement summarizing what the data suggests.
Information is adapted from the 2014 U.S. Department of
Energy Annual Outlook.i Note: If students struggle identifying
the type of graph to use, ask them to think about the data they
are representing. Does each of the data points represent part of
a progression (line graph) or separate data points (bar graph)?
(Answer: Bar Graph) Ask students to consider what the x and y
axis labels could be by looking at the variables (plant type, cost).

www.LearnAboutAg.org
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Renewable Energy
Comparison and Analysis
U.S. Average LCOE (2012 $/MWh) for Plants Entering Service in 2019
*Including Subsidies
Plant Type

Total System LCOE

Conventional Coal

95.6

Integrated Coal-Gasification Combined Cycle (IGCC)

115.9

Natural Gas-fired (Conventional Combined Cycle)

66.3

Natural Gas-fired (Advanced Combustion Turbine)

103.8

Advanced Nuclear*

86.1

Geothermal*

44.5

Biomass

102.6

Wind

80.3

Wind-Offshore

204.1

Solar PV*

118.6

Solar Thermal*

223.6

Hydroelectric

84.5

`` You may wish to have students work independently or in pairs to
complete this task.
`` After students have completed their graphs and explanatory
statements, ask students to voluntarily share. Collect and display
work.

Extension (Optional)
Have students research renewable energy options in their community.
Students should report back on the options available and relative cost.

Conclusion (5 minutes)
`` Poll students to see if/how their perceptions of renewable energy
have been altered by the discussion and lecture.
`` Preview Lesson 4: In the next lesson, we will conduct an
experiment to test biodiesel and petroleum diesel.
Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual
Energy Outlook 2014. (2014). US Energy Information Association. Retrieved October 1, 2014,
from http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf

i

YOUR GUIDE TO RENEWABLE ENERGY. (n.d.). Retrieved October 16, 2014, from http://
www.renewable-energysources.com/
ii
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Renewable Energy
Comparison and Analysis
Resource: Role Play Resource Cardsii
Solar Energy
What: Just like plants use the sun to create energy through photosynthesis, equipment can turn the energy
from the sun into chemical energy.
Why we Like it:
`` Highly renewable—The sun is always shining somewhere in the world!
`` A low level of solar energy can be generated even on cloudy days.
`` Solar panels do not produce any pollution.
Considerations:
`` Sunlight is not constant. The amount of energy generated is highly impacted by the amount of
sunlight.
`` Solar energy cannot be stored, unless in extremely large batteries.
`` Requires space.
`` Unless used solely for heating water, solar energy should be supported by a more consistent source
of energy.

Wind Energy
What: Wind energy is kinetic energy that can be harnessed by wind turbines and used to create
electricity.
Why we Like it:

`` There is an endless supply of wind – it is highly renewable.
`` No greenhouse gasses or pollutants are released when converting wind energy to electricity.
Considerations:
`` Setup costs are extremely high.
`` Wind varies depending on where you live.
`` Wind varies from day to day.
`` Concern that wind turbines can have a negative impact on bats and birds.
`` Often the best areas for wind turbines are far from areas that need electricity, so energy must be
transported.

www.LearnAboutAg.org
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Renewable Energy
Comparison and Analysis
Biomass Energy
What: Biomass energy is anything that was once living, which can be used as fuel. Burning a log is the
simplest form. Alcohol is a more complex form.
Why we Like it:
`` Renewable
`` Easily used to heat homes and even power vehicles.
`` Waste, such as leftover oils, can be converted to biodiesel and other usable forms of energy.
`` Can improve forest health by using material, such as fallen trees or limbs, to create energy. These
would be waste products if not used!
Considerations:
`` Facilities should be placed near the fuel source to minimize transportation impact.

Geothermal Energy
What: Geothermal energy refers to the natural, internal heat in the earth. It is mainly used to produce
electricity or heat.
Why we Like it:
`` Renewable because it uses steam or water
`` Does not rely on fossil fuels
`` Low maintenance cost
Considerations:
`` Setup costs are very high.

Hydropower
What: Hydropower is energy harnessed from the kinetic energy of moving water.
Why we Like it:
`` Renewable – There are many places on earth with moving water!
`` Minimal pollution is released.
`` Technology is extremely efficient.
`` Can be used on a very small or very large scale
Considerations:
`` A lot of land is needed for water reservoirs.
`` Hydropower is affected by rainfall.
www.LearnAboutAg.org
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Lab Investigation: Biodiesel
Learning Objectives

Review from Previous Lesson

At the conclusion of this lesson,
students will be able to:

If you are completing the entire unit, begin with this exercise.
`` In the previous lesson, students evaluated renewable energy sources and
analyzed data comparing cost.

`` Determine the amount of
energy released from biodiesel
through a laboratory exercise.

`` Ask students to identify one “a-ha!” moment they had in the last class,
when they learned something new. Have students share with a partner and
then ask for volunteers to share.

`` Compare the energy released
from biodiesel to other energy
sources.

*Note: This lab may take longer for students who are less comfortable in a hands-on lab
setting. Allow for time to fully discuss results of lab experiment.

Time

Introduction (5 minutes)

50 minutes

`` Ask students to recall what energy source is used the most in the
United States (Introduced in Lesson 1).

Materials
`` 12-oz empty, clean aluminum
soft drink can with pull tab (1
per lab group)

`` Set context: Petroleum alone makes up 36% of U.S. energy
consumption.i What is petroleum primarily used for?
Transportation! Gasoline, diesel fuel, heating oil and jet fuel all
come from petroleum, which is refined from crude oil. Farmers
and ranchers rely on petroleum to fuel tractors and other
equipment, which is a major expense in the food production
process. In 2013, the United States consumed an average of
18.89 million barrels of crude oil each day. That’s more than 793
million gallons— enough oil to fill more than 44,000 swimming
pools every day. (PPT 03)ii

`` Ring stand and ring (1 per lab
group)
`` Thermometer (1 per lab group)
`` Stir rod (1 per lab group)
`` Matches (1 per lab group)
`` Balance (1 per lab group)

`` Crude oil is not considered renewable because it takes so long to
replenish. So how does renewable fuel, like biodiesel, compare to
petroleum diesel?

`` Tea light candle with metal cup
and wick (2 per lab group)
`` Watch glass (1 per lab group)

`` Preview lesson: In this lab, students will compare the effectiveness
of biodiesel and petroleum diesel.

`` 5 ml biodiesel, purchased from
a local gas station (1 per lab
group)

Objective 1 and 2 (40 minutes)

`` 5 ml petroleum diesel, purchased
from a local gas station (1 per
lab group)

Biodiesel Lab (PPT 04):
`` Review safety procedures with class. DO NOT use burners with
this exercise, due to the flammability of the fuel being tested.
Maintain control of matches used in exercise.

`` Dropper or plastic pipette
`` Lab sheet (1 per lab group)

www.LearnAboutAg.org
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Lab Investigation: Biodiesel
`` Break students into lab groups.

`` Cat litter or spill cleanup sand
`` PowerPoint file:
Biodiesel Lab.pptx can be
downloaded from www.
LearnAboutAg.org/energy.

`` Distribute lab sheet, which contains step-by-step directions. Lab
procedure is adapted and reprinted with permission from Energy
Foundations for High School Chemistry, Copyright © 2013,
American Chemical Society.

Careers
Conclusion (5 minutes)

`` Biological Engineers a new,
rapidly developing discipline
that uses scientific principles
involving the life sciences to
create products and processes
to meet human needs in a
profitable, effective manner.

`` Collect lab sheets or have students complete as homework and
submit the following day.
`` Ask students to momentarily assume the role of a Farm Advisor.
Considering what you know now, what advice would you give to
farmers who are interested in using biodiesel? Why? Students can
respond by journal writing or discussing.

`` Food Processor Engineers
research and develop new and
existing products and processes.

`` Optional Extension: Have students create a sales poster for
biofuel that appeals to farmers. Students should consider all
information farmers would need to know in order to make a
decision to purchase biofuel.

`` Fuel Delivery Drivers deliver
fuel from the manufacturer to
the retailer/customer.

California Standards

`` Preview Lesson 5: In the next lesson, we will discover real farms
using renewable energy!

Common Core English
Language Arts
`` RST.9-10.1
`` RST.11-12.1

Additional Resources:

`` WHST.9-10.8

`` This lab was adapted from “Energy Foundations for High School
Chemistry,”a project of the American Chemical Society Education
Division made possible by funding from BP. http://highschoolenergy.acs.
org/Check out this resource for more information and great labs for
learning.
`` For additional biofuel information, visit http://www.agmrc.org/
renewable_energy/

`` WHST.9-12.7
`` WHST.9-12.9
`` WHST.11-12.8

Next Generation Science
Standards
`` HS-PS3-4

Career Technical Education:
Agriculture and Natural
Resources

U.S. energy consumption by energy source, 2012. (2012, January 1). Retrieved October 14,
2014, from http://www.eia.gov/
i

`` E1.4, E1.5

www.LearnAboutAg.org

FAQ - How Much Oil is Used in the United States? (2014, May 13). Retrieved October 16,
2014, from http://www.eia.gov/tools/faqs/faq.cfm?id=33&t=6
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Lab Investigation: Biodiesel
Resource: Lab Sheet
Fueling up with Biodiesel
How does renewable fuel stack up to petroleum diesel?
Procedure adapted and reprinted with permission from Energy Foundations for High School Chemistry,
Copyright © 2013, American Chemical Society.

Procedure
1. Set up test apparatus.
a. Bend up the pull-tab of an empty, clean aluminum soft drink can.
b. Slide a glass stir rod through the top hole of the pull tab.
c. Hold the glass stir rod horizontally and set it on a ring attached to a ring stand so the aluminum can
is suspended underneath it.
d. Raise or lower the ring stand so the bottom of the can is about 2cm above the wick of the metal
sample cup (tea candle).
2. Prepare the sample of biodiesel.
a. Take a tea light candle in a metal cup. Remove the candle from the cup.
b. Remove the metal circle and its attached wick from the bottom of the candle.
c. Set the candle aside. Place the metal circle and its attached wick back in the metal cup, so the wick
stands upright.
d. Place 5ml of biodiesel sample in the metal cup using a dropper or plastic pipette.
3. Record initial observations.
a. Measure and record the initial weight of the biodiesel with the cup and wick.
b. Record observations of the sample’s color, odor, viscosity, etc.
4. Weigh 100 g of cold water, recording the weight to the nearest gram. Pour the water into the soft drink
can. Measure and record the initial temperature of the water to the nearest degree Celsius.
5. Ignite the biodiesel sample using the wick. Once it is ignited, immediately move the metal cup
underneath the soft drink can.
6. As the water in the can heats, stir it gently. Allow the biodiesel sample to burn for ~5 min.
7. Extinguish the flame by placing a watch glass over the metal cup.
8. Measure and record the highest temperature reached by the heated water to the nearest degree Celsius.
9. Allow the metal cup and sample to cool. Measure and record the final weight of the biodiesel sample
with the cup and wick to the nearest 0.1 g.
10. Repeat steps 2-9 with a sample of petroleum diesel.
11. Safely return or dispose of fuel samples according to your teacher’s directions.

www.LearnAboutAg.org
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Lab Investigation: Biodiesel
Data Collection: What did we do?
Biodiesel

Petroleum Diesel

Initial Mass of Sample and Cup (g)
Mass of Water Sample (approximately 100g)
Initial Temperature of Water (degrees Celsius)
Highest Temperature of Water (degrees Celsius)
Final Mass of Sample and Cup (g)

Data Analysis: What can we learn?
1. Using the temperature and weight data from heating the water in the can, calculate how much thermal
energy was used to heat the water. The specific heat capacity of water is 4.18 J/(g • °C), meaning it takes
4.18 J to raise the temperature of 1 g of water by 1 °C.
2. Calculate the heat of combustion in kJ/g for the sample of biodiesel you burned. The heat of
combustion is the quantity of thermal energy given off when a certain amount of a substance burns.
Assume that all of the energy released by the burning biodiesel is absorbed by the water.

3. Petroleum diesel (from crude oil) produces 43 kJ/g of thermal energy when burned. Compare this to the
thermal energy your biodiesel and ethanol samples produced when it was burned.

4. Compare your calculated heat of combustion with those calculated by the rest of the class. What is the
class mean?

Reflection: What does this mean?
1. Would you recommend biodiesel as an alternative to petroleum diesel? Why or why not?
2. What considerations should be made when shifting cropland used for producing food crops to land for
producing crops for biodiesel?
3. What do you foresee as the future of biodiesel?

www.LearnAboutAg.org
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Lab Investigation: Biodiesel
Lab Answer Key:
Data Analysis: What can we learn?
1. Using the temperature and weight data from heating the water in the can, calculate how much thermal
energy was used to heat the water. The specific heat capacity of water is 4.18 J/(g • °C), meaning it takes
4.18 J to raise the temperature of 1 g of water by 1 °C.
Answers will vary. A sample calculation is: Data:
Mass of biodiesel burned: 3.4 g (difference between biodiesel sample, metal cup, and wick before and after burning)
Mass of water: 1.00 x 102 g water
Initial water temperature: 5 °C
Final water temperature: 67 °tC
E = mC∆T = (1.00 × 102 g)(4.18 J/(g • °C))(67 °C – 5 °C) = 26×103 J
2. Calculate the heat of combustion in kJ/g for the sample of biodiesel you burned. The heat of
combustion is the quantity of thermal energy given off when a certain amount of a substance burns.
Assume that all of the energy released by the burning biodiesel is absorbed by the water.
Answers will vary. The method of gathering data for the heat of combustion is somewhat inefficient. A sample
calculation, using the data from Analyzing Evidence question 1, 26×103 J, or 26 kJ, is given off by the burning
biodiesel. The heat of combustion = 26 kJ / 3.4 g = 7.6 kJ/g
3. Petroleum diesel (from crude oil) produces 43 kJ/g of thermal energy when burned. Compare this to the
thermal energy your biodiesel and ethanol samples produced when it was burned.
Gram for gram, biodiesel produces less energy.
4. Compare your calculated heat of combustion with those calculated by the rest of the class. What is the
class mean?
Answers will vary, depending on class data.
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Farming with Renewable
Energy
Learning Objectives

Introduction (5 minutes)
`` Play brief videos that introduce students to farms that have
incorporated renewable energy strategies. The following link
provides two short videos that illustrate renewable energy in
agriculture. You may also find additional videos online.

At the conclusion of this lesson,
students will be able to:
`` Evaluate the renewable
energy strategies of individual
farms by examining real-life
case studies.

`` Ventura County Star: http://www.vcstar.com/business/
farmers-turn-to-alternative-energy-despite-money
Limoneira Solar Video (0:51), Gills Onions Bio-digester
(1:07). The supporting article has additional information.
(PPT 03)

Time
50 minutes

`` Ask students to think back on the second lesson, when they
identified energy requirements in the food processing chain. Why
would renewable energy be of interest to a farmer, processor,
packer or other person involved in the food processing chain?
Listen for comments that indicate cost savings, stewardship of
resources, and ability to use waste product.

Materials
`` Introduction video
`` Farm case studies (1 set per
group of 2-3 students)
`` Renewable Energy Plan
Handouts

Objective 1 (35 minutes)
Students will evaluate the renewable energy strategies of individual
farms by examining real-life case studies.

`` News props (i.e., microphone,
sports jacket) *optional

Case Study Evaluation (PPT 04):

`` Poster paper with lesson titles
(5)

`` Break students into groups of 2-3. Give each group a set of case
studies.

`` Markers (1 per student)
`` Optional: Student tablets to
record news report

`` Ask groups to quickly review the case studies, and randomly
assign groups one case study to evaluate in-depth.

`` PowerPoint file:
Renewable Farming.pptx can
be downloaded from www.
LearnAboutAg.org/energy.

`` Provide directions:
`` In groups, students will read their selected farm profile
aloud to the group.
`` Groups will work together to fill out Renewable Energy
Plan handout. (You may wish to have groups submit one
handout for the group, or each student submit individually.)

Careers

`` Groups will prepare a 60 second news report to present to
the class. All members of the group must be involved in the
news report.

`` Energy Auditors inspect,
survey and analyze energy
flows for energy conservation
in a building, processes or
systems to reduce the amount
www.LearnAboutAg.org
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Farming with Renewable
Energy
News Reports:

of energy input into the
system without negatively
affecting the output(s).

`` Set context that students are reporting live from farms and
ranches that are using renewable energy. The teacher, or student
volunteer, should act as the news anchor.

`` Electrical Engineers deal with
the study and application of
electricity, electronics, and
electromagnetism.

`` To create a fun, fast-paced environment, instruct all students to
be ready to go as soon as their name is called. Have each team
put one “reporter’s” name on a slip of paper and drop in a hat.
The anchor can randomly pull a name and jump to that team’s
presentation.

`` Field Service Engineers
analyze inspection findings
to determine source of
problem and recommend
repair, replacement, or
other corrective action.
They coordinate problem
resolution with engineering,
customer service, and other
personnel to expedite repairs.

`` Optional Technology Enhancement: If iPads or other tablets are
available, have students record their news reports to share with
the class.

Conclusion (10 minutes)
`` This activity is intended to help students recall key information
from each of the lessons in this unit. Prior to class, write the
following prompts (1 each) on five separate sheets of poster paper.
If replicating for multiple class periods, you may wish to print the
prompts and simply hang a new blank poster sheet next to it for
each period.

California Standards
Common Core English
Language Arts
`` RST.11-12.1

`` Lesson 1: Energy generation and distribution

`` RST.11-12.8

`` Lesson 2: Energy and the food supply chain

Common Core Math

`` Lesson 3: Comparing renewable energy sources

`` HS.N-Q.1

`` Lesson 4: Biodiesel Lab

`` HS.N-Q.2

`` Lesson 5: Renewable energy on farms

`` HS.N-Q.3

`` Give each student a marker (pens/pencils may also be used).
Give students four minutes to rotate throughout the room, writing
down anything they recall from each lesson.

Next Generation Science
Standards

`` After writing, allow students two minutes to do a “Gallery Walk”
of the room, observing what classmates have written.

`` HS-ESS3-2
`` HS-ESS3-4

Career Technical Education:
Agriculture and Natural
Resources
`` E1.2, E1.3

www.LearnAboutAg.org
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Farming with Renewable
Energy
`` Ask students to share new information they have learned, and
how their opinions may have been reinforced or adjusted because
of this unit.
Optional Extension: Have students review and evaluate an additional
case study from the case study packet. Students may also research other
farms/ranches online using renewable energy.

Extension Activity/Career Tie-in
Upon completion of the news report, assign each group an energy
sector career. Have students research and understand the description
and role of each job within the career pathway. Ask students to share
information they have learned about that career path and revise their
news report data based upon their new job. Have each group share
whether their options were reinforced or adjusted because of these
assigned jobs.
Energy Sector Careers
`` Energy Auditors
`` Electrical Engineers
`` Field Service Engineers
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Farming with Renewable
Energy
Resource: Renewable Energy Plan
1. Farm’s name and location:
2. What do they farm?

3. Describe the energy needs of the operation (irrigation, processing, transportation, etc.).

4. What type(s) of renewable energy do they utilize?

5. What factors do you think led them to choose that strategy? Explain each.
a. Geographic:
b. Available resources:
c. Weather:
d. Cost:

6. What opportunities/challenges do you see for implementing this on a larger scale?

7. How would you improve their energy system?

www.LearnAboutAg.org
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Farming with Renewable
Energy
Resource: Farm Case Studies
Roberti Ranch
Loyalton, CA
www.robertiranch.com
Summary: The Roberti Ranch sits on 6,000 acres of beautiful land in the Sierra Valley of Northern
California. On the farm, 2,000 acres are used to grow alfalfa, 1,500 of which are irrigated. The Roberti
family raises beef cattle, and the hay is used to feed the cows.
The Situation: Several years ago the Roberti family began looking into solar options. It takes a lot of
electricity to run the nine 100-horsepower pumps on their land that pull up water to irrigate the hay.
Without irrigation the hay won’t grow. Without hay, the cows won’t grow.
The Solution: The family decided on a 500-kilowatt solar system. They received a USDA Rural Energy
for America Program (REAP) grant to help pay for the system. Three acres were converted to solar panels,
which rotate throughout the day to follow the sun. The family estimates that the solar panels will pay
for themselves in 10 years as a result of saving on the cost of electricity. The solar panels should have an
expected life of 25 years.

Dixon Ridge Farms
Winters, CA
www.dixonridgefarms.com
Summary: Dixon Ridge Farms grows, buys and processes organic walnuts in Winters, California.
The Situation: Walnuts must be dried before they are ready to package and eat. This process uses a lot of
energy. Dixon Ridge Farms wanted to find a way to dry their walnuts while saving money and helping the
environment.
The Solution: In 2007, Dixon Ridge Farms became the first farm to use a biogas powered generator
that converts walnut shells into energy. The shells are removed from the walnuts and turned directly into
energy that powers the drying facility, provides electricity to the farm, and heats buildings in the winter.
The BioMax 100 produces about 643,000 kWh (about $102,000) worth of electricity, and $24,000 worth
of gas each year.

Alger Ranch
Stanford, Montana
www.mopcoop.org/producers/alger-ranch
Summary: The Alger Ranch raises beef cattle, spring wheat, barley, Kamut® grain, peas, lentils, winter
wheat and alfalfa hay. The 1,200-acre family ranch started in 1917, and Jess Alger is now the 3rd
generation to manage the land.
The Situation: Electricity is necessary on a ranch. Three wells on the Alger ranch require electricity to
pump water for the cows. Welders in the shop and augers that move grain also need electricity. The Alger
Ranch was looking for a sustainable way to ranch while saving money.
The Solution: In 2003, Jess Alger put in a wind turbine. The turbine now supplies 99% of the ranch’s
electricity. It cost $37,000 to purchase the wind turbine. Mr. Alger installed the 100-ft tower himself. He
received funding support from the USDA and the National Center for Appropriate Technology (NCAT).i
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35

© California Foundation for Agriculture in the Classroom • 2015

Farming with Renewable
Energy
Resource: Farm Case Studies (continued)
Brookfield Farm
Amherst, MA
www.brookfieldfarm.org /
Summary: Brookfield Farm was the third community-supported farm established in the U.S. In a
community supported farm, member households pay a portion of the operating costs for the farm and in
return get as much produce as they need. The farm has 30 acres in production and 525 members (shares).
They grow more than 50 different crops like cabbage, carrots, squash, onions, kale and melon, based on
the season.
The Situation: Brookfield Farm uses electricity to power walk-in coolers, greenhouse fans, the farm office
and lighting around the farm. They were looking for an environmentally sustainable way to support their
electricity needs.
The Solution: When Brookfield Farm built a new barn in 2003, they realized an opportunity to install
photovoltaic (PV) solar panels on the new barn roof. They installed a 3.8 kW solar electric system, which
now supplies 35% of the farm’s electricity needs.i

West Orchards
Macon, MO
www.west-orchards.com
Summary: West Orchards is a family business in north central Missouri. The 10-acre orchard sits on a
larger, 170-acre farm. The orchard has 17 varieties of apples and several varieties of peaches, apricots,
pears and plums.
The Situation: In an orchard, there is often fruit left on trees after harvest. This fruit eventually drops to
the ground and begins to break down. Farmers then have to decide what to do with all of the waste fruit.
At the same time, farmers like the Wests have to balance growing fuel costs for trucks and equipment.
The Solution: Dan West saw this abundance of waste as an opportunity. He built a piece of equipment
that distilled the waste fruit into wine. He designed a system to remove the alcohol from the wine to
produce ethanol. The resulting ethanol powers the farm mower and tractor.

www.LearnAboutAg.org
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Answers to Commonly
Asked Questions
What is energy?
Energy makes change possible. It moves cars along the road and boats
through the water. It bakes a cake in the oven, keeps ice frozen in the
freezer, and lights our homes. Scientists define energy as the ability to
do work. Modern civilization is possible because we have learned how
to change energy from one form to another and then use it to do work
for us. (http://www.eia.gov/Kids/energy.cfm?page=about_forms_of_energybasics-k.cfm)

What are the forms of energy?
Although there are many specific types of energy, the two major forms
are Kinetic Energy and Potential Energy.
Kinetic energy is the energy in moving objects or mass. Wind energy
is an example. The molecules of gas within the air are moving, giving
them kinetic energy.
Potential energy is any form of energy that has stored potential
that can be put to future use. For example, water stored in a dam
for hydroelectricity generation is a form of potential energy. When
valves are opened the force of gravity causes water to begin to flow.
The gravitational potential energy of the water is converted to kinetic
energy. The flowing water can turn a turbine, which will further convert
the kinetic energy of the water into useable mechanical energy. An
alternator or generator then converts the mechanical energy from
the turbine into electrical energy. This electricity is then sent to the
electricity grid and to our homes where it is converted into light energy
(lights and televisions), sound energy (televisions, stereos), heat energy
(hot water, toasters, ovens), mechanical energy (fans, vacuum cleaners,
fridge and air conditioner compressors) and so on. (http://www.
solarschools.net/resources/stuff/different_forms_of_energy.aspx)

What are the different types of kinetic energy?
Radiant energy is electromagnetic energy that travels in transverse
waves. Radiant energy includes visible light, x-rays, gamma rays and
radio waves. Light is one type of radiant energy. Sunshine is radiant
energy, which provides the fuel and warmth that make life on earth
possible.
Thermal energy, or heat, is the vibration and movement of the atoms
and molecules within substances. As an object is heated up, its atoms
and molecules move and collide faster. Geothermal energy is the
thermal energy in the earth.
www.LearnAboutAg.org
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Answers to Commonly
Asked Questions
Motion energy is energy stored in the movement of objects. The faster
they move, the more energy is stored. It takes energy to get an object
moving, and energy is released when an object slows down. Wind is
an example of motion energy. A dramatic example of motion is a car
crash, when the car comes to a total stop and releases all its motion
energy at once in an uncontrolled instant.
Sound is the movement of energy through substances in longitudinal
(compression/rarefaction) waves. Sound is produced when a force
causes an object or substance to vibrate. The energy is transferred
through the substance in a wave. Typically, the energy in sound is far
less than other forms of energy.
Electrical energy is delivered by tiny charged particles called electrons,
typically moving through a wire. Lightning is an example of electrical
energy in nature.
(http://www.eia.gov/Kids/energy.cfm?page=about_forms_of_energy-basics-k.
cfm)

What are the different types of potential energy?
Chemical energy is energy stored in the bonds of atoms and molecules.
Batteries, biomass, petroleum, natural gas, and coal are examples
of stored chemical energy. Chemical energy is converted to thermal
energy when we burn wood in a fireplace or burn gasoline in a car’s
engine. Mechanical energy is energy stored in objects by tension.
Compressed springs and stretched rubber bands are examples of stored
mechanical energy.
Nuclear energy is energy stored in the nucleus of an atom—the energy
that holds the nucleus together. Large amounts of energy can be
released when the nuclei are combined or split apart. Nuclear power
plants split the nuclei of uranium atoms in a process called fission. The
sun combines the nuclei of hydrogen atoms in a process called fusion.
Gravitational energy is energy stored in an object’s height. The higher
and heavier the object, the more gravitational energy is stored. When
you ride a bicycle down a steep hill and pick up speed, the gravitational
energy is being converted to motion energy. Hydropower is another
example of gravitational energy, where the dam piles up water from a
river into a reservoir.
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Answers to Commonly
Asked Questions
What is the difference between energy resources and types of
energy?
Types of energy means kinetic energy, chemical energy and so forth.
Energy Resources are ways of getting energy so we can generate
electrical power. Primary energy sources take many forms, including
nuclear energy, fossil energy (oil, coal and natural gas for example)
and renewable sources like wind, solar and hydropower. These primary
sources are converted to electricity, a secondary energy source, which
flows through power lines and other transmission infrastructure to your
home and business. (http://energy.gov/science-innovation/energy-sources)

What is a renewable energy?
Renewable energy is made from resources that can be renewed by
Mother Nature: wind, water, sunshine and biomass.
Renewable energy is also called “clean energy” or “green power”
because it doesn’t produce harmful pollution. (http://www.
alliantenergykids.com)

Why don’t we use renewable energy all the time?
Unlike natural gas and coal, we can’t store up wind and sunshine to use
whenever we need to make more electricity. If the wind doesn’t blow
or the sun hides behind clouds, there wouldn’t be enough power for
everyone.
Another reason we use fossil fuels like coal and natural gas is because
they’re cheaper. It costs more money to make electricity from wind,
and most people don’t want to pay more on their monthly utility bills.
(http://www.alliantenergykids.com)

Why is energy important to agriculture?
Energy is needed to grow food. Energy uses in agriculture include
fertilizer production, water consumption, farm machinery and
equipment, and food processing and distribution. To maintain a stable
food supply, it is important to have a variety of energy sources available
for these activities that feed, clothe and house us.
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Teacher Resources and
References
Agricultural Organizations
General
Ag Energy
201 N. Harrison Street, Suite 101
Davenport, IA
Tel: 563.441.4087
Email: bglanz@eicc.edu
Web Site: http://agenergyia.org/
Agricultural Marketing Resource Center (AgMRC)
1111 NSRIC, Iowa State University, Ames, IA 50011-3310
Phone: 866-277-5567
Fax: 515-294-9496
Web Site: http://www.agmrc.org/curriculum/
Agriculture Energy Coalition
Phone: 202.215.5512
Email: lritter@greencapitol.net
Web Site: http://agenergycoalition.org/
American Farm Bureau
600 Maryland Ave. SW Suite 1000W
Washington DC 20024
Phone: (202) 406-3600
Toll Free: (800) 443-8456
Website: http://www.agfoundation.org/
Website: http://www.fb.org/
Website: http://www.myamericanfarm.org/
California Foundation for Agriculture in the Classroom
2300 River Plaza Drive
Sacramento, CA 95833
Phone: (800) 700-2482
Fax: (916) 561-5697
Web Site: www.LearnAboutAg.org
Facebook: facebook.com/learnaboutag
Center for Integrated Agricultural Systems
University of Wisconsin-Madison
College of Agricultural and Life Sciences
1535 Observatory Drive
Madison, WI 53706
Phone: (608) 262-5200
Web Site: http://www.cias.wisc.edu/
www.LearnAboutAg.org
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Teacher Resources and
References
Energy & Natural Resource Organizations
California Energy Commission
Media and Public Communications Office
1516 Ninth Street, MS-29
Sacramento, CA 95814-5512
Phone: 916-654-4287
Web Site: http://www.energy.ca.gov
Energy Education & Curriculum Resources
eXtension
183 S. W. Davidson Drive, Suite A
Centreville, AL 35041
Phone: 205.665.2187
Web Site: http://www.extension.org/ag_energy
The National Center for Appropriate Technology
P.O. Box 3838
Butte, MT 59702
Phone: 1-800-275-6228
Email: 4info@ncat.org
Web Site: https://www.ncat.org/
Facebook: facebook.com/ncat
Twitter: twitter.com/ncat_org
Sustainable Agriculture Research & Education
1122 Patapsco Building
University of Maryland
College Park, MD 20742-6715
Phone: (301) 405-2689
Email: info@sare.org
Web Site: http://www.sare.org/Learning-Center/Courses-andCurricula
United States Department of Agriculture
1400 Independence Ave., S. W.
Washington D.C. 20250
Phone: (202) 720-2791
Web Site: http://www.usda.gov
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Teacher Resources and
References
Related Websites
Ag Tech Talk
http://www.agtechtalk.net
American Farm Bureau Federation
http://www.agfoundation.org/
California Department of Food and Agriculture
www.cdfa.ca.gov
California Foundation for Agriculture in the Classroom
www.LearnAboutAg.org
Energy.gov
http://energy.gov/science-innovation/energy-sources
Farms.com
http://www.farms.com/
Science Daily
http://www.sciencedaily.com
United States Department of Food and Agriculture
www.usda.gov
University of California and Natural Resources
www.ucanr.org
University of Wisconsin Energy Efficiency and Renewable Energy
Resource
http://www.uwex.edu/energy/
U.S. Geological Survey
http://energy.usgs.gov/
USA.gov
https://www.usa.gov/statistics
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Teacher Resources and
References
Related Literature
Green Technologies in Food Production and Processing
Editors: Boye, Joyce, Arcand, Yves (Eds.)
This book will look at the full spectrum from farm to fork beginning
with chapters on life cycle analysis and environmental impact
assessment of different agri-food sectors. This will be followed
by reviews of current and novel on-farm practices that are more
environmentally-friendly, technologies for food processing that reduce
chemical and energy use and emissions. ISBN 978-1-4614-1586-2
The Anatomy of Life & Energy in Agriculture Paperback – Apr 11
2014
Author: Arden B., Dr. Andersen
This manual is a compelling blend of sophisticated science and simple
practices for farmers, agronomists, and agriculturalists alike. Andersen
offers an insightful appreciation of farming that teaches readers how to
transform agriculture into a process that is both robust and ecologically
sound. In doing so, he envisions a successful method of farming for the
21st Century. ISBN-10: 1601730756
Energy and Agriculture: Science, Environment, and Solutions
Hardcover – Apr 18 2014
Author: Stephen Butz
ENERGY AND AGRICULTURE is designed to introduce readers
to the role that agriculture can play in helping to satisfy the world’s
energy demands. The use of agriculturally based fuel systems, also
known as biofuels, as a means to supply energy to our technological
society, provides environmentally safe, renewable energy options for all
aspects of life, including industry, transportation, and electrical power
generation. By providing a solid foundation in the energy and resources
used historically combined with a look at future options toward more
sustainable resources ENERGY AND AGRICULTURE provides a
solid understanding of one of the most important issues of the twentyfirst century. ISBN-10: 1111541086
Manure Use for Fertilizer and Energy Hardcover – May 6 2011
Other Contributor: Connor D. Macias
This book assesses current patterns of use of manure as fertilizer and
evaluates the likely impacts of emerging environmental regulations on
manure use. This book also assesses current efforts to use manure for
energy production and evaluates the impact of bioenergy investments
on manure’s use as fertilizer. This book consists of public documents
which have been located, gathered, combined, reformatted, and
www.LearnAboutAg.org
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Teacher Resources and
References
enhanced with a subject index, selectively edited and bound to provide
easy access.
ISBN-10: 1608768473
Research Approaches to Sustainable Biomass Systems Hardcover –
Sep 26 2013
Authors: Seishu Tojo and Tadashi Hirasawa
This volume provides diverse examples of successfully implemented
sustainable biomass research in Asia, highlighting the challenges faced
by designers of new biomass production facilities and tips on how to
develop approaches to overcome them. In addition to providing an
authoritative guide on the utilization of the authors’ sample feedstocks,
rice straw and sunflower, the authors provide lessons relevant to
stakeholders involved with all manner of biomass production projects
by drawing out important comparisons and contrasts that must be
taken into account when deciding how to utilize biomass as an energy
resource in a way that is economically feasible and environmentally
sustainable. ISBN : 9780124046092
Convergence of Food Security, Energy Security and Sustainable
Agriculture Hardcover – Nov 6 2014
Editors: David D. Songstad, Jerry L. Hatfield and Dwight T. Tomes
This volume examines the interrelated fields of food security, energy
security and sustainable agriculture as the key to a stable global
agricultural platform and is arranged in six parts; policy considerations
relating to food and energy security and sustainable agriculture,
soil and water, sustainable and secure food production specifically
addressing genetically modified traits, agronomic implications relative
to food security and sustainable agriculture, international sustainable
agriculture and food security, and the use of chemicals in sustainable
agriculture and food/energy security. ISBN-10: 3642552617
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Lab Investigation
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Farming with Renewable
Energy

Renewable Energy
Comparison and Analysis

Description

Energy Flow

California
Standards

Commodity Trace-back

Matrix of Standards

Common Core English Language Arts
RST.9-10.1
Reading for Literacy in
Science and Technical
Subjects

Cite specific textual evidence to support analysis of science
and technical texts, attending to the precise details of
explanations or descriptions.

RST.11-12.1
Reading for Literacy in
Science and Technical
Subjects

Cite specific textual evidence to support analysis of science
and technical texts, attending to important distinctions the
author makes and to any gaps or inconsistencies in the
account.

RST.11-12.8
Reading for Literacy in
Science and Technical
Subjects

Evaluate the hypotheses, data, analysis, and conclusions in a
science or technical text, verifying the data when possible and
corroborating or challenging conclusions with other sources
of information.

SL.9-12.5
Speaking and Listening

Make strategic use of digital media (e.g., textual, graphical,
audio, visual, and interactive elements) in presentations to
enhance understanding of findings, reasoning, and evidence
and to add interest

WHST.9-10.8
Writing for Literacy in
History/Social Studies,
Science and Technical
Subjects

Gather relevant information from multiple authoritative print
and digital sources (primary and secondary), using advance
searches effectively; assess the usefulness of each source in
answering the research question; integrate information into
the text selectively to maintain the flow of ideas, avoiding
plagiarism and following a standard format for citation.

x

WHST.9-12.7
Writing for Literacy in
History/Social Studies,
Science and Technical
Subjects

Conduct short as well as more sustained research projects
to answer a question (including a self-generated question)
or solve a problem; narrow or broaden the inquiry when
appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under
investigation.

x
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Farming with Renewable
Energy

x

Lab Investigation

x

Renewable Energy
Comparison and Analysis

Description

Commodity Trace-back

California
Standards

Energy Flow

Matrix of Standards

Common Core English Language Arts (cont.)
WHST.9-12.9
Writing for Literacy in
History/Social Studies,
Science and Technical
Subjects

Draw evidence from informational texts to support analysis,
reflection, and research. (HS-PS3-4),(HS-PS3-5)

WHST.11-12.8
Writing for Literacy in
History/Social Studies,
Science and Technical
Subjects

Gather relevant information from multiple authoritative print
and digital sources, using advanced searches effectively; assess
the strengths and limitations of each source in terms of the
specific task, purpose, and audience; integrate information
into the text selectively to maintain the flow of ideas, avoiding
plagiarism and overreliance on any one source and following
a standard format for citation.

x

x

Common Core Math
HS.N-Q.1
Quantities

Use units as a way to understand problems and to guide the
solution of multi-step problems; choose and interpret units
consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.

x

HS.N-Q.2
Quantities

Define appropriate quantities for the purpose of descriptive
modeling.

x

HS.N-Q.3
Quantities

Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.

x

Next Generation Science Standards
HS-ESS3-2
Earth and Human
Activity

Evaluate competing design solutions for developing,
managing and utilizing energy and mineral resources based
on cost benefit ratios.

HS-ESS3-3
Earth and Human
Activity

Create a computational simulation to illustrate the
relationships amongst management of natural resources, the
sustainability of human populations and biodiversity.
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Energy

Lab Investigation

Renewable Energy
Comparison and Analysis

Description

Energy Flow

California
Standards

Commodity Trace-back

Matrix of Standards

Next Generation Science Standards (cont.)
HS-ESS3-4
Earth and Human
Activity

Evaluate or refine a technological solution that reduces
impacts of human activities on natural systems

HS-PS3.A
Definitions of Energy

Energy is a quantitative property of a system that depends on
the motion and interactions of matter and radiation within
that system. That there is a single quantity called energy is
due to the fact that a system’s total energy is conserved, even
as, within the system, energy is continually transferred from
one object to another, and between its various possible forms.
(HS-PS3-1) (HS-PS3-2).
At the macroscopic scale, energy manifests itself in multiple
ways, such as in motion, sound, light, and thermal energy.
(HS-PS3-2) (HS-PS3-3)

x

x

These relationships are better understood at the microscopic
scale, at which all of the different manifestations of energy
can be modeled as a combination of energy associated
with the motion of particles and energy associated with the
configuration (relative position of the particles). In some
cases the relative position energy can be thought of as stored
in fields (which mediate interactions between particles). This
last concept includes radiation, a phenomenon in which
energy stored in fields moves across space. (HS-PS3-2)
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Renewable Energy
Comparison and Analysis

Description

Commodity Trace-back

California
Standards

Energy Flow

Matrix of Standards

Next Generation Science Standards (cont.)
HS-PS3.B
Conservation of Energy
and Energy Transfer

Conservation of energy means that the total change of energy
in any system is always equal to the total energy transferred
into or out of the system. (HS-PS3-1)
Energy cannot be created or destroyed, but it can be
transported from one place to another and transferred
between systems. (HS-PS3-1), (HS-PS3-4)
Mathematical expressions, which quantify how the stored
energy in a system depends on its configuration (e.g., relative
positions of charged particles, compression of a spring) and
how kinetic energy depends on mass and speed, allow the
concept of conservation of energy to be used to predict and
describe system behavior. (HS-PS3-1)
The availability of energy limits what can occur in any
system. (HS-PS3-1)
Uncontrolled systems always evolve toward more stable
states. That is, toward more uniform energy distribution (e.g.,
water flows downhill, objects hotter than their surrounding
environment cood down). (HS-PS3-4)

HS-PS3.D
Energy in Chemical
Processes

Although energy cannot be destroyed, it can be converted
to less useful forms. For example, to thermal energy in the
surrounding environment. (HS-PS3-3) (HS-PS3-4)

HS-PS3-3
Energy

Design, build, and refine a device that works within given
constraints to convert one source of energy to another form
of energy.

HS-PS3-4
Energy

Plan and conduct an investigation to provide evidence that
the transfer of thermal energy when two components of
different temperature are combined within a closed system
results in a more uniform energy distribution among the
components in the system (second law of thermodynamics).
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Farming with Renewable
Energy

Lab Investigation

Renewable Energy
Comparison and Analysis

Description

Energy Flow

California
Standards

Commodity Trace-back

Matrix of Standards

Career Technical Education: Agriculture and Natural Resources
C2.0
Agriscience Pathway

Examine the interrelationship between agriculture and the
environment.

x

C2.1
Agriscience Pathway

Identify important agricultural environmental impacts on
soil, water, and air.

x

C2.2
Agriscience Pathway

Explain current agricultural environmental challenges.

C2.3
Agriscience Pathway

Summarize how natural resources are used in agriculture.

C2.4
Agriscience Pathway

Compare and contrast practices for conserving renewable and
nonrenewable resources.

x

x

C2.5
Agriscience Pathway

Research how new energy sources are developed from
agricultural products (e.g., gas-cogeneration and ethanol).

x

x

C3.0
Agriscience Pathway

Analyze the effects of technology on agriculture.

C3.1
Agriscience Pathway

Describe how technology affects the logistics of moving an
agricultural commodity from producer to consumer.

C8.0
Agriscience Pathway

Understand fundamental animal nutrition and feeding.

C8.1
Agriscience Pathway

Identify types of nutrients required by farm animals (e.g.,
proteins, minerals, vitamins, carbohydrates, fats/oils, water).

x

C8.2
Agriscience Pathway

Analyze suitable common feed ingredients, including forages,
roughages, concentrates, and supplements, for ruminant,
monogastric, equine, and avian digestive systems.

x

www.LearnAboutAg.org

51

x

x

x

x

x

x

x

© California Foundation for Agriculture in the Classroom • 2015

Farming with Renewable
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Renewable Energy
Comparison and Analysis

Description

Energy Flow

California
Standards

Commodity Trace-back

Matrix of Standards

Career Technical Education: Agriculture and Natural Resources (cont.)
E1.2
Forestry and Natural
Resources Pathway

Differentiate between renewable and nonrenewable energy
sources.

x

E1.3
Forestry and Natural
Resources Pathway

Differentiate between natural resource management
conservation strategies and preservation strategies.

x

E1.4
Forestry and Natural
Resources Pathway

Compare the effects on air and water quality of using
different forms of energy.

x

E1.5
Forestry and Natural
Resources Pathway

Analyze the way in which human activities influence energy
cycles and natural resource management.

x
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Glossary
Atoms:

The smallest particle of a substance that can exist by itself or be combined with
other atoms to form a molecule.

Biodiesel:

A fuel that is similar to diesel fuel and is derived from usually vegetable sources (as
soybean oil).

Biofuels:

A fuel (as wood or ethanol) composed of or produced from biological raw materials.

Biomass:

Plant materials and animal waste used especially as a source of fuel.

Coal:

A black or dark-brown combustible mineral substance consisting of carbonized
vegetable matter, used as a fuel.

Commodity:

A product of agriculture or mining.

Consumer:

An organism requiring complex organic compounds for food which it obtains by
preying on other organisms or by eating particles of organic matter.

Converted:

To change (something) into a different form or so that it can be used in a different
way.

Crude Oil:

Unrefined petroleum.

Electrons:

A very small particle of matter that has a negative charge of electricity and that
travels around the nucleus of an atom.

Energy:

The amount of available power or an exertion of power.

Energy Sources:

Something such as oil, coal, or the sun, which can be used to provide power for
light, heat, machines, etc.

Generation:

A point on a wiring system in which current is taken to supply electric devices.

Geothermal:

Utilizing the heat of the earth’s interior.

Greenhouses:

A building or part of a building that has glass walls and a glass roof and that is used
for growing plants.

Hydropower:

Electricity produced from machines that are run by moving water.

Irrigate:

To supply (something, such as land) with water by using artificial means (such as
pipes).
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Glossary
Kinetic Energy:

Energy associated with motion.

Longitudinal Waves:

A wave (as a sound wave) in which the particles of the medium vibrate in the
direction of the line of advance of the wave.

Molecule:

The smallest possible amount of a particular substance that has all the
characteristics of that substance.

Natural Gas:

A combustible mixture of gaseous hydrocarbons that accumulates in porous
sedimentary rocks, especially those yielding petroleum, consisting usually of over 80
percent methane together with minor amounts of ethane, propane, butane, nitrogen,
and, sometimes, helium, used as a fuel and to make carbon black, acetylene, and
synthesis gas.

Non-Renewable:

Of or relating to an energy source, such as oil or natural gas, or a natural resource,
such as a metallic ore, that is not replaceable after it has been used.

Nuclear:

Operated or powered by atomic energy.

Nucleus:

The central part of an atom that is made up of protons and neutrons.

Petroleum:

An oily, thick, flammable, usually dark-colored liquid that is a form of bitumen or a
mixture of various hydrocarbons, occurring naturally in various parts of the world
and commonly obtained by drilling: used in a natural or refined state as fuel, or
separated by distillation into gasoline, naphtha, benzene, kerosene, paraffin, etc.

Pollutants:

A substance that makes land, water, air, etc., dirty and not safe or suitable to use,
something that causes pollution.

Power Plant:

A building or group of buildings in which electricity for a large area is produced.

Producer:

One that grows agricultural products or manufactures crude materials into articles
of use.

Range Land:

Open land that farm animals (such as cows and sheep) use for grazing and roaming.

Refrigeration:

To make or keep cold or cool.

Renewable Resources: Capable of being replaced by natural ecological cycles or sound management
practices.
Solar:
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Glossary
Substances:

Physical material from which something is made or which has discrete existence.

Transverse Waves:

A wave in which the vibrating element moves in a direction perpendicular to the
direction of advance of the wave.

Wind:

A natural movement of air of any velocity; especially the earth’s air or the gas
surrounding a planet in natural motion horizontally.

Wind Turbines:

A wind-driven turbine for generating electricity.

Wood:

The hard, fibrous substance composing most of the stem and branches of a tree or
shrub, and lying beneath the bark; the xylem.
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