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I.

An Introduction to Eco-Schools USA
A part of an international family, Eco-Schools is found in over 50 countries, serving 50,000 schools and over
12 million students every year. National Wildlife Federation is privileged to have been selected as the sole US host
for the Eco-Schools program which we rolled out in the fall of 2009. To date there are over 3200 registered
Eco-Schools in the US. There are three important components to the Eco-Schools USA program – the Seven Step
Framework, the Pathways to Sustainability, and our awards system. The problem-based Seven Step Framework is
universal and guides schools as they develop, plan, implement, monitor, and evaluate their sustainable initiatives. As
a part of this process, students choose pathways, (areas of focus) which help them increase their sustainable
practices at school and in the greater school community. After successful implementation of the framework and their
selected pathways, students may apply for a Bronze, Silver, and/or the ultimate recognition, the Green Flag. (It is
important to note that in order to attain the Silver or Green Flag awards, schools must complete the energy
pathway.)
National Wildlife Federation and its Eco-Schools USA program believe educators play a key role in developing an
energy and climate literate citizenry. Energy and climate change are two of the most significant environmental
issues of our time and therefore are two of our environmental focus areas or pathways with our Eco-Schools USA
program. Starting at a young age, students begin to develop their understanding of the Earth system and the
role natural and human activity play in that system. Now, more than ever it is critical that students are taught
about the past, present, and future of energy and climate change as they will be the future decision makers in an
economy and market starving for scientists, engineers, and mathematicians. We hope the Eco-Schools program
will provide opportunities for students to be exposed to “real science” that is not only experiential and
engaging, but understood and applied. Providing them with the ability to communicate about energy and climate
change will afford future generations to make informed decisions as well as neighborhood and community changing
actions. It is our desire that educators utilize this curriculum to attract and retain students in STEM disciplines as
they relate to energy and climate change, and inspire the next generation of Earth system scientists.
The National Wildlife Federation has a 40-year history of developing and delivering high quality educational
programming focused on the use of nature, the earth and wildlife study and observation to advance science
learning and non-fiction, informational reading. Our programs currently serve about five million children and
students each year. NWF is particularly well-suited to develop and deliver an age-adapted curriculum on climate and
energy, having recently developed and published the accepted U.S. national standards for effective climate change
education for 4th, 8th and 12th graders. These national education guidelines have been officially endorsed and
adopted by the North American Association for Environmental Education as effective climate- and energy-related
education tools. They are specifically designed in keeping with the Association's broader national guidelines for
excellence in environmental education. The NWF/NAAEE guidelines for age-appropriate, 4th grade through
high school, climate change education are available to educators for free at:
http://online.nwf.org/site/DocServer/NWF_NAAEE_Educational_Guidelines1.pdf?docID=9581
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ECO-SCHOOLS IN ACTION

An Energy Case Study: January 2012
Students at Acton-Boxborough Regional High School
spearhead an effort to save energy and green their campus In September 2010 Kate Crosby, Energy Advisor for the ActonBoxborough Regional School District, brought together a group of
students at the local high school who were interested in
understanding energy conservation. On several Saturday
mornings, Kate and the students walked through the school and
used Kill-a-Watt meters to assess energy use in the building.
Their goal was to gather basic information about how much
electricity was being used by plug-in devices in the school, data
that no one in the district had at that time. Based on the data,
students spent the rest of the school year creating a Power Down Project aimed at reducing energy use
at Acton-Boxborough Regional High School. Inspiration for the project came directly from the team’s
determination to embrace energy conservation. During the initial investigation of energy use at the school,
one student sent Kate an email saying that she could not stop thinking about energy conservation and
wanted to get serious about it. Another student spoke to Kate about a light that was bothering her
because it was always on and had no apparent off switch. Still other students drew attention to a
computer lab that was running 24/7. Together the students gained awareness and initiated several
projects under the banner of the Power Down Project, including:
Power Down Fridays – Students designed and made colorful door tags to
hang on classroom and office doors to remind staff to power down
equipment on Friday afternoons. In addition, students wrote emails that
went out to all staff, created posters and contributed morning
announcements to help promote powering down on Fridays.
Classroom Audits – Students did weekend audits of every classroom and
office and left hand-written notes for teachers and staff with tips and advice
for reducing their energy consumption. These audits were conducted three
times over the school year, with steady improvement in the number of rooms
that were successfully powered down.
Light Bulb Exchange – Students set up a table in the lobby of the
school and for two days gave out energy-saving compact fluorescent
light bulbs in exchange for incandescent bulbs currently in use at the
school. The students worked with teachers and staff to exchange
110 light bulbs, which resulted in $1,000 a year in energy savings.
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By the end of the school year, electricity consumption at the school was down by 5.5% which resulted in a
savings of $33,000 for the school. The school’s ability to save this much money through energy
conservation garnered a phenomenal response from faculty and staff for a campaign powered by
students.
In the spring of 2011, one of the student leaders of the group spoke with
Kate and expressed her desire to tie together all of the clubs and projects
going on around the school that had to do with the environment. Kate was
interested in connecting the Power Down Project with a network of other
schools working on similar issues. So the team researched green school
programs and came across the Eco-Schools USA program. They felt it was a
really good fit, and found the international component of the program,
including the ability to connect with schools in other countries, very
appealing. To connect globally go to: http://eco-schools.org/connect/
Thirty-eight people attended the Green Council’s first meeting. Twenty-two of
the attendees were students; the rest of the meeting was made up of
community members and school staff. So far this year, the Green Council
has been working on implementing the Eco-Schools USA audit and
developing their action plans. Ultimately they are looking to apply for a Green Flag award through the
Eco-Schools USA program this spring!
Update: They received their Green Flag in the spring of 2013!
To learn more about Acton-Boxborough Regional High School’s sustainability efforts:
https://sites.google.com/a/abschools.org/sustainabilityabrhs/home
To read Kate Crosby’s guest blog on NWF’s Wildlife Promise where she highlights the school’s very
successful (and fun) trash audit party: http://blog.nwf.org/2011/12/guest-post-eye-on-the-green-flagmassachusetts-eco-school-holds-a-trash-audit-party/

II.

SCIENCE, TECHNOLOGY, ENGINEERING, AND MATH
What’s Going Green Have to Do with It?
Living in the digital age we have the world at our fingertips, a virtual expanse of worlds that are
only limited by our imagination. Over time, education has tried to stay in step with the latest trends,
best practices, and educational research, however, in moving forward we have forgotten critical
components related to educating our students and in the process have fallen behind and no longer lead
the world in the areas of math and science. As our nation’s schools work tirelessly to mitigate this loss
with limited budgets, they look to the community to provide outstanding opportunities and support for their
science, technology, engineering, and math (STEM) initiatives. Therefore, school districts partner with
only the best in the field to provide a variety of experiential learning opportunities for their number one
priority – their students. Eco-Schools USA is one such partner, a partner who helps to strengthen the
STEM initiatives of the Houston Independent School District.
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Eco-Schools USA takes a holistic approach to sustainability within the school building, outside the
school building, and within the greater school community. Addressing sustainability on campus isn’t just
about recycling and turning off the lights; it’s about providing students with the tools, opportunities, and
time to create and solve environmental issues in their communities. Students who participate in the
Eco-Schools USA program use and practice skills important in STEM fields, such as critical
thinking, problem solving, and collaboration that allow them to be creative and innovative. These
skills coupled with STEM content knowledge and practices make for dynamic learning experiences. For
example –
SCENARIO 1: After completing and analyzing the Eco-Schools USA energy audit, students find that temperatures in
the west facing rooms go up by more than two degrees throughout the afternoon even with blinds drawn. So
students set out to determine solutions to this problem through research, design, and experimentation and decide
they can look at several different variables to help decrease this rise in temperature. These variable include, a tree
line to shade the west facing rooms, working with district facilities to test for air leaks in the window seals, installing
solar awnings, and curtains. Students break into teams to further investigate the effectiveness of each variable
through product testing, partnerships, and continued research. They also look into the cost for the project and its
potential return on investment, ROI. After completing this students come back together and as a whole discuss their
findings and make a final decision as to the best solution to the problem. From design and experimentation come
questions: Can I create a sealant that will change color when a leak occurs? Can I use peel-and-stick solar panels
on a refractory metal awning or solar shingles on a wooden awning as a sun block? How many kW can be produced
from these awnings? What fabrics work best to absorb heat?
SCENARIO 2: Students want to increase the biodiversity at their school to support a pond for native macro and micro
invertebrates and small aquatic species to better support various learning opportunities and to provide field
experiences for the neighboring elementary schools. After completing the Eco-Schools USA biodiversity audit they
work together to develop a plan with short, medium, and long term goals. These goals and learning experiences deal
with landscape architecture, soil and water quality, invasive v. native plant and animal species, deciding upon the
types of learning that will take place and designing the space accordingly, determining the permitting needed,
conducting a cost analysis and many more. One feature they want to include is a bridge that spans the width of the
pond so that students can better attain samples, provide other vantage points from which to make observations, and
allow students to get from one side of the pond to the other safely. A team of students work to determine the design,
shape, and type of material needed for this part of the project. They build several models based on their research and
measurements, and test them for their ability to support weight whether it is evenly or unevenly distributed. After
coming up with what they feel is a working design they collaborate with a local structural engineer to help support
their findings.

Whether a student is in kindergarten or twelfth grade, they can be problem solvers and innovators;
students are born wonderers and makers, no matter whether their innovation is 3D, virtual, written, and
spoken, or a combination. The ability to communicate about one’s work or a group’s cooperative efforts is
and will continue to be a critical skill necessary for success. Technology is an inherent part of science
and engineering practices. Through web design, mathematical computation, animation, coding, research,
writing, and more, students have the ability to effectively communicate through their technological savvy
adding to the power of their work. The Eco-Schools USA program is just one way to engage student’s
innate curiosity and love for the natural world through the lens of STEM. Students are the creators of
local solutions now, so that in the future they will have the knowledge, skills, and training when
they are called upon to solve environmental problems that affect our nation and our globe.
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III.

THE 5E MODEL
Best Practice Strategy for Lesson Implementation
Adapted from NASA’s 5E Overview: “The 5E instructional model”
http://www.nasa.gov/audience/foreducators/nasaeclips/5eteachingmodels/index.html
The 5E instructional model is a constructivist set of teaching stages that allow teachers to Engage,
Explore, Explain, Extend, and Evaluate students. This model reflects best practices in student learning
and can be utilized in any subject area.
Engage
During this first stage you want to capture student’s interest – similar to the hook of a book or the first line
in a short story and get them personally involved in the lesson. Here students will make connections to
prior knowledge as you lay the foundation for further learning.
Explore
Now that you have their attention it is time to allow them to explore the content or concept, thus building
new learning based on their understanding. Acting as the facilitator, the teacher provides guidance as
students work in groups sharing and communicating their common experiences. Emphasis is placed on
questioning, data collection and analysis, as well as critical thinking.
Explain
The purpose for the explain stage is to provide students with an opportunity to communicate what they
have learned so far and figure out what it means. Explain is the stage at which learners begin to
communicate what they have learned. Language provides motivation for sequencing events into a logical
format. Communication occurs between peers, with the facilitator, and through the reflective process.
Elaborate
This stage allows students to use their new knowledge and explore its implications. Students are now
ready to elaborate upon this new learning and apply it new situations and other related concepts.
Evaluate
Evaluation serves both the teacher and the students as a tool to see how much learning and
understanding has taken place. Evaluations can be both formative in nature, small snapshots along the
way and summative, a culminating look at overall knowledge and understanding. Types of assessments
include utilizing, rubrics, Thinking Maps®, Foldables®, teacher observations, student interviews,
portfolios, and problem and project based learning products.
For more information regarding the 5E Model look to these resources.
The 5E Learning Cycle Model-MSU
http://faculty.mwsu.edu/west/maryann.coe/coe/inquire/inquiry.htm
The BSCS 5E Instructional Model: Origins, Effectiveness, and Applications
http://bscs.org/bscs-5e-instructional-model
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IV. ENERGY AND CLIMATE LITERACY FRAMEWORKS
Essential Principles and Fundamental Concepts for Energy Education and the Essential
Principles for Climate Science
Energy: http://cleanet.org/clean/about/energy_awarenes.html
Climate: http://cleanet.org/cln/climateliteracy.html
The Energy Awareness and Climate Literacy Principles were created by the collaboration of many
agencies including NASA, NOAA, US Forest Service, USGS, AAAS, NAAEE, US Department of Energy,
and NRCL. These two documents serve several purposes but one of the most important is its
development to serve educators who teach energy and climate science as a part of their curricula. Each
guide is written to help you better understand the role that each play in our nation today.
These documents served to guide our writers in the development of the curriculum which is designed to
increase the numbers of citizens who are energy aware and climate literate. As students become adults
it is important that their decisions are based on learning that was accurate, free of bias, and responsible.
Energy Awareness Principles1
Energy awareness is a complex topic. There are many ways to approach energy depending on the grade
level, course topics, and instructional methods. Yet no matter the pedagogic setting, using a literacy
based approach can provide a sound foundation to build learners’ understanding surrounding the topic.
The energy awareness principles set out a broad framework from which to teach about energy topics.
Energy is an inherent driving force throughout the universe and the Earth system. Humans use energy
from various sources, and there are environmental, political, and social consequences related to our use
of energy. Sustainable energy use can only occur when there is balance between the amount of energy
available and the rate at which it is consumed.







Energy drives the Earth system.
The primary sources of energy used by society are non-renewable stores sources, such as fossil
fuels and nuclear and renewable sources, such as solar, wind, hydro, and biomass.
Humans’ use of energy has consequences on the environment that sustains them.
The distribution of stored non-renewable and renewable energy sources varies around the planet,
resulting in distribution and transmission costs.
There are significant social, political, and equity issues associated with the human use of and access
to energy.
Developing a sustainable energy supply that minimizes impacts on the environment will require
informed decision-making, technological and societal innovation, and improved efficiency.

1

CLEAN – Climate Literacy & Energy Awareness Network, June 2011.
http://cleanet.org/clean/literacy/energy.html
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Climate Literate Citizens2
Climate literacy is an ongoing process and is an understanding of your influence on climate and climate’s
influence on you and society. A climate-literate person –





understands the essential principles of Earth’s climate system,
knows how to assess scientifically credible information about climate,
communicates about climate and climate change in a meaningful way, and
is able to make informed and responsible decisions with regard to actions that may affect
climate.

The Seven Climate Literacy Principles








2

The sun is the primary source of energy for Earth’s climate system.
Climate is regulated by complex interactions among components of the Earth system.
Life on Earth depends on, is shaped by, and affects climate.
Climate varies over space and time through both natural and man-made processes.
Our understanding of the climate system is improved through observations, theoretical
studies, and modeling.
Human activities are impacting the climate system.
Climate change will have consequences for the Earth system and human lives.

“Climate Literacy Principles, Mar. 2009, 20 Oct. 2010 < http://www.climatescience.gov/Library/Literacy/ >.
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V. TIMELINE FOR IMPLEMENTATION
Moving From the Classroom to the Entire Campus
Full Year Model
October 1-November (Thanksgiving Break)
Implement the energy pathway on a small scale - a
classroom, a pod of four rooms, or a hallway. This will
allow you to manage your group(s), work out kinks,
make connections to the curriculum and allow students
to be creative.

February 3-7
Build excitement – talk it up – post on social media –
morning announcements – posters – PTA – NJHS – StuCo –
E-Newsletters, etc.
February 10-February 28
All school competition – Cool School Challenge or design
your own
March 3-6
Energy Awards – some sort of celebration right before
spring break for the teachers, classrooms, and students
whose efforts made a difference.

December 1-February 1
With the many interruptions throughout the holiday
season, use this time to work with your Eco-Action
team on scaling the work they have done so far. What
aspects can be implemented school-wide? What kind
of support and permissions are needed? TIP: Start
small and implement in stages.

These dates are flexible – the idea is to make it work
for you. Testing starts up in April, and sometimes
through May, however, the Eco-Action team may
like to sponsor one final Energy hoorah after the
testing season is over and before everyone leaves
for the summer. You’re only limited by your
imagination!!

One Semester Model
Second Week of January
Implement the energy pathway on a small scale - a
classroom, a pod of four rooms, or a hallway. This will
allow you to manage your group(s), work out kinks,
make connections to the curriculum and allow
students to be creative.

March 24-28 (week after spring break)
Build excitement – talk it up – post on social media –
morning announcements – posters – PTA – StuCo –
E-Newsletters, etc.
March 31-April 17
All school competition – Cool School Challenge or design
your own
May 1-8
Energy Awards – some sort of celebration before school is
out, for the teachers, classrooms, and students whose
efforts made a difference.

Third Week of February
Use this time to work with your Eco-Action team on
scaling the work they have done so far. What aspects
can be implemented school-wide? What kind of
support and permissions are needed? TIP: Start small
and implement in stages.

These dates are flexible and only serve as a guide
to help you in your planning. The idea is to make it
work for you and your school. Testing starts up in
April, and sometimes through May. You’re only
limited by your imagination!!
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VI. COOL SCHOOL CHALLENGE
Practical Strategies to Reduce CO2 Emissions
Although the Cool Schools Challenge, (CSC), is not required there
are many tools and resources within the challenge that will be of use
to you as you address the Energy pathway. The CSC, is designed
to be a competition between classrooms that promotes the reduction
of carbon emissions over a set period of time. Students utilize the
carbon calculator to evaluate progress and use it as a tool to show
change over time and as a comparison against their competitors.
The calculator is created in Excel and is downloaded at school so
students can continually update their progress.
Schools who participate in the program will have completed the
requirements to receive a Bronze award or if you have received your
Bronze this will qualify you for a Silver and possibly a Green Flag.
The CSC is a large undertaking, whether you are doing the project
between two classes or the entire school. Please spend time
preparing, by reading the materials provided for you, free of charge,
at http://www.nwf.org/Eco-Schools-USA/Become-an-EcoSchool/Cool-School-Challenge.aspx . The most important piece of
advice related to the CSC that we can give you is that after you have
read through the materials and you have a general plan/idea in your
head, go to your building principal for support and then ask to
engage your peers at the next faculty meeting or via email. Who
knows…maybe your building administration of facilities department
will offer up a sweet prize for the teacher and class who reduce their
footprint the most!
What If I Can’t Take On the Challenge Right Now?
If you feel the CSC is too much to take on at this time that’s
completely acceptable. However, the energy audit still requires you
to utilize the carbon calculator found within the CSC materials.
Remember the carbon calculator not only shows a reduction in CO 2,
but also the cost savings from the efforts of the Eco-Action team. To
receive the Silver or Green Flag award you must address energy,
however, understand it’s not the size of your sample that makes or breaks your application, but that you
are able to show a carbon footprint reduction based on the baseline data collected.
Do I Have To Have School Data from the Facilities Department?
No, however, check with your facilities department and see if they are able and willing to provide you with
data that can help the Eco-Action team complete the audit thoroughly. For an example of a district wide
and school specific “Energy Report Card” go to:
http://www.aisd.net/AISD/Default.aspx?alias=www.aisd.net/aisd/energymanagement
(Right side navigation under “Energy Reports”>“AISD Utility Report Cards”)
This is a large file and starts with the district as a whole and then each school follows. It’s a great, easy
to read visual!
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READING EXTENSIONS
Summary Instructions
REQUIREMENTS
1. Using the Student Reading Resources or articles that you allow students to use related
to the topic; write a summary meeting the following guidelines.
a. Half to whole page
c. 12pt font size
b. Double spaced
d. Times New Roman font
2. Do not print out the article. At the end of your summary write an endnote with the
correct bibliographic information (http://www.easybib.com/) for your article.

DIRECTIONS
ARTICLE SUMMARY FORMAT
1. Name, date, class, and period
2. Paragraph #1-Introduction
a. What is the title of the article (should be in quotes or italics)?
b. Who is the author?
c. What source or publication did the article come from?
d. What is the date of the article?
e. Write one to two sentences about what the article is about
3. Paragraph #2-Summary (Abstract) of Article
a. Give a summary of the article; what is the article about?
b. If necessary, you can write more than one paragraph summarizing the article
4. Paragraph #3- What did you think of the article (critique)
a. Do you agree or disagree with the author(s)?
b. Did it support or change your opinion of the topic; if not, why or if so, how?
c. Did the writer demonstrate that he/she did sufficient research?
d. What would you have added to enhance the article?
5. Paragraph #4-Conclusion
What are your reasons for choosing your particular article and how does it relate to what
we are studying now?
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CATEGORY
Requirements

4
All written requirements
completed accurately
and turned in on time.
There are no spelling,
grammar, or
punctuation errors in
the summary. RUN
SPELL CHECK
BEFORE PRINTING!

3
4 of the 6
requirements were
met.
There are no more
than 2 spelling,
grammar, or
punctuation errors in
the summary.

2
3 of the 6
requirements were
met.
There are 3-4
spelling, grammar,
and punctuation
errors in the
summary.

Summary of
Article

The summary covers all
the main points of the
article.

Critique

All four questions under
“Critique” are answered
clearly and completely.

Overall
Paragraph
Construction

All paragraphs
include introductory
sentence,
explanations or
details, and concluding
sentence.

The summary covers
all but one of the
main points of the
article.
Three questions
under “Critique” are
answered clearly and
completely.
Most paragraphs
include introductory
sentence,
explanations or
details, and
concluding sentence.

The summary
covers all but 2 of
the main points of
the article.
Two questions
under “Critique” are
answered clearly
and completely.
Paragraphs
included
related information,
but were typically
not
constructed well.

Spelling,
Grammar, and
Punctuation

Total Rubric
Points
16-20
11-15
6-10
1-5

Grade
Equivalent
A
B
C
F

1
Only 1 or 2
requirements
met.
The summary has
5 or more
spelling,
grammar, and
punctuation
errors in the
summary.
The article is not
well summarized.
Most main points
are missing.
One or none of
the questions
under “critique
are answered.
Paragraphing
structure was not
clear, and
sentences
were not typically
related within the
paragraphs.

Self-Assessment: __________Grade Equivalent: __________
Teacher Assessment: __________Grade Equivalent: __________

Student and/or teacher comments:
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Lesson 1: A Green Revolution
An Introduction to Eco-Schools USA

STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1

STUDENT OBJECTIVES
 Students will begin to use the Eco-Schools USA 7-Step Framework,
Pathways to Sustainability and Points-Based Awards System to define
and evaluate environmental sustainability. Evaluation to be measured by
Eco-Schools USA environmental audits.
 Generate a collection of environmentally sustainable ideas through
collaboration with peers that will provide opportunities to engage the
school and community.
 Develop a plan for how to engage and carry out the school, in part or
whole, in an energy audit.

MATERIALS
 Science Notebook
 Access to a computer with
internet access
 Energy Audit, found in the
Appendix starting on page C-1

LESSON LINKS
Can be found under Web Reference unless noted below.
 Eco-Schools USA Student PowerPoint for grades 6-8 –
http://goo.gl/Aky7gD
 Eco-Schools USA Video - the link takes you to SchoolTube, but it can
also be found on YouTube and Vimeo – http://bit.ly/16fllJF

GRADE LEVEL
6-8
TIME NEEDED FOR COMPLETION
2-3 class periods or 1.5-2 hours

ACADEMIC VOCABULARY
environmental sustainability,
stewardship
*SPECIAL NOTE*
Please check that links to videos are
not blocked by your district. If blocked,
use district protocol to allow viewing
access.

*SPECIAL NOTE* - Please check that links to videos are not blocked by
your district. If blocked, then take the steps necessary for viewing.

TEACHER BACKGROUND
Overview
Students will learn about the Eco-Schools USA program, specifically, its
purpose, the 7-step framework, the 10 Pathways to Sustainability, and the 3tiered award system. Each pathway has an environmental audit associated
with it and for the focus of this curriculum we will be performing the
energy audit. This audit will be analyzed and later an action plan will be
developed and put into play based on the data your students collect.
Preparation
1. Talk to your administrators about the program – get them involved.
2. Send home a parent letter – example found in lesson links
3. Please read the Cool School Challenge information. Link found
under Web References.
4. Print out the energy audit based on student groupings, for example,
one audit per pair, group of three, etc.(needed for lesson 2)
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Lesson 1: A Green Revolution
An Introduction to Eco-Schools USA
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TEACHER BACKGROUND continued

ENGAGE

Eco-Schools USA
Knowing that solutions to our energy needs and
mitigation to our long term environmental and societal
challenges, it is our hope that the Eco-Schools USA
program will strengthen the schools commitment to the
environment, where eventually, sustainability becomes
a part of the internal and external culture of the school.
To learn about National Wildlife Federation’s
Eco-Schools USA program, please see the links at the
end of this lesson under Web References:
 About Eco-Schools International
 How Do I Become an Eco-School?
 What is Eco-Schools USA?
http://bit.ly/16fllJF

Student Grouping: Whole Class
Time: 15 minutes

Helpful Hints
1. Students should record Essential Questions and
their responses in their science notebook along
with their work, i.e. sketches, action plans, data
collection, analyses, etc.
2. Send out Classroom Invitations ASAP – work this
into your action plan and don’t leave a lot of lag
time in between pieces of your plan.
3. Before performing the audits please read the
information on the Environmental Audit webpage
and take a look at the Energy audit forms. (The
links are found under Web References.) As
teachers, being prepared is our best friend and if
auditing is new for you, then reading the tools
Eco-Schools uses to conduct those audits is a task
worth spending some time on. Taking this time
now will also help put the experience into
perspective as you plan out this learning
experience for your students.
4. Performing the audit works best when students
work in small groups and collect data from various
parts of the building. Depending on how you
choose to carry out the audit you may want to
enlist the help of administrators, support staff, or
parent volunteers.

Directions
1. Have each student make two circle maps, one
with the word, sustain and one with the word,
environment in the middle taking up a page in
their science notebook.

2. Give students a basic definition for sustain and
environment.
3. Keeping notebooks open students will travel the
room choosing 5 notebooks to write in. Students
will write one word or a short phrase in each of
the 5 notebooks that demonstrate their
knowledge of the words sustain and
environment. Be sure students write their name
in the frame of reference. See example on page
1-5.
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EXPLORE

EXPLAIN

Student Grouping: Individual/Pairs/Whole Class
Time: 20 minutes

Student Grouping: Whole Class/Triads
Time: 30 minutes

Essential Question
A. How do scientists collaborate or work together
and or share ideas and work?

Essential Question
B. What connection can be made to our definition for
environmental sustainability and the pathways?

Directions
1. Students, once back at their seats, will take a
minute to look at what was written in their
notebooks.
2. Take two minutes to do a Think-Pair-Share.
Each pair of students will have one minute to
look at the circle maps and come up with a
definition for each word. Then each student will
have 30 seconds to share their definition for
environment and for sustain with their partner.
3. Create a whole class circle map – this map is
created to combine the two words into one,
environmental sustainability. As a class you
will take words from students that define
sustain and environment and together create a
working definition for the word environmental
sustainability, which means “meeting the needs
of the present without comprising the ability of
future generations to meet their needs”1.
4. Young Voices in Climate Change has a small
collection of short movies demonstrating
student generated and driven sustainability
efforts. Watch as a class or in pairs, the trailer
and Plant for the Planet. Be sure students
record the date and name of movie along with
thoughts in their science notebook.

Directions
1. Write the pathways on the board/smart
board/whiteboard.
2. Working in groups of 3 have them choose two
pathways that inspire them.
3. With the two chosen pathways students will come up
with an idea for making a change at school. Students
should record their ideas in their science notebook.
4. Let each group communicate their ideas to the class.
(Take note of the student’s ideas for later use)
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ELABORATE

EVALUATE

Student Grouping: Whole Class
Time: 20 minutes

Student Grouping: Individual
Time: 15-30 minutes

Essential Question
C. What connection can you make between our
working definition of Environmental
Sustainability and Eco-Schools USA?

Choose an evaluation tool for your class or let your
students choose one or the other.

Directions
1. At this point ask students, “Who would like to
see their idea come to fruition?”
2. Introduce students to the Eco-Schools USA
program via the Eco-Schools USA Student
PowerPoint (allow time for students to ask
questions) – the PowerPoint is found at this
link: http://goo.gl/Aky7gD - found under Lesson
1, then choose either, “Knowledge is Power
Middle School” or “Knowledge is Power High
School”. This is an interactive PowerPoint,
using transitions and animations to involve the
students. Go through the presentation before
sharing with your students.
3. Have students work in groups of 2 or 3 to
answer the Essential Question. Have each pair
or triad share in some way, either orally or on a
class Post-It.

*Note* If your students are unfamiliar with
Foldables®, in the interest of time, you may choose
to make the Foldables® for your students and have
them enter the information for you to assess. See
accordion foldable PowerPoint at the end of this
lesson. The assessment could be made available
online via Blackboard or Google Docs, where
students could then retrieve and complete for
homework.

1. Accordion Foldable – found on page 1-5
2. Concept Quiz – found on page 1-8

WEB REFERENCES
About Eco-Schools International
www.eco-schools.org
How do I become an Eco-School?
http://www.nwf.org/Global-Warming/School-Solutions/Eco-Schools-USA/Become-an-Eco-School.aspx
Young Voices on Climate Change-Trailer
http://www.youngvoicesonclimatechange.com/
Young Voices on Climate Change-Plant for the Planet
http://www.youngvoicesonclimatechange.com/movie_plant-for-the-planet.php
The Cool School Challenge – CSC
http://www.coolschoolchallenge.org/materials.aspx
CSC – Classroom Invitation (sixth bullet down)
http://www.nwf.org/Eco-Schools-USA/Become-an-Eco-School/Cool-School-Challenge/Materials.aspx
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CIRCLE MAP EXAMPLE

LESSON 1 FOLDABLE ASSESSMENT
STEP 1
1. Fold a piece of computer paper or construction paper in half along the horizontal
line of symmetry (hot dog).
2. Cut on the fold.
3. Place a fine line of glue at one end and connect the two strips together. Let dry
for 2 minutes
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STEP 2
1. Fold the long strip in half.
2. Fold in half again.
3. Fold in half a 3rd time. This will create 8 sections.
4. Unfold to see all 8 sections.
5. Then change the folds, turning one section backward and repeat until all sections
are done. This will create a paper accordion.

STEP 3
1. On the first section write “glue down” as a reminder, glue and not information will
go here. DO NOT GLUE NOW.

STEP 4
1. After the “glue down” section start numbering the rest of your sections, 1-7.
2. Section 1 – Title
3. Sections 2 – Write the definition for environmental sustainability.

STEP 5
1) Section 3 – Take the first pathway you chose and write how that pathway
connect or relates to the definition you just wrote.
2) Section 4 – Take the second pathway you chose and write how that pathway
connects or relates to the definition you just wrote.
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STEP 6
1) Section 5 – Define Eco-Schools. What does it mean to you?
2) Section 6 and 7 will be together. Write, “To promote environmental sustainability at
school, what ideas do you have for change?”
3) At the bottom of section 7 write your name and date.

STEP 7
1) All sections are complete. Next you will do one of two things.
a. Turn in your accordion foldable to your teacher.
OR
b. Go back to the section where you wrote, “glue down”. Place a small
amount, fine line, around the perimeter of the rectangle and press securely
under your title and date in your science notebook.
2) You are finished.
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Name: ____________________________________________________________Date: _____________
Science Concept Quiz

Which statement best describes a school who is working to be more environmentally
sustainable?
A. All students at Johnson Mills Elementary School have adopted an action plan to replace
incandescent light bulbs with CFL’s (compact fluorescent light bulbs) in all classrooms.
B. The Eco-Action team at Rogers Middle School adopted an Eco-Action plan that provided a
paper recycling bin in every room that was used by adults and students.
C. Eleanor Roosevelt High School’s Eco-Action team has installed rain barrels at their school to
lower the cost of the utilities bill and to conserve water when watering their school’s outdoor
learning areas.
D. All of the above

______ points out of 20
I. Answer
A.
B.
C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Drawing Conclusions
2. Recycling
3. Sustainability
4. Energy Efficiency

_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.
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_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY
1. D
2. 3
3. Answers may vary. Sustainability is the best answer choice. Sustainability means working toward
conserving and prolonging the availability of our natural resources.
4. Answers may vary.
A. Not the best answer. This is a sustainable action.

B. Not the best answer. This is a sustainable action.

C. Not the best answer. This is a sustainable action.

D. This is the best answer choice because all three scenarios are sustainable actions.
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Lesson 2: Lights, Camera, Action
Conducting an Energy Audit

GRADE LEVEL
6-8
TIME NEEDED FOR COMPLETION
2-3 class periods or 1 ½ -2 hours,
including conducting the audit
STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1
PREREQUISITE KNOWLEDGE
Lesson 1: An Introduction to EcoSchoolsUSA
MATERIALS
 Science Notebook
 Access to a computer with internet
access
 For teacher: Cool School
Challenge Toolkit – link found
under Web References
 Energy Audit – link found under
Web References

ACADEMIC VOCABULARY
environmental audit, carbon calculator,
greenhouse effect, CO2 emissions,
reduction

STUDENT OBJECTIVES
 Identify reasons an energy audit is performed and explain what
businesses, organizations, home owners, etc. can learn from them.
 Conduct an energy audit
 Input data and analyze results from energy audit
 Develop and adopt and energy action plan based on analysis
LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
The nation's school districts spend more than $7.5 billion a year on energy.
Schools are the largest energy consumer in many municipalities. But up to
30 percent of that energy is used inefficiently or unnecessarily. This lesson
will provide students the opportunity to investigate energy consumption at
school. Utilizing our energy audit materials (our energy audit and the audit
used for the Cool School Challenge are the same) students will collect and
analyze data, input data into an energy analysis spreadsheet, report findings
and develop a plan based on conclusions. This lesson is necessary for
students to complete as it is the basis for the action pieces associated with
the curriculum. Implementing the plan developed by students will be
carried out in the last lesson of the curriculum. Please stop here and
read Lesson 12. This will let you know where you are headed and allow
you to plan accordingly.
Preparation
1. Print out energy audit (Note: CSC and Energy audits are the same.) based
on student grouping if you did not do so in Lesson 1. The audit is found in
the Appendix starting on page B-1. You will be using pages 3-5 of the
audit pages for your classroom. Remember pages 6 to the end are for
large groupings or entire school auditing.
2. At this time you will have received classroom “RSVPs” from those who want
to participate in the audit via the invitation you sent out in Lesson 1. Get a
school map and develop a system that will allow students to break into
groups and audit approved spaces.
3. Review the Classroom Carbon Calculator as this is what each auditing
group will utilize to input collected data.
Helpful Hints
1. Please read over materials in the CSC toolkit to better prepare yourself and
your students for the energy audit.
2. Remember, you may want to invite adult members of the Eco-Action team
or parent volunteers and/or administrators to work with groups as they
complete the audit (classroom management tip).
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ENGAGE

EXPLAIN

Student Grouping: Whole Class
Time: 35 minutes

Student Grouping: Small Group
Time: 30 minutes – could take longer if you need to
work with each individual audit group

Essential Question
A. What devices or appliances consume energy in
your classroom?
Directions
1. Let students know today they will be assigned
an area of the school to perform an energy
audit.
2. Go over pages 3-6 of the audit so students
understand what they will be doing as they
perform their audit.
3. Assign students their classrooms or areas of the
school.
4. Perform a skit to show students how to enter
and audit a room that is in learning mode,
behavior in the hallways, restricted areas, etc.

EXPLORE
Student Grouping: Small Group – no more than 4
per group unless under adult supervision
Time: 30-50 minutes – time will depend on number
of rooms within the school being audited and the
number of groups involved
Essential Question
B. What did you learn from performing the audit?
Was there anything you didn’t understand or
you found challenging?
Directions
1. Using the audit forms, students are to perform
an energy audit of the rooms their group has
been assigned. Students should not spend
more than 10 minutes in a room.

Essential Questions
C. Why is it important to understand how CO2
affects the atmosphere? (Note: There is a
resource under Web References.)
D. How long does CO2 stay in the atmosphere?
[http://goo.gl/j4Ccvh]
E. Why is data collection important?
Note: There is a resource under Web References.
Directions
1. Now it is time to input the data students
collected into the Carbon Calculator.
2. As a whole group or in student groups answer
Essential Questions.
Tips
1. Remember even though there are 13 tabs we
will be utilizing only:
Welcome, Electricity Info, Classroom
Lighting, Energy Vampires, Other
Devices, (optional), Heating, and Audit
Summary
2. Transportation, classroom trash, classroom
paper, plastic water bottles, beverage cups can
also be audited but are not a part of this lesson.
3. Students input data into orange boxes and the
green boxes will automatically populate.
4. To scroll up and down within each spreadsheet
use the up and down arrows.
5. Depending upon student ability will depend on
how you choose to have your students input
data. Please make sure you have looked over
the Carbon Calculator before presenting to
students. Here are a few options for inputting
data:
 Students working with their audit group
 Teacher working with audit group
 Volunteer working with audit group
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ELABORATE

EVALUTATE

Student Groupings: Small Group
Time: 30 minutes

Student Groupings: Individual
Time: 15-30 minutes

Essential Question
F. Explain how the Climate Action Plan will
improve your school’s footprint.

Please choose from the assessment tools below or
you may allow students to choose their assessment.

Directions
1. It is time to report back to the audited
classrooms. Use the Climate Action Plan
Template or a have students create their own
Action Plan for each room the group audited.
Be sure to let the rooms know when the post
audit will occur. It is important to those
classes participating in the audit to know how
long they have to reach their goal.
2. In the Cool School Challenge Toolkit there
are tips students can use in the action plans
they create. Make copies of the Action Plans
students create as this information will be
needed in the last lesson during the final
analysis and evaluation. Once created collect
from the students and place the audits in the
teachers’ boxes or you can have the audit
groups divide and conquer, delivering the audits
to the rooms they worked on. *Note-What if
my students audit a common area where no
one teacher is assigned? Simply staple or
thumb tack to the wall where it will be seen
and read by those who enter and leave the
area.
TIP: More eco-friendly tips can be found atEnergy Pathway Top Ten Tips
3. Your hope is that each teacher and his/her
class will accept their Action Plan and take the
Cool School Challenge Pledge. Idea: use the
pledges to make a mural in a well traveled
hallway.
4. The post-challenge survey will be conducted
as a part of Lesson 10.
5. School to Home Connection-Have students
take their auditing experience home by using
the Make An Impact website.

1. Pyramid Foldable, found on page 2-4
2. Concept Quiz, found on page 2-7
3. Summary: Energy in Schools, found on page 2-10
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WEB REFERENCES
Cool School Challenge – CSC: Carbon Calculator
You will need to choose your grade band, 3rd-6th or 7th-12th. Once chosen you can access the toolkit, audit forms,
school tally sheet, classroom participation poster, climate action plan, and pledge template.
http://www.coolschoolchallenge.org/materials.aspx
Suggested numbers of copies –






Audit Forms: one per student group
School Tally Sheet: one per student group
Classroom Participation Poster: one per audited classroom
Climate Action Plan: one per student group
Pledge Template: one per student group

Energy Audit
Http://www.nwf.org/eco-schools-usa/our-partners/entergy/quick-links.aspx
How long does CO2 stay in the atmosphere?

http://www.theguardian.com/environment/2012/jan/16/greenhouse-gases-remain-air
Energy Pathway – Top 10 Tips

http://www.nwf.org/Eco-Schools-USA/Become-an-Eco-School/Pathways/Energy/Tips.aspx

PYRAMID FOLDABLE
STEP 1

1. You will need a paper clip at the end of the foldable.
2. This foldable will be used for students to demonstrate their understanding of behaviors that
conserve energy.
3. Use any type of paper and fold as if you were going to make a square from this piece of
paper.
4. Fold the triangle portion in half.

STEP 2
1. Unfold the paper. You will see 4 triangles and 1 rectangle from the folds you made.
2. Cut ONE diagonal line to the center where all four triangles meet.
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PYRAMID FOLDABLE continued
STEP 3
1. Fold the rectangle backwards and crease well.
2. Write the word “glue” on the rectangle.

STEP 4
1. Write an “X” as shown to the left. You will not write on this
triangle.

STEP 5
1. Be creative – make it your own. This is just an example.
Remember not to write on the triangle with the “X”.

STEP 6
1. Come up with 3 energy conserving tips for your
pyramid.
2. Design/decorate – optional.
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STEP 7
1. See next slide for notebook placement.
2. Not it is time to add glue. Press firmly for 5 seconds. (line, line make
it fine/dot, dot not a lot – go ahead take them back to Kindergarten)

STEP 8
1. Date, title, and number your notebook page
2. Crease the individual triangle folds as shown in the picture.
3. The paper clip will serve two purposes. One to keep your foldable from
getting bent and second, it will allow the pyramid to stand upright when
unfolded.

STEP 9
1. When the pyramid is upright this is what you will see. Notice the
paper clip holds it together.
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Name: ____________________________________________________Date: _____________
Science Concept Quiz
Mrs. Adair’s class recently participated in an energy audit performed by a group of students from the
energy club. After performing the audit the energy club gave Mrs. Adair’s class several tips to help them
become more aware of their energy use and how they could work to conserve energy. Which collection
of tips would best accomplish this goal?
A. Turn off the lights when not in the classroom, unscrew 1 of 2 or 2 of 4 bulbs per fixture, plug
appliances into power strips and shut the strip off before you go home
B. Turn off the lights when not in the classroom, leave computers in sleep mode overnight, unplug
appliances from the socket
C. Leave half the lights on at all times, replace all the bulbs in the building, computers should never be
shut down
D. Leave computers in sleep mode, use the highest wattage bulb available, encourage teachers to have
their own personal classroom mini refrigerator instead of using the one large one in the teacher’s
lounge
______ points out of 20
I. Answer
A.
B.

C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Making a hypothesis
2. Giving good advice
3. Energy efficiency
4. Energy audits
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.
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_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY

1. A
2. 3
3. Answers will vary. This question wants to know if I understand how to conserve energy.
4. Answers will vary.
A. This is the correct answer.
B. Turn off the lights in the classroom when not in use is a good choice but the other two choices are
not good energy saving tips; they would waste energy.
C. Each tip is wrong. When not in the classroom, all lights should be off. It would be too expensive to
buy new bulbs all at the same time (a little at a time), and computers should be shut down at the end
of the day.
D. Computers save more energy when completely powered down overnight, buying high wattage bulbs
is not necessary and wastes electricity, and refrigerators are one of the biggest energy wasters –
encouraging teachers not to have them would be a better idea.
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Name:_________________________________________________________Date:_________________

Summary: Energy in Schools

Using this link, http://www.reformer.com/ci_18736408?source=most_viewed, read, Vermont Leads in
Energy Efficient Schools. Use the article to fill in the information below and answer the questions. *You
may need a dictionary or online dictionary.
Date of Article: ______________________________
Author: ____________________________________

Looking for evidence of…

Location: ___________________________________

1. What did voters approve at a town meeting for Putney
Central?

1. Grade appropriate spelling and
punctuation.
2. Ability to express your thoughts on
energy, energy awareness and
conservation, based on classroom
learning.

3. Connecting your auditing
experience with this article.

2. Vermont leads the nation in the use of low-emission biomass systems* in public schools. What is
biomass? Write your own definition for the highlighted text.

3. What did Vermont school buildings recently have done that saved the district 17 percent on their
electrical bill and 18 percent on their fuel bill? Why do you think this was helpful based on the
experiences you have had?

4. Superintendent Kibbe says it’s important to understand what two things? Do you agree or disagree
and why?
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5. Norm Etkind is the director of the School Energy Management Program and “has been able to take on
large and small scale projects to squeeze every penny out of its energy systems.” What are two
examples that have been used to reduce energy costs?

6. After your experience performing an energy audit what is one area you see the school can work on
right away? Explain your answer.

7. Schools can benefit from energy awareness and conservation. What other places in your community
do you feel could benefit from an audit, energy saving tips and projects? Explain your answer.
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Renewable and Nonrenewable Resources

GRADE LEVEL
6 and 8
TIME NEEDED FOR COMPLETION
2-3 class periods or 3-3 ½ hours
STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1
ENGINEERING APPLICATION
Found in the Appendix starting on page
B-1

MATERIALS
 Science notebook
 Computer with internet access
 Student handout Energy Kids
Web Quest: An Introduction to
Earth’s Resources, found on page
3-6
 Optional: An assortment of paper
types for students to use for
Thinking Maps®, Foldables® and
timeline.

ACADEMIC VOCABULARY
biomass, crude oil, fossil fuel,
geothermal, hydropower,
nonrenewable, petroleum, solar, wind,
uranium

STUDENT OBJECTIVES
 Define and categorize sources of energy as renewable and
nonrenewable.
 Identify everyday uses for Earth’s natural resources.
 Choose energy events throughout history and create a timeline.
 Incorporate historical transportation events into the energy timeline
and make connections between our transport options and energy use.
LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
This lesson provides students with an introduction to forms of potential
and kinetic energy; potential energy – chemical, mechanical, nuclear,
and gravitational and kinetic energy – radiant, thermal, motion, sound, and
electrical. Renewables and nonrenewables can be classified as either
potential or kinetic energy. For instance, petroleum, coal, and biomass
can be categorized as potential energy or having stored energy and
require a chemical reaction to be used for our needs, whereas wind and
hydropower are better classified under kinetic energy, and require motion
for us to utilize their energy.
Utilizing the U.S. Energy Information Administration’s Energy Kids
website, students will be able to define and categorize sources of
renewable and nonrenewable energy as well as present day uses for the
various types of energy.
 Renewable-identified as sources of energy that are “naturally
replenished” and will not run out. These sources include solar,
wind, geothermal, hydropower, and biomass.
 Nonrenewable-identified as sources of energy that have “limited
supplies” and take millions of years to form. These sources
include petroleum (oil), natural gas, coal, and uranium (nuclear).
Preparation
1. Student objectives can be met in a variety of ways, 1) in class as
a part of a station, 2) in the classroom using mobile laptops,
iPads, etc., 3) in a small group using SMART board technology,
or in the computer lab. Choose the application that best meets
your needs and style.
2. Copies per student of, Energy Kids Web Quest: An
Introduction to Earth’s Resources.
Adapted from US Energy Information Administration Energy Kids-20 Questions Scavenger
Hunt. http://www.eia.gov/kids/energy.cfm?page=things_to_do

on next
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Teacher Background continued

ENGAGE continued

Preparation
1. Student objectives can be met in a variety of
ways, 1) in class as a part of a station, 2) in the
classroom using mobile laptops, iPads, etc., 3) in
a small group using SMART board technology,
or in the computer lab. Choose the application
that best meets your needs and style.
2. Copies per student of, Energy Kids Web Quest:
An Introduction to Earth’s Resources.

Directions
1. Let students know they will have a 5 minute
exploration of the Department of Energy’s website
for students. After the 5 minute exploration of the
site you will have a question for them to answer (use
the Essential Question). This can be a quick
participation grade. Students can answer on a
scratch piece of paper, on a post-it, or in their
science notebook.
2. Have students go to
http://www.eia.gov/kids/energy.cfm?page=2 and
give them 5 minutes to explore the information under
the title “Nonrenewable” and “Renewable”.

Helpful Hints:
1. Essential questions should be answered in the
science notebook-any activities, worksheets, or
labs should also be placed in the notebook.
2. For those students who have difficulties
processing information from screen to text or in
written expression here are some options:
a. Print resource text from site
b. Print resource text from site and allow
student to highlight correct responses.
c. Pair children together and have them
work as a team to complete work.

ENGAGE
Student Grouping: Small Groups
Time: 20 minutes
Essential Question
A. Name three things a person could learn from
going to this website.

EXPLORE
Student Groupings: Small Group
Time: 30-50 minutes
Essential Question
B. Think about your daily routine. List at least 5
examples of renewable and nonrenewable energy
you use in a day. At least one example has to be a
renewable source.
Directions
1. Each student should have a copy of the student
handout, found on page 3-6.
2. Students will complete the webquest, Energy Kids:
An Introduction to Earth’s Resources.
3. Have students answer the Essential Question in
their notebooks or assign the question for
homework.
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EXPLAIN

ELABORATE

Student Groupings: Individual
Time: 45 minutes

Student Groupings: Pairs
Time: 60-70 minutes

Essential Questions
C. How can we depict and share historical events
over time as a visual or graphic?
D. What are three facts from the History of
Energy?

Essential Question
E. What role did our transportation options have on
the natural resources that were discovered and
used as sources of energy?

Directions
1. Have students read pages 8-9, History of
Energy. Link is found under Web
References. You may want to read aloud,
have students read in pairs or individually.
2. Have students answer Essential Question C.
The goal is for them to come up with a timeline.
If they need some guidance ask them about
social studies or history class. This may jog
their prior knowledge on timelines.
3. Have students answer Essential Question D.
4. Provide a 4-5 sentence summary about the
History of Energy. After students write their
summary they need to partner up and take turns
reading their summaries.
5. Homework: Make a Thinking Map®-Tree Map
that demonstrates how earth’s natural
resources are categorized. Reference the

example found on page 3-5. Students will
reference their Tree Map for the next
assignment.

Directions
1. Students need their Thinking Map created in the
Explain. They will have written a minimum of 7
total resources, both renewable and
nonrenewable. They will use those 7 resources to
create an Energy Timeline.
2. Have students access the EIA Energy Timelines,
found at the link provided under Web References.
Provide student pairs 5-10 minutes to explore the
various timelines on this section of the website.
3. One students have checked out the timelines have
students go back to their seats. For the rough draft
students will use notebook paper and you will help
them get started by using the “Transportation”
timeline.
4. First, as a class determine what year to begin and
end your timeline. Will it be 50 years or 200 years,
etc.? Draw a line and place your beginning and
ending time on your timeline. Students should copy
as you model.
5. Now place 4-6 Transportation events on the
timeline. Let students help you make choices.
Make sure those choices fit in between the years
chosen in number 4. This will also be the time to
model your expectations, using a ruler for straight
lines, spacing between events, etc.
6. Once this is complete, allow students to pair up
again and use the timeline to get 14 more events.
2 events from each of the 7 resources from their
Thinking Map. They may want to just write them
down on their rough draft or in their science
notebook for now.
7. Students can take their notes and rough draft
home and complete their final Energy Timeline for
homework.
8. Ask students to answer the Essential Question
on the back of their Energy Timeline before turning
it in.
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EVALUATE

WEB REFERENCES

Student Groupings: Individual
Time: 30 minutes

The NEED Project - The History of Energy
http://issuu.com/theneedproject/docs/elementaryene
rgyinfobook

You may choose the assessment piece that best fits
your classroom needs or you may prefer to allow
students to choose the assessment they feel will
best allow them to demonstrate their understanding.
1. Foldable –found on 3-11
2. Concept Quiz – found on 3-13
3. Essay – found on 3-16

EIA - Energy Timelines
http://www.eia.gov/kids/energy.cfm?page=4
Forms of Energy
http://www.eia.gov/kids/energy.cfm?page=about_for
ms_of_energy-basics
Nonrenewable Sources of Energy
http://www.eia.gov/kids/energy.cfm?page=nonrene
wable_home-basics
Renewable Sources of Energy
http://www.eia.gov/kids/energy.cfm?page=renewabl
e_home-basics
For An In Depth Look
Elementary, Intermediate, and Secondary
Energy Infobook
http://www.need.org/content.asp?contentid=61
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This is the model I would share with my students demonstrating the evidence I expect to
assess. The summary of understanding is an important piece that allows you to assess the
areas where the student may have gaps in understanding and/or misconceptions. This example
is done in the science notebook but can easily be completed on any type paper.
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NAME: __________________________________________ DATE: _____________________

Web Quest Directions: Go to the U.S. Energy Information Administration’s Energy Kids
website, http://www.eia.doe.gov/kids, to find the answers to the questions below. Read the
“Forms of Energy?” page in the “What is Energy?” section to answer question 1. Then
go back to the homepage and look under “Energy Sources” to find the rest of your answers.
1. What is energy?

2. What are the 5 main types of renewable energy?

3. Why are these types of energy considered renewable?

4. What are the 4 main types of nonrenewable energy?

5. Why are these types of energy considered nonrenewable?

6. Name four fossil fuels? Why are they called “fossil” fuels?
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7. What is the most common form of renewable energy used to generate electricity? What
percentage of U.S. electricity generation comes from this source?

8. What causes wind? How does the process reverse itself between day and night?

9. How do engineers use the earth’s heat to create geothermal energy?

10. Biomass involves burning organic material, chemical energy, which release what kind of
energy?

11. What are 10 different petroleum products that come from “crude oil”?
1.
6.
2.

7.

3.

8.

4.

9.

5.

10.
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12. Name and describe 4 major uses for coal.
1.

2.

3.

4.

13. In terms of percentages, what are the 3 biggest uses of natural gas?
1.
2.
3.

14. Nuclear energy is considered a nonrenewable energy, but it is not a fossil fuel. What is it?
[HINT: this question is not answered directly. You must INFER what type of material it is,
given your knowledge of geology, from the information that is given. THINK!]

15. In terms of safety and the environment, what is one positive thing and one negative thing
about nuclear power plants?
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EIA Web Quest Answer Key
1. What is energy?
Energy is the ability to do work. Energy is in everything and we use energy for everything
we do.
2. What are the 5 main types of renewable energy?
Biomass, Geothermal, Hydropower, Solar, Wind
3. Why are these types of energy considered renewable?
Renewable energy sources can be replenished.
4. What are the 4 main types of nonrenewable energy?
Oil, Natural Gas, Coal, Uranium
5. Why are these types of energy considered nonrenewable?
Nonrenewable resources cannot be replenished or made again in your lifetime.
6. Name four fossil fuels? Why are they called “fossil” fuels?
Coal, Petroleum, Natural Gas, and Propane – they were formed from the buried remains of
plants and animals that lived millions of years ago.
7. What is the most common form of renewable energy used to generate electricity? What
percentage of U.S. electricity generation comes from this source?
Hydropower – 30%
8. What causes wind? How does the process reverse itself between day and night?
Wind is caused by the uneven heating of the Earth’s surface by the sun.
9. How do engineers use the earth’s heat to create geothermal energy?
Wells are drilled 1-2 miles deep to obtain geothermal energy from dry steam wells or hot
water wells.
10. Biomass involves burning organic material, chemical energy to release what form of energy?
Heat
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11. What are 10 different petroleum products that come from “crude oil”?
1. Ink
6. CD’s and DVD’s
2. Crayons

7. Tires

3. Dishwashing liquid

8. Ammonia

4. Deodorant

9. Heart valves

5. Eyeglasses

10. Propane

12. Name and describe 3 major uses for coal.
1. Burn coal to make steam used in the generation of electricity
2. Some by-products (waste) are used in making plastics, tar, fertilizers, and medicine
3. Coal is used to make steel.
13. In terms of percentages, what are the 3 biggest uses of natural gas?
1. Electric power
2. Industrial (businesses)
3. Residential (our homes)

14. Nuclear energy is considered a nonrenewable energy, but it is not a fossil fuel. What is
it? [HINT: this question is not answered directly. You must INFER what type of material
it is, given your knowledge of geology, from the information that is given. THINK!]
Uranium is common, but U-235 is rare and the process in which Uranium is mined and
processed put a strain on other nonrenewable resources
15. In terms of safety and the environment, what is one positive thing and one negative thing
about nuclear power plants?
Answers will vary
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LESSON 3: ASSESSMENT FOLDABLE
STEP 1
1. Fold page so there is a lip large enough to write the title of the foldable,
about 3 cm.

STEP 2
1. Cut top flap to the fold and write the title, NATURAL
RESOURCES.
2. Now add your labels, RENEWABLE AND
NONRENEWABLE.

STEP 3
1. On the top portion of the “renewable” tab follow the given
instructions.
2. On the top portion of the “nonrenewable” tab follow the
given directions.

STEP 4
1. On the bottom left and right side of the 2 tab foldable follow
the given directions.
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STEP 5
1. Add color and design as time allow and your 2-tab
foldable is complete.
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Name: ____________________________________________________Date: _____________
Science Concept Quiz
Lesson 3: An Energy Mix
Renewable and Nonrenewable Resources

Every day you use different energy sources. Some energy sources are renewable and some sources are
nonrenewable. Which statement best describes a nonrenewable energy source?
A. Nonrenewable resources are found only in the atmosphere and take a few thousand years to be
naturally replenished.
B. Nonrenewable resources are found in the earth and cannot be replenished in our lifetime. They take
millions of years to form.
C. Nonrenewable resources occur naturally and will not run out. There will always be a continuous
supply.
D. None of the above

______ points out of 20
I. Answer
A.
B.

C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Natural Resources
2. Energy Consumption
3. Making Predictions
4. Change over Time
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.
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_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY
1. B
2. 1
3. Answers will varyThe question addresses both renewable and nonrenewable resources and asks me to come up with
the best definition of nonrenewable.
4. Answers will varyA. Nonrenewable resources are not found in the atmosphere and take millions of years to form.
B. Correct answer
C. Nonrenewable resources do occur naturally but there is not a continuous supply and one day
they will run out.
D. There is a correct answer-B.
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Name: ____________________________________________________Date: _____________
Application Essay
Using information you already have and new learning from lesson 3, write a paragraph about earth’s
natural resources. I will be looking for evidence of understanding
about –
What Is the Expectation?
____What are natural resources?
____What are renewable and nonrenewable resources?
____What are examples of these resources?
____How do you or how does society use these resources?

Use new lesson knowledge and
your science notebook to
demonstrate understanding.
Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage
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LESSON 4: BY AIR, LAND OR SEA
The Formation and Location of Our Natural Resources

GRADE LEVEL
6-8
TIME NEEDED FOR COMPLETION
1-2 class periods or 1 ½ - 2 hours
STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1
ENGINEERING APPLICATION
Found in the Appendix starting on page
B-1

MATERIALS
 Science Notebook
 Computer with Internet
 Natural Resources Model/Diagram,
found on page 4-5
 White copy/drawing paper
 Crayons/Map Pencils
 Black Pen for labeling

ACADEMIC VOCABULARY
renewable resources, nonrenewable
resources, formation, fossil fuel,
harness

STUDENT OBJECTIVES
 Use primary and secondary sources to locate where Earth’s natural
resources are within the system.
 Research the fossil fuel formation process and generate a flow map
with descriptors.
LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
This lesson provides students with the understanding of how fossil fuels
are formed and where our natural resources are found within the earth
system. Students will be working in pairs the majority of the time in order
to create important opportunities for students to hear thoughts and ideas
about science from their peers.
All of our natural resources occur naturally within the earth system. Fossil
fuels, coal, oil, natural gas and uranium are found within earth’s crust.
Coal, a sedimentary rock is formed from the decayed remains of plants
that lived hundreds of millions of years ago.

EIA
Oil and natural gas although formed millions of years ago just like coal, its
formation occurred in a different manner. Similarly from decayed remains
but from the plant and animal remains found in once vast oceans.

EIA
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Teacher Background continued

EXPLORE

Preparation
Locate rich text resources beyond the classroom
textbook, such as those found in your leveled library,
and school library on earth’s natural resources, fossil
fuels, and renewable resources.

Student Groupings: Pairs/Individual
Time: 20 minutes

Helpful Hints
Printing out How Fossil Fuels Formed, found on page
4-4, or asking students to create their own flow chart
in their science notebooks, about fossil fuel formation
is another great opportunity for learning.

ENGAGE
Student Grouping: Pairs
Time: 10 minutes
Essential Question
A. We have been taught how natural resources are
different, but how are renewable and
nonrenewable resources similar?
Directions
1. Have student pairs make a T-chart and list all the
natural resources in the left hand column. In the
right hand column write where you think the
natural resources come from -- underground, on
land, in the sky, etc.
2. Have the students prepare to provide reasoning
behind their choices. What evidence
(knowledge) do they have to support their
answer?
3. Answer the Essential Question.

Essential Question
B. Why is learning about energy important to you now?
How will it be important to you in the future?
Directions
1. Debrief with the class and let students have the
opportunity to hear from their peers the reasoning
behind others T-chart choices. At this point it is not
important to say their choices are right or wrong.
2. Give students the opportunity to make changes to
their original choices based on classroom
discussion.
3. Now instruct students to use fact-based resources to
prove their responses are correct. Students may use
web and text resources, i.e. EIA website, classroom
textbook, non-fiction text from the library, leveled
library books whose topics include: natural
resources/renewable resources/nonrenewable
resources and/or fossil fuels.

EXPLAIN
Student Groupings: Pairs
Time: 20 minutes
Essential Question
C. Which type of energy, renewable or nonrenewable
do you think would be easier to harness? Explain
your thinking.

Continued on next page
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EXPLAIN continued
Directions
1. Give students time to verify their T-chart
responses as well as answer these two
questions…
a. How is coal formed?
b. How is oil and natural gas formed?
2. Along with students writing responses to the
questions in their science notebook have them
write their responses on a post-it note and place
it under the correct location on a chart you
make either on the chalkboard or chart paper.

This provides a visual and quick self-check for
students as well as a quick assessment for you.

ELABORATE continued
2. Have students write the essential question on the
back of their work and answer.
3. After work is complete and/or turned in have a
discussion about Essential Question D. Students
should notice that fossil fuels form underground
and that all renewable resources are found above
ground – either on the land, air, of sky.

EVALUATE
Student Groupings: Individual
Time: 20 minutes
You may choose the assessment piece that best fits
your classroom needs or you may prefer to allow
students to choose the assessment they feel will best
allow them to demonstrate their understanding.
1. Concept Quiz, found on page 4-6
2. Essay, found on page 4-9

ELABORATE
Student Groupings: Individual
Time: 30 minutes in class or assign as homework
Essential Question
D. What generalization can you make about fossil
fuels and renewable resources based on the
model you created?

WEB REFERENCES
EIA: Petroleum and natural gas
http://eia.gov/kids/energy.cfm?page=oil_home
EIA: Coal Formation
http://eia.gov/kids/energy.cfm?page=coal_home

Directions
1. Students are going to draw a model/diagram of
earth’s natural resources demonstrating the
locations of both renewable and nonrenewable
resources. Refer to the example found on page
4-5.
Criteria:
a. Include 3 of 4 nonrenewable resources
b. Include 4 of 5 renewable resources
c. Label resources
d. Color, Spelling, and Neatness
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Natural Resources Model/Diagram

Remember, you want students to do their best work, however not all students are artists. Assess based
on knowledge not on artistic ability. As can be seen above I lack artistic ability and my drawings always
put my student’s mind at ease…
Students should notice that all fossil fuels are found underground, coal, natural gas, oil, and uranium. All
renewable forms of energy are found above ground with the exception of geothermal energy.
Allowing students to draw models and diagrams is a science tool that will be utilized throughout their
education. This visual is a great review piece when placed in the science notebook, and students can
generate a set of questions to ask their peers based on their work. There are many learning opportunities
using the work student’s create.
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Name: ____________________________________________________Date: _____________
Science Concept Quiz
The word fossil means “any remains, impressions, or trace of a living thing of a former geologic time”.
How are the fossil fuels formed?
A.
B.
C.
D.

From the decayed remains of dinosaurs
Millions of years of extreme heat and pressure
From the decayed remains of ocean plants and animals
Both B and C

______ points out of 20
I. Answer
A.
B.

C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Making Predictions
2. Natural Resources
3. Analyzing Data
4. Understanding Vocabulary
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.
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_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY

1. D
2. 2
3. Answers will vary. The question specifically asks about oil and natural gas which are both
fossil fuels.
4. Answers will vary.
A. Oil and natural gas were formed from the remains of plants and animals that lived in the
ocean and not on the land.
B. This is true. It does take fossil fuels millions of years to form.
C. This is also true. Oil and natural gas do form from the remains of ocean plants and
animals.
D. This is the correct answer because both B and C combined give accurate information to
the formation of oil and natural gas formation.
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Name: ____________________________________________________Date: _____________
Application Essay
Imagine you have to teach a group of students about the formation
and location of earth’s natural resources. In your “class” you will
What Is the Expectation?

need to –
1. Provide 4 main points – important information to the topic.
2. What pictures, graphic organizers, and/or books would you
want to share?
3. What would you have “your class” do so that you knew
they learned your 4 points?

Use new lesson knowledge or
your science notebook to
support your position
Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage
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GRADE LEVEL
6
TIME NEEDED FOR COMPLETION
1-3 class periods or 1 ½ - 2 hours
STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1
ENGINEERING APPLICATION
Found in the Appendix starting on page
B-1

MATERIALS
 Science Notebook
 Computer with Internet

ACADEMIC VOCABULARY
Innovation, invention, decade, timeline,
phrase, “the age of…”

STUDENT OBJECTIVES
 Construct a timeline from nonfiction text.
 Connect major events in energy to major events in U.S. History.
 Create a multi-decade timeline that arranges and demonstrates
science and social studies connections.

LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
It is important for students to see connections between the content areas
for there are many times throughout history where extraordinary events
coincide with invention and innovation in science and vice versa. For
instance how was the use of coal in manufacturing during the civil war
important and how did settlers moving west benefit from the steel blade
design of windmills?
This lesson will allow students to investigate some of these connections
and make determinations as to the significance of science in history.
Preparation:
 Work with your librarian to gather a set of books that students can
utilize during the Elaborate portion of the lesson plan.
 Schedule time to be in the computer lab or check out the mobile
computer cart.
Helpful Hints:
 The younger the students the more guidance and support they will
need.
 Familiarize yourself with the web pages before working with your
students on the two sites.
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ENGAGE

EXPLORE

Student Grouping: Pairs/Whole Group
Time: 20 minutes

Student Groupings: Pairs/Individual
Time: 15 minutes

Essential Question
A. What is the purpose of a timeline? Can a
timeline be used in any subject? Explain.

Essential Question
B. Which fifty year time period did you choose? Why?

Directions
1. Distribute and read a copy of, History of
Energy, found in the lesson links. You may wish
toa. Read in pairs
b. Read together as a whole class
c. Read in small groups
2. After reading-question the class, “What type of
graph or chart would allow us to get the facts
from this page in a quick and to the point
manner?” *NOTE* may want to have examples
of different types of charts and graphs available
for students to get ideas.
3. You want to guide students toward a timeline as
a quick, factual account of a topic. In this case
energy. Have a discussion on the topic. Does
the science or social studies text utilize
timelines?
4. Together use the dates in the informational text
to create a timeline together. Not necessarily an
easy task. Going to have to think about some of
the information presented.

Directions
1. Students need time online and need to sit next to
their partner. Each student will spend 5 minutes on
each site before starting their work.
Social Studieshttp://www.animatedatlas.com/timeline.html
Sciencehttp://www.eia.gov/kids/energy.cfm?page=timelines
Purpose of 10 minute exploration-Students will
work together to create a two-level timeline
over a fifty year timespan utilizing the two
sites to gather their information.
2. Students will spend another 5 minutes discussing
which set of years they will use.
EXPLAIN
Student Groupings: Pairs
Time: 30-45 minutes
Essential Question
C. Choose one event either from the Energy Timeline
or the AnimatedAtlas timeline where you see a
connection, where one impacted or supported the
other. Explain the connection.
Directions
1. Students will work together to create a two leveltimeline using the animatedatlas.com timeline as a
model (even though their timeline has eight levels).
This visual will allow them to easily create their twolevel timeline. *NOTE* You may want students to
create a “rough draft” in their science notebook
before working on the final product.
Continued on next page
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EXPLAIN continued

ELABORATE continued

Directions continued
2. The timeline can be created on any kind of
paper large or small - it will depend on the
writing skills of the students. Spacing will be an
issue so creating a rough copy will be helpful.
3. On the Energy Timeline site students need to
get data for their years froma. Transportation
b. 3 fossil fuels
c. 4 renewable resources
On the AnimatedAtlas.com site students need
to get data for their years from any of the
available categories, states, territories,
presidents, society, Native American, world,
science, culture.

3. Set up your own guidelines and expectations for
summary. Student can complete for homework or
you can extend the time and allow more class time
for completion.

ELABORATE
Student Groupings: Pairs/Individual
Time: 30 minutes
Essential Question
D. How was/is science important to social studies?
E. How was/is social studies important to science?
F. Explain another connection between science
and social studies. How did one support or
impact the other?
G. What have you learned from doing this
assignment?
Directions
1. Provide books on various historical events,
scientific discoveries, inventions, and books on
energy. This will help students to elaborate and
find supporting details when they write about
their timeline.
2. Use the essential questions to turn their timeline
into a summary. You may want to have a class
discussion using the questions before students
begin their summary.

EVALUATE
Student Groupings: Individual
Time: 20 minutes
You may choose the assessment piece that best fits
your classroom needs or you may prefer to allow
students to choose the assessment they feel will best
allow them to demonstrate their understanding.
1. Use their summary as an evaluation tool-refer to
the rubric for assessing reading extensions on
page 13 of the introduction or create your own.
2. Concept Quiz, found on 5-4
3. Essay, found on 5-7

WEB REFERENCES
History of Energy – page 8 and 9

http://www.need.org/files/curriculum/guides/Elemen
tary%20Energy%20Infobook.pdf
EIA Energy Timeline
http://www.eia.gov/kids/energy.cfm?page=timelines
The Animated Atlas
http://www.animatedatlas.com/timeline.html
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Name: ________________________________________________________Date: _____________
Science Concept Quiz
Why is it important to understand how science and history are connected?
A. There are no connections between science inventions/innovations and historical events.
B. Science inventions/innovations were the reason for important events in history.
C. Science innovations had an impact on many historical events, just as many historical events led to
new innovations in science.
D. None of the above

______ points out of 20
I. Answer
A.
B.

C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Scientific Method
2. Impacts of Science on Society
3. Historical Research
4. Change over Time
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.
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_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
1.

2.

3.

4.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY

1. C
2. 2
3. Answers will vary. Answer choices 1, 3, and 4 all relate to either science or history. Only number two
addresses both science and history which is the main idea of the question.

4. Answers will vary.
A) This is not a correct answer because all our work revolved around finding the connection between
science and history.

B) Although some science innovations may have impacted certain historical events they were not
the reason for ALL historical events.

C) Correct answer. There is support from my class work that best supports that both science and
history have an impact on each other.

D) See responses above.
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Name: ____________________________________________________________Date: _____________
Application Essay
Toward the end of the 1870’s Thomas Edison’s mission to replace
gas lighting systems with a safer, easier electric version. This was
a huge undertaking in every way: concept, imagination, manpower,
financial funding, research, manufacture, and marketing. These,
with painstaking research, required the production of every element

What Is the Expectation?
Use new lesson knowledge or
student readings to support
your position

in the process from the electricity generators through the entire
distribution system to the final light bulb and switch. The resulting

Visual representations if
applicable

system went live at the Pearl Street plant in New York City on

Key vocabulary

September 4, 1882.1
How could Edison’s electric lighting system benefit or impact one of

Evidence of on grade level
spelling and grammar usage

the historical events below?
Examples include:
1869-1896 The Gilded Age
1882 Standard Oil Trust was created
1882 The Knights of Columbus are established
1882 The Chinese Exclusion Act
1882 The first Labor Day Parade
1883 The first vaudeville theater opens
1883 The first rodeo in the world in Pecos, Texas
1883 UT Austin opens to students
1883 Buffalo Bill Cody debuts his Wild West Shows
1883 The Northern Pacific Railroad is completed

1

The Franklin Institute, The Case Files: Thomas Alva Edison-Lighting System, 2004-2011. http://www.fi.edu/learn/casefiles/edison/system.html
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GRADE LEVEL
6
TIME NEEDED FOR COMPLETION
1-3 class periods or 1 ½ - 2 hours
STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1
ENGINEERING APPLICATION
Found in the Appendix starting on page
B-1

MATERIALS
 Science Notebook
 Computer with Internet
 Natural Resource Cards – these
are found at the conclusion of the
lesson. Each resource should be
copied double sided so that the
image is on one side and the text is
on the other. Laminate them so
they can be reused each year.

ACADEMIC VOCABULARY
heat trapping gases, greenhouse
gases, carbon dioxide, migratory
species, offspring, seismic,
contamination, generator, industry,
photovoltaic cells, petroleum, extract,
harvest, harness

STUDENT OBJECTIVES
 Develop an historical perspective in the development of energy.
 Communicate with other students how various energy sources get
from source to consumption.
 Develop an understanding of the environmental impacts associated
with energy, both positive and negative.

LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
The acquisition of our natural resources is an ongoing process –taking
place in some cases 24 hours a day. Before the development of
hydraulics and explosives, coal mining relied on people using hand tools
in sub-surface tunnels. The advent of dynamite allowed much more ore to
be exposed in much less time and required less human labor; however,
this new extraction method often leads to the destruction of entire
ecosystems.
(EEI, Grade 6, Lesson 4 p.81)

While this lesson explains, at the basic level, methods for extracting,
harvesting, and harnessing our natural resources, the lessons allows
students to investigate scientific discoveries and technological
advancements in the field of energy and learn about the environmental
benefits and consequences related to each. Students will become
“experts” about a particular energy source and in a mock elevator speech
students will give their spiel to a fellow “energy colleague”.
Preparation:
Print out the Resource Cards front and back so that the image goes with
the written portion. Laminate for long term use.
Helpful Hints:
For access to the EEI curriculum go to
http://www.californiaeei.org/Curriculum/ .
Input your information and you will be sent the password to download your
own copies. The files are large and download time is longer than usual. I
suggest downloading to an external hard drive or thumb drive.
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ENGAGE

EXPLORE continued…

Student Grouping: Individual
Time: 5-10 minutes

3. There are seven resource cards. You will need to
divide students accordingly. NOTE: you many need
two sets of resource cards and you may also want to
pair students up. Pass out the cards to the studentsgive them 10-15 minutes to read and practice their
speech. (Have them sit around the perimeter of the
room so you can set up the elevator, refer to
diagram at the top of the next page.) They will not
have time to read word for word from the card so
they will need to decide on what they feel is
important to share. Get them thinking – How can I
get this person to remember me, to want to
collaborate on an energy project, etc.
4. Side B students will move every 4 minutes. This
means that each student, A and B has two minutes
to deliver their information. Decide on a sound
signal to let students know the two minute mark and
the 4 minute mark. Once you have modeled how
students will move, students may begin.

Essential Question
A. What energy source powers your home? Just
one kind or more than one? Where does that
energy come from?
Directions
1. Have a discussion around the Essential
Question.

EXPLORE
Student Groupings: Pairs/Individual
Time: 45 minutes
Essential Question:
B. What do the words ‘extract’, ‘harvest’, ‘harness’
mean? What do they have to do with energy?.
Directions:
1. Have students answer the Essential Question
before beginning. This can be done individually,
in pairs, or as a class.
2. Explain to the class that they are going to be
energy industry experts at an energy conference.
Explain what an elevator speech is…it is a quick,
about two minutes, an opportunity for two people
to talk about what they do or what they working
on. In this instance students will each have a
resource card and after they have time to “study”
their energy source you will set up the elevator.
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ELABORATE continued
EXPLAIN
Student Groupings: Whole Group
Time: 15-20 minutes
Essential Question:
C. What was the elevator speech experience like?
What did you learn? Is there a natural resource
system you’d like to learn more about? Why?

Directions:
1. Make a class tree map, but have students copy
the map into their science notebook. Refer to
lesson links for the example. This process will
allow students both “experts” and listeners to
share knowledge and allow you to better assess
the success of the elevator experience and help
students fill in missing gaps.

ELABORATE

3. Set up your own guidelines and expectations for
summary. Student can complete for homework or
you can extend the time and allow more class time
for completion.
EVALUATE
Student Groupings: Individual
Time: 20 minutes
You may choose the assessment piece that best fits
your classroom needs or you may prefer to allow
students to choose the assessment they feel will best
allow them to demonstrate their understanding.
1. Use their summary as an evaluation tool-refer to
the rubric for assessing reading extensions or
create your own.
2. Concept Quiz
3. Essay

WEB REFERENCES
California EEI
http://www.californiaeei.org/Curriculum/

Student Groupings: Individual
Time: 20 minutes

Offshore Oil Drilling
Essential Question
D. Which natural resource were you the “expert”
for? Was your resource renewable or
nonrenewable?
E. Name three facts about your resource that were
of most interest to you. Why did you find them
of interest?
F. Have your views or opinions changed regarding
any of the natural resources? Explain.
Directions
1. Answer Essential Questions.
2. Have a class discussion. Allow students to
share out – to express their knowledge and/or
ask questions.

Energy Tomorrow
http://energytomorrow.org/energy-101/offshore-drilling
How Stuff Works
http://science.howstuffworks.com/environmental/energ
y/offshore-drilling-controversy2.htm
NWF Gulf Oil Disaster
http://www.nwf.org/Oil-Spill/Effects-onWildlife/Compare-Exxon-Valdez-and-BP-OilSpills.aspx
Impacts of Offshore Drilling
http://na.oceana.org/en/our-work/stop-oceanpollution/oil-pollution/learn-act/impacts-of-offshoredrilling
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WEB REFERENCES continued

Solar Energy
Harnessing Light
http://www.rsc.org/images/harnessinglight_tcm18-111597.pdf
How Stuff Works
http://science.howstuffworks.com/environmental/energy/solar-cell1.htm
University of Minnesota
http://www.tc.umn.edu/~dama0023/solar.html
Defenders of Wildlife
http://www.defenders.org/resources/publications/programs_and_policy/renewable_energy/making_renewable_
energy_wildlife_friendly.pdf

Fossil Fuels
Surface Mining
http://www.coaleducation.org/lessons/twe/mcoal.htm
Wikipedia – Surface Mining
http://en.wikipedia.org/wiki/Surface_mining
Fossil Fuel
http://fossil-fuel.co.uk/coal/advantages-of-coal
Buzzle
http://www.buzzle.com/articles/how-does-mining-affect-the-environment.html
National Energy Foundation
http://www.coaleducation.org/lessons/twe/mcoal.htm

Wind Energy
EERE – Energy Efficiency & Renewable Energy
http://www.eere.energy.gov/topics/wind.html
Wikipedia
http://en.wikipedia.org/wiki/Wind_turbine
AWEA – American Wind Energy Association
http://www.awea.org/
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Geothermal Energy
Geothermal Marin
http://geothermal.marin.org/pwrheat.html#Q7
Geo-Energy
http://www.geo-energy.org/reports/Environmental%20Guide.pdf

Natural Gas
UCSUSA – Union of Concerned Scientist – Citizens and Scientist for Environmental Solutions
http://www.ucsusa.org/clean_energy/our-energy-choices/coal-and-other-fossil-fuels/how-natural-gasworks.html#.VVPMCU1OXIU
Department of Energy
http://www.afdc.energy.gov/afdc/fuels/natural_gas_benefits.html
EPA
http://www.epa.gov/cleanenergy/energy-and-you/affect/natural-gas.html
NWF
http://www.nwf.org/News-and-Magazines/National-Wildlife/Animals/Archives/2011/Trouble-with-Fracking.aspx

Wood Harvesting
Boreal Forest - Harvesting
http://www.borealforest.org/world/innova/harvesting.htm
Extension – An Environmental Overview of Woody Biomass Utilization
http://www.extension.org/pages/26780/an-environmental-overview-of-woody-biomass-utilization
Union of Concerned Scientists: Citizens and Scientists for Environmental Solutions
http://www.ucsusa.org/clean_energy/technology_and_impacts/energy_technologies/how-biomass-energyworks.html

For an In Depth Look
http://www.californiaeei.org/Curriculum/ The California EEI initiative is a fantastic resource! They have
done a thorough job integrating science, social studies, history, and geography making each subject more
engaging and meaningful. The curriculum is K-12 and although parts are specific to California there are many
Units/Lessons that are nationally universal and can be aligned to other state’s standards.
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TREE MAP – EXAMPLE

2015©National Wildlife Federation – Eco-Schools USA

LESSON 6: MEET THE EXTRACTORS, HARVESTORS, AND HARNESSERS
Methods, Technology, Benefits and Consequences to Obtain Natural Resources
6-7

Name: ________________________________________________________Date: _____________
Science Concept Quiz
Even though the United States has made significant innovations in energy over the last two centuries, why is
it important to continue investigating energy and developing new innovations in energy?
A. The United States needs to be the best at everything we do.
B. It would be more expensive to use the investigations and innovations of other countries.
C. Science is always changing. It is important to find better solutions for our energy needs - ones that
are safer, healthier, and more sustainable.
D. It is not important to continue investigating and innovating in the area of energy. We are able to
meet all our energy needs and there are very few negative impacts associated with the energy we
rely on most - fossil fuels.

______ points out of 20
I. Answer
A.
B.

C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Scientific Method
2. Impacts of Science on Society
3. Historical Research
4. Change over Time
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.
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_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
1.

2.

3.

4.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY

1. C
2. 4
3. Answers will vary. The question specifically addresses investigation and innovation and how it
relates to energy. Even though energy could pertain to natural resources or nonrenewable resources
the question wants you to focus on scientific innovation.
4. Answers will vary.
A. This answer in not about being the best or first. The question asks about investigation and innovation
which is not the same as being the best or first.
B. Although this is potentially a correct answer, again this doesn’t address the best reason behind
scientific investigation and innovation.
C. This is the correct answer.
D. Scientific investigation and innovation should never be finished. They should always lead to new
questions. Science is always changing.
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Name: ____________________________________________________________Date: _____________
Application Essay
Explain how your knowledge of fossil fuels changed since doing
this activity. To help guide your thinking use these questions:

What Is the Expectation?
Use new lesson knowledge or
and your science notebook to
support your position

1. What did I know before?
2. What new knowledge do I have?
3. How is the environment impacted?
4. What could be some potential solutions in your opinion?

Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage
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Offshore Oil Extraction
What is it:
Drilling for oil in the ocean is one of the greatest technological breakthroughs in recent decades, and many new techniques have been
developed to profit from the abundance of oil underneath the ocean floor. While drilling for oil has been around for hundreds of years
in one form or the another, the effective extraction of petroleum from beneath the sea floor did not surface until the last forty years.
In order for any drilling to take place, an offshore drilling rig must first be installed. These offshore platforms can be situated in water
up to a several hundred meters in depth. But before any drilling takes place, an oil and gas "trap" must first be located in the ocean,
and with the ocean floor being at such great depths, the visibility is often very poor. To locate potential traps, engineers use seismic
surveying, and then analyze the data they receive to decide whether or not drilling in the area would have the chance of containing oil
and/or gas. The engineers will not know whether their assumptions are true until they penetrate the trap with a drill bit. Due to the fact
that the traps can sometimes be a great distance below the ocean, advanced computer technology is required to guide the drill bit to a
fixed location. Installed above the drill bit is a navigation device, which sends back information to the controller, allowing them to locate the exact location that is presumed to have the oil and to measure and monitor the trap. Inside the drill pipe, there is a steerable
motor that can be controlled to adjust the drill and the direction in which it is headed. (Donatoni)
Highlights: Energy Tomorrow
Supports over 200,000 jobs in the Gulf of Mexico
Provides 30 percent of our nation’s total domestic oil
Provides 13 percent of our nation’s total domestic natural gas
Since the 1970’s new innovations and safety regulations have made offshore drilling very safe.
Environment:
Seismic waves used to locate oil can harm and disorient sea mammals.
Rigs can explode dumping hundreds and thousands of barrels of oil (BP oil spill) as can transporting oil.
The canals built for transporting oil have caused erosion to Louisiana wetlands and destroyed much of the state’s marshlands.
Defenders of Wildlife, Oceana, National Wildlife Federation

Wildlife:
The Gulf coast is a huge migratory bird corridor. Increased drilling operations increase the likelihood that birds will collide with
rigs.
High vessel traffic associated with drilling operations increase collisions with sea turtles. All five species found in the Gulf are
either threatened or endangered.
Drilling platforms and operations permanently alter ocean floor habitats.

Defenders of Wildlife, How Stuff Works

Www.cheapway-energy.com

Solar Energy Harnesser
What is it: One hundred years ago, the 20th century’s most famous scientist, Albert Einstein, worked out how light interacts with matter - the photoelectric effect. It was for this work he was awarded the Nobel Prize in Physics in 1921. Einstein’s work establishing the
laws of photochemistry can be seen as the real starting point for understanding solar energy.
Since solar energy is spread out around the world it is important to localize the energy to get the most energy. Photovoltaic cells are
the most widely used method of harnessing solar energy as it directly converts solar energy into electric energy. The cells are put
together to form modules that are placed into a frame called a solar panel. Photovoltaic cells are made of special materials called
semiconductors such as silicon, which is currently used most commonly. Basically, when light strikes the cell, a certain portion of it is
absorbed within the semiconductor material. This means that the energy of the absorbed light is transferred to the semiconductor. The
energy knocks electrons loose, allowing them to flow freely. The flow of electrons is an electrical current which are drawn to metal
contacts on the top and bottom of the solar panels. This electricity can then be used for our needs whether it is for a calculator, a road
sign, or our home.
Highlights:
Solar energy creates more jobs per megawatt hour than any other energy type.
Creates clean renewable energy
Reduces your energy bills and allows you to rely less on fossil fuels.
Solar power plants reduce the environmental impacts of combustion used in fossil fuel power generation such as greenhouse gas
and other air pollution emissions.
Solar Benefits

Environment:
Solar arrays used for commercial electricity generation require large areas of land and can cause disturbances to the natural lay
of the land and have impacts on how others use the land, such as for grazing.
Some solar plants have highly geometric and reflective surfaces which can create visual disturbances.
Photovoltaic panels may contain hazardous materials and could cause environmental contamination if they become damaged or
are disposed of improperly.
Solar Energy Development

Wildlife:
Due to the large size of solar plants and all the parts need to make the plant complete habitat loss is a concern for several species in the southwest.
The life span of some species such as tortoises can decrease either from relocation, habitat too close to roads, and increased
predation.

Defenders of Wildlife

treehugger

Surface—Strip Mining (Coal) Extractor
What is it: This is a type of mining where soil and rock lay on top of the mineral deposit or coal. Fifty years ago most coal was done
manually, underground mines accounted for 96 percent of the coal produced each year. Today, almost 60 percent is produced from
surface mines. Surface Mining began in the mid-sixteenth century and is practiced throughout the world. Large scale coal mining
developed during the twentieth century during the Industrial Revolution. Coal provided the main source of energy for industry and
transportation in the West from the eighteenth century to the 1950’s. Surface mining is used when the coal seam is located relatively
close to the surface. Big heavy equipment, like earthmovers remove the topsoil and rock layers where it is saved when the land is
“put back together”. Next huge machines, some of the largest on earth, such as dragline excavators and bucket wheel excavators
extract the coal and large trucks take it to the plant for preparation to be converted into fuel. After all the coal is removed the land is
reclaimed back to as close to its original form as possible.
National Energy Foundation

Highlights:
Coal is available all over the world and is easy to store and easy to transport.
Coal is versatile meaning it can be used in many forms and many applications from trains to BBQ.
Using coal reduces our need for using oil that we have to get from other countries.
Fossil Fuel

Environment:
Mining requires large areas of land to be cleared this sometimes mean large scale deforestation as is often the case with
mountain top removal mining.
Even with regulations in place chemical waste still leak into surrounding water supplies and soil.
Air pollution, also regulated, still causes problems when byproducts (waste) from the processing of coal releases harmful heat
trapping gases into the atmosphere.
Buzzle

Wildlife:
Mine waste contamination have reduced growth among individual fish and among populations of caddis fly.
The effectiveness of ecosystems declines, the system doesn’t work the same.
When so much forest is cut down the mining operations destroy nesting habitat for migratory birds which lead to decreases in
their populations.
Methow River Report, Mountain Justice

windfair

saferenvironment

Wind Harnesser
What is it: In the US, Charles F. Brush produced electricity using a wind powered machine in the late 1800’s, which powered his
home and laboratory until about 1900. His work was one of the first of what would become the modern form of the wind turbine. In
the 1970’s the US teamed with NASA in a research program to create the NASA wind turbines, developing and testing many of the
features of modern utility-scale turbines. The modern wind power industry began in 1979.
Solar energy generates our winds. Wind energy is converted to mechanical energy and mechanical energy is convert to electrical
energy. A wind turbine works the opposite of a fan. Instead of using electricity to make wind, like
a fan, wind turbines use wind to make electricity. The wind turns the blades, which spin a shaft,
which connects to a generator and makes electricity.
Wikipedia, EERE

Highlights:
Wind energy is clean energy that it is now one the most cost effective sources of new electricity generation.
Wind is free.
The U.S. wind resource potential could power the nation 10 times over, meaning one wind
turbine equals ten USAs.
AWEA

windpowersavings

Environment:
Wind turbine - wind farms do change the physical look of the land which some citizens feel will hurt business and/or tourism in
their town.
Wind farms are thought to interfere with land use, such as for the purpose of farming or ranching, but most wind farms occupy
only about 1% of the land area taken by the whole development.
It has been argued that wind farms are noisy - old designs did create some concern but now with new innovations are generator
noise has been almost eliminated and new blade designs have decrease their noise level too. Wind farms create less noise than
traffic, trains, and a busy general office.

EWEA

Wildlife:
Birds can be affected by wind energy development
Loss of habitat
Disturbance of their breeding and foraging areas
Collisions caused by the rotating blades - however relatively low <1 in 10,000 bird deaths are associated with turbines,
pesticides, cars, cats, and buildings and windows are much more likely to kill birds.
EWEA

Geothermal.marin

Geothermal Harnesser
What is it: Geothermal energy is thermal energy produced and stored in the Earth. The Earth gets this energy from its original formation and the decay of minerals. Conduction drives thermal energy from the earth’s core to the surface in the form of heat. Hot
springs heated naturally by geothermal energy has been used for bathing
since Paleolithic times and for space heating since ancient Roman times.
solarpowerwindenergy
Historically geothermal power has been limited to areas neat tectonic
plates. Even though Lord Kelvin had invented the heat pump in 1852 it
wasn’t until the late 1940’s that the geothermal heat pump was successfully
implemented. 1960 saw the first successful geothermal electric power plant
in the U.S. at The Geysers in California. New technologies and innovations
have greatly expanded the range and size of the geothermal resources we
have available.
Wikipedia

Highlights:
The U.S. leads the world in geothermal electricity production.
Generating electricity with geothermal energy helps to conserve fossil
fuels and reduce heat trapping or green house gases into the atmosphere.
Money does not have to be exported to import fuel like we do with
fossil fuels..
Geothermal Marin

Environment:
Existing geothermal plants release about 270 lbs. of CO2 per megawatt of electricity into the atmosphere.
Geothermal plants use 5 gallons of freshwater per megawatt hour and binary air-cooled plants use no freshwater. This compares
to 361 gallons per mega watt hour used by natural gas facilities.
Surface water pollution is reduced when treated wastewater is injected back into geothermal reservoirs.
While earthquake activity is normal, “microearthquakes” have been associated with geothermal production and injection
operations.
Geo-Energy

Wildlife:
No negative impacts have been associated with geothermal power plants as strict state and federal regulations are in place to
deter negative effects.
Defenders of Wildlife, Geo-Energy, Wikipedia

durangotexas

Natural Gas Extractor
What is it: The first well intentionally drilled to obtain natural gas occurred in 1821
in Fredonia, New York when William A. Hart drilled a 27 foot deep well in an effort to
get a larger flow of gas from a surface leak of natural gas. In 1885 Robert Bunsen
invented the “Bunsen Burner” to demonstrate how gas could be used to provide
heat for cooking and warming buildings. It took construction of pipelines to bring
natural gas to new markets and this did not take place until after World War II. Today, the U.S. pipeline network, laid end-to-end, would stretch to the moon and back
twice! Natural gas consists primarily of methane but before it can be used as a fuel
it must be “processed” to remove everything but the methane. Gas prospectors set
off an explosion on the surface to generate seismic waves in the underlying
rock. By measuring the travel times of these waves through the Earth at acoustic
receivers known as "geophones," geophysicists can construct a picture and identify
likely gas deposits. To extract the gas, vertical wells are drilled to penetrate the
overlying impermeable cap rock (fracking) and reach the reservoir. Natural buoyancy then brings the gas to the surface, where it can be processed and sent to homes and industry.

Thesoundsof
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Highlights:
Natural gas is the cleanest burning of all fossil fuels.
Natural gas is found all over the U.S. and using natural gas would keep us from relying on other countries for our fuel.
Natural gas is an efficient source of hydrogen which could lead to fuel cell technology that would power our vehicles which would
reduce our emissions and our dependence on foreign countries for fuel.
Environment:
The average emissions rates in the U.S. from natural gas-fired generation is 1,135lbs. of CO2 per mega watt hour.
The extraction process can cause erosions and landslides.
The health of the soil in and around generation facilities is negatively impacted.
EPA

Wildlife:
Natural gas wells can destroy natural habitat for plant and animal life, for example when power plants remove water from lakes or rivers, fish and
aquatic life can be killed.
Wastewater leaks can contaminate waterways, ground and surface water and have a detrimental effect on animal offspring.
NWF, EPA

customrigsmag

Wood Harvester
What is it: Wood is considered a renewable resource and also falls into the category called biomass. Biomass is living or recently
living organisms. Biomass can either be used right away or it can be converted into other energy products such as biofuel. Wood
energy comes from direct use such as burning a log on a campfire and from wood waste. The largest source of energy from wood is
called pulp liquor. This is a waste product of the paper and paperboard industry. Wood harvesting is also done using many methods,
such as clear-cutting. Clear-cutting can be used to make way for the mining operations, roads, and new urban growth. Trees are
felled (cut down), delimbed, and bucked (cutting it into shorter pieces) by a machine called a on-grip harvester, a grapple skidder
(grabs and drags the logs) and a loader (carries the trees).
Boreal Forest, Wikipedia

Highlights:
Harvesting wood has been shown to be much less damaging than the mining of raw materials.
Wood is a 400 times better insulator than steel and eight times better than concrete.
Burning wood as a fuel source release less CO2 into the atmosphere than the burning of fossil fuels.
WRCEA

Environment:
Wood fired power plants release more particulate matter into the atmosphere than does coal and gasoline, but can be regulated.
Trees naturally absorb CO2 found in the atmosphere. When large acres of trees are harvested we lose those natural carbon
sinks.
The spread of invasive species is a concern when trees are harvested as those species can catch a ride on harvesting
equipment.
Extension

Wildlife:
Decrease in the quantity and quality of habitat available because important parts of the habitat system are removed. Impacted
species include:
salamanders and numerous other amphibians
a variety of migratory bird species
A variety of mammals that rely on the trees to meet their basic needs.
UCSUSA

LESSON 7: POWER PELLETS
Nuclear Energy in the United States

GRADE LEVEL
6 and 8
TIME NEEDED FOR COMPLETION
2 class periods or 3 hours
STANDARDS
TEKS alignment is found in the
Appendix starting on A-1
ENGINEERING APPLICATION
Found in the Appendix starting on B-1
MATERIALS
 Science Notebook
 Computers with Internet
 100 pennies per group – you do not
have to use pennies, any two-side,
identical objects will work, including
other coins, M&M’s candies, poker
chips, etc.
 1 digital balance per group or per 2
groups
 Copies from NEED’s Uranium
(Nuclear) Infosheet for
intermediate students, found on
pages 7-5 and 7-6
 Copies from NEED’s Energy from
Uranium
o Boron Isotopes and Atomic
Mass, found on 7-7
o Two Ways to get the Average
Atomic Mass of Boron, found
on 7-8
o Examining Nuclear Energy,
found on 7-9
ACADEMIC VOCABULARY
atomic mass, atomic number, chain
reaction, containment building,
electron, fission, fuel cycle, fuel pellets,
fuel rod, meltdown, neutron, proton,
radiation, radon, uranium, yellowcake

STUDENT OBJECTIVES
 Identify the source of nuclear energy used for the generation of
electricity.
 Summarize the role isotopes play in the production of nuclear energy.
 Solve basic nuclear chemical equations.
 Discuss nuclear energy’s role in society, past and present.

LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
The flow of electrons known as electricity is produced by converting a primary
source of energy-fossil fuel (coal, oil, or natural gas), uranium, water, wind,
solar, biomass, or thermal-into electricity. Power plants generate electricity by
heating water to produce steam, which then passes over and turns turbine
blades. As the blades turn, the motion they produce drives a shaft that turns a
generator.
Various forms of energy power our schools, businesses, hospitals, and
factories. One of our Nation's most important sources of energy is nuclear
power, which gives us approximately 20 percent of the electricity we use.
Splitting atoms was first named “nuclear fission” in 1938 and demonstrated by
Otto Hahn and Fritz Strassman. One year later Einstein told President
Roosevelt that “the element uranium may be turned into a new and important
source of energy in the near future”. Less than 30 years later the first nuclear
power plant, Jersey Central Power and Light Company, Oyster Creek Plant,
was deemed an “economic alternative to fossil fuel powered plants”. By the
1980’s nuclear energy generated more electricity than natural gas and took
over hydropower as the second largest source of electricity in the U.S.
Total U.S. electricity consumption is expected to increase 1.1 percent
annually - or about 26 percent in total - between now and 2030, according to
EIA. Nuclear generating capacity will grow a total of about 15 percent over the
same period to help meet the need for more electricity.
Adapted from NEED’s work and lessons on Nuclear Energy
http://www.need.org/nuclear
Preparation
1. Make copies of all student pages, found on pages 7-5 through 7-9
2. Gather needed materials.

Adapted from NEED’s work and lessons on Nuclear Energy - http://www.need.org/nuclear
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LESSON 7: POWER PELLETS
Nuclear Energy in the United States
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ENGAGE

EXPLAIN

Student Grouping: Pairs/Whole Class
Time: 15 minutes

Student Grouping: Pairs
Time: 60 minutes

Essential Questions
A. What is Nuclear Energy?

Essential Questions
B. Explain what the atomic mass really tells you.
C. Create a flow chart/map that explains how to find the
atomic mass of boron in two ways.
D. What is uranium used for in the production of nuclear
energy?

Directions
1. Have students work in pairs to create a Circle
Map, in their science notebook, that answers the
Essential Question, What is Nuclear Energy?
*NOTE* Students have very limited knowledge of
nuclear as a source of energy and their prior
knowledge may be most closely linked with what
they have seen in the main stream media.
2. Have students share with another pair in class.
Guide them in their discussion by asking them to
compare and contrast the maps. Do most
student have the same ideas regarding nuclear
or is their variation?
3. Create a whole class circle map that can be
added to as students acquire new knowledge.
Also encourage them to add it to the map they
made in their notebooks. Suggestion: Ask
students to use a different color to differentiate
new learning from prior knowledge.
EXPLORE
Student Grouping: Pairs
Time: 45 minutes
Essential Question
The tree map will take the place of specific
questions.
Directions
1. Students will pair up to read pages 7-5 and 7-6,
Uranium (Nuclear), from NEED’s Intermediate
Infosheet.
2. Students will create a Tree Map, specific to
Nuclear Energy to use as a reference in future
learning.
3. Remind students to add new learning to the
class circle map and into their circle map in their
science notebook.

Directions
1. Use student handouts, found on pages 7-8 through
7-10. You will also need the digital balances and
pennies.
2. Introduce students to the term isotope. Isotopes are
atoms of the same element (number of protons), with
differing atomic masses (number of neutrons), Explain
to students that natural uranium, the item processed
into fuel for a nuclear power plant, contains 99.28% U238, .071% U-235, and 0.04% U-234. These are all
isotopes of uranium. Uranium is similar to other
elements in nature, in that many of their isotopes are
combined. Scientists look at the average atomic weight
of the element, taking into accounts the average
weights of each isotope and the percentage that is
found in nature.
3. Students will use their pennies and balance to
complete the atomic mass activities. In these activities,
the “heads” side of the penny will represent a proton,
while the “tails” side will represent a neutron.
4. Discuss and review the activities and student
conclusions. Remind students that the atomic mass of
an element tells the total number of protons and
neutrons in the atom, because 1 amu is approximately
the mass of a proton or neutron. The atomic mass
listed on the Period Table of Elements is not actually
the mass of one single atom of each element. It is
actually listing the average mass of the isotopes that
naturally occur in a sample of that element. The
periodic table really lists a weighted average of
isotopes you would find in a school of that element.
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EXPLAIN continued

EVALUATE

5. Explain to students that isotopes decay over
time. When U-235, an isotope of uranium, is
fission in a power plant, energy is released. The
amount of energy released is related to the
amount of mass transformed in the reaction.
Have students complete Examining Nuclear
Energy, found on page 7-9, for homework.

Student Grouping: Individual
Time: 20 minutes
Choose one of the following assessments or allow
your students to choose one that will best allow
them to demonstrate their understanding.
1. Concept Quiz, page 7-12222
2
2. Essay, page 7-15
3. Justified True/False, page 7-16

ELABORATE
Student Groupings: Small Groups of 2-4
Time: 60 minutes
Directions
1. Utilizing NEED’s Energy from Uranium
curriculum and NEED’s Nuclear Energy web
pages (found under Web References), students
will work together to present a brief multi-media
presentation (creativity is key here-how do I not
bore my peers-how do I relate to something we
all understand) over a chosen nuclear energy
topic. This could also be done as an individual
homework assignment. Guiding questions for
students are found on page 7-11 and 7-12.
 Nuclear Fission
 Nuclear Fuel Cycle
 Nuclear Power Plants and Reactors
 Influential Women in Nuclear Science
 Nuclear Accidents
 Radon
 Safeguards and Fuel Waste
 Nuclear Weapons and Proliferation
 Economics of Nuclear Energy
 Nuclear Medicine
 The Nuclear Navy

WEB REFERENCES
NEED – Nuclear Energy – “Energy from Uranium”
http://www.need.org/nuclear

*NOTE* You can place topics in a bowl for students to pick
from or distribute topics how you best see fit. The
information text used for these topics can be found on
pages 22-35 of NEED’s Energy from Uranium
curriculum.
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Uranium (Nuclear)
What Is Nuclear Energy?
Nuclear energy is energy in the nucleus of an atom. Atoms are
building blocks of elements. There is enormous energy in the
bonds that hold atoms together.
Nuclear energy can be used to make electricity, but first the energy
must be released. It can be released from atoms in two ways: nuclear
fusion and fission.

Fission
The splitting of the nucleus of an atom into nuclei
of lighter atoms, accompanied by the release
of energy.

Neutron

+ Energy

Uranium
235

Neutron

Neutron

In nuclear fusion, energy is released when atoms are combined or fused
together to form a larger atom. This is how the sun produces energy.
In nuclear fission, atoms are split apart to form smaller atoms,
releasing energy. Nuclear power plants use nuclear fission to
produce electricity.

Lighter
Element

Pressurized Water Reactor
CONTAINMENT
STRUCTURE 4

A few years later, scientists discovered that the nucleus of an atom
could be split apart by bombarding it with a neutron—the process
we call fission. Soon they realized that enormous amounts of energy
could be produced by nuclear fission.
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COOLING WATER

History of Nuclear Energy
Compared to other energy sources, fission is a very new way to
produce energy. It wasn’t until the early 1930s that scientists
discovered that the nucleus of an atom is made up of particles
called protons and neutrons.

ELECTRICITY
TRANSMISSION

GENERATOR
TURBINE
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ELECTRICITY
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DETAIL

The fuel most widely used by nuclear plants for nuclear fission is
uranium. Uranium is nonrenewable, though it is a common metal
found in rocks all over the world. Nuclear plants use uranium as fuel
because its atoms are easily split apart. During nuclear fission, a
small particle called a neutron hits the uranium atom and the atom
splits, releasing a great amount of energy as heat and radiation.
More neutrons are also released. These neutrons go on to bombard
other uranium atoms, and the process repeats itself over and over
again. This is called a chain reaction.

Lighter
Element

Atom Splits

PRESSURIZER
CONTROL
RODS

RESERVOIR

STEAM
GENERATOR

1
3
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CORE

2

STEAM

1. Inside the reactor core are the
fuel assemblies, control rods,
and water. Fission takes place
within the fuel assemblies and
WATER
heats the water passing through
the reactor. Control rods absorb
neutrons to control fission.
2. Water is piped through the
reactor where it is heated.

During World War II, nuclear fission was first used to make a bomb.
After the war, nuclear fission was used to generate electricity. Today,
it provides 19.4 percent of the electricity used in the United States.

3. It then travels to the steam generator where it heats a secondary system of water.

How a Nuclear Plant Works

5. The high pressure steam turns the turbine as it passes through, which spins a shaft.
The steam then travels through the condenser where it is condensed by cooling water
and is pumped back into the steam generator to repeat its cycle.

4. The steam generator keeps the steam at a high pressure. The steam travels through a
steam line to the turbine.

Most power plants burn fuel to produce electricity, but not nuclear
power plants. Instead, nuclear plants use the heat given off during
fission. Fission takes place inside the reactor of a nuclear power plant.
At the center of the reactor is the core, which contains the uranium fuel.

6. The turbine spins a shaft that travels into the generator. Inside the generator, the
shaft spins coils of copper wire inside a ring of magnets. This generates electricity.

The uranium fuel is formed into ceramic pellets. The pellets are
about the size of your fingertip, but each one produces about the
same amount of energy as 150 gallons (565 L) of oil. These energyrich pellets are stacked end-to-end in 12-foot (3-4 m) metal fuel
rods. A bundle of fuel rods is called a fuel assembly.

8. The unused steam continues into the condenser where cool water from the
environment (river, ocean, lake, reservoir) is used to condense it back into water. The
cooling water never comes in direct contact with the steam, so it is safe to return to
the environment.

Fission generates thermal energy in a reactor just as coal generates
thermal energy in a boiler. The thermal energy is used to boil water
into steam. The steam turns huge turbine blades. As they turn, they
drive generators that make electricity.

7. Electricity is sent to a switchyard, where a transformer increases the voltage, allowing
it to travel through the electric grid.

9. The resulting water is pumped out of the condenser with a series of pumps, reheated
and pumped back to the reactor vessel.

Intermediate Energy Infobook

Afterward, the steam is changed back into water and cooled. Some
plants use a local body of water for the cooling process; others use a
separate structure at the power plant called a cooling tower.

Spent (Used) Nuclear Fuel
Every few years, the fuel rods must be replaced. Fuel that has been
removed from the reactor is called spent fuel. Nuclear power plants
do not produce a large quantity of waste, but this used fuel is highly
radioactive.
The spent fuel is usually stored near the reactor in a deep pool of
water called the spent fuel pool. Here, the spent fuel cools down
and begins to lose most of its radioactivity through a natural
process called radioactive decay.
In three months, the spent fuel will have lost 50 percent of its
radiation; in a year, it will have lost about 80 percent; and in ten
years, it will have lost 90 percent. Nevertheless, because some
radioactivity remains for as long as 1,000 years, the spent fuel must
be carefully isolated from people and the environment.

Spent Fuel Repository
Most scientists think the safest place to store nuclear waste is
in underground rock formations called repositories. In 1982,
Congress agreed and passed the Nuclear Waste Policy Act. This law
directed the Department of Energy to design and build America’s
first repository.
The U.S. Department of Energy (DOE) originally looked at Yucca
Mountain, Nevada, to be the site of a national spent nuclear fuel
repository. Some people supported the site at Yucca Mountain and
others did not. DOE withdrew this location as a possible site, with
intentions of pursuing a long-term solution. Until a final storage
solution is found, nuclear power plants will continue storing spent
fuel at their sites in spent fuel pools or dry cask storage.

Nuclear Energy and the Environment
Nuclear power plants have very little impact on the environment
unless there is an accident. Nuclear plants produce no air pollution
or carbon dioxide, because no fuel is burned. Using nuclear energy
may be one way to solve air pollution problems and reduce
greenhouse gas emissions that contribute to global climate
change.
Nuclear power plants do require a lot of water for cooling. If the
water is taken from nearby rivers or lakes and returned at a higher
temperature, it can disrupt the balance of organisms living in the
water habitat.
The major challenge of nuclear power is storage of the radioactive
spent fuel. Right now, all of the spent fuel is stored on site at the
power plants. People also worry that an accident at a power plant
could cause widespread damage and radioactive contamination.
People are using more and more electricity. Some experts predict
that we will have to use nuclear energy to produce the amount of
electricity people need at a cost they can afford.
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Nuclear Safety
The greatest potential risk from nuclear power plants is the
release of high-level radiation and radioactive material.
Radiation is energy given off by some elements and energy
transformations. There are natural and man-made sources
of radiation that we are exposed to everyday. Very small
amounts of radiation are harmless to humans. Very high
levels of radiation can damage or destroy the body’s cells and
can cause serious diseases such as cancer, or even death.
In the United States, plants are specifically designed to
contain radiation and radioactive material in the unlikely
case of an accident. Emergency plans are in place to alert and
advise nearby residents if there is a release of radiation into
the local environment. Nuclear power plants have harnessed
the energy from the atom for over 50 years in the United
States.
In 1979, at the Three Mile Island facility in Pennsylvania,
the top half of the uranium fuel rods melted when coolant
water to one reactor was cut off in error. A small amount of
radioactive material escaped into the immediate area before
the error was discovered. Due to the safety and containment
features of the plant design, multiple barriers contained
almost all of the radiation. No injuries or fatalities occurred as
a result of the error.
In 1986, in the Ukraine (former Soviet Union) at the Chernobyl
nuclear power plant, two steam explosions blew the top off
of Unit 4. A lack of containment structures and other design
flaws caused the release of a large amount of radioactive
material into the local community. More than 100,000 people
were evacuated from their homes and about 200 workers
were treated for radiation sickness and burns. Several people
were killed immediately, or died shortly after, with others
suffering longer term medical ailments.
On March 11, 2011, an earthquake and resulting tsunami
struck Japan, killing and injuring tens of thousands of people.
Prior to the earthquake, Japan generated a large percentage
of its electricity from nuclear power. In the Fukushima
prefecture (community), the Daiichi nuclear plant shut down
as a result of the earthquake but suffered extraordinary
damage from the tsunami. The damage caused a loss of
power that was required to keep the reactor and fuel rods
cool. The release of some radioactive material required that
residents within a 12 mile radius of the plant be evacuated.
Residents living between 12 and 19 miles from the affected
power plant were asked to evacuate voluntarily. The Japanese
Nuclear and Industrial Safety Agency, the International
Atomic Energy Agency, health organizations, and the nuclear
energy industry continue to investigate the area and restore
it for residents. These groups are also monitoring the impact
of the radiation released from the Daiichi nuclear power plant
both on the local environment and around the world.
Nuclear energy remains a major source of electricity in the
United States and around the globe. The safe operation of
nuclear power plants is important to quality of life and to the
health and safety of individuals worldwide.

www.NEED.org
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Boron Isotopes and Atomic Mass
 Materials
100

Pennies

Procedure
1.

Look up boron on the Periodic Table of the Elements.

2.

Boron’s atomic number is _____________

3.

Boron’s atomic mass is _____________ (round to the nearest tenths place)

4.

How many protons does EVERY boron atom have? ________________

5.

You just discovered that atomic mass is measured in atomic mass units and that one atomic mass unit is approximately the mass of a
proton or neutron. You also discovered that the atomic mass indicates how many total protons and neutrons are in the nucleus of an
atom. Where does the atomic mass of boron come from? You can’t have 0.8 of a proton or neutron in an atom.
In naturally occurring boron about one of every five atoms is boron-10 and the remaining four of every five atoms is boron-11.
Remember, the number 10 or 11 indicates the total number of protons and neutrons in that particular isotope or variety of boron.

6.

How many neutrons will a boron-10 nucleus have? ________________

7.

How many neutrons will a boron-11 nucleus have? ________________

8.

Using pennies again as protons (heads) and neutrons (tails), make ONE boron-10 nucleus and FOUR boron-11 nuclei.

9.

Draw a diagram of each boron isotope below. Only draw one atom in each box. Label the protons and neutrons with P’s and N’s instead
of heads and tails.

Boron-10

Boron-11

Energy From Uranium

Two Ways to Get the
Average Atomic Mass of Boron
 Materials
100

Pennies
Digital

balance

Procedure
1.

Use the digital balance to measure the total mass of the five boron atoms you created.

2.

TOTAL mass of one boron-10 (B-10) and four boron-11 (B-11) atoms: ____________________

3.

Find the average mass of boron by dividing the total above by five atoms. ____________________

4.

Measure again the mass of one proton or neutron (one penny). __________________

5.

The mass of one proton or one neutron is about one atomic mass unit. To determine the average atomic mass of boron in atomic mass
units, take the average mass of boron (in grams) you found above in number 3 and divide by the mass of one proton or neutron (one
penny) from above in number 4. ___________________

6.

Another way to get there: use the digital balance to measure the mass of ONE B-10 atom and then ONE B-11 atom.
Mass of one B-10 atom: _________________
Mass of one B-11 atom: _________________

7.

You made five boron atoms. Determine the percent abundance of each isotope.
B-10 percent abundance: ________________ [(# of B-10 atoms ÷ by total number of atoms) x 100]
B-11 percent abundance: ________________ [(# of B-11 atoms ÷ by total number of atoms) x 100]
This percent is also called isotopic abundance. It indicates how much of the naturally occurring element is in one isotope or another.

8.

Now find the weighted average mass of boron:
Weighted average mass = [(B-10 percent abundance x B-10 mass) + (B-11 percent abundance x B-11 mass)]
Boron’s isotopic weighted average mass: ___________________

 Conclusion
What is the number listed on the Periodic Table of the Elements for the atomic mass of each element? Is it actually the mass of one atom?
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Examining Nuclear Energy
Uranium is the source used to generate heat in a nuclear reactor, but how does this work and what happens
to the uranium? Let’s take a closer look.
Here is a common decomposition of uranium where “n” stands for neutron:

U + n		

Kr + 141Ba + 31n + energy

235

92

Use the following masses given in amu (atomic mass units) to solve the nuclear equation.
Mass of U-235 = 235.044
Mass of Kr-92 = 91.926
Mass of Ba-141 = 140.914
Mass of one neutron = 1.00866
Next, add the masses on both sides of the equation:
Left Side				

Right Side

U-235 ___________

Kr-92		

___________

+ Ba-141

___________

+n

___________

+n

		___________

+n

		___________

+n

___________			

Total =

Total = ___________			

____________

Albert Einstein presented the theory, E=mc2 as part of his Theory
of Relativity. “E” stands for energy, “m” stands for mass, and “c” is the speed of light (in a vacuum), used as
a constant in this equation. This equation says that energy equals mass and mass equals energy. They are
somehow related, or can be converted back and forth.
This means that during nuclear fission, mass is not lost, it is released as energy! Energy is measured as
megaelectron volts, or MeV. One MeV equals one million electron volts. The average energy released by U-235
fission is about 200 MeV. In this scenario the energy is 170 MeV.
Uranium-235 does not always fission the same way. Some other products of fission include:
U + 1n

144

U + 1n

94

U + 1n

94

235
235
235

Ba + 90Kr + 21n + energy

Zr + 139Te + 31n + energy
Zr + 139La + 31n + energy

Energy From Uranium

Nuclear Energy Expo
Nuclear Fission
1. What is nuclear fission?
2. How do we use fission to generate electricity?
3. Why is uranium a unique element?
4. Who were the major contributors to the discovery of fission and what impact did they have?
5. What special properties were found in uranium and how have they made a difference in our lives?
6. How did the discovery of nuclear fission impact history?
7. What is nuclear fusion? How is fusion different from fission?

Nuclear Fuel Cycle
1. How does the nuclear fuel cycle work?
2. What is the “front end” and “back end” of the cycle?
3. What potential problems might there be with the “back end”?
4. Why do we need to “enrich” the uranium?
5. Which do you think is better, the “open” or “closed” cycle? Why?
6. What is “yellowcake”?

Nuclear Power Plants and Reactors
1. What is the purpose of the nuclear reactor?
2. What are the two most common types of reactors used in nuclear power plants and how are they similar/
different?
3. Why is the PWR the most popular reactor in the world today?
4. What are the two methods of transferring waste heat to the environment?
5. What advantages and disadvantages do you see with either type of heat transfer?

Safeguards and Fuel Waste
1. What safeguards came out of the accidents at Three Mile Island, Chernobyl, and Fukushima?
2. How did the formation of the World Association of Nuclear Operators and the International Atomic Energy
Agency improve nuclear power plant safety?
3. What is the role of the NRC in the United States?
4. What advantage do passive reactors have over evolutionary reactors?
5. What methods do we currently use to store used fuel?
6. What are the issues concerning the storage of spent nuclear fuel?
7. How can we reduce the risk of radon gas in our homes?

Nuclear Weapons and Proliferation
1. What is the purpose/job of the IAEA?
2. How have we used nuclear fission for peaceful technologies?
3. Why do countries believe that we need to revisit the issues concerning nuclear proliferation, even though
nuclear bombs have not been used since WWII?
4. What are the problems with the Non-Proliferation Treaty (NPT)?
5. How do you think proliferation should be controlled?
Energy From Uranium

Economics of Nuclear Energy
1. How does the cost of nuclear power plants compare to those that use fossil fuels?
2. Why is there reluctance from investors to support the building of more nuclear power plants?
3. How does climate change impact the use of nuclear power for generating electricity?
4. How much electricity is generated from nuclear power in the U.S.? How does this compare to France? How does
it relate to both countries’ total energy production?
5. What are the advantages/disadvantages for using nuclear power to generate electricity?

Optional/Additional Topics
Influential Women In Nuclear Science
1.

What influenced Madame Curie to start work in the sciences?

2.

What did Madame Curie do in order to receive the prestigious Nobel Prize award?

3.

Why is Lise Meitner sometimes referred to as the mother of the atomic bomb?

4.

What awards and recognition did Lise Meitner receive for her work?

5.

Why was Lise Meitner not a recipient of the Nobel Prize?

6.

How did these women influence/impact modern nuclear science?

Nuclear Accidents
1.

What is the significance of Chernobyl, Three Mile Island, and Fukushima for today’s nuclear industry?

2.

What is a nuclear meltdown?

3.

How are these accidents similar? How are they different?

4.

Why did the Chernobyl officials want to keep the accident a secret?

5.

Name two changes or lessons learned as a result of each accident, that made the nuclear industry safer.

Radon
1.

What is radon and how is it formed?

2.

Where are you most likely to encounter radon in a house and why?

3.

How does radon enter into our environment?

4.

What is a safe level of radon?

5.

What can we do to reduce our risk?

Nuclear Medicine
1.

How do we use nuclear medicine?

2.

What does PET stand for? How does it work?

3.

Why is radiation used to treat cancer?

4.

What are the risks involved in nuclear medicine?

5.

How do these risks weigh in comparison to the benefits?

The Nuclear Navy
1.

How was the importance of nuclear aircraft carriers proven during WWII?

2.

Who is Admiral Hyman G. Rickover, and what is his contribution to the nuclear navy?

3.

Who is the AEC? What do they do?

4.

What benefits does a nuclear submarine have?

5.

What was the significance of January 17, 1955?

France’s Nuclear Program
1.

How much of France’s electricity comes from nuclear power compared to the U.S.?

2.
3.
4.
5.

What caused France to move to such a high level with nuclear power?
What benefits has France experienced since building its nuclear power plants?
What is the greatest concern for France’s nuclear industry now?
What are three reasons that French citizens are more accepting of nuclear power than American citizens?

©2014 The NEED Project
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LESSON 7: POWER PELLETS
Nuclear Energy in the United
States 7-12

Name: ____________________________________________________________Date: _____________
Science Concept Quiz

NEED

This U.S. map shows nuclear power reactors, what conclusions could you draw based only on the
information given?
A. The western U.S. doesn’t support nuclear power reactors.
B. Nuclear reactors can only be built along the coast lines of the U.S.
C. The majority of all nuclear power reactors are located east of the Mississippi.
D. Only Republican states have nuclear power reactors

______ points out of 20
I. Answer
A.
B.

C.

D.
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States 7-13

______ points out of 15
II. What is the main concept behind the question?
1. Politics of Nuclear Power
2. Drawing Conclusions from Illustrations
3. Renewable Energy vs. Non-Renewable Energy
4. Uranium Mining
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.

_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY

1. C
2. 2
3. Answers may vary. The question asks me to answer the question only using the information
that can be answered from the map.
4. Answers may vary.
A. You would only be speculated, making an assumption – there is no evidence based on
the title of the map that the western U.S. doesn’t support nuclear power reactors.
B. According to the locations on the map nuclear facilities can be built inland or along
coastlines.
C. This is the correct response.
D. There is not political party information found in the 2009 map.
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Nuclear Energy in the United
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Name:_________________________________________________________Date:_________________

Application Essay

Based on the information you have learned regarding nuclear
power in the U.S. and your prior knowledge regarding natural
resources; take a position for or against having a nuclear
power plant built in your city or county. After stating your
position provide a minimum of 3 supporting reasons with
details and illustrations (if applicable and useful to your
argument).

What Is the Expectation?
Use new lesson knowledge
or student readings to
support your position
Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage
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LESSON 7: POWER PELLETS
Nuclear Energy in the United
States 7-16

Name:______________________________________________________________Date:____________
Justified True or False Statements

Justified True or False Statements provide a set of claims or statements that are examined
by you. You are meant to draw on evidence from what you have learned to analyze the
validity of the statements, and then describe the reasoning used to decide whether each
claim is true or false.
*NOTE* Please use grade appropriate spelling and grammar.

STATEMENT
1. Nuclear power
emits large
amounts of CO2
into the
atmosphere.
2. Coal and uranium
pellets provide the
same amount of
electrical power.
3. After uranium is
enriched it is sent
to a land fill or an
incinerator for
disposal.

T

F

WHY I THINK SO…

Use this space to include more evidence to support your claim and or to draw a model if applicable.
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Nuclear Energy in the United
States 7-17

TEACHER ANSWER KEY
Answers will vary.
1. FALSE – Nuclear reactors do not emit carbon dioxide only water vapor and is the only fossil fuel that
doesn’t burn a material to make energy.
2. FALSE – Every uranium pellet equals the same electricity produced from a ton of coal.
3. FALSE – All nuclear waste is radioactive and must be disposed of carefully and permanently isolated
from the environment in storage containers that have thick layers of rock, concrete, and/or steel or
copper.
GRADING RUBRIC
Assign a score of 0-3 based on the following criteria:
 Level 0 (17 pts.) = answered T or F correctly or incorrectly/no explanation
 Level 1 (23.3 pts.) = answered T or F correctly/cursory explanation
 Level 2 (28 pts.) = answered T or F correctly/deeper explanation
 Level 3 (33.3 pts.) = answered T or F correctly/complex explanation
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LESSON 8: IT’S ALL IN THE NAME
Climate and Weather

GRADE LEVEL
7 and 8
TIME NEEDED FOR COMPLETION
2-3 class periods or 2-2 ½ hours
STANDARDS
TEKS alignment is found in the
Appendix starting on A-1
MATERIALS
 Science notebook
 Computer with internet access
 Climate and Weather Maps
handout, found on page 8-4
 4x6 notecards or cut paper
 Paper
 Crayons/Map Pencils

ACADEMIC VOCABULARY
weather, climate, greenhouse gases,
global, meteorologist, climatologist

STUDENT OBJECTIVES
 Reference different online sources to investigate climate and
weather.
 Analyze climate and weather maps to differentiate between their
meanings and use.
 Design a climate and weather graphic organizer.
LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
Climate and weather are commonly misinterpreted by students as terms
that are interchangeable. In fact these terms, while related, are different.
Climate on the other hand allows us to see long term patterns in weather
data collected over time. *NOTE* “over time” to you and “over time” to
your students are completely different, so over time in relation to climate is
usually no less than thirty years. Climate can tell us many things from
seasonal information and planting zones to increases in global
temperatures or carbon dioxide.
Weather is what we experience on a daily basis. It helps us decide what
we should wear for the day or what to bring on an upcoming getaway in
the next week. Weather is a prediction based on a variety of data
collected in a variety of ways from ground stations to radars and weather
maps are created to help us understand what to expect based on the
evidence compiled by meteorologists.
Preparation:
You may want to check your note card stash and make sure you have
enough for your students or you may need to cut paper in 4X6 rectangles.
Or you may wish this to be an opportunity for your students to measure
and cut out the size paper needed for the Elaborate activity.
Helpful Hints:
1. Depending on the proficiency of your students, you may wish to pair a more proficient student with a less proficient student for
computer work
 pair a proficient reader with a less proficient reader.
2. You will either need to reserve the computer lab,
 reserve the mobile computer lab, for students to do the
Explore.
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LESSON 8: IT’S ALL IN THE NAME
Climate and Weather
8-2

ENGAGE

EXPLORE

Student Grouping: Individual/Pairs/Whole Class
Time: 20 minutes

Student Groupings: Individual or Pairs
Time: 30-40 minutes

Essential Questions
A. Explain the difference between climate and
weather from what you see in the maps.
B. Create a definition for climate and weather based
on what you already know about each word and
from what you discovered after looking at the
maps.

Essential Question
C. Did you make changes to your original definition or
did you strengthen your original definition? What
prompted you to make these changes? Provide
specific examples.

Directions
1. Distribute the climate and weather maps, found
on page 8-4, per pair of students or display it on
your screen or smart board.
2. Ask student pairs to create a t-chart in their
science notebook, analyze the weather and
climate maps, and list similarities and differences
between the two.
3. Have student pairs discuss their findings with
other pairs of students at their table or in close
proximity.
4. Have students answer the Essential Questions.
The t-chart will be used as a tool to help them
construct a response.

Directions
1. Students will look at three sources, referenced
below, to better make a determination as to the
differences and similarities between climate and
weather.
a. Watch the National Geographic video, 3:22,
Climate and Weather
b. Analyze and create a weather forecast
c. Read: Climate Concepts. The link is found
under Web References.
2. Have students modify their original definition or
strengthen their original definitions based on the
work in number one in their science notebooks.
3. Allow students to do a gallery walk and compare
their thoughts with thoughts of their peers as well as
reflect on the quality of their work.

EXPLAIN
Student Groupings: Whole Class
Time: 15-20 minutes
Essential Question
D. What graphics (pictures) could be used to represent
the differences between climate and weather?

Continued on next page
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EXPLAIN continued

EVALUATE

Directions
1. As a class come up with a definition for weather
and climate that will be the working definition for
this assignment. Post these definitions in the
class.
2. Have a discussion with students about how
weather is a part of the climate portfolio. One
aspect students need to understand in regards
to climate is that decades of weather data are
utilized to help tell the story of climate around
the globe; you can’t have one without the other.

Student Groupings: Individual
Time: 30 minutes
You may choose the assessment piece that best fits
your classroom needs or you may prefer to allow
students to choose the assessment they feel will best
allow them to demonstrate their understanding.
1. Concept Quiz, found on page 8-5
2. Essay, found on page 8-8
3. Thinking Map – Double Bubble, found on page
8-9

ELABORATE
Student Groupings: Individual
Time: 30 minutes in class or assign as homework
Essential Question
E. Why do you think people often confuse climate
and weather or think that the words can be used
interchangeably?
Directions
1. Students will create a note card or a note card
sized paper (4x6) that depicts what weather is
on one side and what climate is on the other
side. Students should utilize graphics more
than text. Students’ work should be a visual
that quickly allows the reader to understand the
difference.
2. Set your own expectations as to neatness,
labeling, and color.

WEB REFERENCES
Climate Wizard
http://www.climatewizard.org/#
The Weather Channel
http://www.weather.com/maps/satellite
Climate and Weather – National Geographic
http://video.nationalgeographic.com/video/player/scien
ce/earth-sci/climate-weather-sci.html
Weather Watch-Scholastic-Analyze: Forecast the
Weather
http://teacher.scholastic.com/activities/wwatch/analyze/
EPA-Climate Concepts
http://epa.gov/climatechange/kids/basics/concepts.html
Gallery Walk Definition
http://serc.carleton.edu/introgeo/gallerywalk/
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CLIMATE MAP

WEATHER MAP
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LESSON 8: IT’S ALL IN THE NAME
Climate and Weather

Name: _______________________________________________________________Date: _____________
Science Concept Quiz
Use the map below to answer the question.

Why is the above map considered a weather map and not a climate map?
A. Weather maps show a variety of variables such as temperature and precipitations whereas climate
maps focus only on temperature
B. Weather maps and climate maps show the exact same information.
C. Weather maps create a picture over a short period of time, 1-10 days while climate maps create a
picture over a long period of time, 30 years or more.
D. Weather maps only show what is happening locally and climate maps can show us what is happening
globally.

______ points out of 20
I. Answer
A.
B.

C.

D.
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Climate and Weather

______ points out of 15
II. What is the main concept behind the question?
1 Reading Maps
2. Predicting Weather Patterns
3. Change over Time
4. Impacts as the result of Climate Change
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.

_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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Climate and Weather

TEACHER ANSWER KEY
1. C
2. D
3. Answers will vary. The question is stated in a way that I have to be able to differentiate between
weather and climate to answer the question correctly.
4. Answers will vary.
A. Both weather and climate maps can show many variables; climate maps do not focus only on
temperature.
B. Yes. Both maps can appear to show the same information, but weather maps show for instance,
temperature highs and lows for the day whereas climate maps will show average temperature
highs and lows over many decades.
C. This is the correct answer. Weather maps tell us a variety of information over a period of days
where as climate maps show us patterns over decades.
D. The key associate with the maps references types of precipitation not impacts related to climate
change.
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Name: ____________________________________________________________Date: _____________
Application Essay

Mark Twain is one of America’s most beloved American authors and
thought by some to be the father of American literature. He wrote such

What Is the Expectation?

classics as, The Adventures of Tom Sawyer and the Adventures of
Huckleberry Finn. Twain was fascinated by science and scientific inquiry. 1
He is quoted as saying, “Climate is what we expect, weather is what we
get.” Using your knowledge of weather and climate explain what Mark
Twain is saying.

Use new lesson knowledge
and/or student readings to
support your position
Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage

1

http://en.wikipedia.org/wiki/Mark_Twain#Love_of_science_and_technology
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Name: ____________________________________________________________Date: _____________

Double Bubble Thinking Map®
Differences

Differences
Similarities

Put your Thinking Map into words-
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LESSON 9: HOT, HOTTER, HOTTEST
Extreme Weather’s Impact on Our Resources

GRADE LEVEL
8
TIME NEEDED FOR COMPLETION
2-3 class periods or 2-2 ½ hours
STANDARDS
TEKS alignment is found in the
Appendix starting on A-1
ENGINEERING APPLICATION
Found in the Appendix starting on B-1.
MATERIALS
 Science notebook
 US Drought Monitor Map- Ideal:
Each student has a color copy to
input in their science notebook
otherwise print class set, found on
page 9-5
 Palmer Hydrological Drought
Index- Ideal: Each student has a
color copy to input in their science
notebook otherwise print class set,
found on page 9-6
 Standard Precipitation Index
Maps, found on pages 9-7 through
9-11
 April 2015-State of the Climate
National Drought Overview,
found on pages 9-12 through 9-14

STUDENT OBJECTIVES
 Evaluate a series of maps from NOAA used to determine present
drought conditions and drought conditions over time.
 Discuss extreme drought as an impact of our changing climate.
 Examine impacts associated with drought.
 Generate a cause and effect map about drought conditions and their
impacts on communities, both local and far reaching.
LESSON LINKS
Can be found under Web Reference unless noted below.

TEACHER BACKGROUND
Overview
Scientists project global warming will bring more uncertainty, potentially
causing both more extremely dry periods and more heavy rainfall events.
These extreme weather events will exacerbate the problems we face with
water management and protection in the U.S.
Global warming is shifting precipitation patterns and also increasing
evaporation rates. These trends will create persistently drier conditions in
some places, including the American Southwest. At the same time, they
will intensify the periodic droughts that affect other regions of the country.
These longer and drier droughts will have major consequences for water
supply, agriculture and wildlife. Although the American Southeast is
typically thought of as having abundant water supplies, recent droughts
have served as a wakeup call for the region.
Global warming is making hot days hotter, rainfall and flooding heavier,
hurricanes stronger and droughts more severe.
This intensification of weather and climate extremes will be the most
visible impact of global warming in our everyday lives. People who have
the least ability to cope with these changes--the poor, very old, very
young, or sick--are the most vulnerable.

ACADEMIC VOCABULARY
weather, climate, climate change,
agriculture, ecology, scarcity,
ecosystems, long-term (> 6 months),
short-term (< 6 months), drought,
hydrological (having to do with water or
water cycle)
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TEACHER BACKGROUND CONTINUED
Preparation
1. Make copies of maps needed for lesson.
2. If you have not done so please read NAAEE’s
Guidelines for K-12 Climate Change Education,
an NWF co-written report about age appropriate
climate change education for different grade
bands, found at
http://online.nwf.org/site/DocServer/NWF_NAAEE
_Educational_Guidelines1.pdf?docID=9581
Helpful Hints
If you are not current on climate change knowledge
please read National Wildlife’s position:

http://www.nwf.org/Wildlife/Threats-toWildlife/Global-Warming.aspx
ENGAGE
Student Grouping: Individual/Pairs/Whole Class
Time: 15-20 minutes
Essential Question
A. With a family member talk about how weather
patterns have changed over their lifetime.
Directions
1. Have a discussion with students about noticeable
weather changes they have observed, whether
they be changes in temperature and/or
precipitation. This will give you a baseline as to
their current observations regarding extreme
weather events.
2. Think-Pair-Share:
a. Think: Have students write 3 general
observations in their science notebook
regarding the US Drought Monitor Map.
b. Pair: Turn to nearest partner and share
general observations.
c. Share: Have a short class discussion where a
number of students share their general
observations with the entire class. *NOTE* Be
sure students denote the difference between
“S” and “L” on the US Drought Monitor Map.

EXPLORE
Student Groupings: Individual/Pairs/Whole Class
Time: 15 minutes
Essential Questions
B. What can people expect as the result of long term
drought conditions?
C. Which region of the US was suffering the greatest in
July 2015 based on the evidence found in the PHDI?
D. Did the drought affect you or your family personally?
(most may say no, but many food item prices have
significantly increased)

Directions
1. Homework: Read-Southern April 2015-State of the
Climate-National Drought Overview, found on
pages 9-12 through 9-14. *NOTE* may be difficult
reading for students reading below grade level to
fully comprehend. In this case you may choose to
highlight certain pieces of information to share with
your students.
2. Students will focus on the effects seen under
different drought conditions using the Palmer
Hydrologic Drought Index, PHDI. Using insight
from the US Drought Monitor Map students will
predict impacts associated with the 2015 drought.
Hand out the PHDI, found on page 9-6 and talk with
students about what it shows. Note that this index
depicts “long term hydrological conditions”.
3. Allow students again to Think/Pair/Share. Using their
science notebook students need to answer
Essential Questions.

on next page
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EXPLAIN
Student Groupings: Whole Class/Individual
Time: 30-60 minutes
Essential Questions
E. What is a limitation of the PHDI? (no unit of
measure, full impacts cannot be seen from the
index)
F. Are there connections between the articles?
Explain.
G. Now that you have some background regarding
the drought and its effect on our resources go
back to Essential Question D, can you add or
revise this question based on your new
understanding? How has the drought impacted
you and/or your family? Explain by giving
specific examples.
H. In your opinion what is causing changes to our
weather patterns? What sources helped you
come to this conclusion?
Directions
1. Talk through Essential Question E.
2. Do one of the followinga. Let each student pick a topic to read and
print the article for them.
b. Set aside computer lab for student to read
article of choice.
c. Let each student pick a topic to read and
ask them to do so for homework.
Agriculture
US Drought Costs Exceed $10B
http://usatoday30.usatoday.com/weather/droug
ht/story/2011-11-10/drought-southmidwest/51159668/1

EXPLAIN continued
Water
Water Supply Low in Areas
http://www.texastribune.org/2012/10/07/despiterain-west-texas-water-woes-continue/
Ecology
Texas Trees: Can Love Overcome Hurricanes,
Drought, and Wildfires?
http://www.dailykos.com/story/2011/11/04/1032949/
-Texas-Trees:-Can-Love-Overcome-Hurricanes,Drought-and-Wildfires-Part-II:Drought?via=siderecent
3. Have students answer Essential Questions either
during independent work or for homework.
4. The following day allow for a whole class
discussion. If needed prepare by referring to the
Helpful Hints for information on global warming.

ELABORATE
Student Groupings: Individual
Time: 30-40 minutes
Essential Questions
I. Why is there a steady increase in drought conditions
from one month to twelve months and then a
significant change in drought conditions for 24
months? Why might this have occurred? (Over the
24 month cycle from 2009-2011, there must have
been enough precipitation to offset the extremeness
of the drought conditions in 2010-2011.)
J. Could these maps be used to predict negative
effects associated with drought? Explain.

Grasslands
Drought Endangers Quail
http://www.timesrecordnews.com/news/2011/no
v/11/drought-endangers-quail/
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ELABORATE continued
Directions
1. Use the Standardized Precipitation Index
maps, found on pages 9-7 through 9-11, for this
lesson. There are 5 maps. The maps need to be
printed in color-please make the best decision
on printing, suggestion: 1 set of maps per group
of 4-6 students.
2. Have students create a bar graph depicting
precipitation levels for each of the six maps.
a. Students will have to decide how the bar
graph needs to be designed and data
input.
b. Graph can be designed using
technology or by hand.
c. Students need to identify their
approximate location on the national
map as their point of data collection.
d. Students should use the same colors
found in the maps for their graph bars.
e. Here is an example if students are
having a difficult time beginning.
3. Answer Essential Questions.

WEB REFERENCES
Full Report: April 2015 State of Climate-Drought
http://www.ncdc.noaa.gov/sotc/drought/201504
Current Data and Information on Climate Change
http://climate.nasa.gov
Climate Change
http://www.nwf.org/Global-Warming/What-isGlobal-Warming.aspx
NAAEE Guidelines
http://online.nwf.org/site/DocServer/NWF_NAAEE
_Educational_Guidelines1.pdf?docID=9581

EVALUATE
Student Grouping: Individual
Time: 20-30 minutes
You may choose the assessment piece that best fits
your classroom needs or you may prefer to allow
students to choose the assessment they feel will
best allow them to demonstrate their understanding.
1. Concept Quiz, found on 9-15
2. Essay, found on 9-18
3. Cause and Effect Thinking Map®, found on 9-19
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April 2015-State of the Climate-National Drought Overview
A product of NOAA




By the end of April, moderate (D1) drought
covered a large area of the U.S. from the
West Coast to the Central and Southern
Great Plains, connected across parts of
New Mexico and Colorado, with large areas
of more intense drought within the moderate
drought area.
About 25 percent of the contiguous U.S. fell
in the moderate to extreme drought
categories (based on the Palmer Drought
Index) at the end of September.






There are two epicenters of extreme (D3)
and exceptional (D4) drought within the
large moderate to severe (D2) drought area
– one located in the California-NevadaOregon region and the other in the Southern
Plains centered in Northern Texas and
adjacent areas of Oklahoma.
Moderate drought persists in Hawaii and
southern Florida;
Moderate drought continued to expand, with
severe drought developing, in the Northern
Plains to western Great Lakes.
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The April 2015 contiguous U.S. average temperature was 53.1°F, 2.1°F above the 20 th century
average. This ranked as the 17th warmest April on record and the warmest April since 2012.
The April Lower 48 precipitation total was 2.78 inches, 0.26 inch above average, ranking in the
wettest one-third of the historical record (since 1895).
According to NOAA’s data analysis, the April snow cover extent for the contiguous U.S. was
161,000 square miles, 121,000 square miles below the 1981-2010 average. This was the 10th
smallest April snow cover extent for the lower 48 states and the smallest amount since
2012.
Drought conditions worsened across parts of the Northwest, Northern Plains and Upper Midwest.
Heavy precipitation across parts of the Southern Plains and central Gulf Coast improved both
long-term and short-term drought conditions.
Exceptional drought conditions remained intact in the West.
According to the weekly U.S. Drought Monitor, about 37.4 percent of the contiguous U.S. (about
31.3 percent of the U.S. including Alaska, Hawaii, and Puerto Rico) was classified as
experiencing moderate to exceptional (D1-D4) drought at the end of April 2015.
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The Palmer Drought Index
The Palmer drought indices measure the balance between moisture demand and moisture supply
(precipitation).
Compared with the March 2015 PHDI map, the April PHDI map indicates that drought conditions improved in most of the Southern states due to abnormally wet conditions.
 6.05 percent were classified in
extreme or worse drought
conditions at the end of April
2015 versus 12.60 percent at the
end of March 2015.
 Drought conditions expanded in
northeastern California, eastern
Washington, northern Oregon,
southern Idaho, but improved
somewhat in southeastern New
Mexico, eastern Colorado, and
along the Utah-Colorado border
consistent with the above normal
precipitation observed in these
areas.
 Precipitation in parts of California and Nevada was far from sufficient to alleviate multi-year drought
conditions. The region's precipitation season is coming to an end and this winter's meager
snowpack promises little runoff for the spring and summer months, suggesting the drought may
intensify. California's governor declared a mandatory 25% reduction in urban water use and the
replacement of 50 million square feet of lawn with artificial turf or drought tolerant landscapes,
among other actions.
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Name: ____________________________________________________________Date: _____________
Science Concept Quiz

What conclusion can be drawn from the map below?
A. Texas suffered the most as a result of the drought causing both short and long-term impacts.
B. The northeast was impacted by periods of “Extreme” drought causing long -term impacts.
C. Oregon suffered both short and long-term impacts due to prolonged their drought
D. No conclusions can be drawn based on the evidence provided.

______ points out of 20
I. Answer
A.
B.

C.

D.
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______ points out of 15
II. What is the main concept behind the question?
1 Making Predictions
2. Biomes
3. Drawing conclusions
4. Vocabulary
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.

_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY

1. A
2. 3
3. Answers will vary. Drawing conclusions is the correct response because the question specifically
asks what conclusion can be drawn from the map.

4. Answers will vary.
1. This is the correct response. The evidence contained in the map supports this claim.
2. Some long-term impacts were felt in the Northeast but the region did not suffer from periods of
“Extreme” drought.
3. This statement is false as the state did not suffer from short or long-term impact because there
was no evidence of a drought.
4. Many conclusions can be drawn from the map.
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Name: ____________________________________________________________Date: _____________

APPLICATION ESSAY
Extreme weather can come in many forms, too much or too little
precipitation for instance or in the form of intense hurricane or
tornado seasons. Droughts are considered extreme weather

What Is the Expectation?
Use new lesson knowledge or
student readings to support your
position

events. Explain the following in your writing:
1) What is a drought?
2) Give two examples of how droughts impact the local and/or
state community?
3) How could the drought in Texas affect people living in other
states?
4) Give two ideas for conservation during times of drought.

Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage
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Name: ____________________________________________________________Date: _____________

Double Bubble Thinking Map
Cause and Effect

DROUGHT

DROUG
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Below average
precipitation

Double Bubble Answer KeyAnswers may vary

Low groundwater
levels and less city
water reserves
Low lakes, ponds,
and other waterways

Higher than normal
temperatures for a
long period of time

Changes in ocean
temperatures, an
effect of climate
change

DROUGHT

DROUG

Crops loss
Increase in food
prices
Loss of grazing land
Lost wages and jobs

Species losschanges in
biodiversity
Soil erosion
Increase health risks
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LESSON 10: THE AMAZING ADVENTURES OF CARBON
How Carbon Cycles through the Earth

GRADE LEVEL
7
TIME NEEDED FOR COMPLETION
1-2 class periods or 1-2 hours
STANDARDS
TEKS alignment is found in the
Appendix starting on A-1
ENGINEERING APPLICATION
Found in the Appendix starting on B-1.
MATERIALS
 Science notebook
 Carbon Cycle Adventure Booklet
(per student pair)
 Table: Carbon Atom Journey
(per student pair)
 Large chart paper

ACADEMIC VOCABULARY
carbon pool, carbon flux, environmental
system, cycle, carbon, carbon dioxide

STUDENT OBJECTIVES
 list the major pools and fluxes of the carbon cycle.
 diagram the carbon cycle using box and arrow models
 describe what components of the carbon cycle make it a system
LESSON LINKS
Can be found under Web Reference unless noted below.
 Carbon Cycle Adventure Story, found at the end of this lesson. It is 14
pages long (story is 25 pages) and the story is formatted so that when
printed as a 2-sided document it can be folded in to a booklet.
 Story Map of Flows (Fluxes), found on 10-5
 Carbon Atom Journey Table, found on 10-6
 Class Carbon Cycle Diagram example, found on 10-7
 Student Carbon Cycle Example, found on 10-13 and 10-14
TEACHER BACKGROUND
Overview
This activity provides an introduction to the carbon cycle and systems
thinking. It could also be used as an introduction to the carbon cycle and,
more broadly, to biogeochemical cycling, the greenhouse effect and
climate change. During the activity, students read about a carbon atom
that begins in the atmosphere as part of carbon dioxide. Students choose
where the atom will travel next, i.e. into a leaf via photosynthesis or
dissolve into the ocean. Students keep track of the carbon pools they visit,
and the process that takes their carbon atom on to the next pool.
All systems consist of a set of interacting components that, together, form
a more unified entity. In the environment, systems tend to be very intricate
because the number of components is often large and the ways in which
they interact are complex. To deal with this complexity, scientists often
simplify environmental systems by lumping multiple components together
and treating them as individual 'pools' and treating the transfer of
materials between them as 'fluxes.'
Pools, also known as reservoirs, represent any place where a given
substance can reside. In the carbon cycle, examples of individual pools
might include soils, leaves, wood, whole trees and ecosystems or the
entire biosphere. The movement of material from one pool to another is
known as a flow, or flux. For example, in the global carbon cycle, carbon
moves from the atmosphere to the plant pool through the process of
photosynthesis. Hence, photosynthesis represents a flux and is, in fact,
one of the most important fluxes in the carbon cycle.

2015©National Wildlife Federation – Eco-Schools USA

LESSON 10: THE AMAZING ADVENTURES OF CARBON
How Carbon Cycles through the Earth
10-2

TEACHER BACKGROUND CONTINUED
Preparation:
 Copy and create Carbon Cycle Adventure Story
books-enough for every two or three students.
 Each student needs the Carbon Atom Journey
Table
 For the Explain you will need to create a large
display that shows a landscape image. See
example.

ENGAGE continued

Helpful Hints:
 Modeling your expectations for the Explore
activity both academically and behaviorally will be
important to the success of the activity.

Student Groupings: Individual/Pairs/Triads
Time: 30 minutes

ENGAGE
Student Grouping: Whole Group
Time: 20 minutes
Essential Question
A. After reading pages 1-3 explain why you feel
carbon is an important atom and element. Give at
least 3 reasons.
Directions
1. Tell students that you want to begin teaching
about carbon today, but you can’t seem to find it.
Ask students if anyone saw carbon today on their
way into class. This will help start generating
ideas about where carbon is found and how
prevalent it is in the world around us.
2. Record ideas of where carbon in found on the
board/smart board/chart paper
3. Read pages 1-3 in the Carbon Cycle Adventure
Story. Have students answer the Essential
Question in their science notebook.
4. Solicit additional ideas about the carbon cycle.
*NOTE* Your questioning and leading will depend
upon the grade level you teach.
What is carbon? Where is it found? How does
carbon move from one place to another (the
processes)? What form does it take (C, CO2, CH4,
CaCO3, glucose)?

5. Let students know that the next few class periods
will be spent learning about carbon and the carbon
cycle as they follow Mr. Carbon, a carbon atom,
through the global carbon cycle.

EXPLORE

Essential Questions
B. Where is carbon stored or pooled?
C. What are some ways that carbon moves or fluxes
between pools?

Directions
1. Students follow a carbon atom through the carbon
cycle by reading then choosing their own adventure
story.
2. Each pair or group of students will need a Carbon
Cycle Adventure Story Book and the Carbon Atom
Journey table.
3. Show students the Glossary of Terms (on the last
page of the story booklet) as a reference for any
terms (bold and italic) they don’t understand.
4. Instruct students to read the Carbon Cycle
Adventure Story and record their journey in their
table.
a. Model the process.
b. Students choose where they want to go on their
journey.
c. On their Carbon Atom Journey Table students will
recordi. the pools where carbon currently resides,
ii. the flow or flux (process) chosen within the
booklet which will take the carbon atom to
another pool,
iii. and the pool where carbon moves to.
d. Students should record any questions that come
to mind or terms they do not understand.
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EXPLORE continued…

ELABORATE

*NOTE* The adventure can be run as long or as
short as time allows, providing that students have
experienced at least 5 pools during their journey.

Student Groupings: Individual with Peer Support
Time: 15 minutes and finish for homework

EXPLAIN

Essential Questions
E. How can we represent systems? Give examples
and explain your reasoning.
F. What’s the importance of carbon cycle on plant and
animal life?

Student Groupings: Pairs/Triads
Time: 20 minutes
Essential Questions
D. Can systems contain sub-systems? Explain.

Directions
1. The class will create a carbon cycle diagram
based on each pair or group’s journey using the
landscape diagram you created. Each pair or
group will need a different color marker/crayon
to track their journey on the class diagram.
2. Allow pairs or groups to come up, a couple at a
time, to trace out their journey. Refer to Class
Carbon Cycle Diagram example under
Lesson Links.
3. Once everyone’s journey is on the map have a
discussiona. Ask students to share one thing they’ve
learned about the carbon cycle from
this activity.
b. Did students find themselves returning
to one pool or another more often than
others? Why reasoning can they
provide?
c. What does this indicate about systems
in general? (systems within systems)

*NOTE* Student’s journeys will overlap - meaning
colors will overlap. This is perfectly acceptable and
will demonstrate to the students the complexity of
the carbon cycle. You can also show students the
Story Map of Flows found under Lesson Links.

Directions
1. Students will create their own carbon cycle journey
diagram (in their science notebook) using their pools
and fluxes during their journey. Using the Journey
Table is the best way to translate their table into a
diagram. This task shouldn’t be difficult since you
worked together to create a class diagram with
multiple pools and fluxes. If needed see Student
Carbon Cycle example found under Lesson
Links.
*NOTE* This diagram will allow students to see that the
carbon cycle does not function in a cyclical pattern as
shown in most diagrams but weaves in and out of
various Earth systems at all times.

EVALUATE
Student Grouping: Individual
Time: 20 minutes
Directions
Grades can be taken from the Carbon Cycle Journey
Table, the individual student created diagram, and from
responses to the Essential Questions.
For the following assessment pieces you may choose
what best fits your student’s needs or you may allow
your students to choose their assessment.
a. Concept Quiz, found on 10-8
b. Essay, found on 10-12
*NOTE* Utilize the Science Notebook Rubric for
assessing your students work within their notebooks.
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Web References
Further Learning Resources
EPA Climate Change Kids
http://www.epa.gov/climatechange/kids/index.html
Windows to the Universe – The Carbon Cycle Game
http://www.windows2universe.org/earth/climate/carbon_cycle.html
Carbon Dioxide Concentration Data
http://climate.nasa.gov/keyIndicators/index.cfm#co2
Lesson 10 Folder
http://www.nwf.org/Eco-Schools-USA/Our-Partners/Entergy/Curriculum/Grades-5-8-Lessons.aspx
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ADVENTURES IN CARBON STORY MAP OF FLOWS (FLUXES)
This map represents all the food chains and webs within the story and how they are all connected to
CO2 in the atmosphere.

This is a more simplified version of
a food web highlighting the role of
the sun and CO2.
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Name: __________________________________________ Date: ______________________

Carbon Cycle Journey Table
Instructions: As you read the Adventure Story, record your journey in the table. If you encounter
anything you do not understand including new vocabulary record your questions below.

Where is carbon now?

How did carbon leave?
(The process)

Where did carbon arrive?

Vocabulary and Questions:
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Class Carbon Cycle Example

You just need
something simple.
Use this picture as a
guide to quickly sketch
a blank diagram on
chart paper, projection
system, or chalkboard.
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Name: ____________________________________________________________Date: _____________
Science Concept Quiz
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Using the diagram on the other page to answer the following question. In order to understand
how carbon is cycled and how atmospheric CO2 will change in the future, scientists must carefully
study the places in which carbon is stored (pools), how long it resides there, and processes that
transfer it from one pool to another (fluxes). Identify two pools and two fluxes from the choices
below.
A.
B.
C.
D.

Burning fossil fuels, plant respiration, photosynthesis, and volcanoes
Burial of sediment, oceans, earth’s crust, and fossil fuels
The Global Carbon Cycle is too complex a system to identify pools and fluxes.
Litterfall, burning fossil fuels, plants, and soils

______ points out of 20
I. Answer
A.
B.

C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Changes over time
2. Making Predictions
3. Carbon storage and transfer
4. Understanding the definition of a cycle
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.
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_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY
1. D
2. 3
3. Answers will vary. The legend states that red identifies carbon fluxes and blue identifies carbon
pools.
4. Answers will vary.
A) This list identifies carbon fluxes only.
B) This list identifies carbon pools only.
C) Yes the Global Carbon Cycle is a complex system, but scientists have identified many
pools and fluxes to help us understand how carbon travels through the earth system.
D) Litterfall and burning fossil fuels are both fluxes and plants and soils are both pools for
carbon storage.
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Name: ____________________________________________________________Date: _____________

APPLICATION ESSAY
Explain what you understand about the carbon cycle now that
you did not know before this activity.

What Is the Expectation?
Evidence of before and after
understanding.
Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage
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Student Carbon Cycle Example

After you sketch and
label your Carbon
Cycle Journey you will
use your Carbon
Atom Journey table to
number, in order, the
places your carbon
atom traveled.

This comes from the
information in your
Carbon Atom
Booklet. Responses
will vary because you
will choose to go to
different places.
Above are the place
my carbon atom
journeyed.
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Tape this work
into your science
notebook. Be
sure to add the
date and title and
include it in your
table of contents.
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GLOBE (Global Learning and Observations to
Benefit the Environment) is a worldwide
hands-on, primary and secondary schoolbased science and education program. GLOBE's vision
promotes and supports students, teachers and
scientists to collaborate on inquiry-based investigations
of the environment and the Earth system working in
close partnership with NASA, NOAA and NSF Earth
System Science Projects (ESSPs) in study and
research about the dynamics of Earth's environment.
From its inception in 1994, the international GLOBE
network has grown to include representatives from over
100 participating countries and approximately 140 U.S.
partners coordinating GLOBE activities that are
integrated into their local and regional communities.

Can you…
Follow the Carbon Atom?
A self-guided adventure
through the Carbon Cycle

I’m Mr. Carbon, a
carbon atom… and
this is my story!

The GLOBE Carbon Cycle ESSP joins
NASA-funded carbon cycle scientists with the
GLOBE Program to bring cutting-edge
research and research techniques in the field of
terrestrial ecosystem carbon cycling into secondary
classrooms. As part of this project students collect
data about their school field site to determine carbon
storage and participate in classroom activities to
understand carbon cycling. Students also have the
opportunity to integrate their data with emerging and
expanding technologies, including global and local
carbon cycle computer models and online map
resources. This program design allows students to
explore research questions from local to global scales
under both present and future environmental
conditions.
www.globe.gov

A collaborative project between the University of New Hampshire, Charles
University and the GLOBE Program Office

Glossary of Terms
Atom – The smallest particle of an element.
Cellulose – A carbohydrate made up of glucose molecules forming the
main part of the cell wall in most plants.
Decomposition – The process of decay, breaking down into basic
elements.
Exoskeleton – An external skeleton that supports/protects an animal’s
body.
Hydrocarbons – Molecules made up of long chains of carbon atoms with
hydrogen atoms attached on both sides.
Microorganism – An organism too small to see without magnification,
sometimes called a microbe.
Organic matter – One living material composed of compounds built
around a structure of carbon atoms.
Photosynthesis – The process through which green plants and some
other organisms make their own food from carbon dioxide and water
using sunlight. Oxygen is released.
Phytoplankton – Tiny aquatic plants. Many are too small to see without
magnification.
These organisms get their energy from
photosynthesis.
Plant senescence – The study of aging in plants. As part of the plant
(leaves) ages plants try to save valuable resources (glucose, water,
etc.) by cutting off nutrients to dying parts (one reason why leaves
turn colors.
Respiration – The release of carbon dioxide as organic (carbon-based)
compounds are broken down and used for energy by organisms. It
can be thought of as the reverse of photosynthesis. Oxygen is taken
in to use with stored carbohydrates as energy. Carbon dioxide and
water are produced.
Sediment – Material that settles to the bottom of a liquid (e.g. soil
particles and dead plankton falling to the bottom of the sea).
Terrestrial – Living or growing on land.
Thermohaline circulation – The movement of deep water in the oceans
driven by differences in density, caused by salinity and temperature.
Upwelling – The wind-driven movement of colder, denser nutrient rich
water from the deep to the surface of the ocean.
Weathering – The physical and chemical processes that break solid rock
into tiny particles that can be moved to other places as sediment.

(Page 25)

“After I participated in photosynthesis in the leaf
and helped to form the simple sugar glucose I then
joined with many other glucose molecules to create
cellulose, which helps to build cell walls and other
rigid structures. But I guess all good things must
end and now it is time to move on. Plus, it should
be an exciting journey from this leaf to the soil
surface.”
A leaf laying on the
soil surface makes it
easy for carbon to
move
to
many
different places. The
leaf might be eaten
by small animals and
microorganisms,
slowly become buried beneath more and more
layers of plant litter (leaves and twigs), or a fire
could even come through and send it quickly back
to the atmosphere.

Can you …
…follow the Carbon Atom?

What is carbon?

Hello, I’m Mr.
Carbon, a
carbon atom.

Carbon (C) is an atom – a
chemical element – and it’s
almost everywhere! But
you can’t actually see carbon
atoms – they are too small
for us to see with our eyes.
Scientists use strong
microscopes to see very small things but
even strong microscopes can’t see
single atoms.
Many scientists call carbon the building
block of life. Most of you have probably used
building blocks, like Lego’s , when you were
younger. Almost like how building blocks can
connect together to build things, carbon and other
elements connect together to build things too.
Chemical elements connect together into
“molecules” or “compounds” – groups of atoms
stuck together. These molecules then help to build
things like trees or animals – even you and me!
®

1) Become incorporated into the organic layers
near the soil surface (Go to page 19)
2) Be eaten by a beetle (Go to page 11)
3) Fire burns the leaf; return to the atmosphere as
carbon dioxide (Go to page 4)

Carbon is one of the most abundant
elements in all living things
and the 4th most abundant
element in the universe.
(Page 24)

(Page 1)

Carbon can also be found in the Earth’s
atmosphere (the air we breathe), the soil that we
walk on, in the oceans and other water bodies, and
in the Earth’s surface (like rocks). So what kind of
molecules does carbon make? Here are some
examples of how carbon connects with other very
common atoms like hydrogen (H), oxygen (O), and
nitrogen (N). If one carbon atom joined up with two
oxygen atoms it would become carbon dioxide
(CO2); if six carbon atoms joined up with six water
molecules (H2O) it would become a simple sugar
called glucose (C6H12O6); and if eight carbon
atoms joined up with ten hydrogen, four nitrogen
and two oxygen atoms it would become caffeine
Caffeine is found in chocolate,
(C8H10N4O2).
sodas, coffee, and many teas (I wonder if your
parents know that carbon
is in caffeine?). We
could go on forever
describing
many
more
compounds that contain carbon. But maybe we
should get back to our story.
When carbon joins with these other elements the
resulting molecules can be in the form of a solid, a
liquid or a gas. Over time, a single carbon atom
can be joined with, and released from, many
different substances. Movement from carbon in
trees to carbon in the air to carbon in the oceans
and on and on is part of the carbon cycle.

(Page 2)

“I can’t believe I’ve entered the terrestrial food
web. It is very exciting to move from organism to
organism! As I move from plant to animal to
animal I get to change form– I could combine with
water molecules (H2O) to form the simple sugar
called glucose (C6H12O6) or leave any of the
animals along the food web as carbon dioxide
(CO2) through respiration.”

Every plant and animal within the food web is
made up of molecules containing carbon – from
tiny bacteria to the lion and everywhere in
between. This is why the description of carbon as
the “Building Block of Life” is so appropriate.
1) Leave the food web as carbon dioxide (CO2)
during respiration (Go to page 4)
2) Leave the food web as methane (CH4) during
waste production (Go to page 12)
3) Stay in the lion’s cells and tissues until it dies
(Go to page 22)

(Page 23)

At the soil surface thousands of microorganisms,
or microbes, are ready to break down organic
matter into small particles through the process of
decomposition. Microbes use the available
carbon from dead animal tissues for energy and
release CO2 back to the atmosphere during
respiration. Decomposition of organic matter also
makes more nutrients, like nitrogen, available to
plants.
While microbes do their best at
decomposition, some dead plants
and animals build up at the soil
surface. This build-up forces some
of the partially decomposed material
to move down in the soil layers.
Because there isn’t as much oxygen
down there, decomposition happens
more slowly. As plant litter buries un-decomposed
matter slowly, the carbon becomes locked away in
the soil for hundreds of years. If un-decomposed
matter gets buried more quickly, as in the case of a
landslide, intense heat and pressure, over time,
can cause carbon to form hydrocarbons.
1) Return to the atmosphere as carbon dioxide
(CO2) during respiration by microorganisms (Go
to page 4)

You are about to take a journey through the global
carbon cycle following our friend, Mr. Carbon, the
carbon atom. Each time you travel to a new place
you will learn about how carbon plays a role there.
You will then have options about where Mr. Carbon
should travel next. As you travel, record where
you have visited (carbon pools) and then how you
left (carbon fluxes) on the worksheet. Some of the
more difficult, or new, words are bold and italic
and defined in the glossary at the back of the book.
Have fun!
The GLOBE Carbon Cycle Team

Scott

Sarah

Annette

Rita

Jana

Joe

Jen

Mary

Lara

Gary

2) The remaining animal parts get buried under
mud during a landslide (Go to page 21)
3) Stay in the soil attached to soil particles (Go to
page 22)
(Page 22)

(Page 3)

“Welcome to the atmosphere! Have you met my
two friends oxygen and oxygen?
Do you
remember that together we make a molecule
called carbon dioxide (CO2)?”
Hello!

Say hello to my two friends
oxygen and oxygen.

Hello!

Carbon dioxide is one of the gases in Earth's
atmosphere – it’s called a trace gas because there
isn’t very much of it. Despite being a trace gas,
CO2 is really important because it is also a
greenhouse gas. Greenhouse gases naturally exist
and act much like the glass on an actual
greenhouse, which allows light to pass through to
the world below, but also prevents much of the
heat from leaving. Unfortunately, there is more and
more carbon dioxide making its way to the
atmosphere – which could make Earth’s surface
too warm. CO2 molecules stay in the atmosphere
for almost 100 years. Fortunately there are some
ways that CO2 leaves the atmosphere. “Where
should we travel next?”
1) Enter a plant leaf during photosynthesis (Go to
page 5)
2) Dissolve into the ocean (Go to page 6)

(Page 4)

“It sure is dark in here, and there isn’t much
oxygen either! What’s going to happen to me
without any oxygen?”
Typically, as plant litter builds up on the soil
surface, there is plenty of space, thus plenty of
oxygen, between soil particles to allow complete
decomposition
of
organic
matter
by
microorgansims.
However, when there are
events such as landslides or other conditions that
prevent complete decomposition (such as very wet
areas), carbon becomes trapped below other
sediments, such as sand, mud and rocks.
Compaction due to the pressure from the layers of
sediment above and heat due to the increasing
pressure is what causes carbon to turn into coal or
oil.
Carbon and oil are both made up of long chains of
carbon atoms with hydrogen atoms attached on
two sides. The carbon and hydrogen attached
together are called hydrocarbons.
The carbon found in hydrocarbons of
coal and oil are also called fossil fuels
because they form deep below ground
and take millions of years to develop
Under normal conditions, they would
almost never reach the surface except we mine it
and pump it to be used in our cars, homes,
factories, and airplanes.
Burn coal and oil for fuel, return to the atmosphere
as carbon dioxide (CO2) (Go to page 4)
(Page 21)

As the calcium carbonate molecule (CaCO3)
makes it to the bottom of the ocean it begins to link
with other molecules of calcium carbonate to form
a limestone rock layer.
“Ah, a relaxing vacation. I think I’ll stay in this rock
layer for a million years or so. It’s not very
interesting here – but it keeps me out of the
atmosphere!”

Eventually, a carbon atom will be sent back to the
atmosphere through geologic processes. Extreme
temperature and pressure will change rocks into
new forms – some of which might play a role in
volcanic action, which releases carbon dioxide and
methane from the vaporizing rock. Shifting land
(fault lines, earthquakes) might also expose buried
rock to the atmosphere; if this happens,
weathering by wind and rain could help return the
carbon to the atmosphere.
1) Geologic processes return carbon dioxide to the
atmosphere (Go to page 4)
2) Geologic processes return methane to the
atmosphere (Go to page 12)

We have just followed Mr. Carbon, part of a carbon
dioxide molecule, into the leaf of a small plant.
“Now that I am in the plant, my friends oxygen
must leave, but I am joined by some new friends,
the water molecules (H2O). Energy from the sun
helps us join together!”
Bye for now.
Bye!

Carbon atoms connected to water molecules form
glucose, a simple sugar (C6H12O6). Glucose gives
the plant energy that helps it grow and produce
fruits. Some of the carbon atoms in the glucose
exit the leaf as carbon dioxide during respiration
while other carbon atoms are used to make
important parts of the plant, such as additional
leaves or wood. Carbon atoms that remain in
leaves will either fall off (during plant senescence)
or become a meal for an animal. Also the plant will
eventually die and decompose. Where will you
follow Mr. Carbon next?
1) The tree leaf is eaten (Go to page 7)
2) Return to the atmosphere during respiration (Go
to page 4)
3) Stay in the plant cells and tissues until the plant
dies (Go to page 10)
4) Fire burns the tree; return to the atmosphere as
carbon dioxide (Go to page 4)
5) The leaf falls to the soil surface (Go to page 24)

(Page 20)

(Page 5)

“Well, here we are… moving close to the surface of
the North Atlantic Ocean. It’s cold and very windy
here and the waves are huge! There is a lot of
mixing between the
atmosphere and the
ocean. It’s almost like
the ocean is swallowing
big gulps of air – CO2
molecules, like me, just
dissolve right into the water. Hold your nose – I
think this wave is going to… glub, glub, glub”
“Wow! That was a huge wave! Now we’re swirling
around under water and there are carbon dioxide
molecules everywhere.”
“Many of the CO2 molecules are moving down
farther in the water. Others are entering
phytoplankton and aquatic plants like seaweeds
through the process of photosynthesis. I never
expected the ocean to be so fun for carbon atoms!
Where should I go next?”
1) Enter phytoplankton, during photosynthesis (Go
to page 14)
2) Enter a marine plant, such as seaweed or algae,
during photosynthesis (Go to page 8)
3) Move deeper under water through ocean mixing
(Go to page 15)
4) Return to the atmosphere through ocean mixing
(Go to page 4)
(Page 6)

“Wow, the soil surface is very moist and things are
breaking down very quickly! What a strange place
this is. There is a lot of stuff around me, but it is
hard to identify; decomposing plant parts
including leaves, wood, and roots AND thousands
of microorganisms – very small animals and
bacteria.”
Microorganisms help to decompose the parts of
plants. They use the carbon in glucose as energy
and respire carbon dioxide to the atmosphere while
making nutrients, such as nitrogen, available in the
soil to be used by new plants.
Much of the decaying plant material added to the
surface of the soil is eaten by microorganisms. As
more decaying plants cover the ground, the
partially decomposed material is forced to move
down in the soil. Because there isn’t as much
oxygen down there, decomposition happens more
slowly.
As plant litter buries un-decomposed
matter slowly, the carbon becomes locked away in
the soil for hundreds of years. If un-decomposed
matter gets buried more quickly as in the case of a
landslide, intense heat and pressure, over time,
can cause carbon to form hydrocarbons.
1) Move back into the atmosphere as carbon
dioxide (CO2) during respiration (Go to page 4)
2) The remaining plant parts get buried under mud
during a landslide (Go to page 21)

(Page 19)

“How did I get stuck in this food web?”
When the carbon atom has entered the marine
food web it moves from plant to animal to animal,
etc., changing forms as it goes. It might combine
with water molecules (H2O) to form the simple
sugar called glucose (C6H12O6), enter the blood
stream and become part of a cell, or leave any of
the animals within the food web as carbon dioxide
(CO2) through respiration.

“I had no idea that every plant and animal within
the food web is made up of molecules containing
carbon just like me. I think I’m beginning to
understand why carbon is called the “Building
Block of Life”.”
1) Leave the food web as carbon dioxide (CO2)
during respiration (Go to page 4)
2) Leave the food web as methane (CH4) during
waste production (Go to page 12)
3) Stay in the bear’s cells and tissues until it dies
(Go to page 22)

(Page 18)

“Hi again! Well, here I am in an antelope’s
stomach.”
The antelope, an herbivore (plant-eating animal),
ate the leaf that the carbon atom was a part of and
now it is being broken down, or digested, by
bacteria in the intestines of the antelope.

After this digestion the carbon atom might end up
as an acid (such as acetic or butyric acid) to be
used by the animal for energy or it might leave the
antelope to return to the atmosphere as carbon
dioxide (CO2) or methane (CH4).
1) Leave the antelope as carbon dioxide (CO2)
during respiration (Go to page 4)
2) Leave the antelope as methane (CH4) during
waste production (Go to page 12)
3) Be absorbed into the cells and tissues (muscles,
fat, etc.) of the antelope (Go to page 13)

(Page 7)

“I can’t believe we are in a seaweed! It is very
busy here. It is now time to leave my friends
oxygen and oxygen, but because the sunlight can
reach me here I am able to join with new friends,
water molecules (H2O).”
Bye for now.

“Well, I seem to have made it back to the ocean
water, but something is very different. Instead of
being connected to two oxygen atoms I now have
four new friends – they all have the same name,
hydrogen.”

See you guys later.

The carbon atoms are being connected to water
molecules to form glucose, a simple sugar
(C6H12O6). Glucose gives the marine plant energy
that helps it grow and produce more marine plants.
Some of the carbon atoms in the glucose leave the
leaf as carbon dioxide during respiration, but
others are used to make important parts of the
plant. A marine animal could eat the plant, or
eventually the plant will die, maybe falling to the
bottom and decomposing, which releases CO2.
1) The plant leaf is eaten (Go to page 9)
2) Return to the ocean as carbon dioxide (CO2)
during respiration (Go to page 16)
3) Return to the ocean as methane (CH4) during
decomposition (Go to page 17)

When these atoms are together they’re called
methane (CH4). Just like CO2, when methane gets
into the atmosphere, it seems to wrap the Earth
like a blanket and keep the heat in. Because of
this “blanket effect” methane is also a greenhouse
gas. Like CO2 it also naturally exists; it can reflect
some light from the sun and let some heat from the
Earth pass through. But if too many methane
molecules are up in the atmosphere they will make
the blanket thicker and cause the Earth to get too
hot. However, while in the ocean it really can’t
cause too many problems.
Methane changes to carbon dioxide (Go to page 16)
“Back in the water again! It all happened so
quickly. One minute in a plant and the next
released during respiration.”

(Page 8)

(Page 17)

Plant respiration is the reverse of photosynthesis.
During photosynthesis, CO2 is taken in by the plant
leaf and combined with water molecules (H2O) and
energy from sunlight to make glucose (C6H12O6) for
the plant to use. Oxygen is released during
photosynthesis. During respiration, the plant takes
in oxygen and glucose is used for energy. Carbon
dioxide is released during plant respiration.

“Hello again! So, here we are in the herbivorous
(plant-eating) fish’s stomach.”

The herbivorous (plant-eating) fish ate the leaf that
Mr. Carbon was a part of and now he is being
broken down, or digested, by bacteria in the
intestines of the fish.
“Where should I go next? From the ocean’s
surface waters there are many places to go….”
1) Enter a marine plant, such as seaweed or algae,
during photosynthesis (Go to page 8)
2) Enter a tiny marine organism
(called
phytoplankton) during photosynthesis (Go to
page 14)

After this digestion Mr. Carbon might end up as an
acid (such as acetic or butyric acid) to be used by
the fish for energy or it might leave the fish to
return to the ocean as carbon dioxide (CO2) or
methane (CH4).
1) Leave the fish as carbon dioxide (CO2) during
respiration (Go to page 16)

3) Move farther under water by ocean mixing (Go
to page 15)

2) Leave the fish as methane (CH4) during waste
production (Go to page 17)

4) Re-enter the atmosphere by ocean mixing (Go
to page 4)

3) Be eaten and become part of the marine food
web (Go to page 18)
4) Be absorbed into the cells and tissues of the fish
until it dies (Go to page 22)

(Page 16)

(Page 9)

“I can’t believe I have been locked in the tissues
(such as cellulose) of this plant for so many
years! When I first entered into the leaf, the
plant was just a small seedling – just
beginning to grow. I guess I am lucky though. If I
had been incorporated into a tree instead, I might
have lived in there for 100 years or more without
moving on!”
Trees are a great way for carbon to
stay out of the atmosphere for a
while. Eventually, though, all plants
of all sizes must die and when they
do, carbon is transferred to the soil
surface or back to the atmosphere.
Laying on the ground makes it easy for carbon to
get moved many places! The dead tree might be
decomposed by microorganisms, eaten by small
animals, or slowly buried beneath more and more
layers of plant litter. A fire could even come
through and send it quickly back to the
atmosphere.
1) Become incorporated in soil as layers of litter
build up (Go to page 19)
2) Be eaten by a beetle (Go to page 11)
3) Fire burns the dead tree; return to the
atmosphere as carbon dioxide (Go to page 4)

(Page 10)

“Now it seems that I am moving deeper into the
ocean water, I bet it is because the water is so
cold! Because I am in the northern ocean I must
be joining the ocean’s conveyor belt, a process
called thermohaline circulation. If this is true I
will travel the world!”

Source: http://oceanservice.noaa.gov/education

Thermohaline circulation works like a conveyor belt
moving cold North Atlantic Ocean water across the
Equator and down to the southern ocean (where
the Atlantic, Indian and Pacific oceans meet) along
Antarctica and then up to the Pacific Ocean. By
the time water reaches the North Pacific Ocean it
has warmed up a little; this warmer water will rise
closer to the ocean surface bringing some CO2
molecules and other nutrients with it, in a process
known as upwelling. Other CO2 molecules will
continue to travel along the southern part of Asia,
through the Indian Ocean, past southern Africa and
then cross the Equator once again to reach the
North Atlantic. The entire journey could last close
to a thousand years!
Become part of thermohaline circulation for a
complete cycle around the world’s oceans, slowly
returning to the ocean surface through upwelling
(Go to Page 6)
(Page 15)

“Wow, what a trip! Getting into such a tiny
organism like phytoplankton is quite the ride.
Now that I’m here as a carbon dioxide molecule I
notice there are lots of other atoms and molecules
here too. Some carbon is being used for energy
as part of glucose and some is joining with some
other molecules. It looks like I’ll join with a
hydrogen and some oxygen atoms to form
bicarbonate (HCO3).”

“Cool! I’m inside of a Beatle! Perhaps I will be used as
energy to create a song…”

In some phytoplankton, bicarbonate and calcium
atoms can chemically combine (releasing the
hydrogen) to make a skeleton or shell. If they do
this, they are called calcium carbonate (CaCO3).

Beetles and other small animals eat
pieces of leaves and wood that have
fallen to the ground. Once these particles
have traveled to the intestines, bacteria
break down, or digest, the carbon compounds such
as cellulose.

Hello, I’m
Calcium

I know that carbon is in all
of us – but I think you want
another type of beetle….
Source:
http://beatlesnumber9.com/graphics.html

“Oops, wrong beetle. Sorry for the mistake….”

During digestion, a carbon atom might end up as
part of an acid to be used by the beetle for energy,
or it might leave the animal and return to the
atmosphere as carbon dioxide or methane. Where
should Mr. Carbon go next?
A carbon atom could remain as a part of calcium
carbonate for a long time.
Even after the
phytoplankton dies it might fall to the bottom of the
ocean and become part of the limestone rock layer
for hundreds to thousands of years. Or it could be
eaten and enter the marine food web.
1) Fall to the bottom of the ocean to form a
limestone rock layer (Go to page 20)
2) Be eaten and become part of the marine food
web (Go to page 18)
(Page 14)

1) Leave the beetle as carbon dioxide (CO2) during
respiration (Go to page 4)
2) Leave the beetle as methane (CH4) during
waste production (Go to page 12)
3) Be absorbed into the beetle’s tissues (perhaps
as its exoskeleton) until it dies (Go to page 22)
4) Be eaten and become part of the terrestrial
food web (Go to page 23)
(Page 11)

“Well, I seem to have made it back to the
atmosphere, but something is very different.
Instead of being connected to two oxygen atoms I
now have four new friends – they all have the
same name, hydrogen.”

After the carbon atom has gone through the
digestion process, it is absorbed into the blood
stream and carried through the body to reach the
cells. Carbon in the bloodstream can enter cells
through the cell walls. At this point Mr. Carbon
might become stored as fat cells – waiting to be
used by the animal for energy.

When these atoms are together they’re called
methane (CH4). Just like when carbon is with
oxygen as CO2, when it gets into the atmosphere
as CH4, it seems to wrap the Earth like a blanket
and keep the heat in. Because of this “blanket
effect,” methane is also a greenhouse gas. Like
CO2 it also naturally exists. It can reflect some
light from the sun and let some heat from the Earth
pass through. But if too many methane molecules
are up in the atmosphere, they will make the
blanket thicker and cause the Earth to get too hot.

“Maybe I’ll be used for energy to run across the
savanna!”

Methane (CH4) changes to carbon dioxide (CO2) in
the atmosphere after about 5 – 10 years (Go to
page 4)

(Page 12)

“I can’t wait for more adventure…”
1) Leave the antelope as carbon dioxide (CO2)
during respiration (Go to page 4)
2) Leave the antelope as methane (CH4) during
waste production (Go to page 12)
3) Be eaten and become part of the terrestrial
food web (Go to page 23)
4) Stay in the antelope’s cells and tissues until it
dies (Go to page 22)

(Page 13)

LESSON 11: WHY ALL THE WIGGLING ON THE WAY UP?
Investigating CO2 Trends

GRADE LEVEL
6-8
TIME NEEDED FOR COMPLETION
1.5 -2 hours
STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1
ENGINEERING APPLICATION
Found in the Appendix starting on B-1
MATERIALS
 Science Notebook
 Computer with internet access
 Keeling Curve plot with and without
labels, found on 11-5 and 11-6
 NDVI maps found on page 11-7

ACADEMIC VOCABULARY
Carbon dioxide (importance in Earth
system), Charles Keeling, Mauna Loa,
vegetation, NDVI

STUDENT OBJECTIVES
 Analyze CO2 and vegetation data from NASA Earth observing satellites
 Contrast and compare datasets
 Determine how seasonal cycles in vegetative cover influence
atmospheric CO2
 Predict the long-term trend caused by fossil fuel burning and
deforestation and discuss possible solutions
LESSON LINKS
Can be found under Web Reference unless noted below.
TEACHER BACKGROUND
Overview
Starting in 1958, Charles D. Keeling from the Scripps Institute of
Oceanography began measuring the amount of carbon dioxide (CO 2) in the
atmosphere in Mauna Loa, Hawaii. He collected air in flasks, or canisters and
made careful measurements that provided some of the first evidence that
humans were significantly modifying the atmospheric composition. These
measurements are still made today at Mauna Loa and about a dozen stations
spanning from the North Pole to the South Pole.
This lesson will give students an opportunity to examine the CO 2 data from
Mauna Loa, Alaska, and their home location. They will use this data to explore
how the seasonal growth and die-off of vegetation in temperate and colder
regions influences CO2 levels. Then, they will investigate the long-term trend
in CO2 and how it relates to emissions from fossil fuel burning and
deforestation.
It is important to note and relay to students the CO2 levels before and after the
industrial revolution. During the industrial revolution and continuing on today
humans have put massive amounts of CO2 beyond what occurs naturally
causing our climate change on a global level. There is no longer a debate
about whether climate change due to human influences is occurring; it is a
scientific fact.
Preparation
Do one of the following in preparation for the “Elaborate” section Set aside time for students to go to the computer lab and read the
articles online.
 Assign the article(s) to be read online for homework.
 Print 10 copies of each article and divide amongst your class.
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ENGAGE

EXPLORE continued

Student Grouping: Individual
Time: 10 minutes

5. Did anyone make an observation about how the
measurements go up and down on the upward
trend line? Take time to write students’
predictions as to what the explanation is for this
“wiggling”.
6. Either handout the vegetation maps, found on
11-7 or display them on your projection system.
Again have students make observations. Tell
students what NDVI or Normalized Difference
Vegetative Index is, refer to Web References
for definition.

Essential Questions
A. What 3 pieces of information are missing from
the graph?
B. Write at least 3 observations regarding the
graph.
Directions
1. Display or handout copies of the Keeling Curve
without labels, found on page 11-5.
2. Use the Essential Questions to make
observations about the Keeling Curve graph.
The title and x and y axis labels have been
removed to allow students to analyze the graph.

EXPLORE
Student Grouping: Individual/Pairs
Time: 30 minutes

NOTE: When looking at the colors, students need to
know that the higher up on the scale
(yellows/oranges/reds), the more vegetation there is
and the lower you go on the scale
(greens/blues/purples), the less vegetation there is.
The conclusion you want to guide students toward is
that one map show winter and one maps show
summer.
EXPLAIN

Essential Questions
C. What new observations can you make about the
graph now that the title and labels are present?
D. Why has CO2 significantly increased in the last
several decades?
E. What can you observe from an NDVI graph?
Directions
1. Now put up the Keeling Curve with the title and x
and y axis labels, found on 11-6.
2. Have students answer Essential Questions in
their science notebook.
3. Have students share with their closest partner
their observations and vice versus, (think-pairshare)
4. Have a discussion about the graph-what it shows
(The measurements show the steady rise of
carbon dioxide levels in the atmosphere over a
forty-seven-year period (1958-2005)).

Student Grouping: Individuals/Pairs/Whole Class
Time: 15-20 minutes
Essential Questions
F. There is a connection between the Keeling
Curve and the NDVI maps and animation. What
is the connection?
G. Why are the “ups” on the “wiggly” line not labeled
summer?
*NOTE* Two points here: One, we are measuring
CO2 not temperature and two, CO2 is more
concentrated in the winter without all the lush
vegetation to absorb it through photosynthesis.

Continued on next page
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EXPLAIN continued

ELABORATE continued

Directions
1. Share with your students and discuss this
visualization – animation of vegetation from
February 2000-August 2011. Discussion should
include seasonal changes-this visual is like the
Earth breathing. Feel free to assign the text for
a read aloud, independent reading, or use
pieces of it in your discussion with your
students.
2. Answer Essential Question E.
3. If students cannot make the connection use this
cut out of the Keeling Curve, found on page
11-5 of this document, and label the “ups” on
the “wiggly” line as winter and the “downs” on
the “wiggly” line as summer.
4. Answer Essential Question F in your science
notebook.
5. Students need to draw 3 conclusions from their
work. Ask them to do this as an individual, then
in pairs, and then as a class discussion.
a. CO2 has increased from 1958-2005,
and still continues to rise.
b. There are natural high and low CO2
levels each year.
c. CO2 is absorbed by vegetation.

Directions
1. Who was Charles Keeling? Choose one of the
articles below or allow your students to choose
their article. Use the Article Summary
Rubric, found on page 11-14, to set
expectations and as a grading tool. The student
handout is on 11-13
a. Article 1: The Keeling Curve: How a
Nature Loving Geochemist Kickstarted
Climate Science (link under Web
References)
b. Article 2: Charles David Keeling-found
on 11-8
c. Article 3: Charles David Keeling:
Climate Science Pioneer (link under
Web References)

ELABORATE
Student Groupings: Indivual/Pairs
Time: 30-40 minutes in class or as a homework
assignment

EVALUATE
Student Groupings: Individual
Time: 20 minutes

For the following assessment pieces you may
choose what best fits your student’s needs or you
may allow your students to choose their
assessment.
1. Concept Quiz, found on 11-10
2. Essay, found on 11-13

Essential Questions
H. Why is Charles Keeling’s work important today?
I. How much have CO2 levels changes from
before the industrial revolution to today?
J. Beyond seasonal variations in the Keeling
Curve, describe factors attributed to human
activity that have contributed to climate change.
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WEB REFERENCES
All about Carbon Dioxide

http://www.epa.gov/climatechange/kids/basics/today/carbon-dioxide.html
Layers of the Atmosphere

http://www.vtaide.com/png/atmosphere.htm
Carbon Cycle Diagram

http://www.teachersdomain.org/resource/tdc02.sci.life.eco.ccycle/
NDVI
http://mynasadata.larc.nasa.gov/science-glossary/?page_id=672?&letter=N
Charles Keeling
http://earthobservatory.nasa.gov/IOTD/view.php?id=5620
Animation of Global Vegetation
http://earthobservatory.nasa.gov/GlobalMaps/view.php?d1=MOD13A2_M_NDVI
The Keeling Curve: How a Nature Loving Geochemist Kickstarted Climate Science: Article 1
http://www.onearth.org/blog/the-keeling-curve
Charles David Keeling: Climate Science Pioneer: Article 3

https://scripps.ucsd.edu/news/5104
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KEELING CURVE
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KEELING CURVE
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Charles David Keeling

Keeling was the first to confirm the rise of
atmospheric carbon dioxide by very
precise measurements that produced a
data set now known widely as the
"Keeling Curve." Prior to his
investigations, it was unknown whether
the carbon dioxide released from the
burning of fossil fuels and other industrial
activities would accumulate in the
atmosphere instead of being fully
absorbed by the oceans and vegetated
areas on land. He became the first to
determine without a doubt, to the fraction
of carbon dioxide from combustion that remains in the atmosphere. The Keeling record of the
increase in atmospheric carbon dioxide measured at Mauna Loa, Hawaii, and at other "pristine
air" locations, represents what many believe to be the most important time-series data set for
the study of global change.
"There are three occasions when dedication to scientific measurements has changed all of
science," said Charles F. Kennel, Scripps director. "Tycho Brahe's observations of planets laid
the foundation for Sir Isaac Newton's theory of gravitation. Albert Michelson's measurements of
the speed of light laid the foundation for Albert Einstein's theory of relativity. Charles David
Keeling's measurements of the global accumulation of carbon dioxide in the atmosphere set the
stage for today's profound concerns about climate change. They are the single most important
environmental data set taken in the 20th century. Dave Keeling was living proof that a scientist
could, by sticking close to his bench, change the world.
Retired Navy Vice Admiral Conrad C. Lautenbacher, Ph.D., undersecretary of commerce for
oceans and atmosphere and NOAA administrator, said, “As a scientist, he will forever be
remembered by one of the most recognizable graphs in science, the sloping curve that
symbolically represents the atmospheric carbon dioxide record he derived. His pioneering work
on atmospheric carbon dioxide fundamentally changed the way we view the planet and our role
on it and firmly placed him in the pantheon of history's great scientists. He has left us with the
eternal gift of his vast knowledge, but more importantly he left us and future generations with the
gift of inspiration. His legacy will inspire future generations to follow in his footsteps in the quest
for scientific discovery."
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Keeling enjoyed a rich life outside of scientific pursuits. He
was an avid outdoorsman, a champion of wilderness, and
enjoyed hiking and camping in the mountains of California,
Montana, Canada and Switzerland. He was a civic leader
and a primary author of the city of Del Mar's General Plan.
He was an accomplished pianist, the founding director of the
UCSD Madrigal Singers and enjoyed playing chamber music
with his friends, colleagues and his own children. He very
nearly chose a career in music over science.
Keeling was a devoted and loving husband and father. He
was married to his wife Louise for 50 years and has five
children and six grandchildren.
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Name: ____________________________________________________Date: _____________
Science Concept Quiz
The carbon cycle includes many important processes that impact the earth system. The famous diagram
from Mauna Loa, The Keeling Curve, depicts the rise of CO2 from 1958 to 2005.
Which groupings would have the ability
to absorb large amounts of carbon
dioxide and are identified on the Keeling
Curve as “lows” on the wavy line?
A.
B.
C.
D.

Parking lots and buildings
Trees and oceans
Coal beds and natural gas reserves
Farmland and factories

______ points out of 20
I. Answer
A.
B.

C.

D.

______ points out of 15
II. What is the main concept behind the question?
1. Being a Scientist
2. Science Practices
3. Keeling Curve
4. Carbon Cycle
_____ points out of 25
III. Provide the reasoning for choosing your answer in part II.

2015©National Wildlife Federation – Eco-Schools USA

LESSON 11: WHY ALL THE WIGGLING ON THE WAY UP?
Investigating CO2 Trends
11-11

_____points out of 40
IV. Why are the other responses in part I not the best answer choice?
A.

B.

C.

D.

Use the rest of this page if more room is needed to fully communicate your thoughts.
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TEACHER ANSWER KEY

1. B
2. 4
3. Answers will vary. 4-The carbon cycle is made up of places where carbon is stored, where it is giving
off and how it is transferred. This knowledge will allow me to best answer the question.
4. Answers will vary.
A) Parking lots and buildings contribute to higher temperatures and do not absorb carbon.

B) This is the correct answer. Trees and oceans are places where carbon can be absorbed if trees
are cut down then carbon cannot be absorbed. As oceans warm they are unable to store as
much carbon and therefore it stays in the atmosphere.

C) Coral reefs and natural gas reserves produce carbon in different ways.

D) Farmland and factories also produce carbon. Even though farmland produces crops of various
kinds they cannot absorb the tons of carbon released into the atmosphere like large areas of
trees are able to do.
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Name:_________________________________________________________Date:_________________

Application Essay
Use the information you learned in the lesson to1. Explain how carbon dioxide changes naturally from season to

What Is the Expectation?

season and
2. Explain why carbon dioxide has increased significantly over the
last several decades.

Use new lesson knowledge
and/or student readings to
provide details for you
explanation
Visual representations if
applicable
Key vocabulary
Evidence of on grade level
spelling and grammar usage
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LESSON 12: MASTER P IN THE HOUSE
Creating a School Action Plan to Address Energy and Climate Change

GRADE LEVEL
6-8
TIME NEEDED FOR COMPLETION
2-3 class periods or 1 ½ -2 hours
STANDARDS
TEKS alignment is found in the
Appendix starting on page A-1
PREREQUISITE KNOWLEDGE
 Lessons 1-An Introduction to EcoSchools USA
 Lesson 2-Conducting an Energy
Audit
 At least 2 other lessons within the
curriculum.

ENGINEERING APPLICATION
Found in the Appendix starting on page
B-1

MATERIALS
 Science Notebook
 Computer with internet access
 Color printer (optional)

ACADEMIC VOCABULARY
Within student work you should see
evidence of student attainment of
academic vocabulary from throughout
the entire curriculum. Be sure to
encourage students to utilize their
academic vocabulary and set the
expectation that you will be looking for
this evidence in their work.

STUDENT OBJECTIVES
 Perform an energy post-audit and summarize results to be presented
school-wide via announcements, web presence, social media, etc.
 Create an energy and climate change, solutions-based action plan
using knowledge gained from previous lessons and the conclusions
drawn from the audits.
 Continue to incorporate the 7-Step Framework, including monitoring
and evaluating progress toward reducing the school’s carbon footprint
and communicating with both the school and larger community.

LESSON LINKS
Can be found under Web Reference unless noted below.
 Classroom audit forms – use the saved pre energy audit forms from
lesson 2 and complete the post audit columns.
 Classroom Carbon Calculator – with the Classroom Audit Forms
completed take that data and input it into the carbon calculator students
saved in lesson 2.
 School Tally Sheet - optional

TEACHER BACKGROUND
Overview
The United States is home to just 5 percent of the world’s population but
consumes more than twenty percent of its energy. On average, a person in
America uses ten times more energy than a person in China and nearly
twenty times more than a person in India. U.S. energy needs are met
primarily by non-renewable sources including gas, oil, and coal. Access to
abundant and inexpensive energy contributes to our high standard of living,
but burning large quantities of fossil fuels also has serious environmental
and health consequences. These range from smog and acid rain to, most
critically, the release of greenhouse gases leading to global climate change.
Why Should Schools Reduce Their Energy Use?
The nation's school districts spend more than $7.5 billion a year on energy.
Schools are the largest energy consumer in many municipalities. But up to
30 percent of that energy is used inefficiently or unnecessarily. By
implementing energy-conservation measures and using energy-efficient
technologies, schools can significantly cut their energy use. The result is
financial savings as well as a reduced environmental impact.

Continued on next page
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Teacher Background continued

ENGAGE

Students will perform the post energy audit survey
and report findings to the audited classrooms.
Students will analyze which energy tips proved to be
the best energy conserving solutions. The class will
work together to choose the best energy conserving
solutions to implement school wide and create a plan
to be implemented school wide. Approval from the
Eco-Action team and administration will be required.
Students will also need to determine how to
communicate their results to the student body and
how they will communicate the school wide plan.

Student Grouping: Whole Class/Small Groups
Time: 20 minutes

Preparation
1. Assign students to the same groups and
classrooms they audited for the pre-survey.
2. Review the Classroom Carbon Calculator
Helpful Hints
1. The Audit Toolkit can be found at:
http://www.nwf.org/Eco-Schools-USA/Become-anEco-School/Cool-SchoolChallenge/Materials.aspx
2. You may want to utilize our Cool School
Challenge online resource, Audit Tool Kit pages
21-25 and pages 26-31 found under Web
References. There is information here regarding
making conversions and calculations as well as
worksheets related to making calculations.
Besides the information it provides you, the
worksheets are good extension activities for your
students who excel in math.
3. You will want to utilize the help of adult members
of the Eco-Action team to better manage teams
while on audits.

Essential Questions
A. Were there appliances no longer in use or taken out
of the classroom during your post survey audit that
were in use or visible during your pre-audit survey?
B. Do you feel these items make a difference in the
overall footprint in the classroom?
Directions
1. Students will work together to review the pre-survey
audit before performing the post survey audit.
2. Remind students of your expectations while auditing.
3. While performing the post survey audit students
need to observe closely for new appliances and/or
appliances no longer visible or in use, i.e. fans,
lamps, small refrigerator, etc.

EXPLORE
Student Groupings: Small Group
Time: 30-50 minutes
Essential Question
C. Did you notice any immediate changes within the
classroom during your post survey audit? Explain.
Directions
1. Answer Essential Question after performing the
audit.
2. Utilize the pre-audit survey to record the post audit
survey data. Remember, working together the audit
should take 4 students 8-10 min. per classroom.
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EXPLAIN

EXPLAIN continued

Student Groupings: Whole Class/Small Group
Time: 60 minutes

3. To scroll up and down within each spreadsheet
use the up and down arrows. Student ablity will
determine how you choose to have your
students input data. Please make sure you
have looked over the Carbon Calculator before
presenting to students. Here are a few options
for inputting data:
 Students working with their audit group
 Teacher working with audit group
 Volunteer working with audit group

Essential Questions
D. Explain why a plant green house is used to
describe the green house effect.
E. What parts of the carbon cycle contribute to a
hotter green house effect?

Directions
1. Refer to tips before inputting post energy audit
survey data.
2. Input post energy audit survey data into
Classroom Carbon Calculator (this is a saved
copy from lesson 2 that includes the pre energy
audit survey data)
3. Either have students work together to answer
the Essential Questions and then discuss as a
class or work through the questions as a class.
Be sure students are working in their science
notebooks.
Tips
1. Remember there are 13 tabs within the Excel,
but we will only utilize the following for this
analysis:
Welcome, Electricity Info,
Classroom Lighting,
Energy Vampires, Other
Appliances (optional),
Heating, and Audit
Summary
2. Students input data into orange boxes and the
green boxes will automatically populate.

ELABORATE
Student Groupings: Small Group
Time: 90 minutes
Essential Questions
F. When you think of scientists working to solve
problems and answer questions, draw what
their work environment looks like. Who or what
has shaped your thinking about scientist’s work
environments?
G. List one advantage and one disadvantages of
working in a small group to solve a problem. Do
you think adult scientists would list these if
asked the same question? Explain.
Directions
1. It’s time to create a final summary for the
audited classrooms. To report fully, you will
need to analyze the following documentsa. CSC Classroom Lighting, Energy
Vampires, Other Appliances, Heating,
and Audit Summary – Print these final
pieces out for easier analysis.
b. Copy of the Action Plan that was given
to the audited classroom or posted in
the common area.
c. The CSC Pledge for each audited
classroom or common area.
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ELABORATE continued

WEB REFERENCES

2. To be supplied to the audited classroom.
a. Completed Audit Summary
3. Each group will need to write a summary of their
results. To include –
a. Overall changes in energy consumption
b. Was their action tip successful why or why?
c. What is their suggestion for a school wide
energy saving plan?
4. As a class decide how the class will let the
entire campus know about the results and
ideas for school wide implementation.

Cool School Challenge – CSC
All worksheets and tools are located at the
following link. You will need to choose which
grade band you used in Lesson 2.
http://www.nwf.org/Eco-Schools-USA/Become-anEco-School/Cool-School-Challenge/Materials.aspx
Cool School Challenge – Audit Toolkit
http://www.nwf.org/Eco-Schools-USA/Become-anEco-School/Cool-School-Challenge/Materials.aspx

EVALUATE
Student Groupings: Individual
Time: 30 minutes
Students will write a formal letter to the
principal/head master. Students will use their
science notebook to gather energy and climate
change facts for their argument. Students will write
a persuasive letter encouraging the principal/head
master to implement a school wide energy
conservation action. In the letter, students should
include:
1. What they have learned about energy and
climate change
2. What they learned from performing energy
audits
3. Results of the energy audit
4. What plan do they have for the entire school
to continue to promote energy awareness
and conservation?
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TEKS – MIDDLE SCHOOL
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LESSON 1: A Green Revolution –
An Introduction to Eco-Schools
Indirect ties to:
6.1B, 7.1B, and 8.1B

LESSON 2: Lights, Camera, Action Conducting an Energy Audit
6th grade: 6.2A-E, 6.3A, 6.4A, 6.7B
7th grade: 7.2A-E, 7.3A, 7.4A
8th grade: 8.2A-E, 8.3A, 8.4A

LESSON 3: An Energy Mix –
Renewable and Nonrenewable Resources
6th grade: 6.4B and 6.7A
7th grade: 7.4A

LESSON 4: By Air, Land, and Sea –
The Formation and Location of Our Natural
Resources
6th grade: 6.3B
7th grade: 7.4B
8th grade: 8.4A

LESSON 5: Yesterday – Our Energy Needs Over
Time
Science TEKS
6th Grade: 6.2 D, 6.3D
7th Grade: 7.2D, 7.3D
8th Grade: 8.2D, 8.3D

LESSON 6: Meet the Extractors, Harnessers
and Harvesters – Methods, Technology,
Benefits and Consequences in Acquiring
Natural Resources
6th grade: 6.3D and 6.4A
7th grade: 7.3D and 7.4A
8th grade: 8.3D and 8.4A

Social Studies TEKS
6th grade: 20A, 21 A, B, and C
7th Grade: 20A, C and D, 21 B and C
8th Grade: 27A-D, 28A and B, 29 A-C
LESSON 7: Power Pellets - Nuclear Energy
6th grade: 6.3A and D, 6.4A, 6.7A
7th grade: 7.3A and D, 7.4A
8th grade: 8.3A and D, 8.4D, 8.5A

LESSON 8: It’s All in the Name – Climate and
Weather
6th grade: NA
7th grade: NA
8th grade: 8.4A and 8.10B
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LESSON 9: Hot, Hotter, Hottest – Extreme
Weather’s Impact on Our Resources
Science TEKS
6th grade: 6.2E, 6.3C, 6.4A
7th grade: 7.2E, 7.3C, 7.4A, 7.8A
8th grade: 8.2E, 8.3C, 8.4A

LESSON 10: The Amazing Adventures of
Carbon – How Carbon Cycles
6th grade: 6.3B, 6.4A
7th grade: 7.3B, 7.4A, 7.5B and C
8th grade: 8.3A, 8.4A

Social Studies TEKS
6th grade: 6.6C, 6.8B-C, 6.21B-C
7th grade: 7.9C, 7.13A, 7.21B-C and H
8th grade: 8.29B and C and I and J

LESSON 11: Why All the Wiggling On the Way Up?
CO2 in the Atmosphere
6th grade: 6.2E, 6.3D, 6.4A
7th grade: 7.2E, 7.3D, 7.4A
8th grade: 8.2E, 8.3D, 8.4A

LESSON 12: Master P in the House – Creating
a School Action Plan to Address Energy and
Climate Change
6th grade: 6.1B, 6.2C-E, 6.4A, 6.7B
7th grade: School choice for action project could
revolve around any number of life science TEKS
7.1B, 7.2D and E, 7.3A, 7.4B
8th grade: 8.1B, 8.2D and E, 8.3A, 8.4A
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ENGINEERING APPLICATIONS
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ENGINEERING DESIGN PROCESS
ASK
What is the problem? How have other approached it? What are your constraints?
IMAGINE
What are some solutions? Brainstorm ideas. Choose the best one.
PLAN
Draw a diagram. Make a list of materials you will need and steps you will take.
CREATE
Follow your plan and create something. Test it out.
IMPROVE
What works? What doesn’t? What could work better? Modify your design to make it better. Test it out.
Middle School Engineering Design
By the time students reach middle school they should have had numerous experiences in engineering
design. The goal for middle school students is to define problems more precisely, to conduct a more
thorough process of choosing the best solution and to optimize the final design.
Key pieces:
1. How will end user decide whether design was successful or not?
2. Expected to think beyond the end user on to society and the environment
3. Up to designer to anticipate intended and unintended effects.
4. 2 step systematic method for evaluating designs and then merge the best of both into a new
design
5. Test best design, analyze the results, modify accordingly, re-test and modify again.
NGSS
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ENGINEERING APPLICATIONS
Middle School
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High School Engineering Design
At the high school level students are expected to engage with major global issues at the interface of
science, technology, society, and the environment and to bring to bear the kinds of analytical and
strategic thinking that prior training and increased maturity make possible. As in prior levels, these
capabilities can be thought of in 3 stages, defining the problem, developing possible solutions, and
improving design. By the end of 12th grade students are expected to achieve all four HS-ETS1
performance expectations related to a single problem in order to understand the interrelated processes
of engineering design. NGSS
MIDDLE SCHOOL
Lesson 3: An Energy Mix – Renewable and Nonrenewable Resources
Create Solar Ovens: Use applied math to build and test a parabolic mirror, solar hot dog cooker.
Design and create wind turbines and measure speed needed to power everyday objects.
Lesson 4: By Air, Land, or Sea – Formation/Location of Natural Resources
Design a model that demonstrates how fossil fuels form. The purpose of the model is instruction, therefore
students will use their model to help students better understand the process.
Lesson 5: Yesterday: Our Energy Needs over Time
Not all people around the world have the energy resources we do in the United States. Research local and
global energy issues. Design a tool or resource that will meet the basic needs of a community in a specific
geographic location.
Lesson 6: Meet the Extractors, Harnessers, and Harvesters – Methods, Technology, Benefits, Consequences
in Acquiring in Natural Resources
Gathering resources to meet our energy needs come at a price. Choose a renewable or nonrenewable
resource and research its impacts on the environment and community members. Design a solution that
significantly reduces the negative impacts the resources has on the ecosystem.
Lesson 7: Power Pellets – Nuclear Energy
In years past extreme weather events have caused nuclear containment mechanisms to fail. Research the
design and safety features of current nuclear reactors in the United States. Develop and design a
containment system that is able to withstand specific natural disasters, such as hurricanes in the Gulf and
east coast, earth quakes in the west and tornadoes in nation’s mid-section.

Continued on next page.
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Lesson 9: Hot, Hotter, Hottest – Extreme Weather Impacts
Have students conduct the Naked Egg Experiment, ensuring they collect data over time and are able to
describe the interaction between the chemical composition of the egg shell and the chemical composition of
vinegar. Now have students investigate NASA’s Ozone Hole Watch, paying close attention to the Ozone Maps
and Facts. How is the Naked Egg help you to better understand the Ozone “Hole”? In a worst case scenario,
where the Ozone is significantly depleted, enough to impact humans and wildlife, and where sunscreen and
protective clothing isn’t enough, students are tasked to develop and design a tools or resources that will
protect them from the sun’s UV rays.
Lesson 11: Why All the Wiggling on the Way Up? CO2 in the Atmosphere
As CO2 rises, we notice its impacts most directly at the poles. The northern reaches of our globe are seeing
significant loss of sea ice, melting of glaciers. This impacts has a ripple effect on communities, land use, and
wildlife. Have students research design ideas that are being tested in the field and have them improve
and/or develop new solutions that will improve environmental quality at the poles.
Lesson 12: Master P in the House – Energy and Climate Action Plan
This is an opportunity for your students to make a significant impact for the school and local community.
Green STEM really takes flight during this lesson. After a variety of lessons, the completion of pre- and postaudits, and the implementation of energy saving plans it’s now time for students to design and build projects
that will positively impact the school and local community. School gardens, outdoor learning spaces, green
roofs, and vertical indoor gardens are just a few of the projects students have designed and developed.

HIGH SCHOOL
Lesson 4: Why All the Wiggling: Investigating CO2 Trends
Increases in CO2 in the atmosphere are linked to a variety of health related issues. Have students research
health problems that are attributed to increases in harmful pollution in the atmosphere. Develop and design
a tool that will help students and the community understand the links between air quality and their health.
Lesson 5: Power Pellets Nuclear Energy in the United States
Not all people around the world have the energy resources we do in the United States. Research local and
global energy issues. Design a tool or resource that will meet the basic needs of a community in a specific
geographic location.

Continued on next page.
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Lesson 6: Power Pellets – Nuclear Energy
In years past, extreme weather events have caused nuclear containment mechanisms to fail. Research the
design and safety features of current nuclear reactors in the United States. Develop and design a
containment system that is able to withstand specific natural disasters, such as hurricanes in the Gulf and
east coast, earth quakes in the west and tornadoes in nation’s mid-section.
Lesson 7: SOS, Oh My! Science Behind Heat Waves
Heat waves are increasing around the world and cause numerous negative impacts on communities. Have
students research and/or interview their local health department to better learn impacts in their own
community. Next have students develop a system, tool or resources to warn the community when weather is
unsafe due to heat and provide steps/solutions to take during periods of extreme heat.
Lesson 12: Master P in the House – Energy and Climate Action Plan
This is an opportunity for your students to make a significant impact for the school and local community.
Green STEM really takes flight during this lesson. After a variety of lessons, the completion of pre- and postaudits, and the implementation of energy saving plans it’s now time for students to design and build projects
that will positively impact the school and local community. School gardens, outdoor learning spaces, green
roofs, and vertical indoor gardens are just a few of the projects students have designed and developed.
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TOIL FOR OIL
Fossil Fuel Extraction Activity

F-1

GRADE LEVEL
6-12
ESTIMATED TIME NEEDED
45-60 minutes
STANDARDS
LA GLEs and NGSS alignments
are found in the Appendix starting
on page A-1
MATERIALS
 Science notebook
 Computer with internet access
 2 pounds of dried red beans
for a class of 25 or fewer (this
is for 2 groups so double it if
you want 4 groups)
 2/3 cup of dried black beans
for a class of 25 or fewer (this
is for 2 groups so double it if
you want 4 groups)
 2 medium sized plastic bowls
(this is for 2 groups so double
it if you want 4 groups)
 Timer
 Oil Extraction Data Sheet

STUDENT OBJECTIVES
 Create a fossil fuel extraction company and develop a
plan for the extraction of oil at your site for 3 years.
 Simulate extracting oil from the ground and collect oil
data and methods of extraction used.
 Design a tool that will increase production and decrease
waste.
 Debate the social, environmental, and economic impacts
of using a nonrenewable resource.
 Identify clean, renewable, and sustainable energy
sources.
OVERVIEW
In this oil extraction simulation, students experience the
increasing difficulty of extracting a limited, nonrenewable
resource over several years. Students consider and discuss
renewable energy sources
PREPARATION
Determine the number of groups you will have; between 2
and 4 work best. In each bowl place 2 cups of red beans and
1 cup of black beans. You can modify this as you fit. Use
different size bowls if possible to simulate oil company’s
location differences. Read through the directions carefully
and set safety expectations before beginning.

ESSENTIAL QUESTIONS
A. What happened to the oil production as the number of oil drillers increased with each year? What
might this simulate?
B. With each year, was it easier or harder to extract the oil?
C. How is this activity similar to the extraction of real nonrenewable oil reserves?
D. How is the use of a nonrenewable resource different from the use of a renewable resource?
E. What happens to a resources when you have infinite population growth and a finite resource?
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Fossil Fuel Extraction Activity

F-2

EXPECTATIONS
 NO RUNNING
 Each company will send 4 representatives the first year and they will gather around the bowl filled
with the mixed beans. DO NOT TOUCH BEANS YET! The remaining students will wait while the year
1 students extract the oil.
 Give students 30 seconds to extract the oil by picking out the black beans from the bowl and leaving
the red beans in the bowl.
 At the end of 30 second period, have students stop extracting, count their barrels of oil, and one
representative will record their extraction numbers in their science notebook, along with the method
used to extract. Each black bean is equal to 1 barrel of oil. DO NOT PUT ANY BEANS BACK IN THE
BOWL.
 Have the same 4 students, plus three more representing year 2 oil drillers gather around the bowls
and repeat the activity for 30 more seconds. Have each company again report their totals in their
science notebook and on the class chart.
 Repeat this process for year 3.

DIRECTIONS
1. Tell the class that today they are going to “drill” for oil, a nonrenewable resource, and they will
simulate the extraction of oil over 3 years. If you include designing a tool for extraction that will take 6
years. You will want to add time to the overall plan to allow for construction, testing, redesign, and
more testing.
2. Divide class into 2 to 4 groups. Each group will need to come up with a name for their energy
company along with the method(s) they will use to extract oil from their bowl. Provide only 5 minutes
for this quick brainstorming and decision making. As they are creating their businesses, create a
class chart that will hold each company name and their associated total barrels extracted for each
year.
3. One student in the company will need to be the record keeper. They will record methods used to
extract oil and total amounts of oil extracted. This data will be used to fill in the data sheet. The data
sheet will not be passed out until after the simulation is complete.
4. In year one – do not provide many rules, details, or instructions. This will bring about debate, in
fairness, ethical business standards, environmental safety, etc. Starting in year 2 you can provide
them with more details and instructions. Everyone will now be working under the same rules.
5. In year 3 you may want to make a change or two to simulate a change in environmental protection
laws.
6. After year 3, all students in the group will need to fill out the Oil Extraction Data Sheet and answer
the Essential Questions.
7. OPTIONAL: If time permits you can now allow students to design a solution to decrease waste and
environmental pollution from their associated with their extraction methods. Provide students with
materials to design a tool/technology that will help boost their environmental safety record. Allow
students enough time to design, create, test, and go back to the drawing board a couple of times
before running through the three year simulation again. This time through, all three years, companies
will work under the same rules and regulations.
8. Ask each student to summarize the impact their tool/technology had on the extraction process and
include a comparison against year’s 1-3. How likely does a simulation like this occur in the real world?
What are the benefits and drawbacks to these processes in the real world?
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Oil Extraction Data Sheet
Student Name: __________________________________________________________
Oil Company: ___________________________________________________________

Keep track of your oil company’s total barrel extraction. Each black bean is equal to 1 barrel of
oil.
YEAR 1
YEAR 2
YEAR 3
Total from all oil drillers in Total from all oil drillers in Total from all oil drillers in
your company
your company
your company
BARRELS
OF OIL
EXTRACTED
1. How many drillers did your company have in year 1? _____ in year 2? _____ in year 3? _____
2. In which year was the largest number of barrels extracted?___________________________________
3. In which year was the second largest number barrels extracted?______________________________
4. Which year had the least number of barrels extracted? Why?_________________________________

5. How does this activity simulate real oil extraction?

6. Explain the difference between nonrenewable and renewable sources of energy.

7. List 5 things you can do personally to conserve energy?

8. List 3 policies, laws, manufacturing practices, or other types of legislation that could be implemented to
reduce dependency on nonrenewable energy sources.
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Measuring School Electronics
Energy at Work
G-1

GRADE LEVEL
6-12
TIME NEEDED FOR COMPLETION
2 class periods or 1.5-2 hours
STANDARDS
LA GLEs and NGSS alignments are
found in the Appendix starting on page
A-1
MATERIALS







6 energy monitoring devices.
Note: These can be obtained from
a variety of sources, i.e. local
hardware stores, internet -average cost is $29.99; available
from multiple vendors, such as
Belkin or Amazon.
Recommended: Belkin Conserve
Insight Energy Use Monitor.
6 different power-using devices -i.e. fan, laptop, microwave,
refrigerator, and cell phone,
computer, printer, pencil
sharpener, etc.
Worksheet table for each student
with columns for: Device, Watts
on, Cost On, Watts Off, Cost Off.
A worksheet template is provided
that can be used for this lesson
plan.

TEACHER BACKGROUND
The United States is home to just 5 percent of the world’s
population but consumes more than 20 percent of its energy.
On average, a person in the United States uses 10 times more
energy than a person in China and nearly 20 times more than a
person in India.
U.S. energy needs are met primarily by non-renewable sources
including, gas, oil, and coal. Access to seemingly, abundant and
inexpensive energy contributes to our high standard of living,
but burning large quantities of fossil fuels also has serious
environmental and health consequences. These range from
smog and acid rain to, most critically, the release of greenhouse
gases leading to global climate change.
The nation’s school districts spend more than $7.5 billion a year
on energy. Schools are the largest energy consumers in many
municipalities. Up to 30 percent of that energy is used
inefficiently or unnecessarily. By implementing energyconservation measures and using energy-efficient technologies,
schools can significantly cut their energy use. The result is
financial savings as well as a reduced environmental impact.

INSTRUCTIONS
1. Find out what students know. Use a teaching strategy to
dialogue with students about electricity, energy, energy
saving. Have it displayed for the class to see throughout
this activity.
2. Set up 6 stations with the information on the following
pages. Look through each station to see what if any
materials are needed, such as a computer.
3. Students will need to bring their science notebook and
Measuring Electricity Activity worksheet with them to each
station.
4. Some stations will just be information. They should take
notes as they may need some of the information to help
them answer questions.
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STATION 1: WHERE DOES ELECTRICITY COME FROM?
Power plants make electricity out of other forms of energy. Most electricity in the U.S. today
comes from converting the heat energy released from burning fossil fuels--coal, natural gas
and oil. The rest is generated from nuclear reactors and from renewable sources, such as
sunlight, wind, falling water and geothermal heat.
In a typical power plant, a primary energy source like coal is burned to create heat, which is
converted in a boiler to mechanical energy in the form of superheated, high-pressure steam.
The steam is directed into a turbine, where it pushes on blades attached to a central shaft or
rotor. The rapidly spinning rotor powers a generator.
For an excellent animation of this process, please click on this link:
http://www.energyeducation.tx.gov/energy/section_3/topics/where_does_electricity_come_fr
om/energy_pathway_image.html

STATION 2: WHAT IS A WATT?
A. A metric unit of power, used in electric measurements, to give the rate at which energy is
used.
B. Explain that 1,000 watts = 1 kilowatt
C. Show pictures of the electric devices you will be testing and have students guess how
many watts they use.
We burn fossil fuels to create energy. From keeping warm in our house, to fuelling our cars, to
growing our food, to manufacturing our MP3 players, energy is used. It is either burned directly -gas is burned in your boiler, for example, and gasoline is burned in your car, or it is burned in a
power station to drive turbines which generate electricity. Fossil fuels are also burned at various
stages in the process of creating food, products and services for our consumption. The total carbon
which we as individuals are responsible for is called our carbon footprint.
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STATION 3: BACKGROUND ON ENERGY AND SAVING ENERGY
A. What is Energy?
Energy comes in different forms:
Heat (thermal)
Light (radiant)
Motion (kinetic)
Electrical
Chemical
Nuclear energy
Gravitational
Energy is in everything. We use energy for everything we do, from making a jump shot to
baking cookies to sending astronauts into space.
There are two types of energy: “Stored” (potential) energy and “Working” (kinetic) energy.
For example, the food you eat contains chemical energy, and your body stores this energy
until you use it when you work or play.
B. What are Sources of Energy?
The chart below shows the 2012 average breakdown of U.S. Energy Consumption, by
source. You will note that the bulk of the energy consumed in the U.S. comes from nonrenewable sources -- coal, petroleum (oil), and natural gas.
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Electric generation fuel mixes vary from state to state and region to region, depending upon the
availability and cost of fuels located there.
You can use the national average, but to really give a perspective on the differences in
electricity generation state-by-state, it’s a good idea to enter your state-specific data into the
carbon calculator.





Click on this link: http://www.eia.gov/state/
Click on your state. Scroll down under blue “Quick Facts” box. Choose the 4th tab,
“Electricity”. Make a note of the types of fuels used to generate electricity in your
state and the gigawatt-hours (GWh) by fuel. Take it further and find the percentage
each fuel accounts for.
Compare your state’s fuel mix against several other states in the US. What
differences do you see? Why do you think there is so much difference state-tostate?

EXAMPLE:
California’s Net Electricity Generation
Coal
66 GWh
Nuclear
1645 GWh
Natural Gas
8115 GWh
Hydroelectric
1417 GWh
Non-hydro, Other Renewables
3840 GWh

Pennsylvania’s Net Electricity Generation
Coal
7137 GWh
Nuclear
5800 GWh
Natural Gas
3049 GWh
Hydroelectric
421 GWh
Non-hydro, Other Renewables
614 GWh

*"Non-Hydro Renewables and Other" includes generation from solar, wind, geothermal, biomass -- agricultural waste, municipal
solid waste, landfill gas recovery, wood, pitch -- Hydrogen, batteries, chemicals, non-wood waste, purchased steam, sulfur, and
miscellaneous technologies.
Sources: U.S. Department of Energy, Energy Information Administration, Power Plant Report (EIA-920), Combined Heat and
Power Plant Report (EIA-920), and Electric Power Monthly (2006 Preliminary).
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STATION 4: HOW TO SAVE ENERGY
A. What is the difference between energy efficiency and energy conservation?
 Energy efficiency refers to the amount of work you get out of a device compared to the
amount of energy put into the device - the less energy a device uses to get X amount of
work, the more efficient it is.
 Energy conservation is essentially, not using energy: turning off your computer and monitor
when not working with it saves energy, for example. Of course, building devices that do the
same work with less energy, i.e. more efficiently, saves energy. So, in that way, the two
concepts are related.
B. Ways to conserve energy:
 When your cell phone is done charging unplug the charger from the wall
 Change to Compact Florescent Light bulbs (CFLs)
 Use products with Energy Star labels
 Turn off lights, fans, and electronics when you’re not in the room
 Don’t leave water running when you’re not using it
C. What other ideas do you have to conserve energy?

STATION 5: KILL A WATT DEVICE
A. What is this device used for?
 It is used to act as a meter going between the item that draws the power and the power source.
B. How to use the Kill A Watt
 Plug the meter in to the wall socket
 Insert the plug for the electric device you want to test and turn the electric device on.
 Choose the button for the data you want to collect, CO2, cost, or kWh.
 Repeat this process
For a great video on the recommended, Belkin’s Conserve Insight Energy Use Monitor, visit
http://youtu.be/hSxsthQ52Oc or http://youtu.be/ltelybGGbOo
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STATION 6: CALCULATING ENERGY USAGE AND COSTS
A. Converting Watts to Kilowatts and cost per year
Electricity is measured in kilowatt-hours (kWh)
1 kilowatt = 1000 watts
kWh = kilowatts x hours the appliance is on
To get kilowatt-hours, take the wattage of the device, multiply by the number of hours you use it,
and divide by 1000.
(Dividing by 1000 changes it from watt-hours to kilowatt-hours.)

B. Electricity Cost
 The cost of electricity depends on where you live, how much you use, and possibly when you
use it.
 Convert each devices watt reading to kilowatts and cost per year and record the results in your
table.
The electric company measures how much electricity you use in kilowatt-hours (kWh). Your bill might
have multiple charges per kWh and you have to add them all up to get the total cost per kWh.
Electricity rates vary widely. Prices are usually highest for residential and commercial consumers
because it costs more to distribute electricity to them. Industrial consumers also use more and can take
their electricity at higher voltages so it does not need to be stepped down. These factors make the price of
power to industrial customers closer to the wholesale price of electricity. The cost to generate electricity
actually changes minute-by-minute. However, most consumers pay rates based on the seasonal cost of
electricity. Changes in prices generally reflect variations in electricity demand, availability of different
generation sources, fuel costs, and plant availability. Prices are usually highest in the summer because
more expensive generation is added to meet the higher demand.
The average retail price of electricity in the United States in May 2014 was 10.21 cents per kilowatt-hour
(kWh). The average prices by type of utility customer were:

-

Residential: 12.8¢ per kWh
Commercial: 10.5¢ per kWh

-

Transportation: 9.9¢ per kWh
Industrial: 6.8¢ per kWh

Schools would fall under the “commercial” pricing.

C. Graphing
 After you have converted to cost per year make a bar graph of the data, with device on the x
axis and cost on the y axis. For each device make sure you plot the cost per year with the
device turned on and the cost per year with the device turned off.
 Ask what conclusions can be made from the bar plot.
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ACTIVITY WORKSHEET
Name: _______________________________________________ Date: _______________________

1. Do you think that electrical devices -- computers, Xbox, Wii, printers, cell phone chargers, etc. use
electricity and cost money when they are turned off? Why?

2. Use the energy meter device to take the watt reading when the device in turned on and when the
device is turned off and record it in the Measuring Electricity Table. Use a calculator to determine
the cost per year when the device is turned on and when the device is turned off.
MEASURING ELECTRICITY TABLE

Device

Watts
Turned
On

Watts
Turned
Off

Hours
Used Per
Day

Hours
Used
Per
Year

kWh Used
Per Year
(number)

Cost per
Year
Turned On =
kWh Annual
Cost

Cost per Year
Turned Off =
kWh Annual
Cost

Projector or
SMART Board
Pencil
Sharpener
Laptop or
Tablet
Personal
Microwave,
Refrigerator,
Phone

Digital
Cameras
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3. Use the data from your table to make a double bar graph. See Figure 1 for an example of
how to make a double bar graph.
Figure 1

$70
Cost Per Year

$60
$50

On

$40

Off

$30
$20
$10
$0

Refrigerator

Fan

Laptop

Device

4. What conclusions can you make from your double bar graph? Is it important to unplug
devices when you are not using them?
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For more Energy on Stage Reader's Theather, http://www.need.org/content.asp?contentid=71

The Simpsons: A Nuclear Outing
Teacher Guide
Cast of Characters
Mr. Burns: Homer’s boss,
owner of the nuclear power
plant
Lisa Simpson: The daughter
Homer Simpson: The father

Concepts
A
 nuclear power plant operates using uranium for fuel.
Spent

(used) fuel rods are radioactive and must be stored in sealed containers to keep people
and the environment safe.
Uranium

235 atoms are split to release energy as heat in the reactor to boil water. This creates
steam to drive a turbine generator to make electricity.

Bart Simpson: The son

Enriched Vocabulary Words

Marge Simpson: The mother

A

Control Operator #1: An
employee at the nuclear
power plant

blubbering


neutron


turbine


containment

barriers

nuclear


uranium


generator


radioactive


megawatt


reactor


Control Operator #2: An
employee at the nuclear
power plant
Chorus: Class or cast

R Assessment
1. What fuel source do nuclear power plants use to generate electricity? (Uranium 235.)
2. List one advantage and one disadvantage to using nuclear energy to generate electricity.
(Advantage: does not pollute the air. Disadvantages: nonrenewable resource, creates radioactive
wastes.)
3. Explain how nuclear power plants generate electricity. Draw a diagram to help explain your
answer. (Uranium 235 atoms are split and release heat in a reactor. The heat is used to boil water
into steam. The high-pressure steam spins a turbine generator to make electricity.)

Extensions
1. Use a map of the United States to mark where nuclear power plants are located.
2. Use a world map to mark where nuclear power plants are located.
3. Do research to answer the following questions:
a. What natural physical feature does a nuclear plant need in order to be sited in a particular
area?
b. How does the United States compare to other countries in the world in nuclear power use?
c. Where is the next new nuclear power plant proposed to be built?
d. Where is uranium found? How is it extracted? How much energy goes into this process?
e. List some of the safety features a nuclear power plant must have in place. Who regulates the
nuclear power industry and makes sure our plants are operating as safely as possible?
4. Engage in a class debate about where radioactive wastes should be stored. Be sure to discuss
the attitude of NIMBY—not in my backyard.
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The Simpsons: A Nuclear Outing
Characters
MR. BURNS: Homer’s boss, owner of the nuclear power plant
LISA SIMPSON: The daughter
HOMER SIMPSON: The father
BART SIMPSON: The son
MARGE SIMPSON: The mother
CONTROL OPERATOR #1: An employee at the nuclear power plant
CONTROL OPERATOR #2: An employee at the nuclear power plant
CHORUS: Class or cast

SCENE I
(Setting: The Simpsons’ home. Pounding on the door and Mr. Burns yelling offstage.)
MR. BURNS: Simpson! Where are you? Simpson!!!
(Lisa crosses the stage to the door and opens it and Mr. Burns’ hat blows off.)
LISA: Your hat, sir? (handing him his hat)
MR. BURNS: Of course it’s my hat! Where is your father? Simpson!
HOMER: Yes, sir, Mr. Burns, come in, come in, please come in!
MR. BURNS: I am in, you idiot! Now, stop blubbering and listen to me. I’ve been asked to go to Washington,
D.C. to testify about using nuclear power and I must leave right away!
HOMER: So what does that have to do with me?
MR. BURNS: I asked you for a report, you idiot! Where is it?
HOMER: It was right here a minute ago…Bart!
BART: Hey, man. What’s up?
HOMER: You used my report to put under the dog food bowl!
BART: Sorry. You said that I needed to clean….
HOMER: Never mind…here you go, Mr. Burns. As you can see, although our nuclear power plant doesn’t use
fossil fuels that pollute the air when burned, we do use a nonrenewable fuel called uranium.
MR. BURNS: So, Simpson, what does that mean?
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HOMER: It means that it doesn’t replenish itself as we use it. But the good news is that we have around
100 years supply of uranium. Advanced mining and reactor technology would make the uranium supply last
thousands of years!
MR. BURNS: Sounds good to me! Thanks, Simpson. Now all I need to do is find someone to manage the plant
while I’m away.
MARGE: Mr. Burns, nuclear power is in Homer’s blood. Did you know that he was born in Shippingport,
Pennsylvania, in 1957? That’s the same year they began operating the world’s first nuclear power plant there!
He’d be the perfect boss while you are gone!
MR. BURNS: Is that right? Well, we will see!
HOMER: Yes, sir! It would be a piece of cake!
MR. BURNS: No, thanks, I’m not hungry.
LISA: Mr. Burns, what do they do with all the used nuclear fuel that is produced at the plant?
MR. BURNS: We call that used fuel spent fuel. It’s stored at the plant right now… I think.
HOMER: That reminds me. Mr. Burns, while you are in Washington, maybe you can find out what the plan is for
a national spent fuel repository. We sure can’t store all our spent nuclear fuel at the plant forever! A national
storage facility sure would make it easier to keep track of all that waste.
MR. BURNS: Well, I’m off to Washington.
MARGE: Mr. Burns, aren’t you forgetting something?
MR. BURNS: Well, I guess I’ll take that piece of cake now…
MARGE: No, Mr. Burns. Who is going to run the plant while you’re gone?
MR. BURNS: Well, I’d planned to leave the plant in good hands while I was gone, but I’m running late. I guess
I’ll have to leave you in charge, Simpson.
HOMER: You have nothing to worry about, Mr. Burns. That plant’s like my second home.
MR. BURNS: (Looking at the audience) That’s what I’m afraid of. There are more than100 nuclear reactors in this
country producing 19 percent of the electricity we use, and Homer Simpson has to work at mine!
BART: Hey, the back-up safety systems and containment barriers will handle most disasters Homer might
cause. (Mr. Burns exits.) I hope!
HOMER: I told you, don’t call me Homer! Call me Boss! Tomorrow, you’re all in for a big treat. I’m taking you to
the plant to see how it works.
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CHORUS: We split the atoms to use nuclear energy.
They are radioactive so we must store them carefully.

Scene II
(Setting: Springfield Nuclear Power Plant Control Room. Two control operators are at their stations.)
OPERATOR 1: Water level? Steam pressure? Neutron flux?
OPERATOR 2: OK…Nominal….Normal.
OPERATOR 1: How about that? So far, so good. How come everything’s workin’ right?
OPERATOR 2: It must be Homer’s day off.
(The Simpsons enter.)
LISA: (To Marge) Is this where Dad makes electricity?
MARGE: That’s right, honey. He splits uranium 235 atoms into lighter atoms. This releases heat in the reactor.
BART: Homer really cracks me up, too.
LISA: Be quiet, marshmallow-head. This is interesting! (To Marge) What do they do with the heat?
MARGE: I’m not really sure. Let’s ask one of the operators. (Looks to Operator 1) What happens with all that
heat?
OPERATOR 1: It’s used to heat water. The water turns into high-pressure steam that drives a turbine generator.
The generator makes electricity.
LISA: Hmm…splitting atoms to make heat, to boil water, to make steam, to turn turbines, to make electricity…
BART: …and the green grass grew all around…
LISA: You are such a knucklehead.
OPERATOR 2: That’s right, Lisa. Nuclear generators supply almost 20 percent of the electricity we use in this
country. Just think! In 1882, when Edison opened the first power station in New York City, it only had 85
customers using his new light bulbs.
LISA: Isn’t coal used to make more than 35 percent of all our country’s electricity?
MARGE: That’s right, dear. How did you know that?
LISA: Dad told me.
MARGE: See, that’s why they made your father the boss for today.
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HOMER: (Wakes up from having fallen asleep at his station.) Huh, boss? Is Mr. Burns back? What day is it?
BART: Yeah, because he is thirty to thirty-five percent efficient—just like power plants.
HOMER: Well, I hope you enjoyed this little field trip. Not every family gets the opportunity to see a
1,000-megawatt nuclear power plant.
LISA: Yes, we learned a lot.
MARGE: Good. It’s just about dinnertime. Let’s go home and be a nuclear family!
CHORUS: We split the atoms to use nuclear energy.
They are radioactive so we must store them carefully.
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Involving the Community
Involving a diversity of people in your Eco-School program will provide access to valuable sources of
advice, financial support and all kinds of practical help.
Your local community (parents, local businesses, resource specialists, local authorities, etc.) offers an
even wider range of benefits for your Eco-Schools program. By expanding your classroom to include
these individuals, you will strengthen your program and enhance its effectiveness. At the same time, you
will raise the profile of your school in your community and help educate others beyond the school walls.
Many Eco-Schools programs around the world incorporate a school-wide Day or Week of Action. The
event provides an opportunity for everyone in the school and the local community to come together to
help achieve some of the targets set out in your Eco-Action Plan. Even more important is the day-to-day
involvement that the whole school and local community can provide.
The following are some ideas of for incorporating the whole school and the local community into your
program. Use your students to add even more ideas.
Involving the local community:
 Produce a newsletter to keep parents updated about the Eco-Schools process, and send copies
to other members of the community, such as local councils, churches, and businesses
 Send letters to local businesses seeking support for initiatives
 Invite resource specialists from the community to give talks at the school or offer help with
particular tasks
 Submit press releases publicizing Eco-Schools activities, research results and achievements
 Submit student research to online science fairs as well as local fairs
 Conduct community-wide surveys to gather information about environmental issues that are most
relevant to residents
 Disseminate the school's Eco-Code within the community
 Invite people from the community to attend celebration events and/or assist with large scale
projects
 Have students contact your local newspaper and ask the paper to publicize details about the
success of your Eco-Schools USA Program.
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Footnote – Lesson 1 A Green Revolution
Environmental Stewardship Initiative Sustainability, July 2002, August 16, 2011,
http://www.p2pays.org/ref/38/37967.pdf .
Tool Box for Sustainable Design Education. Loughborough University, November 2004, August, 22, 2011,
http://exchange.ac.uk/mini-projects/tool-box-for-sustainable-design-education.html
British Columbia, Ministry of Environment, Our Environment, 2011, August 22, 2011,
http://www.env.gov.bc.ca/atrisk/glossary.html
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