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nergy is part of the natural
world—it occurs everywhere, in
every environment. As described
previously, virtually all energy on our
planet comes from the sun. This energy
is transformed as it moves from one
system to another and from one cycle
to the next—powering everything from
the water cycle to wind and tides to
all life on Earth. The food chain is a
manifestation of the flow of energy from
one living thing to another.
Humans are part of this system, but
we are different from other living things
in that we have learned to harness and
transform energy, mostly in the form of
electricity, to power our modern lives.
We use energy for every single thing
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we do, from driving a car to cooking
a meal to making a phone call, and
we have weaved energy into our lives
so seamlessly that it would seem as if
it has always been there for us to use.
Human energy extraction has many
consequences throughout the Earth
system. This use of energy may create a
ripple effect into all dimensions of our
environment, affecting not only animals
and plants and whole ecosystems, but
also our own health and survival.
Oil spills, air pollution, watershed
alteration, desertification, and
ultimately, global climate change are
all consequences of human extraction
of resources for the generation of
electricity and other energy forms.

In this chapter, we will explore the
environmental impacts of energy
harvesting and use, from well-known
fossil fuels to less-known effects of other,
more sustainable, renewable sources of
energy, such as wind and hydropower.

Energy Extraction:
Bringing the Planet
Out of Balance
Virtually all energy sources require
humans to modify their environment
to gain access to them. The impact that
each of these extraction practices have
on our planet depends on the energy
source itself. Nonrenewable resources,
such as fossil fuels, tend to have a
bigger impact because we are required
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to extract the resources from deep
underground and transform them from
a stored form of carbon into gases that
enter our atmosphere. Most renewable
resources, except for biomass, provide
a readily available source of energy
that we simply harness from natural

CHAPTER

environments, such as the solar
radiation reaching Earth’s surface or
the natural movement of wind. Yet,
even these energy resources have
environmental impacts. The most
important idea to consider is that
virtually every energy resource has

benefits and trade-offs, and these vary
depending upon geographic region. In
the following pages, we explore some
of the environmental impacts of these
different energy sources.

Nonrenewable
Resources:
Pros and Cons
Oil Extraction. As the top consumer
of oil, the United States uses it for
everything from transportation to home
heating to electricity generation, as well
as to make products such as plastics and
fertilizers. Also known as petroleum,
oil is a fossil fuel produced from the
decomposition of organic materials over
millions of years. To get to it, we have to
access underground reservoirs, in many
cases having to drill up to 30,000 feet to
reach oil deposits.
The environmental effects of oil
drilling and refining vary depending

OVERVIEW

Humans in the 21st century are incredibly dependent upon electricity,
which is generated from a variety of energy resources. Each energy source
has its advantages and drawbacks, from how we obtain them and convert
them to electricity to the wastes that result.
There are many costs to using nonrenewable resources such as coal, oil,
and natural gas for electricity production. Drilling or mining for these fossil
fuels can upset land and water resources and habitats and result in the
release of pollutants. Burning fossil fuels also releases greenhouse gases,
contributing to climate change. Many of these activities impact safety and
health of both natural and human communities.
Renewable energy resources also have their costs and benefits. Wind
turbines do not emit greenhouse gases but can be dangerous to birds and
bats. Hydropower is also a clean energy source, but dam construction
affects land and freshwater species. Nuclear power is clean-burning, but
waste products from these power plants are very dangerous and remain
active for thousands of years.
This chapter explores the environmental impacts and trade-offs of
different energy sources.
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on the type of extraction and
transportation methods used. Oil wells
are a source of the powerful greenhouse
gas methane, which is trapped in
the oil reserves and released into the
atmosphere during extraction. After
the extraction, crude oil is transported
to a refinery, where it is processed
and refined, removing some of the
impurities, such as nitrogen and sulfur.
The final products are usable forms of
petroleum, including gasoline, propane,
kerosene, diesel, and jet fuels. Oil is
transported from the refinery to its final
destination. The machinery used during
the drilling, refining, and transporting
of oil also uses fossil fuels to run, which
gives off greenhouse gas emissions. As
people burn these fuels during activities
such as driving cars, carbon dioxide and
other greenhouse gases are released into
the air.
Students may not be aware of the
role of water in energy production.
Production of energy not only requires
significant amounts of water, but also
water systems are also impacted by
energy extraction methods. During
the oil drilling phase, water is required
to remove any obstructing materials
from the well. A bigger impact

These oil refineries in Chalmette, Louisiana, represent the typical landscape in an
oil-industry region, especially along the Gulf coast.

to the watershed is in the form of
contamination, both to groundwater
with oil from the well and to the surface
water from polluted runoff coming
from the extraction area. Water is also
used during several steps of the refining
process, and the resulting wastewater
is then released into streams. In most
cases this wastewater is treated to
meet Clean Water Act standards. The
wastewater sludge and other solid
waste produced during oil refining
contain high levels of toxic and metal
compounds that must be carefully
disposed (Environmental Protection
Agency 2007).

Teaching
Tip
Your students likely know that burning fossil fuels produces “pollution”
or “bad gases,” but they may need additional help understanding carbon
dioxide as a gas, how it comes from burning fuels, and what happens when
too much enters our atmosphere. You may consider showing the following
series of short clips from National Public Radio (NPR), Global Warming,
It’s All About Carbon, that discusses carbon and its role in global warming:
http://www.npr.org/templates/story/story.php?storyId=9943298
Consider watching only one or a few at a time, depending on where you are
in your discussion of carbon and greenhouse gases. Be certain to discuss
each clip before moving on to the next one.
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Coal Mining. At this point in history
and after extensive public discussion in
America and around the globe on the
effects of greenhouse gases on climate
change, your students might be well
aware of the impact of burning coal as a
source of energy. But they might not be
as aware of the environmental impacts
involved in other parts of the process
of coal extraction and use—more
specifically, mining.
One of the most direct and obvious
impacts of coal extraction, especially
in open-pit mining, is the large area
of land disturbed in the process.
When dust and other pollutants
enter an ecosystem, it changes the
chemistry of the air, soil, and water,
making the environment potentially
uninhabitable by native organisms.
One type of coal-mining practice that
is particularly invasive is mountaintop
removal. Mountaintop removal is
a form of surface mining in which
entire mountain summits and ridges
are removed to reach coal seams. This
type of mining is mostly contested
because it damages the physical
landscape and makes mountains
unsightly. However, the water and air
quality in these areas is also affected,
and the biodiversity in local deciduous
forests is threatened. Lastly, another
form of land disturbance that occurs

Pros and Cons
of ANWR Drilling

E

ach energy
source has
environmental
impacts, but the
environment is not the
only dimension considered
by decision makers when
defining policy. Costs
to the environment,
costs to local cultures
and communities, and
financial investments
and gains, influence the
decision-making process. Approaching any of these
energy sources through the analysis of pros and cons is
an excellent way to help your students understand the
complexity of the energy debate.
Opening the Arctic National Wildlife Refuge in Alaska
(ANWR) for oil drilling has been a heated political debate
in the United States for more than 30 years. ANWR was
established in 1980 as the largest protected wilderness in
the United States, comprised of 19 million acres (Mitchell
2001). Following is a list of pros and cons to drilling in

This map shows the location of the Arctic National
Wildlife Refuge (ANWR) and the National Petroelum
Reserve-Alaska (NPRA) on the northern slope of Alaska.

ANWR. For more information on the ANWR drilling
debate, visit http://ngm.nationalgeographic.com/ngm/
data/2001/08/01/html/ft_20010801.3.html.
The pros and cons model can also be applied to
many of the other energy sources discussed in this
chapter, such as the impact of hydroelectric dams on
fish populations and the impact of wind turbines on
birds and bats.

PROS

CONS

• Tapping open what could be the greatest
onshore petroleum reservoir in the United States

• Forever changing the balance of the biological center of one
of the largest natural protected areas on the planet

• Could produce between 4 and 12 million
barrels of oil, which translates into billions of
dollars in revenue

• Uncertainty as to how much oil can actually be extracted

• Could help reduce the U.S. dependence on
foreign oil
• Using advanced technology, such as multilateral
and directional drilling, can help reduce the
impact
• Would represent more jobs for Americans
• Alaska residents would be rewarded with an
increased annual dividend from oil-lease revenues
• Economic benefit would also help many Inupiat

• Reduction of U.S. oil imports would be less than 10 percent
• More than 200 species of birds and mammals, including the
caribou, would be adversely impacted by the construction
of necessary infrastructure, including roads, airstrips, and
drilling pads
• Oil exploration could also displace maternal polar bears and
their newborn cubs from their winter dens
• Drilling operations would disrupt wilderness migration from
two adjacent Canadian protected areas
• Gwich’in Indians, who depend upon caribou hunting as a
source of protein in their diets, would be negatively affected
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with underground mining is mine
subsidence, in which the empty space
left by the mine causes the ground level
to drop (World Coal Institute 2010).
In addition to greenhouse gases
given off by burning coal, coal mining
generates large amounts of waste
materials. One form of waste is known
as Acid Mine Drainage (AMD), which
is sulphuric acid created when coal is
exposed to air and water. The resulting
runoff ends up in rivers and other bodies
of water and is toxic to aquatic life. These
chemicals become biomagnified—they
grow in concentration at each trophic
level of the food chain—and may affect
humans who consume the fish and drink
the water.
Another pollutant generated during
coal mining is methane (CH₄), a
greenhouse gas that is 23 times more
potent than carbon dioxide in terms
of its heat-trapping ability. Methane is
generated during the natural formation
process of coal and then released by
humans during mining operations
(World Coal Institute 2010). Both coal
and oil extractions release methane into
the atmosphere.
The environmental impacts of coal
mining affect the miners directly as

Debris is cleared from a deep
coal-mining operation in Alabama.

well. Miners are exposed to toxic fumes
and gases and may develop respiratory
diseases, including black lung disease,
emphysema, and chronic bronchitis.
Other environmental health issues
affecting miners include heatstroke,
exhaustion, and noise-induced hearing
loss. Your students may have heard
about sending canaries into coal mines.
Throughout history, people have used
living things as early indicators of
potential threats to human safety or
health. Canaries were once sent into
coal mines to detect the presence of
methane or carbon monoxide gases. If
the canaries sang, the mines were safe.

Teaching
Tip
After learning about the environmental impacts of different energy
sources, this may be a good time to discuss the safety of different
energy sources. For instance, you could have students research
accidents such as the mining incident outside Copiapo, Chili, the
Deepwater Horizon oil rig explosion, or the nuclear meltdown a the
Fukushima nuclear plant following the 2011 earthquake and tsunami.
Students may have heard about these accidents in the news, and
taking a closer look at different accidents may help them make sense
of what they have heard. Discuss pros and cons of each energy source,
people’s need for energy, and the economy of these businesses.
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If the canaries died, that indicated the
mines were unsafe, giving miners an
early warning to get out of the mines.
These types of animals have been called
animal sentinels because they are used
to warn humans of dangers.
Natural Gas. Natural gas, which is
mostly methane, is often considered the
cleanest of all fossil fuels. And just like
other fossil fuels, it is a nonrenewable
resource that forms over millions of
years as layers of buried plants and
animals undergo extreme pressure and
heat. Beyond the common household
use for heating and cooking, natural
gas is burned to generate electricity.
When analyzing the entire power
production process from natural
gas—from extraction and treatment,
transportation to the power plants, and
combustion to boil water and move
turbines to generate electricity—we find
environmental impacts at each of these
steps. From the moment of extraction
and later with the construction of the
power plants, natural ecosystems and
the animals and plants in them are
impacted through erosion, landslides,
and loss of soil and plant cover.
Methane is a primary component of
natural gas and can be released into the
atmosphere through leaks occurring
during transportation. Nonetheless, the
biggest environmental impact occurs
at the power plant, where the natural
gas is burned to move a turbine that
generates electricity either directly or by
boiling water to produce steam. Burning
natural gas, like any other fossil fuel,
produces carbon dioxide and nitrogen
oxide. Release of other chemicals, such
as mercury and sulfur dioxide, are not
significant.
According to the Environmental
Protection Agency (2007), natural gas
produces an average of 1,135 pounds
per Megawatt hour (lbs/MWh) of
carbon dioxide, 1.7 lbs/MWh of
nitrogen oxide and 0.1 lbs/MWh of

sulfur dioxide. As one can see, natural
gas produces much more carbon dioxide
than either nitrogen oxide or sulfur.
When we compare the average emission
rates of pollutants from burning natural
gas with those from coal, we find that
coal produces more than twice as much
carbon dioxide, three times as much
nitrogen oxide, and 100 times more
sulfur dioxide.
Out of the two methods used to
generate electricity through the
combustion of natural gas, direct
combustion turbines use almost no
water. However, the more common
gas-fired boiler method requires large
amounts of water, which is taken
from nearby aquifers, and impacts
aquatic life and the wildlife and human
communities that depend upon these
resources. Similarly, after recycling
the water several times, pollutants
concentrate in the water. While most
of these wastewaters are treated,
the discharged areas that receive
the wastewater can still be altered
by changes in water chemistry and
temperatures.
Nuclear Energy. Nuclear energy
has been surrounded by controversy
over the years. Proponents claim that it
is a low-carbon option that compares to
renewable energy sources. Opponents
contend that nuclear energy is dangerous
to humans and the environment and
are concerned with the radioactive
waste generated by it. Nuclear energy
is a nonrenewable source of energy
that originates through fission, or the
splitting of uranium atoms. The energy
released by fission is used to create
steam, which in turn, is used to move a
turbine to generate electricity. Nineteen
percent of the electricity used in the
United States is generated using nuclear
energy. In California, the percentage
of energy from nuclear power was 12.9
percent in 2006 (EEI Energy Resources
Map).

AIR EMISSIONS
Fuel Source

Carbon Dioxide
lbs/MWh

Nitrogen Oxide
lbs/MWh

Sulfur Dioxide
lbs/MWh

Coal

2249

6

13

Oil

1672

4

12

Natural Gas

1135

1.7

0.1

Uranium, the chemical element used
in nuclear energy, has to be extracted
from underground and open-pit
mines. Once extracted, the uranium
ore is processed into a concentrated
fuel through a process known as
uranium enrichment, which produces
radioactive waste. At the nuclear power
plant, the enriched uranium is used in a
chain reaction to generate steam, which
is used to move a turbine and generate
electricity.
Every couple of years, the used
uranium has to be replaced. The spent
fuel is now radioactive waste and must
be safely stored. The U.S. produces

Fission Reaction

Neutron

about 2,000 metric tons of radioactive
waste per year, which is stored at the
same nuclear plants that generate it.
This is roughly equivalent to 4.4 million
pounds of radioactive wastes produced
each year! The radioactive waste is
stored using two methods: In concrete
containers, reinforced with steel inner
canisters or in water-filled vaults that
are made of concrete and lined with
steel. Over time the radioactive wastes
become harmless through decay, but
this may take thousands to hundreds
of thousands of years. Long-term
disposal of this waste will require a deep
geological repository.

Fusion Reaction

Neutron

Neutron

Helium
Neutron
ENERGY

Reaction
products

Reaction products

Uranium
nucleus
Neutron

ENERGY

Neutron
Tritium
nucleus

Deuterium
nucleus

Nuclear power
plants use fission
or fusion reactions
to create energy.
This power plant
is located at
Three Mile Island
in Middletown,
Pennsylvania.
Nuclear energy
is nonrenewable
because it requires
materials, such as
uranium, that are
limited in supply.
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The areas where radioactive waste
is stored can be contaminated,
affecting the water and land with toxic
by-products, as well as the natural
habitat for plants and animals. Another
way that habitat can be impacted is
during the mining of uranium, which
not only disturbs the land, but also
releases fossil-fuel emissions into the
atmosphere (Environmental Protection
Agency 2008).

Renewable Energy:
Pros and Cons
Wind Power. Wind energy is
considered to have the lowest external
costs when compared to nonrenewable
sources, such as coal and oil, and even
when compared to other renewable
sources, such as biomass, hydropower,
and photovoltaic, according to a
European Commission report (2003).
The report determines external costs
by considering global warming, loss of
biodiversity, crops and building damage,
and human-health impacts.
Electricity generated through the
harvesting of wind power emits no
greenhouse gases. The only carbon
footprint generated is during the
production of parts and assembly and
during the transportation and installation
of the wind turbines. Various studies
have calculated that the energy invested
in this process is paid back within a few
months and usually not longer than a
year (Lenzen and Munksgaard 2002).
There are, nonetheless, environmental
impacts from harvesting wind power.
Simply building large wind farms in
prairie and desert ecosystems disrupts
the natural system, placing some
species (e.g., desert tortoise, prairie
chicken) at risk. The one impact that
has caught the attention of conservation
biologists around the world is bird and
bat mortality caused by wind turbines.
Nonetheless, a recent study (Sovacool
2009) shows that fossil fuels are to
70
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Teaching
Tip
Your students may have heard that nuclear power is dangerous, relating
these power plants to nuclear bombs or nuclear waste. In actuality, there
have been few historical instances of accidents at nuclear power plants (e.g.,
Chernobyl). There are many checks and balances built into the use of nuclear
power plants. This may be a good time for your students to research—both
online and at a library—these checks and balances and the overall safety of
nuclear power. They can use this research to develop an opinion (either written or for a debate) that incorporates their ideas on nuclear power prior to
their research, their research findings, and their opinions on nuclear power
post research. Websites that may help with this research include
http://www.epa.gov/cleanenergy/energy-and-you/affect/nuclear.html
and http://www.nrc.gov/ (U.S. Nuclear Regulatory Commission).

blame for 10 times more bird fatalities
than wind energy. These deaths occur
mostly because of habitat alteration,
pollution, and open-pit mining. And
while each wind turbine kills an average
of four birds per year (Marris and
Fairless 2007), this only represents a
tiny percentage of the number of bird
casualties by human activity, especially
when compared to birds killed by
airplanes, cars, and domesticated cats.

In contrast, the number of bat
fatalities is considerably greater than
that of birds. A study conducted by
Bat Conservation International in
Pennsylvania and West Virginia in 2004
reported more than 2,200 fatalities by 63
turbines in a six-week period (Arnett
and Wallace P. Erickson 2005). Risk
varies by species of bat and migration
period. Fatalities are caused either by
direct impact with the turbine blades

Wind farms are typically built in prairie and desert habitats, or around mountain
passes, which form natural wind tunnels.

or towers or by what is known as
barotraumas, which happen when
bats suddenly pass through a low air
pressure region around the blade tips of
the turbine.
Bat fatalities caused by wind turbines
can be significantly reduced by twothirds with simple-but-consistent
practices. Two of the most effective
practices include stopping or slowing
wind-farm operations during times
of high bat activity, such as low wind
conditions (E. B. Arnett 2009) and
placing microwave transmitters on
the wind turbines, which deter bats
(Aron 2009).
Hydropower. A relatively clean and
renewable source of energy, hydropower
relies on the kinetic energy from flowing
water to generate electricity, which in
theory, makes for a very low-impact
source of energy. The water used to move
the hydraulic turbine that generates
electricity is returned to the stream
on the other end of the dam; however,
the negative consequences of building
hydroelectric dams cannot be ignored.
Because hydropower depends mostly
on precipitation and elevation changes,
the most adequate sites in the United
States are those with dramatic changes
in elevation and heavy rainy seasons,
such as in the Pacific Northwest.
The construction and operation of
hydroelectric dams affect the rich
biodiversity of this region by modifying
the natural river systems. This has
important consequences in fish and
other wildlife populations.
The upside is that there are virtually
no greenhouse gas emissions while
operating a hydropower plant because
no fuels are burned. One rare exception
occurs when the riverbanks of a site
selected for a hydroelectric dam are
covered by abundant vegetation. Once
the area upstream from the dam is
flooded, the plant matter can decay
underwater, releasing methane.

Teaching
Tip
Now, more than ever, in the era of climate change and sustainable
development, we need to prepare our students to analyze each
environmental problem from a holistic perspective and understand the
trade-offs of every potential solution. Engage your students in a discussion
by asking the following questions:
•
•
•
•

Is it worth the sacrifice of thousands of birds and bats every year to
secure a cleaner source of energy? Why or why not?
What other solutions could be used to reduce bird and bat loss and still
develop clean wind power?
Are there places where wind power should not be used?
Why is it important to consider all of the effects and trade-offs of any
solution to an environmental problem?

As an extension to this discussion, you may consider framing this lesson
into a debate format, with half of the class acting as proponents of wind
power and the other half as opponents of wind power. Be certain to give
each side ample time to back-up their opinion with evidence.

Another important change in the
flooded area upstream is the habitat
condition for fish, because the bottom
of the lake is much colder and oxygen
levels are much lower than in the
flowing parts of the river. Species of fish
adapted to survive in a flowing river
cannot adapt fast enough to flooded
areas. As a result, entire populations
tend to disappear over time. At the same
time, some of these dams hold the water
for long periods, releasing it all at once.
This causes sudden floods downstream,
erosion, and other impacts to the
ecosystem and the water supply that is
meant for human use.
One of the best-known examples
of how hydropower affects wildlife is
that of the salmon populations in the
Northwest. These populations depend
upon healthy river systems to reproduce
successfully. Populations of salmon
have been drastically reduced in the
Northwest by the extensive series of
dams in the Columbia River Basin
(Environmental Protection Agency

Hoover Dam is a concrete archgravity dam located on the Colorado
River on the border between
Nevada and Arizona. Lake Mead
is the reservoir created by the dam
construction.
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2007). Dams work as physical barriers,
affecting salmon flow both upstream and
downstream. The blades of hydropower
turbines sometimes can kill salmon
returning to the ocean. Salmon also
struggle to pass through the dams when
swimming upstream to reproduce. Many
hydroelectric dams now have speciallydesigned structures called fish ladders
to help salmon continue their journey
upstream.
Biomass Power. In recent years,
energy from biomass has received a
great deal of attention. Biofuels are
solid, liquid, or gas fuels derived from
living or once-living organic materials.
Most often we associate biofuels with
ethanol and biodiesel, both of which
are derived from plant-based materials.
Interestingly, ethanol is actually an
alcohol produced through fermentation
of plant matter. At present, ethanol
is made from starches and sugars in
plant material, but new technology is
being developed to produce ethanol
from fibers and cellulose parts of plants
(NREL 2010; learn more at http://www.
nrel.gov/learning/re_biofuels.html).
While corn is the iconic biofuel
plant, and students likely have heard of
using corn to make these fuels, we can
actually make biofuels from a number
of different plants. Sugar cane and
switchgrass are two top contenders.
Alcohols, such as ethanol, can be made
from fermenting corn, sugar cane, wheat,
as well as many natural prairie grasses.
Interestingly, switchgrass is a relatively
low-maintenance, high-yield crop being
considered in biofuel research to produce
cellulosic ethanol. Switchgrass requires
less water, can withstand drought and
flooding conditions, requires very little
fertilizers and herbicides, can persevere
even in poor soil, and can grow virtually
in every temperate climate. Furthermore,
it yields more potential fuel for less space,
meaning that less land would need to be
converted to grow the fuel crops.
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Fish ladders are structures built to assist fish species (salmon, trout) in migrating
past dams to upstream spawning grounds.

Using biofuels can have many
drawbacks, one of which is the amount
of land that must be used in order to
grow the crops. Forests are converted
to farms, and then a great deal of water,
fertilizers, and energy must be used to
sustain those bioenergy crops. Many
South American forests, including the
Amazon rain forest, are being reduced
to make room for biofuel crops. These
crops store less carbon and minimize
habitats for living organisms. In

addition, making biofuels is energyand water-intensive, sometimes
requiring more energy inputs than are
offset by using biofuels over traditional
fuels. There is added complexity when
considering choices to make food for
humans and livestock versus using
land and crops to make fuels.
Nonetheless, new technologies will
continue to make biofuel production
more efficient and a more viable energy
option for our future.

Teaching
Tip
It is common for students to only associate fossil fuels with negative
impacts on nature, and to think of renewable sources of energy as carbon
neutral. It is important to present to them each alternative with their pros
and cons and make the case that even when these cleaner sources have
a lesser impact in nature, their extraction and use still carry some level of
consequence. They will hear this debated as our country starts switching to
more renewable forms of energy. Consider using T-charts or other graphic
organizers to help students track both the benefits and trade-offs of each
energy source. For older students, have students consider benefits and
trade-offs from different stakeholder perspectives so that students better
understand the arguments made by each stakeholder group.
Following is a link to a site with a variety of graphic organizers:
http://www.ascd.org/ASCD/images/publications/books/
fisher2007_fig5.5.gif.

Energy From Biofuels

B

iofuels come from plants, so they must be good, right? Actually
biofuels are a promising energy option for our future, but currently
biofuels are very energy- and water-intensive to produce. Students
likely are not aware of drawbacks to using biofuels. One starting point for
discussing this energy source is to consider how changing land use might
impact the environment. While biofuels have additional complications at
present, focusing on land use can add a new level to their understanding
of biofuels.

Classroom Context
Ms. Howard addresses energy concepts with her elementary students across
several grade levels. The lesson on biofuels occurred after students discussed
fossil fuels, electricity generation, and energy efficiency of lightbulbs. Ms.
Howard pulls out cards and images of several resources we get from Earth,
using a globe she has modified for the activity. As she pulls out each resource,
students discuss what the resource is and whether there are drawbacks to
our use of the resource.

Students: Grades 4 and 5
Location: San Diego, California
(working class community)
Goal of Video: The purpose of
watching this video is to hear
students discuss drawbacks to
biofuel power.

Video Analysis
In the video, students discuss drawbacks of biomass power. Biomass power comes from organic materials,
such as plant matter. When burned, biofuels give off carbon dioxide and water vapor. Biofuels give off less
toxic chemicals than fossil fuels but still add carbon dioxide to the air, and the production of biofuels alters our
landscape and requires a great deal of energy, water, and maintenance. Ms. Howard wants her students to
understand that biofuels are not simply good options because they come from plants. She wants her students
to focus on drawbacks as well, so she pointedly asks them to brainstorm drawbacks. She also asks them to think
about negative consequences of planting too much corn in America. Students bring up pesticides, which leads
to a discussion of pesticide runoff into the ocean. In the post interviews, students appear to retain much of the
pesticide discussion and recognize that cutting down forests is bad, but students still seem to have gaps in their
understanding of drawbacks of biofuels.

Reflect

What would be your next step in teaching biofuels?
Students seem to understand that planting crops will require pesticides and take up space where other things
could grow. What concepts do they not seem to understand yet? What additional concepts would you teach these
students, and how would you plan this instruction?
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Trade-Offs of Energy

S

tudents may evaluate energy sources using black-and-white, or single, perspectives as opposed to
evaluating the many trade-offs that inevitably come with each energy system. Fossil fuels easily get a bad
reputation because they appear dirty, they smell bad, and power plants have iconic smoke stacks emitting
“pollution” into the air. Renewable energy sources often have a good reputation, but students do not recognize
that there are environmental impacts to using those as well. An added layer of confusion comes when examining
different energy sources from various stakeholder perspectives. Students may question why we don’t simply
change to renewable energy without having an understanding of some of the unresolved issues associated with
these energy options.

Common Student Ideas

Scientific Concepts

Dirty fossil fuels

Fossil fuels are dirty and give
off pollution, making them
bad for the environment.

Fossil fuels are a relatively inexpensive and
accessible energy source. The pollution of greatest
concern is not “dirty.” Instead, it is invisible gases
that alter temperatures in our atmosphere and can
lead to acid rain.

Plants are good

Biofuels are good because
they come from plants,
and plants are good for the
environment.

On the surface, biofuels appear carbon neutral and,
therefore, are better than fossil fuels. But cutting
down forests and using energy to make biofuels
quickly diminishes their efficiency.

Nuclear power
is dangerous

Nuclear power plants can
explode like nuclear bombs
and are dangerous.

Nuclear power provides a great deal of energy, and
there have been few accidents because of nuclear
power. However, accidents are potentially fatal to
many, and we do not have sufficient nuclear waste
disposal plans.

Dams are
good energy

Dams provide us with water
and clean energy because they
don’t give off pollution.

Dams provide a renewable source of energy and do
not emit greenhouse gases, but dams change the
natural flow of rivers and threaten freshwater life,
as well as the habitats of flood plains. In droughts,
dams may be unreliable sources of power.

Ask Your Students
What is the pollution given off by fossil fuels? How does this impact the environment?
How does changing a forest to a farm to grow biofuels change the environment?
How does a dam change a river? Are dams worth changes to the river environment?
What is the first thought that comes to mind when you think of nuclear power?
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Future of the Desert Tortoise

G

reen energy, green jobs, green economy—
sounds ideal. What’s the problem? Building a
massive array of solar-energy panels seems
well-suited to an area that receives sunshine for most of
the year, especially an area that many people consider a
desolate and barren open space. But for the people who
live in the desert communities in southern California and
those who study the area, there is more to this issue.
Although the temperature and geography in the
Mojave Desert can be harsh, the ecosystem is actually
quite fragile. The plants and animals that live in the desert
are highly adapted to the fluctuations in temperature and
moisture. However, many of the species that live there
are on the state’s threatened or endangered lists. Perhaps
the most well-known is the desert tortoise, formally
recognized as threatened for more than 20 years.
The slow pace of the desert tortoise is a key to
understanding the challenges it faces. They can live 80–
100 years. They don’t begin reproducing until they are
between 12 and 20 years old and then usually produce
fewer than eight eggs. This long period of infertility,
coupled with the small clutch of eggs and natural
predation, present a survival challenge to the desert
tortoise. In recent years, its habitat has seen an increase
in population and development from people. Decrease in
habitat and increased use of off-road vehicles have killed
much of the tortoise population. Because their survival
has been so threatened in the wild, several groups have
been trying to maintain the species by raising them in
their homes, which requires special permits.
Even though the benefits of clean electricity are
apparent, the environmental impact on this area
could be hugely negative. The Ivanpah solar-power
plant will have more than 300,000 billboard-sized
solar panels and three 459-foot water towers spread
over 3,400 acres by 2014. Because of its potentially
negative impact on rare animals, plants, and the overall
ecosystem, several organizations became involved in
advocating for changes in the initial plant proposal. The
California Energy Commission has oversight for licensing

large-scale solar-power plants. The California Energy
Commission explained that the best way to avoid
conflicts between energy developers and desert tortoises
is for developers to choose areas not favored by the
animal. Despite the CEC recommendation, BrightSource
Energy (the development company) hired scientists
to survey the land and scout sites for relocation of the
desert tortoise. Past relocation efforts have been met
with catastrophic results. In 2008, desert tortoises were
relocated to Fort Irwin with more than a 40 percent
mortality rate.
It is not easy to balance interests regarding energy
projects; therefore, there is much discussion about
how to develop this technology in the best way. As it
turns out, there are many different interpretations of
“best.” Given that this endeavor is new, claims about
preservation, interference, and mitigation are not
backed up with the data that making an informed
decision requires. The stakes are high, and the
consequences could cause the demise of more species,
so it is critical to carefully scrutinize the impacts on the
ecosystem.
While it may seem evident to all that we need to
continue to develop alternative sources of energy, it is
imperative that in our haste we do not abandon the
importance of sustaining biodiversity. Humans have a
tremendous capacity for creative problem solving when
we take time to carefully observe the issues, analyze the
situation, and generate new solutions.
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Energy By-products:
Greenhouse Gases and
Climate Change
“I’d put my money on the
sun and solar energy. What
a source of power! I hope we
don’t have to wait until oil
and coal run out before we
tackle that.”
Thomas Edison, 1931
(qtd. in Gore 2009)
By now it is clear that the current
climate crisis has been accelerated by
human activity over the last several
centuries. While a great deal of the
crisis has resulted from the way we have
altered natural landscapes, a big portion
of the greenhouse gases released into the
atmosphere is a by-product of our use
of fossil fuels as a source of energy. The
problem, in simple terms, is that we are
putting gases into the atmosphere that
trap the energy from the sun in the form
of heat. This is raising the temperature
of the planet, and the only way to slow
down this process is if we reduce the
amount of greenhouse gases we release
into the atmosphere and if we figure
out ways to remove the gases we have
already emitted.
There are six main types of gases that
contribute to climate change, though not
all of them are considered greenhouse
gases (Gore 2009):
• Carbon Dioxide: Carbon dioxide is
the biggest contributor to climate
change and is the greenhouse gas that

is responsible for 43.1 percent of the
problem. The main source of carbon
dioxide is the burning of fossil fuels to
generate electricity.
• Methane: Methane is a greenhouse gas
that contributes 26.7 percent to climate
change and is much more effective at
trapping heat than carbon dioxide.
Energy consumption is not the main
source of methane, but leaks of natural
gas, which consists mostly of methane,
contribute to the problem. Another
significant source is livestock (cows,
for example), as they produce methane
when they digest plants.
• Black Carbon: Black carbon is not
a greenhouse gas but is a significant
contributor to climate change (11.9
percent). Black carbon is released
into the atmosphere when people
burn biomass (wood, cow dung, and
charcoal) or some debris to heat their
homes or cook their food. Another
source in developing countries comes
from the burning of forests to clear the
land for farming and cattle-raising.
• Halocarbons: Halocarbons are
greenhouse gases that represent 7.8
percent of the climate change problem.
Even with the Montreal Protocol in
place, which calls for a phase-out of
ozone-depleting halocarbons such
as chlorofluorocarbons (CFCs),
certain forms are still in use. We use
these in refrigeration equipment and
production. However, with tighter
standards, people have managed to
greatly reduce the emission of these
gases through the use of aerosol spray
cans.

• Carbon Monoxide and Other Organic
Compounds: These compounds
represent 6.7 percent of the causes of
climate change. Carbon monoxide
comes from both car exhausts and the
burning of biomass.
• Nitrous Oxide: At 3.8 percent, this gas
is released into the atmosphere mainly
by the generation of human-made
fertilizers, which are also energyintensive to produce.
It is common for students to see the
world through the lens of the “good-orbad” dichotomy. Students may ask, what
are good sources of energy? Or, students
may define a specific energy source as bad,
such as nuclear or fossil fuels, because of
their negative image or consequences.
Nonetheless, to help students develop the
necessary skills to understand and address
real-life environmental issues with more
than one solution, it is important to break
this dichotomy.
For example, it is well known that
compact fluorescent lightbulbs (CFLs)
use only one-third of the electricity
needed by an incandescent lightbulb
to produce the same amount of light.
It is also well known that CFLs contain
mercury, which has stopped many
people from using them. What most
people don’t know is the fact that a
household thermometer can have up to
100 times the amount of mercury than
that of a CFL. Furthermore, about three
times the amount of mercury in a CFL
is released into the atmosphere when
burning the coal needed to generate
the electricity used by an incandescent
lightbulb during its lifespan.
Source: Energy Star, 2010

COMPARING LIGHTBULBS
Light Bulb Type Watts Hours
kWh
National Average
		
of Use Use
Mercury Emissions
				 (mg/kWh)
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Mercury
From Electricity
(mg)

Mercury
From Landfills
(mg)

Total
Mercury
(mg)

CFL

14

8,000

104

0.012

1.2

0.6

1.8

Incandescent

60

8,000

480

0.012

5.8

0

5.8
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Greenhouse Gases

S

tudents struggle understanding gases as a form of matter. While they may be able to recite that
matter comes in three forms—solid, liquid, and gas—they treat gases as quite different from solids
and liquids. It can be a challenge for students to understand that although gases are invisible, they
have mass and take up space. Many students have difficulty understanding the effect of greenhouse gases
because they don’t have a strong grasp of gases as real, tangible materials. When looking at greenhouse
gases in particular, they may believe that these gases are bad because they are linked to global warming.

Scenario
You have just finished a lesson on greenhouse gases and want to see if your students learned the main
concepts. You ask the class to discuss the following question as a summary to the day’s lesson.

Question
Are greenhouse gases—carbon dioxide in particular—good or bad?

Scientific Answer
Greenhouse gases are essential to life on Earth. Greenhouse gases are needed in the atmosphere to regulate
temperatures to sustain life. While water vapor is the most important greenhouse gas, carbon dioxide is also
important because of its necessary role in photosynthesis. An amplification of greenhouse gases, as is seen
today, can alter atmospheric temperatures and raise the global average temperatures.

Student Answers

Sarah: I think carbon dioxide is a bad gas even though it’s helping us. So in different ways, it’s a bad gas
because it does so many bad things to us. But it’s helpful if you have the right proportion of it, if you go
overboard.

Thomas: I know there are greenhouse gases that aren’t necessarily good for us. And a big one I think is
carbon dioxide cause it’s not that great for us.

Jacob: Because greenhouse gases pollute the world like carbon dioxide.
Joyce: It’s good and bad, because trees get carbon dioxide and they need it, and they give us oxygen, but
carbon dioxide is also bad because when we inhale it, it’s bad for our bodies.

What Would You Do?
Many students seem to focus only on the negative aspects of greenhouse gases (or amplified greenhouse
gases). Joyce understands the necessity of carbon dioxide for life. How would you reteach the lesson
to ensure more students understand the difference between naturally occurring greenhouse gases and
amplified greenhouse gases?
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Additionally, it is easy for students
to feel discouraged when they learn
about bird and bat casualties to wind
turbines, but when put into perspective,
the damage caused by climate change
to these animals can be even more
dramatic. Yes, all sources of energy have
environmental impacts linked to their
harvesting and use, and yes, in general,
renewable sources of energy tend to
be cleaner and have a lower carbon
footprint. However, labeling them as the
“good” sources of energy is too simple
of a statement and diminishes the
power of our students to analyze each
source objectively, to include all possible
environmental trade-offs, and to decide
for themselves if an energy source is
more efficient and environmentally
friendly than others.

Environmental
Disasters: When Things
Go Terribly Wrong
If there is one thing we can be certain
of when it comes to human enterprises,
it is that eventually something will
go wrong. Even when we take all
the precautions and safety measures
necessary, accidents happen. Two of the
most common energy-related accidents
affecting the environment are nuclear
disasters and oil spills.
Nuclear Disasters. According
to a recent study by Sovacool (2008),
nuclear-energy–related accidents
account for only 23 percent of the
energy-related accidents of the last
century. They also account for about
4,000 human fatalities. In comparison,
the largest single energy-related
accident was at a hydroelectric facility—
Shimantan Dam—which resulted in
171,000 deaths when the dam failed in
1975 (Sovacool 2008). Why is nuclear
energy perceived as such a dangerous
energy source? Perhaps it is because of
the potential it has to generate great and
long-lasting damage. It is possible that,
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In the Chernobyl nuclear accident, local communities were destroyed and
abandoned. This image shows the Chernobyl nuclear power plant facilities in
the background and the abandoned community of Pripyat, Ukraine, now being
taking over by natural succession.

for this reason, safety measures related
to this industry tend to have higher
standards than those of other energy
sources.
The biggest nuclear accident in
the United States was the Three
Mile Island Plant incident of 1979,
near Middletown, Pennsylvania. No
human casualties were reported as a
direct consequence of the accident,
and environmental and health effects
associated with radiation were believed
to be minimal.
That was not the case seven years
later in another nuclear disaster. The
infamous Chernobyl, Ukraine, disaster
of 1986 was responsible for the death of
at least 4,000 people and the evacuation
of 300,000 more. It has been estimated
that the amount of radiation released
during the accident was 200 times more
than that produced by the two atomic
bomb explosions in Japan during World
War II. The negative effects of radiation
were felt all over Europe, where it has
been estimated that more than 10
million people may have experienced
health problems related to the
explosion (Newton 2006). Radioactive
contamination also affected agricultural
land, polluting the soil, water, harvests,
and livestock (Sovacool 2008).

“We are concerned that
the oil is already disrupting
with the underwater marine
ecosystem. It is virtually
certain that fish, shrimp,
and many other vital
cogs in the web of life
are dying underwater,
unseen. The loss of these
critical sources of food has
potentially devastating
consequences for both
birds and the coastal
economy.”
Frank Gill, President of Audubon
Oil Spills. The negative effects
of oil spills are many, and the risks
increase exponentially as reserves are
diminished and humans have to go
deeper and farther underground to
reach oil deposits. Oil spills such as the
Exxon Valdez oil spill of 1989, and the
Deepwater Horizon oil spill of 2010 are
two of the most iconic energy disasters
in U.S. history. The Deepwater Horizon

oil spill was labeled by many experts as
the biggest environmental disaster the
United States has ever faced.
The most obvious victims of an oil
spill are birds. We are all familiar with
the images of oil-drenched pelicans.
When a bird dives into open water
for food, its feathers get covered by
oil. The oil separates the feathers,
ruining their waterproof feature. The
birds’ natural reaction is to preen,
whereby some oil is ingested that
causes poisoning (IBRRC 2010). This
affects important species of migratory
birds and shorebirds, including the
brown pelican, least tern, and northern
gannet, which already struggle to
survive in an increasingly reduced
habitat (Gill 2010). Sea turtles are
also affected by direct contact with
oil through increased egg mortality,
developmental defects, and direct
mortality. Oil affects their digestive and
immune systems, as well as their blood,
skin, and salt glands.
In the case of the Deepwater
Horizon oil spill, thousands of miles of
shoreline were potentially threatened,
including areas of mangrove estuarine
habitats. Mangroves have a key role
as the interface between land and
sea and are extremely important
as nursery grounds for marine life.
These amazing plants are also very
sensitive to oil. Exposure to petroleum
can be lethal in a matter of weeks
or months. Oil spills also seriously
impact another important host of
marine biodiversity—coral reefs.
Petroleum can severely damage or
even kill corals, depending, among
other things, on the length of exposure
and the amount of oil. Oil toxicity
affects the reproduction, growth, and
development of corals.
Oil spills also impact commercial
fisheries. According to the
National Oceanic and Atmospheric
Administration, during the Deepwater

Teaching
Tip
You may consider doing an Internet-based research activity on the
Deepwater Horizon oil spill or other oil spills at this point in your lessons.
Give students the following five questions to answer regarding the spill:
1.
2.
3.
4.
5.

What’s happening to the oil that was spilled?
What’s happening to life on the sea floor?
What’s happening to the marine life at the ocean surface?
What’s happening to coastal ecosystems?
What’s happening to fisheries?

After approximately one to two hours of research, set up five large posters
in your classroom, each of which has one of the questions. If students
research more than one oil spill, partition off space on the posters. Divide
students into five groups, with group one starting at question #1, group
two starting at question #2, and so forth. Give students approximately
five minutes at each poster station, where they will write phrases or make
visuals relating to the questions and to specific spills. Have students rotate
to each poster, where they will add information, whether it is in the form
of adding information to other students’ written words or creating their
own statements or visuals. Following are websites that may be helpful for
students to obtain answers to the questions:
•

•
•

National Geographic:
http://news.nationalgeographic.com/news/2010/09/100916-seasnot-gulf-bp-oil-spill-marine-snow-science-environment/
National Oceanic and Atmospheric Administration (NOAA):
www.noaa.gov
Center for Disease Control and Prevention (CDC):
http://www.bt.cdc.gov/gulfoilspill2010/

Horizon oil-spill crisis, 35 percent of
the Gulf of Mexico’s federal waters were
closed to commercial and recreational
fishing, due to concerns of oil exposure
in fish. Effects on fish exposure to oil
include reproductive impairment,
reduced potential of spawning success,
reduced growth, and other health
complications.
It may be many years before we know
the true outcome of the Deepwater
Horizon spill on the Gulf-coast
ecosystems, as well as the Gulf-coast
communities.

Aquatic and marine wildlife are
often the most affected after
an oil spill incident.
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In the
Classroom

Cleaning up an Oil Spill

S

tudents are probably aware that oil and water form separate layers when mixed together, but they may not
have thought of this fact in terms of density or how it influences what happens in real-life oil spills. In this activity,
students conduct a simple experiment demonstrating the variable densities of corn syrup, water, glycerin, and
vegetable oil. Students will then transfer this concept to an examination of cleanup methods used in oil spills.

Materials
•
•
•
•
•
•
•
•
•

1/3 cup (80 milliliters) light corn syrup
1/3 cup (80 milliliters) glycerin (available in drugstores)
1/3 cup (80 milliliters) water
1/3 cup (80 milliliters) vegetable oil (plus more oil for the second part of the experiment)
4 small glasses
1 tall, clear glass or jar
At least 3 food-coloring options
Funnel
Aluminum pans, spoons, dish-washing soap, extra glasses

Directions
Discuss the density difference between oil and water. Which liquid is more dense? Have students make predictions.
Conduct a layering experiment using the materials listed. Color at least three of the liquids to make the layers
distinct. Add each liquid to a small glass, and then carefully combine the liquids into the tall glass or jar, using the
funnel. For older students, consider expanding this layering to include variations in salinity and temperature to show
that sometimes salty, warm water layers on top of oil.
Ask students to think about the relationship between the demonstration and an oil spill. What do they think happens
to the oil that has spilled out of a ship or a well and into the ocean?
Ask students to hypothesize how an oil spill might be cleaned up. Do they think that because oil doesn’t dissolve into
water the cleanup would be easier or harder than if it completely dissolved into the water?
Pass out aluminum pans to pairs of students. Pans should be filled with ¾–1 inch of water. Then add several large
drops of vegetable oil to the water. Have students experiment with different cleanup methods (spoon acts as a
skimmer, dish-washing soap acts as a dispersant). Have students think about the following questions:
•
•

What does this cleanup method involve? What is done?
What are the benefits of this cleanup method?

6 After students explore cleanup methods, have students share their results and trade-offs of different methods.

Discuss
Which cleanup method do they think is most effective? Which is the easiest?
Which takes best advantage of basic physical properties they learned about in the activity?
What are potential drawbacks to using dispersants in our ocean?
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The Santa Barbara Oil Spill
by using straw to absorb the oil. Additionally, rocky
beaches were cleaned using high-pressure washers, and
a mixture of naphtha and talc was used to dissolve the
tar-like oil on rocks and sea walls. More than 3,700 birds
died as a result of this oil spill as well; in particular, gulls
and grebes were most heavily affected. Many people
were involved in trying to remove oil from feathers of the
birds that were still alive during clean-up.

Other Notable Oil Spills

O

ne of the worst incidents involving an offshore
oil-drilling platform in the United States took
place approximately five miles off the coast
of Santa Barbara, California, on January 28, 1969.
The Santa Barbara oil spill ranks as the third-largest
oil spill in U.S. history behind the Exxon Valdez spill
(second) and the Deepwater Horizon spill (first). A
“blowout” occurred as drill bits were being changed
on the platform. This resulted in a massive spill (up to
210,000 gallons of oil spilled in the first two weeks); a
mix of gas, oil, and mud blew to the ocean surface for
several days. The winds, currents, and tides eventually
moved this material onshore, so it had a great effect
on aquatic organisms and their habitats. Sea walls and
buildings onshore became coated with this oil mixture.
Birds, intertidal invertebrates, and kelp forests were
also destroyed. Additionally, this spill had significant
economic effects on the fishing industry. It caused a loss
of recreational facilities, and personal property damage
(boats, buildings, seawalls) was far reaching as well.
The cleanup after the oil spill involved more than 54
boats, more than 1,000 people, and approximately 125
pieces of equipment. In total, it cost about $4.5 million
to completely clean up the Santa Barbara area after this
spill. Many people were involved in manually removing
the oil that was on beaches and floating offshore

The Exxon Valdez Spill that occurred in 1989 spilled
more than 10 million U.S. gallons of oil into the Prince
William Sound of Alaska. It took many years to
cleanup, and its impacts, some scientists argue, are
still being felt today. The Cosco Busan oil spill, which
occurred in 2007 in San Francisco Bay, resulted when
a container ship struck the San Francisco-Oakland Bay
Bridge. While the spill was considered medium-sized,
it resulted in many beach closings both north and
south of San Francisco Bay, and affected organisms,
including seabirds and seals. On April 20, 2010, an
oil spill occurred in the Gulf of Mexico that was much
larger than the Santa Barbara, Cosco Busan, and Exxon
Valdez spills. The Deepwater Horizon Spill quantity
is estimated at more than 200 million gallons, and its
impact—both economic and ecological—will take
years to determine. Its restoration will likely take even
longer.
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Impacts of Using Energy

A

t the most basic level, students recognize that burning fossil fuels
makes “pollution,” but students may not move beyond this basic
understanding to develop more sophisticated ideas about energy
use, especially as it is connected to large-scale problems such as global
climate change and toxins in our food systems. Furthermore, understanding
by-products from burning fossil fuels can be confusing because students may
not differentiate between “smoke,” “pollution,” “carbon dioxide,” and “bad
gases.” Working on improving student understanding of by-products will
help students develop more sophisticated ideas about energy impacts.

Classroom Context
During one of Ms. Howard’s last lessons on energy, students discuss impacts
of energy use, focusing mostly on by-products given off from burning fossil
fuels. Ms. Howard gives students a set of cards that are to be ordered in
the sequence of electricity generation from coal. At each step along the
sequence, Ms. Howard has students discuss impacts to the environment.
Students do this activity in small groups first, followed by a whole-class
sharing of their ideas.

Students: Grades 4 and 5
Location: San Diego, California
(working class community)
Goal of Video: The purpose of
watching this video is to hear
student ideas about energy
impacts on climate change and
biomagnification of toxins.

Video Analysis
In the video, Martinez asks a question about how mercury gets into fish. Mercury can enter the food chain
from many sources, but it is often a particulate by-product given off from burning coal. It may enter the air, and
precipitation causes the mercury to enter our freshwater and marine systems. The mercury is then taken up
by primary producers and moves up the food chain. Living things cannot easily rid their bodies of the mercury.
Higher-order consumers typically have higher concentrations of toxins such as mercury. Ms. Howard works on
this explanation with Martinez through a one-on-one discussion. Then, during the whole-group discussion, other
students bring up the by-product carbon dioxide and its relationship to climate change. In these discussions,
students are learning about two negative by-products from energy use—mercury and carbon dioxide. However,
in student post interviews we see confusion about these by-products. Esme describes burning coal as giving off
“black, poisonous air” that enters our bodies when we breathe. Ezequiel says that burning fossil fuels creates
gases that break down the ozone layer. Martinez has developed ideas about mercury as a by-product but seems
confused about “smoke” and how mercury is actually given off and enters the food chain.

Reflect

How would you respond to student ideas about the impacts of using energy?
Students seem to understand that there are by-products from burning fossil fuels but seem confused about the
different by-products and how they impact our environment. If students shared their interview responses during a
whole-class discussion, how would you respond? What would be your next step for teaching this topic?
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