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Fuel Comparison Activity

Objective

The positive and negative effects of using fossil fuels and biofuels
Why fossil fuels are so prevalent

What are some alternatives to fossil fuels

What can be done to encourage these alternatives in market

Skill Level: Middle school, high school Prep time: None
Class time: 50 minutes

Materials
e Computer with internet access
e Pieces of coal

Next Generation Science Standards

Disciplinary Core Idea
PS3.D: Energy in Chemical Processes and Everyday Life
ESS3.A: Natural Resources

Performance Expectations:

MS-PS3-f: Develop models to represent that plants produce sugars by reacting carbon dioxide and
water and absorbing energy, and that the opposite process occurs in plants and animals to release
energy.

HS-ESS3-2: Evaluate competing design solutions for developing, managing, and utilizing energy
and mineral resources based on cost-benefit ratios.

Practices Crosscutting Concepts
|:|Asking questions / defining problems |:|Patterns

@Developing and using models |:|Cause and effect: Mechanism / explanation

|:|Planning / carrying out investigations |:|Scale, proportion, and quantity
|:|Analyzing/ interpreting data |:|Systems and system models
|:|Math / computational thinking |X|Energy/ matter: Flows, cycles, conservation

|:|Constructing explanations / design solutions |:|Structure and function
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|:|Engaging in argument from evidence |:|Stability and change

|:|Obtaining / evaluate / communicate

Background Information

Introduction:

The sun is the primary energy source of our planet; all other sources of energy originate from the
sun in one way or another. For example, plants convert sunlight into chemical energy, which
drives the synthesis of leaves, flowers, and other parts of the flower for consumption by animals
for energy. When animals eat these plants, it helps them generate body mass. When plants and
animals die, their energy is broken down and becomes stored as oil, natural gas, or coal over a
long period of time. Another example is wind power, which is fueled by a pressure gradient in the
atmosphere caused by the sun heating one place more than another and the earth’s spin. All of
these sources of energy are used in our lives to do work that make our lives easier and bring a
certain standard of comfort we have come to expect. Each source of energy has its advantages
and disadvantages, and this activity will focus on the pros and cons of fossil fuels and biofuels.
From this activity, students will be able understand the positive and negative effects of using fossil
fuels and biofuels, why fossil fuels are so prevalent, what are some alternatives to fossil fuels, and
what can be done to push these alternatives into market. They will also learn where the energy

they use comes from and what kind of energy sources various states use to produce energy.

Background:
Fossil fuels are carbon-based energy sources like coal, oil, and natural gas. Coal may take up to

400 million years to produce to its final state. Today’s coal started out as biological material such
as plants and animals. Once the biological material died and settled in the bottom of swamps, it
started to decay. However, due to a change in climate and surface in the area, layers of dirt and
rock trapped the decaying material, stopping the decaying process. As more layers of dirt and rock
formed on top, more pressure built on the decaying material. This pressure, along with the natural
heat of the earth, caused chemical and physical changes that extracted the oxygen in the
biological material. This left hydrogen-rich deposits that have slowly turned into coal over millions
of years. Figure 1 shows the formation of coal.
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How Coal Was Formed
Millions of years ago, dead plant matter T“OMI :
fell into swampy water and over time, a thick LLIQM ¥
layer of dead plants lay decaying at the bottom of EARS
the swamps. Over time, the surface and climate of the IHIG{]
Earth changed, and more water and dirt washed in, halting the
decay process, forming peat.
The weight of the top layers of water and dirt packed down the lower layers of
plant matter. Under heat and pressure, this plant matter underwent chemical and ?DD iy
physical changes, pushing out oxygen and leaving rich hydrocarbon deposits, What once
had been plants gradually turned into coal.

Coal can be found deep underground (as shown in this graphic), or it can be found near the surface.

Figure 1. Coal Formation

Mate: not to scale

Petroleum, along with natural gas, is created in a similar fashion when organic material is trapped
and buried in sedimentary rock where it decomposes. The decomposition process is a
consequence of immense heat and pressure environments that exist in the Earth's subsurface. The
organic material forms either petroleum or natural gas, depending on the type of biomass and the
surrounding temperature and pressure during the decomposition process. More heat produced
lighter oil and even higher heat or biomass made predominantly of plant material produced
natural gas. Figure 2 shows the formation of petroleum and natural gas.
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A
How Petroleumand  °

Natural Gas Were Formed

Tiny sea plants and animals died and

were buried on the ocean floor. Over time,

they were covered by layers of sediment and rock.

Over millions of years, the remains were buried deeper and

deeper. The enormous heat and pressure turned them into oil

and gas,

Teday, we drill down through the layers of sedimentary rock to reach the rock

formations that contain oil and gas deposits.
Note: not to scale

Figure 2. Petroleum and Natural Gas Formation

Fossil fuels have become a prevalent energy source in the past few centuries. They are relatively
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cheap to extract, are abundant throughout the earth, and are very energy-dense. These factors
have pushed the use of fossil fuels instead of biofuels. The current electrical power grid that is
responsible for delivering electricity from power plants to consumers is built around fossil fuels.
The grid presents an advantage and disadvantage for fossil fuels. Even though this is a well-
defined system for transporting electricity, it is extremely inefficient. Between 0.5 to 4.2% of the
energy that the grid carries is lost daily, which is a significant amount considering that there are
close to 40,000 miles of power lines in the US alone.

Our high demand for cheap, accessible energy has made fossil fuels our primary energy source.
However, as we continue to extract fossil fuels from the earth, fossil fuel reserves are dwindling
away. This is the main concern with fossil fuels as they are a nonrenewable source of energy. Due
to the long time and special circumstances it takes to form them, geologists believe that little to
no new fossil fuels are being produced. All of the fossil fuels we will ever see lie underneath our
feet. Scientists believe that our coal supply will end in 130 years, oil in 42, and natural gas in 60.
Students will be in their mid-50s when oil runs out and mid-70s for natural gas. As global energy
demands increase due to improved quality of life in many nations, current and future generations
face an energy crisis. The United States alone consumes fossil fuels at a remarkable rate: 380
million gallons of gasoline every day and 1.12 billion tons of coal every year. Fossil fuels will not be
around for very much longer, so we must seek alternatives. Fossil fuels also present many
environmental hazards, such as high greenhouse gas emissions, acid rain, and oil spillages.
Extractions will become more dangerous as mines will get deeper and oil-rigs have to go further
out to sea. All of these pose grave danger for not only humans but also all of the wildlife we share
the planet with. Fossil fuels will inevitably become more expensive as reserves are depleted,
which could cause great economic chaos. We are highly dependent on these fuels to accomplish
even the minutest tasks, such as power our cars to get to work or keep our lights on.

On the other hand, biofuels are made from recently grown biological matter. There are several
processes used to produce biofuels (see generations of biofuels activity). Biofuels resolve many of
the concern with fossil fuels. They are a renewable source of energy, which means that they can
be grown when they are needed. Domestically grown and produced energy is also an advantage
because we can support our own economy and lessen our dependence on unstable foreign
sources of fossil fuels. Biofuels can also help third world nations” economies, many of which are
located in warm climates where biomass can easily be grown. Biofuels are also more
environmentally friendly as they produce fewer GHG emissions and burn cleaner than fossil fuels.

They also close their carbon cycle faster because they remove CO, from the atmosphere within a

relatively short amount of time compared to when it was released. Fossil fuels took million of
years to harvest that energy, and we are releasing CO, faster than nature can reabsorb it.
Accidental biofuel spills would not pose such a threat to the environment like the Deepwater
Horizon or Exxon Valdez oil spills. These spills took millions of dollars to clean up and had
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destructive effects on the local environments. Biofuels are easily integrated into current
technology. Most gasoline fueled cars can substitute in ethanol to certain degrees (E85 cars, E15
cars and E10 cars). Many diesel engines can be updated to run on peanut oil and current models
can run on pure biodiesel (B100) with little to no changes to the engine. In many states, gasoline is
required to be sold with 10% ethanol (E10). Bioenergy would also be more beneficial in power line
loss since ideally bioenergy power plants would use local sources of biomass so it would not have
to be transported over large distances. However, this would mean that there would need to be
bioenergy producing plants relative close to populated areas.

While biofuels have many positive attributes, they still present numerous challenges. Biofuel
technology is still not advanced enough to compete economically with fossil fuels, and further
research needs to be done to make production and distribution economically viable. Ethanol and
biodiesel are also less energy dense than their counterparts, gasoline and petrodiesel. Ethanol has
66% of the energy content of gasoline per liquid volume, which means less travel with the same
amount of fuel. Another concern is the vast amount of arable land that would be needed to grow
biomass. Farmers would need to use 71% of US cropland exclusively to grow corn to produce
ethanol for gasoline. Land is still needed to grow our food. Second and third generation biofuels
seem to capable of addressing this challenge, but similarly, the technology still needs
advancements.

Engage

Fossil fuels are a finite source of energy, meaning they will eventually run out. We need large
amounts of energy in many areas of our lives. Fossil fuels have been able to deliver this for a long
time, but they will not be a reliable source of energy for much longer. We need to explore
alternative, sustainable ideas for energy today to prepare for a day when we may not be able rely
on fossil fuels anymore. Even though bioenergy sources have many challenges, they play an
important part in our move toward energy independence from fossil fuels.

Explore

Experiment Questions:

1. What are the advantages of using fossil fuels?

Fuel Comparison v1.3 Page 5



OregonState  Bijnenergy Education Initiative Advanced Hardwood Biofuels NW !

2. What are the disadvantages of using fossil fuels?

Procedure:
1. Hand out the pieces of coal and explain to the students the process that it took to get
that coal there. You might want to use the Fig. 1 in this document as a visual. Stress the
fact that it took millions of years under special circumstances to condense energy into coal.
Explain the formation of petroleum and natural gas as well and highlight the difference in
the process to coal.

2. Have a discussion with the class about the advantages and disadvantages of using fossil
fuels. Discuss how biofuels would address some of these challenges and what still needs to
be done to make biofuels commercially available.

3. Have students come up with a list of the energy sources where they believe their energy
comes from (i.e. coal, petroleum, biomass, hydro, solar etc). Have them rank it accordingly
to what they believe is the biggest contributor to the smallest. Have them make another
list of what they think the energy sources various states use to produce energy and have
them rank that one as well.

4. Have students locate a website that lists consumption sources for your state. How do
the values in the table compared to their predictions?

5. Have them locate your state’s energy production sources. How do these values compare
to their predictions?

6. Have students hover around the US map and find extreme values such as most
productions come from coal (West Virginia, Utah, and Indiana). Have students come up
with ideas why this is.

7. Have student play around with the interactive map and see if they find anything else
interesting or unexpected.

Explain

1. What are the disadvantages of having most of our energy come from fossil fuels? How
do biofuels address these disadvantages? What challenges might we experience with
biofuels?

2. Do you see any problems with the current electric grid in the US? Think about the
energy lost in the power lines over the thousands of miles it is transported.
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.........

3. Why do you think most of the coal power plants are in the Eastern US? How might this
present a problem to western states? How would bioenergy solve this problem?

4. What specific bioenergy industries could your state create (cellulosic ethanol or
biodiesel in particular)? Are these reasonable and/or feasible?

5. How would biofuels help out third world nations’ economies? Are biofuels more equally
available to all countries than fossil fuels? How so?

6. Most of the US arable land is in the Midwest, however not that much biomass is used
for energy there compared to fossil fuels. Why do you think that is?

7. Do you think price should determine what type of energy source that will be used or
should we promote a better, more expensive option that is renewable and sustainable?

Elaborate

Have students find the closest power plant to them. Have them do some research on it and
present a short presentation highlighting the location, the type of energy produced, the amount
of energy produced and whether it is a renewable source of energy.

Resources
Energy Production by State (Click links)

Pros and Cons for Fossil Fuels

Energy Production and Consumption by State

Visualizing the US Electric Grid
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