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Learning Objectives

Global warming is one of the most significant issues currently impacting the world, and this
module is designed to introduce students to a possible part of the solution to this issue - carbon
sequestration, a promising yet relatively novel and underdeveloped technology and one of the
least well known of the grand challenges of engineering. It also is designed to give students a
hands-on opportunity to work through the engineering design process. This module is a fun way
for the students to develop solutions to engineering problems firsthand.

Technical Background

Carbon sequestration is the process of collecting carbon, most often carbon dioxide, and storing
it. Several methods of capturing carbon dioxide are currently being researched. One of these
methods involves farmers retaining additional carbon in their soil by tending to it differently [1].
Research is also being conducted into methods of collecting carbon dioxide directly from the air,
directly decreasing the amount in our atmosphere and slowing global warming [2]. Both of these
processes are promising, but the process our team found most intriguing involves the removal
(or “scrubbing”) of carbon dioxide from the flue gas emitted by power plants and factories. This
method of carbon dioxide management has already been employed by several fossil fuel-
burning power plants and other projects [3].

Flue gas is a generic term for any waste gas that leaves a plant and is released into the
atmosphere. Despite a number of EPA regulations [4] that require the removal of certain
chemicals from flue gas, a significant amount of carbon dioxide is still being emitted into the
atmosphere by these facilities. Removing additional carbon dioxide from this flue gas reduces
the gas’s contribution to the greenhouse effect. A scrubber system accomplishes this using a
liquid solvent [5]. The liquid is sprayed into the gas, and the carbon dioxide dissolves into the
liquid. This liquid is later reheated, chemically dissociating the mixture and producing a
compressed stream of pure carbon dioxide to be sent to storage sites.

Once collected, the carbon dioxide can be
stored in a number of ways. It can be used in
enhanced oil recovery, in which it is injected
into the ground and used to displace oil,
allowing more oil to be obtained from depleted
reservoirs [6]. The carbon dioxide gas then
remains in the depleted oil reservoir. It can
also be stored in various geological
formations, as shown in the diagram in Figure
1 [7]. Our team has decided to focus on
storing the carbon dioxide in porous rock
formations and salt beds, where it eventually
solidifies and turns into chalk [8]. Our module
aims to teach the students about this
particular form of carbon storage.

Figure 1: A diagram illustrating different methods of
storing carbon dioxide in the ground. [7]



Materials and Budget

The following bill of materials lists the worst case cost, as many of our supplies are common



Approximate Schedule

Introduction to Carbon Sequestration 3 Min
First set of directions 1 Min
Pre-Activity Questions 5 Min
Building Stage 10 Min

Pre-Filter Questions 2 Min

Test Filters 5 Min

Second Set of Directions 1 Min

Pick Cereal and Deposit Nerds 5 Min
Post-Activity Questions 3 Min




Next, explain to the students what they are about to do during the design phase of the module,
and how it relates back to the process of carbon sequestration.

First, the students will design a filter to separate out the Nerds (CO_) from the M&Ms (other flue
gases). This system will have to filter out the Nerds from the candy mixture that you have made.
The students will eventually pour their candy from the first cup through their filter into another



Next, the students will fill out the pre-test questions, in which they will predict whose filter they



Supplementary Sources


http://www.engineeringchallenges.org/
http://www.merriam-webster.com/dictionary/flue%20gas
https://www.youtube.com/watch?v=adu4-ahLE_0
http://ossfoundation.us/projects/environment/global-warming/greenhouse-gases
http://www3.epa.gov/climatechange/EPAactivities/regulatory-initiatives.html
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Appendix A

Team Name

Directions
e Design a way to filter the Nerds out from the M&Ms
e Use the filter to separate the M&Ms from the Nerds

Pre-Activity Questions
1) Sketch the design that you plan to build:

2) What materials did you choose for your filtration device? Why did you
choose these materials?



Figure 1: This drawing is a simplified representation of carbon dioxide
scrubbing. The smaller,grey molecules are the carbon dioxide molecules
and the larger brown molecules are the other flue gases.

Figure 2: The carbon dioxide is transported down a pipeline and stored in a
geological formation. The liquid carbon dioxide fills in the gaps in the
porous rocks and over time will turn into chalk, a stable form of carbon
dioxide.




Before Testing the Filter

1) Looking at the other groups’ filter, whose design do you think will work the best? Why?

Points

Start with: 300 Points
Time Taken: -1 Point per Second

Candy Dropped: -1 Point per Candy Dropped

Mé&Ms Let Through: -5 Points per M&M
Nerds Left Behind: -1 Point per Nerd

Team Name

Time

(seconds)

Nerds Left
Behind

M&Ms Let
Through

Candy
Dropped

Points

Directions

e Select a cereal in which to store your Nerds

e Transport the Nerds to the cereal




Post-Activity Questions
1) What do the Nerds represent?

2) What do the M&Ms represent?

3) What does the cereal represent?

4) Were there any changes you would make to your design? Did any part
of your original design not work? How did you fix it?



