
Bringing Novel Research into the Classroom: 
Carbon Sequestration as a New Opportunity for Science Education

Possible Solutions Opportunities in the Classroom
Understand Carbon Cycle and Greenhouse Effect

Read Critically (blogs, webpages, etc)

Interpret Graphs and Tables, Understand Physical 
and Chemical Processes, as well as dealing with 
Conversion of Units

Relevance of Carbon Capture and Storage (CCS)
helps promote Science Literacy and the ‘Big Ideas’

Excellent opportunity for Integrated Units, including: 
 Social Studies (economics, sociology, government) 
 English (speech and communication, composition)

+

+

+
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The cost of U.S. forest-based  carbon sequestration 

I. Introduction

The Earth’s atmosphere contains carbon dioxide (CO2) and other greenhouse

gases (GHGs) that act as a protective layer, causing the planet to be warmer than it

would otherwise be. This heat retention is critical to maintaining habitable temperatures. If there were

significantly less CO2 in the atmosphere, global temperatures would drop below levels to which ecosystems and

human societies have adapted. As CO2 levels rise, mean global temperatures are also expected to rise as

increasing amounts of solar radiation are trapped inside the “greenhouse.”  The concentration of CO2 in the

atmosphere is determined by a continuous flow among the stores of carbon in the atmosphere, the ocean, the

earth’s biological systems, and its geological materials (Figure 1). As long as the amount of carbon flowing

Figure 1

The Global Carbon Cycle (in GtC)

Source: www.met-office.gov.uk/research/hadleycentre/models/carbon_cycle/intro_global

Atmosphere
750

Vegetation: 610
Soils & Detritus: 1,580 Surface Ocean

1,020

Marine Biota
3

Surface Sediment
150

Intermediate
& Deep Ocean

38,100

Dissolved
Organic Carbon

<700

5.5

50

6

40

90

92

Fossil Fuels &
Cement Production

91.6

0.5

1.6

4

0.2

6

100

C
ha

ng
in

g 
La

nd
-U

se

61.2

G
lo

ba
l N

et
 P

ri
m

ar
y

P
ro

du
ct

io
n 

&
 R

es
pi

ra
tio

n60

SOURCE: Herzog, 2001; Han et al., 2007

Co
st

Capacity (Gt of CO2)

Terrestrial Ecosystems

Unminable Coal Seams

Depleting Gas Reservoirs

Depleting Oil Reservoirs

Shales (TBD)

Saline Formations

Oceans (TBD)

0 100 200 300 400 500

Carbon sequestration technology is an emer-
ging area of research that is rarely presented 
in the current middle and high school curri-
culum. This poster complements a concurrent
lecture at HASTI (Kevin Ellett and Cristian 
Medina) and presents three objectives:
 
(1) to introduce the topic of geologic carbon 
sequestration as a promising area of research 
for the mitigation of global warming;

(2) to show how this technology draws from 
different science disciplines (e.g. earth science, 
physics, chemistry, and mathematics) and thus
offers new opportunities for science education; 

(3) to present skills that students can learn by 
studying this technology, such as the use and 
display of quantitative data and the use of online
resources to perform literature searches. 

Carbon Dioxide and the 
Greenhouse Effect: 

A Problem and a Challenge

The greenhouse effect is a natural process
by which thermal radiation from the sun is
absorbed by atmospheric greenhouse gases
(such as carbon dioxide, CO2) and is re-radia-
ted in all directions. This process warms our 
planet, allowing all life forms to inhabit it.
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Cristian Medina (crmedina@indiana.edu), Kevin Ellett (kmellett@indiana.edu), John Rupp (rupp@indiana.edu), and John Steinmetz (jsteinm@indiana.edu)

Presented at:

                                  Science education is
                      the field concerned with sharing 
              science content and process with indivi-
         duals not traditionally considered part of the 
          scientific community. The target individuals may 
    be children, college students, or adults within the
 general                      public. The field of science educa-
 tion                                                comprises science content, 
some
social                                                     
 science,                        and some teaching pedagogy. The 
                                        standards for science education pro-
                                        vide expectations                for the 

                                 development of understanding for 
        students through the entire course of their K-12 
             education. The traditional subjects included 
                     in the standards are physical, life, 
                            earth, and space sciences.

Renewable 
Energy

Earth
Sciences

Carbon
Sequestration

Energy
Efficiency

Science
Education

                                   *Carbon sequestration is
                           'The process of removing carbon 
                  from the atmosphere and depositing it in 
            a reservoir.' When carried out deliberately, this
     may also be               referred       to as carbon dioxide 
     removal,                                                                       which is 
a form of                                                                             geoengi-
neering.                                                                               The term 
                carbon sequestration may also be used to refer to 

the process of              carbon capture and storage (CCS), 
      where CO2 is removed from flue gases, such as on 
         power stations, before being stored in underground
           reservoirs. Carbon sequestration describes 
              long-term storage of carbon dioxide or other 
                    forms of carbon to either mitigate or 
                                  defer global warming. 

*Source: Wikipedia

*Source: Wikipedia

*Source: Wikipedia

*Source: Wikipedia

                                       *Energy efficiency is 
                           the goal of efforts to reduce the 
                   amount of energy required to provide 
              products and services. For example, insulating 
                                       a home allows a building to use less 

                                                    heating and cooling energy to 

       achieve and maintain a comfortable temperature. 
        Installing fluorescent lights or natural skylights redu-
           ces the amount of energy required to attain the 
               same level of illumination compared to using 
                      traditional incandescent light bulbs. 
                                     

                                      Alternative energy 
                           refers to any source of 
                 usable energy intended to replace
            fuel sources without the undesired consequen-
        ces of the replaced fuels. In a general sense in con-
     temporary society, alternative energy is that which is 
                   produced without the undesi         rable     conse-

                             quences of the burning of fossil fuels, such as
                                      high carbon dioxide emissions, which are 

          considered to be the major contributing factor of 
                  global warming according to the Inter-
                         governmental Panel on Climate 
                              Change.....

Useful Links:
Department of Energy: http://www.energy.gov/

National Energy Technology Lab (DOE/NETL): http://www.netl.doe.gov/
Intergovernmental Panel on Climate Change (IPCC): http://www.ipcc.ch/

The territory size shows the proportion 
of carbon dioxide emissions in 2000 
that were directly from there.

Rank Territory Value
191 Democratic Republic Congo 0.095
192 United Republic of Tanzania 0.094
193 Malawi 0.094
194 Uganda 0.094
195 Comoros 0.094
196 Niger 0.094
197 Burundi 0.048
198 Cambodia 0.048
199 Chad 0.047
200 Afghanistan 0.040

Technical notes

© Copyright 2006 SASI Group (University of Sheffield) and Mark Newman (University of Michigan)

tonnes of carbon dioxide emitted in 2000 per person living in that territory*

Rank Territory Value
1 Qatar 64
2 Bahrain 27
3 Brunei Darussalam 21
4 Kuwait 21
5 Trinidad & Tobago 20
6 Luxembourg 19
7 United States 19
8 United Arab Emirates 18
9 Australia 18
10 Saudi Arabia 17

MOST AND LEAST CARBON DIOXIDE EMISSIONS IN 2000
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Carbon Emissions 2000

www.worldmapper.org

Produced by the SASI group (Sheffield) and Mark Newman (Michigan)

“If the world does not learn now to show respect to nature, what kind of future will the new generations have?”

Carbon dioxide causes roughly 60%
of the ‘enhanced greenhouse effect’
or global warming resulting from
certain gases emitted by human
activities. In 2000 there were almost
23 billion tonnes of carbon dioxide
emitted worldwide. Of this, 28% came
from North American territories;
0.09% came from Central African
territories.

Emissions of carbon dioxide vary
hugely between places, due to
differences in lifestyle and ways of
producing energy. Whilst people living
in 66 territories emitted less than 1
tonne per person in 2000; more than
10 tonnes per person were emitted
by people living in the highest
polluting 21 territories that year.

• Data are from the United Nations Development
Programme’s 2004 Human Development Report.

• *The denominator used is population in 2002.
• See website for further information.

Territory size shows the proportion of carbon dioxide
emissions in 2000 that were directly from there.

Map 295

Rigoberta Menchú Tum, 1992

CARBON DIOXIDE EMISSIONS IN 2000
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Have you heard of Stabilization Wedges?*
*Source of text and figures in this section: http://cmi.princeton.edu/wedges/

The “stabilization wedges” concept is a simple tool for conveying the emissions cuts that can be made
to avoid dramatic climate change. We consider two futures - allowing emissions to double versus 
keeping emissions at current levels for the next 50 years. The emissions-doubling path (black dashed 
line) falls in the middle of the field of most estimates of future carbon emissions. The slope approxi-
mately extends the climb for the past 50 years, during which the world’s economy grew much faster
than its carbon emissions. Emissions could be higher or lower in 50 years, but this path is a reasonable
reference scenario.

This page contains descriptions of 15 strategies
already available that could be scaled up over the 
next 50 years to reduce global carbon emissions by 1 billion tons per year, or one wedge.
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Figure 4. The eight “wedges” of the stabilization triangle.
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In contrast, we can prevent a doubling of CO2 if we can keep emissions flat for the next 50 years, 
then work to reduce emissions in the second half of the century (Figure 3, orange line).  This path is predicted 
to keep atmospheric carbon under 1200 billion tons (which corresponds to about 570 parts per million (ppm)), 
allowing us to skirt the worst predicted consequences of climate change.  

Keeping emissions flat will require cutting projected carbon output by about 8 billion tons per year 
by 2055, keeping a total of ~200 billion tons of carbon from entering the atmosphere (see yellow triangle in 
Figure 3). This carbon savings is what we call the “stabilization triangle.”   

The conventional wisdom has been that only revolutionary new technologies like nuclear fusion could enable 
such large emissions cuts.  There is no reason, however, why one tool should have to solve the whole problem.  
CMI set out to quantify the impact that could be made by a portfolio of existing technologies deployed on 
a massive scale.  

To make the problem more tractable, we divided the 
stabilization triangle into eight “wedges.” (Figure 4) A 
wedge represents a carbon-cutting strategy that has the 
potential to grow from zero today to avoiding 1 billion tons 
of carbon emissions per year by 2055, or one-eighth of the 
stabilization triangle. The wedges can represent ways of 
either making energy with no or reduced carbon emissions 
(like nuclear or wind-produced electricity), or storing 
carbon dioxide to prevent it from building up as rapidly in 
the atmosphere (either through underground storage or 
biostorage). 

Keeping emissions flat will require the world’s 
societies to “fill in” the eight wedges of the stabili-
zation triangle.  In CMI’s analysis, at least 15 strategies are available now that, with scaling up, could 
each take care of at least one wedge of emissions reduction.  No one strategy can take care of the whole trian-
gle -- new strategies will be needed to address both fuel and electricity needs, and some wedge strategies 
compete with others to replace emissions from the same source -- but there is already a more than adequate 
portfolio of tools available to control carbon emissions for the next 50 years. 

Wedge Strategies Currently Available
The following pages contain descriptions of 15 strategies already available that could be scaled up over the next 50 years 
to reduce global carbon emissions by 1 billion tons per year, or one wedge. They are grouped into four major color-
coded categories: 

Each strategy can be applied to one or more sectors, indicated by the following symbols: 

       = Electricity Production,        =Heating and Direct Fuel Use,        =Transportation,       = Biostorage

Efficiency & Conservation  

Increased transport efficiency 
Reducing miles traveled 
Increased building efficiency 
Increased efficiency of electricity production 

Fossil-Fuel-Based Strategies 

Fuel switching (coal to gas) 
Fossil-based electricity with carbon capture & storage (CCS) 
Coal synfuels with CCS 
Fossil-based hydrogen fuel with CCS 

Nuclear Energy

Nuclear electricity 

Renewables and Biostorage  

Wind-generated electricity  
Solar electricity 
Wind-generated hydrogen fuel 
Biofuels 
Forest storage 
Soil storage
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The Earth’s atmosphere currently contains about 800 billion tons
of carbon as CO2, and combustion of fossil fuels currently adds 
about 8 billion tons of carbon every year. If we think of the 
atmosphere as a bathtub, these carbon emissions are like water 
coming out of the tap to fill the tub (Figure 1). The ocean and 
land biosphere act as two drains for this bathtub – carbon can be 
taken out of the atmosphere by being dissolved in the surface 
ocean or being taken up by growing forests.  However, these two 
“drains” only take out about half the carbon we emit to the atmos-
phere every year.  The remainder accumulates in the atmosphere 
(currently at a rate of roughly 4 billion tons per year), so the level 
of carbon in the tub is rising. 

The fossil fuel tap was “opened” with the Industrial Revolution.    
In pre-industrial times, the atmosphere contained only about 600 
billion tons of carbon, 200 billion tons less than today (Figure 2).  
As an illustration of the importance of CO2 to the Earth’s climate, 
ice core records show that past atmospheric carbon changes of a 
similar magnitude have meant the difference between Ice Ages 
and the familiar warmer conditions of the past 10,000 years. 

Observations indicate that the carbon already added to the at-
mosphere has raised the global average temperature by around 
1º Fahrenheit since the 19th century, and almost every year the 
fossil fuel tap is opened wider.  An average of many forecasts 
predicts that we’ll be adding 16 billion tons of carbon per year 
to the “bathtub” in 50 years, twice today’s rate, unless action is 
taken to control carbon emissions.  If we follow this path, the 
amount of carbon in the atmosphere will reach 1200 billion tons -
- double its pre-industrial value – well before the end of this century, and will continue to increase into the fu-
ture.  As a result, the Earth’s temperature is expected to rise at a rate unprecedented in the last 10,000 years. How can 
we get off this path? 

An Introduction to Stabilization Wedges 
The “stabilization wedges” concept is a simple tool for convey-
ing the emissions cuts that can be made to avoid dramatic cli-
mate change. 

We consider two futures - allowing emissions to double 
versus keeping emissions at current levels for the 
next 50 years (Figure 3).  The emissions-doubling path 
(black dotted line) falls in the middle of the field of most 
estimates of future carbon emissions.  The climb approxi-
mately extends the climb for the past 50 years, during 
which the world’s economy grew much faster than its car-
bon emissions. Emissions could be higher or lower in 50 
years, but this path is a reasonable reference scenario. 

The emissions-doubling path is predicted to lead to 
significant global warming by the end of this century. 
This warming is expected be accompanied by decreased 
crop yields, increased threats to human health, and more 
frequent extreme weather events.  The planet could also 
face rising sea-level from melting of the West Antarctic 
Ice Sheet and Greenland glaciers and destabilization of 
the ocean’s thermohaline circulation that helps redistrib-
ute the planet’s heat and warm Western Europe.

Figure 2. Past, present, and potential future levels of 
carbon in the atmosphere in two units. 2.1 billions of 
tons of carbon = 1 part per million (ppm).

Figure 3. Two possible emissions scenarios define the  
“stabilization triangle.” 
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Figure 1. The atmosphere as a bathtub, with current 
annual inputs and outputs of carbon.  The level in the 
tub is rising by about 4 billion tons per year.
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The Earth’s atmosphere currently contains about 800 billion tons
of carbon as CO2, and combustion of fossil fuels currently adds 
about 8 billion tons of carbon every year. If we think of the 
atmosphere as a bathtub, these carbon emissions are like water 
coming out of the tap to fill the tub (Figure 1). The ocean and 
land biosphere act as two drains for this bathtub – carbon can be 
taken out of the atmosphere by being dissolved in the surface 
ocean or being taken up by growing forests.  However, these two 
“drains” only take out about half the carbon we emit to the atmos-
phere every year.  The remainder accumulates in the atmosphere 
(currently at a rate of roughly 4 billion tons per year), so the level 
of carbon in the tub is rising. 

The fossil fuel tap was “opened” with the Industrial Revolution.    
In pre-industrial times, the atmosphere contained only about 600 
billion tons of carbon, 200 billion tons less than today (Figure 2).  
As an illustration of the importance of CO2 to the Earth’s climate, 
ice core records show that past atmospheric carbon changes of a 
similar magnitude have meant the difference between Ice Ages 
and the familiar warmer conditions of the past 10,000 years. 

Observations indicate that the carbon already added to the at-
mosphere has raised the global average temperature by around 
1º Fahrenheit since the 19th century, and almost every year the 
fossil fuel tap is opened wider.  An average of many forecasts 
predicts that we’ll be adding 16 billion tons of carbon per year 
to the “bathtub” in 50 years, twice today’s rate, unless action is 
taken to control carbon emissions.  If we follow this path, the 
amount of carbon in the atmosphere will reach 1200 billion tons -
- double its pre-industrial value – well before the end of this century, and will continue to increase into the fu-
ture.  As a result, the Earth’s temperature is expected to rise at a rate unprecedented in the last 10,000 years. How can 
we get off this path? 

An Introduction to Stabilization Wedges 
The “stabilization wedges” concept is a simple tool for convey-
ing the emissions cuts that can be made to avoid dramatic cli-
mate change. 

We consider two futures - allowing emissions to double 
versus keeping emissions at current levels for the 
next 50 years (Figure 3).  The emissions-doubling path 
(black dotted line) falls in the middle of the field of most 
estimates of future carbon emissions.  The climb approxi-
mately extends the climb for the past 50 years, during 
which the world’s economy grew much faster than its car-
bon emissions. Emissions could be higher or lower in 50 
years, but this path is a reasonable reference scenario. 

The emissions-doubling path is predicted to lead to 
significant global warming by the end of this century. 
This warming is expected be accompanied by decreased 
crop yields, increased threats to human health, and more 
frequent extreme weather events.  The planet could also 
face rising sea-level from melting of the West Antarctic 
Ice Sheet and Greenland glaciers and destabilization of 
the ocean’s thermohaline circulation that helps redistrib-
ute the planet’s heat and warm Western Europe.

Figure 2. Past, present, and potential future levels of 
carbon in the atmosphere in two units. 2.1 billions of 
tons of carbon = 1 part per million (ppm).

Figure 3. Two possible emissions scenarios define the  
“stabilization triangle.” 
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Figure 1. The atmosphere as a bathtub, with current 
annual inputs and outputs of carbon.  The level in the 
tub is rising by about 4 billion tons per year.
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If we imagine the atmosphere as a bathtub, with
current annual inputs and outputs of carbon, the 
level in the tub is rising by about 4 billion tons per 
year.

The emissions-doubling path is predicted to lead to
significant global warming by the end of this century.
In contrast, we can prevent a doubling of CO2 if we can 
keep emissions flat for the next 50 years, then work to 
reduce emissions in the second half of the century
(orange line). This path is predicted to keep atmospheric 
carbon under 1200 billion tons, which corresponds to 
about 570 parts per million (ppm), allowing us to skirt 
the worst predicted consequences of climate change.

Keeping emissions flat will require cutting projected
carbon output by about 8 billion tons per year by 
2055, keeping a total of ~200 billion tons of carbon 
from entering the atmosphere (see yellow triangle). 
This carbon savings is what we call the “stabilization 
triangle.”

What is Earth Science Literacy?
Earth Science Literacy is an understanding 

of Earth’s influence on you and of your influence 
on Earth. Earth Science Literacy Principles are 

defined by the scientists who carry out active 
research in many areas of Earth science and 

explain the complexities of how our planet works.
For more information about

Earth Science Literacy, please visit
www.earthscienceliteracy.org
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Strategy Sector Description 1 wedge could come from… Cost Challenges

1. Efficiency – 
Transport

Increase automobile fuel  
efficiency

(2 billion cars projected in 
2050)

… doubling the efficiency of all 
world’s cars from 30 to 60 mpg $ Car size & power 

2. Conservation
- Transport 

Reduce miles traveled by pas-
senger and/or freight vehicles 

… cutting miles traveled by all 
passenger vehicles in half $

Increased public 
transport, urban 

design

3. Efficiency -
Buildings

Increase insulation, furnace  
and lighting efficiency 

… using best available technol-
ogy in all new and existing 

buildings 
$

House size, con-
sumer demand for 

appliances

4. Efficiency –
Electricity

Increase efficiency of power 
generation

… raising plant efficiency from 
40% to 60% $ Increased plant 

costs

5. CCS
Electricity 

CO2 from fossil fuel power 
plants captured, then stored 

underground 
(700 large coal plants or 1400 

natural gas plants) 

… injecting a volume of CO2
every year equal to the volume 

of oil extracted 
$$

Possibility of CO2

leakage

6. CCS
Hydrogen 

Hydrogen fuel from fossil 
sources with CCS displaces 

hydrocarbon fuels 

… producing hydrogen at 10 
times the current rate $$$

New infrastructure 
needed, hydrogen 

safety issues 

7. CCS Synfuels 
Capture and store CO2 emitted 

during synfuels production 
from coal 

… using CCS at 180 large  
synfuels plants $$

Emissions still only 
break even with 

gasoline

8. Fuel
Switching – 
Electricity 

Replacing coal-burning electric 
plants with natural gas plants 

(1400 1 GW coal plants) 

… using an amount of natural 
gas equal to that used for all 

purposes today

$ Natural gas 
availability

9. Nuclear
Electricity 

Displace coal-burning electric 
plants with nuclear plants 

(2 x current capacity) 

… ~3 times the effort France 
put into expanding nuclear 

power in the 1980’s,  sustained 
for 50 years

$$
Weapons prolifera-
tion, nuclear waste, 

local opposition 

10. Wind
Electricity 

Wind displaces coal-based 
electricity

(30 x current capacity) 

… using area equal to ~3% of 
U.S. land area for wind farms $$

Not In My Back Yard 
(NIMBY) 

11. Solar
Electricity 

Solar PV displaces coal-based 
electricity

(700 x current capacity) 

.. using the equivalent of a 100 
x 200 km PV array $$$ PV cell materials 

12. Wind
Hydrogen 

Produce hydrogen with wind  
electricity

… powering half the world’s 
cars predicted for 2050 with 

hydrogen
$$$

NIMBY, Hydrogen 
infrastructure, safety

13.  Biofuels Biomass fuels from plantations 
replace petroleum fuels 

… scaling up world ethanol pro-
duction by a factor of 30 $$

Biodiversity, compet-
ing land use 

14. Forest
Storage Carbon stored in new forests … halting deforestation in 50 

years
$ Biodiversity, compet-

ing land use 

15. Soil
Storage

Farming techiques increase 
carbon retention or storage in 

soils

 … practicing carbon manage-
ment on all the world’s agricul-

tural soils

$ Reversed if land is 
deep-plowed later 

     = Electricity Production,        =Heating and Direct Fuel Use,        =Transportation,       = Biostorage

Stabilization Wedges – 15 Ways to Cut Carbon

For more information, visit our website at http://www.princeton.edu/wedges.
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