
Background Information 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Carbon Capture Challenge Educator Guide, 

Summer 2022 



Background Information 
 
 

 
The Challenge Before You ..................................................................................................................................................... 4 

Prizes ..................................................................................................................................................................................... 4 

Objective: .............................................................................................................................................................................. 5 

Deliverables: .......................................................................................................................................................................... 5 

Requirements: ....................................................................................................................................................................... 5 

Submission: ........................................................................................................................................................................... 5 

Helpful Resources: ................................................................................................................................................................. 6 

Vocabulary Words ............................................................................................................................................................. 6 

The Carbon Cycle ............................................................................................................................................................... 7 

The Changing Earth ........................................................................................................................................................... 8 

Fossil Fuels ......................................................................................................................................................................... 9 

Electricity production ...................................................................................................................................................... 10 

Carbon dioxide and Global Climate Change .................................................................................................................... 10 

Implications of Climate Change ....................................................................................................................................... 11 

The Paris Agreement ....................................................................................................................................................... 12 

Carbon Capture, Utilization and Storage ........................................................................................................................ 12 

Pre-Combustion ............................................................................................................................................................... 13 

Post Combustion ............................................................................................................................................................. 13 

Solvents ........................................................................................................................................................................... 14 

Sorbents .......................................................................................................................................................................... 14 

Membranes ..................................................................................................................................................................... 14 

Direct Air Capture ............................................................................................................................................................ 14 

Bioenergy with Carbon Capture and Sequestration (BECCS) .......................................................................................... 15 

Nature Based Solutions ................................................................................................................................................... 15 

Storage ............................................................................................................................................................................ 15 

Storage and Utilization .................................................................................................................................................... 16 

CO2 and Space flight ....................................................................................................................................................... 16 

Table of Contents 



Background Information 
 
 

External Resources .............................................................................................................................................................. 18 

Booking Webinars: .............................................................................................................................................................. 19 

Space Robotics Challenge: ................................................................................................................................................... 20 

 

 

 

 

 

 

 

 

 

HOW TO USE 

THIS GUIDE 
 
Thank you for participating in the STEM Innovation in Schools 

program! This guide provides you with resources your students 

will need to design a carbon capture system that can be used in 

a spacefaring vehicle or a lunar or Martian habitat. Within this 

guide you’ll find the background information on this challenge, a 

Quick Start Guide which includes a list of deliverables, best 

practices for completing the challenge as well as many resources 

you can reference to build your knowledge base and bring you 

closer to a solution to this critical task. Remember, if you get 

stuck or need an example, the resources listed here are a great 

place to begin finding solutions. Good luck!  

 

-Space Center Houston Crew Members 
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The Challenge Before You 
An issue that is facing both the future of space travel and life on planet Earth is the accumulation of greenhouse gases 
in closed systems. As human beings, any environment we occupy will eventually show an increase in Carbon Dioxide. If 
unchecked, this can lead to a myriad of problems from carbon dioxide poisoning in a spacefaring vehicle to climate 
change here at home. 
 
NASA has experimented with different solutions for capturing carbon from the air in the past. As they look ahead to 
longer duration missions, many of these solutions will need to be improved or new, scalable solutions implemented. 
The STEM Innovation in Schools program will support your students as they attempt to solve this problem in unique 
ways. 
 
The STEM Innovation in Schools challenge will consist of a single competition round in which participants develop a 
carbon capture system that can be housed in a spacefaring vehicle or a lunar or Mars habitat. Additional consideration 
will be given to projects that also incorporate the storage and/or utilization of the captured carbon 
 
Space Center Houston is dedicated to providing your classroom with all of the resources you may need. If you or your 
students have any questions about the program, please contact us by clicking this link and scheduling a virtual meeting. 
 
The window for submissions is open all summer. There will be an Awards Ceremony in early August, before school 
starts in the Fall, so if you’d like for your students to participate in the Awards Ceremony, all submissions must be in 
before July 29, 2022. 

Prizes 
Everyone that submits an entry for the STEM Innovation in Schools program is invited to our Awards Ceremony here at 

Space Center Houston and will also receive a free ticket to visit Space Center Houston on a day of their choosing. We 

will also be awarding 10 Family Memberships and 10 free registrations to our Space Center U program. 

 

Teachers with the highest participation levels will be invited to participate in Professional Development with our 

incredible instructors. Gain skills that will help you transform your classroom into an engaging, exploratory experience 

for your students.   

Background Information 

https://outlook.office365.com/owa/calendar/SpaceCenterHouston1@spacecenter.org/bookings/
https://spacecenter.org/membership/
https://spacecenter.org/space-center-u/
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Objective: 
Develop a carbon capture system that can be housed in a spacefaring vehicle or a lunar or Mars habitat. 

Deliverables: 
Each team must design a prototype of the carbon capture system. Additionally, teams must submit a presentation 

explaining how and why the system works. If a physical prototype is made, teams should also provide data that shows 

the effectiveness of the system. 

 

Acceptable presentation formats include: 

• Microsoft PowerPoint 

• Google Sheets 

• PDF (Word or Google Document) 

 

Acceptable video formats include (video can be included in your presentation): 

• MP4 

• MOV 

• AVI 

Requirements: 
The carbon capture system should address three key components: 

• Effectiveness: The system should reliable remove a significant amount of carbon dioxide from the environment. 

• Size: The system should be compact enough to be easily stored and used inside of a spacefaring vehicle. For 

reference, the Orion capsule that will be used in the NASA Artemis missions to the Moon can house four 

astronauts and has an interior roughly the size of an SUV. 

• Scalability: The system should be expandable in such a way that using multiple devices in tandem will increase 

the efficacy. 

Submission: 
Submissions will be collected through this Microsoft Form. In order to submit, your team will need to place all of the 

supporting documents for the project in a cloud folder and share the link to that folder through the form. If you don’t 

have access to cloud storage, Space Center Houston will work with you to set up a folder where your team can house 

its files. Teams can be as large as five (5) students or as small as one (1). Each student on the team should complete the 

submission form. 

 

 

Quick Start Guide 

https://forms.office.com/r/6GTKbgvFEy
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Helpful Resources:  
This section will provide information that can help create a great foundation for your project. 

Here you will find background information provided by our research team as well as links to articles and pages that will 

support further learning for your students. 

 

Vocabulary Words 
We have compiled a list of words that may be new to your students but will help them along their journey in 

understanding more about carbon capture. Words below with asterisks next to them are talked about in more detail in 

their own section further down. 

 

*Fossil fuels 

Point source: coming from or gathering at a single place 

Non-point source: a wide area with no discernable, single location 

Scrubbing: Removing CO2 from the air/atmosphere 

*Paris Agreement 

Carbon dioxide: the molecule formed when a carbon atom shares a bond with two oxygen atoms 

Sequestration: trapping of carbon 

Renewable resources: objects that can be replaced sustainably after use 

Non-renewable resources: objects that have a finite amount of use 

Carbon sink: storing more carbon than is being released 

Carbon source: releasing more carbon that is being stored 

Photosynthesis: the process by which certain organisms use sunlight to synthesize foods from carbon dioxide and 

water 

Carbon fixation: the process by which photosynthetic organisms turn inorganic carbon in to organic compounds 

(carbohydrates) 

Greenhouse gas: a gas that contributes to warming of a celestial body by absorbing infrared radiation 

Gasification: a process that converts biomass- or fossil fuel-based carbonaceous materials into gases 

Anoxic: an absence or deficiency of oxygen 

Syngas: a mixture of hydrogen, carbon monoxide, and carbon dioxide produced industrially, especially from coal, and 

used as a feedstock in making synthetic chemicals 

Acidification: the action or process of making or becoming acidic 

Zeolite: any of a large group of minerals consisting of hydrated aluminosilicates of sodium, potassium, calcium, and 

barium 

Aggregate: a whole formed by combing several elements 

Mineralization: the decomposition of the chemical compounds in organic matter, by which the nutrients in those 

compounds are released in soluble inorganic forms that may be available to plants 
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Adsorption: the use of beaded, porous materials, known as molecular sieves, to separate metabolic carbon dioxide to 

be discarded or recycled 

 

The Carbon Cycle 
Carbon, from the Latin word carbo, meaning charcoal, is 
a chemical element (C) and the sixth most abundant 
element. Its origin is found in very dense stars from the 
fusion of three helium atoms. Carbon can form stable 
bonds with other carbons and many other elements in a 
wide variety of shapes, forming more than all the other 
elements combined. The strength of the bond, while still 
being able to change and rearrange, makes carbon 
excellent building blocks.  It is vital to life on Earth, 
occurring in all living organisms. Carbon moves through 
our world from the atmosphere to the planet and back 
to the atmosphere in a variety of forms, with the cycle 
known as the Carbon Cycle (Fig. 1). Areas of large 
amounts of carbon storage, such as the ocean, rocks 
and sediments are called carbon sinks. In the 
atmosphere carbon is in the form of carbon dioxide (CO2), a compound formed of one carbon molecule and two oxygen 
molecules. The atmospheric carbon dioxide is available to be taken up by oceans and other large bodies of water as 
well as organisms.   
 

Plants undergo a process called photosynthesis, where carbon dioxide is 
taken in and the carbon is transformed into stored energy (glucose) and 
oxygen is released into the environment (Fig. 2). The plant material may 
then be ingested by consumers, such as animals who break the carbon 
bonds and use the energy to survive. These organisms, which take in 
oxygen, also release carbon in the form of carbon dioxide into the 
atmosphere. When organisms die, the organic material (material 
containing carbon) is broken down by decomposers, and in the presence 
of oxygen, binds and releases into the atmosphere as carbon dioxide. 
When we burn or combust materials made of carbon, such as forests 
and fossilized organic material, we are again breaking the bonds of the 

carbon compounds. The carbon then combines with oxygen and CO2 is released back into the atmosphere. The balance 
of carbon in the atmosphere and the lithosphere, the hard rigid layer of the planet, has changed throughout the 
planet’s history with dramatic consequences to life.   
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Our current atmosphere is composed of nitrogen (78%) and oxygen (21%) with the remaining 1% being carbon dioxide, 
neon, and argon. Held in balance, the amount and distribution of these gasses as well as temperature and carbon allow 
for the existence of life. When these factors are out of balance, the planet’s environment can change drastically and 
lead to the extinction of species. Changes in these factors are believed to have led to the five mass extinction events in 
our geological history and the current beginning of the sixth event. 
 

The Changing Earth 
To understand the changes occurring today, we need 
to understand the history of our planet (Fig. 3). Our 
now lush planet formed approximately 4.5 billion 
years ago and was once a molten mass devoid of life. 
Over hundreds of millions of years, the Earth cooled 
and solidified forming the basic layers. The plant’s 
early atmosphere was also drastically different, being 
primarily composed of the lighter elements, 
hydrogen, and helium. As the Earth’s crust changed, 
volcanic activity increased and delivered ammonia, 
hydrogen sulfide, methane, water vapor, and carbon 
dioxide into the atmosphere.  Further cooling 
allowed the existence of large liquid pools of water 
to collect, forming our oceans. With liquid water and 
lower temperatures came the organic building blocks 
and early forms of life.   
  
Over these billions of years, the composition our 
atmosphere continued to change with a rise and fall 
of oxygen and carbon dioxide levels. The 
atmospheric levels of carbon dioxide and oxygen 
have changed over time in response to the planet’s 
environmental changes. Our early Earth was anoxic, 
or without significant oxygen levels well into the 
Precambrian Eon, which ended 542 million years ago. 
The changes in levels throughout geological time and 
to present are now believed to be in response to 

development of aquatic and terrestrial plants as well as the burial of organic matter or sedimentation. Although great 
amounts of oxygen are released by plants, it is not believed that this alone was enough to reach today’s oxygen levels. 
When organic material dies, and is in an environment with oxygen, it is often broken down by decomposers which 
include bacterium, fungi or invertebrates. The carbon in the decomposed material bonds with oxygen forming CO2 
which is released into the atmosphere. When the organic matter is buried in anoxic environments, without 
oxygenation, the carbon does not attach to the atmospheric oxygen to form CO2.   
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Fossil Fuels  
The organic material originating from the remains of organisms which have died millions of years ago and subjected to 
great pressure become fossil fuels. There are primarily three types of fossil fuels, crude oil, coal, and natural gas which 
from depending on the type of organisms, pressure, time, and temperature (Fig. 4). Because fossil fuels take millions of 
years to form, they are considered non-renewable resources. 
 

The first mass extinction in our 
planet’s history, known as the 
Late Ordovician Mass Extinction, 
occurred in two pulses, ending 
around 444 million years ago. 
The event is believed due to a 
change in climate and low 
aquatic oxygen levels and 
resulted in a loss of 
approximately 85% of species in 
the ancient oceans. The dead 
organisms, primarily tiny 
creatures called plankton (from 
the word planktos, Greek for 
wanderer) sank to the bottom of the ocean floor and were then buried by sand. This process was repeated over 
hundreds of thousands of years, with the buildup of many layers of organisms buried in anoxic (no oxygen) conditions. 
Over time the overlaying weight and pressure from the layers turned the sand into sandstone and the organic matter of 
the organisms into what we now call crude oil. Organic matter exposed to greater amounts of heat and pressure, 
further decomposed, and resulted in a gas product we call natural gas, which is primarily composed of methane.         
  
During the Carboniferous period (also known as the 
Mississippian and Pennsylvanian periods) 350 to 300 
million years ago, our planet was covered with vast 
swamps and forests. These areas were often flooded 
which killed the lush and abundant vegetation. As the 
plants died, they were covered by sediments, and as 
with the sea creatures, built up layers with each die 
off. The generated heat and pressure of the overlying 
layers resulted in the formation of sandstone from 
the sediments and coal from the hardened organic 
material. Increased sediment burial of the organic 
matter relates to the location and stores of fossil 
fuels.   
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Fossil fuels provide 80 - 90% of the world’s energy. Containing long hydrocarbon chains, these fuels are rich in stored  
energy in their molecular bonds. The chemical reaction of the combustion of these high-density energy materials 
results in great amounts of energy as heat (Fig. 5). 
 

Electricity production  
One of the biggest uses of energy is the production of electricity. Energy is the flow of electrons, which are tiny, 
charged particles that whirl around the nucleus of an atom. To generate electricity, electrons need to be set in motion. 
One way to do this is to move an electrically conductive material such as a copper wire through a magnetic field in a 
generator made of copper wire coils and magnets.  As a turbine spins, it causes the magnets in the generator to pass 
over the wire coils, generating as flow of electrons through the copper wire and powering an alternating current that 
passes into electrical transmission lines.  Most of the energy used to provide the power to heat up the water that turns 
to steam to turn the turbine comes from fossil fuels and is utilized for a variety of activities including transportation, 
heating, and manufacturing.  
  

The combustion results in the breakdown of the chemical bonds of 
carbon, which then bonds with oxygen and releases CO2 into our 
atmosphere. Because of their heat trapping properties, some gasses 
including CO2 and methane (CH4), are known as Greenhouse gasses (Fig. 
6). Increases of greenhouse gasses in the atmosphere can increase 
global temperatures resulting in global climate change. During the third 
mass extinction event, or the “Great Dying Event” 252 million years ago, 
volcanic activity and the combustion of oil coal deposits by the molten 
magma released CO2 and CH4 into the atmosphere. The volcanic activity 
and subsequent release of these greenhouse gasses warmed the planet 
and disrupted the required balance and resulted in the death of 96% of 
all life. 

 

Carbon dioxide and Global Climate Change  
Throughout our geological history there have been periods of large-scale changes to the balance of gasses between the 
atmosphere and lithosphere resulting in dramatic changes to life on the planet. While these past changes have taken 
place over thousands to millions of years, the current change in this balance has taken place much faster, primarily 
since the industrialization of our society. This change is primarily due to the combustion of fossil fuels. It is estimated 
that worldwide, more than ten billion tons of fossil fuels are burned each year, an amount greater than that which was 
burned during the planet’s largest extinction event. 
  
Combustion or burning of these fuels releases the vast amounts of stored carbon which combines with oxygen and 
releases CO2 into the air, while also removing oxygen. Records indicate that human activities in the postindustrial era 
(1850) have raised the atmospheric concentrations of CO2 by 49%. In perspective, this is greater than the increase in the 
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20,000 years prior to industrialization (Fig. 7). 
The current release rates are also 14 times 
higher than those from the activities causing 
the planet’s largest extinction 252 million years 
ago. 
Climate is different from weather. Weather is 
the daily change of conditions. Climate is the 
pattern and average of these conditions over 
long periods of time. Because the changes we 
are observing are long term and happening all 
over the world, we call this global climate 
change.    
  
Scientist’s concerns about the effects of CO2 on 
Earth’s climate were voice as early as 1895 
when Svante Arrhenius presented his work in a 
paper to the Stockholm Physical Society. There 
he shared his observations and calculations 
describing the effect of increased atmospheric 
CO2 on global temperatures. Arrhenius’s and 
other early work and warnings were met with skepticism and denial. As evidence and understanding of the issue has 
increased, we now understand, as the Intergovernmental Panel on Climate Change stated, the “Scientific evidence for 
warming of the climate system is unequivocal” and the result of human activity.   
  
NASA monitors the advance and effects of climate change through numerous missions from numerous Earth orbiting 
satellites as well as the International Space Station.  
 

Implications of Climate Change  
Although the CO2 and global temperature have changed throughout our 
planet’s history, the concern is the rate of change. While historical 
changes have occurred in thousands to millions of years, the rate of 
current change is greatly accelerated.  Modern monitoring of CO2 and the 
longest record of direct atmospheric measurement began in 1958 at the 
Mauna Loa Observatory in Hawaii. Records show that in the last 151 years 
the industrial activities have increased the levels of CO2 from 280 parts per 
million (ppm) to the current level of 417 ppm, a new record high (Fig. 8). 
The rate of increase is about 60 - 100 times faster than previous rates of 
increase. The rate of subsequent temperature increase has also 
accelerated and has risen by 0.14° F (0.08° C) per decade since 1880. Over 
the past 40 years, this represents a rate of warming more than twice that: 
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0.32° F (0.18° C) per decade since 1981. This trend has resulted in a rise of the planet’s temperature by 2° F (1.18° C) 
since 1880.    
  
Consequences of the disruption of the balance of CO2 and other greenhouse gasses were first observed in temperature 
increase, with effects following throughout the global system. Increased atmospheric temperature subsequently affect 
the melting of ice sheets, sea level rise and sea surface temperature. As atmospheric and sea surface temperature are 
an integral part of our weather patterns, we are now observing dramatic changes including more intense droughts, and 
summer temperatures. As warmer air can hold more moisture, from which storms feed, there is now an increased 
genesis and intensification of hurricanes and severe storms. 
 
As with historical imbalances, life on the planet has been 
affected with changes in ranges of organisms, migration 
patterns as well as changes in agricultural production. 
When CO2 combines with water, it forms carbonic acid. The 
increase in CO2 emissions has led to the decrease in pH, or 
acidification in both freshwater and marine systems (Fig. 
9). Our oceans have seen a 30% increase in acidity with a 
similar pattern being seen in lakes. The impact of global 
climate change to humans has also been observed, with 
the World Health Organization reporting that “Climate 
change is responsible for at least 150,000 deaths per year, a 
number that is expected to double by 2030.”     

 

The Paris Agreement  
Climate change is the result of activities on a global scale and thus requires action on a global scale. During the In 
December of 2015, at the United Nations Climate Change Conference (COP21) in Paris, world leaders reached an 
agreement to actively combat climate change. Known as the Paris Agreement, the parties set goals to (1) substantially 
reduce global greenhouse gas emissions to limit the global temperature increase in this century to 2 degrees Celsius 
while pursuing efforts to limit the increase even further to 1.5 degrees; (2) review countries’ commitments every five 
years; and (3) provide financing to developing countries to mitigate climate change, strengthen resilience and enhance 
abilities to adapt to climate impacts.  Currently 192 parties are members of the Paris Agreement.   
 

Carbon Capture, Utilization and Storage   
The burning of fossil fuels has been shown to be a major contributor of greenhouse gasses, among them CO2. In order 
to meet the goals set forth in the Paris Agreement, there must be a reduction of CO2 emissions into the environment 
with a variety of technologies. Technologies currently in practice and development are known as Carbon Capture, 
Utilization and Storage (CCSU) and function to trap, transport and either use or store the captured carbon where it may 
not be released into the atmosphere (Fig. 10). They include methods at numerous stages of the fossil fuel path from pre 
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and post combustion and post use storage. 
These stages include pre combustion, post 
combustion and ways to use or store the 
carbon.   
 

Pre-Combustion  
Pre-combustion capture or before the fuel 
is burned, involves decarbonizing or 
reducing the amount of carbon from the 
source. The process transforms the source 
into two products, one rich in CO2 which is 
then stored, and one rich in hydrogen 
which may be used as a fuel source.            
  
In the process, known as gasification 
processes, fossil fuels are subjected to high 
temperature and pressure, and partially 
oxidized in steam and air. This converts the 
fuel into carbon dioxide, carbon monoxide, 
hydrogen, and methane. This synthesized 
product is known as syngas. The syngas 
undergoes further processes to convert the 
CO to CO2, resulting in CO2 concentrations 
from 15 – 50%. The CO2 may then be captured from the mixture and chemically or physically separated by solvent, 
sorbent, membrane, or other methods and then stored.  The remaining product is rich in hydrogen and may be 
combusted for fuel.   
 

Post Combustion  
The most common current practice is the capture of carbon post combustion, or after the fuel has been burned. 
Burning of fossil fuel with air creates flue gas, a mixture of gasses released in the pipe or flue. These gasses include 
nitrogen, carbon dioxide, oxygen, and water vapor. The concentration of carbon dioxide in these gasses can vary, 
depending on the fuel burned. The fuel source and variation of CO2 and other contaminant levels will determine the 
specifics of the carbon capture methods. In general, following burning, the pollutants are diverted to a separate path 
for CO2 collection. As with precombustion methods, post combustion capture may include use of solvents, sorbents, 
membranes, or other methods and combinations.  The gas is then pressurized and compressed in preparation for 
storage.     
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Solvents  
Solvent capture is carried out by physical or chemical removal or absorption of the CO2 in a liquid. Many have remained 
unchanged since the 1970’s early use for carbon capture. The procedure works in a loop, the absorption – regeneration 
loop. The gas is diverted into the solvent absorber which reacts with the CO2. The mixture is then transferred to a 
regenerator where the temperature of the mixture is raised, and the chemical reaction is reversed resulting in a purer 
CO2 gas and cleaner solvent. The solvent may then be re-used. Disadvantages include the toxicity of the solvent as well 
as the high energy costs needed for the process. Current research is underway to develop solvents which are more 
efficient, lower risk and require less process energy to carry out the reactions.    
 

Sorbents  
The process for sorbents is much like that of solvents with a capture and regeneration stage. In contrast to the liquid 
solvents, sorbents are solids and take advantage of the porous nature of the materials. They typically require less 
energy for the process, but being sensitive to flue gas contaminants, are also not as stable or durable as the 
solvents.  Needed are innovative sorbents with improved stability, longevity, and lower costs.  
  

Membranes  
Membrane capture uses permeable or semipermeable physical structures including silica to trap the CO2. The feed gas 
can be pressurized to increase the amount passing through the membrane. As the gas passes over and through the 
membrane, it interacts with the structure allowing certain molecules to pass through the membrane while capturing 
other molecules. Unlike the solvent or sorbent methods, membrane capture does typically not involve toxic chemicals, 
is tolerant of sulfur dioxide flue gas contaminants and does not require large amounts of electricity for use. The method 
is relatively simple and low cost to operate and is an area of great interest for future development.   
  
Innovations in the carbon capture materials include employing the use of multiple methods. Current research is in the 
refinement and development of materials and methods to increase efficiency, durability and reduce the need for 
electricity to carry out the process.   
 

Direct Air Capture  
Direct Air Capture (DAC) methods are those in which the CO2 is captured from the atmosphere rather than a specific or 
point source. This method allows collection of contaminants not captured at the source by other methods as those that 
do not originate from a single source or those released in wide area. These could include contaminants from airplanes 
or other means of transportation. Because of the release and distribution, it can be very difficult to control. Current 
methods for DAC capture include liquid and solid substances. Following chemical or physical capture, the materials are 
further treated with chemical, heat or vacuum conditions, and the CO2 is isolated and stored or used for synthetic fuel 
or other purposes. The DAC methods have many advantages in that they are relatively low cost and requires a small 
operation area.   
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Challenges with DAC are found in the lower concentrations of CO2 than those delivered to a removal system from a 
point source, such as a flue. This could require pumps to collect atmospheric air and send through the system, or other 
innovative ways to move large amounts of air through the materials. An example of such an innovation is found in the 
MechanicalTree, developed at Arizona State University’s Center for Negative Carbon Emissions. This technology 
employs biomimicry, or a design of methods based on biological systems, in this case trees. Like natural trees, the 
MechanicalTree takes in and stores CO2. It acts passively, without a fan or motor drawing in the air, but relies on the 
wind to move the air through its structure. Future development in DAC includes increase efficiency and development of 
scalable technology.  
  

Bioenergy with Carbon Capture and Sequestration (BECCS)  
Bioenergy methods include the use of biomass to produce energy. The practice of burning vegetation to create is not 
new, however now include innovative methods of combustion, carbon capture and storage. Unlike the material of fossil 
fuels, the organic material is recent and not changed into another product by fossilization prior to use. The source of 
the materials is waste biomass which may include agricultural and forest and yard residue. An Examples of waste 
biomass include almond and other orchard trees which have come to the end of their production. Rather than the 
vegetation degrading in place, or hauled off for disposal, the biomass is converted into fuel. The carbon capture may 
take place before, during and after combustion and stored.    
   
  

Nature Based Solutions  
In addition to the above methods, carbon may be captured or removed from the environment with nature-based 
systems. As seen in the carbon cycle, plants take in, convert and store CO2 as part of their natural processes. Activities 
such as clearing fields, burning forests, and harming our oceans reduce the amount of natural carbon storage. 
Protecting and increasing these resources is essential and a vital part of global carbon capture.     
 

Storage    
The captured carbon dioxide at various stages and with various methods must then be utilized or stored. Successful 
storage prevents CO2 from being released into the atmosphere. Considerations for selection of storage locations 
include the transport of the product to the storage site, the stability of the location and the environmental impact of 
CO2 on the location. The most common location for CO2 storage is deep geological structures including aquifers, oil and 
gas reservoirs, unmined coal beds.   
  
With advances in carbon capture have come innovative uses for waste CO2. One practice that uses CO2 to increase 
extraction of oil is enhanced oil recovery. This method injects CO2 into the deposits which then pushes out the oil. 
Considerations for use of enhanced oil recovery include maintaining a safe pressure of the stored gas and the need for 
the source of the gas to be located close to the injection site.   
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Injection of CO2 into coal beds has also been shown to increase recovery of the natural gas stored in the coal. Coal beds 
often contain large amounts of methane. When injected, the CO2 replaces the methane, which is then pumped out for 
fuel. Again, the location of the coal bed is important so that the CO2 does not need to be transported to the site.   
  
Aquifers are underground layers of porous or permeable rock which are saturated with groundwater. Water from 
precipitation infiltrates or percolates through the soil and collects in the aquifer. Some aquifers, called unconfined are 
topped by a layer of soil, while confined aquifers lie underneath a layer of rocks.  These top layers and stores of water 
are typically used for drinking water. The deeper layers are often salty and not suitable for human consumption. The 
deep saline layers are considered to have the greatest potential for CO2 storage. The injected gas slowly dissolves into 
the salt water and is stored within the aquifer which is bound by a layer of rock.    
  
Considerations for all deep geological storage are the location of the area relative to the source of the waste CO2, the 
stability of the structure, ability to prevent release CO2 into the surrounding environment, seismic activity.     
 

Storage and Utilization  
In addition to the use of CO2 to increase recovery of other fuels, CO2 has been used in other applications including 
adding bubbles or carbonating soda and the production of decaffeinated coffee and pharmaceuticals.    
  
The Earth’s natural process for carbon capture and use has been seen in the vast stores of carbon in organic matter 
including forests and oceans. In addition, a natural storage process is mineralization, or the trapping of carbon into a 
solid mineral. The natural process of weathering converts atmospheric carbon into minerals and rocks. In the presence 
of primarily igneous or metamorphic rocks, CO2, will undergo a chemical change and convert to carbonate (CO3). In the 
presence of calcium or magnesium, the carbonate then becomes a solid mineral such as calcium carbonate or 
magnesium carbonate.   
This natural process securely stores thousands of times more carbon than that in the atmosphere, and more than the 
air, oceans and atmosphere combined but may take hundreds of years.   
  
Modeling this natural process, scientists and engineers have been working on innovative ways to accelerate this 
method to develop stable storage as well as a use for the product. One of these uses is in concrete building materials. 
Concrete is made from cement and aggregate, or a material to harden and strengthen the concrete. Most of the 
aggregate used in the formation of concrete is limestone.  
  
In this method, the waste CO2 is captured, and combined with other waste materials such as concrete which provide 
the calcium. Through mineralization, carbonate and then limestone aggregate is formed. These methods may provide 
long term stable storage and well as a beneficial use of waste products.    
 

CO2 and Space flight  
To advance the goals of human space exploration, NASA continuously addresses the problem of keeping astronauts 
alive in the closed environment of a space vehicle by developing innovative technologies that keep the carbon cycle in 

Carbon Content 



Background Information 
 
 

balance. When the system is out of balance, the crew and the mission may be in jeopardy. Innovative methods 
addressing carbon capture will become vital as we venture beyond Low Earth Orbit (LEO) and commence long term 
missions both in spacecraft as well as on Lunar or Martian surfaces. Working to keep the system in balance, the space 
exploration solutions developed by NASA also have numerous applications in the effort to advance a low carbon future 
here on Earth. 
 

Supporting astronauts on spacecraft including those currently aboard the International Space Station (ISS) requires the 
constant cycling and balance of carbon and oxygen. Oxygen is essential for the proper functioning and survival of 
the body. When we breathe in, our body uses oxygen in the air to supply our blood and deliver it to the 
body.  Humans breathe approximately 12-16 times a minute, taking in oxygen from the air and releasing carbon 
dioxide. The system responsible for the exchange of oxygen and carbon dioxide is the respiratory system. As on Earth, 
astronauts take in carbon in the form of stored energy in their food and use oxygen to metabolize it to run their 
bodies.  
  
In normal situations when we exhale, the CO2, falls away from the body and dissipates or spreads out. However, in 
space, there is no natural convection in the weightless environment.  On Earth, we exhale, and the air leaving our 98.6° 
bodies is 98.6,° which is usually warmer than our environment.  Warmer air is lighter and therefore rises. This means 
the exhaled air rises away from your face.  Fresh air, with oxygen for you to breathe, naturally moves into its place. In 
Space, this wouldn’t happen because without gravity, there is no such thing as light or heavy. Pockets of carbon dioxide 
would collect in front of the astronauts’ faces and cause serious problems. To avoid these issues, fans are used to force 
fresh air throughout the spacecraft, keeping the air in motion.   
  
High concentrations of carbon dioxide can lead to a variety of health problems in long duration spaceflight. These range 
from headaches and dizziness to more severe conditions such as impaired cognition and performance, and possibly 
contribute to the visual acuity problems reported by some astronauts, as well as, in high concentrations, death. This 
presents a difficult issue for spaceflight as the station or vehicles are a relatively closed system, relying on filters, or 
scrubbers to remove carbon dioxide (CO2). Indeed, the buildup of CO2 in the Lunar Module was a critical problem to be 
quickly resolved for the safe return of the Apollo 13 astronauts.   
  

Currently the maximum allowable CO2 concentration for long duration spaceflight is set at 0.7% (CO2 concentration on 
Earth is 0.04%), which is a level lower than that set by the US Navy for submarines. The Station has a complex system of 
air ducts and tubes, like a giant spider, inside the walls. This system takes air samples from each module in the US side 
of the Station and delivers them to an analyzer (the MCA; Major Constituent Analyzer) for testing. One of the 
substances we measure is CO2. 
 

Although constantly monitored by this system, it may not fully represent the levels in close proximity to the astronauts, 
as pockets or bubbles of CO2 may be present.    
  
Without the natural processes on Earth, such as removal by plants, the CO2 must be removed by other means. The ISS 
uses a combination of methods for removal including lithium hydroxide (LiOH) canisters, which were also used for the 
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Apollo missions. The CO2 in the air combines with the LiOH and produces lithium carbonate (Li2CO3) and water. A 
drawback of this method is that the crew must have a constant supply of LiOH canisters. 
 

Other methods in use on the ISS include the use of molecular 
sieves composed of crystals of silicon dioxide and aluminum 
dioxide, or zeolites (Greek, zein, “to boil”; lithos, “a stone”). Like 
a common sieve, these crystals form tiny screens which allow 
some molecules to enter and become trapped in the structure. 
The carbon dioxide removal assembly (CDRA) on station has four 
beds of these crystals (Fig. 11). Working in pairs, one bed 
removes water and one the CO2, and returning dry CO2 free air. 
Unlike the LiOH canisters, these beds may be regenerated and 
used again. Issues with the current system include buildup of 
dust from the sorbent beds which clogs filters and has caused 
valve malfunctions. These issues have resulted in increased 

maintenance requiring the investment of more crew hours than on any other system.  
 

In addition to the CDRA, the ISS uses a system called the Sabatier. This newer technology works in combination with the 
sieve system and takes the removed carbon dioxide and combines it with hydrogen gas (H2) produced by the 
Environmental Control and Life Support System (ECLSS) water electrolysis systems. The combination of the hydrogen 
and carbon dioxide forms water (H2O) and methane. The methane is then disposed of by venting it outside the station. 
The methane could be further broken down into hydrogen and carbon with the hydrogen returning to the Sabatier 
system. This however leaves the question of how to dispose of the carbon and close the loop. 

External Resources 
Pre-Combustion Carbon Capture Research – Office of Fossil Energy and Carbon Management 
The Paris Agreement – United Nations 
Fossil fuel formation: Key to atmosphere’s oxygen? – University of Wisconsin-Madison 
Timeline of a Mass Extinction – Astrobiology at NASA 
A Bad Time to be Alive: More than half of all Earth’s ocean life died off 444 million years ago because it ran out of 
oxygen – Daily Mail 
Ocean deoxygenation – International Union for Conservation of Nature 
Solar System Exploration – NASA Science 
Pulsed volcanic combustion events coincident with the end-Permian terrestrial disturbance and the following global 
crisis – Geo Science World 
Burning Fossil Fuels Helped Drive Earth’s Most Massive Extinction – The New York Times 
Explainer: Where fossil fuels come from – Science News for Students 
Global CO2 Levels – CO2Levels.org 
Trends in Atmospheric Carbon Dioxide – Global Monitoring Laboratory 
Svante Arrhenius – NASA Earth Observatory 
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https://www.energy.gov/fecm/science-innovation/carbon-capture-and-storage-research/carbon-capture-rd/pre-combustion-carbon
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://news.wisc.edu/fossil-fuel-formation-key-to-atmospheres-oxygen/
https://astrobiology.nasa.gov/news/timeline-of-a-mass-extinction/
https://www.dailymail.co.uk/sciencetech/article-8217277/More-half-Earths-ocean-life-died-444-million-years-ago-ran-oxygen.html
https://www.dailymail.co.uk/sciencetech/article-8217277/More-half-Earths-ocean-life-died-444-million-years-ago-ran-oxygen.html
https://www.iucn.org/resources/issues-briefs/ocean-deoxygenation
https://solarsystem.nasa.gov/planets/earth/in-depth/
https://pubs.geoscienceworld.org/gsa/geology/article/49/3/289/592427/Pulsed-volcanic-combustion-events-coincident-with
https://pubs.geoscienceworld.org/gsa/geology/article/49/3/289/592427/Pulsed-volcanic-combustion-events-coincident-with
https://www.nytimes.com/2020/11/18/science/extinction-global-warming.html
https://www.sciencenewsforstudents.org/article/explainer-where-fossil-fuels-come
https://www.co2levels.org/
https://gml.noaa.gov/ccgg/trends/monthly.html
https://earthobservatory.nasa.gov/features/Arrhenius
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AR6 Climate Change 2021: The Physical Science Basis – The Intergovernmental Panel on Climate Change 
Global Climate Change – NASA 
Global Climate Change: NASA Science – NASA 
Global Climate Change: Evidence – NASA 
Global Climate Change: Effects – NASA 
Climate Change: Global Temperature – Climate.gov 
MIT’s Greenhouse Gas Simulator – Climate.gov 
Climate Kids: Why is Carbon Important? – NASA 
Climate Kids: A Guide to Climate Change for Kids – NASA 
Climate Kids: Meet the Greenhouse Gases! – NASA 
What is Climate Change? – NASA 
Climate Change Indicators: Great Lakes Water Levels and Temperatures – EPA 
Ocean acidification – National Oceanic and Atmospheric Administration 
Pollution from Fossil-Fuel combustion is the Leading Environmental Threat to Global Pediatric Health and Equity: 
Solutions Exist – National Library of Medicine 
The Intergovernmental Panel of Climate Change – IPCC 
Point Source Carbon Capture Program – National Energy Technology Laboratory 
Center for Negative Carbon Emissions – Arizona State University 
Gorgon: Explore the largest single-resource development in Australia’s history – Chevron 
Factsheet: Bioenergy with Carbon Capture and Storage – USDA 
Carbon Storage R & D – Fossil Energy and Carbon Management 
Mineralization Technology for Carbon Capture, Utilization, and Storage – frontiers in Energy Research 
Making Minerals: How Growing Rocks Can Help Reduce Carbon Emissions – United States Geological Society 
Surface Water and Ocean Topography – Jet Propulsion Laboratory NASA 
Welcome to TEMPO – Tropospheric Emissions: Monitoring of Pollution 
Spacecraft Atmosphere Carbon Dioxide Capture via Deposition – NASA Technology Transfer Program 
Sea Level to Rise up to a Foot by 2050, Interagency Report Finds – NASA 
Marshall Ships Next-Generation Air Filtration Hardware to Wallops for Flight to International Space Station - NASA 
NASA Tracks COVID-19’s Atmospheric Fingerprint – NASA Goddard Media Studios 

Booking Webinars: 
Teacher – SCH Mentor Webinar 

Student – SCH Mentor Webinar 

Classroom – Introductory Webinar 
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https://www.ipcc.ch/report/ar6/wg1/#SPMB.D.%20Santer%20et.al.,
https://climate.nasa.gov/
https://climate.nasa.gov/nasa_science/science/
https://climate.nasa.gov/evidence/
https://climate.nasa.gov/effects/
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
https://www.climate.gov/teaching/resources/mits-greenhouse-gas-simulator
https://climatekids.nasa.gov/carbon/
https://climatekids.nasa.gov/kids-guide-to-climate-change/
https://climatekids.nasa.gov/greenhouse-cards/
https://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-climate-change-k4.html
https://www.epa.gov/climate-indicators/great-lakes
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5800116/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5800116/
https://www.ipcc.ch/
https://www.netl.doe.gov/coal/carbon-capture/pre-combustion
https://globalfutures.asu.edu/cnce/
https://www.chevron.com/projects/gorgon
https://www.usda.gov/sites/default/files/documents/BECCS_Bioenergy_with_Carbon_Capture_Factsheet.pdf
https://www.energy.gov/fecm/science-innovation/carbon-capture-and-storage-research/carbon-storage-rd
https://www.frontiersin.org/articles/10.3389/fenrg.2020.00142/full
https://www.usgs.gov/news/featured-story/making-minerals-how-growing-rocks-can-help-reduce-carbon-emissions
https://swot.jpl.nasa.gov/
http://tempo.si.edu/
https://technology.nasa.gov/patent/TOP2-291
https://www.nasa.gov/feature/jpl/sea-level-to-rise-up-to-a-foot-by-2050-interagency-report-finds
https://www.nasa.gov/centers/marshall/news/releases/2021/marshall-ships-next-generation-air-filtration-hardware-for-flight-to-iss.html
https://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=14056&button=recent
https://outlook.office365.com/owa/calendar/SpaceCenterHouston1@spacecenter.org/bookings/s/T5rshGWtgUqavN78nIwDLw2
https://outlook.office365.com/owa/calendar/SpaceCenterHouston1@spacecenter.org/bookings/s/mHkFttuZIUK97QDbqIgrgw2
https://outlook.office365.com/owa/calendar/SpaceCenterHouston1@spacecenter.org/bookings/s/57s2tCF_tU23NauA6OFbVA2
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Space Robotics Challenge: 
Space Center Houston is proud to be the Allied Organization for the Space Robotics Challenge, the Centennial Challenge 

program focused on improving technology that will directly impact the future robotics on the Moon and Mars. 
 

The Centennial Challenges program seeks new solutions to specific technical problems of interest to NASA. The 

Challenges, which encourage participatory research and development, are open to private companies, universities, 

independent teams, and individual inventors. Our original seven prize challenges have been successful in encouraging 

broad participation by a diverse group of innovators. Many of these technical challenges also have direct relevance to 

pressing national and global needs such as energy and transportation. 

 

The Centennial Challenges program is a multi-year activity with funding from previous years available for on-going 

competitions until the challenges are met and the prize money is won. All of the Centennial Challenges funding is 

applied to the prize purses. The program relies on partnerships with nonprofit organizations to administer each 

challenge. 

 

 
 

NASA Centennial Challenges 
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STEM Innovation in Schools Program 
Presented by Chevron 

 
 

Space Center Houston is proud to recognize Chevron – The Human Energy Company – as presenting sponsor of our new 

STEM Innovation in Schools Initiative. This new program engages students in the Greater Houston area in unique STEM 

challenges using the principles of space exploration. STEM challenges encourage innovation, problem solving and 

teamwork – qualities that align directly with Chevron’s belief that its greatest resource is the inspiration, creativity and 

ingenuity of its people. Through this partnership Chevron and Space Center Houston aim to leverage the community’s 

greatest asset, its human energy, and ensure that our region’s workforce is prepared to meet the challenges of the 

future. 

 

 


