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Abstract— The topic of global warming as a result of 

increased atmospheric CO2 concentration is arguably the 

most important environmental issue that the world faces 

today. It is a global problem that will need to be solved on a 

global level. Over the past several hundred years, 

atmospheric CO2 concentrations have steadily increased.. 

The increase in atmospheric concentration of CO2 by 31% 

since 1750 from fossil fuel combustion and land use change 

necessitates identification of strategies for mitigating the 

threat of the attendant global warming. If carbon dioxide 

levels continue upward, further warming could have dire 

consequences, resulting from rising sea levels, agriculture 

disruptions, and stronger storms (e.g. hurricanes) striking 

more often. It is becoming increasingly likely that our 

society will need to remove large quantities of CO2 from the 

atmosphere in order to prevent climate change. Carbon 

sequestration is the term used to describe a broad class of 

technologies for capturing and permanently sequestering, or 

storing, carbon dioxide (CO2). A number of carbon 

sequestration approaches are being explored to help mitigate 

global climate change. Carbon sequestration describes long-

term storage of carbon dioxide or other forms of carbon to 

either mitigate or defer global warming and avoid dangerous 

climate change. It has been proposed as a way to slow the 

atmospheric and marine accumulation of greenhouse gases, 

which are released by burning fossil fuels. 
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I. INTRODUCTION 

Predictions of global energy use in the next century suggest 

a continued increase in carbon emissions and rising 

concentrations of carbon dioxide (CO2) in the atmosphere 

unless major changes are made in the way we produce and 

use energy—in particular, how we manage carbon.  

One way to manage carbon is to use energy more efficiently 

or to reduce our need for a major energy and carbon source.  

Another way is to increase our use of low-carbon 

and carbon-free fuels and technologies (nuclear power and 

renewable sources such as solar energy, wind power, and 

biomass fuels).  

The third and newest way to manage carbon, 

capturing and securely storing carbon emitted from the 

global energy system (carbon sequestration), is truly radical 

in a technology context.  

The development of today’s fossil energy-based 

system is rooted in the Industrial Revolution. For over 200 

years, the development of energy technology has been 

focused on lowering costs through increased efficiency to 

support economic growth. Because of their abundance, 

availability, and high energy content, coal, oil, and natural 

gas have proved to be attractive energy sources to produce 

electricity, run industrial processes, propel transportation 

vehicles, and provide energy for residential and commercial 

applications. Carbon capture and sequestration is one of the 

obvious priority candidates for long-term technology 

policies and enhanced R&D efforts to hedge against the risk 

associated with high environmental impacts of climate 

change. The natural carbon cycle is balanced over the long 

term but dynamic over the short term; historically, 

acceleration of natural processes that emit CO2 is eventually 

balanced by an acceleration of processes that sequester 

carbon, and vice versa. The current increase in atmospheric 

carbon is the result of anthropogenic mining and burning of 

fossil carbon, resulting in carbon emissions into the 

atmosphere that are unopposed by anthropogenic 

sequestration. Developing new sequestration techniques and 

accelerating existing techniques would help diminish the net 

positive atmospheric carbon flux. 

II. CLIMATE CHANGE AND CARBON DIOXIDE 

 Since pre-industrial times, increasing emissions of 

greenhouse gases have led to a marked increase in 

atmospheric greenhouse gas concentrations 

 Annual emissions of carbon dioxide caused by 

human activity increased 80% from 1970 to 2004. 

 Greenhouse gases emitted from human activities 

may remain in the atmosphere for periods ranging 

from decades to centuries.  

 Potential impacts of climate change could include 

sea level rise and changes in precipitation patterns 

and ecology and biodiversity. 

 Preventive action is needed if we are to avoid an 

expected rise in atmospheric concentrations of 

greenhouse gases over the next few decades. 

III. WHAT IS CARBON SEQUESTRATION 

Carbon sequestration can be defined as the capturing and 

secure storage of carbon dioxide (CO2) from the atmosphere 

or capturing anthropogenic (human) CO2 from large-scale 

stationary sources like power plants before it is released to 

the atmosphere. Once captured, the CO2 gas (or the carbon 

portion of the CO2) is put into long-term storage.  

The idea is: 

1) To keep carbon emissions produced by human 

activities from reaching the atmosphere by 

capturing and diverting them to secure storage, or 

2) To remove carbon from the atmosphere 

CO2 sequestration has the potential to significantly 

reduce the level of carbon that occurs in the atmosphere as 

CO2 and to reduce the release of CO2 to the atmosphere 

from major stationary human sources, including power 

plants and refineries [1]. 

Carbon dioxide (CO2) capture and sequestration 

(CCS) is a set of technologies that can greatly reduce 

CO2 emissions from new and existing coal- and gas-fired 

power plants and large industrial sources. CCS is a three-

step process that includes [2, 3]. 

 Capture of CO2 from power plants or industrial 

processes. 
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 Transport of the captured and compressed 

CO2 (usually in pipelines). 

 Underground injection and geologic sequestration 

(also referred to as storage) of the CO2 into deep 

underground rock formations. These formations are 

often a mile or more beneath the surface and 

consist of porous rock that holds the CO2. 

Overlying these formations are impermeable, non-

porous layers of rock that trap the CO2 and prevent 

it from migrating upward. 

Carbon dioxide (CO2) capture and sequestration 

(CCS) can significantly reduce emissions from large 

stationary sources of CO2, which include coal- and natural-

gas-fired power plants, as well as certain industry types such 

as ethanol and natural gas processing plants. 

IV. TYPES OF CO2 SEQESTRATION 

A. Terrestrial Sequestration: 

 
Fig. 1: Terrestrial Sequestration 

Terrestrial (or biologic) sequestration means using plants to 

capture CO2 from the atmosphere and then storing it as 

carbon in the stems and roots of the plants as well as in the 

soil. In photosynthesis, plants take in CO2 and give off the 

oxygen (O2) to the atmosphere as a waste gas. The plants 

retain and use the carbon to live and grow. When the plant 

winters or dies, part of the carbon from the plant is 

preserved (stored) in the soil. Terrestrial sequestration is a 

set of land management practices that maximizes the 

amount of carbon that remains stored in the soil and plant 

material for the long term. No-till farming, wetland 

management, rangeland management, and reforestation are 

examples of terrestrial sequestration practices that are 

already in use. It is important to remember that terrestrial 

sequestration does not store CO2 as a gas but stores the 

carbon portion of the CO2 (the C in the CO2). If the soil is 

disturbed and the soil carbon comes in contact with oxygen 

in the air, the exposed soil carbon can combine with O2 to 

form CO2 gas and reenter the atmosphere, reducing the 

amount of carbon in storage.  

B. Geologic Sequestration: 

 
Fig. 2: Geologic Sequestration 

Geologic sequestration is putting CO2 into long-term storage 

in geologic zones deep underground. Geologic sequestration 

is the method of storage that is generally considered for 

carbon capture and storage (CCS) projects. CCS is the 

practice of capturing CO2 at anthropogenic sources before it 

is released to the atmosphere and then transporting the 

CO2 gas to a site where it can be put into long-term storage.  

CO2 would be injected.  

V. IMPORTANCE OF CO2 SEQUESTRATION 

The purpose of carbon sequestration is to keep 

anthropogenic carbon emissions from reaching the 

atmosphere by capturing them, isolating them, and diverting 

them to secure storage and / or to remove CO2 from the 

atmosphere by various means and stores it. Any viable 

system for sequestering carbon must be safe, 

environmentally benign, effective, and economical. In 

addition, it must be acceptable to the public. 

It is important to carry out research on carbon 

sequestration for several reasons 

 Carbon sequestration could be a major tool for 

reducing carbon emissions from fossil fuels. 

 Enabling low-carbon electricity generation 

from power plants. As estimated in the U.S. 

Inventory of Greenhouse Gas Emissions and 

Sinks , more than 40% of CO2 emissions in the 

United States are from electric power generation. 

CCS technologies are currently available and can 

dramatically reduce (by 80-90%) CO2 emissions 

from power plants that burn fossil fuels. Applied to 

a 500 MW coal-fired power plant, which emits 

roughly 3 million tons of CO2 per year, [4]
  
the 

amount of GHG emissions avoided (with a 90% 

reduction efficiency) would be equivalent to: 

 Planting more than 62 million trees, and waiting at 

least 10 years for them to grow. 

 Avoiding annual electricity-related emissions from 

more than 300,000 homes. 

 CCS could also viably be used to reduce emissions 

from industrial process such as cement production 

and natural gas processing facilities. 

http://epa.gov/climatechange/emissions/co2_human.html#fossil
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html
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VI. NECESSARY CHARACTERISTICS FOR CARBON 

SEQUESTRATION SYSTEMS 

Any viable system for sequestering carbon must have the 

following characteristics [5].  

A. Capacity and Price:  

The technologies and practices to sequester carbon should 

be effective and cost competitive. This road map will focus 

on options that allow sequestration of a significant fraction 

of the goal.  

B. Environmentally Benign Fate:  

The sheer scale and novelty of sequestration suggests a 

careful look at environmental side effects. For example, the 

long-term effects of sequestration on the soil or vegetation 

need to be understood. Until recently, dilution into the 

atmosphere was considered acceptable. Vast quantities of 

materials would be generated. The safeties of the product 

and the storage scheme have to be addressed.  

C. Stability:  

The carbon should reside in storage for a relatively long 

duration. 

VII.  SOURCES OF CARBON DIOXIDE ON WHICH IT CAN BE 

APPLIED  

Carbon dioxide (CO2) capture and sequestration (CCS) can 

significantly reduce emissions from large stationary sources 

of CO2, which include coal- and natural-gas-fired power 

plants, as well as certain industry types such as ethanol and 

natural gas processing plants. EPA’s Greenhouse Gas 

Reporting Program includes facilities that capture CO2 for 

the purpose of supplying the CO2 to the economy or for 

injecting it underground. According to the Greenhouse Gas 

Reporting Program, CO2 capture is currently occurring at 

over 120 facilities in the United States, mainly on industrial 

processes, and the CO2 is used for a wide range of end users 

of CO2 include enhanced oil recovery (EOR), food and 

beverage manufacturing, pulp and paper manufacturing, and 

metal fabrication. The figure below shows the portion of 

CO2 that is currently being captured from power plants and 

other industrial facilities and the portion that is extracted by 

production wells from natural CO2 bearing formations in the 

United States. The second figure shows the various domestic 

end uses of captured and extracted CO2. As CCS becomes 

more widespread, it is expected that the portion of 

CO2 captured in the United States from power generation 

and industrial processes will increase. 

VIII.  STORAGE OF CAPTURED CARBON DIOXIDE  

After capture, carbon dioxide (CO2) is compressed and then 

transported to a site where it is injected underground for 

permanent storage (also known as ―sequestration‖). CO2 is 

commonly transported by pipeline, but it can also be 

transported by train, truck, or ship. Geologic formations 

suitable for sequestration include depleted oil and gas fields, 

deep coal seams, and saline formations. The U.S. 

Department of Energy estimates that 1,800 to 20,000 billion 

metric tons of CO2 could be stored underground in the 

United States [6].
 
 That is equivalent to 600 to 6,700 years of 

current level emissions from large stationary sources in the 

United States [7].   

IX. CONCLUSION 

Carbon capture and storage (or sequestration) is receiving 

increasing attention as one tool for reducing carbon dioxide 

concentrations in the atmosphere. As seen in the data 

gathered and the research conducted, carbon sequestration 

does offer some benefits.  It answers the immediate problem 

and danger of the rising CO2 levels and is less of an 

economic burden than finding alternative sources of energy. 

Though no single option is perfect, carbon sequestration has 

potential for great societal benefits. Continuing research is 

sure to bring about further breakthroughs, particularly in the 

field of carbon capture. 
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