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 Carbon dioxide is the most important greenhouse gas. With rapid urban growth, carbon 
dioxide (CO2) is produced in large amounts in industries among which the use of fossil 

fuels can be noted. Almost all of the CO2 excess in the atmosphere is produced by 

fossil fuels. In fact, each year more than 30 million tons of CO2 enters into the 
atmosphere, which raises many concerns about global warming. The release of CO2 

can result in smoke, acidic rain, and cause health problems in people. As a result, 

different methods and several studies have been developed and done for removal and 
absorption of CO2 from industrial wastes and mineral gases from air and gases 

produced by animal metabolisms, including human respiration. However, there are 

several technical challenges to implement CO2 removal technique in massive scales 
and atmosphere. In this paper, an overview was done on existing methods focusing on 

carbon dioxide absorption. 
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INTRODUCTION 

 

 In recent years, global warming, world oil supply and energy demand have all played a part in the push for 

alternatives to petroleum-based fuels[1].The Intergovernmental Panel on Climate Change (IPCC) affirms that 

during the 20th century, the Earth’s average temperature increased by 0.6°C and will continue to increase 

anywhere from 1.5°C to 4.5°C by the year 2100[2]
 
.The major force in rising global temperatures is 

anthropogenic carbon dioxide emissions, which accounts for 80% of all greenhouse gases produced. As per a 

rough estimate atmosphere has 5× 10
18

 cubic meters of air and contains oxygen (21%), nitrogen (78%), carbon 

dioxide (0.3%), and hydrogen (0.7%) in a fixed proportion [3]. 

 Although both methane and CO2 pose significant threats[4], the concentration of greenhouse gases like CO2 

in the atmosphere has risen from 20 ppm to 50 ppm since the early industrialization up to now, and at present it 

has reached its to maximum rate during the past 420,000 years[5]. According to figure-1, the global amounts of 

CO2 by the year 2050 will be more than its current amounts. Even the most optimistic prediction indicates that 

amount of global CO2 emissions in 2050, will be more than the target of IPCC that is 50%-80% [6] to avoid 

such a high temperature- more than 2 
o
C -increase .  

 Almost one-third of the released CO2 are resulted from fossil fuels burning that are now the most important 

resources of energy in the world. Therefore, power plants are ranked as number one of CO2 emissions and after 

that some industries including cement, iron, steel, oil and gas refineries, petrochemicals and transportation 

sector are located in the second place in terms of CO2 emissions rate [6-7]. Other sectors such as agriculture 

account for roughly 14% of global GHGs emissions or about 6.8 Gt of CO2 equivalents per year, which is a 

considerable percent itself [8]. Too many ways of CO2 productions are available in the nature, for example, 

PHAs are recyclable and natural materials that can be easily degraded to carbon dioxide and water [9].  

 In the last conference of Kyoto, many countries announced their agreement with decreasing greenhouse 

gases emissions. In recent years, one of the main challenges and efforts has been about trying to decrease CO2 

emissions. Also according to IEA, annually 7.5 billion tons of CO2 must be captured from the atmosphere and 

stored by 2050 [6, 11]. 
 

Table 1: Percentage of CO2 by volume in the exhaust gases from the smokestacks of these factories [10]. 
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Percentage of CO2 

by volume 

Factory /Industry 

15-25 Cement 

15-20 Ferrous and Steel 

8 Ammonia (Exhausted stacks) 

- Ammonia (Pure CO2) 

3-18 Refinery 

8-13 Petrochemical Plant 

3 Integrated Coal – Fired Combined Cycle Power Plant 

6 Natural Gases – Fired Combined Cycle Power Plant 

8 Natural Gas Power Plant 

15 Coal Power Plant 

 

 Some methods such as Catalytic converters have been proved to be effective in controlling harmful gaseous 

emissions too [12].Carbon dioxide capture and storage (CCS) can be an appropriate method for decreasing the 

amounts of CO2 emissions in a short period of time.  

 CCS technology has the potential for reducing CO2 emissions for the next 10 to 20 years [6]. Moreover if 

CCS will be applicable by 2020, it will reduce CO2 significantly and pave the way of achieving use of fossil 

fuels in power plants and industries [13]. Calculations show that utilization and implementation of CCS in a 

large scale can reduce the amounts of CO2 emissions by 54% in Europe and by 33% in the world by 2050 

compared with current amounts of CO2 in the atmosphere [6]. 

 According to figure 1, using CCS technology, CO2 emissions from fossil fuels combustion of different 

resources can be captured and stored then converted to liquid and transferred and finally stored deep in the earth 

in a proper geological structure in a secure way.  

 

 
 

Fig. 1: Application of CCS technology [14]. 

 

 
 

Fig. 2: Different types of recycling technologies of CCS [15]. 
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 There are different technologies of CCS in different power plants and industries which all of them can 

capture a significant amounts of CO2 for being used in different industries like chemical industries, welding and 

casting industries, and food industries such as carbonated beverages, cannery and slaughterhouses as well as oil, 

gas, and petrochemical industries for injecting into oil wells in order to enhance oil recovery [6, 7]. Different 

types of recycling technologies of CO2 are schematically displayed in figure 2. 

 

Experimental Procedure: 

 There are many different methods to reduce CO2 emissions to the atmosphere. In principle three basic 

technologies are known to capture CO2.The concentration of CO2 in the gas stream, the pressure of the gas 

stream and the fuel type (solid or gas) are important factors in selecting the capture system[16]. 

 

Post Combustion method:  

 As displayed in figure 3, Post-Combustion technology is a terminal technology which can be adapted to the 

combustion process or CO2 production. Elimination system of Post-Combustion can be applied for emissions 

from all types of fuels, so imperfections in the fuel are very important in terms of designing facilities and 

estimating their charges [15]. 

 

 
 

Fig. 3: Post-Combustion technology [17]. 

 

Pre Combustion method:  

 According to figure 4, Pre-Combustion technology is applied to produce the fuels (particularly Hydrogen) 

in which have no Carbon. This technology is used for low-volume gases. Pre-Combustion technology is 

considered as a long-term choice but it is still in the development stage. One of the advantages of this method is 

the use of cheap Hydrogen which can be derived during the process. Furthermore, the main advantage of this 

method is the less energy losses that are about 10% which is caused due to conversion of coal to gas or steam 

reforming. It is noteworthy that this process and method of capturing and recycling CO2 are suitable just for the 

new units [15]. 

 

 
 

Fig. 4: Pre-Combustion technology [17]. 

 

Oxyfuel method (Combustion with pure Oxygen):  

 According to figure 5, technology of CO2 recycling system works based on Oxygen resulted from air 

separation for combustion. It means that during a separation process, Nitrogen separates from the air and thus 

CO2 purity in exhaust gas increases by 80-98 percent. This amount depends on the type of consumed fuel and 

special processes of Oxygen combustion. Efficiency of this method is about 100% [15]. 

 

 
 

Fig. 5: Pure Oxygen (Oxyfuel) technology [17] 
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 At present, policy of supporting CCS projects is running with the help of Europe. According to conducted 

researches, Japan’s Mitsubishi has done some activities in the field of CO2 recycling units’ construction 

throughout the world. Projects and schemes run by this Japanese company indicate that the policy is very 

economical in the current situations. CO2 capture and recycling units with a capacity of 160 tons a day in 

Malaysia, 67 tons per day in Spain, and 80 tons per day in Brazil have been launched by Mitsubishi [13, 15]. 

Also according to the studies done by the Academy of cement in Europe in 2007, some CCS projects have 

started to work since 2006 and some others will start to work in 2010 [10]. Various methods about chemical 

absorption of CO2 by different solvents from the smokestacks of power plants and industries have been yet 

presented by different researchers: Anna Curry and her colleagues in London in 2010 have simulated Post-

Combustion technology with fossil fuel in order to capture CO2 in electricity power plant and the results show 

that CO2 has dropped about 80% [18]. In 2009, Merkel and his colleagues in the United States have presented 

the method of CO2 capturing through Post-Combustion technology in power plant by membrane [19]. In 2007, 

Eric Fower and his colleagues in France and D. J. Barker and his colleagues have investigated method of CO2 

recycling from Post-Combustion process [20] and methods of CO2 recycling from Post-Combustion and 

Combustion processes by pure Oxygen in cement industries respectively[21]. In 2007, Abu Zahra and his 

colleagues in Netherlands have studied about methods of CO2 capturing and conducted some economical studies 

about Mono-Ethanol Amine solvent in chemical absorption method [22]. Figueroa in the United States has 

studied about all of the advanced technologies of CO2 recycling in 2008[23]. Also many researches have been 

conducted about various types of solvents for chemical absorption of CO2 that we can refer to studies of Arono 

and his colleagues about selecting a suitable solvent for recycling CO2 in Norway in 2009[24] and studies of An 

Chine Ye about comparison between Amine and Mono-Ethanol Amine solvents for reducing CO2 in Taiwan in 

1999[25] as well as Lin and Shio’s studies in Taiwan in 1999 about modelling CO2 recycling by two types of 

solvents of Mono-Ethanol Amine and Mono-Di-Ethanol Amine in the absorption column[26].  

 India’s emissions today are about 1.1 tons of CO2 per capita, roughly one-sixth in terms of world average, 

and very small as compared to Australia or the USA [27]. 

 The investor sells the carbon credit in the international market where buyers —such as manufacturers and 

power producers in Europe — buy the certificates to meet the greenhouse gas emission reduction targets. At 

present, each certificate sells at around 10-12 Euros in the international spot market [28]. 

 But in Iran, no practical project has been yet done in this field and just some research projects in the field of 

CO2 recycling and storing in power plants have been done by Niroo Research Institute including a project 

conducted in Shaheed Rajaei power plant in 2006[29] and another project about designing the system of CO2 

recycling from gas turbine of Sarkhan Refinery conducted in Bandar Abbas in 2006 [11]. 

 

Conclusion: 

 Application of CCS technology and selecting an optimal method for recycling CO2 not only reduces the 

emissions greenhouse gases and their environmental impacts, but also help in application of the stored CO2 in 

many industries such as food industries and producing carbonated beverages especially in oil and gas industry to 

enhance oil recovery (EOR) and etc.  

 Storing and transferring of captured CO2 in different ways such as storing deep in the oceans, or injecting to 

oil wells and etc. is a separate discussion by itself that requires many studies in the field of suitable geology 

structure. In the meantime the less amount of moisture in CO2, results in less its effects on metal systems and 

parts corrosion and pipes freezing and the routes of CO2. 

 In the southern areas of Iran that power plants are located in the near of underground mines, running of the 

CO2 recycling projects can have an important role in increasing national income through increasing extraction. 

With respect to the results of this study and huge volumes of CO2 emissions from industries, power plants, and 

refineries of our country, running CCS projects by taking advantage of GEF facilities are strongly 

recommended. 
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