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Abstract  
  

The article presents an overview regarding the carbon capture and storage (CCS) research topic applied to geological 

storage into coal seams, and associated coalbed methane (CBM) production. As well as an analysis regarding the 

feasibility of applying this technology to Brazil through a general perspective, considering geologic, economic and 

regulatory aspects. The Paraná Sedimentary Basin, south and southeastern Brazil, was selected as a study case, and the 

formation Rio Bonito as a target reservoir. The study aims to evaluate the potential for unconventional natural gas 

occurrence within coal strata (CBM) and for implementation of a “zero emission” exploration and production cycle 

relating the energy resource (natural gas) with carbon storage, generating a compensation of fossil fuel production with 

CO2 emission mitigation. The geological storage of carbon within coal beds represents a relevant alternative towards 

greenhouse gases (GHG) emission reduction, and the injection of these gases inside the coal formations could, in 

addition to GHG mitigation, enhances the methane recovery from these formations (ECBM), as well as maintain the 

reservoir pressure stability. According to the literature, the strategy of combining CCS with ECBM presents economic 

advantages towards the application of this technology. In addition, the enriched organic content within these coal 

formations promote the permanent storage of carbon due the sorption property (the carbon dioxide get adsorbed to the 

organic matter and replaces the methane contained inside the formation due chemical affinity), reducing risks of leakage 

and, at the same time, enhancing the methane recovery. Therefore, although the potential of CO2-ECBM implantation in 

Brazil was still little explored and, most probably, will be applied the coal deposits located in the Paraná Basin. 

 

 

1. Introduction  
 

Currently, the world primary energy mix is based on fossil fuels (oil, coal and natural gas), which account for 

more than 80% of all primary energy consumed in the world. Boosted by the increase in the global population - which 

has nearly doubled in the last 45 years, from 3.713 billion in 1970 (Census, 2012) to 7.238 billion in 2014 (IEA, 2016) - 

and by the quality of life improvement, this global primary energy demand has progressively increased. It rose from 

approximately 6,000 Mtpe (mega tons of oil equivalent) in the early 1970s to over 13,000 Mtpe in 2012, which 

corresponds to an increase of 123% (IEA, 2016).  Figure 1 represents the evolutionary energy consumption by source 

worldwide, with estimated values until 2040. 
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Figure 1. Primary energy consumption worldwide, by source, from 1990 to 2040. (International Energy Agency (IEA), 

2016). 

In this context, there is an associated growth in demand of new technologies and for the exploitation of 

renewable energy sources. Between 2002 and 2012, there was a 34.8% increase in the global amount of primary energy 

derived from renewable sources (IEA, 2016). On the other hand, the development of new – and cleaner - technologies 

for energy use has been facing difficulty to be implemented in developing countries, mainly due to the lack of economic 

feasibility. In these countries, the use and transformation of energy is still carried out through traditional and low-

efficiency processes and, in addition, there are inefficient financial investments in these areas (Barros, Oliveira, & 

Lemos de Sousa, 2012). 

 The political and social scenario that permeates the energy issue is capable of mobilizing efforts so that the 

exploitation of renewable energy sources becomes sufficiently competitive in order to meet the growing world energy 

demand. However, until this competitive parity is reached, the demand for a sustainable energy plan will still be based 

on the use of fossil fuels for power generation. In fact, fossil fuels are expected to remain the world's leading source of 

energy for the next two or three decades, or even more (Manoel João Lemos de Sousa, 2009; C. F. A. Rodrigues, Dinis, 

& Lemos de Sousa, 2015). As a result, proposals based on sustainable development should promote "zero-emission 

technologies", such as clean coal technologies and carbon capture and storage (CCS). 
Given this scenario of energy concerns, in 2015, Brazil submitted its Nationally Determined Contribution 

(NDC)
1
 proposal to the Paris Agreement (COP 21), ratified in 2016. With NDC Brazil, the country undertook the aim to 

reduce greenhouse gas (GHG) emissions by 37% by 2025, with reference to 2005 emissions. This target is quantified in 

emissions of 6.2 tCO2e (trillion of equivalent carbon dioxide) per capita until the proposed date (2025) (UNIC Rio, 

2015). 

Globally, carbon dioxide contributes more than 60% of the expanded greenhouse effect, and accounts for about 

80% of atmospheric gas emissions in industrialized countries (anthropogenic emissions). CH4 is the second most 

contributory greenhouse gas (GHG), accounting for 15%, while N2O is responsible for about 6% of GHG emissions. 

Therefore, technologies associated to carbon abatement, such as Carbon Capture and Storage (CCS), gained relevance 

and efforts in order to develop and apply CO2 sequestration. In regards to this technology, the carbon dioxide becomes 

stored in a stratigraphic site, in a durable and safe way. In the next section, the main aspects of CCS are introduced. 

 

 

2. Carbon Capture and Storage (CCS) 
 

 

Concerning the development of CCS, projects are expected to be concerned with reducing and/or preventing 

the emission of CO2, mainly from industrial processes, into the atmosphere. As mentioned, CO2 is a gas whose 

production and release are intrinsically associated with the combustion of fossil fuels, which represent the main carbon 

emitting source. By analyzing the graph shown in Figure 2, it is possible to visualize the evolution in CO2 emissions in 

the last 140 years. The progressive carbon emission increase, represented by an upward curve (Figure 2), is associated 

with the greater demand for fossil fuels, which peaked in recent years and in 2012 generated almost 32 Gt of CO2 (IEA, 

2014).  

 

                                                           
1
 NDC Brazil: "Decline per capita emissions in Brazil in order to reach approximately 6.2 tCO2e in 2025 and 5.4 tCO2e 

in 2030." 
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Figure 2. Evolution of CO2 emissions from the burning of fossil fuels (IEA, 2014). 

 

This scenario reinforces the need to find strategies that aim to CO2 abatement. According to Schrag (2007), 

three main alternatives should be considered: (i) reduction of global energy use, (ii) development of efficient and low-

carbon fuels (desirable zero-emission), and (iii) CO2 sequestration from production sites and/or from the atmosphere 

through natural or engineering procedures, such as CCS (Schrag, 2007). 

The use of carbon sequestration strategies has been considered a promising approach that can help reduce 

anthropogenic CO2 emissions (Tang, Yang, & Bian, 2014). The technologies related to strategy (iii), mentioned above 

include, in a generalized way, the following needs: (i) CO2 capture of gaseous effluents, which consists on separation of 

CO2 from other gases, compression for volume reduction and fluid accommodation; (ii) Transport of compressed CO2 

through pipelines, by ship or by truck, from the production unit to the storage location; and (iii) CO2 storage (Barros et 

al., 2012). 

In order to capture CO2, the strategies have focused on direct sequestration at the emission source, aiming to 

reduce operational costs. Among the various types of emitting sources are: the capture of carbon dioxide due to the 

combustion/conversion of fuels, and also the direct capture of combustion processes of a fuel with pure oxygen, 

resulting in a CO2 with fewer impurities. These capture processes can be done in industries that use fossil fuels, such as 

power plants, petrochemical companies, refineries or offshore oil and gas platforms (Barros et al., 2012). Once the CO2 

is captured, it must be transported to the storage place. Most of the transport is carried out through pipelines and, for 

small quantities, in tankers. In regards to carbon storage, the procedure can be separated into two types of categories for 

fixation and storage: biotic and abiotic sequestration. 

According to the flowchart shown in Figure 3, optimal sites for CO2 storage can be grouped into two 

categories: biological fixation (biotic sequestration) and geological storage (abiotic sequestration) (Lal, 2005). Biotic 

sequestration consists of the storage of atmospheric carbon from large-scale reforestation, in which plants synthesizes 

CO2 by means of their photosynthetic capacity, biosynthesizing it in the form of carbohydrates and depositing it in their 

cell wall (Renner, 2004). In the terrestrial environment, forest ecosystems store carbon by producing lignin and other 

polymer compounds (Fan et al., 1998). In this sense, the maintenance of degraded tropical forests, reforestation and 

restoration policies are important and remain as one of the viable options to sequester CO2 in terrestrial ecosystems 

(Lamb, Erskine, & Parrota, 2005; Soon, Baliunas, Idso, Kondratyev, & Posmentier, 2001). Another possibility is the use 

of techniques involving living organisms (biogeochemical carbon cycle). This alternative, despite being technologically 

feasible, is today considered as an economically viable route due to the different compositions of the combustion gases 

produced from industrial processes, that have both carbon dioxide and SOx and NOx (Koornneef et al., 2010). 

Nonetheless, the abiotic sequestration, which is based on physical and chemical phenomena to store carbon in 

oceans and/or geological structures, is nowadays presented as the alterative with greater gas storage capacity and 

economic feasibility (Freund & Ormerod, 1997; Pires, Martins, & Alvim-Ferraz, M. C. M.; Simões, 2011). The 

techniques for storage (Figure 3) are subdivided into three possible choices: storage in open systems, in closed systems 

and also through mineral carbonation processes. The potential of these sites is defined after being submitted to the 

characterization of local stratigraphy in order to guarantee their capacity to store CO2 safely (Ansolabehre et al., 2007). 
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Figure 3. CO2 abatement: state of art. (C. F. A. Rodrigues et al., 2015). 

The optimal sites for CO2 storage are represented by forests, oceans and geological structures (Herzog & 

Colomb, 2004). The oceans are considered to be the largest reservoirs of CO2: it is estimated that the storage capacity at 

these sites - already utilized by chemical industries and in the production of geothermal energy - can exceed a thousand 

gigatonnes of carbon dioxide, the greatest potential among the studied sites (Khoo & Tan, 2006). However, it should be 

emphasized that the increase in CO2 concentration promotes acidification of the oceans, affecting, for example, the rate 

of coral growth or even making the use of water inadequate for human consumption (M.A. Celia & Nordbotter, 2009).  

Another possibility presented is the abiotic storage of CO2 in saline aquifers. These sites have a high fixation 

capacity and are well distributed geographically; in addition, salt water is, generally, not useful for industry, agriculture 

or for human consumption (Ravagnani & Suslick, 2008). In this method, CO2 is incorporated into the stratigraphy, at a 

suitable depth for storage in the supercritical phase (Lima, 2010). In spite of being able to remain stable at usual depths 

for saline aquifers, CO2 must be liquefied and injected under high pressure, which can compromise the economic 

feasibility of this process. In addition, studies show that the process of dissolution of CO2 in these sites is slow due to the 

low solubility of the gas in aqueous media (Lima, 2010; O’Connor, 2015). 

Oil and natural gas reservoirs are also alternatives for carbon storage. Once exploited, these structures generate 

sites for the introduction of carbon dioxide. Furthermore, most of the world's hydrocarbon fields have the necessary 

temperature and pressure conditions for CO2 storage, which are associated to depths that generally exceed 800 meters. 

Under these conditions, CO2 presents high solvent power, becoming completely miscible with oil (Thomas, 2001; 

Vangkilde-Pedersen et al., 2009).   

CO2 injection into hydrocarbon reservoirs has economic advantages as the oil industry has experience in the 

use of CO2 for advanced oil and gas recovery (EOR). The CO2 injection for oil recovery is known as Miscible Methods, 

and consists of injecting a fluid that is miscible with the oil present in the reservoir, in order to minimize the interactions 

between rock and oil, and facilitate the flow of oil through the reservoir. The fluids used in the miscible displacement 

are: natural gas, carbon dioxide, nitrogen or flue gases. Injection of CO2 for oil recovery uses the gas in the supercritical 

state, i.e. when it is applied to the reservoir, the gas is subjected to temperature and pressure conditions higher than the 

critical point of the gas, which maintains the fluid with the properties of a gas and the density of a liquid, causing the 

CO2 to completely mix with the oil, greatly reducing the interfacial tension that governs the flow of fluids in the porous 

medium (Talman, Perkins, Jafari, & Shevalier, 2013; Thomas, 2001). 

Regarding the CO2 storage technical challenges, it is required that the geological structure has adequate storage 

capacity, in order to provide balance between the amount of CO2 that can be injected and the amount of CO2 that needs 

to be sequestrated from the emitting source. The requirements for this type of storage are (LIMA, 2010): (i) adequate 

porosity, storage capacity and permeability; (ii) satisfactory sealing; and (iii) stable geological environment to avoid 

compromising the integrity of the storage site (lack of fractures and faults within the formation) (Stefan Bachu et al., 

2007a; Lima, 2010). 

The storage potential of conventional hydrocarbon reservoirs is of approximately 900 gigatonnes of gas. 

However, the discovery of new petroleum fields may increase this number, i.e. Brazilian pre-salt reserves. In addition, 

since geological formations have stored oil and gas for thousands of years, it is possible to assume that they are stable 

for the storage of CO2 in a geological time scale (Foltram, 2011). 

Finally, another way of storing CO2 is through its injection into organic-rich stratigraphy, such as shale and 

coal, also characterized as unconventional hydrocarbon reservoirs. This option allows the usage of CO2 as an Advanced 

Coal Bead Methane Recovery (ECBMR). This process is based on the sorption phenomena - property of incorporating 

one substance to another – which occurs in coals, that is, the ability of this material to absorb or adsorb other 

compounds/components due to organic matter content, porosity, the gas diffusion mechanism, and the internal surface 



International Gas Union Research Conference 2017 

 5 

area of these structures (M.J. Lemos de Sousa, Pinheiro, & Rodrigues, 2015; Lima, 2010). 

The coal microstructure is a relevant factor for the behavior of the gas flow within this lithology and, 

consequently, has a direct influence on the applicability of certain coal in processes of geological sequestration of CO2 

(C. F. Rodrigues & Lemos De Sousa, 2002). Dinis, Rodrigues & Lemos de Sousa (2010) studied the storage and 

circulation capacity of CO2 (with emphasis on the diffusion coefficient) in several types of coal and realized that the 

storage capacity was directly related to its petrographic characteristics (mineralogical and chemical) and that the 

temperature influences the diffusion coefficient due to the high activation energy of the process. However, not all coal 

shafts can be accessed to store CO2, so that the variability in the cleat system properties (such as porosity, permeability 

and water saturation) and matrix properties (such as sorption equilibrium, diffusion, and gas saturation) also affects the 

CO2 fixation process (Dinis, Rodrigues, & De Sousa, 2010; Dutta & Zoback, 2012). 

 

 

3. Carbon Geological Storage into Coal Seams with Associated CBM Recovery (CO2-ECBM) 

 
 

The geological storage of CO2 is obtained through a combination of physical and chemical carbon 

trapping/capture mechanisms, whose effectiveness varies according to geological configuration, reservoir 

characterization and technology deployment scale (IPCC, 2006). Such differences need to be taken into account when 

estimating storage capacity. Physical capture occurs when CO2 is stored as free gas or supercritical fluid, and this can 

occur in the face of two types of physical traps: static traps and stratigraphic/structural traps, such as the case of artificial 

caves. Chemical capture occurs when CO2 dissolves in pre-existing fluids within the geological formation and this 

chemical storage process is associated with solubility and ionic entrapment. Due to this, chemical reactions can occur 

with the matrix of rocks, such as the entrapment of the mineral matter by means of a reaction of mineral carbonation or 

adsorbed to internal surfaces, by adsorption phenomena, focus of this article (Bromhal, Neal Sams, Jikich, Ertekin, & 

Smith, 2005; Busch & Gensterblum, 2011). 

The carbon storage technology associated with the recovery of methane - CO2-ECBM (enhanced coalbed 

methane recovery through carbon injection), is applied to “non - mining" fossil coal strata, and it is analogous to the 

enhanced oil recovery (EOR) technology used by the oil industry. However, coal strata differ from conventional oil 

reservoirs in terms of storage capacity, injection mechanisms, and associated gas production. Coal strata correspond to 

both source-rock and reservoir, being classified as an unconventional reservoir, and the deployment of this technology 

on a commercial scale requires a high degree of knowledge of laboratory processes. The schematic representation of the 

CO2-ECBM process is illustrated in Figure 4, which shows the production chain of stations and facilities that are 

required for the application of this carbon injection methodology to coal stratigraphy ( a Bachu, Hawkes, Pooladi-

Darvish, & Perkins, 2009; Stefan Bachu, 2007; Michael A. Celia, Nordbotten, Court, Dobossy, & Bachu, 2011).  

     

                             
Figure 4. Schematic representation of the carbon storage process in coal layers associated with advanced methane 

recovery (CO2-ECBM) (Bachu et al., 2009). 

 

Due to its microporous structure and the cleat system, the coal has a large inner surface that gives it not only 

the permeability condition, but also the ability to accumulate considerable volumes of gas. Regarding the adsorption 

phenomena, it is known that carbon dioxide has a high chemical affinity with the inner surface of the coal, being able to 

be adsorbed when it comes into contact with lithology. The greater the amount of microstructures inside the coal layers, 

the greater the capacity of this for carbon storage (Stefan Bachu, 2007). 
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According to what was mentioned, in addition to this storage capacity, coal strata may contain commercial 

quantities of natural gas adsorbed to these micro-structures (methane-CH4), which is entitled coalbed methane (CBM). 

As with oil reservoirs, CO2 injection methods are capable of resulting in the associated recovery of methane gas 

entrapped in the internal structure of coal. The higher chemical affinity between the surface of the coal and the CO2 is 

due to the fact that the coal is rich in organic matter, and its injection replaces the pre-existing methane as the carbon 

injection occurs. Depending on the rank or degree of coal classification, it is possible to observe the substitution ratio of 

up to 13 adsorbed CO2 molecules for each molecule of released methane. Furthermore, methane production can make 

the process economically feasible, covering injection costs and the technology deployment ( a Bachu et al., 2009; 

Bromhal et al., 2005; Siriwardane et al., 2012).  

As shown in Figure 5, the flow through coal’s cleat system is ruled by the pressure variation inside the system 

(lithology), and can be described by Darcy's Law
2
. The fluid movement inside the coal’s matrix results from the 

difference in fluid concentration levels, described and modeled by Fick's Law
3
, and related to the diffusion property of 

these fluids (Busch & Gensterblum, 2011). According to the authors, the storage of carbon in coal layers occurs 

predominantly by the sorption mechanism, or physical adsorption, inside the coal matrix. 

 

 
Figure 5. Schematic representation of the cleat system of coal and its matrix (shown by blocks), as well as the flow 

direction of the fluids present in the system (Busch & Gensterblum, 2011). 

 

 

4. Optimal Sites for CO2 Storage in Coalbeds 
 

 

 According to the current study, mechanisms of geological carbon storage consist on a combination of chemical 

and physical processes of trapping. In this context, the adsorption of carbon to coal strata, with associated methane gas 

recovery, presents significant advantages in comparison to other types of CO2 storage. For instance, this technology can 

be installed to the surroundings of coal-fired thermoelectric plants, which would lead to costs reduction in CO2 

transportation. In addition, the CBM production can be used as a supply fuel for this electricity generation (gas powered 

power plants).  This proposal also leads to carbon abatement through two perspectives: (i) CO2 storage and (ii) CO2 

emission reduction, as coal-fired power plants emit around 60% more CO2 than natural gas/methane-fired power plants 

(Lawal, Wang, Stephenson, & Obi, 2012; Rubin, Chen, & Rao, 2007). According to studies conducted by Bachu (2007) 

in Alberta, Canada, the production of hydrocarbons associated with carbon geological storage brings economic 

feasibility to the technology deployment, since the production and commercialization of an energy resource (CH4) 

reduce the cost of implementing CCS plants (Stefan Bachu, 2007). 

 In order to identify optimal sites for carbon storage into coal seams, first, geological criteria needs to be 

considered. Geological reservoirs considered favorable to carbon storage, such as coal strata, should have the following 

characteristics: (i) Sufficient capacity to store large volumes of CO2; (ii) Appropriate injectivity, in order to allow the 

injection of CO2 inside the geological formation; and (iii) Confinement, that is, geological configuration with traps that 

                                                           
2
 Law expressed as a derived constitutive equation, applied to fluid dynamics and hydrology, which describes the flow 

of a fluid in a porous media. The law was formulated by Henry Darcy in 1856. (Busch & Gensterblum, 2011). 
3
 Quantitative law represented by a differential equation that describes cases of diffusion of organic matter or energy in a 

media in which, initially, there is no chemical or thermal equilibrium. The law was named by Adolf Eugen Fick in 1855. 

(Busch & Gensterblum, 2011). 
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retain CO2 during the desired period of time, so that leaks are avoided ( a Bachu et al., 2009; Stefan Bachu, 2007; 

Bradshaw et al., 2007).  

 In addition to the mentioned criteria, there are specificities for storage in coal strata: (i) Have adequate 

permeability of at least 1-5 mD (parameter referring to "injectivity"); (ii) Present simple structures (i.e. the storage site 

must be minimally fractured and/or deformed); (iii) Be homogeneous and confined (i.e., requires the presence of a 

sealing layer to prevent the upward leakage of CO2 that has not been adsorbed from the formation (CO2 free state); and 

(iv) Low water saturation ( a Bachu et al., 2009; Stefan Bachu, 2007). 

 

 

6. Perspectives for Brazil  
 

 

Currently, power generation is one of the main carbon emitting sources in Brazil, accounting for 43.6% of CO2 

emitted from stationary sources (Figure 6). This sector produces more than 170,000 kilotons (kt) of carbon dioxide per 

year (KETZER, MACHADO, ROCKETT, & IGLESIAS, 2015). 

 

 
Figure 6. CO2 emissions in Brazil per industry (J. M. Ketzer, Machado, Rockett, & Iglesias, 2015). 

 

 Ketzer et al. (2015) surveyed the potential CO2 storage sites in Brazil, which are the sedimentary basins. This 

evaluation classified the basins through seven distinct criteria so that they were classified by their storage potential 

ranging from low, medium and high, as shown in Figure 7. The considered criteria were: (i) Occurrence of deposits of 

fossil coal;(ii) Active production of hydrocarbons; (iii) Existence of saline formation data; (iv) Theoretical capacity for 

CO2 storage; (v) Existence of mature oil/gas fields; (vi) Legal/regulatory feasibility; and (vii). Existence of transport 

infrastructure (pipelines and terminals) (J. M. Ketzer et al., 2015). 
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Figure 7. Brazilian sedimentary basins classified according to CO2 storage potential. (Ketzer et al., 2015) 

 

 Fossil coal deposits are mainly concentrated in southern Brazil: reserves are estimated in 32 billion tonnes, 

which 87% are in Rio Grande do Sul state (RS), and 12% in Santa Catarina (SC). These coal deposits belong to the 

Paraná Sedimentary Basin, more precisely in the Rio Bonito Formation (Figure 8). According to studies by Kalkreuth & 

Holtz (2010) and Kalkreuth et al. (2008) the Paraná Basin deposit which contains the largest potential of Coalbed 

Methane (CBM) is Santa Terezinha, located northeast of Rio Grande do Sul. The authors attribute this potential to the 

distribution of coal layers, size, depth and type of coal - high volatile bituminous coal. Studies developed by the authors, 

provided by volumetric modeling, indicates an approximate volume of 5.5 billion cubic meters of CBM contained in 

these coal deposits (Kalkreuth et al., 2008; Weniger, Kalkreuth, Busch, & Krooss, 2010).  

 

 

                                                          
Figure 8. Location of fossil coal deposits in the states of Paraná and Rio Grande do Sul (Kalkreuth et al., 2008). 
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 Based on the bibliography analyzed, the coal deposits suitable for CCS implantation should be at coal seams 

with high organic matter content, and with high permeability, besides being situated where there is geological stability; 

properties found in most Brazilian coal deposits. However, coal deposits long Rio Bonito’s formation are being mined 

in both open-pit and underground techniques. Therefore, CO2 injection should be in depths beyond a hundred meters. 

Factors such as: (i) the "swelling" of coal from the injection of CO2, (ii) the current lack of understanding of the 

adsorption and desorption processes of CO2 in liquid or supercritical state, indicate the need for significant advances in 

CCS via CO2-ECBM (S. Bachu, 2008; Stefan Bachu et al., 2007b). 

 

 

7. Final Remarks and Conclusions 
 

 

Concerning the Brazilian scenario, CCS technology may represent a strategic alternative for CO2 abatement, 

especially to the energy sector, major emitting source in the country. In addition, the major CO2 emitting sources, such 

as thermal power plants, biomass, cement, steel, oil refining, ethanol, ethylene, and ammonia industries are mainly 

concentrated in the country’s south and southeast regions. These regions also concentrate the pipeline infrastructure in 

Brazil, which could be used as route for carbon transportation, and storage sites, which could be coal beds from the 

Paraná Basin. However, the knowledge regarding this technology is still little consolidated among the country, as well as 

the respective regulation of this activity (Beck et al., 2011; J. M. et al Ketzer, 2015; ROMEIRO-CONTURBIA, 2014). 

 Once potential storage locations have been identified, based on previously described criteria, the feasibility of 

deploying this technology depends on the integration of economic and regulatory aspects. Locations that are very distant 

from sources of CO2 emissions, or which are associated with a high level of technical uncertainty, become unviable to 

storage. In general, the selection of storage locations must consider, in addition to the intrinsic criteria already 

mentioned, extrinsic conditions, such as: (i) Proximity between emitting sources and storage locations; (ii) Adequate 

level of infrastructure for CO2 capture and transport; (iii) Existing wells, either for injection and monitoring of possible 

leakage; (iv) Production and/or injection strategies; (v) Right of exploitation on the ground/subsoil; (vi) Proximities of 

population occupations; and (vii) Cost and economic viability (Bradshaw et al., 2007). 

 In the case of CO2 storage in coal layers, the basic assumption is that CO2 will replace methane and other 

gaseous hydrocarbons present in coal due to higher chemical affinity. According to studies by Bachu (2007), identifying 

coal beds for the storage of CO2 and the estimation of their storage capacity are factors that depend on properties and 

specific  characteristics of the lithology, as well as a series of economic, regulatory and environmental conditions, that 

are specific to each locality (S. Bachu, 2007). 

 In general, the storage of carbon in coal beds, associated with methane production (CO2-ECBM), constitutes a 

possibility of economic viability to geological storage, although it is still an immature technology. The implantation of 

this technology requires, initially, regional characterization of coal deposits so that suitable storage locations are 

identified. The analysis of carbon storage capacity in carbon strata is based on CO2 adsorption isotherms, as well as 

analysis of coal volume in situ and numerical simulations on the injection rate and associated CBM production.  

According to the conducted study, large-scale deployment of CCS is still subjected to diverse political, 

economic, environmental, and social challenges. In this perspective, it is necessary to increase regulatory capacity and 

build support to governmental authorities in order to develop a further understanding on how this technology and 

liabilities should be applied. 

It is recommended to focus on activities that accelerate confidence in carbon storage and its security, including 

clarification and development of regulatory frameworks to minimize the associated uncertainties. In this scenario, more 

efforts are needed to ensure that CCS and carbon mitigation are well understood among policymakers in Brazil, training 

not only for the industry but also for the government, in order to create an ideal environment for national development 

and for CCS development.  
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