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Abstract 

Under the United Nations Framework Convention on Climate Change, developed countries can 

meet greenhouse gas emissions reduction commitments by funding carbon capture and storage 

(CCS) projects in developing countries. Data from published sources were used to identify the 

five most promising developing countries and to assess the theoretical capability for CCS in 

those countries in terms of compatible emissions and geologic storage capacity with the potential 

contribution to global emissions reduction targets. Combined with an assessment of the 

regulatory amenability for CCS, the five countries were ranked in terms of overall feasibility for 

CCS. The results showed that CCS is most feasible in China, South Africa, India, Mexico, and 

Indonesia, in that order. Developed countries can use this research to assist in making investment 

decisions about CCS in developing countries to help meet greenhouse gas emission reduction 

commitments. 

Keywords: carbon capture and storage, greenhouse gas emissions 
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Geologic Storage Potential and Regulatory Amenability for Carbon Capture and Storage in 

Developing Countries 

Introduction and Purpose 

The Intergovernmental Panel on Climate Change (IPCC) recommended that adaptations 

and mitigations should be implemented immediately to help avert the negative consequences of 

global climate change due to increased anthropogenic greenhouse gas emissions 

(Intergovernmental Panel on Climate Change [IPCC], 2007). In 1992, the United Nations 

Framework Convention on Climate Change (UNFCCC) was adopted as the primary agreement 

for countries to realize emissions reductions (United Nations Framework Convention on Climate 

Change [UNFCCC], 2011). At the 2010 United Nations Climate Change Conference in Cancun, 

Mexico, the countries included in Annex I of the framework, Parties to the Convention, agreed 

that emissions must be reduced to limit global temperature rise no more than 2 °C above 

preindustrial levels (UNFCCC, 2011). This is called the 2-degree scenario (2DS). Bowen and 

Ranger (as cited in Gantham Research Institute on Climate Change and the Environment & 

Centre for Climate Change Economics and Policy, 2009) have estimated that annual global 

emissions should not exceed 35 gigatonnes (Gt) of carbon dioxide (CO2) equivalent by the year 

2020, which is approximately equivalent to global emissions in 2010, but 5 Gt less than the 

projected global emissions of 40 Gt in 2020. Additionally, in order to meet the 2DS, global 

emissions should not exceed 15 Gt of CO2 equivalent in the year 2050—a substantial reduction 

compared to the current estimate of 55 GT CO2 equivalent (International Energy Agency [IEA], 

2014b). Under the UNFCCC (2011), Annex I countries are required to report biennially on 

progress to achieve their emissions reductions targets. 
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The Clean Development Mechanism 

Under the UNFCCC (2011), Annex I countries can meet their targets through direct 

emissions reductions such as fuel switching from coal to natural gas. Another method to achieve 

reductions is through the Clean Development Mechanism (CDM), established under Article 12 

of the United Nations (1998) Kyoto Protocol. The CDM enables Annex I countries to fund 

projects such as reforestation that reduce or counteract emissions or projects such as high-

efficiency steam generators that are less carbon intensive than conventional development in non-

Annex I countries. Non-Annex I countries include emerging economies such as China, India, 

Brazil, South Africa, and Mexico. As such, for the purpose of this research, the term developing 

country was defined as non-Annex I countries with the additional restriction to exclude the 

relatively developed countries in the Middle East that have the financial resources to 

domestically develop carbon capture and storage (CCS) technologies. Funding CDM projects in 

developing countries produces Certified Emissions Reduction credits that can be traded on an 

open market with private entities as a means for Annex I countries to achieve emissions targets 

(United Nations, 1998). 

 Carbon Capture and Storage 

CCS is a suite of technologies that together can achieve direct emission reductions (Metz, 

Davidson, de Coninck, Loos, & Meyer, 2005). In general, CO2 emissions from large industrial 

sources such as power plants or refineries are captured from the gaseous exhaust using one of a 

suite of technologies, such as liquid amine solvent capture systems. The CO2-rich gaseous stream 

is compressed into a liquid state and transported, usually via pipeline, to a site that is capable of 

storing CO2 hundreds of metres underground. The liquefied CO2 is injected below the surface at 



CARBON CAPTURE AND STORAGE IN DEVELOPING COUNTRIES 11 

 

high pressure via an injection well. The CCS process, including capture at an industrial facility, 

transport by pipeline, and injection for permanent sequestration and enhanced oil recovery is 

illustrated in Figure 1. 

 

Figure 1. Schematic diagram of carbon capture and storage. 

Note. CO2 = carbon dioxide. From Carbon Capture and Storage: Summary Report of the 

Regulatory Framework Assessment (p. #21), by the Government of Alberta, 2013, Edmonton, 

AB, Canada: Queen’s Printer. Copyright 2013 by the Government of Alberta. Reprinted with 

permission. 

Figure 1 includes reference to enhanced oil recovery (EOR) using CO2 as a form of CCS. 

It is generally accepted that CO2-EOR results in permanent sequestration of CO2, and using 

anthropogenic CO2 (rather than CO2 from naturally-occurring subsurface reservoirs such as CO2-

rich natural gas pools) is a mechanism to reduce global greenhouse gas emissions (Metz et al., 

2005). Some experts debate this assertion because the use of CO2 for EOR results in increased 
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oil production, the combustion of which releases CO2 emissions; however, some researchers 

have argued that oil will continue to be produced to meet global energy demand, and 

sequestering CO2 in the process creates fewer net emissions than not using any CO2 (Global 

Carbon Capture and Storage Institute, 2013b). CO2-EOR presents the most likely pathway to 

sequestration due to the improved business case from resource recovery revenues. The bulk of 

geologic site characterization in developing countries has been to assess EOR. 

Experts in geology and engineering generally agree that CCS is a safe and acceptable 

method to sequester significant amounts of CO2 (Metz et al., 2005). The International Energy 

Agency has estimated that, in the ideal techno-economic framework to maintain the 2DS, 17% of 

global emissions reductions should be realized through CCS (IEA, 2012). Increased use of other 

technologies, such as renewable energy, end-use energy efficiency, and nuclear power also 

contribute to emissions reductions in the ideal scenario; however, CCS is also included as a 

necessary component. Without CCS, the International Energy Agency has estimated that the 

capital costs to meet the emissions reductions target using other technologies would increase by 

40% (IEA, 2012). 

Carbon Capture and Storage in the Clean Development Mechanism 

In December 2011, the UNFCCC approved CCS as an acceptable method to be included 

in the CDM. Organizations have recommended that for the greatest emissions reductions to be 

achieved in the most cost-effective manner by the year 2020 at least 50% of emissions reductions 

achieved by CCS should be realized in developing countries (IEA & Carbon Sequestration 

Leadership Forum, 2010). However, in the future, this percentage will need to increase in order 

to meet current emissions reductions targets (IEA, 2012). The high capital costs associated with 
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CCS are currently prohibitive for wide-scale global deployment (Bakker, de Conick, & 

Groenenberg, 2010). Increased investment in CCS by Annex I countries through the CDM could 

help decease costs as knowledge and experience with the technology is gained. 

Purpose of the Research 

From a global perspective, the primary purpose of this research was to increase the 

understanding of how CCS in developing countries could contribute to global emissions 

reduction commitments. Currently, there are no large-scale operating CCS projects in non-Annex 

I countries. Now that CCS is included in the CDM, it is important to determine which developing 

countries have the greatest geologic storage potential and regulatory amenability to facilitate the 

application of CCS (Philbert, Ellis, & Podanski, 2007). For Annex I countries such as Norway 

and the United Kingdom, where reducing emissions domestically is becoming increasingly 

expensive, it may be more cost-effective to deploy emissions reductions technologies in 

developing countries. This research will aid such countries to make informed decisions regarding 

investment in CCS domestically and abroad through the CDM. This research could also aid 

policymakers in developing countries to understand the significance of CCS in domestic 

economic development.  

Research Questions and Scope 

Research questions. This research explored the following questions: What is the 

geologic storage potential and regulatory amenability for CCS in selected developing countries? 

In particular, which developing countries exhibit the greatest potential for CCS in terms of 

matching emissions sources and potential geologic storage sites? How does the current policy 

situation facilitate or impede development of CCS in these countries? Finally, how much 
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greenhouse gas emissions could theoretically be abated by employing CCS in the selected 

developing countries, and what percentage could this contribute to meeting global greenhouse 

gas reduction targets? 

The null hypothesis of this research is that there is no potential contribution to meet 

global greenhouse gas reduction targets from the deployment of CCS in five selected developing 

countries and the regulatory climate is not amenable to develop CCS in such countries. The 

alternate hypothesis is that there are varying degrees of potential contributions to meet global 

greenhouse gas reduction targets from the deployment of CCS in five selected developing 

countries and the regulatory amenability in such countries also varies. 

Scope of research. The study focused on the potential geologic storage capacity of 

greenhouse gases in five selected developing countries as well as the amenability of the current 

regulatory environment in the selected countries to enable CCS and the resulting potential 

contribution to global greenhouse gas reduction targets. While cost is a key consideration in 

actual deployment of a suite of technologies such as CCS, it does not affect the geological 

potential and plays only an indirect role in regulatory amenability of the technology. As with the 

development of many technologies, capital and operating costs tend to be prohibitively 

expensive for wide-scale deployment at the outset. This is the current state with CCS: many 

studies have been conducted regarding the current high costs of CCS (Bakker et al., 2010), which 

has impeded demonstration on a large scale around the world. Currently, the cost of CCS has 

limited its deployment to primarily government-funded demonstration projects in developed 

countries. Therefore, it can be deduced that at present there is no compelling economic driver to 
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deploy CCS in developing countries other than the CDM. For these reasons, the costs associated 

with CCS were outside the scope of this research.  

The regulatory amenability for CCS was based on existing policies for greenhouse gas 

emissions reductions and the regulatory environment for activities related to CCS such as carbon 

capture facilities, compression facilities, and gas disposal activities. This research did not assess 

proposed regulatory frameworks or policies because of the uncertain nature of changes to 

regulatory regimes that depend on political will. Outside of regulatory regimes, publicly stated 

commitments to international efforts and greenhouse gas reduction targets were included in this 

research. 

Research Methodology 

The viability of CCS in developing countries depends on both geologic storage potential 

and the regulatory situation. Therefore, this research combined a technical quantitative analysis 

of potential geologic storage capacity with a qualitative policy assessment of the feasibility of 

developing countries to implement CCS. The body of knowledge on the technical and regulatory 

aspects of CCS is growing rapidly, presenting challenges for ensuring the most recent literature 

was being used. This study used literature publicly available as of May 31, 2014. The analysis 

was conducted in three stages, as summarized in Table 1 and described in greater detail in the 

following sections. 
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Table 1 

Summary of Analysis Stages for the Research 

Stage Description Information sources 

1 Analysis of existing data on greenhouse gas emissions WRI database 

2 Analysis of existing data on geologic storage potential for 

five selected countries 

Geologic atlases; 

literature 

3 Analysis of existing data on government commitments, 

regulation and policies for five selected countries compared 

to developed countries with regulatory frameworks for CCS 

Literature; policy 

papers; conference 

proceedings 

Note. CCS = carbon capture and storage; WRI = World Resources Institute. 

Greenhouse Gas Emissions 

Greenhouse gases include CO2, water vapour, methane, nitrous oxide, and a suite of 

chlorofluorocarbons. For CCS, however, only CO2 is applicable because of its relatively large 

emission rate compared to the other gases as well as its chemical properties that make it 

amenable to compression, transport, and geologic storage (Metz et al., 2005). Therefore, data 

sources that included explicit quantities of CO2 emissions were used for this research. 

The most comprehensive and detailed data source that was found for the purpose of this 

research was a publicly available database compiled by the World Resources Institute, called the 

Climate Analysis Indicators Tool 2.0 – WRI’s Climate Data Explorer (World Resources Institute 

[WRI], 2014). The database was used to identify the developing countries with the greatest CO2 

emissions from fossil fuel combustion for electricity and heat production, industrial processes, 

construction and manufacturing operations, and transportation. The data were filtered by country 

to derive the overall emissions from CCS-compatible industries such as power plants, refineries, 

oil and gas processing plants, cement plants, chemicals facilities, and iron and steel mills. 

Emissions from these types of industries are more amenable to CCS than others because they are 
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from stationary sources and the concentration and partial pressure of CO2 in the exhaust gas is 

relatively high. The higher the partial pressure of CO2 in the exhaust stream, the lower the 

compression and heating requirements for capturing the CO2. Table 2 shows typical properties of 

CO2 in exhaust streams from different stationary sources that are amenable for CCS (Metz et al., 

2005; Zakkour & Cook, 2010). Exhaust streams from industrial processes, such as gasification to 

produce synthesis gas as well as ammonia and coal-to-liquids production, exhibit the greatest 

partial pressures of CO2. The five countries with the greatest amount of CCS-compatible 

industrial greenhouse gas emissions were selected for subsequent review of geologic storage 

potential of CO2. 
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Table 2 

Typical Properties of CCS-compatible Exhaust Streams from Stationary Sources 

Source 

CO2 concentration 

(% by volume, dry) 

Pressure of 

gas stream 

(MPa) 

CO2 partial 

pressure 

(MPa CO2) 

CO2 from fuel combustion 

Power plant flue gas    

Coal-fired boilers 12–14 0.1 0.012–0.014 

Natural gas-fired boilers 7–10 0.1 0.007–0.010 

Gas turbines 3–4 0.1 0.003–0.004 

Oil refinery fired heaters 8 0.1 0.008 

CO2 from chemical transformations + fuel combustion 

Blast furnace gas (iron and steel) 27 0.1 0.027 

Cement kiln off-gas 14–33 0.1 0.014–0.033 

Ammonia production 15–20 2.8 0.420–0.560 

Coal-to-liquids 10–15 2.8 0.280–0.420 

Ethylene oxide production 8 2.5 0.200 

CO2 from chemical transformations before combustion 

Synthesis gas from gasification 

combined cycle 

8–20 2–7 0.16–1.4 

Note. CCS = carbon capture and storage; CO2 = carbon dioxide; MPa = megapascal. Data in this 

table was derived from the Intergovernmental Panel on Climate Change (2007) report and the 

work of Zakkour and Cook (2010).  

Geologic Storage Potential 

Data on geologic storage potential were collected from publicly available geologic atlases 

and literature for each country. It is important to note that knowledge on geologic storage 

potential is evolving and new methodologies for assessing storage efficiency are being 

developed. For example, in 2007 the Carbon Sequestration Leadership Forum (a forum of world 

experts that develop methodologies and scientific data for CCS) conducted a comparison of 

methodologies for geologic storage potential for three different media: coal seams, oil and gas 



CARBON CAPTURE AND STORAGE IN DEVELOPING COUNTRIES 19 

 

reservoirs, and saline aquifers (Bachu, 2008). Their results showed that existing methods are 

relatively robust, but it recommended changes to produce a more accurate methodology (Bachu, 

2008). An example of a methodology for estimating effective storage capacity in coal seams is 

presented below (Bachu, 2008, pp. 6–7). 

The theoretical storage capacity for a given coal bed is calculated first according to the 

following formula:  

MCO2t = ρCO2s × A × h × ñC × GCS × (1 − fa – fm)   (1) 

where MCO2t is the theoretical storage capacity; ρCO2s is CO2 density at standard (surface) 

conditions (1.873 kg/m3); A is the area of the coal zone; h is the effective thickness of the coal 

zone; ñC is the bulk coal density (generally ñC ≈ 1.4 t/m3); GCS (in units of volume of gas per unit 

of coal mass) is the coal gas content (dry, ash free) at saturation assuming that the coal will be 

100% saturated with CO2; fa is the ash weight fraction of the coal; and fm is the moisture weight 

fraction of the coal. The coal gas content at saturation, GCS, is generally assumed to follow a 

pressure-dependent Langmuir isotherm of the form  

GCS = VL × (P / (P + PL))  (2) 

where VL is Langmuir volume and PL is Langmuir pressure. The Langmuir volume, VL, 

represents the maximum gas adsorption capacity of a particular coal at the given temperature, 

and is usually given in cc/g, which is equivalent to m3/t. The Langmuir pressure, PL, or critical 

desorption pressure, is the pressure at which one half of the Langmuir volume can be adsorbed. 

The Langmuir isotherm expressed by Equation 2 displays an increase in adsorption capacity with 

increasing pressure as the gas content GCS tends asymptotically towards VL with increasing 

pressure P, as shown in Figure 2. 
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Figure 2. Depiction of Langmuir isotherm for gas content in coal seams. 

The effective storage capacity, MCO2e, is obtained according to the following formula: 

MCO2e = Rf × C × MCO2t (3) 

where Rf is the recovery factor, C is the completion factor, and MCO2t is the theoretical storage 

capacity as defined by Equation 1. The completion factor C represents an estimate of that part of 

the net cumulative coal thickness within the drilled coal zone that will contribute to gas 

production or storage. The completion factor strongly depends on the individual thickness of the 

separate coal seams and on the distance between them, and is lower for thin coal seams than for 

thick ones. The recovery factor Rf represents the fraction of gas that can be produced from, or 

stored in, the coal seams (Bachu, 2008, pp. 6–7). 

Although the science behind geologic storage capacity is evolving and becoming more 

robust, there is no standard international method. In addition, the data required to estimate 

capacity can be lacking in developing countries, especially those that have not explored the 

subsurface by taking core samples of the geologic strata or conducted seismic surveys. Currently, 

differing degrees of effort have been used to estimate storage capacity in different countries. 
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Global Emissions Reduction Targets 

The 2DS provides a target of 18 Gt of total annual global greenhouse gas emissions in 

order to have an 80% chance of limiting global warming to an increase of 2 °C by the year 2050. 

In the year 2011, total global emissions were 45.9 Gt. Therefore, global emissions should be 

reduced by 27.9 Gt per year, which is greater than a 60% reduction from 2011 levels.  

This research examined the potential contribution of CCS in the five selected developing 

countries to meet the targets in the 2DS by comparing the annual CO2 emissions that are 

compatible to CCS in each selected country with the potential to permanently store the CO2 over 

the next 36 years. The analysis included an assessment of the hypothetical scenario that all of a 

country’s CCS-compatible emissions were stored using CCS, and whether or not the potential 

geologic capacity could accommodate all of the emissions over the next 36 years. The following 

formula and algorithm were used for this analysis: 

E36y = E2011 x 36 years (4) 

If E36y > MCO2t, then E36y = E2DS, else MCO2t = E2DS  (5) 

where, E36y is the CCS-compatible emissions to be stored over the next 36 years, (Gt); E2011 is 

the CCS-compatible emissions in 2011, (Gt); MCO2t is the theoretical storage capacity, (Gt); and 

E2DS is the emissions stored that contribute to the 2DS, (Gt). 

Microsoft Excel was used to calculate E2DS using the following built-in function: 

IF(logical_test,value_if_true,value_if_false), translated to IF(E36y>MCO2t, MCO2t,E36y). The 

potential contribution to the 2DS target was calculated by determining the percentage of the 

target of 27.9 Gt per year for each country. The total potential contribution was calculated by 

summing E2DS for all five countries, then expressing it as a percentage of the 2DS target. 
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Regulatory Amenability 

The near-term feasibility for CCS in the selected developing countries was determined by 

conducting a literature review of the current legislation, regulations, and policies that could apply 

to CCS. A set of criteria was used to qualitatively assess the current state of regulatory systems 

in the developing countries. One criterion was the magnitude of commitments made by elected 

officials to reduce greenhouse gas emissions. The stronger the commitment, the more amenable 

the policy framework could enable climate change mitigation technologies such as CCS. The 

next criterion was based on a policy index developed by the Global Carbon Capture and Storage 

Institute (GCCSI). The index assesses the applicability of policy frameworks in selected 

countries for CCS by considering such factors as site ownership, long-term liability, regulatory 

enforcement, and public acceptance. The index and analysis of the available literature on 

regulatory frameworks was used to rank each country in terms of regulatory amenability for 

CCS. Another criterion was the number of CCS or CO2-EOR projects in each country. The 

existence of projects currently operating within a country is an indicator that the current 

regulatory framework allows for such projects to be built. Each ranking was based on a score of 

1 being the most amenable and 5 being the least. The ranked scores of the three criteria for each 

developing country were summed to produce an overall ranking of the regulatory feasibility of 

deploying CCS in the selected developing countries. 

Synthesis of Information 

The scores for the potential contribution to the 2DS targets were combined with the 

scores for regulatory amenability to rank each of the five selected developing countries in terms 

of overall feasibility of CCS. A weighted overall rank sum was used. The rank based on potential 
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contribution to the 2DS target was given twice the importance than the rank according to 

regulatory amenability because the former is based largely on physical constraints—geologic 

storage potential is a fixed quantity—whereas regulatory frameworks are subject to change over 

time. Lower rank sums meant a higher rank according to: 

Ranksumoverall = (Rank2DS x 2) + Rankregulatory  (6) 

where Ranksumoverall is the overall rank sum for each country, Rank2DS is the rank score for the 

potential contribution to the 2DS target, and Rankregulatory is the rank score for regulatory 

amenability to CCS. This method emphasized the importance of limitations of potential for CCS 

in each country due to physical constraints and CCS-compatible emissions over the current 

regulatory environment. 

Results 

CO2 Emissions  

Many databases present CO2 emissions as aggregate totals across all sectors of a nation’s 

economy. Emissions data from the energy sector are a more useful indicator of emissions that 

may be applicable to CCS since emissions resulting from other activities such as changes in land 

use and forestry practices would not apply to CCS. The top 10 developing countries in terms of 

CO2 emissions from the energy sector in the year 2011 are shown in Table 3 (WRI, 2014). 
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Table 3 

Carbon Dioxide Emissions from the Energy Sector for Developing Countries, 2011 

Rank among 

developing 

countries 

Rank 

among all 

countries 

Country 

 

CO2 emissions 

in 2011 

(megatonnes) 

1 1 China 7,955 

2 3 India 1,745 

3 11 Mexico 432 

4 13 Indonesia 426 

5 14 Brazil 408 

6 17 South Africa 368 

7 24 Thailand 243 

8 25 Kazakhstan 234 

9 26 Malaysia 194 

s 27 Egypt 188 

Note. Data in the “CO2 emissions in 2011” column are from Climate Analysis Indicators Tool, 

by the World Resource Institute, 2014, Washington, DC: Author. Copyright 2014 by the World 

Resources Institute.  

It is clear that China has the most CO2 emissions from the energy sector in the developing 

world—CO2 emissions in China are greater than all of the next nine developing countries 

combined. When analyzing the emissions data for all countries, however, it is important to 

distinguish the types of CO2 sources because not all sources produce emissions that are feasible 

for CCS. Emissions sources that produce exhaust with low concentrations of CO2 are less 

applicable to CCS than high-concentration sources. The most applicable sources for CCS include 

emissions from coal-fired power plants, natural gas processing systems, refineries, coal-to-

liquids facilities, and industrial processes such as cement manufacturing, iron and steel 

production, hydrogen production, and ammonia production. Other sources of CO2 are not as 

applicable to CCS. For example, mobile emissions sources such as motor vehicles are not 

amenable to CCS because capture processes require large equipment and compression systems 
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that are not feasible to be included with mobile sources. Figures 3 and 4 depict the share of CO2 

emissions by energy sector for each of the top 10 developing countries (WRI, 2014).  

 

Figure 3. Carbon dioxide emissions from the energy sector in China, India, Mexico, Indonesia, 

Brazil, and South Africa in 2011.  

Note. Based on data from Climate Analysis Indicators Tool, by the World Resource Institute, 

2014, Washington, DC: Author. Copyright 2014 by the World Resources Institute.  
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Figure 4. Carbon dioxide emissions from the energy sector in Thailand, Kazakhstan, Malaysia, 

and Egypt in 2011. 

Note. Based on data from Climate Analysis Indicators Tool, by the World Resource Institute, 

2014, Washington, DC: Author. Copyright 2014 by the World Resources Institute.  

Figures 3 and 4 reflect the mix of emissions according to each nation’s economic activity. 

For example, transportation represents the greatest share of emissions in Brazil, a large country 

with sparsely located population centres and whose electricity is generated primarily from 

hydroelectric plants, whereas South Africa’s emissions from transportation are much less 

compared to its emissions from electricity production, which is mainly derived from coal. Due to 

these differences, further analysis was conducted to determine the absolute CO2 emissions that 

would be compatible with CCS. Using the WRI dataset, the categories that would apply to CCS 

Electricity/Heat 
36%

Manufacturing/
Construction

26%

Industrial 
Processes

9%

Transportation
22%

Other Fuel 
Combustion

7%

Thailand

Electricity/Heat 
52%

Manufacturing/
Construction

29%

Industrial 
Processes

2%

Transportation
5%

Other Fuel 
Combustion

12%

Kazakhstan

Electricity/Heat 
53%

Manufacturing/
Construction

16%

Industrial 
Processes

7%

Transportation
20%

Other Fuel 
Combustion

4%

Malaysia Electricity/Heat 
40%

Manufacturing/
Construction

19%

Industrial 
Processes

12%

Transportation
19%

Other Fuel 
Combustion

10%

Egypt



CARBON CAPTURE AND STORAGE IN DEVELOPING COUNTRIES 27 

 

are electricity or heat and industrial processes. Table 4 presents the total emissions that could be 

applied to CCS for the developing countries (WRI, 2014). 

Table 4 

CCS-compatible CO2 Emissions for Developing Countries, 2011 

Country 

Electricity/heat 

CO2 emissions 

(Mt) 

Industrial process 

CO2 emissions 

(Mt) 

Total CCS-compatible 

CO2 emissions (Mt) 

Rank among 

developing 

countries 

China 4,266 1,256 5,522 1 

India 963 161 1,125 2 

Mexico 191 39 229 4 

Indonesia 165 14 179 5 

Brazil 63 50 113 9 

South Africa 229 20 249 3 

Thailand 97 23 120 8 

Kazakhstan 125 5 130 6 

Malaysia 110 14 125 7 

Egypt 86 25 111 10 

Note. CCS = carbon capture and storage; CO2 = carbon dioxide; Mt = megatonnes. Based on 

data from Climate Analysis Indicators Tool, by the World Resource Institute, 2014, Washington, 

DC: Author. Copyright 2014 by the World Resources Institute.  

The analysis shows that South Africa has more CO2 emissions that are compatible with 

CCS than Mexico, Indonesia, and Brazil. This can be attributed to South Africa’s dependence on 

coal for electricity production, and especially on the country’s use of coal to derive 

transportation fuels using coal-to-liquids processes, which produce exhaust streams with very 

high concentrations of CO2. Based on this analysis, the five countries that were considered in the 

next stage of the research were China, India, South Africa, Mexico, and Indonesia. 
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Geologic Storage Capacity 

The assessment of storage capacity for CO2 in geologic formations is an evolving 

science. There is no standard method for determining the absolute capacity for geologic storage, 

and there are varying degrees on information availability regarding subsurface formations around 

the world. In regions where hydrocarbon resource development has occurred over many years, 

such as the United States, western Canada, and Norway, there is sufficient information available 

to assess the geologic storage capacity for CO2 with a high degree of confidence. In many 

developing countries, however, data regarding subsurface geologic formations is sparse or in 

some cases nonexistent. Additionally, comparing estimates of storage capacity between different 

countries is difficult because different methods may have been used and data quality can vary 

among different countries. This research attempted to use the most current and robust estimates 

for each of the five selected developing countries. 

China. China’s economy has been growing steadily in recent decades, and this has 

contributed to exploration for domestic subsurface hydrocarbon resources. A by-product of such 

geologic characterization efforts is increased data pertaining to saline aquifers that are suitable 

for CCS. As well, international efforts have focused on geologic storage potential for CCS. The 

United Kingdom has collaborated with China on Near Zero Emissions Coal projects and the 

European Union funded the Cooperation Action on CCS China (Zeng et al., 2013). Through 

these projects and other domestic geologic studies, researchers have determined that the geologic 

storage potential for CO2 in saline formations and depleted oil and gas reservoirs is significant 

(Zeng et al., 2013). According to Dahowski, Li, Davidson, Wei, & Dooley (2009), the total 

potential deep geologic CO2 storage capacity is 2,300 Gt within China’s boundaries, with an 
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additional 780 Gt offshore, resulting in a total potential of 3,080 Gt of CO2. A map that depicts 

the locations of large industrial point sources of CO2 and suitable subsurface reservoirs is shown 

in Figure 5. The yellow dots show the locations of CO2 sources that emit more than 100 

kilotonnes of CO2 per year, and the green areas show oil basins that are amenable for EOR. The 

light blue areas show the deep saline formations that are amenable to permanent CO2 storage. 

 

Figure 5. Map of China showing CO2 sources and potential storage reservoirs. 

Note. CO2 = carbon dioxide. From “Regional Opportunities for Carbon Dioxide Capture and 

Storage in China: A Comprehensive CO2 Storage Cost Curve and Analysis of the Potential for 

Large Scale Carbon Dioxide Capture and Storage in the People's Republic of China” by R. T. 

Dahowski, X. Li, C. L. Davidson, N. Wei, & J. J. Dooley, 2009, p. 5.1, Pacific Northwest 

National Laboratory. Richland, Washington. Copyright 2009 by Pacific Northwest National 

Laboratory. Reprinted with permission. 
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India. India’s lack of large-scale oil and gas production has stifled the ability for 

researchers to conducts assessments on geologic storage potential. There are, however, recent 

activities that should advance such research. The Indian Department of Science and Technology 

created the Indian CO2 Sequestration Applied Research network in 2007, which gathers 

researchers and policy makers to develop a framework to advance CCS in India (Bumb & 

Vasant, 2009).  

Although comprehensive geologic data are lacking in India, estimates of geologic storage 

potential for CO2 have been conducted. Early estimates were in the range of 510–815 Gt of CO2, 

which included the following breakdown: on-shore and off-shore deep saline formations, 300–

400 Gt; basalt formation traps, 200–400 Gt; unmineable coal seams, 5 Gt; and depleted oil and 

gas reservoirs, 5–10 Gt (Singh, Mendhe, & Garg, 2006). However, a more recent study 

conducted for the International Energy Agency Greenhouse Gas Research and Development 

Programme (2008) estimated less potential for unmineable coal seams and depleted oil and gas 

reservoirs than the estimates made by Singh et al. (2006). According to Kapila & Haszeldine 

(2009): 

This new assessment predicts that the storage in coal seams is likely to be constrained 

due to the fact that these coal reserves can be easily mined and used as fuel. Therefore, 

they calculate the storage potential countrywide to be more of the order of 345 Mt CO2 in 

the major coalfields, where none have the capacity to store more than 100 Mt CO2, and 

only eight of the fields can store more than 10 Mt CO2. For oil and gas reservoirs, the 

authors calculate the total storage capacity to be between 3.7 and 4.6 Gt CO2. . . . Their 

study concludes that more realistic storage capacities for saline aquifers need to be 
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quantified, most likely with the aid of oil and gas exploration information, such as 

seismic and well data. (Kapila & Haszeldine, 2009, pp. 4531–4532) 

With the addition of the updated estimates, the geologic storage potential for India was 

summed according to each storage formation: on-shore and off-shore deep saline formations 

(300–400 Gt), basalt formation traps (200–400 Gt), unmineable coal seams (0.345 Gt), and 

depleted oil and gas reservoirs (3.7–4.6 Gt). The overall storage potential in India is estimated to 

be in the range of 504–805 Gt. 

India has joined various international efforts to advance CCS research and geologic 

capacity estimation in India. Groups such as the Carbon Sequestration Leadership Forum, the 

International Partnership for a Hydrogen Economy, and the Asia Pacific Partnership for Clean 

Development and Climate should help India gain knowledge from others on advancing CCS 

through advancements in geologic estimation methods (Bumb & Vasant, 2009). In addition, 

India joined the Government Steering Committee for the FutureGen project in Alabama in the 

United States and the United States Big Sky CCS partnership in Montana (Bumb & Vasant, 

2009). Indian researchers can benefit from being a part of these projects because they will 

provide real-life experience of geologic capacity estimation, site characterization, developing 

monitoring plans, and designing, constructing and operating a full-scale CCS project.  
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Figure 6. Map of India showing carbon dioxide sources and potential storage reservoirs. 

Note. From A Regional Assessment of the Potential for CO2 Storage in the Indian Subcontinent 

(p. 4), by International Energy Agency Greenhouse Gas Research & Development Programme, 

2008, Cheltenham, United Kingdom: Author. Copyright 2008 by International Energy Agency 

Greenhouse Gas Research & Development Programme. Reprinted with permission. 

Figure 6 depicts the locations of emissions sources of CO2 and the potential storage sites 

in India (International Energy Agency Greenhouse Gas Research and Development Programme, 

2008). The most promising area for CCS is in the southeast offshore part of India where there are 

several large-point sources and two planned ultramega power plants with good geologic 

suitability for CO2 storage in the same area.  

South Africa. South Africa has made significant progress recently on its assessment of 

geologic storage potential for CO2. The South African government created the South African 



CARBON CAPTURE AND STORAGE IN DEVELOPING COUNTRIES 33 

 

Centre for Carbon Capture and Storage in 2009 as a division of the country’s South African 

National Energy Development Institute; this centre has undertaken various activities to advance 

CCS in South Africa. One major milestone was the completion of an atlas of geologic storage 

potential in onshore and offshore reservoirs in 2010 (Council for Geoscience, 2010). The atlas 

includes detailed assessments for several geologic basins. 

The atlas estimates that over 98% of the feasible storage sites are located offshore in the 

Mesozoic basins off the southern and southwestern shores of South Africa (Council for 

Geoscience, 2010). Some onshore potential exists in deep coal fields in the Karoo Basin in the 

northeast of the country, but the potential is much greater offshore. The estimated capacities by 

offshore geologic reservoir are as follows: Orange Basin, 56 Gt; Outeniqua Basin, 48 Gt; and 

Durban–Zululand Basin, 42 Gt. The total estimated geologic storage potential in South Africa is 

approximately 150 Gt of CO2. Figure 7 shows the locations of suitable CO2 storage sites and 

their estimated capacities (Council for Geoscience, 2010). 
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Figure 7. Map of South Africa showing potential storage reservoirs and estimated capacities. 

Note. From Atlas on Geological Storage of Carbon Dioxide in South Africa (p. 48), by the 

Council for Geoscience, 2010, Pretoria, South Africa: Author. Copyright 2010 by the Council for 

Geoscience. Reprinted with permission. 

Mexico. The Mexican government has identified CCS as a key component of its Energy 

Strategy and Special Program on Climate Change, while also establishing a CCS Innovation 

Centre. Mexico has a long history of oil and gas development, which has helped researchers 

gather geologic data for assessing potential subsurface reservoirs. The countries of Canada, the 

United States, and Mexico recently collaborated on the North American Carbon Atlas 

Partnership (NACAP), which included Mexico’s National Carbon Storage Atlas (North 

American Carbon Atlas Partnership [NACAP], 2012). The assessment only included saline 

aquifers because this was seen to be the greatest potential for storing CO2; however, there are 

plans to conduct studies on depleted oil and gas fields and more detailed assessments at regional 

and local levels. A map that shows the regions where storage capacity was estimated for nine 
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geologic regions in Mexico is shown in Figure 8. Table 5 shows the assessed regions and the 

capacity estimates for each (NACAP, 2013). 

 

Figure 8. Map of Mexico showing potential storage reservoirs in saline formations. 

Note. From North American Carbon Storage Atlas (p. 30), by North American Carbon Storage 

Atlas Partnership, 2012. Copyright 2012 by the North American Carbon Storage Atlas 

Partnership. Reprinted with permission. 
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Table 5 

CO2 Storage Estimates by Geological Region in Mexico 

Geological region Type of sediment 

Theoretical storage 

potential (Gt CO2) 

Chihuahua Carbonate < 1 

Coahuila Carbonate 6 

Terrigenous 7 

Central Carbonate < 1 

Burgos Terrigenous 17 

Tampico-Misantla Carbonate 3 

Terrigenous 7 

Veracruz Carbonate 1 

Terrigenous 14 

Southeastern Terrigenous 24 

Yucatan Carbonate 4 

Terrigenous 10 

Chiapas Carbonate 6 

Total  100 

Note. CO2 = carbon dioxide; Gt = gigatonnes. From North American Carbon Storage Atlas 

(p. 31), by North American Carbon Storage Atlas Partnership, 2012. Copyright 2012 by the 

North American Carbon Storage Atlas Partnership. Reprinted with permission. 

The total potential capacity in saline formations is estimated to be 100 Gt. Table 4 shows 

that the terrigenous formations present nearly 80% of Mexico’s potential (NACAP, 2012). 

Terrigenous sediments are created when terrestrial erosion that forms sand, mud, and silt flows 

down rivers and are deposited in large bodies of water, such as the Gulf of Mexico (Pinet, 1996). 

Therefore, the most probable focus for large-scale CCS in Mexico will be offshore in the Gulf of 

Mexico.  



CARBON CAPTURE AND STORAGE IN DEVELOPING COUNTRIES 37 

 

Indonesia. Indonesia has been producing oil and gas for over a century. Since 2003, 

Indonesia has been investigating the potential for CO2 storage via EOR (Best, Mulyana, Jacobs, 

Iskandar, & Beck, 2011). With the support of the British Embassy in Jakarta, the government’s 

Ministry of Environment formed the Indonesia CCS Study Working Group by collaborating with 

industry stakeholder Shell, the state-owned electricity company PT PLN (Persero), the oil and 

gas research organization Lemigas, and the World Energy Council. In 2009, the working group 

produced a report on the potential for CCS in Indonesia (Iskandar & Sudarman Sofyan, 2013). 

The results of the report were used to identify the 10 most suitable geologic formations for a 

planned pilot project. The regions with the greatest potential for storage in depleted oil and gas 

reservoirs are shown in Figure 9 (Iskandar & Sudarman Sofyan, 2013). 

 

Figure 9. Map of Indonesia showing potential storage reservoirs in depleted oil and gas 

reservoirs. 
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Note. From “Ranking of Indonesia Sedimentary Basin and Storage Capacity Estimates for CO2 

Geological Storage,” by U. P. Iskandar & U. Sudarman Sofyan, 2013, Energy Procedia, 37, 

p. 5178. Copyright 2013 by Iskandar & Sudarman Sofyan. Reprinted with permission. 

As depicted in Figure 9, the sites with the greatest storage potential are in the Central 

Sumatera Basin in Sumatra and the Kutai and Tarakan Basins in Kalimantan (Iskandar & 

Sudarman Sofyan, 2013). Overall, potential CO2 storage capacity in oil and gas reservoirs in 

Indonesia is estimated to be 900 megatonnes (Mt), with additional capacities of 7.7 Gt in saline 

formations in south Sumatra and 2.7 Gt in deep unmineable coal seams (Asian Development 

Bank, 2013), resulting in the total estimated storage capacity in Indonesia of 11.3 Gt. 

Global Emissions Reduction Targets 

Equations 4 and 5 were used in Microsoft Excel to determine how much CO2 

theoretically could be stored in each developing country over the next 36 years. Then the 

percentage contribution to the 2DS target of 27.9 Gt was calculated. The calculated values are 

shown in Table 6. There is enough geologic storage potential to store 36 years’ worth of CCS-

compatible emissions for all five countries based on emissions rates in 2011. Approximately half 

of Indonesia’s potential capacity would be used by the year 2050. China could potentially 

contribute almost 20% to the 2DS target, while India could contribute 4%. All five countries 

combined could potentially contribute 26% to the 2DS target. 
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Table 6 

Potential Contribution to 2-Degree Scenario for Selected Developing Countries 

Country 

Total CCS-

compatible CO2 

emissions to 2050 

(E36y, Gt) 

Total geologic 

storage 

potential 

(MCO2t, Gt) 

Emissions 

contribution 

to 2DS target 

(E2DS, Gt) 

Potential 

contribution 

to 2DS target 

(%) Rank 

China 199 3,080 199 19.8 1 

India 41 504–805 41 4.0 2 

South Africa 9 150 9 0.9 3 

Mexico 8 100 8 0.8 4 

Indonesia 6 11 6 0.6 5 

Total 263 3,845–4,146 263 26.1  

Note. 2DS = 2-degree scenario; CCS = carbon capture and storage; CO2 = carbon dioxide. 

Regulatory Amenability 

Emission reduction commitments. Governments around the world have made 

commitments to address climate change in various ways. A common approach is to set targets on 

greenhouse gas emissions. The policy mechanisms available to meet the targets vary; some 

jurisdictions use strict emissions limits, others use cap-and-trade market mechanisms, and others 

use economy-wide carbon taxes. Some governments, however, have made little progress on their 

commitments, and some have made no commitments at all (Bowen, as cited in Gantham 

Research Institute on Climate Change and the Environment & Centre for Climate Change 

Economics and Policy, 2009). The willingness of a government to set targets on greenhouse gas 

emissions and follow up with policies or regulatory frameworks to achieve the targets is an 

important factor to consider when assessing the regulatory amenability of a developing country 

for CCS. Table 7 shows the greenhouse gas emission reduction targets for each selected 
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developing country and the dates when each country joined international efforts to reduce 

greenhouse gas emissions. 

Table 7 

National Greenhouse Gas Reduction Targets and International Commitments 

Country 

Emission reduction 

target by 2020 Other targets 

Joined 

UNFCCC 

Ratified Kyoto 

Protocol 

China -40 to -45% of 

CO2 per unit of GDP 

relative to 2005 

-17% of CO2 per unit of 

GDP by 2015 relative to 

2005 

5 Jan 1993 30 Aug 2002 

India -20% to -25% of 

CO2 per unit of GDP 

relative to 2005 

N/A 1 Nov 1993 26 Aug 2002 

South 

Africa 

-34% relative to 

BAU 

-42% by 2025 relative to 

2005 and emissions to peak 

between 2020 and 2025 

29 Aug 1997 31 Jul 2002 

Mexico -30% relative to 

BAU 

N/A 11 Mar 1993 7 Sep 2000 

Indonesia -26% relative to 

BAU 

-25 to -30% of CO2 relative 

to BAU over 2012–2015 

-40% of CO2 relative to 

BAU by 2025 

23 Aug 1994 3 Dec 2004 

Note: CO2 = carbon dioxide; BAU = business as usual; GDP = gross domestic product; 

N/A = not applicable; UNFCCC = United Nations Framework Convention on Climate Change. 

As indicated in Table 7, there are various metrics that countries use to set targets. China 

and India, for example, have set their 2020 targets based on emissions per unit of gross domestic 

product (GDP). This approach allows for emissions to rise while these rapidly developing 

countries’ GDP increases; however, the emissions intensity according to economic output should 
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decrease to meet the target. Other countries, such as South Africa, Mexico, and Indonesia, base 

the targets on predicted scenarios based on no government intervention on regulating greenhouse 

gas emissions. This “can be considered a ‘business as usual’ scenario from today; it includes 

policies enacted or adopted (though not necessarily fully implemented) to date, but not policies 

under consideration (e.g., no ‘targets’ that are not backed up by commensurate action)” 

(Gantham Research Institute on Climate Change and the Environment & Centre for Climate 

Change Economics and Policy, 2009). Again, if the business-as-usual scenario predicts very 

large increases in emissions, the targets could allow for emissions to increase from current levels.  

A qualitative assessment leads to the conclusions that (a) China’s targets are more 

aggressive than India’s, (b) South Africa’s targets are more aggressive than Mexico’s and 

Indonesia’s, and (c) Indonesia’s targets are more aggressive in the long term than Mexico’s. Of 

all five countries, because South Africa has a target for absolute total emissions and an 

achievement date between 2020 and 2025, this country has the most aggressive aspirations for 

reducing greenhouse gas emissions. Aggressive targets for greenhouse gas reductions are a 

positive contributing factor for a nation’s willingness to use CCS as a mitigation technique. 

Another factor to consider is a nation’s willingness to join international efforts to commit 

to reducing greenhouse gas emissions. All five of the selected developing countries have joined 

the UNFCCC and ratified the United Nations (1998) Kyoto Protocol. China was the first of the 

five selected countries to join the UNFCCC with South Africa being the last. Mexico was the 

first to ratify the United Nations Kyoto Protocol with Indonesia being the last. It does not appear 

that the timing of joining international efforts can be used to conclude one country’s commitment 

is stronger than another’s. 



CARBON CAPTURE AND STORAGE IN DEVELOPING COUNTRIES 42 

 

The GCCSI policy index and assessment of regulatory status. The GCCSI policy 

index is a tool that uses a weighted rating to assess the policy amenability for CCS in different 

jurisdictions. It is comprised of three subindicators: (a) propensity to adopt CCS policies, 

weighted at 10% of the total score; (b) current policy setting to support pre-commercial 

demonstration activities, weighted at 60%; and (c) current and future policy settings to drive 

commercial deployment, weighted at 30% (Global Carbon Capture and Storage Institute, 2013b).  

According to an assessment conducted by the GCCSI in 2013, some of the selected 

developing countries have relatively immature policy and regulatory frameworks compared to 

more developed countries. This does not imply that the policies and regulations cannot be 

modified to be more amenable to CCS development, but the current state of policy regimes can 

be a barrier to implementation of CCS in developing countries. A schematic that depicts selected 

countries with varying degrees of regulatory amenability versus the number of large-scale 

integrated projects (LSIPs) is shown in Figure 10. 
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Figure 10. Assessment of selected countries by CCS policy index and number of large-scale 

integrated CCS projects. 

Note. From The Global Status of CCS 2013 (p. 74), by the Global Carbon Capture and Storage 

Institute, 2013, Melbourne, Australia: Author. Copyright 2013 by Holder. Reprinted with 

permission. 

China. China has a relatively amenable regulatory framework compared to the others 

because it has comprehensive regulations in place for oil and gas operations. Its state-run energy 

industry is able to implement projects such as CCS without extensive public consultation or 

environmental assessments, as is the case in many other countries. CCS projects in China are 

able to proceed in a relatively expeditious manner without many regulatory hurdles. 

India. India has established regulatory frameworks for oil and gas activities including 

requirements for groundwater protection, environmental impact assessments, and pipeline design 
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and construction rules (The Energy and Resources Institutes, 2013). Much of the existing 

regulatory regime could be applied to CCS; however, no CCS-specific legislation, regulations, or 

requirements have been enacted in India. It is unknown if the Indian government plans to 

implement regulatory changes that apply directly to CCS. 

South Africa. South Africa has undertaken some regulatory assessments pertaining to 

CCS in recent years. In 2011, the South African Department of Energy contributed to a World 

Bank study on the potential regulatory barriers to CCS in South Africa (World Bank, 2011). The 

study found that South Africa has many provisions for regulating CCS if the CO2 is classified as 

a waste; however, explicit rules governing CCS-related substances and activities have not yet 

been put in place. In 2012, the University of Cape Town’s Institute for Marine and 

Environmental Law produced a study that recommended changes to South Africa’s regulatory 

system to enable CCS (Glazewski, Gilder, & Swanepoel, 2012), but it is unclear if the South 

African government is willing to act on the recommendations. In terms of current regulations for 

CCS, the Department of Environmental Affairs has placed a capture-ready requirement in its 

Record of Decision regarding the Khusile electricity generation station (Glazewski et al., 2012). 

This means that design and construction of the new power plant will need to include provisions 

for CCS to be used at the plant at a later date. More decisions like these may incent increased 

activity for large-scale CCS in South Africa; however, there are still regulatory issues to address. 

Mexico. Mexico has been regulating its oil and gas industry for many decades, and many 

regulatory instruments are in place that govern subsurface activities. However, as with most 

developing countries, no CCS-specific requirements have been enacted. In 2014, the Mexican 

Ministry of Energy plans to conduct an assessment of regulatory issues that pertain to CCS, such 
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as general regulations and permitting regimes and already existing and applicable regulations; 

the study will make recommendations to amend existing regulations or develop new 

requirements specific to CCS (IEA, 2014a). 

Indonesia. Indonesia has many existing regulations and requirements for oil and gas 

development; however, their applicability to CCS has not been clearly defined. A study 

conducted in 2009 to identify the potential regulatory gaps in Indonesia found that classification 

of CO2 for CCS is an important determining factor because there are current regulations that 

apply to subsurface utilization for waste storage (Best et al., 2011). Indonesia’s Regulation No. 

13 of 2007 includes “requirements and procedures for waste water treatment in upstream oil and 

gas and geothermal activities using injection methods into the subsurface” (Best et al., 2011, 

p. 6155) including containment, migration, and monitoring requirements. This may be the most 

applicable regulation to CCS; however, it relies on CO2 being classified as a waste under the 

regulation. The Indonesian regulatory regime has yet to classify CO2 for CCS, so it remains 

unclear how CCS can be regulated. There are no current plans for the Indonesian government to 

enact CCS-specific regulations or requirements because the focus is on research, capacity 

building, and demonstrating CCS at pilot scale (IEA, 2014a). 

Summary of the status of regulatory frameworks for CCS in developing countries. 

Based on the above analysis, China has the most amenable regulatory environment to implement 

CCS compared to the other four selected developing countries. South Africa and Mexico also 

have enabling regulatory regimes for CCS, while India and Indonesia are behind the others in 

terms of policy and regulatory advancements.  
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Existence of CCS or CO2–EOR projects. The five selected developing countries have 

varying degrees of advancement in CCS. Active projects in a country are a practical indicator of 

regulatory amenability because the regulatory framework needs to be advanced enough to allow 

for such activities to occur. Some countries have LSIPs or pilot projects that are currently 

operating to demonstrate the ability to store CO2 permanently or use CO2 for EOR.  

The GCCSI (2013) defined LSIPs as “CCS projects [that are] considered to be at a 

sufficiently large scale to be representative of commercial-scale process streams” (p. 23). Each 

project can be categorized according to its maturity in the project lifecycle. According to the 

GCCSI (2013), the first tranche includes the planning stages (identifying, evaluating, and 

defining sites for storage), which can include preliminary injection of CO2 to characterize the 

injectivity of the target reservoir. Once a site has been selected and the project has completed the 

necessary design work for the infrastructure, such as front-end engineering and design studies, a 

company makes its final investment decision to proceed with the project. The next tranche in the 

project lifecycle is the active phase that includes execution and commissioning of the equipment, 

operation of the site, and final closure of the facility at which decommissioning takes place.  

There are 65 LSIPs worldwide in various stages of the project lifecycle (Global Carbon 

Capture and Storage Institute, 2013b). The majority of mature projects are found in the United 

States, Europe, and Canada (Global Carbon Capture and Storage Institute, 2013b). The following 

subsections describe projects underway in China, India, South Africa, Mexico, and Indonesia. 

China. Recently, China has invested in many CCS projects that are in the early stages of 

development. China is the only developing country of the five selected countries that has LSIPs, 

with 12 projects currently in development (Global Carbon Capture and Storage Institute, 2013b). 
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The three most advanced projects in the define stage are being developed by the state-owned 

Chinese petroleum companies Sinopec and PetroChina:  

 PetroChina’s Jilin Oil Field EOR Project began injecting in 2008 and is storing 

160,000 tonnes per year of CO2; 

 Sinopec’s Shengli Oil Field EOR Project is storing 40,000 tonnes per year of CO2; 

and 

 Sinopec’s Qilu Petrochemical CCS Project will be storing 350,000 tonnes per year of 

CO2 beginning in 2015 (Global Carbon Capture and Storage Institute, 2013b). 

In addition, Yangchang Petroleum Group is developing the Yanchang Jingbian CCS 

Project, which is in the evaluate stage (Global Carbon Capture and Storage Institute, 2013b). It is 

operating a 50,000 tonnes CO2 per year capture facility to be used for injection into sandstones at 

the Yanchang Oil Field in the Ordos Basin (Global Carbon Capture and Storage Institute, 

2013b). In Qinshi County, Shanxi Province, CO2 has been injected since April 2010 to 

demonstrate the behaviour of CO2 in an enhanced coal-bed methane project (Global Carbon 

Capture and Storage Institute, 2013b). The Shenhua Ordos Coal-to-Liquids Project began 

injecting CO2 into a saline formation in the Ordos Basin in 2011, and it is planned to capture and 

store 100,000 tonnes per year of CO2 (Global Carbon Capture and Storage Institute, 2013b).  

In addition to LSIPs, China has been developing smaller-scale pilot projects such as the 

Shanghai Shidongkou Project. This project is being built in stages from a small-scale 3,000 

tonnes per day postcombustion capture unit on a coal-fired power plant in Beijing to a 120,000 

tonnes per day capture unit at the Huaneng Shanghai Shigongkou power plant (Global Carbon 

Capture and Storage Institute, 2013b). The knowledge gained from these stages will be used to 
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expand the project to two 660-megawatt coal-fired power plants (Global Carbon Capture and 

Storage Institute, 2013b). According to the GCCSI (2013), China has eight active projects that 

do not fall into the LSIP category, but they are advancing CCS in China. 

India. India has invested primarily in laboratory-scale research and model simulations on 

different components of CCS and has one planned small-scale pilot project (The Energy and 

Resources Institute, 2013). The state-owned National Aluminium Company is constructing a 

carbon capture unit at its coal-fired power plant at Angul in Orissa state. The captured CO2 will 

be used to grow algae in shallow ponds for subsequent use as biofuel, poultry and cattle feed, 

and pharmaceutical products (The Energy and Resources Institute, 2013). Information was not 

available on the planned capture and storage rates or the proposed timing for start up for this 

project. 

South Africa. The South African Centre of CCS is planning a Pilot CO2 Storage Project, 

which is a test injection facility with injection rates of approximately 10,000 tonnes of CO2 per 

year (Council for Geoscience, 2010). The location will be determined based on the previous 

studies that resulted in the South African storage atlas in 2010, and the project is planned to be 

operational by the year 2016 (Council for Geoscience, 2010).  

Mexico. In Mexico, Petroleos Mexicanos is developing two pilot projects based on CO2 

for EOR (Global Carbon Capture and Storage Institute, 2013a). The Federal Electricity 

Commission, Petreoleos Mexicanos, and the Mexico-based environmental nongovernmental 

Mario Molina Centre have produced a scoping study for one of the pilot projects to include CO2 

captured from the 350 megawatt Tuxpan coal-fired power plant to be used for EOR in the Aceite 

Tercerio del Golfo field (Global Carbon Capture and Storage Institute, 2013a). The World Bank 
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is contributing to a more in-depth feasibility study for this project, with initial injection being 

planned for 2015 (Global Carbon Capture and Storage Institute, 2013a).  

Indonesia. Indonesia has recently focused on knowledge-sharing and capacity 

development activities to gain a greater understanding of CCS and its potential in Indonesia 

(IEA, 2014a). For example, the Asian Development Bank worked with various stakeholders to 

produce an evaluation of the potential for CCS in Indonesia, Thailand, Vietnam, and the 

Philippines (Asian Development Bank, 2013). Based on the outcomes of the study, the Asian 

Development Bank (2013) is cofunding a prefeasibility study with the Japan International 

Cooperation Agency for a potential pilot project in Merbau, South Sumatra. The project would 

use CO2 captured from the Merbau Gas Gathering Station to be stored in nearby depleted oil and 

gas reservoirs (Asian Development Bank, 2013). The initial plans include injection rates of 50 to 

100 tonnes per day of CO2 beginning in the year 2016 (Asian Development Bank, 2013). 

Synthesis of regulatory amenability results. Using the information in the preceding 

three sections, each country was ranked against the other four for each of the three criteria. A 

composite ranking was determined by summing the three criteria rankings. The rankings are 

shown in Table 8. The ranking system shows China to be the country with the most amenable 

regulatory framework for CCS, followed by South Africa, then Mexico, Indonesia, and finally 

India. 
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Table 8 

Assessment of Regulatory Amenability for CCS in Selected Developing Countries 

Country 

Emission 

reduction 

commitments 

(rank) 

GCCSI policy index 

and regulatory 

environment 

(rank) 

Existence of 

projects 

(rank) 

Summed 

ranking 

scores Rank 

China 3 1 1 5 1 

South Africa 1 2 4 7 2 

Mexico 4 3 2 9 3 

Indonesia 2 5 3 10 4 

India 5 4 5 14 5 

Note. GCCSI = Global Carbon Capture and Storage Institute. Overall Feasibility of CCS in the 

Selected Developing Countries. 

The weighted ranking method was used to combine the rank of each country in terms of 

its potential contribution to the 2DS target with the rank of regulatory amenability. The potential 

contribution to the 2DS target was given twice as much weighting as the regulatory amenability. 

The results are shown in Table 9. China exhibits the greatest overall feasibility for CCS with 

South Africa and India being the second- and third-most feasible, respectively. Mexico and 

Indonesia were the fourth- and fifth-ranked countries, respectively, for overall CCS feasibility. 

Table 9 

Overall CCS Feasibility Ranking 

Country 

Potential 

contribution to 2DS 

target 

(Rank2DS) 

Regulatory 

amenability 

(Rankregulatory) 

Sum of weighted 

ranking scores 

(Ranksumoverall) 

Overall feasibility 

(Rankoverall) 

China 1 1 3 1 

South Africa 3 2 8 2 

India 2 5 9 3 

Mexico 4 3 11 4 

Indonesia 5 4 14 5 

Note. 2DS = 2-degree scenario. 
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Discussion 

While these five developing countries could potentially contribute over one-quarter of the 

necessary global emissions reductions to meet the 2DS through CCS, this finding was based on 

the assumption that 100% of all CCS-compatible emissions would be captured and stored in each 

country, which currently is an unrealistic proposition. As stated earlier, the economic barriers to 

CCS are limiting its progress internationally. As an emissions capture technology approaches 

100% capture rates, the marginal abatement costs increase substantially. Therefore, it is highly 

unlikely that 26% of global emissions reduction targets could be achieved with CCS in the five 

selected countries. 

A limitation of the assessment of geologic storage potential was the inconsistency of data 

quality in the literature for each of the different countries. In many cases the literature did not 

provide or identify the methodology that was used to estimate storage capacity. Therefore, it was 

unclear if the data were based on first-order estimates or detailed assessments based on physical 

samples. The estimates used in this research could be erroneous and lead to incorrect rankings. 

In the absence of CCS-specific regulatory frameworks in all of the selected countries, the 

analysis was focused on government commitments and planned assessments of the regulatory 

regimes in each country. Such indicators are indirect and do not necessarily represent legislation 

or regulations currently in force. Similarly, using current operating CCS projects or those being 

planned as a proxy for regulatory amenability does not consider other possible contributing 

factors such as regulatory exemptions for research or pilot projects or government funding that 

may be responsible for CCS projects to be developed in a given country. 
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Different rankings may have been obtained if neighbouring countries were considered. 

Political boundaries do not impact the physical state of the subsurface, so there may be increased 

potential if one country with large CCS-compatible emissions but limited storage potential had 

access to potential storage sites in neighbouring countries. The need for international agreements 

for such activities, similar to transborder waste transfer agreements, could be a deterring factor, 

but it was not considered in this research. 

Conclusions and Recommendations 

The five developing countries with the most CCS-compatible CO2 emissions in 2011 

were as follows: China (5,522 Mt CO2), India (1,125 Mt CO2), South Africa (249 Mt CO2), 

Mexico (229 Mt CO2), and Indonesia (179 Mt CO2). The geologic storage potential in these five 

countries (China 3,080 Gt CO2; India 504–805 Gt CO2; South Africa 150 Gt CO2; Mexico 100 

Gt CO2; and Indonesia 11 Gt CO2) could potentially contribute over one-quarter of the necessary 

global emissions reductions to meet the 2DS through CCS. The potential contribution to the 2DS 

for each country is as follows: China 19.8%, India 4.0%, South Africa 0.9%, Mexico 0.8%, and 

Indonesia 0.6%. 

China is the most feasible non-Annex I country for implementing large-scale CCS, 

followed by South Africa, India, Mexico, and Indonesia. China had several times more CCS-

compatible emissions and geologic storage potential than all of the other selected countries. It 

also had the most amenable regulatory framework due in large part to its state-run energy 

industry. In addition, China has several LSIPs and pilot CCS projects being developed, while the 

other four countries are still focused on research, capacity building, and pilot-scale projects. 
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The results of the assessment support the alternate hypothesis: There are varying degrees 

of potential contributions to meet global greenhouse gas reduction targets from the deployment 

of CCS in five selected developing countries, and the regulatory amenability in such countries 

also varies. As China has the greatest CCS-compatible emissions and the most amenable 

regulatory framework, the other four developing countries have different degrees of potential for 

CCS. India has more CCS-compatible emissions than South Africa, Mexico, and Indonesia, but 

its regulatory amenability is the least of all five countries that were examined. South Africa has 

the third-most CCS-compatible emissions, but its regulatory amenability puts it in second place 

behind China. India was ranked third due to its relatively large amount of CCS-compatible 

emissions compared to Mexico and Indonesia, and Mexico was ranked fourth because its 

emissions and regulatory framework are more favourable to CCS than Indonesia. Indonesia was 

ranked fifth because it had the fewest CCS-compatible emissions and least amenable regulatory 

framework of the five countries that were examined. These varying degrees of CCS-compatible 

emissions and regulatory amenability support the alternate hypothesis. 

More efforts should be placed on standardizing methods for assessing geologic storage 

potential. Without a global standard for such assessments, inconsistent application of different 

methods can produce misleading results. This could potentially distract attention from countries 

that may have more storage potential than others. 

Developed countries that are assessing alternate approaches to meet domestic and 

international emissions reduction targets should focus efforts on China. However, if China joins 

an international treaty on greenhouse gas reductions, it would not be available for CDM credits. 

In that event, efforts should be redirected to the other four countries. 
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