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Abstract— In recent years, the transformation of 

ecologically and socially sustainable economic systems, 

with a low-carbon economy has been identified as 

indispensible. Capturing CO2 is a significant step in this 

process [1]. Captured carbon dioxide can be used as a 

commercial product, either directly or after conversion. 

Direct utilization includes its use in the food and drink 

industry; CO2 can also be converted into chemicals or fuels. 

Carbon dioxide reforming of methane produces synthesis 

gas with low hydrogen to carbon monoxide ratio, which is 

desirable for many industrial synthesis processes. Important 

environmental implications of this reaction can be 

understood since both methane and carbon dioxide 

contribute to the greenhouse effect [2]. These gases can then 

be converted into valuable feedstock resulting in significant 

reduction of the atmospheric emissions of CO2 and CH4. 

Great deal of recent literature has centered on the 

development of catalysts and the feasible applications of this 

reaction in industry. Group VIII metals supported on oxides 

are found to be effective for this reason [3-5]. An effective 

catalyst for CO2 reforming of CH4 and commercial 

application of this reaction, the following points are to be 

kept in mind:  selection of metal and support and studying 

the effect of their interaction on catalyst activity; the effect 

of different promoter on catalyst activity; the reaction 

mechanism and kinetics; and pilot reactor performance and 

scale-up operation. Various CO2 utilization technologies 

developed have been discussed herein. 
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I. DIRECT UTILISATION OF CO2 

Several industries utilize CO2 directly. For example, in the 

food and drink industry, CO2 is commonly used as a 

carbonating agent, preservative, packaging gas and as a 

solvent for the extraction of flavours and in the 

decaffeination process [6]. Other applications can be found 

in the pharmaceutical industry where CO2 can be used as a 

respiratory stimulant or as an intermediate in the synthesis 

of drugs [6,7]. However, these applications are restricted to 

sources producing CO2 waste streams of high purity such as 

ammonia production [7,8]. 

II. ENHANCED OIL RECOVERY (EOR) & ENHANCED OIL 

COAL-BED METHANE RECOVERY (EOCR) 

In these processes CO2 is used to extract crude oil from an 

oil field or natural gas from unmineable coal deposits, 

respectively [8,9]. EOR is used to extract otherwise 

unrecoverable oil reserves. It involves injection of different 

agents into the reservoir, including CO2, natural gas 

nitrogen, polymers (e.g. polyacrylamides) and surfactants, to 

remove the oil trapped in the rocks [10]. Among the 

different agents, naturally occurring CO2 is used most 

commonly because of its low cost and wide availability [9]. 

Injected under supercritical conditions, it mixes well with 

the oil to decrease its viscosity, thus helping to increase the 

extraction yields [11]. However, most CO2 returns back to 

the surface with the pumped oil although it is recycled for 

economic reasons; some of gas is emitted into the 

atmosphere. Under special conditions, the injected CO2 

could remain stored underground, similar to geological 

storage. However, the transition from using naturally to 

anthropogenic sources of CO2 will depend mostly on the 

capture costs and incentives for the oil and gas industry.  

III. CONVERSION OF CO2 INTO CHEMICALS AND FUELS 

The conversion of CO2 into chemicals and fuels can be 

achieved through carboxylation reactions where the CO2 

molecule is used as a precursor for organic compounds such 

as carbonates, acrylates and polymers, or reduction reactions 

where the C=O bonds are broken to produce chemicals such 

as methane, methanol, syngas, urea and formic acid 

[7,12,13]. Furthermore, CO2 can be used as a feedstock to 

produce fuels, for example, in the Fischer–Tropsch process 

[14]. However, although CO2 can replace petrochemical 

feedstocks for production of chemicals and fuels [13], a 

disadvantage is that its conversion is energy intensive and it 

requires high-selectivity catalysts since CO2 is 

thermodynamically highly stable. Chemicals and fuels offer 

limited storage periods for captured CO2 because of their 

short life span. Consequently, CO2 is released into the 

atmosphere before the benefits of the capture can be 

realised. Future research efforts should therefore focus on 

the synthesis of materials and products with longer 

lifespans. An example is mineral carbonates that can be used 

in construction [8] 

IV. MINERAL CARBONATION  

Mineral carbonation is a chemical process in which CO2 

reacts with a metal oxide such as magnesium or calcium to 

form carbonates [8]. Mineral carbonation encompasses a 

series of reactions that can take place in a single or a multi-

step process, also known as direct and indirect carbonation, 

respectively. In a single-step process, the extraction of the 

metal from the mineral matrix and the carbonate 

precipitation occur simultaneously in the same reactor [8]. 

Direct carbonation takes place under high pressure 

conditions in either dry or aqueous media [15]. As an 

example, the overall carbonation reaction using serpentine is 

illustrated below [15] Multi-step or indirect carbonation 

consists of three main reactions [16,8,15]. The first reaction 

involves separating the metal from the mineral matrix in the 

presence of an extracting agent such as hydrochloric acid or 

molten salts. This is followed by a series of hydration 

reactions to obtain the metal in the hydroxide form. Finally, 

the carbonation reaction takes place, where captured CO2 

reacts with the metal in the hydroxide state to form a 

carbonate. In theory, the carbonation reaction is an 

exothermic reaction releasing enough heat to make the 

whole carbonation process self-sufficient [16]. These 
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reactions are illustrated below, using serpentine and 

hydrochloric acid as an example [15]. The use of pure CO2 

is not essential for mineral carbonation as the presence of 

impurities such as NOx in flue gas will not interfere with the 

carbonation reaction [8]. Therefore, the separation and 

capture step that produces a pure stream of CO2 can be 

omitted as waste emissions containing CO2 can be used 

directly. The main advantage of mineral carbonation is the 

formation of stable carbonates capable of storing CO2 for 

long periods [13]. However, this technology is not fully 

developed for large-scale applications as the energy penalty 

and costs are still too high [8]. Furthermore, the mining, 

transportation and preparation of the minerals also have high 

energy requirements, thus reducing the overall CO2 removal 

efficiency [8,13,16]. 

V. BIOFUELS FROM MICROALGAE  

CO2 can be used to cultivate microalgae used for the 

production of biofuels [13,17,18]. Microalgae have the 

ability to fix CO2 directly from waste streams such as flue 

gas as well as using nitrogen from the gas as a nutrient 

[13,19]. Cultivation of microalgae can be carried out in open 

raceway ponds and photo-bioreactors [20]. The former 

require a large land area and process control is difficult, 

limiting productivity [13]. Photo-bioreactors are better in 

that respect but are more expensive than open-pond systems. 

Recently developed vertical flat-panel reactors made from 

thin polyethylene film have much lower capital costs and 

energy requirements and it is expected that future systems 

will be based on these designs [21,22]. The conversion into 

fuels can be carried out through thermochemical or 

biochemical conversion. The former uses heat to produce 

first syngas and then fuels as well heat and electricity. Some 

examples of thermochemical conversion processes include 

gasification, liquefaction and pyrolysis. Biochemical 

conversion relies on biological and chemical processes, such 

as anaerobic digestion, fermentation and esterification 

[17,20]. Unlike crops used in the production of first-

generation biofuels (e.g. maize, sugar beet, oilseed rape, 

etc.), microalgae cultivation does not represent a threat to 

food markets [13,17]; however, it still requires large land 

areas, particularly if cultivated in open ponds so that it could 

ultimately compete for land for food production. 

Furthermore, large-scale production of biofuels from 

microalgae is currently not available because of the high 

production costs, mainly owing to the high energy 

requirements in the harvesting stage [13,17,18]. 

It can be concluded from the above discussion that 

strong sustainability-oriented new technology ventures and 

other actors from the entire value adding path of CO2 

utilization (e.g., from CO2 and energy supplier, R&D and 

upscaling partners to off-taker/customers) should take part 

in partner-ship ecosystems that are aligned and facilitated by 

intermediating third parties to exploit synergies such as 

increased value capture and knowledge transfer. Policy 

makers can encourage these ecosystems by providing 

necessary resources and means to pursue fruitful 

collaborations. Strong sustainability-oriented new 

technology ventures should foster their focus on the CO2-

based product’s performance, for example, by managing 

platform technologies and facilitate staged project 

approaches such as staged market entry strategies. Policy 

makers should pursue in sponsorship for CO2 utilization 

such as regulatory frameworks with clear responsibilities 

and little complexity, for example, to ease access to funding 

opportunities and encourage internationalization for strong 

sustainability-oriented new technology ventures. 

Intermediaries should coordinate support systems, for 

example, to identify gatekeepers, spark collaboration by 

aligning strategies and motivations and enable support 

providers to tailor support solutions to the specific needs of 

a new CO2 utilization venture in a given environment. 
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