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ABSTRACT 
Economic growth and the increase in population have caused greater generation and consumption of 
fossil energy, increasing CO2 emissions into the atmosphere, directly impacting climate change and 
global warming. Carbon capture, utilisation, and sequestration (CCUS) are essential for reducing 
greenhouse gas (GHG) emissions and achieving carbon neutrality. This article aims to analyse the 
scientific production on CCUS in Scopus through the application of bibliometric techniques and a 
systematic review of the knowledge of the different techniques used, their distribution and trends. The 
methodological process consisted of three phases: (i) collection and processing of scientific 
information, (ii) bibliometric analysis using the Bibliometrix and VOSviewer software, and (iii) 
systematic review of the CCUS techniques used using the Preferred Reporting Items for Systematic 
method Reviews and Meta-Analyses (PRISMA). The results showed a growing trend of annual 
publications on CCUS in the last decade, highlighting improvements in the storage technique in 
geological formations and oil production processes. Similarly, methodological trends have been 
identified for industries that reduce GHG emissions. The results of this study represent a tool for 
researchers and decision-makers related to CCUS that allows them to know the areas investigated to 
date, including the different CCUS techniques and their respective benefits and limitations. 
Keywords:  carbon dioxide, carbon emissions, decarbonization, knowledge mapping, climate change. 

1  INTRODUCTION 
Economic growth and the increase in the global population at levels not expected in recent 
decades have created the need for energy generation so that human beings can pursue their 
activities [1]. According to the Intergovernmental Panel on Climate Change, anthropogenic 
activities have caused a greater amount of greenhouse gas (GHG) emissions during the last 
century, mainly due to the burning of fossil fuels, unsustainable energy and land use, and 
unsustainable consumption and production patterns [2]. 
     GHGs cause the atmosphere to trap a greater amount of radiation than usual, causing the 
heat output to the atmosphere to be slower or preventing the heat output from completely out 
of the atmosphere and increasing the surface temperatures [3]. This has caused global 
warming of 1.1°C above pre-industrial levels, with CO2 having the highest concentration of 
GHGs [4], generating extreme changes in the planet’s climate and meteorology, 
compromising human and environment security [5]. 
     CO2 represents 65% of global emissions and is thus the most prevalent gas in the 
atmosphere [6]. The levels of CO2 emissions have become important since the beginning of 
the industrial revolution owing to the dependence on fossil fuels for energy production [7]. 
Three major types of fossil fuels can generate CO2 emissions: natural coal, oil, and natural 
gas [8]. In the hydrocarbon industry, oil is a fundamental source of energy generation for 
several industrial sectors. However, it is one of the activities with the greatest environmental 
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impact [9], [10]. Thus, it is necessary to conduct a follow-up to determine the industrial 
sectors and the final users of fossil fuels to determine the production of GHG emissions [11] 
in terms of CO2 emissions. 
     Carbon capture and storage (CCS) is the most appropriate technology for reducing 
emissions and stabilising atmospheric CO2 concentrations [12]. CO2 emissions are classified 
according to the state of storage; thus, black carbon is CO2 that has not been sequestered or 
used and remains in the atmosphere for a long time, grey carbon, which is the CO2 that is 
permanently fixed or sequestered in a geological body, and blue carbon, which is the CO2 
that can be converted into products for human use through biological, physical, and chemical 
processes [13]. 
     One of the main disadvantages of the CCS technique from an economic perspective is the 
high investment capital required to perform this activity [14]. From a technical perspective, 
CO2 leakage rates are still being determined; therefore, CCS is not a viable option in certain 
countries. For this reason, the carbon capture utilisation technique is being developed, 
converting CO2 emissions into products with economic value and contributing to the 
mitigation of climate change [15]. Thus, the term carbon capture utilisation and storage 
(CCUS) has been developed, which is an ideal technique to reduce CO2 emission levels 
without it being necessary to reduce energy generation due to the use of fossil fuels [16]. 
     The literature review constitutes an essential role in academic research, which allows 
uniting existing knowledge and examining the state of the field being studied through specific 
frameworks, focusing on the research variables and understanding the evolution of the topic 
in time, synthesising primary currents, or even identifying new topics [17], [18]. Bibliometric 
analysis is a rigorous method for exploring and analysing large volumes of scientific 
information to systematically analyse and evaluate academic literature in a specific discipline 
through quantitative and statistical methods [19]. Currently, there are bibliometric studies 
related to CCUS [20], studies of global economic trends [21], and articles related to CO2 
neutrality [22]. 
     It is important to reach a global understanding of research related to CCUS and the 
techniques applied to date. This study raises the following research questions: What research 
areas exist about CCUS? What are the CCUS techniques being applied globally? What is the 
contribution of CCUS techniques to mitigating climate change? 
     This study aims to integrate a quantitative and qualitative analysis through a bibliometric 
study and literature review of CCUS published in Scopus to identify current research areas, 
future trends, and knowledge of the main techniques applied at the global level. 

2  MATERIALS AND METHODS 
This study proposes a comprehensive methodological approach that combines the 
quantitative analysis of the scientific production of CCUS at a global level and a qualitative 
analysis of the methodologies used to define their contribution to the reduction of GHG and 
the mitigation of the effects of climate change. The process was developed through three 
work phases: (i) search strategies for obtaining and processing data published in Scopus, (ii) 
bibliometric analysis of scientific production, and (iii) systematic review using the Preferred 
Reporting Items method for Systematic Reviews and Meta-Analyses (PRISMA) [23], [24] 
(Fig. 1). 

2.1  Stage I: Search strategies 

The investigation begins with defining the search criteria based on four main terms: (i) carbon 
capture, utilisation, and sequestration; (ii) CO2; (iii) GHSs; and (iv) oil industry. The selected  
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Figure 1:  Methodological scheme of the study. 

terms allowed defining the search equation in the Scopus database: (TITLE-ABS-KEY 
(“carbon capture, utilization and sequestration” OR “CCUS” OR “carbon capture utilization” 
OR “carbon sequestration” OR “carbon capture and storage” OR “CCU”) AND TITLE-ABS-
KEY (“CO2” OR “carbon dioxide” OR “decarbonisation” OR “decarbonization” OR 
“carbon”) AND TITLE-ABS-KEY (“greenhouse gases” OR “greenhouse gas emission”) 
AND TITLE-ABS-KEY (“oil” OR “oil production” OR “oil industry” OR “oil extraction”)) 
from which 821 documents were obtained. The search considered all types of publications 
globally up to the present, limiting itself to English, considering that less than 5% of the 
results obtained were in other languages. 
     Once the search strategy has been defined, the data are extracted in comma-separated 
value (CSV) format for further processing, cleaning, and obtaining graphs of the investigated 
area’s production, evolution, and trends using Microsoft Excel software [25], [26]. The data 
cleaning process consisted of eliminating duplicate and incomplete data, resulting in 791 
documents. 

2.2  Stage II: Bibliometric analysis and scientific production 

This phase contemplates defining the production, evolution, structure, and research trends 
related to CCUS through performance analysis and scientific mapping. The performance 
analysis allowed us to analyse the behaviour of CCUS research over time and the 
collaboration by country that exists to date. On the other hand, scientific mapping includes 
defining the main research areas within the CCUS field through an analysis of the co-
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occurrence of author words that allows the formation of relationships and building a domain 
structure according to the keywords of the different documents using VOSviewer software. 

2.3  Stage III: Article content review – PRISMA method 

Finally, in this phase, a systematic review using the PRISMA method of the methodologies 
applied for CCUS was carried out in two stages. The process included an ‘initial selection’ 
stage in which documents with investigations of CO2 capture, storage, or use methodologies 
were selected, from which 553 records that met the criteria were obtained. The second stage, 
called ‘screening’, contemplated filtering processes of document type (considering only 
articles), language (English as a universal language), and articles from the last decade (since 
2014), obtaining a database of 68 articles. Finally, the phase concludes with a full reading of 
articles to define the current methodologies developed within the field and their contribution 
to GHG reduction. 

3  RESULTS 

3.1  Evolution of the CCUS investigation 

According to the scientific production on CCUS for years, it is possible to identify the 
beginning in Scopus in 1996 with the study by Riemer [27], in which the evaluation of 
technologies to reduce GHG emissions by the GHG R&D program of the International 
Energy Agency, contemplated an analysis of the cost and emissions associated with power 
generation, existing CO2 capture methodologies, and their transportation and use. Scientific 
research has generally increased in the last 15 years, representing 91.5% of the total scientific 
production (Fig. 2). In this period (2009–2023), it is possible to show years like 2009, 2010, 
and 2013 with more than 1,800 citations (Fig. 2).  
 

 

Figure 2:  Scientific production of the CCUS in Scopus over time. 
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3.2  Contribution by country 

The results obtained from the bibliographic coupling of countries with at least one CCUS 
research article reflect the contribution of 69 countries globally, highlighting the participation 
of the United States, United Kingdom, and China as the top three in CCUS research with the 
highest number (Fig. 3), representing approximately 54% of the total production. 
 

 

Figure 3:  Top five CCUS scientific production by country. 

     Fig. 4 shows the linkage by country according to the affiliations of each author through 
nodes grouped into six clusters with links between countries that reflect the existing 
collaboration. The size of the nodes varied according to the number of documents. For 
example, countries like the United States, a leader in scientific production, collaborate with 
more than 90% of countries within the field, highlighting China, the United Kingdom, and 
Germany as the top three collaborators (Table 1).  
 

 

Figure 4:  Country contribution bibliometric map. 
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Table 1:    Collaboration level of the most productive country by cluster within the CCUS 
field. 

Cluster Country 
Number of 
documents 

Country with the 
most collaboration 

Link 
strength 

1 Germany 34 United States 491 
2 Canada 77 United States 751 
3 United Kingdom 84 United States 1025 
4 United States 259 China 1292 
5 Brazil 24 Canada 185 
6 Norway 20 United States 250 

3.3  Research areas in CCUS 

The analysis of the co-occurrence of keywords in CCUS research reflects the grouping of 59 
keywords (with at least five occurrences) in six clusters of different colours represented by 
nodes connected through links to identify the relationship between the different themes (Fig. 
5). The keywords carbon capture and storage, carbon capture, GHG emissions, carbon 
storage, and carbon dioxide represent the top five of the author’s words with the highest 
number of occurrences that match the terms associated with the search equation.  
 

 

Figure 5:  Author keyword co-occurrence bibliometric map of the CCUS. 

     Cluster one (red colour) groups research related to the production of biofuels to promote 
sustainable energy sources through the concept of biorefinery to mitigate GHG emissions 
[28], [29], and life cycle assessment for the methodologies used [30]. Cluster two (green 
colour) represents an area with scientific contributions on the potential for the capture and 
underground storage of CO2 in aquifers and the dependence of this alternative against 

260  Energy and Sustainability X

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 261, © 2023 WIT Press



geological knowledge for which several studies of numerical simulations are developed [31], 
[32]. Cluster three (blue colour) group studies focused on the design of CO2 capture, 
transport, and storage systems [33], [34], as well as the analysis of the use of CO2, mainly in 
the production of fuels, chemical products, raw materials for plastics, and urea production, 
including food and beverage processing [35], [36]. 
     On the other hand, cluster four (yellow colour) represents an area of CCUS with a clear 
research objective related to the operation and problems associated with wells in the CCS 
process, including temperature analysis, carbon degradation, well casing, geopolymer 
permeability, as well as advances in technical, economic, and legal solutions that guarantee 
the integrity of oil wells [37], [38]. Cluster five (purple) includes studies of different CCUS 
techniques and their contribution to mitigating the effects of climate change, contributing to 
the decarbonisation of the planet [39], [40]. Finally, cluster six (light blue) represents one of 
the smallest areas within the field with technical and economic evaluation studies of 
hydrogen production from biomass or underground coal gasification [41], [42], as well as the 
importance of promoting green energy production and the main technical, economic, and 
political challenges presented by CCS [43], [44]. 

3.4  Current methodologies for CCUS 

The systematic literature review process included 68 articles, in which the most current 
methodologies/technologies for capturing, storing, and using CO2 at a global level were 
presented, highlighting their contribution to reducing GHG emissions and mitigating climate 
change (Table 2). 

4  DISCUSSION 
The present investigation combines qualitative and quantitative analyses of the scientific 
production of CCUS for the definition of research areas of the field and 
methodologies/technologies used in the last decade. In general, the field of the CCUS in 
Scopus contemplates a high and current production at a global level, registering the year 2022 
with the highest scientific production (88 documents) and the year 2009 with the highest 
number of citations (2,658 citations), reporting the United States, United Kingdom, and 
China as the top three countries with the highest production that coincides with developed 
countries, with higher GHG emissions and a higher level of awareness towards mitigating 
the effects of climate change. 
     According to bibliometric analysis, six main areas (clusters) were identified within the 
field. The first cluster includes investigations of the importance and use of captured CO2, 
such as the production of biofuels, while cluster two considers underground CO2 capture 
technologies and their technical, environmental, and economic feasibility. On the other hand, 
clusters three and five are strongly related to research on CCUS methodologies at the global 
level, with an analysis of their contribution to mitigating GHG emissions. Area four includes 
the analysis of the main technical and economic limitations of implementing CCUS 
techniques. Finally, cluster six includes research on the optimisation of CCUS systems 
considering the importance of clean energy production within the political framework of each 
country. 
     The literature review of the most current CCUS techniques reflects three main CO2 
capture methodologies: pre-combustion, oxy-combustion, and post-combustion with storage, 
mainly in geological formations, oil fields, aquifers, and vegetation [45]. It is important to 
highlight that there are approaches to oceanic storage as an alternative to CO2 storage;  
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Table 2:  CCUS techniques in the last decade. 

Technique Contribution References (DOI) 
CO2 capture 

Pre-
combustion 

The technology captures CO2 by converting 
fuel into a mixture of carbon monoxide and 
hydrogen. The CO2 obtained is stored for 
later use, and the hydrogen is used to produce 
energy. 

10.1016/j.apenergy.2016.09.103 
10.1016/j.envres.2021.112219 

Oxy-
combustion 

Carbon-based fuel-burning processes with 
highly pure oxygen and recycled flue gas for 
CO2 capture and storage.

Post-
combustion 

Expensive technology involves separating 
CO2 from combustion gases through 
absorption, adsorption, membranes, 
microalgae, and cryogenic processes.

CO2 storage 

Underground 
storage 

These techniques are considered anthropic, in 
which CO2 is stored in geological formations, 
aquifers, or injected into oil fields, and is 
mainly characterised by a high storage 
capacity, porosity, and confinement that 
prevent future leaks.

10.1016/j.gr.2023.07.003 
10.1016/j.ijggc.2015.11.032 
10.1016/j.ijggc.2016.07.026 

Ocean storage 

This research technique involves injecting 
CO2 into the sea at depths greater than six 
kilometres to allow storage and prevent water 
contamination by acidification.

10.1007/s12182-019-0340-8 
10.1016/j.egypro.2017.03.1686 

Land storage 
These techniques are characteristic of CO2 
storage in soils and vegetation to reduce GHG 
emissions. 

10.1007/s11356-017-9742-6 

CO2 utilisation 
CO2 storage has a variety of uses, including biofuel production, 
energy production, construction, chemical production, urea 
production, thermochemical processes, seawater desalination, 
food processing, and polymer development.

10.1016/j.cej.2020.128138 
10.1073/pnas.1821029116 
10.1016/j.jcou.2021.101580 

 
however, there are still debates about its effectiveness and the level of water contamination 
[46]. From the viewpoint of CO2 utilisation, several studies have analysed the success of CO2 
in energy production an 
d food processing, including construction processes [47], [48]. The findings of this study 
agree with the existing literature review investigations [36], [49], suggesting a main research 
gap in the political-economic analysis that would represent the implementation of CCUS 
techniques in different developing countries. 
     CCUS is a constantly growing area of research that offers an alternative to combat the 
effects of exploiting fossil fuels that compromise human and environmental wellbeing. The 
proposed methodological approach represents a tool for future work of CCUS that allows 
researchers to identify the main areas that have been investigated to date with the most current 
technologies applied globally. The study’s main limitation is the use of a database (Scopus); 
future literature reviews in the field could include the combination of two or more databases 
to guarantee a comprehensive analysis of the different research published globally. 
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5  CONCLUSIONS 
The dependence on fossil fuels to meet the global energy demand is one of the main sources 
of atmospheric pollution. Investigating the capture, storage, and use of carbon (CCUS) is a 
tool that combines the effects produced by the emission of GHGs that contribute to global 
warming. This document reviews bibliometric techniques and literature on the research areas 
within the CCUS and exposes the main techniques used in the last decade.  
     In general, the research published in Scopus reflects six main areas of research that include 
the design and evaluation of CCUS techniques and the analysis of its functionality and 
technical, economic, and environmental aspects of its implementation. The literature review 
reports that pre-combustion, oxy-combustion, and post-combustion are the three main carbon 
capture techniques associated with underground, oceanic, and vegetable storage for later use 
in the energy, chemical, construction, and food industries. 

ACKNOWLEDGEMENTS 
This work is supported by ESPOL Polytechnic University research project ‘Gestión y 
Evaluación de la Investigación Científica en Ciencias de la Tierra, Economía, Administración 
y sus vínculos con la Sociedad’ with institutional code CIPAT-7-2022. 

REFERENCES 
[1] Dong, K., Jiang, H., Sun, R. & Dong, X., Driving forces and mitigation potential of 

global CO2 emissions from 1980 through 2030: Evidence from countries with different 
income levels. Sci. Total Environ., 649, pp. 335–343, 2019.  
DOI: 10.1016/j.scitotenv.2018.08.326. 

[2] IPCC, The Sustainable Development Goals Report 2023 Special Edition. Sustain. Dev. 
Goals Rep., pp. 37–39, 2023. 

[3] Prasad, P.V.V., Thomas, J.M.G. & Narayanan, S., Global warming effects. 
Encyclopedia of Applied Plant Sciences, Elsevier, pp. 289–299, 2017.  
DOI: 10.1016/B978-0-12-394807-6.00013-7. 

[4] Fu, L. et al., Research progress on CO2 capture and utilization technology. Journal of 
CO2 Utilization, 66, 2022. DOI: 10.1016/j.jcou.2022.102260. 

[5] Yoro, K. & Daramola, M., CO2 emission sources, greenhouse gases, and the global 
warming effect. Advances in Carbon Capture: Methods, Technologies and 
Applications, Elsevier, pp. 3–28, 2020. DOI: 10.1016/B978-0-12-819657-1.00001-3. 

[6] Bains, P., Psarras, P. & Wilcox, J., CO2 capture from the industry sector. Prog. Energy 
Combust. Sci., 63, pp. 146–172, 2017. DOI: 10.1016/j.pecs.2017.07.001. 

[7] Rashid, M.I., Benhelal, E. & Rafiq, S., Reduction of greenhouse gas emissions from 
gas, oil, and coal power plants in Pakistan by carbon capture and storage (CCS): A 
review. Chem. Eng. Technol., 43(11), pp. 2140–2148, 2020.  
DOI: 10.1002/ceat.201900297. 

[8] Odunlami, O.A., Vershima, D.A., Oladimeji, T.E., Nkongho, S., Ogunlade, S.K. & 
Fakinle, B.S., Advanced techniques for the capturing and separation of CO2: A review. 
Results Eng., 15, 100512, 2022. DOI: 10.1016/j.rineng.2022.100512. 

[9] Herrera-Franco, G., Escandón-Panchana, P., Montalván, F.J. & Velastegui-Montoya, 
A., CLUE-S model based on GIS applied to management strategies of territory with 
oil wells: Case study – Santa Elena, Ecuador. Geogr. Sustain., 3(4), pp. 366–378, 2022. 
DOI: 10.1016/j.geosus.2022.11.001. 

 

Energy and Sustainability X  263

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 261, © 2023 WIT Press



[10] Velastegui-Montoya, A., Escandón-Panchana, P., Peña-Villacreses, G. & Herrera-
Franco, G., Land use/land cover of petroleum activities in the framework of sustainable 
development. Clean. Eng. Technol., 15, 100659, 2023.  
DOI: 10.1016/j.clet.2023.100659. 

[11] Isella, A. &Manca, D., GHG emissions by (petro)chemical processes and 
decarbonization priorities: A review. Energies, 15(20), p. 7560, 2022.  
DOI: 10.3390/en15207560. 

[12] Rubin, E.S., Mantripragada, H., Marks, A., Versteeg, P. & Kitchin, J., The outlook for 
improved carbon capture technology. Progress in Energy and Combustion Science, 
38(5). pp. 630–671, 2012. DOI: 10.1016/j.pecs.2012.03.003. 

[13] Zou, C. et al., Progress, challenge and significance of building a carbon industry 
system in the context of carbon neutrality strategy. Pet. Explor. Dev., 50(1), pp. 210–
228, 2023. DOI: 10.1016/S1876-3804(22)60382-3. 

[14] Berrezueta, E. et al., Laboratory studies on CO2-brine-rock interaction: an analysis of 
research trends and current knowledge. Int. J. Greenh. Gas Control, 123, 103842, 
2023. DOI: 10.1016/j.ijggc.2023.103842. 

[15] Cuéllar-Franca, R.M. & Azapagic, A., Carbon capture, storage and utilisation 
technologies: A critical analysis and comparison of their life cycle environmental 
impacts. Journal of CO2 Utilization, 9, pp. 82–102, 2015.  
DOI: 10.1016/j.jcou.2014.12.001. 

[16] Smit, B., Park, A.H.A. & Gadikota, G., The grand challenges in carbon capture, 
utilization, and storage. Front. Energy Res., 2(Nov), 2014.  
DOI: 10.3389/fenrg.2014.00055. 

[17] Herrera-Franco, G., Bollmann, H.A., Pasqual Lofhagen, J.C., Bravo-Montero, L. & 
Carrión-Mero, P., Approach on water-energy-food (WEF) nexus and climate change: 
A tool in decision-making processes. Environ. Dev., 46, 100858, 2023.  
DOI: 10.1016/j.envdev.2023.100858. 

[18] Carrión-Mero, P., Montalván-Burbano, N., Herrera-Narváez, G. & Morante-Carballo, 
F., Geodiversity and mining towards the development of geotourism: A global 
perspective. Int. J. Des. Nat. Ecodynamics, 16(2), pp. 191–201, 2021.  
DOI: 10.18280/ijdne.160209. 

[19] Su, L., Yu, W. & Zhou, Z., Global trends of carbon finance: A bibliometric analysis. 
Sustainability, 15(8), p. 6784, 2023. DOI: 10.3390/su15086784. 

[20] Nawaz, M., Suleman, H. & Maulud, A.S., Carbon capture and utilization: A 
bibliometric analysis from 2007–2021. Energies, 15(18), p. 6611, 2022.  
DOI: 10.3390/en15186611. 

[21] Costa, P.M., Tome, P., Almeida, B. & Bento, N., A bibliometric based analysis to 
identify promising domains of decarbonisation technologies. 2022 7th International 
Conference on Smart and Sustainable Technologies (SpliTech), Jul., pp. 1–6, 2022. 
DOI: 10.23919/SpliTech55088.2022.9854282. 

[22] Zhang, L., Ling, J. & Lin, M., Carbon neutrality: A comprehensive bibliometric 
analysis. Environ. Sci. Pollut. Res., 30(16), pp. 45498–45514, 2023.  
DOI: 10.1007/s11356-023-25797-w. 

[23] Moher, D., Liberati, A., Tetzlaff, J. & Altman, D.G., Preferred reporting items for 
systematic reviews and meta-analyses: The PRISMA statement. BMJ, 339, pp. b2535–
b2535, 2009. DOI: 10.1136/bmj.b2535. 

[24] Romanelli, J.P., Meli, P., Naves, R.P., Alves, M.C. & Rodrigues, R.R., Reliability of 
evidence‐review methods in restoration ecology. Conserv. Biol., 35(1), pp. 142–154, 
2021. DOI: 10.1111/cobi.13661. 

264  Energy and Sustainability X

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 261, © 2023 WIT Press



[25] Chandra, Y., Mapping the evolution of entrepreneurship as a field of research (1990–
2013): A scientometric analysis. PLoS One, 13(1), e0190228, 2018.  
DOI: 10.1371/journal.pone.0190228. 

[26] Carrión-Mero, P., Montalván-Burbano, N., Morante-Carballo, F., Quesada-Román, A. 
& Apolo-Masache, B., Worldwide research trends in landslide science. Int. J. Environ. 
Res. Public Health, 18(18), p. 9445, 2021. DOI: 10.3390/ijerph18189445. 

[27] Riemer, P., Greenhouse gas mitigation technologies, an overview of the CO2 capture, 
storage and future activities of the IEA Greenhouse Gas R&D programme. Energy 
Convers. Manag., 37(6–8), pp. 665–670, 1996. DOI: 10.1016/0196-8904(95)00237-5. 

[28] Jensen, E.S. et al., Legumes for mitigation of climate change and the provision of 
feedstock for biofuels and biorefineries: A review. Agron. Sustain. Dev., 32(2), pp. 
329–364, 2012. DOI: 10.1007/s13593-011-0056-7. 

[29] Bharti, R.K., Singh, A., Dhar, D.W. & Kaushik, A., Biological carbon dioxide 
sequestration by microalgae for biofuel and biomaterials production. Biomass, 
Biofuels, Biochemicals, Elsevier, pp. 137–153, 2022.  
DOI: 10.1016/B978-0-12-823500-3.00007-8. 

[30] Han, J., Elgowainy, A., Dunn, J.B. & Wang, M.Q., Life cycle analysis of fuel 
production from fast pyrolysis of biomass. Bioresour. Technol., 133, pp. 421–428, 
2013. DOI: 10.1016/j.biortech.2013.01.141. 

[31] Middleton, R.S., Keating, G.N., Viswanathan, H.S., Stauffer, P.H. & Pawar, R.J., 
Effects of geologic reservoir uncertainty on CO2 transport and storage infrastructure. 
Int. J. Greenh. Gas Control, 8, pp. 132–142, 2012. DOI: 10.1016/j.ijggc.2012.02.005. 

[32] Liu, B., Xu, J., Li, Z., Malekian, R. & Xu, Z., Modeling of CO2 transport and pressure 
buildup in reservoirs during CO2 storage in saline aquifers: A case in Dongying 
Depression in China. Environ. Earth Sci., 77(5), p. 158, 2018.  
DOI: 10.1007/s12665-018-7341-6. 

[33] Alnouri, S.Y., Sarigol, I., Al-Mohannadi, D. & Jaber, H., Optimization of sink 
locations in carbon integration networks. pp. 907–912, 2022.  
DOI: 10.1016/B978-0-323-95879-0.50152-1. 

[34] Kuby, M.J., Middleton, R.S. & Bielicki, J.M., Analysis of cost savings from 
networking pipelines in CCS infrastructure systems. Energy Procedia, 4, pp. 2808–
2815, 2011. DOI: 10.1016/j.egypro.2011.02.185. 

[35] Zheng, B., Zhang, Q. & Lv, L., The Technological Paradigm for Growing Trends of 
Carbon Utilization, pp. 1563–1572, 2014. DOI: 10.1007/978-3-642-55122-2_135. 

[36] Zhang, Z. et al., Recent advances in carbon dioxide utilization. Renew. Sustain. Energy 
Rev., 125, 109799, 2020. DOI: 10.1016/j.rser.2020.109799. 

[37] Cahill, A.G. & Samano, P.S.G., Prioritizing stewardship of decommissioned onshore 
oil and gas wells in the United Kingdom based on risk factors associated with potential 
long-term integrity. Int. J. Greenh. Gas Control, 114, 103560, 2022.  
DOI: 10.1016/j.ijggc.2021.103560. 

[38] Crow, W., Carey, J.W., Gasda, S., Williams, D.B. & Celia, M., Wellbore integrity 
analysis of a natural CO2 producer. Int. J. Greenh. Gas Control, 4(2), pp. 186–197, 
2010. DOI: 10.1016/j.ijggc.2009.10.010. 

[39] Nurdiawati, A. & Urban, F., Decarbonising the refinery sector: A socio-technical 
analysis of advanced biofuels, green hydrogen and carbon capture and storage 
developments in Sweden. Energy Res. Soc. Sci., 84, 102358, 2022.  
DOI: 10.1016/j.erss.2021.102358. 

Energy and Sustainability X  265

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 261, © 2023 WIT Press



[40] Bello, A., Ivanova, A. & Cheremisin, A., A comprehensive review of the role of CO2 
foam EOR in the reduction of carbon footprint in the petroleum industry. Energies, 
16(3), p. 1167, 2023. DOI: 10.3390/en16031167. 

[41] Zoback, M. & Smit, D., Meeting the challenges of large-scale carbon storage and 
hydrogen production. Proc. Natl. Acad. Sci., 120(11), 2023.  
DOI: 10.1073/pnas.2202397120. 

[42] Levin, D.B. & Chahine, R., Challenges for renewable hydrogen production from 
biomass. Int. J. Hydrogen Energy, 35(10), pp. 4962–4969, 2010.  
DOI: 10.1016/j.ijhydene.2009.08.067. 

[43] Sánchez Diéguez, M., Fattahi, A., Sijm, J., Morales España, G. & Faaij, A., Modelling 
of decarbonisation transition in national integrated energy system with hourly 
operational resolution. Adv. Appl. Energy, 3, 100043, 2021.  
DOI: 10.1016/j.adapen.2021.100043. 

[44] Khorasani, M., Sarker, S., Kabir, G. & Ali, S.M., Evaluating strategies to decarbonize 
oil and gas supply chain: Implications for energy policies in emerging economies. 
Energy, 258, 124805, 2022. DOI: 10.1016/j.energy.2022.124805. 

[45] Wang, Y., Pan, Z., Zhang, W., Borhani, T.N., Li, R. & Zhang, Z., Life cycle 
assessment of combustion-based electricity generation technologies integrated with 
carbon capture and storage: A review. Environ. Res., 207, 112219, 2022.  
DOI: 10.1016/j.envres.2021.112219. 

[46] Ajayi, T., Gomes, J.S. & Bera, A., A review of CO2 storage in geological formations 
emphasizing modeling, monitoring and capacity estimation approaches. Pet. Sci., 
16(5), pp. 1028–1063, 2019. DOI: 10.1007/s12182-019-0340-8. 

[47] Schmid. C. & Hahn, A., Potential CO2 utilisation in Germany: An analysis of 
theoretical CO2 demand by 2030. Journal of CO2 Utilization, 50, 101580, 2021.  
DOI: 10.1016/j.jcou.2021.101580. 

[48] Kamkeng, A.D.N., Wang, M., Hu, J., Du, W. & Qian, F., Transformation technologies 
for CO2 utilisation: Current status, challenges and future prospects. Chem. Eng. J., 409, 
128138, 2021. DOI: 10.1016/j.cej.2020.128138. 

[49] Osman, A.I., Hefny, M., Abdel Maksoud, M.I.A., Elgarahy, A.M. & Rooney, D.W., 
Recent advances in carbon capture storage and utilisation technologies: A review. 
Environ. Chem. Lett., 19(2), pp. 797–849, 2021. DOI: 10.1007/s10311-020-01133-3. 

 

266  Energy and Sustainability X

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 261, © 2023 WIT Press




