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This completion report presents the outcomes from the collaboration between the School of Geosciences 

of the University of Edinburgh (UK), and the National Laboratory of Sustainability Sciences (LANCIS) of 

the Institute of Ecology at UNAM (Mexico), through the internship done by Jazmin Mota.  

Jazmin is a PhD student at the University of Edinburgh whose research is focused on Carbon Capture 

and Storage technology. She was accepted as a visiting research student at LANCIS to promote 

knowledge exchange, collaboration and create networks between institutions and political regions. This 

report summarises the project overview, presents the project results and outcomes, and highlights 

lessons learned and recommendations. Budget breakdown, outputs and additional materials are 

included.  
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Internship overview  
 

About the School of Geosciences  
 

The School of Geosciences of the University of Edinburgh is the largest and most successful 

interdisciplinary group of geoscientists and geographers in the UK. A hallmark of the School is the 

combination of academic strength and social relevance, including natural and social sciences, 

innovation, and impact. The interdisciplinary research and teaching draw on well-established core 

disciplines that provide a variety of approaches to understanding the world, including systems-scale 

modelling, process studies, and the development of urban and social theory. Its key objective is to lead 

in understanding the world at a fundamental level driven by curiosity and support decision-making at 

individual to global scales. Undertake world-leading research; offer new ways of understanding the 

nature and drivers of change; provide interdisciplinary and transdisciplinary innovation in the search 

for solutions, and work in partnership to positively improve livelihoods and the socially equitable and 

responsibly managed nature. 

 

About the National Laboratory of Sustainable Geosciences (LANCIS) 
 

As a boundary academic entity, LANCIS is constituted as a generation, integration and synthesis node 

that links the educational field, public sector decision-makers, and the various organised sectors of 

society. LANCIS is established as a national organisation that can convene the multiple sectors of society 

to consider their problems, objectives, and visions to address the priority challenges of sustainable 

development. Its mission is to promote Sustainability Sciences through innovation in transdisciplinary 

research, teaching, linking and technological development to link science and decision-making to 

facilitate the transition towards sustainability in the country.  

In January 2020, the two institutions collaborated by holding a seminar and symposium about CCUS 

in Mexico hosted by LANCIS and organised by Jazmin Mota from the University of Edinburgh. During 

the pandemic, Jazmin moved from the UK to Mexico and continued the relationship with LANCIS.  

 

About the internship 

 

In early 2020, Jazmin Mota was awarded two funds by the Scottish Alliance for Geosciences, 

Environment and Society (SAGES) and the UK Carbon Capture and Storage Research Centre (UKCCSRC) 

to do a couple of internships at UT Austin in the United States and LANCIS in Mexico City. Due to the 

pandemic disruptions, the original proposal was amended for doing the internship in Mexico exclusively 

in 2021. Jazmin was accepted as a visiting research student at LANCIS in July 2020; since then, she has 

actively participated in different academic activities and promoted collaborations between Mexican 

and British institutions throughout her research.  

Since January 2021, Jazmin started the internship related to this report to explore the 

methodologies, tools and approaches used in Sustainability Sciences that could be applied to the 

analysis of Carbon Capture, Utilisation and Storage (CCUS) projects. The objective was to deepen into 

the technical, social and environmental aspects of CCUS to improve the understanding of CCUS systems 
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holistically and support decision making. With that in mind, Jazmin and a group of researchers from the 

University of Edinburgh and LANCIS discussed and designed a methodology that serves as a tool to 

analyse CCUS projects based on a complex system, participatory processes and sustainability approach. 

This report describes the two projects developed over the year: 1) the complex systems analysis applied 

to CCUS and 2) the Mexican Carbon Capture and Storage Platform.  

There is a combination between the knowledge and experience in CCUS and Sustainability Sciences 

from a group of professionals who were part of this collaboration in both projects. Both projects are 

still actively seeking to bridge people, institutions and regions.  

 

Projects results and outcomes 
 

Complex systems modelling applied to CCUS 

 

Complex systems are characterised by several elements that interact dynamically, giving rise to 

different levels and scales, resulting in self-organising structures and present emergent behaviours over 

time.  Cognitive maps represent complex systems based on individual or collective perceptions of the 

world throughout mental constructions. Due to CCUS systems complexity, the working group considers 

that their analysis requires a holistic and transdisciplinary approach applying cognitive mapping 

technique.  

The critical elements encompass in any cognitive map are variables and relationships. The variables 

are the most relevant features which represent the system. The relationships are the connections 

between variables with a direction and a parameterised value to denote their type and level of influence 

from -1 (for strong negative relationships) to +1 (for strong positive relationships). For the cognitive 

mapping process, we used the software Mental Modeler. 

A call for the participatory process to build CCUS systems using cognitive maps was sent via email 

and LinkedIn from June 7- 18, 2021. Forty-five people from academia, industry, government and NGO's 

from different countries and regions registered their interest in participating. Seven workshops were 

held between June 21st – 28th to guide participants through the cognitive mapping process.  

Nineteen representatives from academia (13), industry (3), society (2) and government (1) 

participated in June´s sessions. We provided a prepopulated map to the participants for the workshops, 

which included twenty-one variables and no connections between them. The variables were selected 

from a literature review and CCS/CCUS projects websites based on their relevance and 

representativeness. The participants had the chance to add up to three more variables to their maps if 

necessary. By the end of the process, fifteen new variables were added collectively, for a total of thirty-

six, which were organised into four categories: technological, economic, socio-political, and 

sustainability (Table 1).  

 

 

 

 

https://www.mentalmodeler.com/
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Table 1. CCUS systems variables are based on the prepopulated model and the variables that participants add through their 

mode 

Variable Description 
Unit of 

measurement 
Category 

Predefined or 
New 

Capture 
Potential 

How likely is it that a CO2 capture system is installed based on 
the kind of industry, size of the emitter and TRL of the capture 

technology. 
Not specified Technical Predefined 

Emitters 
 size 

Annual tonnage of CO2 produced by an industrial source 
(including power plants).Emissions must be greater than 

250,000 tonCO2/y. 

[tonCO2/y] 
Tons of CO2 per 

year 
Technical Predefined 

Decarbonisati
on potential 

The emissions abatement potential depending on the capture 
technology efficiency and CO2 emissions captured, used and 

stored. 
This can include CCS technology alone or the integration of 

various decarbonisation options such as energy efficiency or fuel 
switching. 

Not specified Technical Predefined 

Incremental 
oil produced 

The remaining oil (ROIP) can be produced by injecting 
anthropogenic CO2 into a mature oil field during enhanced oil 

recovery processes (EOR). 
Consider that the CO2 injected does not return to the 
atmosphere and is permanently stored underground. 

[MMb] 
Million barrels of oil 

Technical Predefined 

CO2 storage 
potential 

Amount of CO2 that remains underground during CO2-EOR 
processes. 

The assumption is that the oil and reservoir comply with all the 
characteristics required for optimal CO2 operations. 

[ton CO2/y] 
Tons of CO2 per 

year 
Technical Predefined 

Cluster 
Potential 

If the conditions enable the creation of industrial clusters Not specified Technical Predefined 

Distance from 
source to sink 

How far are one or more sources from the sink(s) where CO2 can 
be used and stored 

[Km] 
The assumption is 
that this distance 
must be less than 

100km for 
economic reasons. 

Technical Predefined 

Transport 
routing 

The transport option or network route must consider population 
density, the right of way, and regulations. 

Not specified Technical Predefined 

Transport 
option 

Options of transport are pipeline and truck for onshore projects, 
which are the type of projects we are considering in this model. 

Not specified Technical Predefined 

Carbon price 
Price per CO2 reduced or avoided. 

Depending on the carbon trading system, it can be a direct price 
to carbon or through carbon credits. 

[USD/ton CO2] 
US Dollars per ton 
of CO2 reduced or 

avoided 

Economic Predefined 

Oil Price International oil price 
[USD/bbl] 

US dollars per 
barrel 

Economic Predefined 

Regulatory 
framework 

Existence of  a public policy to support CCUS implementation 
and regulations for the activities related to CCUS and low-carbon 

transition 
Not specified 

Socio-
political 

Predefined 

Relationship 
with industry 

How does the relationship with industry influence the 
development in a location or region, and what kind of 

relationship communities and governments have with the 
industry. 

Not specified 
Socio-

political 
Predefined 

Trust in 
institutions 

How confident are the industry and the society about the 
capacities, transparency, and accuracy of institutions 

(government) to regulate, manage resources or use the public 
budget? 

Not specified 
Socio-

political 
Predefined 
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Public 
acceptance 

The position of the communities to integrate CCUS projects in a 
particular region. 

Not specified 
Socio-

political 
Predefined 

Decarbonisati
on willingness 

How the government, industry and society position is aligned to 
adopting decarbonisation pathways. 

This can consider the political position, strategies in the industry 
and public awareness about the importance of the low-carbon 

transition. 

Not specified 
Socio-

political 
Predefined 

Support to 
R&D 

How the support to research and technology development can 
help to improve operations, reduce costs, and make processes 

more efficient 

[Not specified] 
This can be 

measured by the 
public and private 
investment in R&D 

for CCUS 

Socio-
political 

Predefined 

Emissions CO2 emissions emitted or reduced to the atmosphere 
[ton/year] 

tons per year 
Sustainabilit

y 
Predefined 

People 
welfare 

How people's life is improved in terms of health, security, jobs 
opportunities, education 

Not specified 
Sustainabilit

y 
Predefined 

Economic 
Development 

Investments in growing economy and enhancing the prosperity 
and quality of life of people 

Measured as the 
division of a 

region's economy 
between primary, 

secondary and 
tertiary industries 

Sustainabilit
y 

Predefined 

CO2 capture 
cost 

Cost per tonne of CO2 capture based on capture technology TRL. 
[USD/ton CO2] 
cost per tonne 

captured 
Economic New 

Access to data 
Data access and availability which is crucial for research, projects 

planning, decision making and accountability. 
Not Specified Technical New 

Communicati
on and 

outreach 

Communication between stakeholders, public consultations and 
outreach programmes to improve the understanding of projects 

and stakeholders roles. 
Not Specified 

Socio-
political 

New 

Energy 
consumption 

Energy consumed by capture systems to operate Not Specified Technical New 

CO2 storage 
cost 

Cost per tonne of CO2 for EOR and the price for MMV to survey 
the CO2 storage 

[USD/ton CO2] 
cost per tonne 

stored 
Economic New 

Clean Energy The energy produced through CCS in power generation plants Not Specified Technical New 

Geological 
and 

engineering 
framework 

Knowledge about geology, structural complexity, reservoirs 
conditions, petrophysical features and conditions for CO2 

injection. 
Not specified Technical New 

MVR Monitoring, verification and reporting Not Specified Technical New 

Industrial 
development 

Opportunity for the industry to grow based on CCS integration Not Specified 
Socio-

political 
New 

Transport cost Cost per tonne of CO2 transported 
[USD/ton CO2] 
cost per tonne 

transport 
Economic New 

Demand for 
the low-
carbon 
product 

Consumers preference for consuming low-carbon products Not Specified 
Socio-

political 
New 

 

The data analysis considered an evaluation of the Jaccard index to measure the degree of similarity 

between the maps (Fig.3) and compared individual perceptions about CCUS systems. The clustering 
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analysis (Fig. 4) was carried out to group the maps according to their similarities and seek patterns 

associated with the participants' background, position, experience or relation to CCUS projects.  

We realised that the greater the number of participants and the diversity in their characteristics, the 

more information and patterns could be obtained. To improve the methodology and hypothesis, we 

plan a second and third round of workshops to introduce people to the tool and method and collect 

more data. These workshops are scheduled for December 2021 and January 2022.  

  

 

 

So far, we have discussed the method and listed its advantages and disadvantages:  

Advantages:  

 It can be used independently of the region, level of knowledge about the technology, 

background or stakeholders group. 

 It can be customised to address a specific project or investigation scale.  

 It can be implemented before, during and after CCUS projects implementation and used as a 

dynamic model for evaluation and monitoring. 

Disadvantages:  

 It requires coordination between stakeholders from different sectors. 

 It uses qualitative data based on participants perceptions, worldviews and values, which are 

subjective.  

 Large input data is required to achieve an accurate analysis. 

 

Data from cognitive maps are also used to build the causal chain map for the consequential LCA 

analysis to complement the causal chain mapping analysis from the paper "What CCUS projects can 

bring to the energy and industrial sectors in Mexico", which was presented during the 15th 

International Conference on Greenhouse Gas Control Technologies in March 2021. This activity is 

complemented with an attributional LCA analysis ongoing.   

Figure 3. Jaccard index analysis using data from nineteen individual 

cognitive maps. Purple and darker colours indicate a higher level of 

similarity between participants maps.  

Figure 4. Clustering analysis using data from nineteen individual 

cognitive maps. Clusters A, B, and C are identified based on 

dendrograms.  

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3821036
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3821036
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This project is developed in collaboration with Rodrigo García-Herrera and Paola García-Meneses 

from LANCIS. Stuart Haszeldine and Matthew Brander from the University of Edinburgh have also 

contributed to the discussion and analysis of the methodology.   

 

 

Mexican Carbon Capture and Storage Platform "MeCCS" 
 

The Mexican Carbon Capture and Storage Platform "MeCCS" is an activity motivated by the experience 

and knowledge about the challenges and opportunities of CCS technology in Mexico. Despite more than 

a decade of work and programmes in the country to deploy CCS, there are still several gaps and barriers 

to overcome. MeCCS was created with a transdisciplinary approach to address shared problems where 

stakeholders actively participate in decision-making. As a boundary object, the platform seeks to bridge 

the gaps between stakeholders and sectors by creating tools to facilitate communication, exchange 

information and ideas, and help develop networks. 

We included various tools, methodologies, and information that allow users to introduce or expand 
their knowledge about CCS technology, Sustainability and think about how these issues are aligned to 
move towards a more just and sustainable future. 

The team of the project is integrated by Héctor Ortega (graphic designer), Abraham Toriz 
(programmer) the platform, Paola García (researcher at LANCIS), Adrián Fernandez (PhD candidate in 
Sustainability at LANCIS), Mariana Velazquez and Isaac Galicia (interns of the School of Engineering, 
UNAM) and Jazmin Mota (PhD candidate in Geosciences, University of Edinburgh). The diverse 
experiences, visions, knowledge, and skills of the team and the members of academia, industry, 
government, and society make this a great collaborative project in expansion.  

The objectives of the platform are:  

 Promote collaboration: CCS projects and the challenges to achieving a sustainable future 

require the joint work and participation of different sectors, disciplines and people. 

Collaboration is essential to create proposals and projects that efficiently address current 

challenges. 

 

 Give Access to information: Free access to information is a crucial piece for the development 

of research about CCS and to be able to establish the bases of knowledge that allow us to build 

critical thinking about the impacts and scope of this technology and participate in decision-

making. 

 

 Create networks: Besides reducing atmospheric CO2 emissions, CCS projects are a means to 

connect different industries and sectors and trigger new development opportunities and 

benefits for the environment and society, creating large support networks for economic 

development, protecting the environment and improving people's quality of life. 

Among the activities and tasks that we will carry out as part of this project are: 

 Work together with companies, academic institutions, society, and government to develop 
common interest materials and content. 
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 Organise forums and seminars to share and discuss topics related to CCS and Sustainability. 
 Report on advances and trends related to CCS technology. 
 Facilitate the creation of networks and collaborations between different sectors and 

stakeholder groups. 

 

The platform will be hosted, for two years, on the National Laboratory of Sustainability Sciences 
(LANCIS) website of the Institute of Ecology, UNAM. The launch event was held online on November 
29th, 2021, with the participation of Rodolfo Lacy (Director of the Directorate of Environment, OECD), 
Marisa Mazari (Head of the LANCIS, IE-UNAM), Ulises Neri (Vice-chair of the Experts Group on 
Resources Management for Mexico and Latinamerica, UNECE) and Jon Gibbins (President, UKCCSRC).  

Website: https://meccs.org.mx/en/  

 

Project Highlights 
 

Over the 11 months of collaboration at the National Laboratory of Sustainability Sciences (LANCIS), IE-

UNAM, I had the opportunity to learn about the tools, methodologies and approaches used in 

Sustainability Sciences and explore, along with colleagues from LANCIS and the UoE, how to apply them 

to CCUS technology context. As part of the internship, I attended three courses from the Graduate 

Programme on Sustainability: 1) Tools for Transdisciplinary research; 2) Modelling of complex systems 

for Sustainability Sciences; 3) Life Cycle Assessment.  

In October 2021, the Mexican Carbon Capture and Storage Platform “MeCCS” project was presented 

at the 26th International Interdisciplinary Conference on the Environment organised by the 

Interdisciplinary Environmental Association in collaboration with LANCIS.  

Regarding the MeCCS platform, we have received expressions of interest for collaboration from the 

South Pole (UK), the International Centre of Excellence on Resources Management for the Extractive 

Industries in Mexico and Latin America (Mexico), the Spanish Technological Platform of CO2 (Spain), the 

Mexican Association of Petroleum Geologists (Mexico), among other individual participations. We want 

to continue expanding the collaboration network within Mexico and with international institutions.  

This project requires additional funding for continuing with the creation of materials and website 

maintenance. We evaluate the different options we have to sustain the platform in the medium and 

long term. 

In November 2021, the “Carbon Capture, Utilisation and Storage systems analysis through cognitive 

mapping: a participatory process to support decision making” project was presented at the UKCCSRC 

poster session. We will continue collecting data for testing this methodology and discussing it within 

the CCS environment for its improvement.  

So far, the internship has achieved its goals linking organisations, regions and producing materials 

that support the understanding and communication of CCS technology.  

 

https://meccs.org.mx/en/
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Lessons learned and recommendations 
 

Although the initial internship proposal changed due to the pandemic disruption, the products and 

results from this internship are highly satisfactory. I had the opportunity to explore and know the 

Sustainability Sciences, which allowed me to expand my view about how CCUS projects are nested in a 

larger and more complex system. Beyond the technical and economic challenges, CCUS technology 

encompasses social and environmental barriers. Therefore, it is essential to consider the externalities 

and marginal changes that CCUS can bring to a region or country. These implications are fundamental, 

especially for developing countries where this technology still looks unaffordable and unsuitable. 

Technology transfer, just transition, low-carbon products, among other more familiar terms in 

developed countries, seem to be far from developing countries reality and near future. There are still 

many questions and gaps to close in building a shared understanding of the technology and the 

conditions to make it reachable for every country.  

I recommend considering the outcomes of these two pieces of research as an example of the 

benefits of matching disciplines and combining approaches to come up with proposals where people 

and the environment are as important as economic development. Providing support to innovative 

research can foster transdisciplinary research, which is essential for CCS projects.  

 

Expenses breakdown 
 

Please find below the breakdown of the expenses:  

UKCCSRC * 

Airfare EDI-MEX  £ 820.40 

Accommodation in Mexico City (January – July) £ 2103.07 

Meals (July-September) £692.85  

Total £3616.29  

Funding approved £3616.00  

 

SAGES 

Local Transport in Mexico City (January - July) £ 149.45 

Meals in Mexico City (January - June) £ 1451.45 

Website graphic design  £ 704.92 

Website programming   £ 727.64 

Website domain  £ 38.93 

Website update and maintenance (pending) £ 525 

Total  £ 3597.39 

Funding approved £ 3600 

 

* Receipts for the UKCCSRC expenses are attached:  

 Flight ticket receipt issued by the  International Organisation of Migration  

 Lease contract 

 Monthly payments and transfer receipts of accommodation 

 Meals tickets from July – September and Excel spreadsheet breakdown 
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