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1. Introduction  

Until the end of the last century the economy of Mexico was heavily dependent on the 
export of oil and the local demand of energy was based on fossil sources. This was the result of 
the presence of important oil reserves that resulted in the country being a top world producer of 
oil. However, the integration of the country to the regional production chains of North America, 
due to the North America Free Trade Agreement in the mid 1990’s changed the nature of the 
economic activity with a smaller need of fossil energy resources. Also, the use of fossil sources 
resulted in severe air pollution problems, overall in the largest cities in the country. 
Consequently, in the first decade of the century Mexico increased in a substantial manner the 
use of renewable energy achieving almost 23% of generation of electricity in 2018. This had 
been possible, to a large extent, due to the geographical situation of the country with large 
amounts of insolation, wind and hydrological resources leading to low prices of electricity 
generation using renewable sources. In a consistent manner, Mexico signed several agreements 
like the Kyoto protocol (1997), the Doha amendment (2012) and the Paris agreement (2018). 
Consequently, the outlook in the mid and long term was that renewable sources would become 
the dominant part of the energy supply of the country. However, starting in 2019 there was a 
change of strategy of the Mexican Federal Government. It revitalized the use of fossil sources, 
based on the perception of the dependence of gasoline supply on importation of this resource 
and the emphasis of the government in reactivating in the economy of regions of the country 
dependent on oil production. With this development, R&D activities in renewable energies are 
no longer done by organizations within the Ministry of Energy and are now carried by 
Universities and Research Centers with more general missions. It is important to note, however, 
that this policy might be modified in the near future as the oil and gasoline production of the 
country have decreased by almost 35% during 2020.  

 
2. R&D activities related to clean energy technology 

 
Cinvestav is the largest research center in Mexico, operating in a similar way as a research 

university, with a fundamental mandate of generating the scientific manpower of the country. 
It is part of the Ministry of Education structure. Consequently, all research programs, including 
those related to renewable energies have associated masters and doctoral programs in these 
areas. 

  
Out of the ten campuses of Cinvestav in the country, four of them (Mexico City and 

Queretaro in Central Mexico, Saltillo in Northern Mexico and Mérida in Southern México) 
actively work on basic science and technologies, related to storage, use and conservation of 
clean energies. The main research themes are materials and devices related to more efficient 
utilization of ocean energy, solar power generation and production, and utilization of hydrogen 
energy carriers. The campus in Saltillo offers specific Masters and Doctoral degrees in Clean 
Energies, while in the other cases the research in these areas is conducted in the departments of 
Physics and Chemistry in Mexico City, Materials Science in Queretaro and Applied Physics in 
Mérida.  Currently there are 40 research groups in this area, comprised of the same number of 
faculty, 10 posdoctoral researchers, 30 technicians and 80 graduate students. 

 



 

 
 

 
Cinvestav main campus in Mexico City, where some of the research in solar and fuel cells is conducted 

 
3. Specific research activities in ocean energy, hydrogen and solar cells 

 
Our group in Cinvestav-Saltillo is developing superhydrophobic ceramic coatings for 
corrosion and biofouling protection of wave and current energy devices, as well as ceramic 
matrix composites for the fabrication of components for current turbine systems. 
Furthermore, work is underway on the production of graphene oxide membranes for the 
cogeneration of water and electricity using a salinity gradient device. This group is part of 
a larger consortium in Mexico regarding Ocean Energy, the Mexican Centre for Innovation 
in Ocean Energy (CEMIE-Océano), financed by the Ministry of Energy and the National 
Council of Science of Technology until March 2021. 
 

 
Cinvestav-Saltillo in Northern Mexico Site of the Renewable Energies Program  

 
Hydrogen is a top choice clean energy source as it can provide a continuous energy supply, 
unlike solar cell and eolic generators and it does not generate CO2. Consequently, the 
production of hydrogen in a CO2 free procedure is critical to achieve a process that does 
not have a carbon signature. Our research is focused on producing carbon-free hydrogen 
from renewable energy resources by electrolyzing water using electricity generated with 
other renewable resources. This is conducted in our Applied Physics Department in 
Cinvestav-Mérida (Southern Mexico) our Chemistry Department in Cinvestav-Mexico City. 
 
Regarding the use of new materials in fuel cells we are working in Cinvestav Saltillo in 
nanocatalysts for electrochemical energy conversion we are conducting studied in two 



 

projects. The first project is the development of novel non-Pt and low-Pt nanocatalysts 
supported on carbon nanotubes with application as anodes and cathodes in Direct Alcohol 
Fuel Cells, in collaboration with the PSG Institute of Advanced Studies, Coimbatore, India. 
The second one is about the development, characterization and evaluation of alcohol-
tolerant electrocatalysts supported on carbon nanotubes for Direct Alcohol Fuel Cell 
Applications, in collaboration with Shanghai Jiaotong University, Shanghai, China. 
 
On the storage side, we have two main areas of interest. In Cinvestav-Saltillo we are 
working on the synthesis and electrochemical studies of cathode materials for lithium 
rechargeable batteries. We are working in collaboration in collaboration with University of 
Texas at Austin, Texas, USA, The Centro Atómico de Bariloche, Bariloche, Argentina, and 
Universidad de Santiago de Chile, Chile. This collaboration is working on Solid oxide fuel 
cells (SOFC), Lithium ion batteries and Photocatalysis. SOFC are electrochemical devices 
based on an oxide ion conducting solid electrolyte which offer high energy efficiency, fuel 
flexibility, low environmental impact and mechanical stability. They can generate electricity 
directly by serving fuel at the anode and air at the cathode side. Due to the issues related to 
the high temperature operation (~ 1000 °C) of conventional SOFCs, our research involves 
the development of solid electrolyte materials and multifunctional electrode materials for 
the fuel and air electrodes which offer fast reaction kinetics for the intermediate-temperature 
solid oxide fuel cells (IT-SOFCs). Solid state battery technology promise to be a safer 
alternative to conventional Li-ion batteries based on flammable liquid electrolyte 
component. Our research involves developing solid electrolytes for Li-ion batteries. Also, 
our Chemistry Department in Cinvestav-Mexico City is working on the development of 
solid-state hydrides as MgH2.  
 
Finally, in the specific use of fuel cells, the research effort envelopes the process to create 
catalyst nanoparticles, used in fuel cells to power small vehicles, which are built as 
prototypes in Cinvestav-Mexico City. 
 
 

 
Prototype vehiclepropelled by fuel cells built in Cinvestav-Mexico City 

 
Related programs/projects conducted by Cinvestav  
Electrolysis of water using solar energy. (2017-2020) Development of fuel-cell propelled 
prototype vehicles for use in Mexico City Project (2016-2021) 

 
Finally, we currently have developments in fourth-generation green solar cells in the Applied-
Physics Department in Cinvestav-Mérida in collaboration with Universidad Marista de Mérida, 
specifically the role of structural defects in increasing efficiencies in Cu2ZnSnS4 and CdS/CdSe 
based cells. Also, in the same department we currently have projects in increasing the efficiency 
of dye-sensitized ZnO and TiO2 cells. With current projects running until 2021. 



 

 

 
Reactor for production of Cu2ZnSnS4 cells, Thin film cells Cu2ZnSnS4, produced at Universidad Marista de Mérida 
and Cinvestav-Mérida 
 
4. International collaboration 
4-1 International alliance/networking development 

Cinvestav has signed five comprehensive and specific MOUs with oversea institutes in the 
area of clean energies, in general currently Cinvestav holds more than 200 agreements with 
institutions outside Mexico. These agreements include activities as joint projects, researcher 
exchange, student mobility and dual degree granting. These collaborations are important for 
carrying out and accomplishing research as 83% of the papers published by Cinvestav are done 
in collaboration with another institution. Also, the presentation of different projects to 
international funding agencies requires the partnership with several institutions at the same time. 
Such collaborations among the research institutes in G20 members are important for carrying 
out innovation in clean energy technologies. 
 
4-2 International joint R&D activities 

Although not directly in the field of green energy, Cinvestav has specific joint activities 
with the CNRS in France, as we are the site of one of the International Units of Research of 
CNRS outside France. Also, we have direct agreements with the CNR in Italy to support joint 
Italy-Mexico research which is open to joint research groups. 

 
5. Future perspectives 

Although with a recent emphasis on returning to fossil fuel sources, it is very important for 
Mexico to increase the share of power generated by renewable energy such as ocean, solar and 
wind as both sources have an unexploited potential due to the geographical and climate situation 
of the country. Also, the sharp decrease in oil production experienced at the end of 2019 and 
more dramatically in 2020 will lead the country to retake the growth of renewable energies to 
comply with the commitments set in the Paris agreement for 2035. Cinvestav is interested in 
creating research groups in CUC technologies, as is one of the areas not currently represented 
at all in Mexico. As a representative Mexican institution we are very much interested in creating 
possible alliances to achieve this goal. We have the advantage of hosting a selected group of 
doctoral students that have help us in the past to consolidate research projects due to the 
possibility of increased mobility. 
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