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The Horizon Europe FUELGAE project aims to promote sustainable technologies for producing advanced liquid 

fuels (ALF) through the capture and valorization of carbon dioxide (CO2) from biorefineries and energy-intensive 

industries. These fuels will be targeted at maritime and air transport, which are responsible for about 5% of global 

greenhouse gas emissions (McCollum et al., 2010), thus addressing the urgent environmental challenge of rising 

atmospheric CO2 levels, which have increased from 285 ppm in 1850 to 430 ppm currently. (ProOxygen, 2026). 

 

The project proposes the use of microalgae as a raw material, taking advantage of their capacity to fix CO2 (ten 

times more than the CO2 absorption of terrestrial plants) (Pires et al., 2019) and produce high-value-added energy 

compounds. However, one of the main obstacles is the resistance of their cellular structure, which makes it difficult 

to efficiently extract to components required for fuel production. Conventional cell disruption techniques (whether 

physical, chemical or biological) (Alhattab et al., 2019) often involve high costs, considerable energy consumption, 

and significant environment impact which limits their industrial viability. 

 

To overcome these limitations, we propose investigating and developing alternative treatments that reduce 

environmental impact and increase process profitability. (Fuelgae, 2026) Among these, the use of hydrated 

inorganic salts stands out as cost-effective, non-toxic, and recyclable solvents capable of operating at low 

temperatures, thereby reducing energy consumption and improvising system sustainability. By modifying different 

operational parameters, such as temperature reaction time, organic phases, and hydrated inorganic salts, the aim is 

to optimize the extraction of hydrocarbon and lipid compounds for their subsequent use in ALF production. 

 

The selection of hydrated inorganic salts was carried out after analysing previous scientific studies in which these 

salts were used in the treatment of lignocellulosic biomass. (Lara-Serrano et al., 2023), (Lara-Serrano et al., 2021), 

(Sun et al., 2022). The selected salts were ZnCl2·4H2O, LiBr·xH2O (x = 3, 5), and FeCl3·6H2O due to their 

particular characteristic of being in a liquid state at room temperature, which allows biomass to be treated at low 

temperatures and significantly reduces the energy consumption of the process. Furthermore, their liquid nature 

facilitates greater penetration into the cellular matrix of microalgae, promoting cell wall disruption and the release 

of compounds of interest. 

 

The experiment begins by bringing the biomass into contact with the hydrated salt, followed by stirring and heating 

at temperatures between 70 °C and 110 °C for a period of 15 to 120 minutes. After the reaction time has elapsed, 

the mixture is allowed to cool, and a nonpolar solvent, such as hexane, is added to extract the lipids, which are 

subsequently recovered by evaporating the solvent in a rotary evaporator. 

 

Figure 1. Scheme of the experimental procedure. 

 

 

 

 

 

 

 

The lipids extracted from the microalgal biomass were analysed through a transesterification process following 

the protocol established by the National Renewable Energy Laboratory (NREL). This method enables the 

conversion of triglycerides present in the lipids into fatty acid methyl esters (FAMEs). The reaction was carried 

out using methanol as the alcohol and a catalyst, under controlled temperature and time conditions to ensure 

efficient conversion. This step is essential, as the resulting FAMEs exhibit higher volatility and are more suitable 

for subsequent analysis using instrumental techniques. 
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After obtaining the FAMEs, the samples were analysed by gas chromatography (GC) using an Agilent GC 9000 

INTUVO chromatograph, which ensures high precision and reproducibility in the separation of fatty acid methyl 

esters. For the identification and quantification of the compounds, the SUPELCO 37 Component FAME Mix 

standard was used as a reference. This standard consists of a representative mixture of 37 FAMEs, enabling 

accurate calibration and ensuring the reliability of the analysis. 

 

The study of hydrated inorganic salts began by evaluating ZnCl2·4H2O as a treatment agent for microalgal biomass. 

This salt demonstrated a strong ability to interact with the cellular matrix, even causing complete dissolution of 

the biomass, indicating high potential for releasing intracellular compounds. However, during lipid extraction with 

an organic solvent, a stable emulsion formed between the organic and aqueous phases, hindering separation, 

complicating lipid recovery, and significantly reducing process efficiency. 

 

Given these limitations, it was decided to continue the research with other hydrated salts, specifically LiBr·3H2O 

and LiBr·5H2O, with the aim of improving system performance. Certain differences were observed in their 

interaction with the biomass and in the stability of the reaction medium; however, difficulties arose in achieving 

adequate biomass dissolution, which prevented satisfactory results in terms of yield and reproducibility. 

 

Finally, the salt FeCl3·6H2O was evaluated, yielding 

significantly more favourable results. With this agent, 

effective cell disruption was achieved without the occurrence 

of emulsification phenomena, allowing for clear phase 

separation and clean, efficient extraction of lipid compounds. 

In addition, the system demonstrated greater operational 

stability and improved experimental reproducibility, which 

are key factors for potential industrial-scale application.  

 

Quantitative analysis revealed a lipid extraction efficiency close to 90%, highlighting the high potential of 

FeCl3·6H2O as a disintegration agent in the treatment of microalgal biomass and as a promising alternative within 

the lipid valorization process. 

 

The results indicate that the hydrated salt FeCl3·6H2O is a viable and sustainable alternative for the production of 

advanced biofuels, combining high extraction yields with lower environmental impact and simpler operability. In 

addition, it has proven effective in disrupting the microalgal cell wall, promoting the release of intracellular lipids 

and improving process efficiency. 

 

As future work, it is proposed to continue research with different microalgae strains and to evaluate other solvents, 

hydrated salts, and catalysts to enhance system performance, as well as to optimize the associated processes to 

maximize technical, economic, and environmental efficiency. 
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Figure 2. Microalgae treated with 

FeCl3·6H2O (left after hexane addiction 

(right) 
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