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1. Introduction 
This abstract presents a preliminary environmental assessment of the FUELGAE project, which evaluates the production 

of Advanced Liquid Biofuel (ALB) through the conversion of CO2 emissions using microalgae. The project offers an 

alternative for hard-to-abate sectors such as aviation and maritime transport, in line with Europe’s Climate Law and the 

2050 climate neutrality goal (European Commission, 2021).  

 FUELGAE includes two case studies: Case I-Bioethanol plant, and Case II-Steel plant. Both refineries aim to 

demonstrate direct capture of CO2 from industrial emissions (biogenic in Case I and fossil in Case II) by microalgae 

cultivated in a pilot-scale photobioreactor (PBR) producing lipids (Chlorella vulgaris) and polysaccharides (Stichococcus 

sp) (Agrapidis, 2025). In Case I, microalgae capture biogenic CO2 emitted from a bioethanol plant. The polysaccharides 

fraction is converted into 3G-bioethanol, while the residual biomass produces bio-oil through Hydrothermal Liquefaction 

(HTL) followed by hydrotreatment (HDT). In Case II, microalgae capture fossil CO2 from a steel plant. The lipid fraction 

produces bio-oil via HDT, and the residual biomass produces biomethane through anaerobic digestion and biogas 

upgrading in the integrated biorefinery.  

 The Life Cycle Assessment (LCA) was conducted by ITENE, using inventory data provided by the plant-wide 

developed by the University of Oulu. The main assumptions include an annual PBR volume of 87,500 m³, 50% CO₂ 

capture efficiency, complete nutrient consumption, and on-site production of inoculum and green hydrogen via 

photovoltaic electrolysis. Effluent gases from HDT are reused to reduce net energy consumption, waste streams are treated 

in wastewater facilities and transport processes are modelled at a regional scale. 

 

2. Materials and methods 
The LCA was performed in accordance with ISO 14040:2006 and ISO 14044:2006 standards. For impact assessment, the 

CML IA baseline method was used, except for Global Warming Potential (GWP), which was evaluated using the IPCC 

2021 GWP100 methodology. The analysis was carried out using SimaPro 10.2.0.0 software and the Ecoinvent 3.11 

database. The functional unit is defined as “Production of 1 MJ of biofuel as part of the integrated biorefinery’s yearly 

output”. Energy-based allocation was applied, meaning that the environmental impacts were distributed among co-

products according to their heating value.  

 The analysis was carried out with two modelling perspectives: attributional and consequential approach. Under 

the attributional approach, no credits were assigned for captured emissions, fossil fuels displacement or by-products 

generated. In contrast, the consequential approach assigns credits for fossil CO2 captured (Case II).  

 

3. Results and discussion 
As can be seen in Figure 1, for bio-oil in Case I, the PBR dominates most of the environmental impacts (33-47%), 

primarily due to the nutrients consumption and the energy required for microalgae growth. Additionally, the HDT stage 

contributes 3-40% of the impacts, while HTL stage represents 8-29% of the impacts and the polysaccharides extraction 

accounts for 3-20%. The remaining stages each contribute less than 10%. 

 

 
Figure 1. Contribution to the impact of each stage of bio-oil production in Case I according to the LCA results 
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 For bio-oil produced in Case II, the main environmental hotspot is the lipids extraction stage, contributing between 

29% and 57% of total impacts, largely due to electricity demand and solvent use. The PBR is the second most impactful 

stage, contributing between 10% and 55%.  

 While FUELGAE focuses on the production phase (WTT), the distillation, transport and fuel combustion stages 

(TTW) have also been included to ensure a complete Well-To-Wake (WTW) life cycle assessment. This approach 

enables a fair comparison in terms of GWP with conventional fuels it may potentially replace, such as kerosene, marine 

fuel oil, petrol, and natural gas. 

 This abstract presents a summary of the main results for the Well-To-Wake (WTW) assessment of the biofuel 

obtained from both cases. Using an attributional approach, which assigns emissions directly to the biofuel production 

system within the defined limits, the GWP100-fossil of bio-oil produced in the integrated biorefinery for the aviation 

sector is 49.76 g CO₂-eq/MJ (Case I) and 107.68 g CO₂-eq/MJ (Case II), compared to 87.47 g CO₂-eq/MJ for fossil 

kerosene. The potential reduction of bio-oil in Case I is 43%. 

 When the analysis includes the consequential approach, such as accounting for the fossil CO₂ captured by 

microalgae in Case II, the result is 54.26 g CO₂-eq/MJ (Figure 2), representing a potential reduction of 38%. 

TTW data for biofuel combustion has been obtained from DEFRA database (UK Government, 2025), while the WTT 

data has been obtained from Ecoinvent and the model in Simapro.  

 

 
Figure 2. WTW results for bio-oil from FUELGAE versus fossil kerosene for the aviation sector 

 In parallel with the environmental LCA, operational costs have been also evaluated, revealing that the stages with 

the highest environmental impact correspond to those with the highest costs. This trend is evident in the PBR stage, where 

operational costs account for most of the cost due to nutrient and energy consumption in both cases, and in Case II in the 

lipid extraction stage. 

 It is expected that the potential recirculation of water streams containing recoverable nutrients could significantly 

reduce the environmental impact in both cases, as the current model assumes  that all the aqueous effluents of the 

integrated biorefinery are managed in wastewater treatment plants. By recovering nutrients from these streams, one of the 

main hotspots of the study, the demand for nutrient input in the PBR would decrease, thereby reducing both the 

environmental impact and the associated operational costs. Likewise, optimizing energy consumption across the different 

process stages would further contribute to lowering environmental impacts.  

 

4. Conclusions 
 In conclusion, the results highlight the potential of microalgae as a sustainable alternative within the biofuel sector. 

Moreover, it is expected that the optimization of stages, together with the improvement of the overall energy efficiency 

of integrated biorefineries and the use of renewable energy sources, will reduce the environmental and economic impacts 

associated with microalgae-derived biofuels.  
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