
Abstract 
Advanced biofuels are crucial for meeting Europe’s climate objectives and addressing 
global warming1. By 2050, they have the potential to supply 14% of the world’s 
transport fuel and 45% of the aviation fuel required globally. When produced 
sustainably, these biofuels could cut CO₂ emissions by approximately 21 gigatons (Gt) 
annually, leading to a significant reduction of greenhouse gas emissions2. The FUEL-
UP3 project, funded by the European Union, aims to advance bio-oil conversion into 
sustainable biofuels, specifically targeting the aviation and maritime sectors. The 
project leverages fast pyrolysis (FP) technology to produce bio-oils, which are further 
processed through stabilization and deoxygenation steps to produce high-quality fuels 
and chemicals. These steps are integrated within large-scale refining to ensure efficient 
transformation of all streams into advanced biofuels and chemicals.  
In this study, a feasibility assessment was conducted to recover specific key chemicals 
from aqueous streams from stabilized pyrolysis process (SPO_aqueous) and stabilized 
deoxygenated pyrolysis process (SDPO_aqueous). The core targets are: 

- Developing a simulation using COCO-COFE process simulator by AmsterCHEM 
to design a distillation system capable of separating high-value chemicals from 
aqueous side streams. 

- Optimizing energy consumption within the distillation system, evaluating the 
recovery potential of key components and the KPIs. 

Preliminary composition analysis on SPO_aqueous and SDPO_aqueous samples 
indicate that the water content is relatively high (over 85 wt%). Among organics, only 
ethanol, methanol, 1-propanol, and acetic acid contents are higher than 1 wt% either 
in SPO_aqueous or SDPO_aqueous. Three case studies (CS) are identified, targeting a 
trade-off between potential revenues from each recovered species (eur/ton pyrolysis 
oil) and energy requirements for carrying out the separation. CSs description follows: 

 CS1 applies to SPO: the system comprises three distillation columns. The first 
column is used to separate the bulk of water, together with acetic acid and 
higher alcohols, from methanol and ethanol. A recovery ratio of 97% is set for 
both ethanol (in distillate) and water (in the bottom). The bottom is treated in a 
second column, which isolates methanol from the top with 99.9 wt% purity. The 
bottom is an ethanol-rich stream, containing still over 30 wt% water. Therefore, 
the third column aims at concentrating ethanol from this stream, achieving a 
concentration of approximately 95 wt%. in the distillate. 

 CS2 has the same configuration as CS1 but applied to SDPO_aqueous. Propanol 
recovery from the water-rich solution is disregarded since it is highly energy-
intensive.  

 CS3 refers again to SPO_aqueous: the configuration discussed in CS1 is modified 
by adding an additional distillation column to separate acetic acid from water in 
the bottom line of the first distillation column.  

 

This work establishes the foundational framework necessary for conducting 
comprehensive techno-economic analysis (TEA). A sensitivity analysis will be 
performed considering the evolution of product prices, CAPEX, material, and energy 
costs. Additionally, economic assessment will be the evaluation of financial 
performance through the calculation of the Financial Net Present Value (FNPV). 
 
1Sustainable transport: EU needs advanced biofuels to deliver on Green Deal – Euractiv 
2International Energy Agency “Net Zero by 2050 » May 2021 
3 FUEL-UP HEU project. https://www.fuelup-project.eu/  


