Energy-efficient purification of fermentation-derived volatile fatty acids using a novel multistep
process integrated with mechanical vapor recompression
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Introduction

Volatile fatty acids (VFAs, C2-C6) produced via mixed-culture fermentation of organic waste are
promising renewable chemicals, but their purification remains the main barrier to large-scale
deployment. Fermentation broths are dilute (=1-2 wt% VFA), variable in composition, and rich in salts
and other impurities, making conventional hybrid extraction-distillation highly energy-intensive and
costly. Purification alone can account for up to 80% of total production costs. While alternatives such
as membranes, electrodialysis, and adsorption have been explored, none have demonstrated clear
advantages for producing pure VFAs at industrial scale. This work therefore proposes a fundamentally
different downstream strategy that minimizes energy use for dilute feeds by combining evaporation,
vacuum drying, and deep heat integration using mechanical vapor recompression (MVR), while
avoiding organic solvents.

Materials and Methods
The proposed process consists of four main steps:

1. Evaporative pre-concentration of the fermentation broth using a two-effect evaporator with
MVR, keeping VFAs non-volatile by operating above their pKa.

2. Acidification of concentrated VFA salts to free acids.

3. Vacuum drying to separate non-volatile salts from volatile VFAs, yielding a highly
concentrated VFA-water vapor stream.

4. Final distillation to obtain 99 wt% acetic acid.
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Fig.1: General process configuration

Two configurations were evaluated: a base case with limited heat integration and an advanced
configuration with maximum vapor recompression across evaporation, drying, and distillation. All
scenarios were simulated in Aspen Plus® using rigorously calibrated thermodynamic models (E-NRTL



and NRTL-HOC), validated against experimental vapor-liquid equilibrium, boiling point elevation, and
salt solubility data. Fermenter outlet concentrations between 1 and 10 wt% acetic acid were
investigated.

Results and Discussion

Simulation results show that the proposed MVR-integrated process achieves a major reduction in
energy consumption compared to conventional purification routes, especially for dilute feeds. At =1-
2 wt% acetic acid, the specific energy demand is several times lower than that of state-of-the-art
hybrid extraction-distillation processes, which typically exceed 40 MJ kg™ of acid. Although electrical
energy demand for vapor compression increases slightly, the overall energy balance strongly
improves due to reduced thermal requirements. The resulting coefficient of performance (steam
economy) is particularly high at low inlet concentrations, where conventional technologies are least
efficient. Benchmarking against literature confirms that the proposed concept outperforms most
reported purification schemes at low VFA concentrations while still achieving 99 wt% product purity..
From an economic perspective, energy costs remain critical under current European energy prices.
However, integration with anaerobic digestion of fermentation residues and combined heat-and-
power generation could make the process close to energy-neutral, substantially improving feasibility.

Conclusions

This study presents a novel and highly energy-efficient purification concept for fermentation-derived
volatile fatty acids that directly addresses the limitations of existing downstream technologies for
dilute broths. By integrating evaporation, vacuum drying, and multi-effect mechanical vapor
recompression, the proposed process eliminates solvent use and drastically reduces thermal energy
demand while achieving 99 wt% acid purity. Aspen Plus® simulations with calibrated thermodynamics
demonstrate that the approach outperforms conventional hybrid extraction-distillation and most
innovative alternatives, particularly at low feed concentrations typical of mixed-culture fermentation.
Vacuum drying emerges as a key enabling step for separating non-volatile impurities, while deep heat
integration is essential for energy efficiency. Future work should focus on pilot-scale validation of the
drying step, extension to mixed VFA streams and other organic acids, and full techno-economic and
life-cycle assessment.
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