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Abstract. Currently, petroleum-based volatile fatty
acids (VFAs) sources are not acceptable towards
sustainable development goals (SDG); therefore,
biobased-derived VFAs are of interest. Anaerobic
digestion has been identified as a useful technology for
the production of biobased VFAs from organic waste
residue because of their environmental sustainability,
easy operation and affordability. The anaerobically
digested liquid comprises several inorganic and organic
compounds/particles, including VFAs, which is one of
the  main  challenges nowadays since the
particles/compounds free VFAs are highly demanded.
Hence, pressure-driven membrane filtration
technologies (microfiltration, ultrafiltration,
nanofiltration and reverse osmosis) is being widely
used due to their higher VFAs recovery efficiency.
Microfiltration and ultrafiltration usually applied as
pretreatment for removing coarser particles, while
nanofiltration and reverse osmosis possess a remarkable
role in recovery performances. This report is
highlighted on the various types of membrane used for
VFAs recovery percentages and critically discuss their
influence. Afterwards, it was confirmed that lower pore
size membranes offer better recovery percentages of
VFAs over higher pore size membranes due to their
permeability rate.
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1. Introduction

The utilization of environment-friendly products is one
of the principal requirements to accomplish the
Sustainable Development Goals (SDGs). The 2030
agenda for SDGs is strongly harmonized with a circular
economy action plan, which includes resource recovery,
reuse and recycling strategies (Abou Taleb and Al
Farooque 2021; Rodriguez-Anton et al. 2019). Priorities

have been given to the organic waste streams-based
materials as a feedstock for the production of value-
added products towards a resource recovery society
establishment. Large amounts of organic waste are often
collected from different sources, and it is advisable to
use them effectively to save the environment and human
health from their adverse effects (Lag-Brotons et al.
2020; Moustakas et al. 2020; Pervez et al. 2021).

Food waste (FW) is composed of organic compounds
and nutrients riched material, which are beneficial for
the resource recovery concept. The conventional
management of FW was carried out in mainly three
ways, such as landfill, composting, and incineration,
which is not sustainable and uneconomical (Esparza et
al. 2020; Girotto et al. 2015). In recent years, the
conversion of FW to value-added products through the
use of anaerobic digestion (AD) technology has been
gaining more attention due to their feasibility and
economic benefits. The full-scale AD process generally
takes place in four steps, mainly (hydrolysis,
acidogenesis, acetogenesis and  methanogenesis)
(Wainaina et al. 2020; Xu et al. 2018). The production
of important intermediate chemical compounds,
namely, volatile fatty acids (VFAS), is considered a
promising chemical feedstock for several industrial
applications (Figure 1) (Wainaina et al. 2021; Wainaina
et al. 2019). Nevertheless, anaerobically digested VFAs
enriched complex effluents need to be purified from
other unwanted substances due to their potential market
opportunities (Atasoy et al. 2018; Aydin et al. 2018).

Till now, various approaches such as adsorption
(Reyhanitash et al. 2017), solvent extraction (Schlosser
et al. 2005), electrodialysis (Zhao et al. 2021),
membrane filtration (Zacharof and Lovitt 2013),
esterification (Placido and Zhang 2018) and so on have
been attempted to recover VFAs from anaerobic
fermentation  broth. However, pressure-driven
membrane filtration has particularly been selected as an
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effective option for the sustainable recovery of VFAs
because of their numerous advantages (Aghapour Aktij

et al. 2020; Zhu et al. 2021).
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Figure 1. Volatile fatty acids and their application (Wainaina et al. 2021)

2. Progress on pressure-driven membrane
filtration assisted VFASs recovery

The regulation of pressure is the main driving force in
the pressure-driven membrane filtration process, in
which the measurement of membrane pore size also
plays a role in their performances. Generally, four types
such as microfiltration (MF) (0.1-5 pm, 1-10 bar),
ultrafiltration (UF) (500-100,000 Da, 1-100 nm, 1-10
bar), nanofiltration (NF) (100-500 Da, 0.5-10 nm, 10—
30 bar), and reverse osmosis (RO) (<0.5 nm, 35-100
bar) have commonly been used for VFAs recovery (Cui
et al. 2010; Van der Bruggen et al. 2003).

As a primary recovery step, the microfiltration and
ultrafiltration process has been employed for controlling
the presence of macromolecules, suspended particles,
bacteria and protein in the effluent. For example, some
studies successfully removed larger particles and
produced a particle-free solution with an amount of
more than 80% of recovered VFAs after the
microfiltration process, while the addition of
ultrafiltration enhanced the concentration of VFASs in
the solution, as shown in Table 1. The main reason for
this phenomenon that the pore size of MF/UF
membranes is bigger than the size of VFAs compounds,
thereby filtered solution contains a higher amount of
VFAs and reducing the recovery rate (Janisch et al.
2019).

The nanofiltration process is revealed as a key
technology for a higher amount of VFASs recovery. The
major advantage of this process is their low pore size (1
nm) membrane, which is favourable for small molecular

weight-based VFAs compounds retentate. As shown in
Table 1, the recovery percentage of VFAs compounds
are varied when the used membranes pore size are
different. For example, the recovery percentage of
acetic acid was 78% when 200-300 Da based
nanofiltration membrane used, but the recovery
percentage significantly increased to 96.1% in the
presence of 100 Da membrane (Table 1). Also, another
important factor is solution pH. Higher pH provided
better recovery percentages in the nanofiltration
process. In this case, membrane surface charge
dominant the separation process. Generally, negatively
charged compound retention percentage enhanced when
the transport flow of nanofiltration deals with larger
charged compounds retentate. Acetic acid has a low
pKa value which means this compound will easily be
dissociated and ionized than butyric acid, thereby the
retention ability is more for acetic acid. Nanofiltration
membrane with a negative surface charge can reject
negatively charged compounds significantly because of
the electrostatic repulsions.

Reverse osmosis also a solution-diffusion mechanism-
based membrane process. The recovery efficiency of
VFAs by the treatment of RO membranes is also
constituted through the combination of pore size and
surface charge trend. RO membranes are more loosely,
and the interaction between the membrane surface
charge and solution components exhibited dominance
over molecular weight and size exclusion properties. On
the other hand, dense RO membranes are most likely
less affected by the size retention mechanism
(Aghapour Aktij et al. 2020; Mollahosseini and
Rahimpour 2014).
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Table 1. Pressure-driven membrane filtration process
on VFASs recovery percentages

Filtration VFAs recovery References

mode performance

MF 87% (Kim et al. 2005)
92.8% (Tao et al. 2016)
Total VFAs (Trad et al. 2015)

UF concentration 52 g/L
VFAs concentration (Longo et al. 2015)
7453 mgCOD/L

Butyric acid,100%
Acetic acid, 78%
Acetic acid, 96.1%
Butyric acid, 88%

(Xiong et al. 2015)
(Afonso 2012)
(Ecker et al. 2012)
(Zhu et al. 2020)

NF Acetic acid, 40% (Zacharof et al.
2016)
Acetic acid, 45% (Han and Cheryan
1995)
Propionic acid, 84% (Janisch et al.
2019)
Acetic acid, 85% (Bellona and
Drewes 2005)
Isobutyric acid, 100% (Hausmanns et al.
1996)

RO Acetic acid, 81.92%
Acetic acid, 90%
Acetic acid, 41%

(Liu et al. 2020)
(Zhou et al. 2013)
(Malmali et al.
2014)

Acetic acid, 70% (Lyu et al. 2016)

3. Conclusion

In this review, it is clearly quantified that the pressure-
driven membrane filtration process offers great
promises in recovering VFAs compounds. The NF/RO
membrane process is the best-suited technologies in
terms of recovery rate, while the MF/UF process is
effective for complex effluents purification. Research
on scalable (long term operation and pilot plant) and
economical methods are needed to be developed in the
upcoming days for VFAs recovery. We are optimistic
that the pressure-driven membrane filtration process
may overcome the limitation of the conventional
recovery process.

References

Abou Taleb M. and Al Farooque O. (2021), Towards a
circular economy for sustainable development: an
application of full cost accounting to municipal
waste recyclables, Journal of Cleaner Production,
280, 124047.

Afonso M.D. (2012), Assessment of NF and RO for the
potential concentration of acetic acid and furfural
from the condensate of eucalyptus spent sulphite
liquor, Separation and Purification Technology, 99,
86-90.

Aghapour Aktij S., Zirehpour A., Mollahosseini A.,
Taherzadeh M.J., Tiraferri A. and Rahimpour A.
(2020), Feasibility of membrane processes for the

recovery and purification of bio-based volatile fatty
acids: A comprehensive review, Journal of
Industrial and Engineering Chemistry, 81, 24-40.

Atasoy M., Owusu-Agyeman I., Plaza E. and Cetecioglu Z.
(2018), Bio-based volatile fatty acid production and
recovery from waste streams: Current status and
future challenges, Bioresource Technology, 268,
773-786.

Aydin S., Yesil H. and Tugtas A.E. (2018), Recovery of
mixed volatile fatty acids from anaerobically
fermented organic wastes by vapor permeation
membrane contactors, Bioresource Technology,
250, 548-555.

Bellona C. and Drewes J.E. (2005), The role of membrane
surface charge and solute physico-chemical
properties in the rejection of organic acids by NF
membranes, Journal of Membrane Science, 249,
227-234.

Cui Z., Jiang Y. and Field R. (2010) Fundamentals of
pressure-driven membrane separation processes. In:
Membrane technology. Elsevier, pp 1-18

Ecker J., Raab T. and Harasek M. (2012), Nanofiltration as
key technology for the separation of LA and AA,
Journal of Membrane Science, 389, 389-398.

Esparza 1., Jiménez-Moreno N., Bimbela F., Ancin-
Azpilicueta C. and Gandia L.M. (2020), Fruit and
vegetable waste management: Conventional and
emerging approaches, Journal of Environmental
Management, 265, 110510.

Girotto F., Alibardi L. and Cossu R. (2015), Food waste
generation and industrial uses: a review, Waste
management, 45, 32-41.

Han I.S. and Cheryan M. (1995), Nanofiltration of model
acetate solutions, Journal of Membrane Science,
107, 107-113.

Hausmanns S., Laufenberg G. and Kunz B. (1996), Rejection
of acetic acid and its improvement by combination
with organic acids in dilute solutions using reverse
osmosis, Desalination, 104, 95-98.

Janisch T., Reinhardt S., Pohsner U., Boringer S., Bolduan R.,
Steinbrenner J. and Oechsner H. (2019), Separation
of wvolatile fatty acids from biogas plant
hydrolysates,  Separation  and  Purification
Technology, 223, 264-273.

Kim J.-0., Kim S.-K. and Kim R.-H. (2005), Filtration
performance of ceramic membrane for the recovery
of volatile fatty acids from liquid organic sludge,
Desalination, 172, 119-127.

Lag-Brotons AJ., Velenturf A.P.,, Crane R., Head .M.,
Purnell P. and Semple K.T. (2020), Resource
Recovery From Waste, Frontiers in Environmental
Science, 8, 35.

Liu Q., Xie L., Du H., Xu S. and Du Y. (2020), Study on the
Concentration of Acrylic Acid and Acetic Acid by
Reverse Osmosis, Membranes, 10, 142.

Longo S., Katsou E., Malamis S., Frison N., Renzi D. and
Fatone F. (2015), Recovery of volatile fatty acids
from fermentation of sewage sludge in municipal
wastewater ~ treatment  plants,  Bioresource
Technology, 175, 436-444.

Lyu H., Fang Y., Ren S., Chen K., Luo G., Zhang S. and Chen
J.  (2016), Monophenols  separation  from
monosaccharides and acids by two-stage
nanofiltration and reverse osmosis in hydrothermal
liquefaction hydrolysates, Journal of Membrane
Science, 504, 141-152.

Malmali M., Stickel J.J. and Wickramasinghe S.R. (2014),
Sugar concentration and detoxification of clarified
biomass hydrolysate by nanofiltration, Separation
and Purification Technology, 132, 655-665.

CEST2021_00160



Mollahosseini A. and Rahimpour A. (2014), Interfacially
polymerized thin film nanofiltration membranes on
TiO2 coated polysulfone substrate, Journal of
Industrial and Engineering Chemistry, 20, 1261-
1268.

Moustakas K., Rehan M., Loizidou M., Nizami A.-S. and
Naqvi M. (2020), Energy and resource recovery
through integrated sustainable waste management,
Applied Energy, 261, 114372.

Pervez M.N., Mondal M.I.H., Cai Y., Zhao Y. and Naddeo V.
(2021)  Textile  waste  management  and
environmental concerns. In: Mondal MIH (ed)
Fundamentals of Natural Fibres and Textiles.
Woodhead Publishing, Cambridge, pp 719-739.
doi:https://doi.org/10.1016/B978-0-12-821483-
1.00002-4

Placido J. and Zhang Y. (2018), Evaluation of Esterification
and Membrane Based Solvent Extraction as
Methods for the Recovery of Short Chain Volatile
Fatty Acids from Slaughterhouse Blood Anaerobic
Mixed Fermentation, Waste and Biomass
Valorization, 9, 1767-1777.

Reyhanitash E., Kersten S.R. and Schuur B. (2017), Recovery
of volatile fatty acids from fermented wastewater by
adsorption, ACS sustainable chemistry &
engineering, 5, 9176-9184.

Rodriguez-Anton J., Rubio-Andrada L., Celemin-Pedroche M.
and Alonso-Almeida M. (2019), Analysis of the
relations between circular economy and sustainable
development goals, International Journal of
Sustainable Development & World Ecology, 26,
708-720.

Schlosser S., Kertész R. and Marték J. (2005), Recovery and
separation of organic acids by membrane-based
solvent extraction and pertraction: An overview
with a case study on recovery of MPCA, Separation
and Purification Technology, 41, 237-266.

Tao B., Passanha P., Kumi P., Wilson V., Jones D. and
Esteves S. (2016), Recovery and concentration of
thermally hydrolysed waste activated sludge derived
volatile fatty acids and nutrients by microfiltration,
electrodialysis and struvite precipitation for
polyhydroxyalkanoates ~ production, ~ Chemical
Engineering Journal, 295, 11-19.

Trad Z., Akimbomi J., Vial C., Larroche C., Taherzadeh M.J.
and Fontaine J.-P. (2015), Development of a
submerged anaerobic membrane bioreactor for
concurrent extraction of volatile fatty acids and
biohydrogen production, Bioresource Technology,
196, 290-300.

Van der Bruggen B., Vandecasteele C., Van Gestel T., Doyen
W. and Leysen R. (2003), A review of pressure-
driven membrane processes in wastewater treatment
and drinking water production, Environmental
progress, 22, 46-56.

Wainaina S., Awasthi M.K., Sarsaiya S., Chen H., Singh E.,
Kumar A., Ravindran B., Awasthi S.K., Liu T.,
Duan Y., Kumar S., Zhang Z. and Taherzadeh M.J.
(2020), Resource recovery and circular economy
from organic solid waste using aerobic and
anaerobic digestion technologies, Bioresource
Technology, 301, 122778.

Wainaina S., Lukitawesa and Taherzadeh M. (2021) Microbial
Conversion of Food Waste: Volatile Fatty Acids
Platform. In: Wong J, Kaur G, Taherzadeh M,
Pandey A, Lasaridi K (eds) Current Developments
in Biotechnology and Bioengineering. Elsevier,

Amsterdam, pp 205-233.
doi:https://doi.org/10.1016/B978-0-12-819148-
4.00007-5

Wainaina S., Parchami M., Mahboubi A., Horvéth I.S. and
Taherzadeh M.J. (2019), Food waste-derived
volatile fatty acids platform using an immersed
membrane bioreactor, Bioresource Technology, 274,
329-334.

Xiong B., Richard T.L. and Kumar M. (2015), Integrated
acidogenic digestion and carboxylic acid separation
by nanofiltration membranes for the lignocellulosic
carboxylate platform, Journal of Membrane
Science, 489, 275-283.

Xu F., Li Y., Ge X, Yang L. and Li Y. (2018), Anaerobic
digestion of food waste—Challenges and
opportunities, Bioresource technology, 247, 1047-
1058.

Zacharof M.-P. and Lovitt R.W. (2013), Recovery of volatile
fatty acids (VFA) from complex waste effluents
using membranes, Water Science and Technology,
69, 495-503.

Zacharof M.-P., Mandale S.J., Williams P.M. and Lovitt R.W.
(2016), Nanofiltration of treated digested
agricultural wastewater for recovery of carboxylic
acids, Journal of Cleaner Production, 112, 4749-
4761.

Zhao W., Jegatheesan V., Liang Q., Soontarapa K., Jiang H.,
Zhang Y. and Yan B. (2021), Towards high carbon
conversion efficiency by using a tailored
electrodialysis process for in-situ carboxylic acids
recovery, Journal of Cleaner Production, 297,
126431.

Zhou F., Wang C. and Wei J. (2013), Simultaneous acetic acid
separation and monosaccharide concentration by
reverse 0smosis, Bioresource Technology, 131, 349-
356.

Zhu X., Leininger A., Jassby D., Tsesmetzis N. and Ren Z.J.
(2021), Will Membranes Break Barriers on Volatile
Fatty Acid Recovery from Anaerobic Digestion?,
ACS ES&T Engineering, 1, 141-153.

Zhu Y., Galier S. and Balmann H.R.-d. (2020), Nanofiltration
of solutions containing organic and inorganic salts:
Relationship  between feed and permeate
proportions, Journal of Membrane Science, 613,
118380.

CEST2021_00160



