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ABSTRACT

Membrane separation processes have been deployed for downstream applications in
biorefineries. This article discusses the challenges of membrane technology in purification of
biofuels such as bioethanol, biodiesel and biogas. The significance of membrane technology
are discussed towards the fractionation of lignocellulosic biomass for biofuel production. The
membrane reactors for biodiesel production were also studied. Limitation with respect to each
individual processes on biofuel purification were also reported. The major limitation in
membrane separation are membrane fouling and concentration polarization. Membrane
engineering and process optimization are the viable tools to enhance the performance of
membrane. Recently, inorganic nanofillers has significant control in alteration of polymeric
membrane characteristics for the improvement of permeability and selectivity. This article
would be an insight for researchers to understand the challenges of biorefinery membrane
separation.
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INTRODUCTION

Globally, depletion of fossil fuels and
global warming have intensified the
use of renewable biofuels as an
alternative fuel by international energy
agencies and governments. Biofuels
are derived from low-cost feedstock
materials such as algae, household
waste, agricultural and woody biomass,
etc. Major biofuels include bioethanol,
biogas, biodiesel, etc. Downstream
processing is a challenging task in
biorefineries. Membrane technology
has been deployed in biorefineries for
the (i) separation of sugars from
lignocellulosic biomass, (ii) separation
of glycerol from biodiesel (iii)
harvesting microalgae for bio-oil
production, (iv) concentration of

methane from agricultural anaerobic
digesters, (v) recovery of bioethanol
from fermentation broth, etc [1, 2]. The
advantage of membrane separation
over conventional unit operations are
superior product purity, versatile
membrane processes, no phase change,
lower energy demand, easy to scale up
and low cost. However, membrane
technology has limitation as membrane
fouling in longer operation duration. It
reduces the life span of membrane and
efficiency of filtration. Concentration
polarization is another type of fouling
forms a solute layer over the
membrane surface. To overcome these
limitations, membrane modifications
have been attempted to produce
resilient membranes with high
permeability. The studies on
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challenges faced by membrane
technology in biorefineries are sparsely
reported. Thus, this article aims to
discuss the challenges in membrane
processes for various biorefinery
applications.

LIGNOCELLULOSIC BIOMASS
FILTRATION

Lignocellulosic biomass is a plentiful
renewable feedstock (forest and
agricultural residues) that naturally
occurs on the earth, which constitutes
of cellulose, hemicellulose and lignin.
Fermentable sugars are the required
carbon source to produce second
generation biofuel using
microorganisms [3]. This process
involves many complex steps
including pre-treatment of
lignocellulosic biomass and enzymatic
hydrolysis to convert simple sugars,
conversion of fermentable sugars into
alcohols, and purification of biofuels.
Upon pre-treatment, lignocellulose
biomass generates value added
chemicals and inhibitory compounds
such as furfural and organic acids. In
this instance, membrane technology
has been utilized in separation of
sugars from hydrolysed lignocellulosic
biomass solution. The challenging task
in this step is separation of fermentable
sugars from similar size inhibitors.
Besides, organic acids causes adverse
fouling effect during filtration. This in
turn affects the membrane performance
and selectivity. The application of
pressure driven membrane separation,
membrane bioreactor and
pervaporation process on bioethanol
production from lignocellulose
filtration are discussed below:

PRESSURE DRIVEN MEMBRANE
SEPARATION

Ultrafiltration (UF) and nanofiltration
(NF) membranes have been used to

isolate lignin and inhibitors from
different hydrolysed feed solutions
(rice straw, sugarcane bagasse, wheat
straw, spruce chips), respectively. [4–
7]. The selection of UF and NF
membranes in lignocellulose
fractionation is based on the
appropriate pore size required for
separation of larger and smaller
molecules, respectively. However,
commercial membranes possess
hydrophobic characteristics, which are
prone to adsorption of lignocellulose
occur during filtration of complex feed
solution. Lignin's molecule size is in
the range of a few hundred daltons,
resulting in adsorption and aggregation
above the surface of low pore-sized
membranes. Lignin structure varies
with respect to acid and alkaline
hydrolysis, leading to lignin retention
complexities. Moreover, the size of
fermentable sugars and pre-treatment
by-products are smaller and closer to
one another. It ultimately leads to
decrease the membrane selectivity.
Besides, in the case of NF membranes,
fouling of organic acids induce
changes in membrane pore structures.
To overcome fouling, novel
membranes such as mixed matrix
membranes, thin film nanocomposite
membranes, electrospun nanofibrous
membranes and ceramic membranes
are used in the treatment of wide range
of wastewater and seawater
desalination. Such membrane
modification allows impartation of
unique properties like hydrophilicity
and improving mechanical stability by
incorporating nanofillers such as metal
oxides, nano clay, carbon
nanomaterials, biopolymers, and metal
organic frameworks. Thin film
nanocomposite polymeric NF
membranes were also attempted for
the separation for xylose from glucose
[10]. Studies on optimization of
hydrodynamic conditions such as feed
pH and ionic strength also displayed
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significant influence in control of
selective separation of fermentable
sugars [8, 9]. For effective
lignocelluloic biomass filtration,
membrane surface modification can be
focused upon to decrease the affinity
between lignocellulose and membrane
surface by various methods such as
coating, grafting, blending and
immobilisation of hydrophilic polymer
and naofillers.

MEMBRANE BIOREACTOR

Membrane bioreactor (MBR) is the
coupling of membrane separation and
bioreactor to aid in the conversion of
substrate into product through
biocatalyst. MBR is a cost effective
and single step method for
fermentation and clarification
processes. Microorganism or enzymes
act as a catalyst. In bioethanol
production, microfiltration (MF) and
UF membranes are used to enrich
microbial cell concentration for higher
productivity and elimination of
secondary metabolites. In this process,
the complex problem is the design of
membrane module design and
membrane selection. Biocatalytic
membranes reactors and reverse
membrane bioreactor are novel
immobilization-based MBR
configurations for biofuel productions.
Zymomonas mobilis, Saccharomyces
cerevisiae, and Pichia stipites are
commonly utilized as microbial
biocatalyst [11–13]. Laccase and
cellulase are prominent enzymes used
for hydrolysis of lignocellulosic
biomass [14, 15]. In the above
configurations, catalyst can are either
immobilized on the membrane or
suspended in the feed stock for quick
conversion of substrate and enhance
productivity. However, enzyme
activity and reusability, substrate
conversion rate and filtration mode are
major determining factors in

immobilized MBR. In addition to this,
membrane fouling is also a significant
drawback in continuous operations. In
MBR, microbial population,
extracellular polymeric substances, by-
products can attach on the surface as
well as pore walls of low surface
energy hydrophobic membrane. The
larger molecular weight extracellular
polymeric matrix initially attach on the
surface of membrane and provides
support to form biofilm formation
through microbial colonies. It
ultimately leads to decrease in
membrane separation and deterioration
of lifecycle. Cross flow velocity is a
viable tuning parameter to control the
attachment of cells on membrane
surface. Besides, hydrophilic
membrane incorporated with biocidal
(silver and graphene oxide)
nanoparticles showed potential in
reducing biofouling [16]. A good
choice of membrane for MBR
intensification in biorefineries would
be hydrophilic membrane with suitable
biocatalyst immobilisation technique.

PERVAPORATION

Ethanol dehydration is the final step in
biofuel purification after clarification
of microbial cells. Pervaporation
involves the recovery of ethanol from
the fermentation broth, which is an
alternative to traditional distillation
method. Hydrophobic
polydimethylsiloxane (PDMS) based
polymeric membranes are used for the
recovery of biofuel from fermentation
broth [17, 18]. In pervaporation,
membrane wetting and fouling are two
common issues in filtration of
fermentation broth. To overcome this
issue, super hydrophobic membranes
are utilized to improve permeability
and selectivity of volatile organic
compounds. Silane based modification
and grafting of hydrophobic
fluoropolymers would be a feasible
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and easy technique to obtain
hydrophobic characteristics in
polymeric membrane.

BIODIESEL PURIFICATION

Biodiesel is obtained from
transesterification of oil sources such
as vegetable oils, animal fats and long
chain fatty esters. The common
sources are soybean oil, canola oil,
sunflower oil, cotton seed oil, waste
vegetable oil, etc [19].
Transesterification can be achieved
either by chemical or enzymatic
method. In transesterification reaction,
tryglycerides from oil reacts with
alcohol to produce a fatty acid methyl
ester and glycerol. The required
characteristics should be of high purity
fatty acid methyl ester (biodiesel), free
of glycerol. UF membranes have
shown promising potential as a low
energy method for to extract glycerol
from transesterification mixtures [20,
21]. Lipase based biocatalytic
membrane reactor can also be utilized
in biodiesel production [22].
Enzymatic conversion is a cost
effective and energy efficient method
for biodiesel production. However,
membrane fouling and oil layer
formation are limitations in industrial
scale filtration. The oil molecules
initially attaches on the top skin layer
and blocks the pores upon pressure
assisted filtration. To overcome these
limitations, hydrophilic nanomaterials
are used as a filler for the development
of polymeric membranes. For efficient
catalytic reaction, nanomaterial can
also be used as a carrier for the
immobilization of enzymes.

BIO-OIL PRODUCTION

Bio-oil production based on
microalgae includes the growth and
cultivation of microalgae, microalgae

processing, and bio-oil extraction. The
key advantage of microalgae in
biodiesel production over other plant
sources is that (i) it contains high
amounts of triacylglycerides and (ii)
large agricultural land is not needed
[23]. In microalgae biorefineries,
membrane technology plays a key role
in the dewatering of algae reactor.
Furthermore, membrane integrated
photobioreactor are also used for
cultivation of microalgae and
separation of algal biomass. MF and
UF membranes are applied in
harvesting of microalgae. The
harvested microalgae can be further
used for the extraction of bio-oils in
biodiesel production and value-added
chemicals such as antioxidants, poly-
unsaturated fatty acids, proteins and
polysaccharides. Upon filtration,
extracellular organic material in
microalgae suspension can attach to
the membrane surface and decrease
membrane-harvesting efficiency. To
alleviate membrane fouling, novel
membrane module designs and
negatively charged polymeric
membranes were attempted [24–26].
For dewatering of microalgae, low
fouling osmotic driven membrane
separation can be developed.

BIOGAS PURIFICATION

Biogas is derived from the
decomposition of organic matter under
anaerobic conditions. The sources of
such organic matter is diverse, such as
agricultural, sewage, food, municipal
waste and manure waste. Biogas is a
blend of gases such as methane (CH4),
carbon dioxide (CO2) and traces of
hydrogen sulphide (H2S) [27]. The
standard characteristic of biogas for
fuel application should be of pure
methane. In this regard, membrane
technology has been deployed to
concentrate methane from gaseous
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mixture. However, physical aging and
plasticization are significant drawbacks
faced by gas separation membranes.
To overcome this, mixed matrix
membranes, thin film nanocomposite
membranes are developed and these
membranes exhibit better gas
permeability and selectivity for the
separation of CO2/CH4. Inorganic
fillers (carbon nanotubes, graphene
oxide, covalent organic frameworks,
metal organic frameworks, nano clays,
zeolites and carbon molecular sieves)
and CO2-philic functionalized
nanomaterials also showed salient role
in absorption of CO2. The main
determining factor in design of gas
separation membranes should be the
inorganic filler used and polymer
interaction, nanofiller size and
agglomeration [28]. Agglomeration is
a common issue in fabrication of both
gas and liquid separation membranes at
higher nanomaterial concentration.
Functionalized nanomaterials were
used for homogeneous dispersion in
polymeric matrix. Overall, this article
provides a brief overview of the pros
and cons of membrane technology in
biorefineries.

FUTURE OUTLOOK

 Intensification of membrane-based
technology is required to explore
the sustainable production of
biofuels and biochemical value-
added products in biorefineries.

 Optimization of membrane
process can also be attempted to
alleviate fouling and scale up of
large-scale biorefineries.

 Energy efficient hydrophilic
fouling resistant membrane can be
developed with respect to
biorefineries products, using
inorganic nanofillers. Indeed,
grafting, coating and surface
modification of membranes needs

to consider for the enhancement of
selectivity.
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