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Abstract

Sugarcane is known to be one of the oldest cultivated plants in tropical and subtropical countries. Sugar industries are
increasing exponentially to satisfy the growing demand for sugar; whereas, the ethanol distilleries have been rapidly
expanding, since bioethanol emerged as an affordable, low carbon footprint and renewable bioenergy. However,
inadequately treated and indiscriminate disposal of the effluent from sugarcane industries resulted in extensive soil
and water pollutions. Hence, this study aimed at reviewing the sugarcane industrial process with its water consump-
tion rates, and effluent characteristics and its adverse effects on the environment. Finally, the study has gone through
the most common wastewater treatment efforts made to minimize the effluent environmental burden. In addition

to the large volumes of sugar and ethanol industrial effluents, the presence of the different varieties of the pollutants
in the effluent is challenging for conventional treatment methods. However, eliminating the pollutants is becoming
important for environmental and esthetic values. In line with this, a number of studies encompassing physicochemi-
cal and biological treatment methods have been conducted but many of them failed to be effective. Furthermore,
alternative treatments have also been developed such as recycling of vinasse, fertirrigation and concentrated by
evaporation but they were not effective either due to the high energy use or the large effluent volumes which cannot
be managed through such methods. However, anaerobic digestion of high rate was found in the state of the art and
an effective approach to treat the sugar industry and ethanol distillery effluents.
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Introduction

Among many agro-based industries, the sugar industry is
the most common industry in more than 130 countries,
especially in developing countries. This industry is cur-
rently making a substantial contribution to economic
development and the major sources for the job creation
in many developing countries in Asia, Africa and South
America. The industry is involved in sugarcane process-
ing action to produce raw sugar from more than 70% of
the sugarcane produced in the worldwide [1]. In addi-
tion to sugar, the industry produces byproducts such as
bagasse (residue from sugarcane crushing), press mud
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(dirt mud residue from juice clarification), molasses
(final residue from sugar crystallization) and wastewater
[2]. Furthermore, production of bioethanol as an indus-
trial product is also widespread among sugar industries
annexed to ethanol distilleries. Ethanol has existed since
the beginning of recorded history. The ancient Egyptians
and Chinese produced ethanol by naturally fermenting
vegetative materials and discovered the art of distilla-
tion. Fermentation is the oldest known biotechnology
and complex biological process used for the production
of ethanol in the distillery. Recently, bioplastic produc-
tion has emerged as one of the primary interests in the
sugar processing industry in which the sugar is con-
verted into lactic acid and polymerizes into biopolymer
[3]. Recently, biorefinery is emerging as the integration
of the different sugarcane industries based on biomass
feedstock. Recently, the expansion and promotion of
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bioethanol production are absolutely creating high com-
petition for water resources in many places across the
globe [4]. In biorefinery, biomass is expected to go under
physicochemical and biological processes to produce bio-
fuels, power, materials, and chemicals. Nowadays, biore-
finery is enhancing the environmental and economic
benefits of the sugar cane industry. The sugar industry
and ethanol distillery are growing at an alarming rate
across the globe but the industries are generating a huge
volume of the effluent that disposed into the environ-
ment. These inadequately treated and indiscriminately
disposed effluents are causing extensive soil and water
pollutions. Hence, the aim of this study was to assess the
literature regarding the sugarcane industrial process and
its water consumption rates, effluent characteristics and
the adverse effects on the environment. The study also
evaluates the most common wastewater treatment efforts
made to minimize the effluent environmental burden.

Sugar industry wastewater

Sugar industries can be classified broadly into three cat-
egories: (1) those that produce only raw table sugar (2)
those that produce only ethanol, and (3) the integrated
ones that produce both raw sugar and ethanol. Many
sugar industries belong to the sugar factory annexed to
ethanol distilleries. For example, 80% of the factories
approximately belong to the third category, especially in
Brazil and many other countries around the world are fol-
lowing this trend [5]. However, a recent report indicated
that 90% of sugarcane harvested is used to produce both
sugar and ethanol, but only 7% and 3% are used to pro-
duce ethanol and sugar, respectively [6]. In general terms,
the sugar production process comprises juice extraction,
clarification, evaporation, crystallization and centrifugal
processes in the cane factory as shown Fig. 1. Based on
the chemical utilization types, there are two categories
of sugar manufacturing processes which are carbonation
and sulphidation processes.

The agricultural sector and industries are the major
areas of the freshwater consumption rate which, indi-
cated by the universal features of sugar production that,
need huge amounts of freshwater. The freshwater is used
in different units of the sugar production processes in
the sugar factory and generates wastewater which is
highly variable in both quantity and quality, as indicated
in Fig. 2. This figure shows the details of each process in
the industry and the corresponding of the wastewater
generated. This variation of wastewater depends on the
feedstocks, products and chemicals used in the process.
In the sugar industry, water is obtained from two sources.
Primarily, during cane processing water is recovered dur-
ing processes such as evaporation, crystallization and
refinery whereas the other water sources is mainly from
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barometric condensers, dust removal in the chimney and
scrubbers and refrigeration of turbines including washing
water [7]. Moreover, sugarcane that enters the industry
contains about 70-80% moisture and about 0.7 m® of the
wastewater is generated per ton of crushed sugarcane [8,
9]. Many studies of the sugar industry in different coun-
tries reported that about 1 m® of wastewater is produced
for every ton of cane crushed. It was also reported that
around 1.5-2 m? of water is consumed to process 1 ton of
cane and generated about 1 m® of wastewater [10].

In the sugar industry, water is used for cleaning pur-
poses in the different sections of the factory generates
wastewater. Practically, there are no single units which
generate wastewater but the wastewater is produced
mainly by washing on the milling house floor, boiling
house like evaporators, clarifiers, vacuum pans, centrifu-
gation, etc. Additionally, periodical cleaning of lime water
and SO, producing house is also contributing to the huge
volume of wastewater, as well as periodic descaling of
heat exchangers and evaporators using NaOH, Na,CO,
and HCl for descaling of heater and neutralization [7].

Precisely, mill house and process house are the two
main sections of wastewater generated in sugar factory.
The mill house wastewater is polluted mainly with oil and
grease, and suspended solids; whereas, the wastewater
generated from process house is contaminated with high
organic matter such as COD, BOD; and pH [8]. Stud-
ies of physicochemical properties of the sugar industrial
effluent which were collected and analyzed from the
mill house, process house and final combined wastewa-
ter indicated that the effluent qualities and quantities are
quite different [11]. Sugar industry effluent quality varies
depending on chemical types utilized, the nature of the
sugarcane such as the cane variety and the nature (phys-
icochemical and biological) of soil in which the cane is
grown. Generally, this effluent creates serious environ-
mental problems, if it is not properly managed.

One of the most critical environmental problems of
developing countries is the improper management of
industrial wastewater due to the complex nature of the
wastes generated with the limited technologies to remove
all pollutants at a time. Sugar industries play a major role
in polluting the water bodies and land by discharging a
large amount of wastewater as effluent which has a high
amount of solids, BOD;, COD, chloride, sulfate, nitrate,
calcium and magnesium [12, 13]. Wastewater from the
sugar mills with high BOD; and COD can deplete rap-
idly the availability of oxygen content in the water bod-
ies and endanger the aquatic life by interfering with the
survival of the aquatic flora and fauna. Additionally, due
to improper wastewater management, the septic condi-
tions created which will generate foul-smelling hydro-
gen sulfide resulted in precipitation of iron and dissolved
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salts that make the water bodies black [14]. Furthermore,
polluted water bodies with this industrial wastewater
are unfit for both aquatic life and human uses [13, 15].
Hence, without proper treatment and dilution, direct
utilization of sugar industry wastewater for crop irriga-
tion significantly inhibits seed germination and seedling
growth [16].

Ethanol distillery spent wash

Ethanol distillery is the highest consumer of raw water
(25-175 L/L of alcohol) for non-process applications,
like cooling water, steam generation, etc. and the process
consumption such as yeast propagation, molasses prepa-
ration [17]. The major sources of wastewater in molasses-
based distilleries are: fermenter sludge, spent wash and
spent lees as indicated in Fig. 3. Fermented wash is the
main product of fermentation which is decanted; the
remaining sludge is known as yeast sludge (fermenter
sludge). This discharged effluent from the bottom of the
fermenters contributes to the pollution load from the
distilleries. Hence, the fermenter sludge is the wastewa-
ter generated after fermentation, which is separated from
the ethanol solution by filtration. However, spent lees
are the residue obtained from rectifier column which are
usually recycled. Normally, spent lees are hot and color-
less liquid at the generation rate of 1.7-2.0 L/L of recti-
fied spirit [18, 19]. Among these wastewater categories,
spent wash is the major wastewater of the ethanol distill-
ery, both in terms of quality and quantity, and is referred

to as vinasse, stillage, slop or molasses spent wash [2].
Practically in the distillery, the spent wash production
rates and characteristics are highly variable depending
on the type of feedstocks (quality of molasses), fermenta-
tion technique, and unit operation in molasses process-
ing and ethanol recovery process [20]. These factors are
the major contributors to the pollution load of the dis-
tillery effluent. Generally, spent wash is the main source
of wastewater in distillation process which is subjected to
treatment.

Distillery spent wash is the most complex and trouble-
some effluent having strongest organic matter in terms
of high COD (80,000-160,000 mg/L), high temperature,
high ash content, low acidity (pH 3.7-4.5) with a high
content of dissolved inorganic salts [21-23] Hence, this
molasses spent wash is one of the most difficult waste
products to dispose because the pollutants are environ-
mentally not compatible [17]. In addition to high organic
matter contents, another peculiar feature of the spent
wash is its deep dark brown color which resulted from
the color causing pigments. Furthermore, the colorant of
spent wash is mainly caused by melanoidins (from Mail-
lard reaction of sugars (carbohydrates) with the protein
amino groups), caramels (from overheated sugars—car-
amelized), phenolics (from tannic and humic acids of
the feedstock), and furfurals (from acid hydrolysis) [24].
Specifically, the caramelization is the chemical reaction
process of sugars at high temperatures, which can be



Fito et al. Chem. Biol. Technol. Agric. (2019) 6:6 Page 5 of 13
Water | Diluted Culture
molasses Yeast
Molasses | & i i
l Washing water
Fermentation : Solid
Cooling water residue
Sludge ?
Solid/ Liquid separation Partial recycling of the used
Liquid yeast sludge
A

Distillation Column

157 distillation: 50% Ethanol

Spent wash/Slop

\ 4

~

Cooling water

Alcohol Storage

v

Rectification Column

2" Distillation: 95-97% Ethanol

Spent lees

! v

!

Dilution, blending
for potable alcohol

Dehydration by molecular sieving
for power ethanol

Industrial ethanol

Fig. 3 Ethanol distillery manufacturing process [60]

catalyzed by the acid and base solution [25]. Generally,
this color-bearing distillery wastewater is a challenge to
treat.

Among the color causing pigments, melanoidins
(Cy7—1gH6—27010N) are the major cause for the dark
brown color of the spent wash which is formed under
non-enzymatic (Maillard) reaction between sugar and
amino compounds at high temperature [26, 27]. Melanoi-
din is described by its unique nature such as the recalci-
trant, antioxidant, acidic, nitrogen containing dark brown
polymeric compound [28]. Normally, molasses-based
ethanol distillery spent wash is the major source of mela-
noidins wastewater source [29]. The estimated molecular
weight of melanoidins is to be between about 5000 and
40,000 Da and accounts for 2% of the total spent wash by

mass [30, 31]. Additional properties of the melanoidins
are very negatively charged long polymer of acidic com-
pound with colloidal properties due to the dissociation of
carboxylic acids and phenolic groups [30]. The molasses
distillery wastewater has similarities with sugar indus-
try wastewater in composition, but the distillery spent
wash is a high strength wastewater. Comparative analy-
sis of the physicochemical quality of the sugar industry
and distillery effluents was conducted under similar con-
dition which showed clearly the difference in concentra-
tions strength as indicated in Table 1.

The consequences of untreated industrial effluent dis-
charges have been known for a long time. Specially, the
discharge of untreated melanoidins containing spent
wash into the water bodies can block sunlight from the
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Table1 The average physicochemical properties
of the cane industrial effluents (mg/L) [11, 28-31]

Parameter Sugar factory  Ethanol distillery spent
wash

Temperature (°C) 29.3-443 46.3-56.3

pH 6.7-84 39-49

Electric conductivity (uS/ 540.3-925.9 3910.0-50,500.0
cm)

BOD, 654.6-1968.5 50,000.0-60,000.0

COD 1100.3-21489  110,000.0-190,000.0

Chloride 30.5-866.6 6213.6-7475.7

Total hardness 356.2-2493.1 3100.3-4,477.2

Calcium 365.4-468.0 2676.5-3389.8

Magnesium 214.8-341.0 816.3- 1828.1

Total solid 2452.3-30506  91,876.9-150,300.9

Total dissolved solids 1480.2-1915.1  13,000.0-88,265.1

Total suspended solids 220.3-790.7 3611.1-150,000.0

Nitrates 04-0.9 2403-329

Organic -N 24.3-36.4 75.2-400.7

Ammonia -N 0.0-4.2 10.9-18.1

Total nitrogen 11.1-40.6 85.8-1355.3

Phosphate 1.2-96 1.2-276

Sulfate 215-51.7 803.0-6050.5

Oil and greases 88.7-1344 30.3-202.1

water, which results in reducing photosynthetic activ-
ity and oxygen concentration that inhibit the survival of
aquatic life [32]. Additionally, untreated spent wash can
reduce dissolved oxygen concentration in water bod-
ies and soil alkalinity reduction, which cause the inhibi-
tion of the seed germination in the contaminated area
[33]. The disposal of untreated distillery spent wash also
causes high turbidity in the water bodies, which reduces
light penetration and impairs the biological activity of
aquatic life [34]. Furthermore, the acidity of the spent
wash causes the dissolution of metals in the water bod-
ies which create infertile environmental conditions for
aquatic life. Inadequately treated spent wash is rich
in nutrients such as phosphates, nitrates and sulfates.
Hence, the direct discharging of such spent wash into the
water bodies could result in eutrophication of contami-
nated water sources [35]. Sometimes, the leaching of dis-
tillery spent wash into the ground water table resulted in
severe ground water contaminations [36].

The organic load of untreated spent wash causes the
proliferation of microorganisms which resulted in deple-
tion of the oxygen dissolved in the water bodies and kill-
ing of aquatic animals and plants [37]. Furthermore, the
discharge of spent wash into water bodies releases an
unpleasant odor due to the presence of pollutants and
also contributes to disseminate endemic diseases in the
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absence of natural predators. Direct damping of such
distillery spent wash posed a risk of soil salinization and
contamination by zinc and manganese [38]. Those ani-
mals in the contaminated area of the industries which
directly consumed water contaminated with the spent
wash, resulting in poor health conditions and increasing
livestock mortality [39]. Therefore, distillery effluent is
posing a threat to the different components of the envi-
ronment and living organisms. Generally, the discharge
of untreated distillery spent wash is an eco-toxic effluent
and unsafe to use in any forms for human and environ-
ment in any forms such as agricultural and aquatic eco-
systems [40].

Traditional sugarcane industrial wastewater
management

One of the ultimate goals of wastewater management is
to eliminate any current and future potential threats of
the pollutants to living organisms and environmental
health. Hence, wastewater treatment is very critical to
overcome such pollution burden on the environment.
Basically, the wastewater treatment methods are primar-
ily consists of physical, chemical and biological methods
which targeted the removal of the pollutants aiming to
reuse the water resources for different applications. To
achieve different levels of contaminant removals, the
classical approaches of the wastewater treatments are
combined into a variety of systems, such as preliminary,
primary, secondary, and tertiary wastewater treatment.
In these conventional wastewater treatment systems, pri-
mary treatment is to remove solids, oils and fats; second-
ary biological treatment to remove organic matters and
nutrients and tertiary treatment is usually the polishing
stage [41].

The most common practices of wastewater manage-
ment for the sugar industry and ethanol distillery waste-
water in Brazil and India (the major sugar producers in
the world) are fertirrigation, biocompost and concentra-
tion by evaporation (incineration). Fertirrigation, the use
of soil as a medium for treatment and disposal of indus-
trial wastewater, is becoming a common practice [42].
Application of wastewater in agricultural fields may be a
viable method of disposal, and would sustain agriculture
in non-irrigated areas where the availability of freshwa-
ter is very limited [43]. This practice can reduce fertilizer
consumption and irrigation water cost as it is available
without paying any cost and rich in various plant nutri-
ents. However, the disposal of distillery spent wash on
land is equally hazardous to the vegetation [44]. Further-
more, raw distillery effluents have highly toxic effects on
the growth and germination of seeds, even at low concen-
trations [45]. Therefore, the use of spent wash for fertili-
zation and irrigation has a severe impact on soil quality.
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This direct application into the soil as manure might
deteriorate the physical properties such as permeability,
aeration, soil structure and composition. This deteriora-
tion might be getting worse as the time moves on.

The concentration of distillery spent wash by evapora-
tion is another alternative for the use of this residue. This
wastewater can be burned in special boilers generating
energy and the condensate removed by evaporation can
be treated and reused by the factory, decreasing water
use in the facility. The product obtained in this process
can be used for livestock feed preparation [46]. This treat-
ment technology can reduce the costs of transportation
in tanker trucks, increasing radius of spent wash applica-
tion where fertirrigation is unfeasible. However, this pro-
cess has problems associated with the fast incrustation of
evaporators, energy intensive process, and spontaneous
crystallization as the concentration of solids increases
[42, 46]. High energy demand is probably the main con-
straint of this treatment technology.

Biocomposting is another wastewater management
practice in the sugar industry sector. However, compost-
ing takes place by the anaerobic decomposition process,
whereas biocomposting is the preparation of an organic
manure which can be made by mixing the press mud
(mud and dirt residue from juice clarification) with dis-
tillery spent wash [47, 48]. Conversion of industrial waste
into organic rich manure is not only solving the problems
of waste disposal and pollution, but also replenishes the
soils and reduces fertilizer cost. However, raw distill-
ery spent wash has to be subjected primarily to anaero-
bic digestion (bio-methanation) treatment to decrease
BOD; and COD and other pollutants before combin-
ing with the press mud to produce biocompost [49, 50].
Furthermore, it is difficult to manage the huge volume
of distillery spent wash through biocomposting process,
which is a very slow process that can take about 15 days
for a single treatment, in addition to the large treatment
space requirement. The effect all these common treat-
ment technologies on the environment is increasingly
understood and researchers have focused on finding effi-
cient and adequate treatment technologies for sugarcane
industry wastewater.

Biological wastewater treatment methods

Various conventional physicochemical methods such as
coagulation—flocculation, sedimentation, filtration and
different combinations of these methods have also been
tested for the treatment of sugar industry wastewater and
distillery spent wash, but were not effective [10]. More-
over, the implementation of these methods has some
eventual drawbacks in terms of hazardous by-products
formation, the large amount of sludge generated, exces-
sive chemical and energy requirements [51]. There has
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been a growing interest in developing biological treat-
ment systems which are the common procedure for
wastewater treatment to eliminate solids, nutrients and
organic matter [52, 53]. Normally, biological wastewater
treatment processes use microorganisms to utilize waste-
water pollutants for growth and convert the organic sub-
strate in the wastewater into simpler substances such as
CO, and water [18]. Hence, biological wastewater treat-
ment processes are employed for the removal of pollut-
ants from various industrial wastewaters to safeguard the
health of living organisms and for environmental sustain-
ability [54]. Principally, the biological treatment method
is effective for highly polluted agro-industrial wastewa-
ters from the sugar industries and ethanol distilleries
[20].

The application of biodegradation of the industrial
wastewater treatments could be a viable and low-cost
alternative to conventional physical and chemical pro-
cesses. In line with this, the most common and practi-
cal conventional biological treatment methods such as
trickling filter, lagoons and activated sludge are com-
monly used in industrial wastewater treatment but are
inefficient in the removal of the color causing pigments.
Furthermore, the color causing pigments of the distillery
spent wash are not effectively degraded by conventional
biological treatment methods because only about 6-7%
of the pollutants can be removed [28]. Additionally, the
removal of pollutants and toxic materials from indus-
trial wastewater is increasingly shifting from the use of
conventional approaches to the implementation of the
advanced bioremediation processes of high-rate anaero-
bic condition [55].

High-rate anaerobic wastewater treatment

Classic anaerobic wastewater treatment systems are
related with the earlier digesters such as septic tank and
Imhoff tank that are known as decanter—digesters, in
which settleable solids were retained and digested at the
bottom by the anaerobic sludge. However, the current
anaerobic treatment technologies, the high-rate anaero-
bic reactors are the most suitable and attractive primary
treatment option for high-strength organic effluents such
as sugar industry wastewater and distillery spent wash
[56]. High-rate anaerobic is anaerobic reactor that can
be used for high-strength wastewater treatment having
the properties of high loading capacity, eliminated the
need for solids separation and recycling, better stability
withstand toxic shock loads, resistance to inhibitors, low
sludge production with high treatment efficiency [23, 44,
57]. Basically, the high-strength wastewater refers to the
elevated concentration of the pollutants in the wastewa-
ter, for example, BOD, 60,000 mg/L; whereas, the higher
loading rate refers to the concentration of the given
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pollutants with respect to time, for example, 8 kg BOD/
m?>/day, especially in the process of the wastewater treat-
ment plant [22, 44, 58]. Additionally, high-rate anaerobic
reactors are required much less volume and space due
to the advantage of high-load system’s capacity [59]. The
most commonly used high-rate anaerobic digesters in
wastewater treatment areas are: up-flow anaerobic sludge
blanket (UASB) reactors, fluidized beds, sequencing
batch reactors and anaerobic filters.

The increasing utilization of anaerobic treatment
systems is highly associated with the development of
high-rate anaerobic reactors that able the separation of
HRT and solid retention time (SRT) [60]. Besides this,
the attached growth (biofilm) anaerobic remediation
has additional advantages over suspended growth bio-
reactors, including more stability in operation, higher
tolerance for pH, temperature, and toxic shocks, higher
utilization rate of substrate, and the ability to retain high
biomass concentration under shorter HRT [44, 59, 61].
Even though these techniques have many advantages
over conventional methods, digester operation at lower
HRT, higher OLR, biomass washout, clogging, short-cir-
cuiting, process inhibitions, poor final effluent and biogas
quality are the main challenges associated with these
techniques [62]. Furthermore, it was reported that the
general range of the anaerobic high-rate reactor biodeg-
radation of high-strength industrial wastewater such as
the distillery spent wash is not sufficient to be discharged
into the environment as indicated in Table 2.

Up-flow anaerobic sludge blanket (UASB)
UASB technology is being used extensively for different
effluent treatment such as sugar industry, distilleries,

Table 2 Characteristics of untreated and anaerobically
treated distillery effluent [44]

Parameters in mg/L Values of distillery anaerobically

but pH effluent treated effluent
quality
pH 3.0-45 7.5-8.0
BOD; 50,000-60,000 8000-10,000
CoD 110,000-190,000 45,000-52,000
Total solids 110,000-190,000 70,000-75,000
Total volatile solids 80,000-120,000 68,000-70,000
Total suspended solids 13,000-15,000 38,000-42,000
Total dissolved solids 90,000-150,000 30,000-32,000
Chloride 8000-8500 7000-9000
Phenols 8000-10,000 7000-8000
Sulfate 7500-9000 3000-5000
Phosphate 2500-2700 1500-1700
Total nitrogen 5000-7000 4000-4200
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food processing units, tanneries and municipal waste-
water. UASB reactor is based on that anaerobic sludge
exhibits inherently good settling properties, provided
the sludge is not exposed to heavy mechanical agi-
tation. In UASB reactors, the anaerobic consortium
appears in the form of granules, which are suspended
by the produced biogas and movement of recirculating
effluent. It was reported that the application of UASB
for the combination of dairy and domestic wastewater
treatment resulted in a removal efficiency of 69% COD
and 79% BOD; [63]. UASB is efficient and commonly
used for agro-industry wastewater such as the sugar
industry effluent and distillery spent wash.

UASB is effective among the high-rate anaerobic
digestion methods, but its limitations are longer HRTs,
long periods of startup and the wash-up of the sludge in
the bioreactor [44]. Furthermore, compared to anaero-
bic filter, UASB is operated at lower OLRs, (4—8 kg/m?
day) [44, 58]. The maximum loading potential of such a
flocculent sludge bed system is in the range of 1-4 kg
COD/m? day [64]. The other limitations of this reactor
are flotation biomass disintegration of granular sludge,
deterioration of performance at low temperatures,
impure biogas and insufficient removal of organic mat-
ters in the final effluent, which resulted in the failure
to comply with the environmental standards for dis-
charge or reuse [56]. Though the development of such
high-rate bioreactor enhances wastewater treatment
efficiency, further investigations are required to over-
come those limitations [65]. Furthermore, the anaero-
bic treatment of wastewater is an important field of
research where improvements and new developments
are needed to overcome the limitations of the system
[66].

Anaerobic fluidized bed

The media used in these reactors are: small particle size
sand, activated carbon, etc. for bacterial attachment
and growth is kept in the fluidized state by drag forces
exerted by the up-flowing wastewater [56]. The carrier
of this reactor consists of a granular medium, which
is kept fluidized as a result of the frictional resistance
of the waste flow. In the fluidized state, each medium
used in the treatment provides a large surface area for
biofilm formation and growth, which favor the removal
efficiency of the reactor [44]. This reactor can be oper-
ated either in the up-flow or down-flow modes in which
the effluent recycles in the reactor by applying high
fluid velocity [60].

The distillery wastewater treated using an anaerobic
fluidized bed showed that the maximum COD and BOD;
removal of 77% and 82%, at an optimum of HRT of 8 h,
flow rate of the feed 14 L/min and OLR of 39.5 kg COD/
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m>h, respectively [67]. Even though the anaerobic fluid-
ized bed technology is effective, it is difficult to manage
because of problems of relatively high energy require-
ments and the biofilm stability due to shear stresses or
to bed segregation from the inert support material [44].
Furthermore, the improvements are expected since the
fluidized bed reactor has drawbacks, such as the need
for larger reactor vessels, greater pumping requirements,
pressure drop, particle entrainment, etc.

Anaerobic sequencing batch reactor

The anaerobic sequencing batch reactor is another high-
rate bioreactor due to its ease of automation and aera-
tion devices which helped the treatment technology to
be used with the possibility of treating a wide variety of
wastewaters [68]. Even though this treatment technology
is promising for the wastewater treatment sector, most
of its performance is comparable with the performance
of the conventional activated sludge treatment system.
Furthermore, it was observed many times that the effi-
ciency of this treatment system is low and comparable
to the conventional biological treatment systems. There-
fore, the application of such treatment option is not fea-
sible for high strength of the sugar industry and ethanol
distillery wastewater. Treatment of distillery wastewa-
ter using batch reactors has not been widely attempted
but the maximum BOD; reduction (86%) occurred at a
BOD; loading rate of 2.74 kg/m® and digestion tempera-
ture of 50 °C was reported [44]. Another high-rate biore-
actor is the anaerobic filter which can be used effectively
for high-strength organic industrial wastewater treat-
ment in sugar industries and ethanol distilleries.

Anaerobic filter

The fixed-film digester is reactor filled with an inert
medium or packing that provides a very large surface
area for microbial growth through which the influ-
ent passes [69]. These anaerobic microorganisms attach
themselves to supporting materials and can create a thin
layer of anaerobic bacteria called biofilm which gives the
digester its name, fixed film. Anaerobic filter is a fixed-
film biological wastewater treatment process where the
fixed matrix (support medium) provides an attachment
surface that supports the anaerobic microorganisms in
the form of a biofilm. Compared to many other high-rate
reactors, the fixed-film reactor, which includes anaerobic
filter, offers the advantages of simplicity of construction,
elimination of mechanical repair, better stability even
at higher loading rates and capability to withstand toxic
shock loads [44]. Another advantage of this reactor is its
quick recovery after the starvation process. The anaero-
bic filter is the first reactor that eliminated the need of
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recycles and solids separation with the advantages of
resistance to shock loads and inhibitions [70].

Proper packing materials help to reduce HRTs, which
directly minimize the required volume of the reactor,
which can reduce costs of the system. The solid support
materials filling inside of an anaerobic fixed-film reac-
tor are the most important component which influences
bacterial attachment in bioreactor due to the roughness,
porosity, surface area and chemical composition of the
supporting materials [59]. In line with this, various types
of support materials such as sand, plastics, gravels, retic-
ulated foam polymers, stone, granite, granular activated
carbon, quartz, etc. are commonly used in such reactors.
The nature of the media used for biofilm attachment has a
significant effect on reactor performance, particularly the
porous inert media enhance biofilm development con-
siderably as compared to more smooth media. It has also
been reported that the organic matter removal efficiency
in fixed-bed reactors is directly related to the characteris-
tics of the support materials used for the immobilization
of anaerobes [71].

Investigating the use of an appropriate support mate-
rial is very critical which would allow more bacterial
biomass to sustain in the reactor and thus, leading to
efficient biodegradation of distillery spent wash is critical
[72]. Nowadays, plastic ball is commonly used as support
material in the bio-filter reactor because it is relatively
cheap, provides a large surface area to volume ratio to
support attachment of the abundant microorganisms and
high diversity in biofilms. Experiments were carried out
using bioball carriers which indicated that biofilms have
been developed properly and different communities of
microorganisms were formed with total biomass con-
centration in the moving bed sequencing batch biofilm
reactor in the range of 3.18-4.81 g/L with COD removal
of 65-97.7% from synthetic wastewater [23, 73]. Fur-
thermore, different efficiencies of two-phase anaerobic
reactors were observed and reported. For example, ther-
mophilic two-phase system comprising two bioreactors
for the acidogenic and methanogenic phases was used
for the treatment of cane molasses spent wash with COD
removal efficiency of 65% [62]. In a similar reactor, anaer-
obic digestion of distillery waste was studied in a meso-
philic two-stage system consisting of an anaerobic filter
and an up-flow anaerobic sludge blanket reactor. A treat-
ment efficiency of 93% was achieved with longer HRTs
(30-56 days) and higher sludge volume (30% by volume),
which was not practical [58, 62].

Post-biological wastewater treatment methods

Many researchers applied and commonly recommended
different physicochemical treatment methods for the
sugar industry and ethanol distillery spent wash after
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biological treatment methods [74, 75]. Hence, the inten-
tion of this particular literature is to review appropriate
treatment technology which can fit as post-treatment of
anaerobic digestion in terms of the treatment efficiency,
cost and ease of operation as well as the social accept-
ance. Based on these approaches, various methods have
been proposed and applied for the treatment of the sugar
industry wastewater and ethanol distillery spent wash. In
line with this, many conventional physicochemical treat-
ment methods such as coagulation—flocculation, filtra-
tion and different combinations of these methods have
also been tested for the treatment of distillery spent wash
and sugar industry wastewater [76]. However, these tech-
nologies were not effective, particularly in decolorization
of the distillery spent wash. Another drawback of these
physical-chemical methods is the high treatment costs in
addition to the cost of the re-treatment of the byproducts
which resulted in increasing the total cost of treatment
[77].

Similarly, advanced physicochemical treatment meth-
ods such as nanofiltration, reverse osmosis, advanced
oxidation processes and membrane technology have
been practiced for such wastewater treatment, but their
functions are limited due to high energy demand, high
capital, operational costs and secondary waste generation
[44]. Furthermore, many of these methods are not eco-
nomically feasible for large scale due to cost limitations
[78]. For example, the oxidation by ozone could achieve
80% color removal for biologically treated spent wash
which can transform the chromophore groups but does
not actually degrade the colored polymeric compounds
[75]. Furthermore, wastewater treatment by ozonation is
not always feasible because of the high operational cost
and demand for electricity.

Ion exchange is another physicochemical treat-
ment which can be applied as post-biomethanation of
the sugar industry and ethanol distillery wastewater.
However, in many cases, ion exchange is used to treat
wastewaters containing inorganic wastes which exist in
the form of inorganic ions [79]. Hence, this treatment
technology might not suitable for high-strength organic
industrial wastewater such as sugar industry and etha-
nol distillery. However, adsorption is an effective phys-
icochemical treatment technology which can be used as
post-biomethanation of the sugar industry and ethanol
distillery wastewater. Furthermore, adsorption process
is found to be effective for the removal of organic com-
pounds in addition to its low cost, universal nature and
ease of operation in wastewater treatment technology
[80].

Adsorption is a superior technique compared to other
methods due to its initial low cost, flexibility, simplic-
ity of design, ease of operation, insensitivity to toxic
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pollutants and with no formation of harmful substances
[81]. Adsorption technique is usually attractive, if the
adsorbent material is cheap, more efficient, available in
excess and does not require any expensive pretreatment
process. Hence, the adsorbents can be prepared from the
solid waste materials which can have the advantages of
the environmental cleaning and economic benefits. Fur-
thermore, adsorption is more popular because of its pos-
sibility of adsorbent reuse or recycling. This technology
is commonly employed in wastewater treatment because
of its economic viability, technical feasibility and social
acceptability [82].

The adsorption process can serve as an attractive
alternative wastewater treatment method, especially if
the adsorbent is inexpensive and readily available [83].
Adsorption, nowadays, plays a key role in the field of
environmental protection since environmental con-
sciousness has been increasing all over the world [84].
Furthermore, the application of such technology for
industrial wastewater treatment is rapidly increasing due
to the growth of awareness of public and environmen-
tal protections [85]. Hence, as a post-biomethanation
treatment of the sugar industry and ethanol distillery
wastewater, adsorption can be used due to its inexpen-
siveness, universal nature and ease of operation [86]. The
application of sequential treatment methods for blended
wastewater was performed using anaerobic digestion fol-
lowed by the adsorption of BFA as post-treatment, which
resulted in the removal of 76% COD and 83% color [87].
The nutrient removals were completed after post-treat-
ment application in many cases but the removal of car-
bonaceous compounds (COD) was not complete. This
is happening due to the fact that there are many recalci-
trant compounds in the distillery spent wash.

Conclusion

Extraction of sucrose from sugarcane was started many
years ago and nowadays, sugar is mainly produced from
sugarcane in sugar industries globally. Sugarcane cultiva-
tions and processing in sugar industries are high water
intensive processes. Hence, proper water conservations
and management are highly encouraging for sustainable
freshwater uses in this sector. Sugarcane industries gen-
erate huge volume of the effluent, particularly from the
sugar industry and an ethanol distillery which have dif-
ferent varieties of the pollutants which have a potential
to cause a critical environmental pollution problems in
developing countries. Nowadays, environmental regu-
lations have been enforced many industries for proper
wastes management, and checked the compatibility of
the development and environment. Hence, proper man-
agement of cane industrial wastewater through the con-
ventional treatment methods is challenging even though



Fito et al. Chem. Biol. Technol. Agric. (2019) 6:6

elimination of the pollutants is an important task for
environmental protection and esthetic values. Recently,
among the many treatment methods, high-rate anaerobic
digestions have been recognized as effective treatment
methods for highly organic saturated sugar industry and
ethanol distillery effluents. Even though, UASB bioreac-
tor is practically used in many places for industrial and
municipal wastewater treatment; recently, anaerobic fil-
ter of fixed-film digester group is emerging with better
performance than the other high-rate anaerobic reactors.
However, anaerobic digestion alone cannot remove all
the pollutants of sugarcane biorefinery’s wastewater. As
post-treatment of the anaerobic digestion, another treat-
ment technology is highly recommended for the removal
of less biologically degradable organic compounds in
terms of the treatment efficiency, cost and ease of opera-
tion as well as the social acceptance. Mostly, adsorption
treatment technology is considered as a potential candi-
date for post anaerobic treatment of sugarcane biorefin-
ery’s wastewater.
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