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waste effluents from biofuels production
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Abstract— Bioethanol, biodiesel and biogas represent very
significant alternatives to fossil fuels in order to reduce carbon-
dioxide emissions, so there is a need to develop energy efficient
technologies, equipment and waste management procedures to
make production profitable by reducing production costs. One way
to accomplish this is to solve the problem of waste effluents by
using them to obtain high-value products. All biotechnological
processes are energy intensive to some extent, so saving energy
becomes one of the main goals of all biotechnological processes in
addition to preserving the environment and the management or
reuse of waste. The availability of waste effluents from the
production of biofuels, such as distillery stillage and crude glycerol,
will increase over the next few years due to the growth of the
biofuel industry and will provide a great possibility for the
biotechnological production of high-value products.
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1.  Introduction

Limited amounts and rising prices of fossil fuels have led
to an increasing need for renewable, sustainable and cheap
alternative sources of energy whose use is economically viable
(1). Due to this, biofuels such as bioethanol, biogas and
biodiesel, have become a realistic alternative in the energy
market, whose production is expected to rise substantially in
the near future. In order to solve environmental problems and
to approach a zero waste goal, much effort has been devoted to
waste minimization and economically viable sustainable
production (2, 3). The European Union expects an annual
biofuel increase of 6.3% from 2005 to 2030. Moreover,
according to the European Union’s 2003/30/EC directive
about biofuel use, all members should replace as much as 20%
of fossil fuels with fuels from renewable raw materials by
2020 (4,5).

Biofuels are usually classified as first, second, third and
fourth generation biofuels and represent low emission, non-
toxic, safer and environmentally acceptable sources of energy.
Available types of biofuels are bioethanol, renewable
methanol, biodiesel, biogas, biobutanol and biohydrogen.
Research on biofuel is currently ongoing worldwide for
technological development to use this eco-fuel in the transport
sector. Literature reported that sustainable energy
development strategies typically involve three major technical

changes such as lower demand for energy, efficiency
improvements in energy production and replacement of fossil
fuels by various sources of renewable energy (6,7).

First generation biofuel production has raised concerns due
to the discharge of significant amounts of generated liquid
effluents (8). Taking into account the amount of waste
generated by the biofuel industry and the fact that it contains a
high inorganic and organic load it is clear that they are a large
environmental pollutant but also a potentially valuable raw
material if economically viable treatment procedures are
available. Biotechnological production, which consists of
using biocatalysts to convert the raw material into a high-value
product, presents a possibility for sustainable development.

The aim of this paper is to consolidate data published in
scientific literature in the last decades regarding the potential
use of waste effluents obtained in production of biofuels. Also,
current state and future perspectives of biofuel and waste
effluents from biofuel production in Serbia are described.
Systemization of the acquired data should provide information
how these effluents can be used in biotechnological production
of different, high-value products.

n. Biotechnological production
based on waste effluents from

bioethanol production

Bioethanol is one of the best fossil fuel alternatives since it
is both renewable and environmentally friendly. Renewable
resources for bioethanol production are sugar, starch and
lignocellulose raw materials. But by-products and
intermediates of sugar beet processing should not be
neglected, as well as specifically intended cultures which
could be planted on currently non-cultivated soils in Serbia.
Average yields of agricultural crops in Vojvodina and
potential bioethanol yields obtained from agricultural crops,
different waste products and by-product is shown in Table I.
Ethanol can be used in the food, pharmaceutical and chemical
industries, as well as other industrial branches as a solvent,
additive or raw material for various technological processes. It
was traditionally used for the production of alcoholic
beverages, however currently it is mostly produced as fuel.

Bojana Bajié, Zorana Roncevi¢, Jovana Grahovac, Sinisa Dodi¢, Aleksandar Joki¢, Damjan Vucurovié, Jelena Dodié
Department of Biotechnology and Pharmaceutical Engineering, Faculty of Technology Novi Sad, University of Novi Sad

Serbia

( SEEK
DIGITAL LIBRARY



Proc. of the Second Intl. Conf. on Advances in Bio-Informatics and Environmental Engineering - ICABEE 2015
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved.
ISBN: 978-1-63248-043-9 doi: 10.15224/ 978-1-63248-043-9-33

Worldwide 73% of total produced ethanol is used as fuel, 17%
for alcoholic beverages and 10% for industrial applications. In
Serbia, produced bioethanol is still mostly used for alcoholic
beverages, for food and pharmaceutical industry (9-11).

TABLE I. AVERAGE YIELDS OF AGRICULTURAL CROPS IN VOJVODINA
AND POTENTIAL BIOETHANOL YIELDS FROM AGRICULTURAL CROPS, WASTE
PRODUCTS AND BY PRODUCTS FROM INDUSTRY AND AGRICULTURE (10)

have been conducted. Additionally, regardless of the type of
raw material, stillage can be partially reused in the ethanol
production process to utilize the remaining nutrients (13, 14).

Important step in overall bioethanol production is waste
effluent management which can create a solution for
technological advancement of bioethanol production as fuel
from renewable energy sources. Wastewater management
consists of the characterization of wastewater from bioethanol

Raw material Yield (tons/km?) Bioethanol yield (L/tons) production and examination of the success of various physical,
Sugar beet 3400-4500 80 chemical and biological methods. Wastewater management
would convert this process to the zero emission concept
Comn 4500-6500 350 model.
Wheat 300-500 370 The use of stillage for the production of a significant
Sugar cane molasses } 250-330 number of biological products including enzymes, chitosan,
astaxanthin, lactic acid, xanthan, pullulan etc. has been studied
Whey (sweet) - 20 and several scientific papers regarding this issue are
Sulphite lye (larch) - 1 summarized in Table II.
Wood - 200
TABLE II. LIST OF DIFFERENT HIGH-VALUE PRODUCTS OBTAINED WITH
Straw - 170 BIOTECHNOLOGICAL USAGE OF STILLAGE
Corn Stalks - 160 Product Description Reference
Bacterial Grain-based thin stillage 15
o . cellulose Gluconacetobacter xylinus
In Serbia bioethanol is not currently produced or used as a . Rice-spirit thin stillage
e - . Acid protease b . 16
fuel or motor fuel additive. Specifically, Serbia currently Aspergillus niger
produces bioethanol less than its demand for use in the food Lactic acid Lactob;cfi'ltl'ﬁg']?e;tr'gz?jm bL1 17
(beverage production), pharmaceutical and chemical Wheat starch stillage
industries, so that significant amounts of bioethanol are | Ethanol Zymomonas mobilis ZM4(pZB5) 18
imported. Serbia, like other western Balkans countries |“Single cell Sugar beet stillage 19
interested in joining the European Union, has accepted the protein Hansenulasp
obligation of following EU policies and programs including | xyjanase Anaer%blclzl]lyléfeated stillage 20
those regarding the production and use of fuels from urkholceniasp.
. . Barley-buckwheat-shochu stillage
renewable energy sources (9). Today, bioethanol production, _ Absidia atrospora IFO9471
mostly Ipcated in Vojvodina, i§ performed in six industrial Chitosan Gongronella butleri IFO8080 and 21
plants with total annual production of about 22,000 tons. All G. butleri IFO8081
these plants perform production of bioethanol with maximal poly - Rice grain and jowar grain stillage
ethanol content of 95% by volume. Bioethanol production in | hydroxybutyrate | BIOMS Was'”}hg form of activated 22
Vojvodina currently reaches 70% of its projected capacity. Sucge
When all bioethanol needs are added up, the total necessar Astaxanthin Corn stillage 23
. . . L. P, . y Phaffia rhodozyma
bioethanol amount in Vojvodina is almost 6 times larger than Corn stillage
: : : Xanthan J 24
current production. To reduce this misbalance, further Xanthomonas campestris ATCC 13951
investments into revitalizing current and building new Corn stillage
. - Pullulan A basidi llulans RP-1 25
production capacities are necessary (11, 12). ureobasidium pufiufans RF-

Bioethanol production from sugar, starch or lignocellulose
raw materials produces a large amount of distillery stillage as
a by-product. Stillage is by composition a watery solution of
fermentation broth remains from distillation which contains
large values of COD and BOD, nitrogen, phosphorus,
potassium, heavy metals and has a certain nutritional value. Its
content is highly variable and its production and
characteristics depends on the raw material used and various
aspects of the ethanol production process. Based on this,
stillage is usually used as livestock feed or as an alternative for
mineral fertilizers. To reduce environmental pollution, stillage
must be treated before being discharged into the environment,
but this could be challenging and a number of studies
encompassing physical, chemical and biological treatments

27

Using certain technological solutions it is possible to
produce biofuels in a closed cycle, thereby reducing the
quantity of waste to a minimum. Distillation stillage can be
used for fattening cattle and cattle excrement can produce
biogas and manure as fertilizer. Combustion of lignocelullose
residual waste from the production of basic raw materials
starch or biogas can provide sufficient energy for the
production of bioethanol. Ash from the burned biomass can be
used as a replacement of mineral fertilizer due to its high
mineral content. Small farms in Vojvodina would find such a
closed cycle economically viable. Fig. 1 shows a schematic
representation of such a process (10, 26).
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by-product (27). Biodiesel is biodegradable and nontoxic and
significantly reduces toxic and other emissions when burned
as fuel. About 10 tons of glycerol is produced for every 100
tons of biodiesel. Hence, a worldwide production of 13 million
tons/year of biodiesel has also produced 1.3 million tons/year
of glycerol. Recovery and use of this byproduct can
significantly add value to the biodiesel production process (8).

Biodiesel production has a relatively long tradition is
Serbia but is at this moment on a minimal level and only
produced by small local facilities. Existing and projected
capacities for biodiesel production in Serbia are more than
sufficient for producing amounts of biodiesel for adding 2-7%
of biodiesel into fossil fuels. The potential area for growing
oilseeds intended for biodiesel production in Serbia is

Haat | approximately 350.000 ha and it could supply 212.800 to
energy 250.600 tons of biodiesel but this represents only a theoretical
BIOETHANOL Stilage potential of biodiesel production in Serbia, while the real
J—}_‘ Meat Asi] potential is significantly lower (28).
Breeding Animal feedin: . e g . .
L ' g o Based on various scientific papers published in current
m literature it can be observed that biotechnological production
using biodiesel waste product — glycerol is possible and large
SR number of different high-value products can be obtained
fermentation (Table 111).
TABLE IlI. LIST OF DIFFERENT HIGH-VALUE PRODUCTS OBTAINED WITH
BIOTECHNOLOGICAL USAGE OF GLYCEROL
[ SOIL ] Product Description Reference
1,3- : S
Dihydroxyacetone Schizochytrium limacinum 29
Clostridium butyricum VPI 3266
Figure 1. Cleaner biofuels production 1,3-Propanediol Clostridium acetobutylicum 30
DG1(pSPD5)
Biofungicides Streptomyces hygroscopicus 31
Cost-effective process design for ethanol production as Biofungicides Streptomyces sp 32
fuel consists of the selection of the most appropriate —— ——
feedstocks, and selecting and defining an optimal process | Citricacid Yarrowia lipolytica NCIM 3589 33
configuration which would ensure that the conversion of raw | Biobactericides Bacillus subtilis ATCC 6633 34
matgr!al into prO(_juct meets the necessary speuflcatlons. st Xanthomonas campestris ATCC "
Additionally, it is necessary to address the issue of anthan 13951
management and reuse of generated waste. Pseudomonas aeruginosa GS9-119
Biosurfactants Pseudomonas aeruginosa DS10- 36
129
1. Appllcatlon of biodiesel waste Antibiotics Streptomyces hygroscopicus CH-7 37

effluents as raw material for
biotechnological production

Biodiesel is a renewable and biodegradable fuel and is
produced from various oils and fats by trans-esterification with
ethanol or methanol. Biodiesel is produced from pure
vegetable oil that is extracted mainly from the oilseeds of
several Brassicaceae species (84%), sunflower (13%),
soybean (1%), palm (1%), and other plant sources (1%). Qil
extraction, which can be carried out by solvent, cold pressing
or a combination of both, provides oilless seed meals and/or
cakes as co-products. In addition, the oil trans-esterification
process also produces abundant crude glycerin as an important

28

iv. Biotechnological production of
biogas using waste effluents

Biogas typically refers to a mixture of different gases
(methane, carbon-dioxide, air, ammonia, carbon-monoxide,
hydrogen, sulfur gases, nitrogen, and oxygen) produced by the
breakdown of organic matter in the absence of oxygen. Biogas
is a type of renewable energy sources and is most often
classified as a gaseous biomass. It is renewable energy source
and can be used for electricity production, space, water and

process heating (8).
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Serbia’s potential for biogas production is estimated based
on potential usage of energy crops and animal waste, such as
cattle and pig manure. Table 1V shows a summary of potential
biogas productions and predictions for 2020. The increase in
animal production on larger farms could lead to increased
biogas production in the following years/decades. This
increase would be realized through the merger of individual
producers and small farms, as well as aiming to fulfill
technology requirements by transferring capacity from small
to large farms. However, biogas production from energy crops
is not expected to significantly increase, since food production
would be affected (38).

TABLE IV. SUMMARIZED POTENTIALS FOR BIOGAS PRODUCTION IN
SERBIA
Potential biogas
Product Feedstock production,
(mil Nm3/a)
Manure 82.0
Anual production Energy crops 33.1
Sum 115.1
Manure 98.4
Forecast for
2020. Energy crops 331
Sum 1315

Additionally, since biogas is mostly produced from various
waste, liquid effluents from biofuel production can be used as
raw materials for its production, as shown on Figure 1. This
would produce biogas whose solid waste is used as fertilizer,
in addition to treating liquid effluents from bioethanol and
biodiesel production.

v. Conclusion

Application of biotechnology in various fields, such as
industry, agriculture and waste management is very important
considering its economic and environmental benefits, since
production is less expensive and product quality is increased.
Increasing industrialization is a response to increasing
demands of the consumer public exploits resources on the
large scale and generates large amounts of wastes in addition
to desired products. Natural renewable sources of raw
materials can satisfy increasing needs up to an extent and are
still available in necessary amounts as energy sources. The
availability of waste effluents is expected to increase in the
following years due to tremendous growth in the production of
biofuels worldwide. Enhanced treatment, recycling of liquid
streams and utilization of energy efficient waste management
technologies represent realistic possibilities for improving
technical, economic and environmental aspects of biofuel
waste management.

The emission of large amounts of effluents into the
environment is a modern problem, and with the present trend
of increasing the qualitative and quantitative load it will
certainly remain the problem in the future. There are numerous
solutions offered to deal with aforementioned problems but

29

only a comprehensive and meaningful approach with a clear
economic gain could be sustained. Waste management in
biotechnological processes not only reduces the negative
emissions into the environment, but also produces significant
amounts of high-value products, such as enzymes, organic
acids, biopolymers, biopesticides etc. Using biotechnological
processes in the production of these bio-chemicals is very
important since has significant benefits.
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