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Abstract: Biodiesel is seen as a successor to diesel of petrochemical origin, as it can be used in cycle
engines and stationary engines, and be obtained from renewable raw materials. Currently, the
biodiesel production process on an industrial scale is mostly carried out through the
transesterification reaction, also forming glycerol as a product. Pure glycerol is used in the
pharmaceutical, cosmetic, cleaning, food and other industries. Even presenting numerous
applications, studies indicate that there is a saturation of glycerol in the market which is directly
related to the production of biodiesel. This increase causes a commercial devaluation of pure
glycerol; making the separation and purification processes unfeasible from an economic point of
view. Despite the economic unfeasibility of the aforementioned processes, they continue to be
carried out due to environmental issues. Faced with the problem presented, this work aims at a
bibliographical review of works that aimed to use glycerol as a raw material for the production
process of biofuels, these processes being carried out mostly via fermentation.
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1. Introduction

Currently, biodiesel has been standing out as the successor of diesel of petrochemical origin,
since there is a worldwide concern with the depletion of fossil fuels, as well as the emission of gases
produced from their burning, gases that contribute to the aggravation of the greenhouse effect [1,2].
Biodiesel, like diesel, can be used in cycle engines and stationary engines [3]. The use of biodiesel has
some advantages, such as: being obtained from renewable sources, lower rate of emission of gases
that contribute to the worsening of the greenhouse effect [4,5].

Biodiesel on an industrial scale is mostly produced through the methyl transesterification
reaction using basic homogeneous catalysts, such as sodium hydroxide or potassium hydroxide [6—
8], and can be obtained from different raw materials, such as: oils vegetable and animal fats [9,10].

During the biodiesel production process via transesterification there is also the formation of
glycerol [4,11]. It is estimated that for every 10 kg of biodiesel produced approximately 1 kg of crude
glycerol is formed [12,13]. For the commercialization of the glycerol produced from the biodiesel
production process, the crude glycerol is subjected to separation and purification processes, thus
obtaining pure glycerol [14].

Pure glycerol is used in the food industry as a stabilizer, antioxidant, humectant and emulsifier;
in the pharmaceutical industry in cosmetics and medicines; in the chemical industry in the
composition of resin and polymers, among others [15,16]. Despite being used in several industrial
sectors, there is a saturation of this product in the market, in which the demand for glycerol is smaller
than the quantity produced, causing a commercial devaluation of glycerol [17]. According to Zhang
et al. (2016) the energy expenditure during the separation and purification processes become
unfeasible due to the low economic value attributed to purified glycerol, associating the growing
increase of glycerol in the market with the production of biodiesel [18].
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It is important to point out that although the separation and purification processes are
impracticable, they are necessary, since crude glycerol, that is, without treatment, cannot be
discarded in the environment; and its use as fuel is unfeasible because its direct burning produces
toxic gases [14].

In this way, this work aims to present the problems about glycerol from the biodiesel production
process, and to present works that aimed to use it as a raw material for the production process of
other biofuels.

2. Glycerol

The official name of glycerol, according to IUPAC — Union of Pure and Applied Chemistry, is
propane — 1, 2, 3 — triol. The molecular formula of glycerol is CsHs(OH)s. Glycerol is a colorless liquid,
with an oily appearance, viscous, with relatively high density, colorless, soluble in water and
alcohols, and practically insoluble in hydrocarbons [19,20]. Table 1 presents the physicochemical
properties of glycerol.

Table 1. Physicochemical properties of glycerol.

Property Value
Molecular weight 92.09 g/mol
Density at 20°C 1.261 g/cm?®
Viscosity at 20°C 1499 cP
Specific heat at 26°C 2.42]/g
Heat of formation 159.6 Kcal/g mol
Heat of combustion 1662 KJ/mol
Heat of fusion 18.3 KJ/mol
Fusion point 17.8 °C
Flash point 177 °C
Point of combustion 204 °C
Point of decomposition 290 °C

Adapted from Gupta et al. (2012) and Mendes et al. (2011) [14,20].

As shown in Table 1, the decomposition point of glycerol is 290 °C. According to Gupta et al.
(2012) it is at this temperature that the decomposition of glycerol into acrolein, a toxic and
carcinogenic compound, occurs [14].

The glycerol from the biodiesel production process is mostly carried out through the
transesterification reaction [21,22]. The transesterification reaction is represented by Figure 1.

B H,C——OH
0] A 0 |
- 7

HC + 3H,C—OH —= 3R——C\ + HC OH
O—R Methanol —_—
o ethano O—CH yc—on

HZC% Biodiesel Glycerol
O—R

Triglyceride

Figure 1. Representation of the transesterification reaction adapted from the work by Almeida et al.
(2018) [19].
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The transesterification reaction is a reversible reaction, so it is necessary to add one of the
reagents in excess, in this case, it is common to add alcohol in excess [24,25]. The alcohols frequently
used are methanol and ethanol, methanol being the most used, since the use of ethanol in the
production process requires a greater excess of product, presents a greater propensity to form soaps,
forming an emulsion that makes the process of separation and purification difficult, in addition to
the relatively higher commercial price when compared to methanol [26,27]. The catalysts frequently
used on an industrial scale are homogeneous alkaline catalysts, especially sodium hydroxide and
potassium hydroxide [28]. The use of these catalysts has some advantages, such as lower economic
cost, shorter reaction time, higher conversion rates, etc. However, these same catalysts have
disadvantages, such as the need for a raw material with a low content of fatty acids, since these
catalysts in the presence of fatty acids and alcohol favor the formation of soaps [6,8,29-32]. It is
important to highlight that there are works available in the literature that aimed to propose the use
of other catalysts, such as heterogeneous acid catalysts, microbiological catalysts, among others
[23,33]. After the transesterification reaction, the reaction product goes to the separation and
purification processes, where the catalyst is neutralized, the alcohol added in excess is recovered, and
the purified products are obtained for commercialization [34-36]. The Figure 2 is a diagram that
represents the biodiesel and glycerol production process.

Tank anhydrous Tank of NaOH
alcohol
Tankiofimix } \ Tank vegetable oil
Light phase Heavy phase
‘ Reactor —|
Etiess] Hydrated alcohol ~ Hydrated alcohol Separation and
separation and purification of crude
purification glycerol
Biodiesel Waste l W. l
Distillation i i
Anhydrous alcohol

Figure 2. Diagram of the biodiesel and glycerol production process adapted from Almeida et al. (2017)
[37].

The purification process begins with the separation of the light phase, mostly made up of
biodiesel, from the heavy phase, mostly made up of glycerol. The heavy phase, as mentioned, is
mostly formed by glycerol, alcohol, water, catalyst, impurities, soaps and non-glycerol organic
matter. The glycerol purification process begins with the process of neutralizing the catalyst present
in the solution, followed by the process of separating the salts formed in the neutralization process,
catalyst residues, soaps and organic material. The resulting solution has a concentration of 40 - 70%
of glycerol, this solution undergoes a vacuum evaporation process, where almost all water and
alcohol is removed, the resulting solution has a concentration greater than or equal to 80% of glycerol,
this The solution, in turn, undergoes a refining process until it reaches the purity level required for
commercialization [38,39]. Vacuum distillation is the process often used to obtain purified glycerol
[20,38]. Figure 3 is a simplified diagram of the glycerol separation and purification processes.
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Figure 3. Simplified diagram of the separation and purification processes of glycerol adapted from
Luo et. al (2016) [38].

The biodiesel and glycerol production process is a complex process, which demands a high
energy expenditure from the preparation of the raw material to the obtaining of the final products.
Reinforcing the need to make glycerol an energetically and economically attractive product,
consequently increasing the viability of the biodiesel production process on an industrial scale [40].

3. Biofuel production processes using glycerol as biomass

The use of glycerol as a carbon source for the production of biofuels has been gaining
prominence due to its wide availability [18,41]. Another reason that corroborates the development of
research in this area is the physicochemical characteristics of glycerol, such as high autoignition
temperature and low heating value, causing glycerol to decompose into acrolein at 290 °C [42]. The
following topics are intended to present works that aimed to use glycerol as a renewable raw material
for the production of fuels.

3.1. Biogas

Recent studies present glycerol as a promising source of organic matter for the production of
biogas [43-45]. In the biogas production process, glycerol can be used as substrate or co-substrate
[46]. Different bacteria are capable of metabolizing glycerol, including those of the Klebsiella,
Clostridium and Enterobacter genera [15,47-49].

The work carried out by Astals et al. (2012) aimed to produce biogas from the anaerobic digestion
of swine effluents using crude glycerol as co-substrates. They added 4% w/w, on a wet basis, of crude
glycerol to the bioreactor and obtained a 400% increase in biogas production with respect to
monodigestion. The authors conclude that the results are satisfactory, and the increase in biogas
production may be due to the increase in organic load, carbon-nitrogen balance and the decrease in
ammonia concentration [50].
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The work carried out by Siles et al. (2010) aimed to use glycerol in the co-digestion of wastewater
formed during the biodiesel production process, with the purpose of treating the effluent, as well as
the production of methane. Some of the main factors evaluated by the authors were: biodegradability
of the mixture formed by wastewater and glycerol, methane yield coefficient and methane
production kinetics. The inoculum used was the active methanogenic granular biomass used to treat
wastewater from breweries. According to the authors, this biomass was selected due to its high
methanogenic activity. Before forming the mixture, which was subsequently treated, the authors
carried out the acidification and centrifugation of the glycerol, with the purpose of removing the
catalysts used in the transesterification reaction, and electrocoagulation process in the wastewater.
The authors conclude that the results presented were satisfactory, where the mixture showed a high
level of biodegradability, the kinetics of methane production remained constant, and the production
of 310 mL of CHa4/g removed at 1 atm and 25 °C [51].

The work carried out by Beschkov et al. (2012) aimed to develop a mathematical model to
describe the production of biogas and other products from the anaerobic digestion of crude glycerol
using the bacteria Klebsiella sp. Experiments were carried out in a multistage bioreactor, and the
results obtained were used to develop the proposed model. The choice of a multistage reactor is
directly related to the intermediates formed during the glycerol digestion process, these
intermediates being acidic in character, lowering the pH of the medium and inhibiting the
methanogenesis reaction. separate the inhibition zone from the methanogenesis zone. The authors
conclude that, although simple, the proposed model allows estimating the number of compartments
necessary for the total conversion of glycerol into biogas [52].

The work carried out by Fountoulakis et al. (2009) aimed to verify the influence of adding
glycerol in continuous bioreactors that treated small fractions of urban organic waste and
wastewater. The authors observed that the methane production rate increased with the addition of
crude glycerol. The reactor was inoculated with anaerobic sludge from the municipal sewage
treatment plant in the city of Iraklio, Greece. The authors observed the production of 1400 mL CHa/d
before without adding glycerol and 2094 mL CH4/d after adding glycerol. And they conclude that the
results are satisfactory [46].

The work carried out by Oliveira (2015) aimed to evaluate the optimal conditions for methane
production using the macroalgae Sargassum sp. co-digested with glycerol and residual frying oil.
The authors noted that without the addition of glycerol and residual oil the biochemical potential of
Sargassum sp. was 181 + 1 L CH4/L of COD and the methane rate increased 56% with the addition of
glycerol and 46% with the addition of residual oil. The authors conclude that the addition of glycerol
or residual oil is a promising alternative for methane production [53].

The work carried out by Sittijunda and Reungsang (2018) aimed to verify the methane
production from the co-digestion of algae biomass with crude glycerol. The authors show that under
optimal conditions the maximum methane production was 58.88 mL CH4/L. And the bacteria
detected responsible for the digestion of the biomass were Methanosarcina sp., Methanoregula sp.,
Methanospirillum sp. and Methanoculleus sp.

The work carried out by Baba et al. (2013) aimed to carry out an energy balance in a process
plant where crude glycerol is digested. The results presented, according to the authors, are
satisfactory in terms of methane production. And according to the analyzes carried out, the digested
sludge contained fertilizer components (N: 0.11%, P20s: 0.036%, K20: 0.19%). Thus, the authors
conclude that crude glycerol is an attractive biomass for methane production and the residual sludge
can be used as liquid fertilizer [43].

The work carried out by Chou and Su (2019) aimed to evaluate the feasibility of biogas
production by anaerobic co-digestion of wastewater from dairy cattle and crude glycerol. The authors
conclude that the conversion of residual crude glycerol into biogas showed satisfactory results and
can be applied in the near future on an industrial scale to treat waste from slaughterhouses [54]

The work carried out by Sawasdee et al. (2019) aimed to evaluate the production of biogas from
the co-digestion of glucose and glycerol in laboratory-scale batch reactors. The experiments involved
varying glycerol/glucose ratios with fixed initial chemical oxygen demand for all conditions. The
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inoculum was obtained from cassava starch sludge. The highest yield of biogas production was in
the 5:5 ratio of glycerol/glucose with a maximum production rate of 8 mL/h [55].

Table 2. Production of biogas using glycerol as raw material.

Authors Feedstock Microorganism Results
The best yield was obtained with 4%
crude glycerol added to the
bioreactor, obtaining a 400% increase
in biogas production with respect to
monodigestion

Swine effluent and Pig manure was used as

Astal 1. (2012
stals et al. (2012) crude glycerol inoculum

Crude glycerol and
. wastewater from the Active methanogenic Maximum production was 310 mL of
Siles et al. (2010) . . . .
biodiesel production granular biomass CHa/g per organic matter removed
process
The authors carried out the modeling
of a multistage biodigester; and from
. this modeling it is possible to
Beschkov et al. (2012) Crude glycerol Klebsiella sp. .
estimate the number of stages
necessary so that one stage does not
inhibit the other
The inoculum was  The authors observed the production
Urban effluent and obtained from the of 1400 mL CHa/d before without
crude glycerol anaerobic sludge from adding glycerol and 2094 mL CHa/d
the municipal station after adding glycerol
Without the addition of glycerol and
residual oil, the biochemical potential
of Sargassum sp. was 181 +1 L CH4/L
Sargassum sp. of DOC and the methane rate
increased 56% with the addition of
glycerol and 46% with the addition of
residual oil
The highest yield of biogas
production was in the 5:5 ratio of
glycerol/glucose with a maximum
production rate of 8 mL/h

Fountoulakis et al. (2009)

Crude glycerol and

liveira (201
Oliveira (2015) residual frying oil

The inoculum was
Sawasdee et al. (2019) Glucose and glycerol obtained from cassava
starch sludge

3.2. Hydrogen

Currently, hydrogen is seen as a form of clean energy, since the only product of the combustion
process is water [56]. Conventional forms of hydrogen production are from the process of catalytic
reforming of petroleum, the steam reforming of methane present in natural gas, however, these
methods cannot be considered renewable, since both use raw materials of fossil origin [57,58].
Another conventional method also used for the production of hydrogen is through the electrolysis of
water, however, this method demands a high energy cost [56]. Due to the problems involving
conventional methods, the conversion of biomass to hydrogen production is presented as an
alternative method that aims to minimize environmental impacts [59,60].

The work carried out by Maru et al. (2016) aimed to produce hydrogen through the fermentation
process using pure and residual glycerol as raw material. The fermentation process is carried out and
compared using three strains, Escherichia coli CECT432, Escherichia coli CECT434 and Enterobacter
cloacae MCM2/. Escherichia coli CECT432 was the strain that obtained the highest hydrogen
production using pure glycerol, and a co-culture formed by Escherichia coli CECT432 and
Enterobacter cloacae MCM2/ showed the highest productivity; this same co-culture was used in the
fermentation process using residual glycerol, and according to the authors the results were
satisfactory. The authors conclude that the strains metabolize residual glycerol without any
purification step, and that the ability to produce Hz without prior purification of residual glycerol is
attractive because it avoids extra costs in the process [61].
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The work carried out by Sittijunda and Reungsang (2020) proposed the simultaneous study of
the production of hydrogen, ethanol and 1,3 — propanediol. The authors used pure and residual
glycerol to convert desirable products. The process was carried out via fermentation using a co-
culture of Enterobacter sp., Klebsiella sp. and Klebsiella pneumoniae. The authors conclude that the
use of crude glycerol as raw material presented satisfactory results [62].

The work carried out by Prakash et al. (2018) aimed to use domestic wastewater and crude
glycerol from the biodiesel production process to produce biodiesel to produce hydrogen via the
fermentation process. The cultures used were Bacillus thuringiensis strain EGU4 and Bacillus
amyloliquefaciens strain CD16. The results were satisfactory, but when comparing the performance
of the two cultures, it was detected that the Bacillus amyloliquefaciens strain CD16 had the highest
yield. The authors conclude that the results are satisfactory, however, they emphasize the need for
biosafety when working with non-sterile sludge [63].

The work carried out by Chen et al. (2021) aimed at producing hydrogen from fermentation
processes using raw glycerol as raw material; and compare the yield of fermentation with
immobilized and suspended microorganisms. The inoculum used was collected at a wastewater
treatment plant in Beijing, China, a pre-treatment by ionizing radiation was performed in order to
eliminate hydrogen-consuming bacteria; and the predominant bacterium in the culture was
Clostridium sp. The results presented by the authors show greater yield for fermentation that used
microorganisms used, as well as greater tolerance to the substrate [64].

The work carried out by Silva et al. (2020) aimed to use semi-continuous reactors for the
production of hydrogen and volatile fatty acids via a fermentation process, using residual glycerol as
a substrate. The microorganisms used were bacteria of the genus Enterobacter and Clostridium. The
reactor that operated using the bacterium of the genus Clostridium showed lower performance. The
authors conclude that the yields found for the production of hydrogen using a semi-continuous
reactor via a fermentation process with bacteria of the genus Enterobacter are satisfactory and are
consistent with the literature [65].

The work carried out by Mirzoyan et al. (2019) aimed to use a mixture of lactose and glycerol for
the production of hydrogen via a fermentation process using the bacterium Escherichia coli, at
different pH values and different concentrations. The authors conclude that the results are
satisfactory and an alternative for the production of renewable hydrogen [66].

The work carried out by Toledo-Alarcon et al. (2020) aimed at producing hydrogen using
glycerol as substrate; and verify the impact of sludge pre-treatment on the production process. Two
types of inoculum were used, aerobic and anaerobic sludge, and two types of pre-treatment, aeration
and thermal shock. The bacterium of the genus Clostridium sp. was detected as dominant in all
inocula. The best results were obtained using anaerobic sludge with thermal pre-treatment [67].

Table 3. Production of hydrogen using glycerol as raw material.

Authors Feedstock Microorganism Results
Escherichia coli CECT432, Co-culture of Escherichia coli CECT 432
Escherichia coli CECT434e  and Enterobacter cloacae yields 1.26 mol
Enterobacter cloacae MCM2/1 Ha/mol residual glycerol
The yield of hydrogen was 2.90 mol

Pure glycerol and
Maru et al. (2016) o geyglyceml
Pure glycerol and  Enterobacter sp., Klebsiella sp. e

-~ R 200
Sittijunda e Reungsang (2020) crude glycerol Klebsiella pneumoniae

H:/mol pure glycerol and 2.05 mol Hz/mol
residual glycerol
The hydrogen yield with Bacillus

. Bacillus thuringiensis EGU4 e thuringiensis EGU4 was 100 L Hz/L of
Domestic wastewater

Prakash et al. (2018) and waste elveerol Bacillus amyloliquefaciens cepa residual glycerol and Bacillus
&Y CD16 amyloliquefaciens strain CD16 was 120 L
Ho/L

The yield of hydrogen 0.52 mol Hz/mol
glycerol for immobilized microorganisms
and 0.29 mol Hz/mol glycerol for
suspended microorganisms
The hydrogen yield for Enterobacter 0.25
Silva et al. (2020) Gycerol 1 Enterobacter e Clostridium  mol Hz/mol glycerol and Clostridium 0.01

mol Hz/mol glycerol

Chen et al. (2021) Gycerol Clostridium sp.
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High H: yield can be achieved during

Mirzoyan et al. (2019) Lactose e glicerol Escherichia coli fermentation of 1 g/L lactose at pH 7.5

with H2 production rate of 21.94 mL/L

The presented results allow a better
understanding of the production of Hz in
Toledo-Alarcon et al. (2020) Glycerol Clostridium sp. continuous systems, and provide
information

for future industrial applications

3.3. Ethanol

Ethanol is mostly produced from renewable raw materials, especially from sugarcane and corn
[68,69]. But, according to the study carried out by Yazdani and Gonzalez (2007), the cost of producing
ethanol from glycerol is almost 40% lower when compared to ethanol produced from corn, taking
into account the demand for raw materials and costs. operational [70]. Studies indicate that the
production of ethanol from glycerol, derived from the biodiesel production process, is an attractive
option for using this by-product as biomass for the production of another biofuel [71,72].

The work carried out by Sunarno et al. (2019) aimed to produce ethanol from crude glycerol
using Enterobacter aerogenes TISTR 1468 supplemented by a cheaply available nutrient substrate, in
the case of condensed tuna. The authors aimed to find the optimal conditions for the concentration
of crude glycerol, tuna condensate, inorganic salts and pH. With 20 g/L of crude glycerol, and the pH
maintained at 7, these were the optimal conditions for ethanol production, with a yield of 12.33 g/L
[73].

The work carried out by Oh et al. (2011) aimed to produce ethanol using glycerol as a carbon
source. A mutant strain was used in the process, Klebsiella pneumoniae GEM167 obtained by
irradiation. According to the authors, when comparing production with the control strain, the
increase in ethanol production is expressly noticeable when using the mutant strain. The maximum
production level was 21.5 g/L, with a productivity of 0.93 g/L/h [74].

The work carried out by Stepanov and Efremenko (2017) aimed to develop and use a biocatalyst
in the form of a cryogel immobilizing the yeast Pachysolen tannophilus that can convert glycerol into
ethanol in both batch and continuous mode. According to the authors, the conversion of glycerol into
ethanol, using this biocatalyst, resulted in a yield of 90% in relation to the theoretical limit [75].

The work carried out by Sunarno et al. (2020) aimed to produce ethanol from crude glycerol
using Enterobacter aerogenes TISTR 1468. The authors evaluated the conversion of glycerol into
ethanol under aerobic and anaerobic conditions. The evaluation was carried out in a reactor with
aeration in a continuous and batch process, the conversion process without aeration was also
evaluated. The aeration rate was controlled using a redox potential (OPR). The results presented by
the authors show that in the fermentation process without aeration the ethanol yield was 18.78 g/L,
with aeration in continuous process it was 30.31 g/L and batch was 12.33 g/L [76].

The work carried out by Suzuki et al. (2015) aimed at producing ethanol using glycerol from the
development of a highly ethanol-tolerant Klebsiella variicola mutant, as well as improving the
mutant's ethanol production by optimizing the culture conditions. The mutant was obtained from
Klebsiella variicola TB-83 was called TB-83D was modified by means of ribosome engineering, being
more resistant to streptomycin and tolerant to ethanol. The results that the mutant strain showed
higher ethanol production [77].

The work carried out by Vikromvarasiri et al. (2016) used an anaerobic sludge blanket reactor
for wastewater treatment to test the possibility of producing ethanol in the fermentation process
using glycerol as a co-substrate at various glycerol concentrations. Ethanol concentration and yield
were highly dependent on the initial glycerol concentration. The highest ethanol concentration was
11.1 g/L obtained after 72 h of fermentation at an initial concentration of 45 g/L of glycerol. The main
ethanol producers have been identified as Enterobacter and Klebsiella strains [78].

The work carried out by Lee et al. (2017) aimed to convert glycerol into ethanol using
Enterobacter aerogenes ATCC 29007 immobilized using alginate. The fermentation process was
carried out in a continuous stirred tank reactor (CSTR) designed for continuous production with
immobilized cells. The experiments were performed using pure glycerol and crude glycerol. Under
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optimal conditions, the ethanol production and yield were approximately 5.38 g/L and 0.96 mol-
ethanol/mol-glycerol with pure glycerol, while the ethanol production and yield were approximately
5.29 g/ L and 0.91 mol ethanol/mol-glycerol with crude glycerol [79].

Table 4. Ethanol production using glycerol as raw material.

Authors Feedstock Microorganism Results
With 20 g/L of crude glycerol, and the pH
Sunarno et al. (2019) Crude glycerol Enterobacter aerogenes maintained at 7, the ethanol production
was 12.33 g/L
Oh et al. (2011) Crude glycerol  Klebsiella pneumoniae GEM167 The faxtmum produ'c t%on level was 21.5
g/L, with a productivity of 0.93 g/L/h
The conversion of glycerol into ethanol,
. using immobilized yeast, resulted in a
Stepanov e Efremenko (2017) Glycerol Pachysolen tannophilus yield of 90% in relation to the theoretical
limit
In the fermentation process without
Enterobacter aerogenes aeration, the ethanol yield was 18.78 g/L,
Sunarno et al. (2020) Crude glycerol TISTR1468 with aeration in continuous process it was

30.31 g/L and batch was 12.33 g/L
The strain TB-83D is effective for the
Klebsiella variicola TB-83 e production of ethanol from glycerol, and

Suzulkd et al. (2015) Glycerol TB-83D this strain is a mutant of Klebsiella variicola
TB-83
The highest concentration of ethanol was
Vikromvarasiri et al. (2016) Crude glycerol and Enterobacter e Klebsiella ll.l.g/L obtal.néc.l after 72 h Of,
waste water fermentation at an initial concentration of
45 g/L of glycerol

Under optimal conditions, the ethanol
production and yield were approximately
5.38 g/L and 0.96 mol-ethanol/mol-
glycerol with pure glycerol, while the
ethanol production and yield were
approximately 5.29 g/ L and 0.91 mol
ethanol/mol-glycerol with crude glycerol

Pure glycerol and  Enterobacter aerogenes ATCC
Lee et al. (2017) crude glycerol 29007 imobilizado

4. Considerations

The biodiesel production process is a complex process that demands a high energy and
economic expenditure [80,81]. Therefore, it is important for the industrial viability of biodiesel
production to add economic value to glycerol, to make glycerol a useful product and not an
undesirable by-product [82-84].

The production of methane from glycerol is a sustainable alternative to methane extracted from
natural gas [85]. Methane production is directly related to biogas production, in this biogas it is
important to detect which other gases are present; and thus propose a treatment for the purification
of this biogas, as well as the degree of purity of methane [85].

Hydrogen is a promising alternative to fossil fuels because it has a high energy yield (122 kJ/g)
and its combustion product is water instead of gases that contribute to the worsening of the
greenhouse effect [86]. Hydrogen produced through catalytic cracking of petroleum or through steam
reforming of methane present in natural gas cannot be considered a renewable alternative since it is
obtained from fossil fuels. The production of hydrogen through water electrolysis demands a high
energy cost, making the process unfeasible from an economic point of view. Thus, the fermentation
pathway using glycerol as biomass can be attractive both from an environmental and economic point
of view for the production of hydrogen [87-89].

Currently, ethanol is produced predominantly from sugarcane and corn [90,91]. However, by
producing ethanol from glycerol, which is currently seen as a by-product of the biodiesel production
process, it is a way of adding economic value to glycerol [92,93]. Another perspective is the use of
ethanol produced from glycerol to return to the biodiesel production process as one of the reagents
[94].
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Another alcohol that can be returned to the process is methanol, which in turn can be obtained
from the biogas produced from glycerol, requiring biogas purification processes [95]. The work
carried out by Magalhaes et al. (2004) proposes the purification of biogas using a packing column and
water as solvent at pressures between 6 — 12 bar [96]. After purifying the biogas, methane undergoes
an oxidation process in order to obtain synthesis gas, and use catalytic reform to obtain methanol
[97,98]. The proposal to use biogas to produce methanol is a way to obtain alcohol from a renewable
source, since the methanol produced in the current context is predominantly from natural gas of fossil
origin [99,100]. And the methanol produced by this route can return to the biodiesel production
process plant and be used as one of the reagents [101,102].

Finally, it is important to highlight that production is mostly carried out through biochemical
processes; therefore, it is important that the residues from these processes have an adequate
microbiological treatment for biosafety reasons [103]. The biofuels reported in this work can be
applied in different industrial sectors; and according to the authors, they are attractive alternatives
for the use of glycerol as a raw material.

5. Conclusion

The biodiesel production process is a complex process, which demands a high energy
expenditure, consequently a high economic cost. Reinforcing the need to make glycerol an attractive
product energetically and economically. Thus, we can conclude that the works presented are
alternatives to make the biodiesel production process viable, since they seek to use glycerol as a raw
material for the production of other biofuels.
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