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To facilitate the glycerol purification, it is important to know the composition of glycerol from the biodiesel obtained from

waste oils and how these oils and the type of biodiesel synthesis influence the glycerol composition. First, different

glycerol impurities were studied based on the oil origin and the used catalysts. Thus, the glycerol impurities are detailed to

show their influence on the glycerol or on its transformation in other products. Different glycerol characterization

techniques were used to determine the purity level and properties of glycerol. The main interest of this part is to describe

different methods to purify glycerol and to understand its composition and its utilization.
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1. Purity of Glycerol and Influence of Its Impurities

The composition of crude glycerol will depend on the feedstock used for biodiesel production, as well as the type of

catalysis applied in the conversion reaction. Four different compositions will be compared (Figure 1), according to the

glycerol obtained from the enzymatic or basic transformation of virgin oil or waste oil. The values of the graphs are

indicative; the glycerol composition may vary according to the oil composition and the applied reaction conditions. Acid

catalysis is not presented here because it is very rarely used; moreover, the glycerol composition is close to enzymatic

catalysis. By comparing enzymatic catalysis to basic catalysis , a higher degree of glycerol purity will be obtained using

enzymes, because the free fatty acids will be transformed into biodiesel, whereas in the case of basic catalysis, they will

be transformed into soap, which is found with the glycerol.

Figure 1. Composition of glycerol according to different feedstocks and different types of catalysis.

In addition, the recovery of enzyme catalyst is much easier in comparison with basic catalyst because a certain amount of

basic catalyst could be found with glycerol. For the oil type, the waste oil will generate a higher number of impurities

compared to edible vegetable oil. In fact, among the impurities, ashes from food cooking are included in the glycerol

composition; these can be up to 2%. The amount of water also increases in the waste oil because of cooking. Finally, the

number of free fatty acids may be increased in the waste oil due to the presence of water and high-temperature cooking.

This increase leads to an increase in the soaps found with the glycerol in the presence of basic catalyst. On balance,
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enzymatic catalysis is more advantageous due to higher degree of glycerol purity, which makes its use, or even its

purification, simpler and cheaper.

Some impurities present with glycerol may be problematic during glycerol conversion, while others may be beneficial.

Focusing on the glycerol bioconversion, many research papers reported that the presence of methanol with glycerol has

an inhibitory effect on some of the microorganisms used . Depending on the aim of glycerol use, Sarma et al.  showed

that methanol had a negative effect on hydrogen production or with the production of lipids, as exposed by Yang et al. .

Uprety et al.  observed that soap and fatty acid methyl esters had a positive effect by demonstrating the role of carbon

source on the production of lipids from glycerol.

2. Glycerol Characterization Techniques

2.1. Properties of Glycerol

Most methods for characterizing glycerol are standardized , the physical properties of glycerol involve density

measurement by ASTM D50002  and viscosity measurement by ASTM D445-19a  (Figure 2). Crude glycerol derived

from waste oil will have a density of about 1.0–1.1 g/cm   compared to 1.26 g/cm  for commercial glycerol. The viscosity

is about 270 cP for pure glycerol compared to about 50 cP for the glycerol obtained by Hunsom and Autthanit . In fact,

impurities such as fatty acids, solvent and water decrease density as well as viscosity. To measure the acidity, the ASTM

D1093-98  method is used, while the calorific value is measured by the ASTM D0240-19 . The pH and color

measurements are simply made using pH-metry and a UV/Vis spectrophotometer.

Figure 2. Density of crude glycerol compared to commercial glycerol (a). Viscosity of crude glycerol compared to

commercial glycerol (b).

2.2. Purity of Glycerol

The measurement of glycerol purity is carried out by the Pharmacopeia standard method (USP 26), which also serves as

a reference when glycerol is used in fields such as pharmacology or food. The glycerol purity must be greater than 99.7%.

For technical grade, the glycerol purity must be higher than 98%. This is the most used glycerol for all applications except

in pharmacology, personal care and food (Figure 3). Glycerol purity can also be measured using simple analytical

techniques such as liquid or gas chromatography or NMR spectroscopy.
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Figure 3. Qualifying label for glycerol according to its purity grade.

2.3. Impurities Measurement

Among the various impurities, characterization techniques are also standardized. Firstly, for the measurement of residual

ashes that may be present during the cooking of the oil, the ASTM D0482-03  method is used, mold is also part of the

residue from waste oil, therefore the ASTM D4377-00e01  method is used. The amount of solvent can be measured by

chromatographic methods, while the amount of water is measured by Karl Fischer titration according to the ASTM D4017-

02  method. The amount of MONG (Non-Glycerol Organic Matter), which soaps often include, is measured by a simple

Equation (1) .

MONG = 100 − (% Glycerol content + % ash content + % water content)   (1)

3. Glycerol Purification Methods

This section will present the glycerol purification techniques currently used. Figure 4 brings together these techniques and

shows how these purification methods can be applied, and which paths are conductive. This diagram shows that these

purification pathways usually involve a beginning, i.e., acidification, and an end, adsorption on activated charcoal.

Although each of these techniques can be used independently, it can be seen that it is almost essential to begin and end

with acidification and adsorption on activated carbon, respectively. The purification methods may also be applied or not

and alone or in combination.

Figure 4. Glycerol purification methods and possible pathways between these methods.

3.1. Acidification/Neutralization

This purification method is the most used for crude glycerol. It is applied mainly for the pretreatment of glycerol and is

often followed by a second purification method. The process involves catalyst removal (basic catalyst) and soap . It is

important to differentiate between acidification and neutralization, although both processes involve the use of a strong
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acid and lead to a very similar result. During acidification, the medium is brought to a pH of 1–2, separating the crude

glycerol into three phases: the fatty acids at the top, the glycerol-rich phase at the middle and the organic salts at the

bottom . Neutralization, as its name suggests, is used to remove the basic catalyst involved in the transesterification of

oils, bringing the pH close to neutrality, and obtaining two phases, the organic salts from the catalyst and the phase rich in

glycerol and some free fatty acids when soaps are present, sometimes leading to the formation of three phases. Whatever

the process, acidification or neutralization, the use of a strong acid is required. In a study by Hájek et al. , glycerol was

derived from the biodiesel produced from virgin vegetable oil. This research aimed to compare three different acids:

sulfuric acid, hydrochloric acid and phosphoric acid. The results showed that phosphoric acid had the better efficiency,

leading to about 86% purity of glycerol, with an initial amount of glycerol between 50 and 60%. Thus, most studies have

used phosphoric acid for this purification process. The low pH obtained after acidification requires neutralization with KOH

or NaOH. This purification method is very effective but is still insufficient, so the further treatment of crude glycerol is

necessary. It is possible to use this process alone; for this, the crude glycerol must have a high initial purity, as is the case

in the research of Gil et al. . In this research, the glycerol obtained via transesterification of rapeseed oil resulted in a

high purity of 95.5% glycerol. For purification, after evaporation of methanol and water, leading to a purity of 96.4%, the

neutralization step was performed by adding hydrochloric acid to remove the catalyst and the formed soap. Purification

resulted in a final purity of 97.1%. The same process was applied in the study reported by Velázquez-Hernández et al. ;

the virgin vegetable oils used for the synthesis of glycerol allowed high purity. Thus, the glycerol composition reached 95%

after sulfuric acid treatment (pH = 2) followed by KOH neutralization of the glycerol-rich phase.

3.2. Vacuum Distillation

Distillation is the most explored method. For many years, it was used alone to remove methanol, leaving glycerol with

other impurities such as ashes, non-glycerol organic matter (MONG), water and soap; hence, there is a need for

pretreatment . The distillation efficiency depends on the temperature between 120 and 126 °C and the pressure

between 4.0.10-1 and 4.0.10-2 mbar. This technique has largely proven itself but is still sensitive to unwanted reactions

such as polymerization, dehydration, or oxidation. Posada et al.  pretreated crude glycerol by neutralization step with

hydrochloric acid, hence the initial composition of glycerol was 60.05%. The combination with distillation resulted in a

purity of 98%. Evaporation steps for methanol and water were applied during the purification process. The work of

Skrzyńska et al.  is based on four-step purification process: catalyst neutralization, methanol distillation, water

evaporation and glycerol distillation, allowing a purity of 98.2% compared to an initial purity of 40.3%. Each step attests to

its effectiveness in terms of the quantities obtained for each step (neutralization: 47.4%, methanol distillation: 58.2%,

evaporation: 92.8%, distillation: 98.2%). The obtained purity depends on the initial composition of crude glycerol. Remón

et al.  have chosen to neutralize glycerol with a purity of 63.17% with acetic acid for an optimum pH of 6. Once the

second distillation stage was completed, a maximum purity of 85.25% was obtained. This research showed the influence

of pH during the neutralization step for optimal purification, with pH values of 5, 6 and 7 being tested. Another work 

reported glycerol synthesized through biodiesel production from waste frying oils. This research involved pretreatment

during the purification process of glycerol, which has an initial purity of 15.4%. Thus, the crude glycerol was acidified by

means of phosphoric acid to reach a pH of 2. In this case, two phases were obtained: the phase rich in free fatty acids

above, and the glycerol-rich phase. The glycerol-rich phase with a pH of 2 was then neutralized with KOH. The second

stage, distillation, resulted in a purity of 75.1%. Concretely, for glycerol with initial purity less than 50%, it becomes

necessary to accumulate several purification processes.

3.3. Ion-Exchange Resins

More recently, the use of ion-exchange resins has shown great interest because, compared to the conventional distillation

process, a better quality of purified glycerol up to a level of 99% is obtained thanks to this technique . This process

involves passing the crude glycerol through one or two chromatographic columns in which are placed either a cationic

resin and anionic resin or a mixed resin (cationic and anionic). This process can be performed with or without

pretreatment, as compared by Nasir et al. . Firstly, a single column was loaded with a cationic resin, Amberlite IRN-78,

with an anionic resin, Amberlite 200 C, silica beads were added to remove any mold that might be present. The

pretreatment process includes the neutralization of glycerol by phosphoric acid followed by filtration. Subsequently,

glycerol is placed in the chromatographic column, followed by methanol evaporation without pretreatment. The results

showed a direct influence of glycerol composition depending on the type of reaction for biodiesel and the used source.

Thus, both methods yielded a purity of up to 99.58%. Following a similar protocol, Isahak et al.  pretreated crude

glycerol, with a purity of 77.4%, through a neutralization step involving phosphoric acid, followed by filtration, then the

pretreated glycerol was purified by two resins, Amberlite IRN-78 and Amberlite 200C. A high purity of glycerol was

obtained, reaching 99.4%. A disadvantage of using resins is that they need to be regenerated after use. In this research,

Amberlite IRN-78 was regenerated by washing under a stream of dilute sodium hydroxide, while Amberlite 200C was
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regenerated from dilute sodium chloride. The work of Abdul Raman et al.  is based on the use of a highly cationic resin

only, Amberlite 15, to purify glycerol preceded by phosphoric acidification pretreatment. The pretreatment purified glycerol

from 35.60 to 77.42%, while the resin purified glycerol up to 98.20%. At present, the application of resins for glycerol

purification is the most effective method, resulting in very high purity. Recently, Lopes et al.  developed a new glycerol

pretreatment method based on the use of a cationic tannin with flocculation/coagulation capacity to reduce the amount of

chloride and metals. This method therefore replaces the conventional pretreatment, acidification/neutralization. The

authors used a glycerol synthesized from waste oils, the purity of which was determined to be 59.3%. This new

pretreatment or pre-purification process significantly increased the purity to 77.3%. Subsequently, the application of

cationic resin, Amberlite IRA120 Na, followed by anionic resin, Amberlite IRA410 Cl, increased the purity to 94.5%.

3.4. Adsorption on Activated Charcoal

Adsorption on activated charcoal is a simple method of purification. This process is mainly aimed at attenuating color and

adsorbing small molecules such as lauric and myristic acids . However, the use of activated charcoal alone remains

insufficient to achieve high glycerol purity. Hunsom and Autthanit worked on the glycerol obtained from waste oils ,

initially pretreated with phosphoric acid to recover the glycerol-rich phase later neutralized by NaOH. This research was to

purify glycerol with a sludge-derived activated charcoal prepared by activating different chemical agents such as H PO ,

K CO  and KOH. KOH-impregnated activated charcoal carbonized at 800 °C (KOH-800AC) resulted in a glycerol purity of

93.0%.

3.5. Extraction

Extraction is a physical process combined with a chemical process, acidification. As has been shown previously,

acidification will provide two or three phases. The phase of free fatty acids can thus be eliminated by decantation or

extraction . The work of Kongjao et al.  is based on the combination of chemical and physical treatment of glycerol of

waste oils (27–30% (w/w)), whereas in this case the extraction step was performed using a solvent on the glycerol-rich

phase. Firstly, acidification by sulfuric acid resulted in three phases: the upper phase rich in free fatty acids, which was

decanted, and the middle phase rich in glycerol in the medium. The lower phase was rich in organic salts. After

neutralization with NaOH, the glycerol-rich phase was extracted with ethanol to encourage salt precipitation, followed by

further filtration leading to an acceptable purity of 93.34%. Demaman Oro et al.  reported a study on the extraction of

glycerol using different solvents (methanol, ethanol, chloroform and dichloromethane). This research showed that

methanol was the most effective solvent for the extraction of organic phase with excellent quality and yield of salts. Xiao et

al.  used two solvents in series for glycerol extraction. Initially, the saponification phenomenon was amplified by adding

NaOH to reach a pH of 11, which was then acidified with hydrochloric acid to bring the pH down to 1, followed by

extraction with petroleum ether and then extraction with anhydrous ethanol. These different purification stages are

separated by stages of filtration and evaporation of impurities. The purity of obtained glycerol increased from 74.5% to

95.6%.

3.6. Membrane Separation

Membranes are used for processes such as reverse osmosis, ultrafiltration, microfiltration, gas separation, dialysis,

pervaporation, electrolysis and electrodialysis . Currently, they are widely used for water purification or gas or protein

separation . This separation process is already used for biodiesel purification. The use of membranes generates lower

costs and lower energy consumption . Nevertheless, the use of membranes has a big issue: their stability. This is

mainly due to the addition of aggressive organic solvents. Thus, this is an interesting research topic to work on to improve

the stability of membranes in particular on the chemical structure of membranes . The general strategy to improve the

structural stability of traditional polymer membranes is crosslinking. In the case of glycerol purification, membranes

remove salts, fatty acids and triglycerides. A patent filed by EET Corporation  exposes glycerol purification technology

combining electrodialysis and nanofiltration. The HEEPMTM (High Electro-Pressure Membrane) system can operate in

batch, semi-batch or continuous flow. This technology designed for industry allows 99.9% salt removal. The obtained

glycerol approaches USP-grade purity. Indok Nurul Hasyimah et al.  looked at the retention efficiency of polymeric

membranes on a glycerol rich in triglycerides. The membranes used, polyether sulfone (PES) and polyvinylidene fluoride

(PVDF), have a molecular weight cut-off (MWCO) of 25,000 and 30,000 Da, respectively. The effects of membrane

surface chemistry, the solution-pH on the permeation flux and the ability to retain triglycerides were investigated. PVDF

membranes were shown to provide higher permeation fluxes and lower triglyceride release rates (81%) than PES

membranes (91%). In the same context, Mah et al.  studied the ability of ultrafiltration to remove palm oil and oleic acid

present in glycerol solutions. A GE PVDF (GE Osmonics) membrane with a molecular-weight cut-off value of 30 kDa was

used, and the effects of different concentrations of palm oil, oleic acid and blends of palm oil and oleic acid were
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investigated, as well as the effects of pH on membrane flow and discharge capacity. This work demonstrated that

ultrafiltration was able to remove palm oil, oleic acid and blends of palm oil and oleic acid from glycerol solutions at 87.00,

98.59 and 95.60%, respectively. Another patent filed by Jeromin et al.  also offers membrane ultrafiltration to remove

unreacted oils or fats from the hydrolysis reaction. The purification process takes place continuously during the hydrolysis

reaction. Fats with a larger diameter of 100 μm are separated from the aqueous phase by a plate allowing phase

separation and redirected to the hydrolysis process. Thus, the pre-purified aqueous phase passes through an

ultrafiltration membrane and the concentrate returns to the inlet of the phase separation plate. Vadthya et al.  found a

method for the glycerol purification by electrodialysis to separate the salts from the crude glycerol. Two ion exchange

membranes, cationic (CMI-7000) and anionic (AMI-7001), were used in batch and this process revealed that

electrodialysis could remove salts to a percentage greater than 95%. This research also showed that this process is

economical, with an estimated membrane and energy cost of USD 0.09/m . Kalafatakis et al.  used the direct osmosis

process to recover glycerol water from the Aquaporin InsideTM direct osmosis system to achieve water flows of 10.5

L/m /h. This approach allows the recovery of water without further purification and an increase in the glycerol

concentration in solution. A second strategy is the use of hybrid membranes, which have shown an improvement in

membrane performance. Combining the properties of organic and inorganic materials increased mechanical and thermal

properties . Hybrid materials could be mixtures of polymethyl methacrylate (PMMA)/SiO  or cellulose/SiO ) . For

example, Shaari and Rahman  used a composite thin-film membrane combined with a hybrid membrane. The

membranes consisted of polyvinyl alcohol, sulfone resin pellet, polyethylene glycol and tetraorthosilicate. They showed

that the addition of glycerol as a membrane preparation additive improved the purification of crude glycerol, resulting in a

NaCl rejection rate of 48.02%. Finally, another emerging technology in terms of membrane separation is the use of

membrane distillation. Membrane distillation is a combination of fluid stream and thermally conductive membrane, which

allows the vapors to pass through a hydrophobic membrane . Shirazi et al.  studied the effectiveness of membrane

distillation in removing water from different glycerol solutions with different concentrations. They used hydrophobic

microporous membrane based on polytetrafluoroethylene (PTFE). For each test carried out, a rejection rate higher than

99% was obtained. Pal et al.  used a hydrophobic polyvinylidene fluoride (PVDF) membrane and achieved a glycerol

rejection rate of 99.9%. One of the major problems with membranes is membrane fouling , which can be defined as “a

process resulting in loss of membrane performance due to the deposition of suspended or dissolved substances on its

external surfaces, at the pore opening, or within the pores”. To solve this problem, membrane cleaning using chemicals

such as nitric acid, hydrochloric acid or hydrogen peroxide can be applied; however, this comes at additional cost and with

accelerated deterioration of the membranes. This creates complications for industrial application.

3.7. Multi-Step Methods

The use of several successive processes may be applied where a very high purity of glycerol is sought, or where the initial

purity of glycerol is low and requires more extensive processing, in particular for glycerol obtained from the

transesterification of waste oils. A list of different studies using multi-step purification is presented in Table 1. As shown in

Figure 4, most methods apply acidification and adsorption on activated charcoal to begin and finish the purification of

glycerol. Manosak et al.  purified the glycerol with an initial purity of 36.7%, obtained by the biodiesel production from

waste oils. Initially, the acidification step was performed using different acids at different pHs, as reported by Hájek et al.

. They found that phosphoric acid was the most effective at pH 2.5. In the second step, solvent extraction, three types

of polar solvents were tested: methanol, ethanol and propanol. They concluded that propanol was the most suitable for

extraction. The extraction efficiency depends on the polarity and solubility of the solvent. Hunsom et al.  showed that n-

butanol was a better solvent than hexane because it is a polar solvent, and it has better solubility in water. These first two

steps allowed to achieve a purity of 95.74%. Finally, to reduce the glycerol color, it was adsorbed on activated charcoal,

which also showed that some fatty acids were removed during this step, resulting in a final purity of 96.2%. The process

added between acidification and adsorption on activated charcoal evolves with time. Distillation used to be one of the

most applied methods, but the use of this process decreases over time because it is expensive and energy-consuming.

Recently, extraction and membrane filtration were revealed to be better methods. It is also important to consider multi-step

methods for industrial scale, such as the study by Pitt et al.  which compared the conventional process on waste oil at

laboratory and industrial scales. The purification process includes acidification with phosphoric acid, followed by distillation

and adsorption on activated charcoal. At the laboratory level, the obtained glycerol had a purity of 51.88% to 78.72% after

purification, while at the industrial level, the purity obtained was 29.99% to 60.6%. Glycerol obtained from the industrial

process was found to be denser, and therefore had more impurities; mass losses were also higher, resulting in lower

purity. The conclusion is that it is essential to think about a purification process suitable for the industrial scale.

Table 1. Purification of glycerol by multi-step methods according to different authors.
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Type of Oil Purification Techniques Glycerol (%) Purified Glycerol (%) Ref.

Waste oil

Acidification

Extraction

Adsorption on activated charcoal

36.7 96.2

Waste oil

Acidification

Extraction

Adsorption on activated charcoal

29.8 99.0

Waste oil (lab. scale)

Acidification

Distillation

Adsorption on activated charcoal

51.88 78.72

Waste oil (ind. scale)

Acidification

Distillation

Adsorption on activated charcoal

29.99 60.6

Waste oil

Saponification

Acidification

Adsorption on activated charcoal

40.6 96.08

N.I.

Acidification

Extraction

Adsorption on activated charcoal

12.0 96

Waste oil

Sequential extraction

Adsorption on activated charcoal
74.0 99.2

Waste oil

Neutralization

Distillation

Extraction

Adsorption on activated charcoal

Distillation

35.66 97.37
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Type of Oil Purification Techniques Glycerol (%) Purified Glycerol (%) Ref.

N.I.

Saponification

Acidification

Extraction

Membrane filtration

Adsorption on activated charcoal

40.0 97.5

Virgin (hemp) oil

Acidification

Extraction

Adsorption on activated charcoal

51.38 93.89

N.I.

Saponification

Acidification

Extraction

Membrane filtration

Adsorption on activated charcoal

40.00 93.70

Virgin (canola) oil

Acidification

Distillation

Adsorption on activated charcoal

N.I. 98.1

N.I.

Acidification

Distillation

Biosorption on nanofibers

N.I. N.I.

N.I.—not indicated.

4. Possible Applications of Glycerol Purification Methods from Biodiesel
Produced by Enzymatic Processes on Waste Oils

At present, there are no reports of a protocol for glycerol purification from waste oil or virgin oil using enzymatic catalysts.

There are two possible explanations for this. The first possibility is that, glycerol obtained from enzymatic

transesterification has a high degree of purity after separation from biodiesel. So, crude glycerol can be used in the state

where the low impurity content does not influence the conversion of biodiesel. The second possibility is that the industries

of biodiesel production apply basic catalysis, as reaction times are short, and the cost of biodiesel production is lower

compared to enzyme catalysis. As a result, it is not common to obtain glycerol on an industrial scale from biodiesel

produced by enzyme catalysis, and the purification protocols developed are based solely on glycerol from biodiesel

produced by enzyme catalysis. However, it is acceptable to consider purification protocols and to understand the

advantages of enzyme transesterification compared to basic catalysis. Firstly, as has been shown, the acidification—

which is the purification method most used for the pretreatment of glycerol—involves the removal of the basic catalyst and

the soaps present. However, in enzymatic way, the reaction does not result in the formation of soaps, and it is not

necessary to remove the enzymatic catalyst. So, acidification is not an essential step to purify glycerol in the presence of

enzyme catalysis. It is therefore highly possible to establish a single-step protocol with lower purification process cost, as
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outlined by R. Hobden . In this case, glycerol purity can reach 80% by removing water and methanol using simple

evaporation.

5. Bioconversion of Glycerol from Waste Oils to High Value-Added
Products

Glycerol can be converted into high value-added products either chemically or biologically. Some products resulting from

chemical reactions are shown in Figure 5 . Other products such as succinic acid, citric acid, propionic acid, lactic acid

or lipids can be produced from glycerol by biological tools as described by Vivek et al. . In this case, the bioconversion

of glycerol does not necessarily involve a purification step. However, the source used to produce biodiesel may influence

the glycerol composition and how the conversion reaction will occur. For example, this section will focus on the

bioconversion of glycerol from waste oils and the importance of impurities requiring purification and non-purification (Table
2).

Figure 5. Reaction pathways for possible glycerol derivates. According to Monteiro et al. .

A study by Nuchdang et Phalakornkule  used glycerol to produce methane through anerobic co-digestion with pig

manure. Since glycerol was highly contaminated with oils and fats and the acidification with sulfuric acid was necessary.

This pretreatment resulted in a higher production of hydrogen sulfide produced during glucose digestion, so it is

recommended that alternative techniques can be used to treat glycerol. Following the same principle, Siles López et al.

 treated glycerol to neutralize the catalyst (KOH) with phosphoric acid followed by distillation to remove water and

methanol from biodiesel production. The anerobic reclamation of glycerol with granular sludge successfully demonstrated

100% biodegradability. For Liu et al. , treatment of glycerol was not necessary due to its initial high purity of 83.41%,

despite the use of waste cooking oil for biodiesel production. They therefore produced glycolipids from Ustilago maydis
and showed an adverse effect of methanol above a level of 2%. Suzuki et al.  showed the effect of crude glycerol

impurities on ethanol production by the bacterium Klebsiella variicola. They showed that the use of glycerol from biodiesel

produced from waste cooking oil with a higher level of impurities improved the production of ethanol. They also showed

that the optimum pH was 8–9, which is the pH of glycerol after transesterification of oil in alkaline medium. Thus, no

purification process was necessary. Maru et al.  used microorganisms to produce hydrogen from glycerol that is

unaffected by the impurities present in glycerol and thus avoids glycerol treatment. They then showed that the mixed

culture of Escherichia coli and Enterobacter spH1 increased the fermentation effect on crude hydrogen glycerol. If a

different microorganism, here from granular sludge, is used for hydrogen production, Rodrigues et al.  showed that

the impurities in glycerol have an inhibitory effect on the biological process of hydrogen production. For example, the

pretreatment with hydrochloric acid was performed to purify glycerol to be bio-converted to hydrogen. Yuwa-amornpitak et

Chookietwatana  also concluded that the impurities present in glycerol, such as free fatty acids, had a positive effect on

lactic-acid production, since free fatty acids play the role of nutrient in microbial growth. However, since glycerol is derived

from waste cooking oils, a treatment to neutralize and remove some of the impurities was carried out. Since pH played an

important role in the reaction, it was necessary to raise the pH of glycerol to seven by neutralizing it with hydrochloric acid.

Thus, better production of lactic acid by fermentation via Rhizopus microsporus was achieved with crude glycerol

compared to pure glycerol. Like Maru et al. , Wang et al.  applied Escherichia coli and Enterobacter spH1 mixed

culture, which was not affected by glycerol impurities, to produce 1,3-propanediol and lactate. The fermentations were

performed in batch system at 37 °C with continuous stirring at 200 rpm for 72h. Ma et al.  also produced 1,3-

propanediol from glycerol with a purity of 69%, again from waste cooking oils. The microorganism used to produce 1,3-

propanediol is Klebsiella pneumoniae. A very interesting point of this work is that the main impurities present in crude

glycerol were studied to determine the impact on the production of 1,3-propanediol. In general, the impurities had no

influence except for one fatty acid, linoleic acid, with a tendency to reduce cell growth. Chen et al.  found a method to
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maximize the productivity of glycerol obtained from biodiesel production. In addition, the simple purification of glycerol

played a considerable role due to the large number of soaps contained in the glycerol from alkaline transesterification.

Indeed, the acidification of glycerol, here by phosphoric acid, leads to the transformation of the soap into free fatty acids,

which are then converted into biodiesel via the esterification process. The purified glycerol is bio-converted into lipids by

the Trichosporon oleaginosus bacterium, which can then be converted into biodiesel by a conventional transesterification

process. With an initial glycerol purity of 31.8% and soap concentration of 21.1%, 99.2% of these soaps were converted

into free fatty acids and the glycerol purity after treatment was 54.96%. For other impurities in glycerol, such as esters,

organic salts or methanol, the study by Xu et al.  showed that methanol could have an inhibitory effect, while other

impurities showed a positive effect in lipid production. Additionally, for biodiesel production, Guerfali et al.  searched for

a microorganism capable of converting glycerol without inhibition effect by impurities. For example, the yeast Candida
viwanathii Y-E4 showed its potential for bioconversion of the glycerol into lipids and then into biodiesel. Contrary to Chen

et al. , who treated crude glycerol with phosphoric acid, no treatment of glycerol has been carried out to transform

soaps into free fatty acids. This depends on the glycerol composition. Here the percentage of soaps is 4.1%, so it is not

profitable to add a step by acidifying the glycerol. More recently, Brage et al.  used crude glycerol as a carbon source to

transform L-phenylamine to 2-phenylethanol using the strain Yarrowia lipolytica CH1/5. Crude glycerol had an initial purity

of 82%, so no treatment was needed, and the remained impurities had no effect on this reaction because glycerol is not

the substrate. Ripoll et al.  converted crude glycerol into serinol by immobilized Gluconobacter oxydans and a

transaminase coupling together. The impurities in crude glycerol were not considered; the work was only based on the

biocatalyst and how the immobilization allows reuse.

Table 2. Summary of studies on the conversion of glycerol according to its purity level.

Glycerol
(%)

Glycerol
Treatment Final Product Process or

Microorganism
Temperature
(°C)

Time
(h) Yield Ref.

N.I.
Acidification

Methane Anerobic digestion 25 2 54%

N.I.

Neutralization

Distillation
Methane Anerobic digestion 2 0.8 0.306 m

CH /kg

83.41 None Glycolipids Ustilago maydis 30 196.8 32.1 g/L

N.I.
None

Ethanol Klebsiella variicola 25 24 9.8 g/L

47.5
None

Hydrogen E. coli/Enterobacter
spH1 37 120 69.1 mM

10.41
Acidification

Hydrogen Anerobic digestion 37 19.1 2.2 mol H  L

N.I.
Neutralization

Lactic acid Rhizopus
microsporus 37 1.3 1.33 g/L

49.30
None 1,3-propanediol /

lactate
E. coli/Enterobacter

spH1 37 1.3
27.77 g/L 1,3-

PDO
14.68 g/L LA

69
None

1,3-propanediol Klebsiella
pneumoniae 37 12

0.64 mol1,3-
PDO/mol
glycerol

31.8 Acidification Biodiesel Trichosporon
oleaginosus 28 72 5.24 g/L

32.97
None

Triacylglycerols Rhodosporidium
toruloides 30 160 13.4 g/L

64.5
None

Biodiesel Candida viwanathii
Y-E4 30 166 13.6 g/L
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[70]
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Glycerol
(%)

Glycerol
Treatment Final Product Process or

Microorganism
Temperature
(°C)

Time
(h) Yield Ref.

82 None 2-phenylethanol Yarrowia lipolytica
CH1/5 27 200 2.2 g/L

N.I.
None

Serinol
Gluconobacter

oxydans
transaminase

30 44 36 mM

N.I.—Not indicated.

In recent years, the discovery that bioconversion allows crude glycerol to be used as a feedstock without any pretreatment

has been a breakthrough for the biodiesel industry . However, the use of low-purity crude glycerol, often due to the use

of waste oils for biodiesel production, means that it may still be necessary to pretreat the glycerol. In some cases,

pretreatment can even be used to make good use of impurities in the production of lipids.
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