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According to the waste-to-energy (WTE) valorization and circular economy principles, the use 
of waste oil and grease (WOG) for obtaining biofuels shows the tendency towards sustainability, 
makes the interest in green chemistry, and the development of environmentally friendly processes 
grow. Three different fatty wastes (from the fat trap of a sewage station, lard waste, and frying 
oil) were analyzed and this work showed they have no potentially toxic metals. The frying oil 
sample and residual lard waste showed a higher percentage of triacylglycerides resulting in higher 
biodiesel conversion. The samples showed physical and chemical properties (density, viscosity, 
and ash) within the limits established by current regulations. Bio-oil samples formed a mixture 
of carboxylic acids, with high acidity. However, the parameters that deviated from the maximum 
permitted by the standard could be adjusted blending with petroleum diesel, replacing partially 
the fossil energy carriers with biomass-derived energy carriers which could bring positive impacts 
from multiple perspectives, i.e., economic, environmental, and health.
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Introduction

The production and employment of alternative fuels1-4 
and the correct disposal of solid waste5,6 is a subject of 
discussion all over the world and also in Brazil, as a result 
of fossil fuel scarcity, global warming, climate change, and 
successive environmental tragedies, affecting populations 
and the ecosystem. In this framework, new solutions for 
waste disposal,7 renewable energy, and technological 
processes8-14 are mandatory. In recent years, several laws 
have been created in Brazil for solid waste and biodiesel,15-17 
and despite not being fully regulated, the mixture of liquid 
hydrocarbons produced during thermal pyrolysis of fatty 
materials also has properties very similar to petroleum 
diesel.18-20 The production of environmentally friendly 
biofuels applying residual fatty materials21,22 as feedstock is 
a groundbreaking way for waste management and production 
of energy and would also avoid soil and water pollution.23 

Lamentably, landfills and sanitation systems are still 
the final destinations of large amounts of waste oils and 
grease (WOG), from commercial and domestic use, and 

the release to sewer reduces the diameter of pipes causing 
overflows and clogging24,25 and may also compromise the 
effluent treatment, mainly the biological process.26 In the 
UK, for example, primarily the annual sanitary overflows 
are caused exclusively by the clogging of greasy blocks, 
called “fatbergs”.27 Free, emulsified, dispersed and 
solubilized forms of WOG are the main cause of pollution 
on wastewater, in a discrete and continuous way.28

He et al.29 conducted a study of (fat, oil, and grease) 
FOG deposits formation mechanism from sewer lines 
in the United States. The samples had a high content of 
granulated particles, a sandy texture, and mostly contained 
up to 50% lipid content. These deposits are formed by 
carboxylates, products of the saponification reaction of 
fatty acids typically with alkaline and alkaline earth metals, 
such as magnesium, potassium, and calcium-this one as a 
result of the chemical and biochemical attack on concrete. 
The majority of fat chains had between 14-18 carbons 
(C14 and C18), preponderantly palmitic (C16) and oleic 
(C18:1) carboxylates.

FOG’s proper management lacks enhancement, notably 
its correct final destination, and disposal of it with organic 
garbage on landfill is unreasonable and environmentally 
inappropriate. Seize the potential opportunity to generate 
income and produce bioenergy through transesterification 
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and pyrolysis pathways play a key role in the circular 
economy once these waste-to-energy (WTE) processes 
produce biofuels analogous to fossil fuels. 

Transesterification is a chemical reaction between a 
FOG and a monoalcohol,30 normally methanol, on three 
reversible semi-reactions: the conversion of triglycerides 
to diglycerides, then to monoglycerides until glycerol. 
In the end, three monoesters are produced from only one 
triacylglyceride.31 The use of methanol is preferable due to 
its low price and high reactivity. The reaction can also be 
catalyzed by both Lewis32-35 or Brönsted bases and acids,36-38 
depending on FOG. Refined vegetable oils39 with low free 
fatty acid (FFA) content (< 0.5 wt.%) are widely applied 
with alkaline catalysts and acid catalysts are employed 
with high FFA content (> 1.0 wt.%), as WOG, to avoid 
soap formation.40,41 

Pyrolysis of oils and fats consists of grease chains’ 
cleavage, at high temperatures, with or without a catalyst.42,43 
The primary products are a light gas fraction and a liquid 
enriched with hydrocarbons such as alkanes, alkenes, 
carboxylic acids, and aromatics, called bio-oil. The reaction 
mechanism is complex, but mainly is described to occur in 
two stages: (i) first stage: primary cracking-triacyl glyceride 
decomposition: the disruption of C-O bonds between the 
glyceride and the alkyl chain, leads to carboxylic acids, 
acrolein, and ketenes; (ii) second stage: secondary cracking-
thermal decarbonization or decarboxylation of fatty acid, 
forming alkanes, alkenes, and gases.

Parallel reactions may happen, such as cycling 
of long chains, dimerization of FFA, or formation of 
aromatics (from the dehydrogenation of cycloalkanes). 
The high temperature and the formation of gases is 
thermodynamically favorable.44,45 Nevertheless, the low 
selectivity leads to a combination of compounds. If the 
feedstock has a high content of FFA, such as WOG, the 
bio-oil tends to lower oxygenation. Bio-oils largely have 
similar physical and chemical characteristics to petroleum-
derived fuels that make them desirable to build a diversified 
and renewable energy matrix, such as the Brazilian one. 
Furthermore, the exploitation of this waste as feedstock, 
significantly impacts the cost reduction of the process, 
enhancing profitability.46-49

 In this work, the three fatty wastes were converted 
into methyl esters and bio-oils through pyrolysis and their 
physical-chemical properties were evaluated.  

Experimental

About 5 kg of three different fatty wastes samples were 
collected: (i) a sample obtained from the fat trap of a local 
Wastewater Treatment Plant Station (CAESB’s WWTP) 

in Brasília, Brazil; (ii) soybean oil subjected to a frying 
process in a restaurant; (iii) lard generated during baking 
lard. The samples were decanted and filtered to remove 
coarse materials and aqueous phases.

The biodiesel was made through esterification and 
transesterification. The esterification was carried out 
refluxing in a glassware 200 g of the fatty waste, 70 mL 
of methanol (Vetec, RJ, Brazil), and 2 g of sulfuric acid 
(Vetec, RJ, Brazil) (1% weight/weight) for 2 h at 60 °C 
under continuous stirring, when the acid number was 
higher than 100 mg KOH g-1 oil. For other samples, the 
transesterification was made by the addition of KOH (Vetec, 
RJ, Brazil) and methanol in the proportion of 1:40 (1 KOH 
and 40 wt.% methanol) and refluxing in glassware for 2 h 
at 60 °C under continuous magnetic stirring. Then, the 
product was purified, washed several times, solubilized in 
dichloromethane (Vetec, RJ, Brazil), kept standing over 
magnesium sulfate, filtered and the solvent was evaporated 
under a vacuum pump.

In the pyrolysis reaction, 200 g of the WOG samples 
were cracked using glassware in the temperature range 
between 350 and 400 °C and interrupted when 75% of the 
initial amount had been converted to the liquid. The vapors 
were condensed and collected in a pre-weighed flask.

The physical-chemical properties of the fatty materials 
and biofuels were analyzed according to the standards 
established by the Brazilian National Agency of Petroleum, 
Natural Gas and Biofuels (ANP) for biodiesel: ASTM 
D445,50 NBR 7148,51 ASTM D189,52 ASTM D874,53 EN 
1411154 AOCS 3d-63.55

The conversion of FOG into FAME (fatty acid methyl 
esters) was measured employing high-performance liquid 
chromatography (HPLC) using a Shimadzu CTO-20A 
chromatograph (Tokyo, Japan), equipped with a UV-Vis 
detector (205 nm) and a Shim-pack VP-ODS column-C18, 
250 mm, 4.6 mm of internal diameter. The bio-oil samples 
were analyzed by gas chromatography coupled with a 
mass spectrometer (GC-MS), using a Shimadzu model 
GC‑MS‑QP5050 (Tokyo, Japan) equipment with a capillary 
column of melted silicate CBPI PONA 50 m length, 0.15 µm 
diameter, and 0.42 µm thickness. Both chromatographic 
analyses were made accordingly to Carvalho  et  al.56 
Fourier transform infrared (FTIR) spectra were carried out 
in a Shimadzu Prestige-21 (Tokyo, Japan) equipped with 
attenuated total reflectance (Pike Technologies, Fitchburg, 
Wisconsin, USA), between 600 and 4000 cm−1, with 32 
interferograms. Inductively coupled plasma atomic emission 
spectrometry (ICP-OES) analyses were measured using an 
iCAP 6300 Duo ICP optical emission spectrometer (Thermo 
Fisher Scientific, Cambridge, England). 
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Results and Discussion

The fat trap sample from the sewage station was solid, 
with a very strong smell and highly impurity content 
while the frying oil had no smell and no significant solid 
particles, and was liquid at room temperature. Lard waste 
was an intermediate: partially solid, no strong smell, but 
with some food scraps. The fat trap sample will be called 
by the acronym FTW, while the frying oil and lard waste 
will be called FO and LW, respectively. Initially, the three 
fatty residues were characterized, and physical-chemical 
parameters are listed in Table 1. 

FTW has  a lmos t  t en  t imes  more  ac id i ty 
(175.6  mg  KOH  g-1 oil) compared to the LW and FO 
(1.3 and 1.7 mg KOH g-1 oil) due to 90% content of free 
fatty acid and monoglyceride, related to a higher degree 
of hydrolyzation and hydrogenation of the π bonds, also 
shown by the lower iodine index (44.9 mg I2 g-1), which 
is coherent to brown grease samples.57 The analysis of 
infrared spectroscopy, Figure 1, reveals a predominantly 
FFA (free fatty acid) profile in FTW: broadband between 
3000 and 3500 cm-1 related to O-H of acid groups. Intense 
C=O bands(1710 cm-1),  usually are observed when occurs 
free fatty acids dimerization by hydrogen bandings. It 
suggests the hydrolysis of FTW on sewage network. In 
FO and LW spectra, C=O in 1770 cm-1 is associated with 
the displacement of carbonyl caused by the expressive 
amount of triacylglycerides (87%) and low acidity 
(< 2.0 mg KOH g-1 oil), higher viscosity and density. The 
bands between 2800 and 2960 cm-1 in all samples are due 
to sp3 carbon in an alkyl chain. 

ICP-OES analysis (Figure 2) makes a broad analysis 
of the chemical elements and emphasizes the absence of 
potentially toxic metals such as Pb, Cd, Cr, what is suitable 
for green biofuels production and even the sulfur content of 
FTW (1.5 ppm) is ten times lower than maximum standards, 
15 ppm. The phosphorus content on LW and FTW is related 

Table 1. Physical chemical properties of waste oil and grease-FTW (fat 
trap waste), LW (lard waste), FO (frying oil)

Physical chemical property FTW LW FO

Iodine index / (mg I2 g-1) 44.9 53.9 61.0

Density at 20 °C / (g m-3) 892 926 918

Viscosity at 40 °C / (mm2 s-1) 27.1 43.8 35.3

Acidity / (mg KOH g-1 oil) 175.6 1.3 1.7

Fatty acid and monoglyceride / wt.% 90 9 4

Dyacilglyceride / wt.% 5 3 8

Triacylglyceride / wt.% 5 87 87

Methyl ester / wt.% 0 1 1

Figure 1. FTIR (ATR) spectra of (a) FTW (fat trap waste), (b) LW (lard waste), and (c) FO (frying oil).

Figure 2. ICP-OES of frying oil, lard waste, and fat trap waste.
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to phospholipids, absent in vegetal samples. The content 
of Ca, Mg, Na, and K are far from the maximum limit 
standards, 5.0 ppm. 

The physical-chemical parameters of the biofuels 
(biodiesel and bio-oils) are presented in Table 2. The density 
and viscosity of all products are lower than raw materials 
and the acidity and carbon residue of formed biodiesel 
are smaller than bio-oil. Only sulfated ash is within limit 
standards. However, the blend of different content of 
biofuels into petrodiesel could correct such distortions 
since the current proposal is the gradual diversification of 
the energy matrix.

The bio-oils required an additional analysis due to the 
great mixture of chemical components and GC-MS analysis 
was performed. The most concentrated ones are shown 
in Figures 3, 4, 5. As can be depicted, the fat trap bio-oil 
(FTWBO), Figure 3, derived bio-oil formed saturated fatty 
acid, mainly C18 (stearic and oleic) and C16 (palmitic) 
also seen in the LWBO, Figure 4, while FOBO, Figure 5, 
is composed by oleic acid, although an aldehyde (decenal) 
was described. No aromatic compounds were detected. 
As can be observed, the three bio-oils have a high acidity 
index, which was expected because of the carboxylic acids 
identified by GC-MS. 

Conclusions

This work demonstrated that WOG from sewage 
networks or other residual sources can be used to produce 
biodiesel that matches the Brazilian and international 
specifications. In addition to reducing the cost of production, 
by using low-cost feedstocks, employing circular economy 
principles also provide an alternative for recycling this 

Table 2. Physical-chemical properties of fat trap biodiesel (FTWBD), lard waste biodiesel (LWBD), frying oil biodiesel (FOBD), fat trap bio-oil (FTWBO), 
lard waste bio-oil (LWBO), frying oil bio-oil (FOBO)

Test FTWBD LWBD FOBD FTWBO LWBO FOBO Limits

Density at 20 °C / (g m-3) 876 874 884 880 860 874 865

Viscosity at 40 °C / (mm2 s-1) 6.14 4.54 4.34 8.47 7.29 7.03 1.9-6.0

Acidity / (mg KOH g-1 oil) 0.2 0.2 0.2 127.9 123.2 116.9 0.50

Carbon residue / wt.% 0.01 0.01 0.01 1.2 1.8 1.5 0.050

Sulfated ash / wt.% 0.01 0.01 0.01 0.01 0.01 0.01 0.020

Figure 3. Composition of fat trap bio-oil (FTWBO).

Figure 4. Composition of lard waste bio-oil (LWBO).

Figure 5. Composition of frying oil bio-oil (FOBO).
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waste and avoiding water contamination. It was also 
possible to produce bio-oils enriched with carboxylic acids 
from the pyrolysis of the three different WOGs. Despite 
the high acidity index, the bio-oils presented relevant 
physical-chemical parameters, demonstrating the potential 
to be used as an alternative energy source. Furthermore, 
upgrading bio-oil production through decarboxylation or 
hydrodeoxygenation could correct some properties and 
parameters, promoting the development of waste-to-energy 
processes. 
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