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Abstract Scum from grease traps and sludge from
wastewater are an oil-rich waste from the wastewater treat-
ment plants. To mitigate possible negative impacts on the
environment, the production of biodiesel from grease traps
and sludge from sumps and septic tanks was investigated.
These wastes are characterized by a high content of free fatty
acids (FFA) and processed towards biodiesel by acidic
esterification. The reaction of FFAs by an acid catalyst was
optimized through a response surface methodology. The best
conversion (95.3%) was obtained with acid catalyser (1.5%

Conventional Sewage Treatment

w/w oil/4 h) and raw material from the grease trap at the
university restaurant at 70 °C and a molar ratio of 1:9 (oil/
alcohol). In conclusion, there is viability of biofuels pro-
duction through the use of sanitation waste as raw material.

Graphical Abstract

Scum and sludge are an oil-rich waste from the sewage
treatment plants. To mitigate possible negative impacts on
the environment, these raw materials were used as feed-
stock for biodiesel production.
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Introduction
The development of alternative technologies has led to the

production of biodiesel. This biofuel is used as a substitute
for petroleum, which traditionally has been considered as
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the best candidate compared to all other energy sources
(Leung et al. 2010). Biodiesel has been used directly or
blended with diesel oil at various levels in many countries.
The increasing demand for biodiesel is also due to
awareness of the environmental impact of emissions from
conventional fossil fuels combustion. Compared to petro-
leum-based diesel, biodiesel has a more favourable com-
bustion emission profile such as low emission of carbon
monoxide, particulate matter and unburned hydrocarbon
(Chen et al. 2008).

Biodiesel can be produced by the transesterification
reaction, in which animal fat or vegetable oil is reacted
with alcohol in the presence of a catalyst (Adewale et al.
2015). Price and availability are important factors that
determine different types of feedstocks used for biodiesel
production from one region of the world to another (Ra-
madhas et al. 2005; Balat 2011; Kumar et al. 2011; Badday
et al. 2013; Sanli et al. 2013). Despite the current growth,
sustainability of the biodiesel industries may be limited due
to the industry’s inability to secure cheap feedstock (Rhee
et al. 1989).

The use of waste oil and grease (O&G), such as waste
frying oil, fatty acids, scum from grease traps and sewage,
as raw materials for the generation of biodiesel can sig-
nificantly contribute to the reduction of production costs
and characterizes the process as sewage treatment (Oliveira
et al. 2014), since O&G affects the operation of traditional
wastewater treatment plants, inhibiting biological activity
in activated sludge reactors and causing clogging and
fouling of pumps and piping (Rhee et al. 1989). In a study
conducted by the National Renewable Energy Laboratory
in the USA, 30 metropolitan areas generated an average of
6 kg of fats, oil and grease per year per person. This fig-
ure is even larger than the estimated volume of restaurant
waste cooking oil generated in the USA, which is just
around 4 kg/person/year (Wiltsee 1998).

Previous studies have focused on fats, oil and grease
samples obtained directly from food establishments (Ra-
madhas et al. 2005; Kulkarni and Dalai 2006; Badday et al.
2013; Ezebor et al. 2014). Moreover, there are no published
articles on the esterification of sanitation waste. In the
present study, biodiesel production of scum from grease
traps and sludge from sumps and septic tanks using the
acid-catalysed reaction was studied. The reactions were
optimized using response surface methodology. The pro-
duced biodiesel was analysed and compared to the standard
specifications by the Brazilian National Agency of Petro-
leum, Natural Gas and Biofuels. With the completion of
this work, it will be possible to determine whether the oily
from sanitation waste can be an alternative for the gener-
ation of biodiesel.
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Experimental
Raw material for esterification

The raw materials used in this study for the production of
biodiesel were the following: scum from the grease trap of
a food processing plant (SGT-FPP) from the municipality
Grande Vitoria; scum from the grease trap of the university
restaurant (SGT-UR) at the Federal University of Espirito
Santo (UFES); scum from the grease trap at the UFES
wastewater treatment station (SGT-WTS); and sludge from
sumps and septic tanks (SSST) at the campus of UFES. The
grease trap samples were collected according to the
Brazilian Regulatory Standard 10007 (ABNT 2004).

Extraction and characterization of sanitation waste
oil

The extraction of oil and grease and the physical-chemical
characterization of the oil extracted as well as the chro-
matography analysis (fatty acid composition) can be
observed in Oliveira et al. (2016), previously published by
this research group.

Experimental design/statistical analysis

To check the effect of the variables on the reaction con-
version, as well as to determine the conditions that maxi-
mize the synthesis of esters, a factorial design (3%) with 3
levels and 2 variables was adopted. Table 1 shows the
ranges of the study variables. These ranges are defined to
cover most of the studies described in the literature
(Freedman et al. 1984; Bondioli 2004; Mondala et al. 2009;
Oliveira et al. 2010; Muhammad and Rohani 2011; Aitao
et al. 2012).

The effects of each of the selected variables were
analysed with regard to the conversion using the computer
program STATISTICA version 10 as a statistical tool. The
statistical analysis allowed us to express the process con-
version as a polynomial model; that is, the response can be
written as a function of the variables. An analysis of
variance (ANOVA) of the data was also performed, and the
values were considered significant when p < 0.05. The

Table 1 Levels assumed by variables

Variable Study range

Low (—1) Central (0) High (+1)
Molar ratio (oil/alcohol) 1:3 1:6 1:9
Temperature (°C) 50 60 70
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optimal values of the independent variables were deter-
mined by performing a three-dimensional analysis of the
response surface of the independent and dependent
variables.

Acid esterification

The esterification procedure with acid catalysis is based on
the reaction between the waste oil and the ethanol in an
acid medium to obtain ethyl esters from fatty acids. The
catalyser used was sulphuric acid (H2SO4, Sigma-Aldrich)
at a fixed concentration of 1.5% (w/w oil) based on the data
in the literature for this type of waste (Freedman et al.
1984, Oliveira et al. 2010). The reactions were conducted
using 125-mL Erlenmeyer flasks, in which 10 g of oil,
ethanol in the molar ratio determined by the experimental
design and sulphuric acid at 1.5% w/w relative to the oil
were held at temperatures of 50, 60 and 70 °C and con-
tinuously stirred for 4 h. After the 4 h, an aliquot was
extracted from the medium for quantification of the bio-
diesel, and subsequently, the mixture was washed twice
with water to neutralize the pH, followed by centrifugation
to separate the glycerol and impurities.

Calculation of the conversion to ethyl esters

The conversion into biodiesel was calculated according to
measured reductions in the values of acidity index. As the
esters form, the amount of free fatty acids decreases, and
the acidity index therefore decreases. According to Oliveira
et al. (2010), this methodology can provide a good pre-
diction of the conversion to esters, with very similar values
compared to data obtained with gas chromatography. Other
authors have already demonstrated the efficiency of this
methodology (Mello et al. 2008; Lucena et al. 2011; Ma
et al. 2015) by using Eq. 1, used to determine conversion:

1Ay — IA
Conversion (%) = —~—— x 100 (1)

where 1A is the oil acidity and IAg is the final acidity of
the biodiesel.

Biodiesel analysis

To verify that the product meets the Brazilian specifica-
tions, we used several analytical methodologies described
by the American Oil Chemists Society (AOCS 1997) and
American Society for Testing and Materials (ASTM 2001),
such as the acidity index (%), water content (%), density,
flash point and total glycerine (%).

Results and discussion

The extraction of oil and grease and the physical-chemical
characterization of the oil extracted can be observed in
Oliveira et al. (2016), previously published by this research
group. In Fig. 1 are shown pictures of stages of oils
extraction of raw grease trap waste for biodiesel
production.

The amounts of oils from the grease traps and from
sludge from sumps and septic tank are shown in Fig. 2a.
The acid index from the extracted oils is shown in Fig. 2b.
According to Kulkarni and Dalai (2006), if the FFA content
exceeds 1-3%, acid transesterification is considered the
best route to convert the FFA into esters. The composition
of free fatty acids is shown in Fig. 2c. The heterogeneity of
FFAs in oils and greases from sanitation waste samples is
explained by the high use of animal fats and vegetable oils
from the kitchens that are discharged in the effluent.

Acid esterification

The conversion percentages of the esterification reactions
via acid catalysis with the 1.5% concentration of H,SO,
and the reaction time of 4 h were obtained at different
molar ratios and temperatures and are shown in Table 2.

Fig. 1 Images of stages of oils extraction of raw grease trap waste for biodiesel production. Scum of grease trap of a food processing plant (a);

collection of this raw materials (b); extracted oil and greases (c)
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Fig. 2 Mean values with SD of
oils and grease from sanitation
wastes (a); mean values with
SD of acid index

(mg KOH g™ ") from extracted
oils (b) and composition of free
fatty acids in this raw materials
(¢). SGT-FPP scum from the
grease trap of a food processing
plant; SGT-UR scum from the
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restaurant; SGT-WTS scum from
the grease trap at the UFES
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septic tanks
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Table 2 Results of the 3 factorial design with triplicate of the centre point, obtained after 4 h of acid esterification of waste oils and grease

Trials Reaction conditions Conversion (%)
Molar ratio (oil/alcohol) Temperature (°c) SGT-FPP SGT-UR SGT-WTS SSST

1 1:3 50 79.9 £ 0.01 66.1 £+ 0.01 84.6 + 0.02 68.6 £+ 0.03
2 1:3 60 85.4 + 0.01 67.6 £ 0.01 85.5 + 0.02 69.9 £+ 0.03
3 1:3 70 86.5 + 0.01 53.1 £ 0.01 88.8 + 0.02 68.6 £+ 0.03
4 1:6 50 88.9 + 0.01 82.3 £+ 0.01 86.0 + 0.02 68.2 £+ 0.03
5 1:6 60 91.9 + 0.01 83.2 + 0.01 88.1 +0.02 72.1 £ 0.03
6 1:6 70 89.2 £+ 0.01 93.8 £ 0.01 87.9 + 0.02 71.7 £ 0.03
7 1:9 50 92.2 £ 0.01 87.2 £ 0.01 89.5 + 0.02 69.2 £+ 0.03
8 1:9 60 91.4 £ 0.01 81.9 £ 0.01 91.5 £ 0.02 74.9 £ 0.03
9 1:9 70 88.5 £+ 0.01 95.3 £+ 0.01 92.1 £ 0.02 72.1 £ 0.03
10 1:6 60 92.2 £ 0.01 82.9 £+ 0.01 91.3 £ 0.02 69.9 £+ 0.03
11 1:6 60 93.4 + 0.01 89.8 + 0.01 90.9 £ 0.02 70.5 £+ 0.03

Table 2 shows the result of the conversions of waste oils
and grease to esters by acid catalysis with sulphuric acid. It
is noted that the highest conversion with this type of
catalysis was 95.3% at a temperature of 70 °C and a molar
ratio of 1:9 (oil/alcohol) using oils and grease from the
SGT-UR. For the SGT-FPP, the highest conversion was
93.4% at 60 °C and a molar ratio of 1:6 (oil/alcohol). For
the SGT-WTS, the highest conversion obtained was 92.1%
at 70 °C and a molar ratio of 1:9 (oil/alcohol), whereas the
SSST oils and grease exhibited the lowest biodiesel
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conversions among the evaluated waste types, with a
maximum conversion of 74.9% at 60 °C and a molar ratio
of 1:9. The ANOVA is described in Table 3.

For the raw material from the SGT-FPP, the ANOVA
showed that the linear and quadratic molar ratio, the
quadratic temperature and the linear interaction between
the variables are significantly related to the conversion
percentage of the acid catalysis at a significance level of
0.05. For the evaluated reactions with oils and grease from
the SGT-UR, it was found that only the linear and
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deohalyss reation wsng. 5Q P ms F ;
sulphuric acid SGT-FPP
(1) Molar ratio O/A (L) 68.68 1 68.68 80.89 0.000284
Molar ratio O/A (Q) 24.96 1 24.96 29.40 0.002888
(2) Temperature (°C) (L) 1.70 1 1.70 2.010 0.215452
Temperature (°C) (Q) 15.70 1 15.70 18.49 0.007714
IL by 2L 26.52 1 26.52 31.23 0.002530
Error 4.24 5 0.84
Total SS 156.30 10
SGT-UR
(1) Molar ratio O/A (L) 1003.62 1 1003.62 25.29 0.004001
Molar ratio O/A (Q) 343.36 1 343.36 8.65 0.032180
(2) Temperature (°C) (L) 7.26 1 7.26 0.18 0.686597
Temperature (°C) (Q) 6.96 1 6.96 0.17 0.692633
1L by 2L 111.30 1 111.30 2.80 0.154779
Error 198.34 5 39.67
Total SS 1669.60 10
SGT-WTS
(1) Molar ratio O/A (L) 33.60 1 33.60 10.95 0.021234
Molar ratio O/A (Q) 0.090 1 0.09 0.02 0.870029
(2) Temperature (°C) (L) 12.61 1 12.61 4.11 0.098346
Temperature (°C) (Q) 4.68 1 4.68 1.52 0.271174
IL by 2L 0.64 1 0.64 0.2 0.666963
Error 15.33 5 3.06
Total SS 66.96 10
SSST
(1) Molar ratio O/A (L) 13.80 1 13.80 7.54 0.040478
Molar ratio O/A (Q) 0.82 1 0.82 0.45 0.531410
(2) Temperature (°C) (L) 6.82 1 6.82 3.73 0.111262
Temperature (°C) (Q) 8.94 1 8.94 4.88 0.078014
1L by 2L 2.10 1 2.10 1.14 0.332726
Error 9.14 5 1.82
Total SS 40.83 10

The significant variables are shown in bold

SQ sum of squares, DF degrees of freedom, MS mean square, F test statistic, P p value

quadratic molar ratios were significant. For the catalyses
involving raw materials from other waste (SGT-WTS and
SSST), only the linear molar ratio was significant.
Considering the regression coefficients obtained at a
95% confidence interval, it was possible to write mathe-
matical model corresponding to the response variable
(conversion) according to the equations below:

SGT - FPP C(y), = 88.3631 + 6.7667R + 3.1395R*
+ 2.4894T? — 5.1500RT

SGT - UR Cyy;) = 78.9333 + 25.8667R + 11.2000R
SGT - WTS C(y) = 88.7454 + 4.733R
SSST Cy) = 70.5181 + 3.0333R

where C(4, is the conversion to biodiesel given as a per-
centage, R is the molar ratio (oil/alcohol), and T is the
temperature in °C.

The analyses of the biodiesel conversions with the four
types of raw materials are given in the surface response
plots as shown in Fig. 3.

For acid-catalysed reactions with all four types of waste
can be no increase in conversion when the molar ratio (oil/
alcohol) is increased. The temperature had little or no
significance for the conversion of esters under the condi-
tions evaluated, and the transesterification using SSST oils
exhibited very low conversions. It is worth noting that the
conversions were almost entirely above or near 90%, with
the exception of biodiesel made with oils and grease from

@ Springer
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Fig. 3 Contour plot (response surface) for yield values by the influence of molar ratio (oil/alcohol) and temperature (%) and a simple plot to
demonstrate individual influences of variables on yield (%). a SGT-FPP, b SGT-UR, ¢ SGT-WTS and d SSST

the sludge from sumps and septic tanks. This low conver-
sion can be explained by high moisture content, which may
have negatively influenced esterification or the presence of
non-esterifiable lipid material.

Overall, the oily waste from grease traps showed
promising results with this catalyser. The acid catalysis
results for biodiesel production from sanitation oily waste
studied herein were superior to those reported in the liter-
ature by several authors. Barros et al. (2008), using
demulsified waste fat from grease traps in a mall in Blu-
menau (Brazil), obtained a maximum biodiesel conversion
of 80% using sulphuric acid (H2SO4) as a catalyser. In
Canada, Muhammad and Rohani (2011) studied acid
catalysis for the production of biodiesel from oils and
grease derived from primary and secondary sludge and
obtained conversion of 41.25 and 38.94% (w/w dry
sludge), respectively, with the use of natural zeolites for the
removal of water formed during the esterification process.
Other authors have also studied the production of biodiesel
from sewage sludge using sulphuric acid as a catalyst,
including Mondala et al. (2009) in Tuscaloosa, USA., who
obtained a 10% methyl ester conversion, and Revellame
et al. (2010), who found values close to 4% of biodiesel per
dry weight of sludge.

Considering the high yield results obtained here vali-
dates the use of oils and grease from sanitation waste as

@ Springer

raw material for acid esterification reaction for further
production of commercial biodiesel.

Quality analysis of biodiesel synthesized

Table 4 presents the fuel properties of biodiesel compared
with standards ANP—Brazilian National Agency of Pet-
roleum, Natural Gas and Biofuels (Resolution 7) (ANP
2010) for pure biodiesel (B100). The characterization was
done using the conditions of the best yield of biodiesel:
SGT-UR under the highest temperature (70 °C) and highest
oil/alcohol molar ratio (1:9) conditions. The only parame-
ter that was not within the specifications was the acidity
index. It is expected that a larger number of washes during

Table 4 Physicochemical characterization of the ethyl esters

Properties Ethyl esters ANP limits*
Acidity index (mg KOH/g) 3.9+ 0.02 <0.50
Density at 20 °C (kg/m?) 898 + 0.40 850-900
Flash point (°C) 215.7 +£0.30 >100
Moisture content (%) 0.05 £ 0.001 <0.05

Free glycerine (%) 0.018 + 0.001 <0.02

Total glycerine (%) 0.23 £ 0.008 <0.25

* ANP—Brazilian National Agency of Petroleum Natural Gas and
Biofuels
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the purification of the biodiesel should decrease the acidity
index because the FFA are drawn into the aqueous phase
due to the polarity.

Conclusions

The sanitation waste is available in large amounts in urban
centres and represents an environmental issue. Based on
results of this work, it is suggested that oils and grease from
grease traps and sludge from sumps and septic tanks are a
potential source of lipids for the production of the biodie-
sel. The results showed high biodiesel conversion rates via
the optimization modelling for studied catalytic route. The
best conversion rate found was 95.3%, and the optimum set
of operational conditions was obtained using the lipid
material from the grease trap of the university restaurant
catalysed with the sulphuric acid at an optimal temperature
of 70 °C and a molar ratio of 1:9 (oil/alcohol).
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