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Effect of Adding Crude Glycerol Produced from Biodiesel Industry on Biogas
Production from Anaerobic Digestion of Cattle Dung
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ABSTRACT

Effect of crude glycerol addition to cattle dung on biogas generation and methane percentage was studied. Five percentages of
crude glycerol were added to cattle dung during the anaerobic digestion process. The crude percentages ranged from 1 to 5% based on
total solids (from 4 to 20 g). The experiments were conducted at mesophilic conditions of ambient temperature (27+2 °C) and 40 °C.
Twelve batch-digested units were used for laboratory experiments procedure. The digested units were divided to two groups with six
digested units for everyone. The first group was operated at ambient temperature (27+2 °C). While, the second group was operated at
Forty degree centigrade. The full capacity of each digested unit was 5 Liters while, the working capacity was 4 Liters. The digester
feeding consists of 3.2 L of cattle dung and 0.8 L of inoculum. Five digesters of every groups were fed with different percentages of
crude (from 1 to 5%) namely G1, G2, G3, G4, and G5 in addition of GO (control digester with O percentage of crude).The obtained
results showed that the addition of crude glycerol to cattle dung during anaerobic digestion increased the biogas production rate and
consequently the total biogas production at different temperature levels. Moreover, increasing the percentage of crude glycerol added
increase the biogas production reached the maximum average biogas production rate of 0.212 and 0.296 L/L/day at G5 (5% crude
glycerol added about 20 g) and different temperature levels of 27 °C and 40 * respectively as compared with GO (0 crude glycerol
added). The increasing ratios were; 13.60 and 17.89% at the same temperatures respectively. Moreover, the total biogas production
reached the maximum values of; 51.489 and 59.279 L at the treatment of G5 and the same temperatures respectively, with increasing
ratios of 14.27 and 18.08% at the same temperatures as compared with GO. The maximum value of methane content was 66% with

increasing ratio of 8.28% and it was occurred at 5% crude glycerol and temperature of 40 °C.
Keywords: Anaerobic digestion, Biogas, Glycerol, Cattle manure, Methane.

INTRODUCTION

Expanding in energy production from natural sources
is important to avoid greenhouse gas emissions, rationalize
the fossil fuels uses and limits environmental pollution.

For securing energy resources, future strategies
include technologies for producing bioethanol, biodiesel and
biogas (Dharmadi et al., 2006 and Viana et al., 2012). Biogas
is the most widely used types of renewable energy all over
the world. However, its use in Egypt has not yet developed
similarly. During the producing process of biodiesel by trans
esterification reaction, about 10% wt of glycerol was
produced as by-product (Chozhavendhan et al., 2016). The
general characteristics of obtained crude glycerol from
biodiesel or oleo chemical plant are; dark brown color liquid,
bad smell and higher pH (Ayoub and Abdullah 2012).

Anaerobic digestion is the degradation process of
organic matter by a mixed population of microorganisms in the
absence of oxygen, to produce biogas which consists of a
mixture of methane and carbon dioxide. only a few studies
were be proceeded on biogas production from glycerol, and
the majority of them was focused on the valorization of crude
industrial glycerol. Meanwhile, Erin et al., (2016) stated that,
the crude glycerol prices was around 200220 US $/ton.
Moreover, Fountoulakis et al., (2010); and Robra et al., (2010)
reported that the crude glycerol can be added in co— digestion
with other wastes such as municipal solid wastes, agro-
industrial by-products and cattle slurry to maximize the
methane production using a continuous stirred tank reactor
(CSTR). During this process, bacteria convert insoluble
carbohydrates to soluble derivatives. Then the soluble sugars
and amino acids are converted to carbon dioxide, hydrogen,
ammonia and organic acids by acidogenic bacteria. Nextly,
acetic acid, ammonia, carbon dioxide and hydrogen are
produced from the fermentation products of the previous step
using the acetogenic bacteria. Finally, the products of
acidgenesis and acetogenesis are converted to methan and
carbone dioxid by methanogens (Grady Jr et al., 2011).
Another feature was, the solid remainder from anaerobic
degradation can be used as an organic fertilizer for arable land

(Waala et al., 2016).This strategy is known to balance the
nutrient content of the mixture and to reduce the effect of
inhibitory compounds from substrates throughout the AD
process (Holm-Nielsen et al., 2008; Mata-Alvarez et al., 2014).
Through the recent decade, a surplus production of the
biodiesel industry resulted in increasing the glycerol production
and a significant decrease in crude glycerol prices (Yazdani
and Gonzalez, 2007). Glycerol is the carbon source for
biological processes such as anaerobic digestion and
fermentation. However, the glycerol produced from biodiesel
industry is known as “crude glycerol” and it contains some
impurities such as fatty acid methyl esters, salts and methanol
(Leoneti et al., 2012 and Ayoub and Abdullah 2012).
Anaerobic digestion of glycerol with biomass is used for
generating biogas, which consists of methane and carbon
dioxide. Siles Lopez et al., (2009) studied the anaerobic
digestion of glycerol at mesophilic temperatures using granular
and non-granular sludge in batch laboratory-scale reactors. A
major challenge in the fermentation of low-grade crude
glycerol, is to obtain microbial strains tolerant to under-able
inhibitory components, such as salts and organic solvents
which are presented in crude glycerol (Varrone et al., 2015).
Da Silva et al., (2009) found that glycerol is an
attractive alternative for use through its co digestion with
other wastethe resulted in increase biogas production with
about 0.74 L per mL glycerol added. This is because the
glycerol is readily biodegradable and has a suitable pH for
anaerobic  processes, and there are varieties of
microorganisms that use glycerin as a carbon source in the
anaerobic process. Houcinat et al., (2018) investigated the
effect of temperature, retention time and glycerol
concentration, on the efficiency of gasification, gas
production and lower calorific value (LCV). The results
showed that maximum gasification efficiency, H2 and CO
production and LCV were obtained at a temperature of
809.36 °K, a retention time of 10 s and glycerol
concentration of 5% by weight. Fierro et al., (2016)
investigated the effects of glycerol concertation on inhibition
of co-designation of swine manure and glycerol. They found
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that an addition of glycerol up to 8% V/V caused a system
failure due to high concentration of H2S and VVFA, and thus
to achieve a complete degradation of proteins and lipids, a
post-stabilization stage was necessary. This co- digestion
effect was highest with glycerol concentrations of 3% to 6%
in hog manure with total solids content of about 4%. Also,
Amon et al., (2006) found that for co-digestion of manure
with glycerol in semi-continuous lab digesters, the addition
of glycerol should not exceed 6% by volume to ensure stable
operation. Holm-Nielsen et al., (2008) showed that glycerol
concentration of 3% (vol) was easy to manage and gave
increasing biogas yields. While, when the glycerol
concentration increased from 5 to 7 g/L in the digester,
methane was significantly reduced because of organic
overloading.

As bio-diesel production is rapidly growing all over
the world, a surplus of crude glycerol in global scale is to be
expected (Demirbas, 2007), and also a proportional increase
of crude glycerol (CG) as waste by-product. For efficient
utilization of CG, bioconversion process to hydrogen
production by dark fermentation can be considered as an
energy efficient and sustainable fuel generation option.
Consequently, utilization of electricity generated from biogas
will surely reduce the total energy input. Then the net energy
for different feedstocks will have a positive value (Vinayak et
al., 2016). Extensive researches were being conducted to
address the environmental problems, which produced from
the depletion of fossil fuels and the emission of greenhouse
gases, which contribute to global climate change using the
farm and industrial wastes. Many studies have reported that
an integration of crude glycerol with other systems for energy

a Experihental process at 27 °C
Fig. (1): Schematic of laboratory batch anaerobic digestion at temperatures of 27 and 40 °C.

The raw cattle manure used in the experiments was
obtained from animal farm, faculty of Agricultural,
Alexandria University. The obtained cattle manure was
chemically analyses to determine its characteristics Table (1).

Table 1.Chemical analysis of cattle manure.

Contents Value (%)
Total Solids (T.S) 22.86
Volatile Solids (T.V.S) 73.12
Total Organic Carbon (T.0.C) 42.41
Total Nitrogen (T.N) 1.64
Carbon to Nitrogen ratio (C/N ratio) 23.40:1
pH 7.86

The cattle manure was diluted with water to
achieve the desirable total solids of digestion materials

production is a necessary option despite the impurities in
crude glycerol, which benefit in some processes (Nartkeret
al., 2014; Varrone et al., 2015; Fierro et al., 2016; Flach et
al., 2017; Quan et al., 2017 and Chozhavendhan et al., 2018).

Crude glycerol, obtained from a biodiesel production
process, was tested to assess the impact of impurities in the
crude glycerol on digestion efficiency. Therefore, this
research study focused on the addition of variable
concentrations of glycerol to cattle manure in a batch-feed
digester system in order to evaluate biogas production and its
methane content. A variety feeding ratios of glycerol to
manure were investigated to determine the suitable feeding
regimes.

MATERIALS AND METHODS

The experiments working were conducted in the
Biogas Laboratory of Tractors and Machinery Test and
Research Station, Alexandria Governorate. Twelve batch-
digested units were used to evaluate the effect of crude
glycerol addition to cattle dung in anaerobic digestion
process on biogas production and its methane content. The
digested units were divided to two groups with six digested
units for everyone. The first group was operated at ambient
temperature (2712 °C). While, the second group was
operated at Forty degree centigrade. The full capacity of
each digested unit was 5 Liters while, the working capacity
was 4 Liters (Fig. 1). The digester feeding consists of 3.2 L
of cattle dung and 0.8 L of inoculum. The inoculum was
obtained from an old operated biogas digester fed with cattle
dung.

|

process at 0 °C

.
%
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inside every digester. The average digestion total solids
was 10% for every digester.

The amount of water added to digested materials
for reaching the desirable total solid was estimated by
equation (1), (LO et al., 1981).

x| T8 =Ts |
L Ts |
Where: Y = Water volume (L).

X = Raw organic material, (kg).

TSm = Total solids of raw organic material, (%) and

TSy = Total solids of digested influent, (%0).

The twelve digestion units used in the experimental
work were divided in two groups. Every group consists of
six digesters, which were feds as the follow; one digester
(control) was fed with cattle manure only (G0). The other

Liter (1)
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five digestion units were fed with cattle dung and crude
glycerol at different percentages of 1, 2, 3, 4 and 5% crude
glycerol by weight, which was equivalent to 4, 8, 12, 16
and 20 gm respectively. The crude glycerol used in this
experimental work was obtained from a biodiesel
production unit and its chemical analysis was illustrated in
Table (2). The total retention time was 60 days and the
digesters were shake for three time during the light day.
Table 2. The chemical analysis of crude glycerol.

Contents Value
Fat (%) 60.1
Carbohydrates (%) 26.9
Protein (%) 0.23
Calories (kJ/kg) 27.2
Ash (%) 5.50
Water (%) 12
Viscosity, (g/cm®) 1.2613

The biogas production volume was measured twice
a day using water displacement metering system under
laboratory condition (Angelidaki et al., 1992) as shown in
Fig. (2). Biogas samples were taken weekly from the
reactor headspace. The daily biogas production was
recalculated at the standard temperature pressure (0 °C and
1 bar) to adjust the biogas production volume under
standard conditions using equation (2) (Gosch et al., 1983):

v = Vi[273.15(P, —P, -P)l 5 (2
v [273.15+T]11013

Where:

Vi = gas volume under standard condition, (m?)

V; = volume of wet gas at pressure P and temperature T, (m°)

P1 = atmospheric pressure at temperature T, (in milli-bar)

P, = pressure of wet gas at temperature T, (in milli-bar)

P5 =saturation steam pressure of water at temperature T, (in milli-bar)
1013 = absolute pressure (in milli-bar) and

273.15 = standard temperature at 0 °C (K).

The average two temperatures inside the digestion
units through the experiments procedure period were; 27 and
40°C. The gas pressure (P2) ranged from 18.95 to 36.83
milli-bar with an average pressure of 29.33 milli-bar. In
addition, the atmospheric pressure (P1) ranged from 1011 to
1018 milli-bar with the average of 1014 milli-bar at 25°C.

Portable gas analyzer model of GA5000
(Geotechnical, UK) was used to measure methane (CH4),
carbon dioxide (CO2), hydrogen sulfate (H2S), Oxygen
(02), Hydrogen (H2), gas pressure (P2) and atmospheric
pressure (P1) (Fig. 3). Biogas compositions were measured
every ten days to determine the methane content in
produced biogas.

The digester output slurry was analyzed to
determine its characteristics of alkalinity, pH, total solids
(TS), and volatile solids (VS) according to standard
methods (APHA, 2005).

Gas valve

Sy,

Gas

Gas meter

Collecti

Fig. 2. Biogas measuring method using water
displacement system

Chemical analyses:
Total Solids:

To determine the total solids percentage, samples of
the fresh cattle dung and digester slurry were dried at 105 +
2 °C for 24 hours to reach constant weigh (APHA, 1989)
using An electric oven model of WS 200, type 117-0200,
temperature range up to 300 °C.

Volatile Solids.

To determine the volatile solids percentage, the dried
sample from the total solids was ignited at 600°C for two
hours in a digital Muffle Furnace Model of F-14 (Korea), the
temperature range of 100 to 1200 °C. The loss in weight was
considered as the volatile solids fraction of the total solids
(APHA, 1989). The volatile solids (VS) mass in kg was
determined using equation (3), (Wittmaier, 2003)

VS (kg) =M fresh X VS (%) «ecevvenenne. 3)
Organic matter and organic carbon (O.M & O.C):

The percentage of organic matter was estimated
from the percentage of ash using the equations 4 and 5
(Black et. al., 1965):-

O.M (%) =100 (%) — ash (%)...cceev.... @

0.C (%) =0.M (%)/1.7421................... (5)

Data analysis:

Excel spreadsheet was used to determine the
averages of biogas production rate, biogas cumulative,
biogas compositions, influent and effluent characteristics at
different factors affecting biogas production throughout the
experimental work.

RESULTS AND DISCUSSION

The effect of crude glycerol added to the digestion
cattle manure at different percentages was investigated at
different temperature conditions and crude percentages. The
obtained results were listed in Table (3), the results clear that,
the cumulative biogas production was increased with
increasing temperature and crude glycerol percentages.

Table 3.The effect of crude glycerol and temperature on biogas production rate and cumulative.

Average biogas production

Cumulative biogas

Increasing ratio,

Treatments rate (L/L/day) production, (L) (%)
27°C 40 °C 27°C 40 °C Biogas production rate Cumulative

GO 0.187 0.251 45.058 50.202 34.54 11.42
Gl 0.191 0.263 46.105 52.549 37.84 13.98
G2 0.195 0.267 47.202 53.323 36.99 12.97
G3 0.200 0.278 48.615 55.407 38.90 13.97
G4 0.206 0.287 49.965 57.495 39.50 15.07
G5 0.212 0.296 51.489 59.279 39.62 15.13
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1- Effect of crude glycerol addition on biogas production:

The effect of adding the crude glycerol to the
digested cattle dung on biogas production rate and
cumulative at ambient temperature (27 °C) was illustrated
in Figs. (3 and 4) The biogas production rate was increased
at different treatments with the retention time reached the
maximum values of 0.358 L/L/day at 21th day for GO,
0.360, 0.365 and 0.367 L/L/day for G1, G2 and G3
respectively at 20th day, 0.374 L/L/day for G4 at 19th day,
and 0.391 L/L/day for G5 at 18th day. However, the
cumulative biogas production increased with increase the
glycerol percentage. The maximum biogas cumulative at
27 °C was 51.489 L and it occurred at glycerol percentage
of 5% (20 g of glycerol addition). The increasing ratios of
biogas production due to add of crude glycerol were; 2.32,
4.76, 7.90, 10.89 and 14.27% at G1, G2, G3, G4, and G5
respectively as compared with GO (without crude glycerol).

Temperature of 27 °C
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Fig. 3. Biogas production rate with different treatments
at27°C
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Fig. 4. Cumulative biogas production with different
treatments at 27 °C

2- Effect of crude glycerol addition on biogas production:

The effect of adding the crude glycerol to the
digested cattle dung on biogas production rate and
cumulative at ambient temperature (27 °C) was illustrated
in Figs. (3 and 4). The biogas production rate was
increased at different treatments with the retention time
reached the maximum values of 0.358 L/L/day at 21" day
for GO, 0.360, 0.365 and 0.367 L/L/day for G1, G2 and G3
respectively at 20" day, 0.374 L/L/day for G4 at 19" day,
and 0.391 L/L/day for G5 at 18" day. However, the
cumulative biogas production increased with increase the
glycerol percentage. The maximum biogas cumulative at
27 °C was 51.489 L and it occurred at glycerol percentage

of 5% (20 g of glycerol addition). The increasing ratios of
biogas production due to add of crude glycerol were; 2.32,
4.76, 7.90, 10.89 and 14.27% at G1, G2, G3, G4, and G5
respectively as compared with GO (without crude glycerol).

On the other hand, the biogas production rates and
cumulative at 40 °C were fitted in Figs. (5 and 6). The
maximum biogas production rates were; 0.464, 0.470, and
0.474, L/L/day for GO, G1, and G2, respectively at 19"
day, 0.483 L/L/day for G3 at 18" and 0.505, and 525
L/L/day for G4 and G5 respectively at 17" day. However,
the maximum biogas production was 59.279 L at G5 with
increasing ratio of 18.08% as compared with GO (control
treatment). The increasing ratios of different treatments
were; 4.67, 6.22, 10.37 and 14.53% at G1, G2, G3, and G4
respectively, as compared with GO. From the previous
results we can be noted that the biogas production rates and
cumulative were increased with increasing the crude
glycerol addition, this increasing may be due to high ratios
of fats and carbohydrates in crude glycerol.

Temperature of 40 °C
0.6

-+G0

-Gl 462 -x-G3 -*G4 G5

0.5

0.4

03

0.2

Biogas production mrate, (L/l/day)

0.1

0.0 —
0 10 20 30 40 50 60
Retention time, (day)

Fig. 5. Biogas production rate at different treatments
and 40 °C

Temperature of 40 °C
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40.0
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20.0

10.0

Cumulative biogas production, (L)

0.0 L
0 5 10 15 20 25 30 35 40 45 50 55
Retention time, (day)

Fig. 6. Cumulative biogas production at different
treatments and 40 °C

3- Effect of temperature on biogas production:

Effect of temperature on biogas production rate was
illustrated in Figs. (7, 8, 9, 10, 11 and 12). The obtained
data indicated that increasing digestion temperature from
27 °C to 40 °C increase the biogas production rate from;
0.187 to 0.251, 0.191 to 0.263, 0.195 to 0.267, 0.200 to
0.278, 0.206 to 0.287, and 0.212 to 0.296 L/L/day at GO,
G1, G2, G3, G4, and G5 respectively. The increasing ratios
were; 11.42, 13.98, 12.97, 13.97, 15.07, and 15.13% at the
same treatments respectively.
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Fig. 9. Effect of temperature on biogas production rate
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Fig. 11. Effect of temperature on biogas production rate
at 4% glycerol added

In addition, the total biogas production was
increased from; 45.058 to 50.202, 46.105 to 52.549, 47.202
to 53.323, 48.615 to 55.407, 49.965 to 57.495, and 51.489
to 59.279 L at different treatments of GO, G1, G2, G3, G4,
and G5 respectively, with increasing ratios of; 11.42,
13.98, 12.97, 13.97, 15.07, and 15.13% at the same
treatments respectively.

4- Effect of crude glycerol and temperature levels on
the methane content:

Effect of crude glycerol and temperature levels on
methane content of biogas production from cattle dung were
illustrated in Figs. (13 and 14). The obtained data clear that
the average methane content of biogas was increased with
increasing crude glycerol addition and digestion
temperatures. From Fig. (13), it can be noted that the average
methane content was increased with increasing crude
glycerol addition percentage. The increasing ratios were;
1.74,2.03, 2.91, 4.07, and 4.65% at G1, G2, G3, G4, and G5
respectively as compared with GO (without crude glycerol).
Moreover, increasing the digestion temperature to 40 °C
increase the methane content at different crude glycerol
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rate at 3% glycerol added
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Fig. 12. Effect of temperature on biogas production
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percentages. The maximum value of methane content was
66% with increasing ratio of 8.28% as compared with non-
glycerol added and it occurred at crude percentage of 5 %
and 40 °C. This results was in agreement with Robra et al.,
(2010). The increasing ratios of methane content at 40 °C
were; 3.79, 4.48, 4.83, and 6.55, at G1, G2, G3 and G4
respectively as compared with GO.
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Fig. 13. Effect of glycerol added on methane content at
27°C
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Temperature of 40 °C
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Fig. 14. Effect of glycerol added on methane content at
40°C

Moreover, increasing digestion temperature from

27 to 40 °C increase the average methane content with

about; 1.16, 3.20, 3.59, 3.05, 3.58, and 4.67% at different
treatments of GO, G1, G2, G3, G4, and G5 respectively.

CONCLUSION AND
RECOMMENDATIONS

The obtained results showed that the addition of
crude glycerol to cattle dung during anaerobic digestion
increased the biogas production rate and consequently the
total biogas production at 27 and 40 °C temperatures.
Moreover, increasing the percentage of crude glycerol
added increase the biogas production rate reached the
maximum values of 0.212 and 0.296 L/L/day at G5 (5%
crude glycerol added about 20 g) and temperatures of 27 ©
and 40 °, respectively as compared with GO (0 crude
glycerol added). The increasing ratios were; 13.60 and
17.89% at the same temperatures respectively. In addition,
the total biogas production reached the maximum values
of; 51.489 and 59.279 L at the treatment of G5
temperatures of 27 and 40 °C, respectively, with increasing
ratios of 14.27 and 18.08% at the same temperatures as
compared with GO. These increases in biogas production
may be due to high ratios of fats and carbohydrates in
crude glycerol. The maximum value of methane content
was 66% and it was occurred at 5% crude glycerol and
temperature of 40 °C.

It is highly recommended that more research works
will be required to evaluate the addition of highest
percentages of crude glycerol on biogas production from
different organic materials at wide range of temperatures
and different digestion methods (batch, semi-continuous,
and continuous type).
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