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ABSTRACT

The attention to renewable energy increasing as a result of global energy security problems, climate
change, and environmental pollution, therefore we found that the rates of renewable energy applications are
increasing progressively over the years. In general canola oil can be utilized as an energy source through
transesterification which increases its value. This research is aimed to appreciate the feasibility of using canola oil
with the wastewater through biological technology. Canola oil should induce high methane production potential
but this does not happen without certain drawbacks. For this purpose, canola oil was co-anaerobic digested with
wastewater under different loading rates, a continuous stirred tank reactor (CSTR) was used for anaerobic digestion,
and the experiment was conducted for 60 days at 37°C. Hence, evaluate digestion conditions, stability, and affect
the overall operational efficiency depending on canola oil characteristics. The results showed that it was noticed that
the biogas production varied from 620.12 -1569.20 I/kgots.day depending on OLR 1-3 gots | *d 2. The highest biogas
production was 47 I/day with methane content 69.19% when the loading rate was 3 gots | *d1.Co-digested canola
oil with wastewater produce a methane yield that may reach up to 47 I/day with methane content 69.19%, the
highest one produced by 3 g ots |1 d* While increasing loading rate lead to increase VFA, decrease pH level and
the production.The ratio of output /input energy reached to1.9 if canola oil used as biogas substrate but be 1.3 when

canola oil used as biodiesel source.
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INTRODUCTION

In the last few years, there has been a growing interest
in biofuel energy sources, sustainable development, and eco-
friendly ideas as a result of the fossil energy resources
decrease, and environmental problems increase. Various
biofuel energy resources explored include biogas, bio-alcohols
and biodiesel. Gasification of biomass through the anaerobic
digestion process allows transforming it into biogas, which is
much more appreciate to obtain heat, mechanical , and
electrical energy. Biogas production technologies are ideally
suited to the developing countries, for providing fuel,
electricity, and high-grade fertilizer. The anaerobic digestion
process (AD) or also it's known as bio gasification involves the
transformation of organic compounds in an oxygen-free
environment to useful energy carrier gas called biogas.

Undoubtedly, the biofuel cost considers as a vital
factor to the selection, another and probably more substantial
factor that should be considered when valuing market prices
for biomass and biofuel energy.

Generally, canola oil produce by extracted from the
oil-bearing canola seed by squeezing it out. Canola oil can be
used to produce a renewable fuel called methane through
anaerobic digestion technology, whereas using oil as a
substrate in anaerobic digestion induces high methane
production potential. However, this does not happen without
appointed drawbacks. In this study, the anaerobic digestion
opportunities and challenges linked with canola oil as a
substrate are identified by dissection of factors that affect
anaerobic digestion.

Canola oilseed contains 40-45% oil, the oil percentage
in it is the same as sunflower seed and higher compared to
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other oilseeds as soybeans, which the oil percentage about 18—
20% recorded by Yadava et al., (2012).

In 2014, the world production of canola seed oil was
26 million tons according to (FAO, 2016). Approximately 23
kg of canola seed used to extract 10 | of canola oil, while, the
remainder from the extraction process (canola meal) can be
used as animal feed. Canola oil now serves as the essential
feedstock in Europe for biodiesel production Encinar et al.,
(2018). The canola oil is widely used as a source for biodiesel
production in an effort to reduce the cost of production,
whereas it is less expensive than other vegetable oils and
therefore has become a favorable alternative. This research
opens a new chance, for valorizing canola oil as a source for
another kind of biofuel by incorporates the digestion process
into the bio refinery concept (anaerobic digestion). Applying
the anaerobic digestion technology approve many advantages
as produces much more stable digestion, required less energy
and generates less wastewater cited by Ferreira et al.,(2012).

Generally, Oils are rich in unsaturated long-chain fatty
acids that help in bio methane production potentials (BMPs),
which make it are comparable to the conventional substrates,
like animals dung, wastewater, and sludge waste confirmed by
Carvajal et al., (2014).

The foaming formation might be further complicated
with oil-based digestion systems because of the presence of
fats, which have a high tendency to float. At the same time, it
must be borne in mind that foaming can be affected by several
factors as organic loading, mixing regime, temperature, and
type and size of solids as proposed by Ganidi et al., (2009).

Several previous studies concluded that the microbial
communities can be managed through organic loading rate
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(OLR) fluctuations so the biogas production can also be
controlled as described by Ferguson et al., (2016).

The High OLR leads to increase volatile fatty acids
(VFA) concentrations and at last reduces pH in the digester
and this condition prevents methanogenic growth and activity
in the digester. An equally significant aspect with high OLR is
the bacteria washout, which also leads to process failure.
Accordingly, OLR can be used as a device, to manage the
microbial communities in the digester, whereas every new
load causing a different variation in the microbial profile, so
support digester resilience to any future shocking. Thus, the
optimization of OLR is pivotal to the success of digestion as
recommended by Szewczyk and Bukowski (2008).

In terms of methane production, Jiang et al., (2018)
reported that generally increasing of OTS substrate induces a
higher methane production and the low methane production is
associated with lower OTS. At the same time increase in
methane production with a rise in OTS is not unlimited
whereas an increase in OTS leads to prevent the substrate from
transfer across the cell walls of the microorganism and this will
subsequently decrease methane yield.

The percentage of row feedstock in the mixture is
significant factor, whereas the biogas production can be
significantly increased by 67.68% depending on OTS added
to digester, so feedstock’s percentages have to put into
consideration as proposed by Metwally, (2019).

The agitation is a very important parameter to optimize
dealing with oil material, whereas detrimentally high organic
loadings causing foaming and possible digester instability,
Therefore, Mild agitation requirements can be done with
frequent substrate feeding instead of long breaks before
feeding as informed by Kumar et al., (2013).

The objectives of this study are to (i) investigate the
opportunities of the anaerobic digestion related to canola oil
are specified by analysis of factors that influence anaerobic
digestion as different organic loading rates; (i) explore the bio-
methane potential compared to biodiesel from canola oil; (iii)
reduce the cost of canola oil by increasing the utilization
efficiency for energy generation.

MATERIALS AND METHODS

The digestion experiment was carried out as a
proposed way to valorize the canola oil and consolidate the
anaerobic digestion process into the biorefinery concept. For
this proposal, a virgin biomass resource ‘canola oil’ was
utilized, and it has never been utilized as a substrate before for
the biogas production.

Reactor and experimental setup:

The experiment was conducted using a continuous
stirred tank reactor (CSTR), cylindrical in shape, a double-
walled glass with a working volume of 10 |, it was operated
under a controlled mesophilic temperature of 37°C.

The generated biogas was collected via a tube attached
to the gas sampling (gas bag). Feeding of new material and
withdrawal of digested substrate was done through the
sampling port on the top of the reactor. The reactor contents
are completely mixed with mechanical stirrers using an
electrical motor. The stirring interval and its intensity are set as
required depending on the foam formation, wherefore the
stirring system was turned on every 5 hours. Figure (1) shows
the basic structure of a continuous reactor.

The reactor was initially filled with anaerobic sludge
taken from an industrial-scale anaerobic treating with
effluents from animal farm wastes in order to increase the
microbial activity. The sludge was prepared by automatic
agitation in order to homogeneity before setting them into
the digesters.

The substrate adding was 1 - 3 g ors | * d* seeded
initially at a low OLR since it was expected that loading a
higher amount may lead to process inhibition. Subsequently, it
was increased the OLR step by step, depending on the
conditions of the fermenter. During the experiment period, the
digester was manually fed once a day, and samples were
always previous to the loading process for analysis. The OLR
of canola oil was increased when the biogas production
starting in decreasing.

O. Part Name

N

1 Substrate additional

2 Substrate removal

3 Biogas outlet

4 Agitator-Mixing device

5 Stirred —tank reactor 15l

6 Thermostat gate
Fig. 1. A continuous reactor.

Nitrogen gas was used at the beginning and after each
liquid sampling to create anaerobic conditions. The digestion
process was conducted until the increase of the daily gas
production reached a minimum and neglected amount.
Analysis methods

Various analyses of the substrate, inoculum, and
biogas were carried out over the experiment in order to
evaluate the process. Process stability is assessed on the basis
of the parameters examined. The factors are scrutinized under
several sub-headings as process conditions and parameters.
The Characterization of substrate is shown in Table 1.

Table 1. The Physicochemical properties of canola oil.

Parameters Canola oil
pH 4-5
Density at 20 °C (kgm®) 920

TS (g/kg) 999.0

VS (g/kg) 998.8
Energy Value 3700 GJ from kg
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Operating parameters

The aim of a biogas plant is to produce as much
methane as possible from the existing substrate. For this
reason, parameters are important that provide information
about the performance level of a system, some important of
them are briefly explained below.

o TS - OTS: The parameters tested included total solids
(TS) and organic total solids (0TS) content. TS and OTS
were measured according to the standard method APHA
(1998). Total solid percentage (TS %) was determined
after a 24-hour drying period at 105°C. Organic matter
was determined based on ash percentage, samples have
been incinerated at 550°C for three hours.

The values of total and volatile solids of inoculum (TS
and OTS) was 37.89 and 23.28 g/kg respectively. All analyses
were done triplicate and mean values were reported.

e pH: The pH was measured regularly using Jenway3020
digital. The pH values were almost ranged between 7 and 8
throughout the experiments and this is appropriated for
anaerobic digestion.

¢ Biogas-methane: The biogas production was measured by
water displacement device and normalized to standard
conditions, the biogas production measured daily.

There is also, a vital point has to put into
consideration that measures methane percentage regularly
such as biogas measurement. The composition of biogas
was measured according to Ezekoye and Okeke (2006)
method, whereas the biogas samples were injected into a
tube filled with 40% KOH so the CO2 took off, thus CH4
% can be estimated by subtracting the inlet from the outlet
volume.

Experimental measurements

o Potential biogas-methane: The stoichiometric method
according to Jorgensen (2009) was used to estimate the
potential biogas and methane production, acting as if
fermentation is done completely.

¢ The calorific value: Improve the transformation from the
potential energy of the substrate to methane energy is one of
the main aims of this study. Thus, evaluation the energy
losses through the fermentation process and in fermented
residues so energy balance can be done.

The calorific value defined as the heat released during
the combustion process and it is one of the physical aspects to
energy comparison.

According to (OECD/IEA Electricity Information) the
calorific value of methane is 50 MJ/kg - 36 MJ/ m®

CV=MPxF
Where: C.V = Calorific value (MJ /kg), M.P = total methane production
(m®/kg), and F, = conversion value = 36 (MJ.m?)

e Energy generation: According to Achinas et al., (2017)
The methane energy can be estimate as 35% of energy
efficiency combined heat power with heating value 21

MJ-m~3, which meaning that 1 kw.h = 3.6 MJ.

B.YXH.Vx7,

E.G= —F

Where: E.G = Energy generation (KW-h), B.Y = Biogas yield (m?), H.V
= Heating value (MJ-m®), n = electrical efficiency, and F=
conversion factor = 3.6 (MJ.(KW.h)*%)

Organic Loading Rate (OLR): the loading rate indicates

how many kilograms of organic dry matter (OTS) can be fed

to the digester per cubic meter of work volume per time

interval and is therefore used as a special value for the digester

design. The OLR should be slowly increased to the limit of
process stability.
- _me -1
OLR = Ve 100 [gorsld?]
Where: m: Amount of substrate supplied, (g/d).

c¢: Concentration of the organic substrate, (% OTS).
VR: Reactor volume (l).

There is a reciprocal relationship between loading rate
and residence time: with increasing OLR, more substrate per
unit of time is fed to the digester.

* Biogas (Ypiogas) - Methane yield Yy, - It results from the
quotient of the amount of methane produced and the amount
of organic matter used.

Vcuy

V biogas
— Y —
d m

Ybiogas_

1
p— [NL g?ors]

Where:Vbiogas:Biogasproduction, (NL/d), Vcy,:Methane production
,(NL/d). myg:Supplied organic dry matter, (g 0TS /d).

RESULTS AND DISCUSSION

Biogas and methane production:

In this paper, we explore the possibility of invest the
biodegradability of the canola oil, wherefore the total volume of
biogas production was measured over time. In this aim, a curve
of biogas production was plotted with time, see Figs. 2 and 3.

— Biogas = = [CH4] «++-+ [CO2] —Peoly. ( Biogas) —Poly. ( [CH4])
1400

v = 1E-06x° - 0.0002x° + 0.0118x* - 0.3192x° + 4.1721x’ - 9.1850x + 17.366
R*=10.999

¥=8E-07x¢- 0.0001x° + 0.0086x* - 0.2331x* + 3.0558x - 7.5199x + 9.1802 \
R*=10.9991
800
/\/{_._-u
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1200

—
=
=]
=]

Cumulative Volume (/')

30 40 50 60
Time,(day)

Fig. 2. Evolution of cumulative biogas production.

The production was analyzed by adopting regression
models using Polynomial type (order 6). The Regression
Equation is y=a+bxs+cxs? +dxs +exsH+x>+gx, Where y can
be represented as the cumulative biogas or methane yield (y
value in the curve), x is the time (x value in the curve), while
a, b, c,d,e f,g are regression constants.

The regression equation can be used to evolving
predictive models for the generation of biogas/methane
through continuous fermentation of canola oil for retention
time. The average Values of biogas and methane production
were 771.37 and 525.80 I/Kg respectively.

From the curve the regression equation for biogas
production was y = 1E-06x° - 0.0002x° + 0.0118x* - 0.3192x3
+4.1721x% - 9.1859x + 17.366 and y = 8E-07x8 - 0.0001x° +
0.0086x* - 0.2331x3 + 3.0558x2 - 7.5199x + 9.1802 for methan
production.

The analysis of biogas indicates that The percentage of
methane was ranging 66-71%, while the carbon dioxide
percentage was 29-34%.

Process parameters and conditions
Organic loading rate (OLR)

As shown in Fig. 4, it can be seen that the OLR for

canola oil was varied during the experiment from 1to 3 g ors |
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L and it was noticed that the biogas production varied from
620.12 — 107155 l/kgors.day with 1g ors | * d?, 888.06-
1643.63 I/kgors.day with 1.5 g ors | 1 d?, 902.23 -985.78
I/kgms.day with 2 Jots | 1d?, 738.01-1087.98 I/kg0Ts.day
with 2.5gors | 1d?, and 40.85 -1569.20 I/kgOTs.day with 3 g
ors | 1d? respectively.

= Biogas

-« [CH4] e [CO2]

25

20
/ P \\
15 - T
10 / -
-
-
-,
-
5 P

(D

Daily Volume

0 0.5 1 1.5 2 2.5 3 35
Loading rate , [g ors /1 d1]

Fig. 3. The average daily production related to the loading
rate.

The daily biogas and methane production related to
OTS (as shown in Fig. 4) were characterized by an increasing
trend with every increase of loading rate with a subsequent
stabilization afterward until observed a strict decrease in
methane yield with continuing feeding the reactor, from
759.24 /kgors feed t0537.59 I/kgors feed, this is consistent
with Xie et al., (2017) who found that increasing OLR causing
improved biogas production until it reached a plateau, but after
this, the system started to break down as a result of the washout
of the bacteria. This result is comparable to another research by
Martin et al., (2010) who digested a food oil waste with urban
solid waste and produced 550 I/kgors.
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Fig. 4. Biogas and methane production I/kgos with loading
rate.

From Fig. 3, the biogas and methane production were
characterized by an increasing trend with every loading rate
with subsequent stability afterward, the biogas and methane
production were somewhat stable with the stable feeding rates.
At the same time, increase OLR more than optimal leads to an
increase in volatile fatty acids (VFA) concentrations and
ultimately decrease the pH level in the digester. This concurs
with Sun et al., (2014) found that increasing the lipids
percentage in the feeding of digester results in a concomitant
increase in VFA led to lower degradation rates.

The highest biogas production was observed on the thirty-
fifth day, reporting a gas production of 47 l/day with methane
content 69.19% when the loading rate was 3 g ors I *d™.

From Fig. (4), it was observed that the fermentation
rate is in line with the loading rate and at the same time, the
shape of the curve obtained indicates that with every loading
rate it is required an adaptation period because of the complex
composition of the oil.

Furthermore, it was observed an instabilities at
different times as it appeared on the 25 and 37 day from the
experiment. This behavior draws attention to the relevance of
testing the digestion process using a daily fed reactor, whereas
a higher oil loading rate would probably lead to depression or
failure of the digestion.

The considerable variations observed on daily biogas
yield (the difference sometimes reaches 25%) might be
explained by the minor differences between the daily loading
rate and the needed stable condition to microorganism.

After some time with using the same loading rate, the
production was starting in decreased, it can be considered that
the inoculum back to its endogenous activity when the
production became very low. In other words, the reaction is
mostly over, meaning the organic matter added was discarded.

Given the outlined in the previous paragraph, it is quite
predictable that the manipulation of OLR can be used as the
main tool to manage microbial communities in the digester,
whereas each loading causes shock and makes a different
change in microbial society. And this makes the digester more
resilient to any future shocking to a different extent. From the
curve, it can be seen that at the second shock loadings, there
the reactor became quicker recovery to stability. This finding
makes the biogas operators more flexibility and the process
became optimization with effluents loaded with high organics
as oil substrate. Optimization of OLR setups is therefore
pivotal to the success of the anaerobic digestion process.

TS and OTS content

As can be seen from Fig. 5, which plots TS and OTS
of digested substrate versus loading rate. Samples were always
withdrawal from digester previous to the loading process for
TS and OTS content analysis, whereas its values indicate the
anaerobic fermentation success.

aTs moTS

TS-OTS [g/kg ]
S

5 28 31 34 37 40 43 46 49 52 55 58 61
Time,(day)

=
o
[
w
!
o
=
©
N
N

Fig. 5. TS and OTS of digested substrate versus loading
rate.
Also, it can be seen that the TS and OTS values of
withdrawn substrate increase intraday with every increase in
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loading rate then starting in decreasing which meaning the
digester condition became more stabilization and successful.

On the other side, the continue to increase the loading
rate lead to prevent substrate accessibility and transport across
the cell walls of the microorganism and this subsequently
reduces the production of methane as can be seen in Figs 3 and
4, so the values of withdrawn substrate starting increasing
which indicate the process failed as seen in Fig 5.

Organic composition

Every Organics material divided into proteins, fats,
carbohydrates, and as it is known each component has a
different biomethane potential so the theoretical biochemical
methane potential (BMP) can be predicted when the organic
component analysis.

The theoretical BMP of canola oil is 1014 mL-
CH4/gVS added depend on Buswell formula cited by
Karthikeyan and Visvanathan, (2013). The theoretical BMP
accounting based on assumed 100% organics degradation into
methane which in practice is not really practical.

Undoubtedly, the potential yields are the primary
indicator of the production of methane as well as give an idea
of how successful this substrate to gain significant yield. The
measurements and calculated values during the experiment are
summarized in Fig. 6.

== Actual methane
— theoretical methane (BMP)
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0 |
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Time,(day)
Fig. 6. the theoretical and actual of cumulative production.

The results show that the actual production was
asymptotic to theoretical biochemical potential until the
system started on failing after 42 days of fermentation, here the
variation between the expected and actual production starting
in increasing, which meaning decreasing the degradation level.
Effect of pH

As it's known that the optimal pH range for the
performance of methanogens is 6.5 to 7.5. As reviewed by Lay
etal., (1997) recommended an ideal pH range of 6.6 to 7.8 for
mixed culture digestion and warned against the process failed
with a pH below 6.1 or above 8.3.

From figure 4 it can be seen that the pH range was at
the accepted level even with an increase in the loading rate and
the production increase also until 42 day of the experiment the
production starring in decreasing as an indicator to failure and
this linked with decrease the PH to 6.

It is quite predictable that the conversation of lipids to
VFAs through rapid hydrolysis stage is one risk faced using oil
as a substrate during anaerobic digestion and affects process
pH badly, whereas the rapid accumulation of VFA causes
acidification also influence on the internal metabolic of the
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microorganisms. This matches with Rashama et al., (2019)
who reported that increasing the OLR to high level leads to the
washout of the bacteria, process failure and reduces pH, this
may be inhibited methanogenic growth and activity in the
digester.

Foaming

Digester foaming is an unwanted condition that results
in inactive gas recovery; makes dead zones, and decrease the
active volume of the digester .They further observed that
biogas production be minimum when the foam is high
compared to low foaming.

The foam formation was observed during the
operation after 40 days of fermentation of although the good
stirring but the microorganism need more adaptation period
with high VFA concentration. On other words using canola oil
as a substrate in digestion systems, the system may be faced a
further complicated, whereas the presence of fat meaning a
high tendency to float. This is in agreement with Regueiro et
al., (2012) who observed an improvement in the biogas yield
as a result of using a lipid-rich waste as substrate but it should
also consider, that the use of lipid-rich wastes may present
several operational problems, such as biomass flotation,
clogging, and foam formation.

The calorific value and energy generation

Unquestionably, methane is a valuable component if
biogas used as fuel, whereas it is the only component in biogas
that has the ability to participate in a combustion process.

Depending on the production of biogas and methane
both calorific value and electricity generation have been
estimated, so it is quite predictable the suitable application of
methane, which can be selected based on the production. Fig.
7 presents the calorific value and energy generation which can
be gained from the biogas yield from canola oil. The calorific
value average was 23.71 while the energy generation average
was 38.62 W-h calculated based on the actual production.

== C.V -Calorific value (KJ/g) ===The Energy generation (W-h)
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Fig. 7. Calorific and energy values during the experiment.

Comparison between using canola oil as biodiesel vs biogas

Several publications have appeared in recent years
documenting using canola oil and its derivatives as a biodiesel
source. However, no attention has given to using the oil as a
biogas substrate.

One of the main objectives of this study is to evaluate
using canola oil as a biogas source through the anaerobic
digestion process and compared it with using it as a source of
biodiesel. For a comparison between both kinds of biomass,
all different points are summarized in Table2.
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Table 2. .Energy conservation of canola oil as a source of biodiesel vs biogas

Item Biogas Biodiesel
Canola yield The average canola yield was 2144.4 kg per hectare 2
Utilization Heating; lighting and it 1S optimal for generation of electric or Most promising alternative fuel for diesel engines.
combined heat and power
Process Anaerobic digestion Transesterification
Greenhouse gases 60-80% less GHG than gasoline 42% less GHG than gasoline
Calorific value 23.71 MJ/kg 39.49 MJ/kg®
Total energy for canola seed cultivation10485.04 MJ/ha ?
Energy consumed for extraction of crude canola and refining it into refined oil 2723.39 MJ/ha and 278.77 MJ/ha respectively
Process energy demand for digestion (heating-stirring,. .. etc.) = Energy consumed for convert the refined oil to
8000 MJ/ha® biofuel ~ 6197.32 MJ/ha?
E - Methane yield = 525.80 I/kg Range of biodiesel production was 806.29 I/ha and
nergy Analysis

1127.60 m®. ha't

Range of estimated energy per hectare ~ 1127518.165 I/ ha-

became 213.39 | only after removal the energy
consumed in production processes.

The total energy output of canola methane yield ~ 41000 MJ/ ha

The total output energy is 26768.97 MJ/ha. 2
The net biodiesel energy was 7084.45 MJ/ha @

Output /Input energy = 1.9

Output/Input energy ~ 1.3

@Reported by Ozturk , (2014)
b Recorded by Sahin and Aydm, (2018)
¢ Recorded by Murphy et al.,(2011)

CONCLUSION

This study was carried out to know the potential
degradation of the canola oil substrate.The energy results
were compared with other studies done for using canola oil
as a source of biodiesel energy.
Canola oil as a substrate of anaerobic digestion showed
a high methane production and degradation rate.The system
shows a stable condition ,the highest biogas production was
47 l/day with methane content 69.19% when the loading rate
was 3 g ots | 1d? with no accumulation of volatile fatty acids
and constant pH, but with increasing OLR , the production and
pH level starting decreasing as an indicator to increase the
volatile fatty acids.
This paper attempted to conduct a detailed survey of
the canola oil as substrates for AD systems. A number of
ideas can be drawn for future utilize in new transactions with
canola oil or related substrates.
The opportunities and challenges detected in this
study could also be exploited in the day-to-day operation
troubleshooting and procedure of AD processes handling
canola oil or related substrates. The following are the master
findings from this experiment.
1.Canola oil must be experimented separately as a substrate
at anaerobic digestion to establish stander suitable
operating conditions with oils, whereas echo-studies may
be consulted as a beginning point for such substrate
studies.

2.0Operational challenges with lipid-based substrates for
digestion are clogging, foaming, and biomass washout
which is predominantly can be resolved through the
adoption of mechanical agitation systems as well as decrease
loading rates.

3.0utput /Input energy ~ 1.9 when canola oil used as biogas
source while the ratio be ~ 1.3 if canola oil used as biodiesel
source

4.Future research in the future should also interest in foam and
toxicity issues related to the anaerobic digestion of lipid-
based wastes.

REFERENCES

Achinas, S.; Achinas, V. and Euverink, G.J.W., 2017. A
technological overview of biogas production from
biowaste. Engineering, 3(3), 299-307.

APHA, A, 1998. Standard methods for the examination of
water and wastewater analysis. American Public
Health Association, Washington DC.

Carvajal-Zarrabal, O.; Nolasco-Hipolito, C.; Aguilar-
Uscanga, M.G.; Melo-Santiesteban, G.; Hayward-
Jones, P.M. and Barradas-Dermitz, D.M., 2014.
Avocado oil supplementation modifies cardiovascular
risk profile markers in a rat model of sucrose-induced
metabolic changes. Disease markers, 2014.

Encinar, J.M.; Pardal, A.; Sanchez, N. and Nogales, S., 2018.
Biodiesel by transesterification of rapeseed oil using
ultrasound: a Kinetic study of base-catalysed
reactions. Energies, 11(9), p.2229.

Ezekoye, V.A. and Okeke, C.E., 2006. Design, construction,
and performance evaluation of plastic biodigester and
the storage of biogas. The Pacific Journal of Science
and Technology, 7(2), 176-184.

Ferguson, R.M.; Coulon, F. and Villa, R., 2016. Organic
loading rate: A promising microbial management tool
in anaerobic digestion. Water research, 100, pp.348-
356

Ferreira, L;, Duarte, E. and Figueiredo, D., 2012. Utilization of
wasted sardine oil as co-substrate with pig slurry for
biogas production—A pilot experience of decentralized
industrial organic waste management in a Portuguese
pig farm. Bioresource technology, 116, pp.285-289.

FAQO, 2016. Agriculture Organization Corporate Statistical
Database [Faostat] (2017). Production/Crops,
Persimmons, Food and Agriculture Organization of
the United Nations: Division of Statistics. Available
online: http:// faostat3. fao. Org / browse / Q / QC/ E
(accessed on 19 April 2016).

Ganidi, N.; Tyrrel, S. and Cartmell, E., 2009. Anaerobic
digestion foaming causes-a review. Bioresource
technology, 100(23), pp.5546-5554.

288



J. of Soil Sci. and Agric. Engineering, Mansoura Univ., Vol.11 (7), July, 2020

Jiang, C.; Qi, R.; Hao, L.; Mcllroy, S.J. and Nielsen, P.H.,
2018. Monitoring foaming potential in anaerobic
digesters. Waste Management, 75, pp.280-288.

Jorgensen, P.J., 2009. Biogas-green energy.2nd ed .Digisource
Denmark: Faculty of Agricultural Sciences, Aarhus
University

Karthikeyan, O.P. and Visvanathan, C., 2013. Bio-energy
recovery from high-solid organic substrates by dry
anaerobic bio-conversion Processes: a
review. Reviews in Environmental Science and
Bio/Technology, 12(3), pp.257-284.

Kumar, K.V.; Sridevi, V.; Rani, K.; Sakunthala, M. and
Kumar, C.S., 2013. A review on production of biogas,
fundamentals, applications & its recent enhancing
techniques. Elixir Chem Engg, 57, pp.14073-14079.

Lay, JJ.; Li, Y.Y. and Noike, T., 1997. Influences of pH and
moisture content on the methane production in high-
solids sludge digestion. Water Research, 31(6),
pp.1518-1524.

Martin-Gonzalez, L.; Colturato, L.F.; Font, X. and Vicent, T.,
2010. Anaerobic co-digestion of the organic fraction of
municipal solid waste with FOG waste from a sewage
treatment plant: recovering a wasted methane potential
and enhancing the biogas vyield. Waste
management, 30(10), pp.1854-1859.

Metwally, A.A., 2019. The ability of biogas as sustainable
energy to meet rural livelihoods. Misr Journal of
Agricultural Engineering, 36(3), pp.1021-1040.

Murphy, J.;, Braun, R.; Weiland, P. and Wellinger, A., 2011,
September. Biogas from crop digestion. In IEA
bioenergy task (Vol. 37, pp. 1-23).

Ozturk, H.H., 2014. Energy analysis for biodiesel production
from rapeseed oil. Energy exploration &
exploitation, 32(6), pp.1005-1031.

Rashama, C.; ljoma, G. and Matambo, T., 2019. Biogas
generation from by-products of edible oil processing:
a review of opportunities, challenges and
strategies. Biomass Conversion and Biorefinery, pp.1-
24,

Regueiro, L.; Carballa, M.; Alvarez, JA. and Lema, J.M.,
2012. Enhanced methane production from pig manure
anaerobic digestion using fish and biodiesel wastes as
co-substrates. Bioresource Technology, 123, pp.507-
513.

Sahin, T. and Aydin, F., 2018. The Investigation of Biodiesel
Production Techniques. International Journal of
Agricultural and Natural Sciences, 1(3), pp.222-227.

Sun, Y.; Wang, D.; Yan, J.; Qiao, W.; Wang, W. and Zhu, T.,
2014. Effects of lipid concentration on anaerobic co-
digestion of municipal biomass wastes. Waste
Management, 34(6), pp.1025-1034.

Szewczyk KW, and Bukowski J (2008) Modelling of a batch
anaerobic digestion. Pol J Chem Technol 10:45-48.

Xie ; Xie S; Sivakumar M, and Nghiem LD (2017)
Relationship between the synergistic/antagonistic
effect of anaerobic codigestion and organic loading. Int
Biodeterior Biodegrad:1-7.

Yadava, D.K.; Vasudev, S.; Singh, N.; Mohapatra, T. and
Prabhu, K.V., 2012. Breeding major oil crops: Present
status and future research needs. In Technological
Innovations in Major World Oil Crops, Volume 1 (pp.
17-51). Springer, New York, NY.

A4S jidia HIS S i pual) slaa 9 ¥ 53N s § (pa Ay gual) A8 Balatiud

*gi g Cpunall A u.\'LA\
s — G831 dsala — Ao 3N A0S Ao )3 duigh) acd

il ¥ ama gl ) Jan b G ¢ il sl S il ks ¢ Apalladl 280D el JSLie o8 A Bl G SLia¥) o

iy ol (S5 0 sad) 2 UY 3 5 dlee JDIA e dBUal jaaeS Y Sy ) aladiion) a8 (e Cptiad) ja e o 55 ISy 3avial) 48U
Can A ol gl L o S S (g0 el olao e W S oy alasiiad) (6 g i ) Condl 138 gy U (g5 U8 (0 S sl Z0Y paaS
Al odlall oy gad ) Jaall 53 58 5l (SIS B gm0 5 oy VIR (S5 () sdme DY el (e (e Y S ) aladiad sy
Galial) () s aaiagl) (a8 A sl (1) 1) Comall 138 gy s Naini g A s ST aniagd) S (52158 S Ax Ay guimall oalall sy 39
4 e g gl (Pl S LIS (2), Adlide 4y s Jrand SV ) 20 aagll o i ) el sadl Qs DA (e Y 53S0 oy 3
W SH ) aaad 5 ¢ g 1agd g AR ol g Al BeliS B 5 (B phe (o W IS 5 AAISS (i (3) €Y IS )y (e (g o) s
A aiagll dleal (CSTR) 3 _aiusal) 43550 36 5l (e yadin ladiiusd & 5 Adlisie Jpand C¥ama) il (5 gial) il piicma (e 8 peall slaa
oailiad o 1alac) 40 A leill il o il g alaill ) s g acad Cag ya aniii a4y e da ;037 ie U g 60 32l 4yl iy sl 5 ¢
el Ve o i) ¢ aaS /1 1569.20-620.12 G s s o sl ) 2l (1): S Cand) s sl S 85 Y <) oy
Jane 5769.19 Sl (s 5ina go psn/ A 47 & sl 3l 2l el (2) o Wplon 3-1 g Lo dpadl (B an g 5 (5 A
i suel () lial ) oo Lae eddl Jala Al abea) aS) 53 ol Jenll Jana i o il a0 59 50 e 3 Jendl
Lain g sanll all3 58 )8 Y ISl ) oot 513 9419 ) ASlgiunal) A8l / aliy) A8al) A Cialy (3) all 5 e sl 21 8 gl

gl ol jaadly okl cy ) alaiin) die Jaid 041 3 S

289



