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Abstract In this work we undertook a series of experiments to evaluate the biogas potential of the waste from the
UCAD university residence. The first experiment revealed several types of waste at room temperature in a 1.5-litre
canister equipped with an empty inflatable balloon used to recover biogas, which was our bio-digester. A shaking is
done on each digester once a day. The pH was measured at the beginning and end of each experiment. The
production of biogas appeared after two days. The second experiment consisted in allowing a temperature of 40°C
(mesophilic temperature) and continued at room temperature by shaking the reactor once a day. For this experiment,
we found that some bio-digesters started to produce after two hours of time. The inflatable balloon increased in
volume every hour until 24 hours before remaining constant or continued to produce throughout the experiment.
Then it was a question of co-digesting waste with the best biogas potential. It appears that the co-digestion composed
of cow dung and UCAD sewage sludge gives the best production. In the last experiment, the assembly of a two-liter
bio-digester equipped with a manual mixing and grinding system and a gasometer made it possible to produce
biogas under the influence of temperature and agitation, which took place almost three times a day. The objective of
this work is to propose a new biogas production technique that will allow better management of organic waste, the
production of flammable gas and open up a new alternative to the development of the rural world because biogas
production in the rural world cannot have the same temperature conditions as the industrial one, so our research will
provide part of the solution to this problem. Finally, we solve an environmental problem and contribute to the edifice
of sustainable development.
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1. Introduction
An anaerobic digester (also called a bioreactor or
fermenter) is essentially a closed, airtight tank, preferably
thermally isolated from the outside, in which different
bacterial species take turns to degrade organic waste or
effluent compounds and produce biogas [1,2], composed
mainly of methane but also carbon dioxide[3], while
reducing by half the rate of organic matter represented
by biodegradable by-products [4,5]. This oxygen-free
environment must respect several parameters in order to

lead to different optimized and controlled reactions to
produce biogas that can be recovered in different forms
[6,7]. With a methane content ranging from 45 to more
than 75%, biogas is one of the best exploited forms of
renewable energy for years and is also suitable for
replacing fossil fuels [8,9]. The low energy supply rate of
rural populations in developing countries is a major
handicap for their socio-economic and environmental
development. Biogas can address a number of specific
problems in the fields of energy, health and agriculture
[10]. It is recognized as one of the most energy-efficient
and environmentally friendly [11] and allows the local
level to produce energy at a lower cost for cooking,
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heating, lighting and organic fertilizers for better
fertilization of the soil for crops [12,13]. Nowadays the
biogas use policy is widely disseminated through
government institutions involved in subsidy programs,
planning, design and implementation, construction,
operation and maintenance of systems. As a result, several
countries in Asia and Africa, including China, India,
Nepal, Bangladesh, Cambodia, Vietnam, Kenya, Rwanda,
Tanzania, Burkina Faso and Senegal are launching
massive campaigns to promote biogas technology [14,15].
For a good diversification of energy resources from
biomass, the management and valorization of waste from
organic materials of various origins such as animal
manure, household waste, vegetable and organic materials,
by-products of the agri-food industry, in particular
slaughterhouse waste, station sludge, etc. by anaerobic
fermentation is a path to sustainable development
[16,17,18]. With growing interest, renewable energies
from biomass are constantly being undertaken to cope
with the highly fluctuating energy value situation and
significantly reduce local pollution and the greenhouse
effect [19,20,21,22]. The assembly or design of the bio
digester is not difficult. Nowadays they are built on site or
prefabricated with different materials, such as brick,
concrete and plastics [23] and thus it is possible to
produce a widely available, inexpensive and non-polluting
renewable energy that can be converted into almost any
form of useful energy [24,25]. One of the secondary
objectives of this study is directed towards the need of the
rural world to satisfy its energy needs while recovering its
own waste and thus considerably reducing the rate of use
of fossil fuels, which are sometimes even scarce. As a
reminder, the energy value of one cubic meter of biogas
corresponds to 0.42 kg of liquefied petroleum gas; 4.34 kg
of dry wood; 0.6 liters of petroleum and 5 to 6 kWh of
thermal energy; but also the destruction of many
pathogens, the elimination of odors from animal waste and
human excreta, the protection of runoff and underground
water. In addition, one cubic meter of effluent corresponds
to 10kg of ammonium sulphate, 4.5kg of super phosphate,
10kg of potassium sulphate and other fertilizing elements
[10,26,27]. The other objective is to contribute or propose
a new biogas production technique because we have found
that several bio digesters built in Dakar do not produce
biogas efficiently or at all. This observation allowed us to
conduct a series of experiments and propose a codigestion substrate with good methanisable potential and a
rather endogenous technique for biogas production. Better
still, from this research, we can define the concepts of
sustainable development [28] because anaerobic digestion
represents one of the major actors of sustainable
development and the circular economy in the concept of
"waste to energy". Given the great diversity of organic
waste, its development requires the optimization of
co-digestion. Hence the need to develop simple tools to
characterize substrates and predict digester performance in
order to optimize their operation [29]. In the face of a
growing population, the consumption of energy from
biogas can also contribute to the particular problem of
women's poverty [30], especially in rural areas, where
people prefer to cook by cutting down trees, thus
promoting the advance of the desert. Traditional cooking
with firewood causes a faster depletion of biomass
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resources and increases women's time and labor burden
because they need this time to collect firewood. In
addition, the energy use of wood has a negative impact on
women's health due to the smoke released during cooking.
The use of biogas helps to significantly reduce women's
time and work, which could be used for other productive
purposes, and to improve their health conditions [31]. At
the same time, more than 60% of total wood in developing
countries is used as firewood in the form of either charcoal,
mainly in urban areas, or firewood, mainly in rural areas.
By 2040, the world is expected to have between 9 and 10
billion inhabitants and must be supplied with energy and
materials. This will result in depleting forests at a faster
rate than they can be replaced. Biogas is well positioned
for the next generation to replace wood as an energy
source in developing countries[32] Although human
excrement and other waste can be used to produce biogas
energy, which is beneficial to people, negative connotations
are attached. Some people can see the biogas produced
separately. Some people may see biogas produced from
human excrement as dirty and unfit for use, especially for
cooking [33]. Nevertheless, the new uses of biomass
benefit from the advantages of modern biomass conversion
technologies (combustion, pyrolysis, gasification, fermentation,
anaerobic digestion) for the production of heat and
electricity, as well as transportation fuel, etc. [34].

2. Materials and Method
The experiments were carried out at the Cheikh Anta
Diop University in Dakar in the physics and application
laboratory. We used the resources in terms of substrate
and equipment on site. As for the bio digester, which no
longer produces biogas, the one in the animal biology
department served as an example of work. The installation
of a simple bio digester for biogas production has been
completed and the expectation of the expected results has
been satisfactory.

2.1. Substrate
Your Our substrates are made up of sewage sludge
from the residence of Sheikh Anta Diop University in
Dakar, cow dung from the UCAD Animal Reproduction
Biology Laboratory, poultry droppings from a local farm,
and waste from the UCAD restaurant of two types:
vegetables and fruit.

2.2. Methodology
The We conducted three types of experiments:
In the first experiment: we put each substrate in a
1.5-litre canister (digester) equipped with empty inflatable
balloons and sealed them tightly while following the
behavior of the inflatable balloon. The purpose of this
experiment is to work at room temperature and see how
long it is possible to produce biogas. In the second part, it
is a question of mixing the different wastes in different
proportions and following the process always at room
temperature.
In the second series of experiments we used the same
processes as the first but at mesophilic temperature for the
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beginning of the operation and continued at room
temperature; the objective is to propose the same
conditions to the rural digester. During these experiments,
the reactors were agitated only once a day. The third
experiment takes into account the best result of the second
experiment and will be submitted in a two-liter digester
under the same operating temperature conditions, with
more agitation. Three series of agitation per day were
performed for this experiment.
2.2.1. Experimental Device
The For the first experiment at room temperature, we
used 7 digesters with a capacity of 1.5 liters. Of which 4
digesters with only one type of substrate and 3 compound
substrate digesters with the UCAD sewage sludge as the
base substrate.
For the second experiment, we used 7 other mesophilic
temperature digesters. The 4 digesters had only one
substrate each and the other 3 digesters were co-digested
with the sewage sludge as the main substrate.
The choice of our experiments follows the methods of
Arnaiz et al. 2006, S. Kalloum et al. 2006, Lastella et al.
2002, S. Sambo et al. 1995, which used 1l, and 16g of dry
matter.

a total height of 10.50 cm and a diameter of 20.5cm. It is
equipped with a manual mixing and grinding device
adjustable on different parts. The introduction of the
substrate is planned by the upper part of the reactor. A
glass gasometer equipped with a valve to pass the biogas.
The link between the digester and the gasometer is made
through a Pvc tube with a pvc elbow also, connecting it to
the gasometer. At the head of the gasometer there is a
valve to release the biogas produced in order to burn it or
to analyze it (the sampling is done with a syringe.)
In all experiments, the reactors were hermetically
sealed to ensure total anaerobiosis. We measured the
biogas produced by the displaced liquid method. The
biogas produced in the glass exerts a certain pressure on
the water by discharging it to the outside. The water is
collected in a graduated container in order to know the
quantity expelled from the bottle to know the quantity of
biogas produced.

Figure 1. Diagram and photo of the digester

The proportions of each digester are as follows
Table 1. Summaries of the different digesters for the experiment n° 1
Ambient temperature 27°C
R1 : Sludge from Dakar Cheikh Anta Diop
University (BvU)
R2 : Poultry droppings (FV)

R6 : BvU + DRc

R3 : Catering waste (kitchen waste)(DRc)

R7 : BvU + BV

R5 : BvU + FV

R4 : Cow dung (BV)
Table 2. Summaries of the different digester for the experiment n°2
Mesophilic temperature 40°C
R8: (BvU)

R12 : BvU + FV

R9 : Poultry droppings (FV)

R13 : BvU + DRc

R10 : Catering waste (kitchen waste) (DRc)

R14 : BvU + BV

R11 : Cow dung (BV)

To verify and confirm the experiments, each process
was reproduced 3 times, i.e. 42 samples, allowing us to
have the average and justify the results.
2.2.2. Assembly of Bio-digester
We have assembled a bio-digester composed of: A
reactor used as a digester: it has a capacity of 2000ml and

Figure 2. Diagram and photo of the reactor designed in the laboratory
for the production of biogas

3. Results and Discussions
Biogas production depends on the nature and
composition of the substrate. Several technological and
process methods can be chosen to design an appropriate
waste management system, so that an objective
comparison of the different solutions could be made [35].
However, the design of a bio digester must take into
account the characteristic of the present quantity of the
substrate, the definition of a specific residence time
according to a temperature range more or less optimized
to its advantage. The substrate must be free of inhibiting
material to prevent the natural production of biogas under
conditions of more or less adjusted pH. The choice of our
substrates as well as the methodological approach is taken
for their importance in biogas production described by
[12,36] and [37,38,39] for the restaurant's waste.
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For cow dung [40,41,42,43,44] and poultry droppings
we referred to the work of [13,45-49] and finally for
sewage sludge the work of [50-54] allowed us to justify
our choices.
After sampling, each waste was used directly in the
laboratory in 1.5 L airtight containers equipped with an
inflatable balloon as shown in Figure 1, the ambient
temperature in the laboratory was 27°C before use. We
performed a first series of experiments at room
temperature and a second series of experiments at
mesophilic temperature for the mixture before continuing
at room temperature respectively Table 1 and Table 2. In
order to minimize the risk of biological contamination,
particularly with glass material that could break (cutting
and introduction of microbiological germs), all the
containers used for the first and second experiments were
made of plastic. Unlike glass containers, plastic containers
have a micro porosity of the surface that reduces their
cleaning efficiency [55]. For the third experiment the
mixing was done in a perfectly agitated reactor under a
first mesophilic temperature of 40°C and continue at room
temperature with agitation three times a day.

3.1. Biogas Production
Organic matter consists mainly of protein, carbohydrate
and lipids. This complex source is first hydrolyzed into a
single molecule (amino acids, sugars and fatty acids).
These intermediate products are then transformed into
organic acids, such as propionic acid, butyric acid, etc.
Alcohols, hydrogen, carbon dioxide and water are also
formed. This is the stage of acidogenesis.
The acetog enesis step allows the transformation of
previously formed compounds into precursors of methane,
acetic acid, carbon dioxide and hydrogen. Methanogenesis
is then carried out by two routes.
- From hydrogen and CO2 using hydrogenotrophic
bacteria.
- And from acetate with acetotrophic bacteria.
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It is estimated that 70% of methane production comes
from acetates. The first two steps of fermentation are done
by anaerobic and aerobic bacteria. Methanogenesis, on the
other hand, is strictly anaerobic. Temperature affects the
rate of decomposition of matter: the higher it is in the
digester, the faster the biological process of methanisation
takes place [56,57,58].

3.2. Observation of the pH
During our experiments, we did not change the pH
during the process but we took it at the beginning and end
of each experiment.
The pH is a very interesting indicator in the
stabilization and proper functioning of anaerobic digestion.
In our bibliographical study we note several ph. values
varying from 5.5 to 8.5, with an optimum around 7-8
[61,62,63,64] or 8.5 [65,66]. As anaerobic digestion
processes are strongly influenced by pH, they can
however take place optimally in the vicinity of pH = 7
neutrality and between 6.5 and 7.5 giving a good yield but
also beyond this range, bacteria could then be inhibited
[67]. Under normal operating conditions, the pH reduction
caused by acid-producing bacteria can be buffered by the
hydrogen carbonates produced by methane-generating
bacteria [69]. In our experiments we did not measure the
pH every day but we took it at the beginning and end of
each operation. The observation we made at the end of the
reactions is the fact that for some digesters that have
produced biogas, the pH was either very low at around
4.5 or very high up to 8, but for each digester we were
able to produce biogas. The results showed that on the
second series of experiments performed on mesophilic
conditions, most of the pH measurements were within
the standards elucidated in the literature. At the end
of this series of experiments, the pH measured was
always in the best production intervals. Except for the
case observed in the R11 digester composed of catering
waste.

Figure 3. Stage of biological mechanisms of anaerobic digestion According to [59] in the thesis of [60]
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Table 3. pH observation at the beginning and at the end of each
operation.
pH measured at the
beginning of the
experiment at room
temperature
6

pH measured at the
end of the room
temperature
experiment
7

R2 : FV

7

7,2

R3 : BV

5,50

5

R4 : DRc

5,6

6

R5 : BvU+FV

7,2

7.6

R6 : BvU+BV

7

7.5

R7 : BvU+DRc

6
pH measured at the
beginning of the
mesophilic temperature
experiment
6,9

6.5
pH measured at the
end of the ambient
temperature
experiment
7

R9 : FV

7,2

7,8

R10 : BV

6,50

5,5

R11 : DRc

5

4,5

7,1

7,8

R13 : BvU+BV

7

8

R14 : BvU+DRc

6,5

6

Reactor
R1 : BvU

R8 : BvU

R12 : BvU+FV

3.3. First Series of Experiments
From the second to the fifth day we observed the
swelling of the biogas recovery balloon. The balloon
increased in volume during the fifteen-day experiment.
The temperature for this series of experiments was the
ambient temperature in the laboratory, which was in the
range of 27 to 28.5°C. The only intervention in the various
digesters was the agitation that was carried out once a day
every morning at 10am. Later we noticed that the balloon
tended to increase in volume after the action of agitation
for some time during the day before decreasing in volume.
The Figure 4 below shows the appearance of the curves
of biogas production by our different substrates over time.
In Figure 4, it can be seen that the R1 reactor composed
of the UCAD sludge (color Black BvU) produces biogas
from the second day with a slight increase until the fourth
day before decreasing in volume in the preceding days.
The curve of biogas production from poultry manure
(R2. FV blue color) began to increase between the second

and fourth day with a drop in production on the sixth day.
There was a slight increase in the volume of the
recuperator balloon on the tenth day and a fall two days
later that continued until the end of the experiment. The
production of biogas from cow dung (R3 BV orange)
started almost from the third day. Its volume increased
slightly the following day before decreasing from the
seventh day. The smallest production was observed on the
balloon of reactor R4 composed of UCAD restoration
waste (DRc Couleur verte). The balloon started almost
between the fourth and fifth day of the experiment and
continued until the eighth day before losing its volume.
3.3.1. Experiment on Co-digestion at Room
Temperature with One Agitation per Day
The series of this experiment is done using the first
substrates in co-digestion. Faecal sludge was chosen as the
main substrate for mixing. The experience lasted thirty
days. The production of biogas from the different Co
digestion is different from the first series of experiments
because the volume observed in this phase is slightly
higher and the production time is also better than that of a
single substrate. Shaking is done once a day every day
from 12pm. The codigest ion of UCAD sludge plus
poultry droppings in the R5 reactor (R5 BvU+FV blue)
began to produce on the second day by slightly increasing
its volume on the third day until the thirteenth day before
gradually falling until the last days of the experiment.
Between the third and fifteenth day there is a change in
the fall and increase in the volume of biogas produced,
probably due to the action of the agitation that took place
once a day every 12 hours.
The second production was observed in the R6 digester
composed of UCAD sludge plus cow dung (R6 BvU+BV
red and white) on the third day with an increase from that
day to almost twenty days before falling the rest of the
time of the experiment. The production interval from the
first day to the twentieth day is subjected to the action of
agitation, which shows the sinusoidal line on Figure 5.
The third co-digestion is composed of UCAD sewage
sludge plus restaurant waste in the R7 digester (BvU+DRc
green colour). Production is done on the fifth day with a
production higher than R6 but which does not last long
enough. The drop in production was observed on the tenth
day until the twenty-second day.

Figure 4. Production of biogas from a single substrate with stirring per day at room temperature (27 ° C)
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Figure 5. Production of biogas from co-digestion by shaking daily and at room temperature (27°C)

Figure 6. Production of biogas from a single substrate under stirring per day at mesophilic temperature (40°C)

3.3.2. Second Series of Experiments with a Single
Substrate under Mesophilic Temperature
In J. HESS' thesis work, he states that temperature can
affect biochemical reactions through bacterial kinetics.
Karakashev et al (2005) studied the effect of temperature
on the complexity of the methanogenic ecosystem. They
were able to show that mesophilic reactors had a higher
bacterial diversity than thermophilic reactors [8,69].
During this series of experiments, we mixed the
substrate with hot water and heated it to 40°C for one hour
while stirring the solution. Each reactor was agitated only
once a day from 2pm. Each agitation lasted about 30
minutes. As for the first series of experiments at room
temperature with one agitation per day, biogas production
was observed on each digester, each consisting of a
substrate. The figure below shows us the appearance of
the biogas production curves under mixing temperature
under the mesophilic range. At mesophilic temperature,
the digester R8 containing the UCAD sludge (R8: BvU
black colour) started to produce in the first few hours after
the experiment was carried out. This resulted in an
increase in the volume of the balloon every day due to
agitation and bacteria influenced by the first mixture under
the mesophilic heat, probably. However, the curve of the
latter remains sinusoidal throughout the experiment until

the twenty-first day and stabilizes to produce normally
after the twenty-second day until the end of the
experiment.
The R9 reactor composed of poultry manure (R9 FV
blue) has about the same production rate as the R8. For
this substrate also, with a temperature of 40°C the
production is good because the pH was in good intervals.
As for the R10 digester composed of cow dung taken
from the UCAD Animal Biology Department (R10: (BV)
orange colour), the biogas production was not very
encouraging because it had not exceeded the 14ml
production bar but it produced throughout the experiment.
The last one to be produced in this series is the R11
digester composed of catering waste (R11: DRc green
colour). Influenced by a very low pH, this digester
produced a small amount of biogas.
3.3.3. Second Series of Experiments in Co-digestion
under Mesophilic Temperature with One
Agitation per Day
The production results of the series with a single
substrate at mesophilic temperature with one agitation per
day were satisfactory to propose a co-digestion of the
different wastes. Three mixes were made with the
UCAD's sewage sludge as the main mixing medium.
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Figure 7. Biogas production by co-digestion under stirring per day at mesophilic temperature (40°C)

Biogas production from this co-digestion is better than
the other series with a peak production of around 33ml
observed on day 14 on the R13 digester. The Figure 7
shows the production of biogas from the different
co-digestions in the three reactors.
The R12 digester, which consists of the emptying dung
plus poultry droppings (R12 BvU+FV blue in colour),
produced gas from the very first hours. The increase in the
volume of the recovery balloon was greater than the others
for about a week before decreasing on the eighth day
with a more or less the same volume on the seventeenth
day. The rest of the experience the volume has almost
halved.
For the production of the digester R13 composed of
emptying dung and cow dung (R13: BvU+BV red colour)
the production although starting in the early hours, it only
gives its best yield between the eleventh and fourteenth
days of the experiment and on the nineteenth day the
production was constant for the rest of the experiment.
In this experiment the last digester R14 with a
co-digestion composed of UCAD sewage sludge and
restaurant waste (R14 BvU+DRc) started to produce the
fastest of all the other digesters for 7 days, but on the

eighth day the production decreased until the end of the
experiment.
3.3.4. Third Experiment: Agitation of the Reactor
Composed of UCAD Sewage Sludge and Cow
Dung Several Times a Day
For a better improvement of gas production, it is
essential to have a suitable temperature for the functioning
of the bacteria and specially to ensure agitation allowing a
homogeneous distribution of methanogenic bacteria
within the digester. The production of biogas with
agitation three times a day gives an increasing curve. We
have chosen from all previous experiences the one that
gave the best performance in different series. The choice
of co-digestion composed of sewage sludge and cow dung
is the best of all. The action of agitation in our bio digester
has allowed us to give the best growing yield.
In this experiment, the pH measured at the beginning of
the experiment was 7.2. At the end of the experiment the
pH was 7 and the mixing temperature was 40°C. The
action of the agitation was repeated three times a day in
the morning at 8am in the evening at 4pm and at night at
10pm. Each agitation lasted about thirty minutes.

Figure 8. Biogas production by codigestion under the influence of agitation and at mesophilic temperature (40 ° C)
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The observation of pH is within the standards of better
productions as pointed out by several authors. The
production curve does not have a sinusoidal line like the
other curves of the previous experiments. The curve is
increasing from the first to the twentieth day. The rest of
the experience the production decreased but the yield was
better than all the other productions.

3.4. Effect of Agitation on Biogas Production
To achieve high levels of biogas production, close
contact between bacteria and substrate is required, which
is usually achieved with an effective mixture in the
digestion tank [70]. If there is no good mixture in the
digester, after a while the contents are demixed and layers
are formed. This is due to differences in the density of the
various components of the substrate as well as vertical
thrust due to gas formation. In this case, due to its higher
density, most of the bacterial mass accumulates in the
lower layer while the substrate to be decomposed often
accumulates in the upper layer.
The contact zone is then located in the intermediate
zone between these two layers and the degradation
phenomenon is then very limited. In addition, solids rise
to the surface to form a layer of foam that slows the
release of gas [71]. It is therefore important to promote
contact between the microorganisms and the substrate
by mixing the contents of the digestion tank. However,
excessive mixing should be avoided. Thus, acetic
acid-producing bacteria (acetogenesis) and archaea
(methanogenesis) constitute a close biotic community that
is enormously important for the undisturbed continuation
of the biogas formation process. If excessive shear forces
destroy this biotic community as a result of intensive
agitation, this can have negative consequences for
anaerobic decomposition. It is therefore important to find
a compromise that satisfies both conditions.
Monitoring the impact of agitation on the progress of
the biogas production process is comparable to the effect
of adding inoculum in terms of the speed of the
production process. The considerable effect of agitation in
a digester is due to the fact that agitation releases gas
bubbles from the deep layers, maintains temperature
homogeneity at different levels and prevents consolidation
of the crust on the surface of the digester. In addition, it
promotes the supply of nutrients to bacteria and their
transport.
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of view depends essentially on the nature of the materials
to be fermented, the temperature and agitation.
In the environment, the use of biogas emits seven times
less carbon dioxide than firewood. This study justifies the
production of biogas by co-digestion of household, toilet
and small livestock waste in homes as the main domestic
energy for cooking and lighting. Rural residents living
around schools and universities and wishing to have
energy will be able to exploit waste directly from the
school, the market or any other place used for a
community of people or animals. This research will be a
good manual for any school located in a rural area of
Senegal to be able to exploit its waste [73]. Our work, as
for many other researchers, clearly indicates that the codigestion of organic waste is one of the most effective
biological treatments, and thus by a simple process, allows
the treatment of a wide variety of solid organic waste and
sludge for biogas production [74]. Thus, improving the
ever-growing standard of living is a serious challenge for
the energy sector, as the contribution of energy from
biogas can in part meet the needs of the rural education
system [75].
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