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Abstract

The general objective of this present work is to refine biogas in order to use it
in an engine to produce electricity. The specific objective is focused on the
availability and creation of energy, environmental protection, and the provi-
sion of biofertilizers to name a few. We worked on industrial applications and
data for two years. The calculation methods and the most important parame-
ters measured and observed during the work with various types of equations
and monitoring, such as the search for the useful volume of the digester, the
retention time, the organic load rate, the daily production of biogas, and the
technological yield were made. The biogas produced was refined following the
standards and purification procedure and the presence of H,S brought back to
a ppm lower than 200. To better characterize our biogas, a weekly, monthly and
annual monitoring was done. The aim of this monitoring was to understand the
production curve and bring technological elements of positive change by work-
ing on the pH, the temperature, the ratio and inhibitors. Thus, at the beginning,
at 25°C and 1 atm, the 6 gas molecules had a volume of 146.61 liters, so for
1 g of COD consumed, there was 0.7636 L of gas with 50% CH, and 50% CO..
We therefore sought to make this result higher with a biogas rate of 60% CH,
and 40% CO.. It is observed that the values can vary by £10% (sometimes more)
depending on the implementation conditions.
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1. Introduction

The role of renewable energies in developing regions is not only to provide energy

power but also to adapt to decentralized electricity production. They can help solve

DOI: 10.4236/nr.2024.1510016  Oct. 31, 2024

255 Natural Resources


https://www.scirp.org/journal/nr
https://doi.org/10.4236/nr.2024.1510016
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/nr.2024.1510016
http://creativecommons.org/licenses/by-nc/4.0/

A. A. Haroun et al.

several problems, including energy dependence and waste management, coupled
with respect for the environment. As for the choice of biogas, it should be remem-
bered that the energy value of a cubic meter of biogas corresponds to 0.42 kg of
liquefied petroleum gas, 4.34 kg of dry wood, 0.6 liters of oil and 5 - 6 kWh of
thermal energy, but also the destruction of many pathogenic germs, the elimi-
nation of odors from animal and human excrement, and the protection of runoff
and groundwater. In addition, a cubic meter of effluent corresponds to 10 kg of
ammonium sulfate, 4.5 kg of super-phosphate, 10 kg of potassium sulfate and
other fertilizing elements [1]-[3]. It is recognized as the most energy-efficient and
environmentally friendly [4] and allows the local level to produce energy at alower
cost for cooking, heating, lighting and organic fertilizers for better fertilization of
crop soil [5] [6]. In our context, biogas is used as green energy and to do so, it must
be refined to be used well in engines to produce electricity. To this end, it is im-
portant to report that wind, photovoltaic, solar thermal, hydraulic, solid biomass,
geothermal, marine energy, and biofuels [7] are all natural resources that can be
used to generate electrical energy, thanks to the different technologies that can be
grouped by economic sectors depending on the resource considered. Available in
quantities greater than the current energy needs of humanity, renewable energy
resources do not increase the amount of greenhouse gases in the atmosphere dur-
ing their exploitation. They also represent an opportunity for more than two bil-
lion people living in isolated regions to access electricity, thereby promoting the
development of renewable energies [8]. For our study, as highlighted above, bi-
ogas is characterized firstly by its chemical composition and the physical charac-
teristics that result from it. It is essentially a mixture of methane (CH,) and inert
carbon dioxide (CO,). However, the name “biogas” includes a wide variety of gases
resulting from specific treatment processes, from industrial, animal, household
organic waste, etc. An important question about the course and natural prepara-
tion of this biogas is answered by the fact that: Anaerobic digestion is none other
than the exploitation by man of a natural process, the methanogenic fermentation
of organic matter, that is to say a fermentation with (bio) methane as the final elec-
tron acceptor. This degradation of organic matter in anaerobiosis leads to the for-
mation of a gas mixture composed essentially of methane (CH,) and carbon diox-
ide (CO,). There are also many trace compounds (organic and inorganic) such as
hydrogen sulfide (H,S), thiols (= mercaptans) and a whole range of Volatile Organic
Compounds (VOCs) (notably in biogas from waste storage facilities) commonly
called biogas. Concerning the use of biomethane, historical evidence suggests that
in 10 centuries BC, the Assyrians used it to heat their bath water [9]. Anaerobic
digestion is therefore a natural biological process that occurs spontaneously in all
ecosystems where organic matter is found in the absence of oxygen, and where the
physicochemical conditions are compatible with those of living things [10] involv-
ing different microbial communities in the degradation and conversion of poly-
mers of organic matter into reduced end products, including a biogas with high en-

ergy value [11]-[14]. In the following lines, we will explain in detail the methodology
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of biogas refining and later, we will give the results of our research, which will be

discussed at the same time.

2. Material and Method

In this part, we describe the working methods carried out daily as well as the ma-
terials used for the latter.

The feeding function of the pilot reactor in continuous operating mode will be
presented by a principal diagram. We then define the calculation methods and the
most important parameters measured and observed during the work. These pa-
rameters will be defined with various types of equations among which we will have
the search for the useful volume of the digester, the retention time, the organic load
rate, the daily production of biogas, and the technological yield. After production,
we will present the characteristics of the biogas measured according to the analysis
of the major gases CHy4, CO, and H.S.

2.1. Experimental Device

We illustrate our experimental setup with the following diagram:

The biodigester receives effluents composed of slaughterhouse waste (rumen
content, blood and wastewater). The mixture is introduced into Compartment 1,
which is the biodigester. After a defined time, the biogas is produced, and it is sent
to the refining process (Compartment 2). From this process, the injected raw biogas
is purified to remove any impurities to make it cleaner for the next system. Compart-
ment 3 is a generator using biogas as fuel. It is a cogeneration system that produces
heat and energy.

The entire system is controlled in a control room through the various sensors
connected to it (Compartment 4).

Figure 1 gives us an overview of the architecture of our facility.

BIOGAS ~ BIOFUEL  MEAT ELECTRICITY

0,060

[

Zozezed|

[
14

reIeIsIil

BIOGAS
1

Figure 1. Diagram of the pilot device reduced to the bare minimum.

In this model, the principle is made easier for simple reading:

1) Biodigester producing raw biogas;

DOI: 10.4236/nr.2024.1510016

257 Natural Resources


https://doi.org/10.4236/nr.2024.1510016

A. A. Haroun et al.

2) Crude biogas refining system;

3) Transformation and production of heat and energy for the consumption of
the plant;

4) Control system linking physicochemical parameters of remote control and
maintenance.

Analysis of major gases CH,, CO; and H,S

A portable multi-gas measuring device was used for its simplicity and reliabil-
ity. It allows to know in real time the quality of the biogas analyzed in the field.

The biogas conversion is carried out in a synchronous PCCE consisting of a six-
cylinder MAN gas engine, coupled with a Newage-Stamford generator with a rated
power of 100 kW at 1500 rpm.

For the refining pole, the biogas thus produced is transported by a gas pipeline
network to the refining unit, which is essentially composed of a desulfurization
unit.

Two mixers prevent the substrates introduced into the tarpaulin from turning

into a thick paste.

2.2. Working Methodology

2.2.1. Feeding the Pilot Reactor in Continuous Operating Mode

In normal operation, the reactor is fed 5 - 6 times per week following this proce-

dure:

¢ Introduction of the biomass and grinding of the solid matter by the mixer);

e Introduction of the waste water using the pump, pre-mixing and homogeneous
mixing by the pump;

e Introduction of the mixture into the digester;

¢ Withdrawal of a predefined quantity of the digestate at temperatures between
30°Cand 80°C.

2.2.2. Calculation Method

1) Search for the useful volume

The useful volume of the digester (V) is calculated from the retention time (Tr)
multiplied by the volumetric loading rate of substrate on a daily basis (Q), accord-

ing to the equation:

V,=TrxQ [m?®=nombre dejours x (m*/jour)] [15] [16].

Furthermore, the digester volume is also a function of the concentration of or-
ganic matter in the substrate So and the organic loading rate (ORL), in terms of

volume:

ORL = Q ;SO = % [(m*/jour) = m*/number of days]
r

2) Retention time
The retention time Tr represents the average residence time of the substrate (lig-
uid or solid) in the digester. It generally lasts between 20 and 50 days [16] [17].

In general, a Tr of 20 days and more will be required for an efficient anaerobic
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treatment process at a temperature near 30°C while this Tr will be much higher for
lower temperatures [18]-[20].
V
Tr=—

o
where Tr: Retention time; V: Volume of the anaerobic digester (m?); 0,: Flow
rate of the fresh substrate introduced (m?*/day).

3) Hydraulic retention times

TRH=ﬁ

i
where TRH: Hydraulic retention time (d); ¥,: Volume of liquid in the anaerobic
digester (m?®); O, : Liquid discharge flow rate at the outlet of the anaerobic digester
(m’-day™).

4) Solid retention times

TRS = Ms
f
where TRS: Solids retention time (d); M : Mass contained in the anaerobic di-
gester (kg); F,: Mass flow at the outlet of the anaerobic digester (kg-day™) [21]
[22].
5) Daily organic load

=Qf><Xf

Co‘] %

where C,q: Daily organic load (kg-COD-day™ or kg-SV-day™); X, : Concentra-
tion of the substrate in pollutant load (kg-COD-m’ or kg-SV-m?).

6) Applied volumetric load

The applied volumetric load (AVC) is expressed as the amount of volatile mat-
ter per unit volume of digester per day (kguyv-m™-j"). These two parameters are di-
rectly related to the volume of the digester used as indicated by the following adapted
equations [23] [24].

CVAszxQ
=

where V: Digester volume (m’); Q: Daily flow rate (m’-d™"); My: Volatile matter
content (kg:m™).

a) Daily biogas production

It is calculated from the specific daily biogas production (G,) for a given sub-
strate, and the quantity of this substrate supplied per day to the digester, i.e. the load-

ing rate (Q) expressed in terms of mass.
G=G, xQ [m*/jour = (m*/kg) x kg/day)]
b) Technological efficiency

The volumetric production of biogas or technological efficiency (Gp) corresponds

to a daily production of biogas (G), per unit of digester volume ( V).
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G, :V_Cj [(m?/day)/m’ digester]

c) Performance assessment

The performance is compared with the theoretical or experimental methanogenic
potential, which represents the value of CH, produced per unit of volatile matter
(VM) according to the substance [25] [26].

Bernet and Buffiére (2008) [14] propose that the performance for solid substrates
can be calculated from:

O,

R =
A0 x [MV]

where R, : Methane yield (Nm*kgMV™); O, : Daily methane flow (Nm®-d™");
Q. Daily sludge mass flux (kg-d™); [MV]: Fraction of MV in sludge (%).

3. Result and Discussion

Biogaz

|

Méthanogenése . Lavage
Sulfato-réduction Effluent trait¢  du biogaz

1 |

Recirculation du biogaz lavé

Effluent a traiter

—

@ stripping du H,S par recyclage du biogaz (dans ligne gaz)

Recirculation de I'effluent traité sans H,S

Effluent a traiter

Méthanogenése . Elimination ; o
Sulfato-réduction des sulfures Effluent traité

—— Stripping
= Absorption
——— Oxydation biologique en S

@ élimination du H,S par post-traitement (micro) aérobie et recirculation de I'effluent traité

Effluent a traiter o .
Acidification Elimination

—— -

Sulfato-réduction - des sulfures

» Méthanogenése ——— Effluent traité

pré-acidification et sulfato-réduction combinées avec élimination des sulfures pour diminution des
teneurs de S dans le méthaniseur

Figure 2. Effluent purification process by stripping and HaS elimination. (a) Stripping of HaS by recycling biogas; (b) Removal of
H.S by (micro)aerobic post-treatment and recirculation of the treated effluent; (c) Pre-acidification and sulphate-reduction com-
bined with sulphide removal to reduce S concentrations in the anaerobic digestion plant.
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In its composition, the biogas produced contains hydrogen sulfide (H,S) which
must be reduced to an infinitely small level (a few PPM) so as not to affect the cor-
rect operation of the electricity production center but also not to poison the users.
This is done by introducing a few liters of air (6% of the total volume) using two
compressors operating alternately. The role of these compressors is to regulate the
system in the event of an excessive presence of H,S by sending air to maintain a ppm
below 200. They blow the air into two different places to have a homogeneous mix-
ture meeting the desired standards. This H,S management system involves oxida-
tion-reduction reactions that transform H,S into sulfate, oxygen and water. To be
sure of this result, the gas produced is regularly analyzed to ensure that its com-
position is of quality.

Figure 2 shows the result of an effluent to be treated. In Figure 2, the effluent
to be treated will undergo several operations in order to be treated.

Another result of the operation of the biochemistry pole is biofertilization: The
operation of the biochemistry pole will lead to the degradation of the substrates
introduced into the digester. To ensure the balance of the functioning of the bac-
teria, the substrates will be introduced every day and 80% of the equivalent of the
substrates (in volume) will be removed. The products removed are called digestates

and have a good agronomic value for plant fertilization.

3.1. Result of Biogas Refining for Better Quality

Analysis of Major Gas Content

1) Theoretical biogas production

The theoretical volume of biogas produced can be estimated from Buswell’s stoi-
chiometric Equation (1), based on knowledge of the chemical composition of the
substrate used:

This Equation (1) can be rewritten by simplifying the term to obtain the same
equation:

C.H,0, +(x—l—inzo - (£+Z—EJCH4 +(f—1+5jco2 (1)
4 2 2 8 4 2 8 4

In Equation (1), CnHaObNcSd represents the chemical formula of the substrate
subjected to anaerobic digestion, the production of methane being considered stoi-
chiometrically maximum, it is simplified here with C,H,0,while knowing that there
is the presence of the elements NcSd.

We can evaluate the theoretical quantity of biogas formed during methaniza-
tion.

If we consider that the COD of a glucose molecule can be calculated from the
following equation:

C¢H,,0, +60, - 6CO, +6H,0

We have 180 g of glucose, which is theoretically oxidized by 192 g of oxygen.

This leads to a value of 192 g of COD.

If we neglect the biomass formed, a molecule of glucose is theoretically transformed

into methane and carbon dioxide by the following stoichiometric equation:
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C,H,,0, —»3CH, +3CO,

We therefore obtain 6 moles of gas.

At25°Cand 1 atm, the 6 molecules of gas will have a volume of 146.61 liters, so
for 1 g of COD consumed, we will have 0.7636 liters of gas with 50% CH,4 and
50% CO..

In reality, there is always a deviation from the theory, the quantity of biogas re-
covered is therefore less, and this is for several reasons:

1) The CO, produced is found in several dissolved forms CO,d, HCO*", H,CO;,
CoO™.

2) The proportion of each of them varies depending on the physicochemical
conditions (pH, salinity, temperature, type of effluent, etc.).

3) The composition of biogas is generally 60% CH,; and 40% CO,. These values
can vary by +10% (sometimes more) depending on the implementation conditions.
A digester operating at basic pH will very easily have higher CH, contents than
usual.

In the theoretical analysis of our data, we will see that the quantity of biogas pro-
duced by the biodigester respects this interval.

A portable multi-gas measuring device was used for its simplicity and reliabil-
ity. The compounds detected are: CHs, CO,, O, and H,S. The device operates over
temperature ranges from —10°C to +40°C. It allows to know in real time the qual-
ity of the biogas analyzed in the field. Then, the biogas produced must be purified
[27]. Table 1 provides information on the quality of the average content of raw

and refined biogas.

Table 1. Characteristics of the biogas content obtained.

Variation of average content

Major gas
Raw biogas Refined biogas
CH4 54% - 74% 56% - 75%
CO2 16% - 28% 16% - 26%
0. 0.2% - 5% 0.0% - 3.6%
H>S 0.11 - 360 ppm <2 ppm
Presence of traces of other matter
H.0 <1% i
N2 <1% -
NH; <1% -
H> <1% -
OTHER <1% i
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These results are highly acceptable and allow the production of electricity and
heat through a cogenerator.

The following figures (Figure 3 and Figure 4) give us an overview of the simu-
lation of the monthly production made for the first year and that of the second

year.

Biogaz produit /mois
35000

30000

25000

20000
15000
10000

5000
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o

Figure 3. Simulation of monthly biogas production in the first year.
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Figure 4. Simulation of monthly biogas production in the second year.

Biogas treatment aims to satisfy two processes for better purification. The first
is to eliminate toxic and corrosive compounds, and the second aims to increase
the proportions of methane to improve the energy properties of the gas mixture.

The purification of our biogas follows the following reactions [28]:
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Fe,O0, +3H,S — Fe,S, +3H,0
Fe,O, +4H,S — FeS+Fe,S, +4H,0
FeO+H,S - FeS+H,0

2) Biogas treatment

Refining is the action of purifying a material in order to make it usable and/or
marketable. The production of biogas with characteristics close to those of nat-
ural gas necessarily requires the combination of treatment and purification
stages.

This stage is essential, while increasing the methane content of biogas depends
on the chosen recovery method because untreated biogas contains on average 50
to 75% methane, which is too little for its use, but it can power engines or cogener-
ation installations. The biogas produced in digesters mainly contains methane and
carbon dioxide. It may also contain other gaseous compounds depending on the
type of effluent treated. These compounds are: HsS, H,, NHs, CO, and the presence
of water.

This may require treatment to remove molecules that could create problems
(water or H,S to avoid corrosion) or to remove molecules present that do not con-
tribute anything to its recovery before storage (such as CO,). The physicochemical
treatment techniques used depend on the molecules to be eliminated.

e To eliminate water, condensation techniques are applied to trap the droplets or
drying with water vapor (cooling and trapping of water, adsorption on silica-
gel type products, drying with glycol.

e Hydrogen sulfide can be removed from the biogas or its formation can be pre-
vented.

For this, biological or physicochemical methods are available.

Among the latter, we will note the absorption of iron oxide particles (reaction
A), which will be regenerated by oxygen (reaction B), absorption in liquids (diluted
sodium hydroxide solution, iron chloride solution), or the use of separation tech-

niques such as membranes and molecular sieves.
Fe,O, +3H,S — Fe,S; +3H,0 (reaction A)

2FeS; +30, — 2FeO, + 6S (reaction B)

Biological techniques achieve the reaction:

2H,S+0, —»2S+2H,0

A controlled supply of oxygen into a biological reactor that treats biogas leads

to the following H2S oxidation reaction:

2H,S+0, — 25 +2H,0

With this approach, the H2S content can be reduced to values of 20 to 100 ppm
and removal efficiencies of 80% to 99% can be obtained.

However, biogas purification is mainly based on ex-situ physicochemical tech-
niques [29]-[31], and biological techniques [32]-[34].
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Table 2 provides a summary of the available technologies for biogas purification.
This table provides information on the compounds to be eliminated as well as the

techniques used for this exercise.

Table 2. Biomethane purification techniques according to Jonathan Hess.

Compounds to be eliminated Techniques

Condensation or cryogenics, absorption on

Water .
glycols, molecular sieves
Pressurized water washing, adsorption on
Sulfur . & p
activated carbon,
In-situ addition of iron chloride, biological
Organohalogens . . .
techmques, micro-aeration
CO2 Activated carbon adsorption

3.2. Description of Biogas Purification Technologies

1) Elimination of dihydrogen sulfide

The dihydrogen sulfide present in biogas comes from the degradation of proteins
and other sulfur-containing compounds. This corrosive gas must be removed
from the biogas to preserve compressors, storage tanks and recovery equipment
[35].

Washing can be done with water (the simplest solution) or with polyethylene
glycol, in which the solubility of H,S is higher.

First, the H,S is solubilized in water to form sulfur ions S*". These ions then
react with ferric compounds (beads, wood chips covered with iron particles), and
are oxidized to sulfur S.

The biogas is pressurized to increase its solubility, then injected at the bottom
of a column containing the solvent, and the purified biogas is recovered at the top
of the column. Once saturated, the solvent can be regenerated either by lowering
the pressure or by bubbling air inside [36]. Adding soda to the washing water in-
creases the solubility of the gases, and the soda reacts with dihydrogen sulfide to
form sodium sulfate; in this case, the absorption is partly chemical. These physi-
cal and chemical methods only remove H,S from the biogas, but do not convert
it into a valuable product, unlike ferric reduction, which converts dihydrogen sul-
fide into sulfur [37]. Injecting oxygen into the medium then regenerates the ferric
compounds, and sulfur is ultimately recovered.

2) Elimination of water vapor

Water vapor is a barrier to biogas valorization at several levels; it can react with
H,S and form a corrosive acid, but it also risks condensing or even freezing if the
gas is compressed for storage [38], and it is essential to dry the biogas. This can be
done by condensation by cooling the pipes carrying the biogas or by means of a

demister followed by a two-phase separator.
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3) Elimination of carbon dioxide

If the water contents must be very low, for example, for injection into the gas
network, the presence of a higher quantity of CO; is a major drawback for biogas
used as fuel or injected into the city gas network, so it must be almost free of CO,
or must contain more than 96% methane.

The biogas washing techniques mentioned above also make it possible to re-
move CO, from biogas [39]. Given the solubility of CO,, which is much higher than
that of methane, biogas can be bubbled through a solvent bath to trap the CO,. Wa-
ter, polyethylene glycol or water with added soda are common solvents. Hayes et
al. (1990) thus obtained, by washing with water, a biogas containing 93% methane
[40], Harasimowicz ef al (2007) obtained a biogas containing 94% methane [41],
O’Keefe et al (2000) showed that washing the biogas by micro-aeration of the liquid
phase did not inhibit methanogenic bacteria, while providing good results of bio-
gas containing 90% methane [42]. The biogas is purified and then used to power
a cogeneration engine, and thus produce electricity and heat.

Table 3 gives us information on the taking of samples from 21 to 26 May, depend-
ing on the temperature. It is quite illustrative for the interpretation of the observed
data on the inlet and outlet of the characteristics of the biogas as a function of the

temperature used for this purpose.

Table 3. Samples from May 21 to 26, according to temperature.

Observation
Dat Outside
ates
temperature Reactor crude Reactor exit
production
CH. =61 CH4 =60
CO; =27 CO, =27
21/05/2024 329
0:=0.0 0,=0.0
HaS = 360 ppm HaS = 0 ppm
CH, = 54 CH4 =59
CO, =26 CO2=26
22/05/2024 33.1
0:=4.1 0:=0.6
H,S = 68 ppm H.S = 0.0 ppm
CH4 =55 CH4 =59
CO,=18 CO2=19
23/05/2024 33.3
0,=38 0.=27
H.S =52 ppm H.S = 4 ppm
CH, =59 CHs=61
CO,=20 CO, =27
24/05/2024 33.6
0O;=5 0:=17
H.S = 265 ppm HaS =20 ppm
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Continued
CH4 =58 CH, =61
CO, =24 CO, =28
25/05/2024 33.5
0:=0.0 02=0.0
H.S =0.18 ppm H.S =0 ppm
CH4 =59 CHs =61
CO2=26 CO,=28
26/05/2024 335
0,=0.2 0,=0.20
H>S =290 ppm H.S =0 ppm

3.3. Result of the Simulation of Energy Production after Refining
Over Two Years of Biogas Production

Based on the data in Table 3, Figure 5, which is illustrated, can be explained by
the fact that the addition of manure in the substrate during the period June-Au-
gust allowed to increase the quantity of production until the month of September

before falling and rising again in the last month with of course another addition

of manure.
35000
30000
25000
20000
15000
10000
5000
0 o——C—LC——— = =0 ® C————= 0
Jabvier Février Mars Avril  Mais Juin Juillet AOUT Sept Oct Nov Déc
——Biogaz produit/jour =~ —®—Biogaz produit /mois

Figure 5. Simulation of biogas production per day and per month for the first year.

The temperature factor can have an explanation for this interval also because
from the month of May to July, the weather is hot, and if we did not modify the
substrate by the addition of manure, the temperature will impact the quantity of
biogas produced and will make it fall even more.

From the data on the production of biogas produced per day and per month for
the first year, Figure 6 can be illustrated, which gives a simulation of the energy pro-
duction for the first year. The ratio of heat production to energy production can be

seen on the graph of the histogram of the first year.
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Figure 6. Simulation of energy production for the first year.

Theoretically, it is a little difficult to explain the implication of temperature in
these data because the distribution of the ratio differs from one month to another
and therefore it remains the only theoretical explanatory factor on the yield of bio-
gas. However, the type of substrate, ratio and mode of introduction does not allow
us to confirm or deny whether the quality of the substrate or the composition of
the ratio mixture can positively impact the yield in terms of quantity and quality of
biogas. What we notice on the simulation results in the second year also

What we notice about the simulation results in the second year in Figure 7.

Starting from the data of the second year in the previous (Figure 7), the ratio of
heat production to energy production can be illustrated in the second year by the
data of the operations carried out in the second year, which gives us an overview
in Figure 8.
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Figure 7. Simulation of biogas production produced per day and per month from the second year.
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Figure 8. Simulation of energy production for the second year.

It is noted that the inputs of the substrates differ from one month to another
and the production of biogas is also not stable with a higher peak in March and
slightly in June. That of March can be explained by the fact that the elements hav-
ing contributed to the start of the methanization process being in an environment
free of secondary reaction but also respecting the conditions of implementation
of biogas production. Added to this is also the climate, which by the temperature,
can negatively or positively influence the reaction mechanism in an anaerobic en-
vironment. Generally, from January to April, the weather is a little cool and the heat
is due to the sunshine, that is to say, the temperature does not affect the reactions
too much. Thus, the production of biogas is better favored, but we constant that
after the peak of March, there is a drop in the quantity of biogas until May but pro-

portional to the quantity of the substrate introduced.

4. Conclusions

The performance of anaerobic digesters depends on the characteristics of the treated
effluent and the type of digester used, depending on a yield that can be either in
quality or quantity. Generally speaking, purification yields can vary from 60% - 98%
on raw biogas. The calorific value of a combustible compound represents the energy
released by the combustion of the latter. Methane is the only biogas compound
that is energetically interesting, and the calorific value of the mixture depends only
on the partial pressure of methane. For pure methane, the calorific value is 12.67
kWh-m™, and for a biogas containing 70% CHy,, it will therefore be 8.87 kWh-m™,
or 32 MJ-m™.

Despite everything, the residual quantity of pollution often remains too high
for direct discharge into the natural environment and therefore requires aerobic
finishing. In our specific case, the raw biogas before its purification and the purified

one does not present a wide range of differences. The sentence should be corrected
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as follows: The tables shown in the document show different variations in the
biogas flow rate during the selected months, although the technology used until
then remains unchanged. The variation of the results over each month can be ex-
plained by the climatic situation of the country. We have seen previously that the
temperature is an important factor in having a good kinetics of transformation of
organic pollution in the digesters. The influence of the climate can play a negative
or positive role on the biodigester if we do not control the outline or if the posi-

tioning of the biodigester does not respect the standards.
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