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An experimental study for the characterization of biogas production from cow
dung and droppings

Younoussa Moussa Baldé, Cellou Kanté, Sette Diop, Sihem Tebbani
Abstractf

The present work is an account of an ongoing work on biogas production from animal wastes at LEREA (Laboratoire
d’enseignement et de recherche en énergétique appliquée) in Mamou, Guinea. The work consists of biogas
production from anaerobic digestion and co-digestion of cow dung and droppings. We focus in this report on the
determination of the physico-chemical characteristics of the experimental setup. We have carried out three experiments
of anaerobic digestion each one lasting 45 days at mesophilic temperature (temperature was maintained in the range 27°C
- 28°C). 28.4 liters have been obtained from droppings and 22.6 liters from cow dung and 38.7 liters from co-digestion
of the previous two wastes. The following physico-chemical characteristcs were observed for cow dung: humidity 43%,
dry matter 20.83%, organic matter 57%, density 625kg/m?, carbon content 31%, nitrogen content 1.46%, nitrogen-carbon
ratio 21/30. For droppings we measured: humidity 35%, dry matter 65%, organic matter 62%, density 250kg/m?, carbon
content 36%, nitrogen level 1.83%. This characterization was carried out on a sample of 3g of each type of substrate.
These results agree with those of the literature that we were able to compare with.

Keywords: Anaerobic digestion; anaerobic co-digestion; physico-chimical characterization; cow dung wate; droppings
weste; methanation; animal waste

1. Introduction

In order to meet Guinea's energy needs, significantly reduce local pollution and the greenhouse effect, and
preserve the environment, it is necessary to explore and develop new energy sources such as biogas. This
widely available, inexpensive and non-polluting renewable energy can be used to complement so-called non-
renewable fossil fuels [1].

In Guinea, despite the importance of hydropower potential, the supply of thermal and electrical energy remains
one of the major problems in most of the country's rural areas, leading to increased wood consumption, severe
forest degradation, soil erosion and climate and environmental degradation. On the other hand, organic wastes
may be turned into a source of wealth in remote rural areas thanks to anaerobic digestion. The biogas produced
by this natural anaerobic digestion process may be used for the production of heat and electricity for
households.

In addition, animal wastes, thanks to the organic matter they contain, are a guarantee for soil fertility. Farm
animals release 20 to 40% of the nitrogen and phosphorus and 70 to 90% of the potassium ingested with feed.
For poultry, the release is about 70% of the nitrogen [2], [3]. The gaseous emissions from these effluents are
methane, CH,, ammonia, NH3, hydrogen sulphide, H,S, carbon dioxide, CO,.

Recovering the biogas and agricultural fertilizer contained in these animal wastes requires prior
characterization of their physico-chemical parameters [4], [5]. This is the motivation of the first part of the
work at LEREA. After the characterization of the samples we proceed to the methane production from the
wastes. We provide experimental characterization of substrates consisting of cow dung and droppings that may
be found in the area of Mamou in Guinea. Typical values of biogas production from cheap bioreactors are also
provided by our study, including co-digestion of cow dung and droppings.

We have carried out three experiments of anaerobic digestion each one lasting 45 days at mesophilic
temperature (temperature was maintained in the range 27°C - 28°C). 28.4 liters have been obtained from
droppings and 22.6 liters from cow dung and 38.7 liters from co-digestion of the previous two wastes. The
following physico-chemical characteristcs were observed for cow dung: humidity 43%, dry matter 20.83%,
organic matter 57%, density 625kg/m’, carbon content 31%, nitrogen content 1.46%, nitrogen-carbon ratio
21/30. For droppings we measured: humidity 35%, dry matter 65%, organic matter 62%, density 250kg/m’,
carbon content 36%, nitrogen level 1.83%. This characterization was carried out on a sample of 3g of each
type of substrate. These results agree with those of the literature that we were able to compare with.

The paper is organized as follows. In next section we present the materials and methods used for
characterization of the wastes as well as the biogas production. Section 3 is devoted to exposition of the results
and their discussions. The paper ends with concluding remarks and words on future works.



2. Materials and methods
The equipment used for the characterization consisted of an oven, a W10/104-HERAUS incinerator of 800 W,

a DIAL-O-GRAM brand analytical balance of 2610g capacity, a stirrer glass for the agitation and
homogenization of the substrate, a clamp allowing the manipulation of hot glassware, and two containers which

are graduated in centiliters.
These equipments make it possible to measure the following characteristics: density, relative humidity, dry
matter, organic matter, mineral matter, the carbon and nitrogen contents of the various cow dung and droppings

saamples.

2.1. Substrates
The substrates used in this study consist of easily biodegradable organic wastes. Specifically, we chose cow
dung, and droppings for their availability in the area of Mamou. Figure 1 below shows plastic bags of samples

of these wastes.
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Figure 1: Animal waste samples

Samples of cow dung and droppings are collected from a cattle park and a poultry farm in Mamou. The analysis
of these samples was carried out at the Microbiology Laboratory of the National Control Office (ONCQ) of
Matoto in Conakry. The results obtained were interpreted at LEREA facilities at UGANC in Conakry and in

Mamou.

2.1. Experimental setup
This is a cheap poorman’s bioreactor consisting of bottles of volume varying between 4.5 and 5 litters. The
first one is the bioreactor itself. It is equipped with a flexible tube which lets the biogas leave the first bottle to
a second one which is the container of the produced biogas. This bottle is initially filled with water. It is
equipped with two holes: the first one is for the supply of gas from the bioreactor and the second hole lets the
water flow to the third bottle which is a water collector. The principle of measurement of the biogas is thus
very simple: under the biogas pressure in the biogas container the water flows to the water collector bottle.
The latter is equipped with graduations measuring the displaced water and the volume of biogas produced, too.
The photograph of Figure 2 shows the three bioreactors each one made of the previously mentioned three
bottles and diagram of Figure 3 shows the principle of each bioreactor. Therefore, the digester is essentially a
closed airtight and preferably thermally insulated vessel from the outside in which different bacterial species
degrade the organic waste and produce biogas [10]. Therefore, our bioreactors are of batch type.



CODIGESTION FERMENTER | l BIOGAS COLLECTED

Figure 2: Experimental method
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Figure 3: Experimental setup
2.2. Analytical methods
Characterization of wastes is done through the two following methods: gravimetric and volumetric [8].
2.2.1. Gravimetric method

The gravimetric method consists of the determination of the following parameters: density, amount of organic
matter, amount of mineral matter, moisture and the amount of dry matter.



Density

A glass vessel of 1 liter of volume is filled with organic waste without settlement and weighed on the scales.
The average density (p in kg/m®) is calculated according to the following formula

m

= = 1

p=- (1)
Organic Matter

The determination of the rate of organic matter (MO) for each substrate consists of placing a sample of 20g of
each substrate in the oven for 24 hours at 70°C. And then the calcination of samples of the 3g previously dried
for 2 hours in the incinerator. The rate of organic matter is determined according to

_ Msec — MSI

MO= —x 100 2
Msec )

where Msec is the weight (in g) before calcination and MSI the weight (also in g) after calcination.
Mineral matter

After 6 hours in incinerator, an inorganic residue is obtained. This mass of the waste calcined at 600°C (MSI)
is the mineral matter. Measuring the weight of the fraction of residual ash by the loss on ignition allows us to
determine the percentage of the mineral contained in the waste. The mineral matter is determined by the
equation

MSI

MM = x 100 3)
Msec

Relative humidity

The majority of protocols determine moisture by drying at temperature of 105°C to a constant weight. The
moisture percentage of the different organic wastes is determined by the difference of weight of the sample

before and after drying until the stabilization of the mass by formula [9]
MSo — Msec
H= — _"""%100 (4)
Mo

where MSo is the initial mass of the sample, Msec the mass of the dried sample, My,o = MSo — Msec, the
mass of water contained in the sample.

Organic matter rate in the dry matter
The organic matter content in the dry matter and in the initial substrate (MSo) are respectively determined by

the relations

MO
%MO/MS = 5= X 100 (5)

MS — MM
—X

%MO/MSo = 100 (6)

2.2.2. Volumetric method
The volumetric method consists of determining the organic carbon and nitrogen content.
Organic carbon rate

The organic carbon content in the sample was determined according to the content of organic matter according
to the standard (NF44-161) by the relation [4]
%MO

%C =
% 1.725

(7)



Nitrogen rate

The total nitrogen content was determined by digesting 1g of the sample with concentrated sulfuric acid in the
presence of a catalyst (copper sulphate plus sodium sulphate) for 2 hours then distillation and titration of the
ammonia released with a sulfuric acid solution of normal 0.02 concentration. En we use the relation

%N = Vg X 0.195 X My (8)
where V¢, 1s the titration volume in (ml/g), My, is the test mass in (g/ml).

The analysis of these samples was carried out at the Microbiology Laboratory of the National Control Office
(ONCQ) of Matoto in Conakry. The results obtained were interpreted at the laboratory LEREA in UGANC
and in Mamou.

2.2.3. Experimental procedures

The determination of the densities consisted in filling a container of volume of waste (v=1 liter) without
settlement and then weighed on balance. This amount of initial substrate is dried successively in the oven in
five steps. Knowing the different masses (in g) we applied the formula (1) to calculate the different densities
(p in kg/m?), so the density of the substrate is the average of the densities coming from the five experiences.

The determination of the other parameters consists in carrying out successively five experiments on the same
sample of 3 g of each type of substrate, until a constant mass of the sample is obtained. These experiments
consist of successively introducing the dried 3 g sample into the muffle furnace and removing it after each
hour, this operation is carried out 5 times on the same sample until a constant mass (MS]) is obtained which
corresponds to the value of the fifth experiment.

At each operation, the MS is determined by weighing, the other parameters are determined by all the above
relations. The averages of the five experiments represent the values of the physicochemical parameters of the
substrate [4].

2.2.4 The method of production of biogas

This research concerns the determination of the amount of biogas contained in 1.5 kg of each type of substrate
(cow dung and droppings) and the mixture of both substrates (co-digestion) in the proportion of one (0.75kg)
each. We simultaneously used 3 plastic bottles of 5 liters as digesters, they were filled up to 3/4 of their volume
respectively by the two types of substrate and their mixture. These samples were diluted in 2 liters of water
each. These three digesters have been each connected to an air chamber (gasometer) through the flexible hoses
of 8mm interior diameter.

3. Results and discussion
3.1. Results and discussion of the characterization of animal wates
The tables below present the results obtained during the process of characterizing animal waste.

The results obtained show that the dry matter rates of the cow dung and droppings samples (57% and 65%)
are relatively high compared to those given by [11] and [12] or 15% for cow dung and 30% for hen droppings.

The MO rate of cow dung 54% MS and quite close to the result as reported by [12], ie 55% MS, and the MO
rate of the hen droppings is 65% MS, results obtained by [13] is some 60% MO.

The carbon and nitrogen contents of the waste for cow dung 31% and for droppings 36% respectively, the
ratios of carbon and nitrogen (C/N) for these wastes are respectively 21 and 20. These results show that the
C/N ratios of cow dung and hen droppings are close of the litterature. For some authors a ratio of 25/30 is
considered optimal for anaerobic digestion, while for others, C/N ratios between 20 and 30 were critical for
the stability of conversion processes, [6], [14].



Table 1: Characteristics of of cow dung

Sample (MSo)g | MSec(g) | MSI(g) H(%) MS(%) | MO(%) kg/m3
1 3 2.25 0.63 25.00 75.00 72 1000.00
2 3 2.2 0.63 26.66 73.34 71 750.00
3 3 2 0.63 33.33 66.67 69 666.00
4 3 1.45 0.63 51.66 48.33 58 500.00
5 3 0.625 0.63 79.17 20.83 - 208.00
Average 3 1.72 0.63 43 57 54 625.00
Table 2: Characteristics of droppings
Sample (MSo)g | MSec(g) | MSI(g) H(%) MS(%) | MO(%) kg/m?
1 3 2.63 0.5 13.00 87.00 72 333.00
2 3 2.44 0.5 18.00 82.00 71 291.67
3 3 2.25 0.5 25.00 75.00 69 270.83
4 3 1.55 0.5 48.33 51.67 58 208.33
5 3 1.88 0.5 38.00 62.00 - 250.00
Average 3 2.14 0.5 35 65 62 271.00
Table 3: Chemical characterization of cow dung

Experiment | Vtit(ml/g) | MSec(g/ml) | C(%) N(%) C/N

1 45 1.5 42 1.46 28.50

2 5.00 1.5 41 1.46 28.30

3 5.00 1.5 40 1.46 27.20

4 5.00 1.5 30 1.46 23.00

5 5.00 1.5 - 1.46 -

Average 5.00 1.5 31 1.46 21.40

Table 4: Chemical characterization of droppings

Experiment | Vtit(ml/g) | MSec(g/ml) | C(%) N(%) C/N

1 5.00 1.88 47 1.83 25.66

2 5.00 1.88 46 1.83 25.00

3 5.00 1.88 45 1.83 25.00

4 5.00 1.88 43 1.83 23.00

5 5.00 1.88 - 1.83 -

Average 5.00 1.88 36 1.83 20.00

Table 5: Physico-chemical characteristics of the 2 wastes compared

Type of waste | H(%) | MS(%) | MO(%) | MV(kg/m®) | C(%) |N(%) C/N
Cow dung 43 57 54 625 31 1.46 21.40
Droppings 35 65 62 271 36 1.83 20.00




3.2. Results and discussion of the biogas production
The tables below illustrate the results obtained during the process of experiments animal wastes, with:

Table 6: Biogas produced by intrans (in liters)

Sample (MSo)g | MSec(g) | MSI(g) H(%) MS(%) MO(%) kg/m?

1 3 2.25 0.63 25.00 75.00 72 1000.00

2 3 2.2 0.63 26.66 73.34 71 750.00

3 3 2 0.63 33.33 66.67 69 666.00

4 3 1.45 0.63 51.66 48.33 58 500.00

5 3 0.625 0.63 79.17 20.83 - 208.00

Average 3 1.72 0.63 43 57 54 625.00
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Figue 4: Kinetics of cumulative biogas (Liter/day)

Biogas production started on the 3rd day after the digester load and lasted 45 days. The biodegradation of
organic substrate into gaseous compounds occurs as follows:

) over a period of 45 days, 50% of the total volume of gas is produced in 9 days with a maximum
on the 9th day of fermentation;



(i1) the continuous fermentation process from the 10th to the 45th day. After 45 days of methanation
in a temperature range of 27°C to 28°C, the amount of biogas for droppings is 28.4 liters, higher
than that of cow dung 22.6 liters. Co-digestion gives a higher value 38.7 liters. On average, the
daily specific biogas production of the different animal wastes is: cow dung (0.50 liter/day),
droppings (0.63 liter/day) and finally co-digestion (0.86liter/day) at an average temperature of
28°C.The resultats of the literature give an average production of 18 liters to 20 liters for cow dung
and 19 liters to 40 liters for the droppings [16].

4. Conclusion

This research shows the importance of the knowledge of certain physico-chemical parameters of wastes in
order to improve their productivity in biogas. This study also documents the fact that co-digestion is a factor
of optimization of biogas production by anaerobic digestion. Future work tries to improve all these
experimental procudures which were described in this paper. One of the objective is to be able to deliver to
decision makers reliable quantitative evaluation of energetic potentialities of animal wastes, and other waste
types, too. Ongoing work also concerns modeling of dynamics of anaerobic digestion of animal wastes which
are produced in the area of Mamou.
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