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house gas emissions. This work aims to determine the typology of agricul-
tural waste in the departments of Soubré, Sassandra, Daloa and Issia, to de-
termine the number of residues generated in these departments, and to assess
the biogas potential of these departments said residues. Field observations
were made to identify the different types of waste, then, based on agricultural
statistical data from the Ministry of Agriculture and biogas productivity
indexes, the quantities of agricultural residues and biogas were estimated.
Agricultural residues consist of pods (50%), stalks (19%), cobs (3%), Straws
(8%), stalks (2%), shells (9%), fibers (7%), husks (1%), and bunches (1%). In
addition, these localities have 465266.3 t of pods, 173583.2 t of stalks, 84280.0
t of shells, 75,857 t of straws, 12,000 t of husks, 10,987 t of bunches and 6793.0
t of fibers. The departments of Soubré, Sassandra, Daloa and Issia contain a
total potential energy of 235.87 x 10° m® of biogas. However, this is unevenly
distributed among the localities. The volume of biogas recorded is higher in
the department of Soubré (74.91 x 10° m?) which is followed respectively by
the departments of Daloa (62.27 x 10° m?), Issia (52.77 x 10° m*® and Sassan-
dra (45.93 x 10° m?). The departments of Soubré, Sassandra, Daloa and Issia
have a very large potential for the production of agricultural residues that
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may be of interest to economic operators for recovery in biogas production
units.
Keywords

Agriculture, Crop Residues, Biogas, Sassandra, Daloa, Issia, Soubré, Cote
d’Ivoire

1. Introduction

Since its independence, Cote d’Ivoire has focused its economic development on
the agricultural sector, creating more than 47% of national added [1]. Annual
productions are 1,300,000 tons of cocoa, 120,000 tons of coffee [2]. 131,000 tons
of cotton, 300,000 tons of oil palm and 630,000 tons of cashew [3]. These farm-
ing activities generate large quantities of waste composed mainly of organic re-
sidues, of which the mismanagement constitutes a proven source of pollution of
the components of the environment [4]. A study carried out on the method of
managing agropastoral waste in the Sassandra watershed revealed that this waste
was mostly incinerated in the open air or used to meet the energy needs of the
populations [5]. However, incineration could lead to bush fires that would de-
vastate surrounding plantations, plant cover as well as biodiversity. In addition,
the smoke emitted would cause respiratory problems to populations. Thus, con-
trolling the management of crop waste could constitute a major issue that would
be part of an overall strategy to reduce environmental impacts. In addition, this
waste could constitute a source of wealth for rural populations (waste producers)
and a mine of raw materials for economic operators [6]. The departments of
Soubré, Sassandra, Daloa and Issia constitute one of the main agricultural areas
of the country [7]. These departments are teeming with several crops of cash
crops (cocoa, coffee, oil palm and rubber) and food crops (rice, maize, cassava)
[2] which could generate huge quantities of residues. This study aims to charac-
terize the typology of crop residues, to assess their availability, and to quantify

the volume of biogas likely to be produced in the different localities.

2. Materials and Methods
2.1. Study Area

Figure 1 presents the areas surveyed in this study. These areas belong to the south-
ern agricultural watershed basin of Sassandra, particularly in the center-west
(Daloa and Issia) and south-west (Soubré and Sassandra) of Cote d’Ivoire. The
departments of Daloa and Issia are located between longitudes 5°75 and 8°16
West and latitudes 5°56 and 9°75 North [8]. The respective populations of these
localities are 591.693 inhabitants (Daloa) for an area of 38.76 km? and 327.901
inhabitants (Issia) for an area of 5.658 km?. As for the Sassandra and Soubré de-

partments, they are located between longitude 7°08 and 6°12 West and latitude
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Figure 1. Location of the study area.

5°19 and 6°34 north. Sassandra covers an area of 25.800 km? with an estimated
population of 299.500 inhabitants [9]. On the other hand, Soubré has 464.554
inhabitants for an area of 8.500 km? The economic activities carried on these

different localities are: agriculture, trade and transport. However, agriculture re-
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mains the main economic activity, practiced by 60% of the population [9]. Agri-
cultural dynamic is essentially based on cash crops (coffee, cocoa, rubber and oil

palm) and food and market gardening crops.

2.2. Material

The equipment used for the preparation of this study is composed of a cameras
for taking pictures of the various types of crop wastes, agricultural statistical data
2015 provided by the Department of Statistics, Documentation and Information
Technology of the Ministry of agriculture of Cote d’Ivoire. The quantities of
agricultural residues generated as well as the equivalent volume of biogas for

each type of residues were estimated using productivity indexes [10].

2.3. Method
2.3.1. Wastes Identification

To identify crop wastes produced in the departments of Soubré, Sassandra, Da-
loa and Issia, different farms were visited. The types of wastes identified were

photographed.

2.3.2. Estimation of the Quantities of Crop Wastes
The quantities of residues (QR) from the crops were determined from the rela-
tion (1) described according to [10]

QR =mxCres (1)

where:
m: Mass of the production for the considered crop (kg),
Cres: Coefficient relating to the quantity of residues generated according to

agricultural production.

2.3.3. Quantities of Biogas Estimation
The potential of annual biogas production from agricultural residues was esti-
mated from the quantity of dry matter (QMS) of said residues. This quantity of
dry matter was calculated according to the relation (2):

QMS =mxCresxCms (2)

The potential of agricultural residues biogas (PAg) was evaluated according to
the Equation (3).
PAg = QMSxIp 3)
where:
Cms: Proportion of dry matter contained in the residue,
Ip: Productivity index.
The values of Cms, Cres and Ip used are consigned in Table 1.

3. Results and Discussion
3.1. Typology of Crop Residues

Crops residues are made up of bunches, fibers, shells, pods, straws, husks, cobs,
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Table 1. Cms, Cres and Ip values [10] [11].

Values and references
Wastes typology by culture

[10] [10] [11]

Cultures Wastes Cres Cms Ip (m’/t of MS)
Straw 1.757 0.87 360

Rice

Husk 0.267 0.98 300
Stalk 0.20 0.89 300
Maize Cob 0.273 0.93 300
Stem 2.00 0.85 295
Cluster 0.23 0.50 300
Palm oil Fibre 0.14 0.60 300
Shell 0.065 0.90 300
Cocoa Pods 1.00 0.85 300
Coffee Shell 2.10 0.85 300
Cassava Stem 0.062 0.85 300

stalks and stems. These wastes come from cocoa (pod), coffee (shell), oil palm
(cluster, fiber, shell, straw), manioc (stem), maize (cobs, stem, stalk) and rice
(straw, husk, stem) Figure 2. This typology of wastes is similar to that obtained
by Coulibaly et al [12] in the Comoé watershed.

3.2. Quantities of Crops

Quantities of Crop Residues Available

The quantities of agricultural wastes available by locality of the BVS are pre-
sented in Figure 3. These wastes come from cash crops such as cocoa, coffee and
oil palm and from food crops such as rice, manioc and maize. We note that the
quantities of wastes vary between 190 and 291 thousand tons. However, the
quantity of food crop waste is greater in the department of Daloa (217.5 t). As
for the residues from cash crops, they are more important in Soubré (276.5 t)
followed respectively by these of Issia (176.2 t), and Sassandra (157.2 t). The ag-
gregate production of agricultural residues of the entire southern BVS, amounts to
930,221 t. Overall, the department of soubré is full of more than (290,668 t)
waste followed respectively by the departments of Daloa (236,123 t), Issia
(205,061 t) and Sassandra (198,221 t). This result could be linked to the surfaces
of the differentes localities. Indeed, the surface of the differentes localities would
make vast cultivated lands available to the populations. In addition, the declassi-
fication of certain reserves in the department of Soubré would have favoured
greater agricultural production. This corroborates the results of the report of the
CCC coffee and cacao [2] which indicates that cocoa production in Soubré

represents 19% of the national production.
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Figure 2. Illustration of some crops residues, (a) = rice straws; (b) = dry pods; (c) = cobs
of maize; (d) = husk of maize.
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Figure 3. Quantities of wastes available in the localities studied, (a) = Quantity of cash
crop residues; (b) = Quantities of food crop residues.

Figure 4 shows the quantities of residues generated according to the type of
crop considered. Regarding cash crops, the quantity of residues from cocoa cul-
tivation is higher at soubré (272,265 t) and Issia (132,244 t). As for the residues
from coffee, the highest quantities are recorded in the departments of Sassandra
(34,497 t) and Issia (41,538 t). Residues from oil palm are recorded in the de-
partment of Sassandra (78,094 t). As for residues from food crops, they are
present in almost all localities; the maize cultivation generates more residues
with a tonnage of 212,200 t, then that of rice with a production of residues of
87384.8 t and finally these of cassava, with a production of residues 1732.7 t. By
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Figure 4. Quantities of waste available by crop type.

considering the residues by type of crop, we note that the residues resulting from
the highest cultivation activities come from the cultivation of cocoa for cash
crops and maize for food crops. The high production of pod residues is said
would be due to the high production of cocoa in the agricultural watershed of
Sassandra and also to the agricultural policy of the Cote d’Ivoire which encou-
rages the practice of this crop. In addition, the south Sassandra is an agro-eco-
logical area favorable to cocoa and corn crops [13].

Figure 5 shows the quantities of residues available by locality. Pods are availa-
ble in large quantities (272295.6 t) in Soubré and Issia (132.2 t). As for stems
(145058.29 t) and straws (33.4 t), they are more available in Daloa than in the
other towns. However, shells (41900.44 t) and fibers are more important in Sas-
sandra. The results concerning the quantities of crop residues by locality,
showed that the area of Soubré has the highest production of cocoa residues.
This would explain the high production of pods (272,265 t) in this locality. This
result is of the same order as the results of the CCC [2]. This production of waste
from cocoa would also present some possible ways for recovery for composting
and/or biogas production [14]. This city could be considered as a waste ware-
house where recovery units can be installed. Relatively, the low production of
clusters from oil palm cultivation in the watershed would be due to the fact that
it is only in the Sassandra area that palm plantations have been recorded. In ad-
dition, we note in this locality the presence of a palm oil processing unit. The

husks produced during rice husking are estimated at between 15% and 20% of
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Figure 5. Quantities of crop residues available in the basin.

the total weight of the paddy. The work of Kumar ef a/ [15] showed daring rice
hulling could be used for the production of bio-charcoal [16]. Rice hulls have
made it possible to reduce the use of firewood, by limiting the pressure on the
forest, thus slowing deforestation and, in turn, greenhouse gas emissions [17]
[18].

3.3. Volume of Biogas Estimated

3.3.1. Volume of Biogas Estimated from Food Crops

Figure 6 shows the variations in the volume of biogas resulting from the resi-
dues of the various food crops grown in the departments of Soubré, Sassandra,
Daloa and Issia. In general, we note a strong contribution of residues from rice
and maize crops (99%) in gas production in the departments. The maximum
volume of biogas is obtained at Daloa (58.2 x 10° m®) while the minimum vo-
lume was recorded at Soubré (4 x 10° m?). With the exception of Daloa where
the contribution of maize residues in the total production of biogas is greater
(66%), in the other localities, this production is dominated by the contribution
of rice residues. The contribution of residues generated by cassava cultivation is
negligible in all localities. However, this contribution is very low (1%). Regard-
ing the biogas potential from food crops, rice and corn residues are the most
used (99%) in gas production in the departments. This result is similar to that of
[19] [20] who showed that in Germany the highest biogas potential is obtained
by residues from the cultivation of maize. The total volume of biogas estimated

from the residues of rice and maize is 81.27 x 10° m>.
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Figure 6. Annual volume of biogas produced from food crop residues in localities.

3.3.2. Volume of Biogas Estimated from Cash Crops

Figure 7 shows the variation in the volume of biogas resulting from the residues
of each type of cash crop cultivated in the departments of Soubré, Sassandra,
Daloa and Issia. It is found that the biogas potential of cash crops is dominated
by residues from coffee and cocoa crops. In Issia and Soubré, this potential is
dominated by cocoa residues while in Sassandra, it is mainly due to oil palm re-
sidues. The biogas potential obtained from coffee residues is recorded in the lo-
calities of Sassandra and Issia. The volume of biogas recorded in the localities is
higher in the department of Soubré (70.5 x 10° m?®) which is followed respective-
ly by the departments of Issia (44.7 x 10° m?), Sassandra (34 x 10° m*) and Daloa
(4 x 10° m?). For cash crops, the biogas potential relies mainly on coffee and co-
coa crops. This result would be linked to the high production of these types of
residues. The maximum estimated biogas production in the departments of
Soubré, Sassandra, Daloa and Issia would therefore be influenced by a significant
contribution from cash crop residues, especially coffee and cocoa.

3.3.3. Volume of Biogas Estimated from All Crop Residues

Figure 8 shows the variation in the potential volume of biogas estimated from
all agricultural residues of WS. A high proportion of biogas resulting from cash
crop waste (74% - 94%) is observed in the towns of Issia, Sassandra and Soubré.
However, in Daloa, the trend is reversed. In this locality, the contribution of re-
sidues generated by food crops dominates the production of biogas (93%). the

results obtained show the importance of agricultural residues as a substrate for
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Figure 7. Annual volume of biogas produced from cash crop residues in localities.
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Figure 8. Annual volume of biogas estimated from agricultural residues in different lo-
calities.

biogas production [21]. The absence of a biogas production unit in the depart-
ments of Soubré, Sassandra, Daloa and Issia while the potential in organic sub-
strates for the production of this type of energy in the said departments is enorm-
ous, could be explained by the absence of a policy of popularization and disse-
mination of biogas production unit in rural areas as well as in Nepal, China and
India [22]. This situation could help guide technological choices and the me-
thodology for installing biogas units to recover this waste. In the departments of
Soubré, Sassandra, Daloa and Issia, the exploitation of this substrate in rural

areas could be done in small biogas units to partially meet the domestic energy
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needs of rural areas. However, it will be necessary to take into account the cost of
transporting said waste in order to properly assess the economic profitability of
production [23]. This approach has been used successfully in Nepal, China and
India [22]. The results obtained show that agricultural waste contained a large
volume of biogas, the implementation of which would slow down deforestation
and greenhouse gas emissions. However, the recovery of the mentioned waste
into biogas is a relatively complex technology which requires grinding before

digestion. In addition, the use of people equipped in the field is necessary.

4. Conclusion

At the end of this study, it emerges that in the departments of Soubré, Daloa, Is-
sia and Sassandra, there are several types of crop waste, namely: straw, clusters,
stems, ears, stalks, shell, pods, husk and fibers. The estimated quantities for pe-
rennial crop residues are 465266.3 t for cocoa, 82022.7 t for oil palm ones, and
81175.0 t for coffee ones. As for food crop residues, they are 212493.9 t for ma-
ize, 212493.9 t for rice and 1732.7 t for casava. Agricultural wastes are unevenly
distributed between the localities of the watershed. Overall, the department of
soubré is full of more waste (290,668 t) followed respectively by the departments
of Daloa (236,123 t), Issia (205,061 t) and Sassandra (198,221 t). Regarding bio-
gas potential, the volume of biogas recorded is higher in the department of
Soubré (74.91 x 10° m®) which is followed respectively by the departments of
Daloa (62.27 x 10° m?), Issia (52.77 x 10° m®) and Sassandra (45.93 x 10° m?®).
The biogas deposit of crop residues can provide a significant amount of energy.
Harnessing this energy source would save large areas of forest and alleviate the

suffering of women in search of biomass.
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