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Abstract 

It is clear that a high population density combined with the ecological fragility of the places where refugees settle are 
primary factors in the risk of environmental degradation. In the Sahel region, we can see a number of cases where 
refugees exploited the resources of their environment without worrying about their preservation; The study of existing 
documents provides some evidence of medium- and long-term ecological deterioration in areas affected by refugee 
movements. Changes in the vegetation cover of a host area are undoubtedly the most visible result of the presence of 
refugees, and this for several reasons. 

First of all, as soon as they arrive in a new place, refugees need a large quantity of fuel and building materials and, in 
most of black Africa, this demand is most often met by local wood resources, thereby promoting the excessive cutting 
of trees and therefore the possibility of opening up a desert area over time. In order to provide a solution, we undertook 
to carry out tests on different types of urban waste in order to produce a good quality biogas which will be used for 
cooking food, but could also be used as alternative energy for electricity. After having carried out all the experiments, 
the best substrate considered is a co-digestion of fresh cow dung and poultry droppings. And secondly the combination 
of human waste mixed with poultry droppings and fresh cow dung. In third place we have human waste plus dry cow 
dung and poultry droppings. We have also studied case by case the structural composition of a digester. This work was 
carried out to contribute to the impact on the environment caused by displaced people in the Sahel zone in order to be 
able to contribute to the challenges of sustainable development in this area. 
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1. Introduction

The deterioration of the socio-political situation in some countries has led to the departure of a significant number of 
the population and livestock, with the largest contingent finding refuge in the Sahel region. However, in this region, 
ecosystems are already weakened by the deterioration of climatic conditions and the intensification of extensive 
agricultural and pastoral activities. The relationship between forced population displacement and environmental 
changes is a growing concern for the international community, as evidenced by the recent proliferation of publications 
and reports [1-3]. It was especially following the Rio Summit on Environment and Development in 1992 that the Office 
of the United Nations High Commissioner for Refugees (UNHCR) began to give increased importance to environmental 
issues in planning refugee assistance programs [4]. 

Such concern about the negative impact of refugees on the environment is not new [5]. For example, in its Food Aid 
Review, the World Food Programme (WFP) describes the potential impact of refugees on local environments as 
“enormous,” citing in particular deforestation around refugee settlements in Pakistan and Malawi. At the same time, 
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organizations such as the International Federation of Red Cross and Red Crescent Societies (IFRC), CARE International, 
and the German Agency for Technical Cooperation (GTZ) have devoted increasing attention to environmental issues in 
refugee-affected areas [6-9]. Three types of potential environmental changes can be considered: changes in flora and 
fauna (expanding the earlier discussion on deforestation), land degradation, and, finally, the quality and quantity of 
water resources. As demand for fuelwood increases, markets are created and increasingly remote forests are affected; 
barter sites also emerge for other natural resources such as water or thatch; Firewood is sold or exchanged for food 
rations during times of food insecurity, i.e. during “scarcity seasons” after harvests, when food reserves are exhausted.” 
[3] 

In such a context, the arrival and settlement of refugees with large livestock populations constitutes a new source of 
additional pressure on environmental components. 

The purpose of this research is to examine the plausible consequences of this influx of refugees on the Sahel 
environment and to propose a sustainable solution. 

The solution we propose is linked to the presence of waste generated by animals and populations on the move; it 
involves the transformation of all the different types of putrescible organic waste into biogas and biofertilizer [10-13]. 
First of all, it is important to know that the different types of urban waste as well as household waste are generally 
disposed of in open landfills affecting environmental sustainability by the release of contaminants such as leachates and 
GHGs, generated by the high quantities of putrescible waste that increase the pollution potential of the sites[11]. The 
recovery of waste into biogas inevitably takes place in hermetically sealed enclosures called biodigesters[12]. The 
experiment we conducted consisted of highlighting several types of waste (about thirty combinations) under mesophilic 
temperature (35°C±2°C) in a 1.5l can equipped with an empty inflatable balloon used for the recovery of biogas, which 
constituted our biodigester[13]. The goal is to see the waste with the best biogas potential. We found that some 
biodigesters began to produce after two hours, the inflatable balloon increased in volume every hour up to 24 hours 
before remaining constant. Our approach could be implemented on a refugee site in the Sahel zone for the recovery of 
their organic waste into biogas for cooking and lighting and into biofertilizer for healthy agriculture. This could also 
answer questions of sustainable development. 

2. Material and method 

We used two types of temperature for our experiment, one ambient and the second mesophilic. Our digester has a 
capacity of 1.5 liters. Several tests were made and the best substrate considered was a co-digestion of cow dung and 
poultry droppings. And secondly the combination of human waste mixed with poultry droppings. 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 
who used 1l and 16g of dry matter. 

 

Figure 1 Biogas production device in the laboratory 

After being collected, each waste was used directly in the laboratory in 1.5 L airtight cans equipped with an inflatable 
balloon as in Figure 1, the ambient temperature in the laboratory was 27 °C before their use. We did a first series of 
experiments at room temperature and a second series of experiments at mesophilic temperature [14-16]. 
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3. Results and Discussion 

Biogas is a renewable combustible gas resulting from the degradation of animal or plant organic matter by 
microorganisms under anaerobic conditions. This gas is mainly composed of methane (CH4) and carbon dioxide (CO2) 
and to a lesser extent hydrogen sulfide (H2S), nitrogen (N2), or even dihydrogen (H2), metals and volatile compounds. 
The energy potential of biogas results from its methane content. For pure methane, the calorific value is 9.94 kWh/Nm-
3 to 12.67 kWh.m−3. The PCI (lower calorific value) of biogas is proportional to its methane content, for example for a 
biogas with 70% methane at 15°C and normal atmospheric pressure, the PCI is equal to 9.42 × 0.7 = 6.59 kWh/m3. Our 
first goal was to have fire for cooking to replace coal and wood that promoted deforestation. The digester was exposed 
to receive solar radiation during the day and a tarpaulin was used to cover the digester during the night in order to 
maintain a certain temperature inside that was favorable for the microorganism to continue producing. 

3.1. Results of the different experiments at ambient temperature  

The table below shows the average of the ambient temperature variations of the digesters 

Table 1 Ambient temperatures of the five different digesters 

 BVF+FV BVS+ FV DP+ BVF DP+ BVS BVF +DP+ BVF 

 T en °C 
à 8h 

T en °C à 15h T en °C à 
8h 

T en °C à 
15h 

T en °C à 
8h 

T en °C à 
15h 

T en °C à 
8h 

T en °C à 
15h 

T en °C à 
8h 

T en °C à 
15h 

J- C 1 29 30 29,3 32 31 34 29,3 40 30 41 

J- C 2 29,1 31 28,9 39,1 29,4 37 29,2 38,9 29,6 40 

J- C 3 29 32 29,6 32,3 29,4 32,7 29 32,3 29,2 33 

J- C 4 30 33 30,3 33,1 29,9 33 29,9 33,5 30,2 33 

J- C 5 30,3 32,6 30,6 32,7 30 32,7 30,2 32,6 30,2 32 

J- C 6 31,1 33,5 30,8 33,6 30,9 34 30,8 33,6 31,1 34 

J- C 7 34,6 33 31,1 33,2 30,6 33,3 30,8 32 30,6 32 

J- C = Combined days (totaling the average of five 5 days) 

The graph below is the representation of the variation of ambient temperatures of the five digesters 

 

Figure 2 Graphical representations of the average ambient temperature variations 
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3.2. Results of the different mesophilic temperature experiments  

The table below shows the mesophilic temperature variation of the different digesters in the water bath during the 
seven days of the week. 

Table 2 Mesophilic temperature variation in one week 

 BVF+FV BVS+ FV DP+ BVF DP+ BVS BVF +DP+ BVF  

 T en °C à 
8h 

T en °C à 
15h 

T en °C 
à 8h 

T en °C 
à 15h 

T en °C 
à 8h 

T en °C 
à 15h 

T en °C 
à 8h 

T en °C 
à 15h 

T en °C 
à 8h 

T en °C 
à 15h 

J-C 1 34 41 42 43 39 38,8 39 41 39,9 42 

J-C 2 32,7 43 40 41 34,1 40 36 40 38,7 40 

J-C 3 40 42,7 41 44 34,7 40 39,9 40,7 38 40,2 

J-C 4 39,5 43,7 41 46 38 40,2 38 40,2 37 44 

J-C 5  37 38 39 41,8 35 37,8 33,8 38 36,3 35 

J-C 6 40 32 38,4 31,6 34,2 31,2 34,5 30,5 39,2 34 

J-C 7 38,1 36 41 40 37 38 39,3 37,5 38 36 

The graphical representation below shows the average mesophilic temperature variations 

 
BVS + FV: dry cow dung + poultry droppings; BVF + FV: Fresh Cow Dung + poultry droppings; DP: Human Waste; BVS + DP: dry cow dung + human 

waste; BVF + DP: fresh cow dung + human waste; BVF + DP+ BVF fresh cow dung + human waste + dry cow dung 

Figure 3 The average of the mesophilic temperature variations of five digesters 

After performing all the experiments, the best substrate considered is a co-digestion of fresh cow dung and poultry 
droppings. And secondly the combination of human waste mixed with poultry droppings and fresh cow dung. In third 
place we have human waste plus dry cow dung and poultry droppings. The figure below gives us an overview of the 
responses of the experiments submitted. 
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Figure 4 Average Biogas Production from Six Digesters 

3.3. Proposal and Technical Contribution Related to Sustainable Development Challenges in the Sahel 

3.3.1. Types of Anaerobic Digesters 

Anaerobic digestion is the biological process for converting organic matter into rich methane called biogas [17-19]. It is 
a well-established technology for treating the organic fraction of various wastes [20-23]. The dry matter (DM) content 
of the available substrate and, conversely, the water content generally determines the choice of methanization 
processes and the type of anaerobic digester. Arbitrarily, anaerobic digestion is called "wet" in the case of treating waste 
with a dry matter (DM) content of between 5 and 20%. It is called "dry" for waste with a DM percentage of between 20 
and 50%. Below 5% DM, anaerobic digestion of liquid effluents occurs, while above 55% DM, the substrate is difficult 
to treat by anaerobic digestion. Anaerobic digestion concerns biodegradable organic matter in airtight reactors, 
commonly called digesters, and generates two main products, namely biogas and digestate [24-25]. 

In industrialized countries, anaerobic digesters are generally grouped into 3 main categories, depending on their 
feeding modes and frequencies, as well as their degrees of sophistication: 

 Single-stage discontinuous or batch digesters; 
 Single-stage continuous feeding systems; 
 Multi-stage continuous reactors, in which the hydrolysis and acidogenesis phase is separated from acetogenesis 

and methanogenesis, to improve process stability [26]. These systems are generally adapted to both wet and 
dry anaerobic digestion processes. 

Anaerobic digesters in developing countries (DCs) are usually operated wet to facilitate the handling of material 
entering and leaving the digester. They can also be grouped into 3 main categories, taking into account only their feeding 
frequency [27]: 

 Discontinuous digesters (or batch), loaded only once, until the substrate is exhausted and the methanogenic 
process is complete; 

 Continuous digesters, whose contents are partly renewed regularly; 
 Semi-continuous digesters, corresponding to rather rustic or unconventional continuous processes. 

3.3.2. Structure and layout of the anaerobic digester. 

The structural composition of a digester includes, as a main component, a container or tank that contains the waste. It 
must be hermetically sealed to create anaerobic conditions and allow the biogas production process. There are no 
significant limitations on the construction materials, its shape and size [28]. It must include a method of filling the 
substrate as well as biogas extraction. 
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Figure 5 Continuous flow biodigester configuration 

 

 

Figure 6 Fixed dome biodigester configuration 
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Figure 7 Floating drum biodigester configuration 

In developing regions, biodigesters are the new solutions showing benefits for basic livelihood indicators as well as 
development [29]. 

Nowadays, they are built on site or prefabricated [30] with different materials, such as brick, concrete and plastics. 

Figures 5, 6 and 6 show three main types of household biodigesters commonly used in developing countries [31-35]. 
Even though the method and design of biodigesters are different, the digestion steps and the biogas production process 
is the same [36]. 

The following figure schematically presents 4 models of mixed digesters, with different agitation devices. 

 

Figure 8 Schematic sections of infinitely mixed digesters, using: (a) a mechanical rotor immersed in the digester, (b) a 
hydraulic agitation device, (c) an agitation paddle placed on the side, a biogas injection agitation device (Source: [37]) 
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3.4. Ways of using anaerobic digestion products 

 Solid fraction of the digestate 

Chanakya et al., 2007 [38], Lacour et al., 2011 [39], present in their work the importance of the solid fraction of the 
digestate because if it does not contain undesirable materials (glass, plastics, etc.) or toxic substances, the digestate can 
be transformed into compost after aerobic maturation, or used as a substrate for the production of worm compost and 
edible mushrooms. According to Schulz and Eder, 2001 [40], Schröder et al., 2008 [41], an aerobic stabilization of solid 
digestate can be used as an organic amendment, subject to its safety, to fertilize and improve the structures of 
agricultural soils, while reducing the risks of agro-chemical pollution of surface and groundwater linked to the massive 
use of chemical fertilizers. For our experiments, we made an ecological charcoal. The solid digestate and a liquid part 
served as a basis for mixing with several other types of dry household waste. The whole is mixed under a given 
temperature and exposed to the sun. Once dry, the latter is again mixed with the digestate and covered under a shelter 
from the sun, once the moisture content is acceptable, they are passed through a pressure mold to have a shape and 
exposed to the sun to dry and be ready for use.  

  

Figure 9 Valorization of digestate in the production of sustainable coal 

 Liquid fraction of the digester 

The liquid leaving the digester can have pesticidal properties and be used against sucking insects of annual crops. This 
liquid can also be used as a source of nutrients in aquaculture or as an inoculum for anaerobic digestion. 

3.4.1. Digestate valorization 

One of our objectives was also to valorize the digestates obtained during the different experiments and to use them for 
several purposes: 

 
 

Figure 10 Production of a biofertilizer (homemade) 
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Using digestate to fertilize the soil: this recovery consisted of directly using the liquid digestate in crop plots by following 
the same process of watering the plants but by preparing the crop soil in advance with the liquid digestate. 

 

Figure 11 Valorization of digestate in crops 

3.4.2. Production of biogas and use for cooking 

The biogas produced respects all the stages of the biological mechanisms of anaerobic digestion described by [42]. For 
a small homemade assembly from a biodigester, we have the following system: 

 

Figure 12 Assembly of a system for the production and recovery of biogas and organic fertilizer 

A photograph of the different uses of biogas for cooking is given in the figure below. 
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Figure 13 Photograph of stoves using fire from biogas for cooking 

4. Conclusion 

The purpose of this work is to contribute to the challenges of sustainable development in the Sahel based on climatic, 
epidemic, security and humanitarian challenges. These natural and cultural hazards that occur recurrently in the Sahel 
contribute to slowing down and undermining social progress. The sudden increase in the population and livestock in 
the Sahel region, due to the arrival of refugees, promotes, as mentioned above, a growing impact on the environment. 
One of the solutions 

Recognized as one of the most energy-efficient and environmentally friendly, anaerobic digestion technology can 
alleviate health problems related to the environment and human health, while representing a waste management 
solution. Result of the methanization or anaerobic digestion of fermentable waste in hermetically sealed enclosures 
called digesters, purified biogas is used as green energy and is presented as an alternative energy source to replace 
fossil fuel. It is an opportunity for diversification of energy resources and sustainable management of the environment 
in rural areas and in the Sahel zone. Anaerobic digestion represents one of the major players in sustainable development 
and the circular economy in the concept of "waste to energy". 
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