
   
 
 
In 2015, the earth’s population was estimated to be about 7.4 billion (bn) people, with 49% of the 
world’s population living in cities[1].  Globally the quantities of municipal solid waste (MSW) generated 
are not precisely known, with estimates made by the World Bank and United Nations being based mainly 
on the quantities collected in urban settlements. According to World Bank data [1], about 2.01 bn 
tonnes of MSW was generated worldwide in 2016 and at least 33% of the waste generated was not 
managed in an “environmentally safe manner”.  
The rate of urbanisation is growing at unprecedented rates and it is estimated that by 2050 
approximately 70% of the world’s population will live in urban areas [1]. 
According to updated information for the year 2016 [1] MSW produced in subSaharan Africa was 
129 million tonnes per annum and in North  African countries, 129 million tonnes per annum; as a 
whole Africa produces about 150 million tonnes per annum of organic waste, thus leading to an 
average content of 49% organic waste inside MSW. The average composition of MSW in sub-
Saharan Africa is about 57% organic, and it can reach about 63% of MSW in African cities [1]. 
With an estimated population of 3 429 370 in 2016 [2] and according to data from the Senegalese 
national solid waste management agency (UCG), Dakar city generates on average 0.47 kg of MSW 
per capita per day [3]. Organic waste is on average 22.47% of the MSW total, so about 0.1 kg per 
capita per day. This amount will probably increase as economic prosperity and consumption of 
food within the city grows. 

 
 

Figure 1 Average composition of MSW of Dakar city, © UCG-2015 

 
Based from Figure 1, it is clear that, globally, organic waste and fin elements is the main fraction of 
MSW produced in Dakar urban settlements and that any consistent MSW strategy should consider 
treatment and recycling options for this fraction. Inappropriate municipal organic waste 
management has serious health and environmental consequences and if not taken care of in a 
sound and sustainable manner, could hinder Senegal’s efforts to achieve the Sustainable 
Development Goals. 
AD is a traditional technology used in the stabilization of organic waste. Due to growing concerns 
on energy crisis in recent decades, AD has attracted more interests as it can generate renewable 
energy by recovering the biogas produced. Besides acting as an alternative energy source, it also 
reduces greenhouse gas emissions from reducing the consumption of fossil fuel for energy 
generation.  
AD could be considered as one of the most efficient technics for municipal organic waste treatment 
and recovery at household level. AD could reduce municipal organic waste volume, control odour 
pollution, and eliminate pathogenic microorganisms. In this paper,the factor affecting the 
integration of a domestic AD reactor at Senegalese households’ level is assessed to provide 
maximum  
amount of biogas production with an organic load rate of 3KgMO/m3/day. Regarding the biogas 
production performance, reactor feeding rate is assessed with household organic waste and biogas 
composition. 
 

  
 
AD is proceeded with PX-ABS system (Figure 2) composed by PVC bioreactor, plastic greenhouse 
wall, and metal structural support. The digester’s volume is 1.7 m3 and it has a gasometer’s volume 
of 1.3 m3. The inlet is made by steel. A recirculation pump for hydraulic mixing is integrated with a 
biogas stove. Process control parameters are described as following: 

• Study duration: 45 days; 

• Organic waste was collected by the operator in Door to door system at a restaurant inside 
the university; 

• Composition of organic waste was assessed; 

• An electromechanical grinder with induction motor (PX-FWD-20L, capacity= 5L/min) was 
used for substrat shredding; 

• A volume of substrat was mixed with 1 volume of water; 

• Feedstock amount collected was 20 kg/d; 

• Weekly feeding rate (FR) was fixed over the over 45 days as: Week 1 and week 2 : FR= 1 
(once per week); week 3 and week 4: FR=2 (twice per week); week 5 and week 6= FR=3 
(three time per week) but was not carried out; 

• Iron oxide was used for biogas desulfurization and a water plastic trap for biogas 
dewatering; 

• Biogas composition (CH4, H2S, CO2) was measured by MULTITEC-SEWERIN 540 device; 

• pH and temperature was measured by Hanna pHmeter (HI991001); 

• Biogas volume was measured by a flowmeter (model JBD2.5-SA) at a nominal flow rate 
of 2.5m3/h. 

 

 

 

 

 

 

 

 

Figure 2 Anaerobic Biogas System implemented at Ecole Supérieure Polytechnique de 

Dakar(a : complete assembly system, b : flow  diagram) 

Results show that municipal organic waste are composed by 46% of coloured rice, 27% of fruits 
and vegetables peeling, 18% of meet and 9% of white rice, since jollof rice is the main based 
favourite Senegalese traditional food (Figure 2). 

 
Figure 3 Organic waste composition 

Optimal biogas production is obtained with an organic waste feeding rate at weekly level between 
20 and 40 kg/week. Once per week, with 20 kg (or 3 kg/day) of organic waste, an average 
production of 900 litters of biogas is measured per day. 

An amount of energy corresponding to 4h20min of cooking time per day. Increasing the amount of 
organic waste should affect biogas productivity. So, it was attempted to feed the digester twice a 
week, with 20 kg at 3 days intervals (6 kg/day). Biogas volume obtained by this operation is equal 
to the gasholder storage capacity, 1 300 litters per day, corresponding to 6h5min cooking time per 
day (Figure 3 & 4). Biogas quality measurement shows an excellent biogas composition average 
with 74% of CH4 and 26% of CO2. H2S is estimated at 354 ppm (before desulfurization) and 200 ppm 
(after desulfurization). Desulfurization rate is at 44% (Data not shown). Biologically, the digester is 
stable with a pH around 6.8. The temperature inside the digester varies according to the outside 
temperature. The study is running during raining season. This period, outside temperature 
registered can be higher than 35°C. Unfortunately, the influence of temperature on the 
productivity of biogas is not assessed. In any case, this correspond to mesophilic conditions, the 
PX-ABS can withstand temperature variations up to 35 ° C, without any troubles. 
The bioreactor needs an operation time for substrate pre-treatment, bioreactor feeding and 
cleaning operation of 1h25min (average time after two weeks). Main problems encountered by the 
operator are recirculating pump clogging and a recurring failure of the shredders. Shredders 
breakdown indicates a failure of the inductive coils. Even if local manpower is available for repair, 
it is strongly recommended to use manual shredders. It is strongly recommended to put an 
emptying hole at the bottom of the bioreactor and to fix the shredder into the inlet. Plastic 
greenhouse   wall must be reinforced and adapted to Sahelian climate. 

In Senegal, most organic wastes are recycled, mainly as animal feedstock. The remaining quantities 
are disposed in landfills, causing : serious emissions of methane (CH4), which is 25 times more 
potent than carbon dioxide (CO2) as a greenhouse gas and significantly contributes to climate 
change [2], and underground waters pollution. Unsustainable management of municipal organic 
waste weaken circular economy approach around SWM proned by Senegalese authorities. This 
study shows that management of food waste at household level can be done by conversion to 
value-added environmentally and eco-friendly product as biogas.   

[1] Marco Ricci-Jürgensen,Jane Gilbert, Aditi Ramola,2019.Global assessment of municipal organic 
waste production and recycling  ISWA, Report 1-Global Assessment of Municipal organic Waste. 
[2] Rapport de présentation de la situation économique et sociale, 2019. Agence Nationale de la 
Statistique et de la Démographie (SENEGAL).  
[3] Rapport de la campagne nationale de caractérisation des ordures ménagères et 
assimilées,2014-2015.Unité de Coordination de la gestion des déchets solides au Sénégal (UCG). 
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Figure 4  Daily biogas production 

according to applied feeding rate 

 
Figure 5 Daily cooking time related to 

amount of biogas produced according to 

applied feeding rate 
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