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Abstract-Renewable energy contributes strongly to the sustainable development for witch waste-to-energy conversion 

represents an important opportunity. This is due availability of waste, their low cost and the necessity of their collection and 

treatment. This paper contributes to promote waste-to-energy conversion threw organic waste methanisation. We have 

evaluated the potential of renewable energy generation and the CO2 sequestration. Three types of waste are studied : 1)urban 

solid waste which are estimated at 8.5 million tons per year, 2) sewage sludge quantified at more than 338 103 tons per year, 

and 3) cow dung estimated yearly at 33 103 tons. These wastes are mobilizable, widely available in urban and rural areas and 

increased continuously. Results indicate that the last of energetic valorization of these wastes induces a significant losses 

estimated at 1.7 million m3 of biogas production and 3.57 TWh of electricity generation. This situation leads the sequestration 

of 2.05 million tons of CO2 which is estimated without recording the greenhouse gas emission induced by the wastes 

degradation in public dumps. 

Keywords-Organic waste, methanization, biogas, energy equivalence, CO2  sequestration. 

 

1. Introduction 

The industrialization and the modernization of human 

society have induced the waste concentration in urban areas 

and their discharged in natural sites in important quantities. 

This situation induced significant air, water and soil 
pollutions which have required their specific management 

and valorization. 

In Algeria, the solid waste management sector does not 

take into account systematic treatment and recycling of 

waste. Also, it is not completely supported except the use of 

some technical landfill centers. Waste management cycle 

begins by the collection, ensured at 80%, the transport and 

finally discharging at public dumps. The proliferation of 

waste without treatment is a harmful to public health, 

environment and leads to an important loss of recyclables, 

energy and money. This phenomenon is particularly 

noticeable in urban areas where the solid waste quantities 

increase with population growth [1]. Also, it is amplified 

with the concentration of Algerian population in the north 

particularly in megacities and coastal areas.  

The same management exists concerning the rejected 

wastewater which are at the beginning of sewage sludge 
production in the 123 wastewater treatment plants (wwtps) 

accounted by 2011 [2]. In these plants, especially where 

activated sludge treatment process is applied, sludge is 

mechanically dehydrated, then transported and discharged at 

landfill sites [3]. At medium-term, this management will be 

more difficult to handle because of the increase of sludge 

production. Indeed, Algerian government, towards the Five-

Year Plan (2010/2014), plans to treat all rejected wastewater, 

estimated at 1.2 billion m3 per year, by the building of 40 

new wwtps [2]. 

Livestock manures are the last studied waste and they 

are selected in a different context. Indeed, Livestock manures 
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are widely available in rural areas but not concentred in 
specific locations. Also, they are used as organic fertilizers 

especially cattle dung produced from the 1.5 million heads 

recorded in 2009 [4]. So, their evacuation is not problematic 

because of their perfect integration in agricultural crops. The 

main interest of their energetic conversion before their 

utilization as fertilizes encourages the use of this renewable 

resource for the energy autonomy of the rural population 

remote from the distribution networks of conventional 

energy.  

This paper evaluates the energetic conversion potential 

of these three types of humid wastes through methanisation 
scenarios where is calculated the biogas production and its 

conversion into electric and thermal energy. 

2. Organic Waste Methanisation 

The interest in methanisation process was the aim of 

several studies conducted at the Agriculture School of 

Algiers (now the National Agronomic Higher School) where, 

in 1938, Ducellier and Isman introduced the pre-fermentation 

to optimise this microbiologic process. That work has been 

considered as the beginning of the biogas production mastery 

in the world [5]. Now, these studies are particularly 

undertaken by the Development Center of Renewable Energy 

and its Research Units in collaboration with universities [6, 
7, 8, 9 and 10]. Unfortunately, these studies are not taken 

into account by industrials. Only one digester was installed at 

Baraki wwtp, located in Algiers, where biogas is used for the 

digester heating. This should be changed due to the Algerian 

government incentive policies for renewable energy use [11]. 

3. Methodology 

The methanisation process has been considered for the 

assessment of the renewable energy generated from the three 

organic waste. The choice of this process is justified by the 

technical flexibility of the process considering especially the 

substrate nature and its volume. That allows treating MSW 
discharged at dumps using industrial plants. Also, sewage 

sludge methanised in medium digesters integrated into the 

wastewater treatment process of plants. And animal manures 

digested in home digesters into small farms.  

The biogas volume (BV) production is estimated from 

the Organic Waste Quantity (OWQ), Dry Matter (DM), 

Volatile Matter (VM) and a specific Coefficient Conversion 

(CC) as follows : 

BV = OWQ . DM . VM . CC            (1) 

This approach was only used for the assessment of the 

energetic conversion of sewage sludge. For the other waste, 

biogas productions is estimated by the consideration of a rate 
conversion. In scientific literature, this rate varies from 100 

to 300 m3 per ton of MSW according to the quantity and 

composition of the organic fraction. This rate is estimated at 

200 m3 of biogas per ton of MSW without considering the 

paperboard fraction [12]. Cattle dung conversion rate is 

estimated at an average of 0.611 m
3 

of biogas per ton of dung 

according to experimental studies [7]. 

Electric and thermal energy generated from biogas 
production are evaluated by the use of cogeneration system 

with 80% of efficiency. A part the energy generation, 

cogeneration allows the reduction of energy cost and 

greenhouse gas emission [13].  

For each type of waste, the biogas volume production 

(BVP) is converted to electric energy (EE) and thermal 

energy (TE). The lower calorific value (LCV) of biogas, 

estimated at 6 kWh per m3, the electric efficiency (EE), 

evaluated at 35%, and the thermal efficiency (TE) fixed at 

45% of the cogenaration engines [13] are considered for the 

calculate as follows :  

EE = BVP . LCV . EE             (2) 

TE = BVP . LCV . TE             (3) 

The sequestration assessment of the Greenhouse Gas 

(GHG) emissions is obtained by using the ratio of the carbon 

dioxide emitted per unit of electricity generation, estimated 

at 574 g/kWh [14]. 

4. Results and discussions 

4.1. Potential of Renewable Energy Generated from 

Municipal Solid Waste 

During 2009, the quantity of MSW collected was 

estimated at 8.5 million tons whith an organic matter 

between 60% and 65% [15]. The scenario of the MSW 
energetic valorization require first the installation of waste 

sorting centers for the organic matter recovery. Then, the 

installation of industrials digesters for the methanisation of 

the organic matter of MSW. That would allowed to produce 

1.700 million m3 of biogas ‘’Table 1’’ composed by an 

average of methane between 50% and 70% [16]. Biogas 

cogeneration would allowed to generate 3.5 TWh of 

electricity and to preserve the emission of 2.04 millions of 

CO2. 

 

The increase of MSW, in the future, could generate a 

biggest quantity of electricity estimated at 5.85 TWh in 2020 

[17] and 6.82 in 2050 [1].  

In return, the lack of the MSW energy conversion could 
cause GHG emission estimated at 3.36 million tons, in 2020, 

and 3.91 million tons of CO2 emission, in 2050, which could 

be preserved. 
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4.2. Algiers Case Study 

The assessment of collected MSW is undertaken in          

57 municipalities which composed 16 daira of Algiers 

province.  

Figure 1 shows that, since the sixties, the amount of 

waste generated has significantly increased. 

Between 1960 and 1977, a slight increase was recorded 

which is estimated at 15.62%. However, since 1985 until 

2005, the amounts of the generated quantities of MSW have 

strongly increased by 60% to reach almost 1.17 million tons 

[18]. 

 

Data indicated that, in 2003, collected MSW was 

evaluated at 3 700 tons per day [18]. With a population 

estimated at 3 700 000 inhabitant, each habitant had daily 

produced 1 kg of solid waste. 

‘’Table 2’’ shows that total MSW collected had an 

energetic potential to produce 224.82 million m3 of biogas 

convertible in 607 MWh of thermal energy and 472 MWh of 
electricity. This energy input could have preserved 270 tons 

of CO2 emission. 

In fact, this estimation, acording to the 1.12 million tons 

of MSW, was below the reality because only 80% of MSW 

was collected. 

 

From table 2, we can note that MSW quantity variation 

is not related to municipalities number per daira, which is 

simply an administrative division, but of the inhabitants 

number living per municipalitie.  

For example, Birtouta had the smallest MSW quantity, 
estimated at 22.61 thousand tons, compared to Rouiba which 

had 125 thousand tons of MSW.  

The biggest MSW quantity collected, which is estimated 

at 150 thousand tons, is generated by Algiers center.  

4.3. Potential of Renewable Energy Generated from Sewage 

Sludge 

Sewage sludge methanisation is conducted in hermetic 

and heated digesters (i.e. generally between 30-38°C) for 

energy conversion, stabilization and sanitsization [16, 19, 

20]. This process is known as the most technically-mature 

and cost-effective processes which still one of the promising 
sludge treatment [20]. 

Our study is restricted at the data of National Office of 

Sanitation (ONA). ONA managed 68 wwtps of the 123 

existing ones using especially activated sludge with extended 

aeration. Remaining treatment plants used principally lagoon 

process and they are managed by the local authorities, the 

building operators and the stock company in major cities [3]. 

Figure 2 shows that, between 2008 and 2010, total 

volume of wastewater treated by ONA had increased from 

700 to 104 million m3 which represented a growth rate of 

33% [3]. 

 

Table 3 shows that Oran area recorded the most 
important number of wwtps which allowed to treat the 

biggest wastewater volume, estimated at 21.13 million m3 for 

a total volume of 103.63 million m3.  

Concerning sewage sludge, all wwtps produced yearly a 

quantity evaluated almost at 338 thousand m3. 

Through the scenario of the installation of a unitary 

system of biogas production and cogeneration in each wwtp, 

the total quantity of sewage sludge could produce a biogas 

volume of 7.82 thousand m3 then converted into 16.43 MWh 

electricity and 21.13 MWh of thermal energy.  
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Beside of the financial advantages, this management 
system could contributed to the sequestration of 9.43 tons of 

CO2 emission. 

Concerning digested sludge, we should note that due to 

its high concentration on organic matter, it is considered as a 

good fertilizer for agriculture crops [21] and particulary for 

forestery plantations. Effectively, digested sludge allowes an 

important improvement for poor soils stability and fertility 

which leads to the increase of survival and growth rates of 

forest plantations and reforestation [6]. This kind of digested 

sludge recycling constitutes another advantage in supporting 

of the sustainable development, especially against 
desertification, poverty and climate change.  

4.4. Potentiel of Renewable Energy Generated from Cattle 

Livestock manures, especially cow dung, is not collected 

which makes difficult its quantity estimation. That, because 

Algeria’s cattle farming is mostly concuced especially into 

free stall practiced in medium stables and family farms. 

Figure 3 shows clearly that cattle farming activity started 

intensively since 1980 with 1.36 million heads to reach in 

2009 1.65 million heads [4]. The free stall animal husbandry 

had required to considerate the half of the dung quantity 

produion which is estimated between 30 and 50 kg per day 

and per cow [22].  

Between 2002 and 2009 “table 4”, the number of cattle 

had slightly increased for the dung production estimated at 

33 thousand tons.  

 

 

 

The scenario of a family digeter and a small 
cogeneration system installation in each stables and familly 

farms where cattle farming is practiced could allowed to 

produce 2.01 million m3 of biogas. This biogas volume could 

generated 4.23 GWh of electricity and avoid 2.42 thousand 

tons of CO2 emission. 

4.5. Potentiel of Renewable Enrgy Generated from Organic 

Waste Generatde in 2009  

The consideration of the three organic wate produced 

during 2009 “Table 5” indicated that MSW had the most 

important share. Consequencely, this renewable ressource 

could allowed to generate the biggest quantity of electricity, 
evaluated at 3.57 TWh in 2009 and 5.54 TWh in 2030 [1]. 

Cattle dung came in the second position. Its production 

was estimated at 33 thousand tons convertible in 4.23 TWh 

of electricity. That represents an important energy supply for 

rural popullation which often cannot have an acces to the 

electricity network. For example a family digester of 15 m3 

allows producing an energy equivalent of almost 3 butane 

cans of 13 kg, or 1 ton of wood which can be preserved [9]. 

In last position, sewage sludge, estimated at 40.5 

thousand tons, could have generated 16.43 MWh of 

electricity. However, in a financial point of view, this type of 
energy conversion can save until 50% of the operating 

budget in each wwtp. 

 

5. Conclusion 

Undoubtedly, a significant increase of waste will be 

recorded in the future, especially MSW and wastewater. In 

the other hand, an important increase of energy consumption 

will be noticed.  These two predictions could be solved by 
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waste-to-energy technologies which represent an important 
opportunity for countries where the lack of waste treatment is 

a threat to the public health and environment equally a loss 

of recyclables, energy and money. 

In this context, this study proposed the use of the 

methanisation process for the three types of humid waste and 

the cogeneration of the generated biogas. 

We consider that MSW quantity, estimated at 8.5 

million tons, would have generated 3.5 TWh of electricity 

and preserved 2.04 million tons of CO2 emission. 

However, this technology requires the installation of 

sorting centers, industrials digesters and cogeneration 
systems. Sewage sludge from wastewater and cattle dung 

quantities would have generated much less electricity, 

estimated respectively at 16.43 MWh and 4.2 GWh. In 

return, they would require fewer financial investments for the 

installation of small or medium digesters and cogeneration 

systems. 
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