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Biogas and biofertilizer production from anaerobic digestion of local organic solid 
waste in Algeria is an attractive choice for greener and cleaner environment. In this 
paper, the study focused on the effect of co-digestion of municipal solid organic 
wastes (MSW) and camel dung (CD) for the quality production of biogas (methane) 
and bio fertilizer products. The concentration of methane production is the 
preeminent aim of this work. The experiment was set by feedstocks preparation 
where organic waste was mixed with tap water at 1:1 ratio and it allowed to digest at 
temperature of 40 °C. The operating hydraulic retention time (HRT) was set at 35 
days. Physicochemical properties of feedstocks and constituent elements of the 
digestate were determined by American Public Health Association methods. The 
experimental study indicated that underdefined operational conditions such as 
constant organic loading rate (OLR) of 0.6 kg per day, hydraulic retention time (HRT) 
of 35 days and temperature of 40C from MSW and MSW and CD mixtures of ratio at 
one to one resulted in a higher methane production (57.3%) compared to mono-
digestion of camel dung that produced 45.6% of CH4) in a pH range between 7.0 to 
8.1. The improvement has also found related to high biodegradability of the MSW, 
the slight ammonium concentration, the optimization of the carbon-to-nitrogen ratio 
(C/N 25.8:1) and to the well-balanced nutrients content of the feedstock. The 
digestate coming from anaerobic co-digestion has also used as bio-fertilizer and this 
by-product has a benefit to avoid the harmful effect in the digester system and in the 
surrounding environment. It is shown clearly that the MSW and CD are highly 
desirable substrates for anaerobic co-digestion with regards to their good 
biodegradability, high methane yield and good bio-fertilizer quality   
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1. Introduction 

 
Energy is a crucial factor in Algerian’s economy, the recent Algerian's had faced severe economy 

crisis as the oil incomes fall up to 70% in less than two years, which made the country lose half of its 
external receipts and causing an important deficit of its trade balance. The fossil fuel reserves will 
not last eternally (some 40 to 50 years) and the human activity causes a change of the climate, 
which has important repercussions. The need to find an alternative and renewable source of energy 
is becoming increasingly important for the sustainable development.  According to the National 
Waste Agency (Agence Nationale des Déchets -AND), more than 28,219 tons of municipal solid 
wastes are generated per day or 10.3 million tons each year [1], which can lead to a serious 
problem in the future. Animal wastes present important resources of crop fields fertilizer and 
organic matters enhancement. Ruminants (camel, horse, cow, sheep and goat, etc. as domestic 
livestock, produce important amounts of methane as an element of their normal digestive 
processes [2]. Only few studies were found on methane produced by camel dung [3]. Thus, this 
study is one of the first studies on anaerobic co-digestion of municipal organic solid wastes and 
camel dung mixtures. Biogas and bio-fertilizer are the major products from anaerobic digestion, 
which contains important microbial biomass, partial-degraded organic matter and inorganic 
substances, and so can be used as soil fertilizer [4]. Fruit and vegetable wastes with high anaerobic 
degradation can be effectively decomposed for methane and compost production [5]. 

In Algeria, the first biodigester was constructed in 1939 under the impulse of two teachers of 
the National School of Agriculture of Algiers Ducellier et al [6]. That work has been considered as 
precursor of the biogas production mastery not only in Algeria but also at the world level. Based on 
their patent, many agricultural installations were equipped with gas digesters of manure, and that 
various pieces of equipment of valorization of biogas have been developed. Quickly, the activities in 
the field of bio-methanization decreased after the discovery of less expensive fuels at the end of 
the Forties in Algeria, and since, a slight interest was attributed to this biotechnology. So, the 
establishment of an effective cooperation on April 2015, between Sciences and Environment 
research laboratory at Tamanghasset Centre University and The Environment Directorate to build 
up the first biogas digester (Figure. 5) in the urban park of the city of Tamanrasset as an alternative 
energy test, was an important action for the energetic development of the south of Algeria. In fact, 
the bio-digester with a capacity of 15m3 is designed to produce biogas from fermentable municipal 
solid wastes (MSW) and camel dung (CD) as microbial inoculum bio-resources for enhanced biogas 
production and bio-economy approach. This biogas will be utilized to replace, or afford a 
combustible gas for cooking or heating.  

In the purpose to launch the bio-digester of Tamanrasset city, it was needed to relay on good 
control of the process regarding the operating conditions of the region. Therefore, the present 
paper presents an evaluation of a laboratory scale experiment of biogas and bio-fertilizer 
production quality from three different substrates in batch reactors, under mesophilic temperature 
and similar conditions of pressure and stirring that allow the growth of microbial biomass. 

 
2. Methodology 

2.1 Feedstocks Preparation  

 
Substrates sample were prepared from organic fraction of municipal solid wastes (MSW) (fruits 

and vegetables) and camel dung (CD) and waste mixture.  Immediately after collection, substrates 
have been processed to reduce to small size (3–4 mm) using an electric hand blender. Tap water 
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was used and added in this experiment with a ratio of 1:1 (w/v) as in Table 1. Substrates were 
evaluated before fed into the digesters (the digesters were not operated or before running the 
experiment). The tap water containing moderate quantity of calcium ions is most preferred for 
anaerobic digestion (AD) process while hard and deionized water having higher and very small 
calcium level are not suitable for optimum biogas production [7]. The total hardness is in the range 
of 100-200 mgL-1 for getting a higher yield in biogas and faster AD process.  The total hardness of 
the tap water used in this experiment is 186.11 mgL-1. 
 

Table 1 

Media composition in each reactor 

Reactor Volume of tap water, L Mass of MSW, kg Mass of CD, kg 

R1 0.6 0.606 / 

R2 0.606 / 0.602 

R3 0.602 0.301 0.301 

 
2.2 Experimental Method 

 

A diagram of the experiment is illustrated in Figure 1. A working volume of 2 litres for each 
reactor (digester), which prepared using glass flasks fitted with airtight rubber seal. The batch 
reactors were set up with the aim to investigate on the methane production rates with the same 
conditions of pressure and temperature. The three reactors (R1, R2 and R3) are connected with 
polyvinyl chloride (PVC) tubing and filled with acidified water (about pH 3) [8]. The downward 
displacement water system was used to measure biogas produced through the indirect 
measurement of a liquid column height. The reactors were operated with a run time of 35 days. 
 

 
Fig. 1. Schematic diagram of each reactor 

 
The substrates in the reactors containing MSW (R1), CD (R2) and MSW&CD (R3), the media 

composition in each reactor is shown in Table 1. Biogas production, pH of samples was measured 
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daily 35 days. A numeric pH-meter (PHYWE, Germany) was used for pH measurements. The HACH 
DR1900 was used for chemical analyses and the CR2200 thermal reactor for chemical oxygen 
demand (COD) samples preparation. The concentration on of methane was determined by 
connecting the sample to a gas analyzer GA45 (Geotechnical Instruments, UK). The temperature of 
the experiment was controlled and fixed at 40 °C in a room provided with a thermostat. Manual 
agitating was set and started after the 7th day. The reactors were mixed according to methods 
described in Kaparaju et al. [9] and Lindmark et al. [10] by rotating the digester 360° at each 
sampling. The optimum temperature for anaerobic digestion is represented in Table 2. 
 

Table 2 

Optimum experimental conditions required for anaerobic digestion 

Parameters Optimum experimental conditions References  

Temperature  Mesophilic range (25-45 °C); 
optimum biogas production at 35 °C 

Thermophilic range (45-70 °C); 
optimum biogas production at 55 °C 

[13] 

pH  6.5-8.2 [18] 

Organic Loading rate (OLR) and 
nutrient concentration 

Varies according to the substrate and 
inoculum 

[18] 

 
2.3 Sampling and analysis 

 
The parameters were monitored during the fermentation daily and recorded as: (a) volume of 

gas produced (kg/fresh matter), (b) methane content (%), (c) the pH of digestate, and (d) chemical 
analysis of digestates after HRT completed. Physicochemical characteristics were monitored before 
and after fermentation according to standard procedures [11]. Chemical parameters were 
investigated include pH, nitrate, nitrite, total nitrogen, total phosphorus, total organic carbon, 
chemical oxygen demand and 5-day biochemical oxygen demand. The fermentation study was 
carried out at thermophilic condition as it has been reported by Gazifard et al [12]. The digestate 
was cured at controlled temperature at 40 °C. However, constituent elements of the digestates 
obtained were determined using standard methods after 90 days of incubation [11]. 

 
3. Results and Discussion  

3.1 Substrate Characterization 

 

A waste analysis is one of the most essential steps in the anaerobic digestion process, knowing 
that the general composition of the input material is very important to evaluate the biogas 
produced. The waste primary analyses are shown in Table 3 and Table 4. The MSW had dry matter 
(DM), organic matter (OM) and material matter (MM) content of 14%, 98.6% and 1.4% (dry basis), 
respectively. The camel dung had DM, OM and MM content of 39%, 26.1% and 73.9%, respectively 
and a pH of 5.9 (before mixing with tap water, respectively. 
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3.2 Process Factors of Digestion 

 

The temperature was fixed at 40°C throughout the study. Anaerobic process is very sensible to 
temperature [13]; the change of acetic acid into methane depends mostly on temperature but 
conversion into acetic acid will not be affected by slight temperature variations [14]. Higher 
temperature affects the activity of hydrogenotropic methanogens in the anaerobic process and 
enriches hydrogen producing bacteria and spore forming bacteria. The pH, the Organic Loading 
Rate (OLR) and balancing nutrients in the feed are among the principal parameters, which act on 
the bio-methanization process. From the physicochemical characteristics of the feedstocks and the 
resultant digestates as shown in Table 5, the amount of COD, organic carbon, and nitrite content in 
the R2, R1 and R3 was found to be increased by 39%, 59.5%, 42.51%, 72.62%, 86.05%, 62.87 % and 
6.51 %; 54.86 %, 45.33 %, respectively, nitrate content was reduced by 62.64%, 27.07% and 45.56%, 
respectively. Nitrogen was reduced in R2 by 44.04% and it however increased in R1 and R3 by 
34.26% and 77.05%, respectively. BOD5d was reduced after anaerobic digestion in R1 and R3 by 
42.12% and 33.89%, respectively, and it increased in R2 by 87.8%. Total phosphorus was reduced in 
R1 by 19.18% but it increased in R2 and R3 by 55.51% and 22.21% respectively when compared 
with the original feedstock. There were increases in total and volatile solids in the three reactors 
after the anaerobic digestion. 

It is about 42.12% and 33.89% BOD5d reduction in the R1 and R3 digestates when compared to 
the feedstocks that could be traced using the biodegradation of the organic matter in the substrate 
due to the activities of mesophilic microorganisms. Another parameter, C/N ratio is also an 
essential parameter to enhance rapid and total organic matter decomposition. 

 
3.3 Co-digestion Performance on Mesophilic Anaerobic Process 

 

The three reactors were set-up under mesophilic conditions for a hydraulic retention time of 35 
days with the given reference digesters (R1, R2) treating organic municipal solid wastes and camel 
dung, respectively, and the co-digestion digester (R3) treating equal parts of camel manure and 
organic fraction of fruits and vegetables. As presented in Figure 2, the pH is almost maintained 
around 7 until then end of fermentation. While, in Figure 3, the daily gas produced fluctuated and 
get better fermentation at days 20, it is about 7 kg/FM (for MSW-CD Mixed). In Figure 4, R1 show 
low proportion in methane production (CH4 8.1%) when compared to with R2 (CH4 45.6%) and R3 
(CH4 57.3%).  

 

 
Fig. 2. pH development during digestion of CD, CDMSW and MSW 
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From then onwards the feedstocks and the digestates of the three digesters were characterized 
during 35 HRT and after 90 days of incubation. The pH of the reactors affects the anaerobic 
digestion process and efficiency of the digestion process [14]. Methanogens work effectively 
between pH range of 6.5–8.2 (see Table 2), with an optimum pH 7.0 [15, 16]. Fang et al. [17] finds 
that pH is wide-ranging in plants, so its optimal value varies relatively with feed and process 
technics.  

Beccari et al. [18] specified that only 20-30% of polyphenols were decomposed in MSW in 
anaerobic methanogenic conditions. Moreover, Sorlini et al. [19] studied the effect of polyphenols 
in organic MSW on its own biodegradation and he has as a result that these elements are the 
responsible for anaerobic process inhibition. pH varies because of many factors: alkalinity of the 
system and by fraction of CO2 and hydrogen produced during the process, volatile fatty acids and 
bicarbonate concentrations in the feed [14]. Having control on the rapport of bicarbonate and 
volatile fatty acids in the media composition is the key to maintain constant pH value [20]. For 
controlling pH, NaHCO3 and NaOH must be added in the continuous reactor during start-up period 
[21]. 

 
Table 3 

Characteristics of the MSW 

Dry Matter (DM) 14% 

Analytical Protocol 
Dry oven 60°C then 

105°C 

 

ISO11465 
 

pH 5.9 
Water, mat. /solution 

1/10 
ISO10390 

Composition 

  

Equivalent in kg/T 
of raw material 

Organic Matter (OM) 
Organic Matter 

(OM) 
143 

 

N-NH4 Traces   0.1 
oxydable 
carbon 43.5% Walkley-Black. ISO14235  

C/N ratio 7 
 

  
Mineral Matter (MM) 1.4%  2 

 P2O5 0.6% Oven 550°C, HCl 4N  0.8 

 K2O 2.5% Oven 550°C, HCl 4N  3.6 

 MgO 0.2% Oven 550°C, HCl 4N  0.4 

 CaO 2.6% Oven 550°C, HCl 4N  3.7 

 Na2O 0.5% Oven 550°C, HCl 4N  0.7 

 
The concentration of organic acids in these digestates was low, whereas the pH remained in the 

neutral status during the experiment period and could be as buffering agent of the camel dung, 
which is proportional to bicarbonate concentration. The observed increase in pH of R2 and R3 
feedstocks could have contributed to the reduction in pathogens in the bio-fertilizer digestates, as 
most pathogens cannot tolerate in high pH levels. Yun et al. [15] have also reported that a large 
amount pathogen is destroyed by the metabolic heat generated by microorganisms during 
anaerobic digestion. Temperature was constant in mesophilic conditions (40 °C) throughout the 
period of the anaerobic digestion indicating that the bio-fertilizers can be produced within such 
temperature degree. A drop of pH was detected in R1; pH was 7.0, and decreased to 4.9, after that 
the pH decreased again to 3.5–3.9. Therefore, a lower biogas production was observed in this 
reactor (Figure 3). It should be noted that the biogas and methane yield from the CD digester were 
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in the low range of what has been previously reported [22]. The low biodegradability of the camel 
dung at mesophilic conditions could be explained by: 

(i) less organic matter was available for digestion (26.1%) (see Table 2) and (ii) the high 
concentration of Ntotal (5,718.8 mg/L) in the digester which might inhibit methanogens. However, 
the process stability was not affected by NH3 inhibition, but directed the anaerobic digestion to an 
“inhibited steady state” [25, 26]. The increase in the biogas produced from R3 (Figure 3) could be 
related to several factors: (i) the high biodegradability of MSW associated with CD, (ii) the slight 
concentration of the Ntotal (886.9 mg/L) (iii) the optimization of the C/N ratio. Specifically, the 
manure digester (R2) had a C/N ratio of 22.5:1 whereas (R3) had a C/N ratio of 25.8:1 calculated as 
COD/TN [24]. Since optimum range values for C/N ratio between 20:1 and 70:1, it is clear than that 
both R2 and R3 presented better conditions for the microorganisms involved in the anaerobic 
digestion process than R1 (C/N ratio 13.1:1). In contrast, due to the very low biogas produced (3.25 
kg/fresh matter occurred on the 23rd day of incubation) in R1 which appeared to be affected by the 
solubilization of the organic matter. The characterisation of the mixture of MSW, which this mixture 
is similar than used in [27] (fraction of the organic matter (98.6%) and carbohydrates (43.5%)) (see 
Table 1).  The significant biogas cumulated volume of the anaerobic co-digestion, about 7.2 kg/FM 
occurred during the first four days of the anaerobic digestion, indicated that the carbohydrates 
supplied by MSW had been transformed into biogas in R3. Therefore, it is suggested that 
microorganism’s content in R1 and R2 had to hydrolyse more amounts of organic matter in the 
purpose to obtain nutrients, while in R3 sufficient easy substrate was available by mixing CD with 
MSW. However, some organic matter still presents in R2 and R3, which is indicated by volatile solid  
(VS) concentrations showed in Table 5. Thus, it is required to add a larger hydraulic retention time 
to allow good biodegradability of organic matter into biogas production. 

 
Table 4 

Characteristics of the Camel Dung 
Dry Matter 39% Analytical Protocol 

Dry oven 60°C then 
105°C 

 

ISO11465 
 

pH 7.3 Water, mat. /solution 
1/10 

ISO10390 

Composition   
 

Equivalent in kg/T 
of raw material 

Organic Matter 26.1% 102 
 N-NH4 Traces   0.1 

oxydable 
carbon 

9.0% Walkley-Black. ISO14235  

C/N ratio 3.4    
Mineral Matter (MM) 1.4%  289 

 P2O5 0.5% Oven 550°C, HCl 4N  1.8 

 K2O 0.5% Oven 550°C, HCl 4N  1.9 

 MgO 7.1% Oven 550°C, HCl 4N  27.8 

 CaO 11.4% Oven 550°C, HCl 4N  44.7 

 Na2O 0.2% Oven 550°C, HCl 4N  0.6 

 
3.4 Quality of Bio-fertilizer Production 

 
Table 6 shows the properties of the bio-fertilizer obtained from the digestate after 90 days of 

incubation. From Table 6, TOC, TN and TP contents of the CD, MSW and CD&MSW digestates were 
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found to be 44.2%; 27.2%; 58.5%, 2.01%; 2.14%; 2.34% and 2.28%; 4.29%; 3.8%, respectively. These 
results are similar obtained by Owamah et al. [28]. Biodegradable organic matter concentration in 
the feed has a profound influence in the nitrogen comportment because it can cause N-
immobilization and O2 exhaustion that tend to an extreme in soil microbial activity. [29]. 
 

 
Fig. 3. Daily biogas production from the digestion of CD, CDMSW 
and MSW 

 

 
Fig. 4. Cumulative methane production from the digestion of CD, 
CDMSW and MSW 

 
As shown in Table 5, it has the reduction of the BOD5d values in R1 and R3 about 42.12% and a 

33.89%, respectively.  As suggested by Ponsà et al. [30] amount of 2 mg O2 g-1 VS h-1 and 6 g O2 L-1 
could be a safe agricultural use of digestate and this R1 and R3 byproduct could be qualified to be 
used as soil fertilizers because the BOD5d within the range of 2.5 and 2.75 gL-1 respectively. 
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Table 5 

Physicochemical parameters of the digesters feedstock before and after digestion (HRT 35 days) 

Parameter 

Before After % ± 

R2 R1 R3 R2 R1 R3 R2 R1 R3 

Total solids (%) 8.7 18.3 22.8 9.2 21.4 23.5 5.43 (+) 14.48 (+) 
2.97 

(+) 

Volatile solids 

(%) 
7.9 16.7 21.7 8.4 18.6 22.1 5.95 (+) 10.21 (+) 

1.8 

(+) 

COD (mgl-1) 52,013 26,900 45,461 85,246 66425 79088 39 (+) 59.5 (+) 
42.51

(+) 

BOD5d (mgl-1) 1,280 4,320 4,160 10,500 2,500 2,750 87.8 (+) 42.12 (-) 
33.89 

(-) 

Nitrite (mgl-1) 20.6 7.8 11.1 22 17.3 20.4 6.51 (+) 54.86 (+) 
45.33 

(+) 

Nitrate (mgl-1) 915.6 301.7 481.8 342 220 262.2 62.64 (-) 27.07 (-) 
45.56 

(-) 

Total nitrogen 

(mgl
-1

) 
5,718.8 2,265.2 886.9 3,200.2 3,446.1 3866 44.04 (-) 34.26 (+) 

77.05 

(+) 

Total 

phosphorus 

(mgl
-1

) 

145,9 175.3 223.1 328.1 1,41.7 286.8 55.51 (+) 19.18 (-) 
22.21 

(+) 

Total organic 

carbon (mgl
-1

) 
19,713 16,761.5 13,927 72,012.5 45,150 99870 72.62 (+) 86.05 (+) 

62.87 

(+) 

pH 7.3 5.9 6.9 6.8 3.9 6.5 6.84 (-) 33.89 (-) 
5.79 

(-) 

Odor ++ +++ ++ - + - / / / 

 
 

Table 6 

Elemental composition of the resulting bio-fertilizers (HRT 90 days) 

Parameter 
Proportion (%) 

R1 R2 R3 

pH 3.1 7.2 7.4 

Total phosphorus (%) 4.29 2.28 3.8 

Total nitrogen (%) 2.14 2.01 2.34 

Potassium (%) 6.42 7.21 7.3 

Total organic carbon (%) 27.2 44.2 58.5 

Carbon / Nitrogen ratio 13:1 22:1 25:1 
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Even though, a longer HRT, a post-treatment and a final refining would be recommended in the 
purpose to avoid harmful effect on plant and on the environment. Heavy metals and minerals were 
not measured in this study. 

 
4. Conclusion 

 
In the present study it was proved that the association of MSW with CD resulted in a higher 

methane production (CH4 57.3%) than mono-digestion of camel dung (CH4 45.6%); improvement 
related to the high biodegradability of the MSW, the slight ammonium concentration, C/N ratio 
(25.8:1) and to the well-balanced nutrients content of this feedstock. The co-digestion process was 
set up through batch system and under low mixing conditions which represents an energy saving. 
Bio-fertilizer from the anaerobic digestate of R3 can be used to improve soil fertility. Even though, a 
longer HRT, a post-treatment and a final refining would be recommended to avoid harmful effect 
on digesters system and on the environment. Results from this study show significant reductions in 
BOD5d, nitrogen and organic carbon content in the digestates when compared to the feedstocks. It 
is suitable to note that the anaerobic co-digestion of kitchen waste with camel manure was 
demonstrated to be an attractive solution for the protection of the environment also for the 
economy of the energy for saharian rural regions. It is clear that with applying better equipment 
and adjustment of conditions and operating parameters for process optimization by numerical 
simulation, more reasonable results could be obtained.  
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