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Abstract

Large quantity of vegetable waste is produced in Ouagadougou’ markets and
“yaars”, causing damage to the environment and, consequently the risks of to
some diseases. Reusing methane in the production system could constitute
one of the best options for the management of this waste. The objective of this
study is to contribute to the energy recovery of vegetable wastes produced in
Burkina Faso cities. Thus, a sampling of vegetable wastes was carried out at
vegetable sales points in Ouagadougou. The physicochemical characterization
of vegetable waste samples was investigated using standard methods. The re-
sponse surface method through an experimental design implemented by the
Expert Design software was used to determine the optimal production condi-
tions of biogas in codigestion with cattle dung. A pilot scale production was
carried out in a digester of 5 liters based on the optimal parameters obtained
by the response surface method. The biogas was estimated through the volume
of the torus and its composition determined by a biogas analyzer. The physi-
cochemical parameters showed that the vegetable wastes contained 84.84% of
dry matter (DM), 88.28% of volatile dry matter (VDM), 11.70% of ash, 1.5%
of total nitrogen (TN) and 50.73% carbon content. The carbon-to-nitrogen
(C/N) ratio was 33.82. These data show that vegetable wastes are potential sub-
strates for anaerobic digestion however, they can be co-digested with animal
manures to balance the low nitrogen content. The pilot production tests in the
laboratory, based on the optimized model, produced an average volume of bi-
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ogas equal to 30525.326 cm?® with 57.61% as the proportion of methane. The
production yield was 3540 L CH,/kg VDM. These data obtained show that the
codigestion of cattle dung with vegetable waste would have an increasing effect
on biogas production. Also, the experimental production yield, higher than
theoretical yield generated by the optimization equation, allows us to admit
that this study has given satisfactory results.

Keywords

Vegetable Waste, Cattle Dung, Response Surface Method, Biomethane,
Markets and “Yaars”, Ouagadougou

1. Introduction

Empirical studies conducted worldwide have shown that the agriculture and live-
stock sectors are the largest producers of organic waste, considering all related
activities [1] [2]. In Burkina Faso, these two sectors contribute approximately 40%
to the country’s Gross Domestic Product (GDP) and employ more than 86% of
the active population [3] [4].

Trivially, the consumption of agricultural products generates significant quan-
tities of waste. The production of these wastes is further amplified with the in-
crease of the population, particularly in urban areas. Current statistics show that
more than 57% of the world’s population lives in cities. According to demographic
projections, this value could exceed 68% by 2050, mainly due to the exponential
urban growth in Africa and Asia [5].

According to the recent census, the population of Burkina Faso has almost dou-
bled after two decades [3]. The country’s population is predominantly rural, how-
ever, the number of people living in cities is increasing. Ouagadougou and Bobo-
Dioulasso are the two largest urban centers in the country. These two cities rep-
resent more than half of the urban population (62.2%). The district of Ouagadou-
gou is the capital city and the main economic center of Burkina Faso. Industry,
trade, agriculture and, livestock breeding, etc. constitute the main economic ac-
tivities [6].

In the context of West African cities where population growth remains con-
stant, markets and “yaars” represent the primary source of food supply for house-
holds [7]. The growing these points of sale proportionally to the population’ grow-
ing contributes thus to the production of significant quantities of organic waste,
particularly that of damaged fruits and vegetables [8]. Inappropriate management
of this waste could increase the risks of diseases related to the poor living environ-
ment.

Also, the scope of waste management services in countries is progressing due
to global environmental and technical-economic issues [9] [10]. Methods such as
landfill and incineration are the most used for the treatment of municipal solid

waste. However, these methods of waste management could lead to various pol-
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lutions and losses of energy and material resources [11]. Anaerobic digestion, then
appears to be a sustainable solution for waste management [12] [13]. It consists to
the degradation of organic matter in the absence of oxygen, which can lead to the
production of biogas and digestate [14]. This biogas can be used as a source of
renewable energy, for the production of electricity and heat. The resulting diges-
tate can be used as an organic fertilizer. Anaerobic digestion could contribute to
the reduction of organic waste through recovery. The physicochemical or biolog-
ical pretreatment of substrates as well as their codigestion promote the obtaining
of better biomethane production yields [15]-[17]. Generally, the parameters such
as temperature, pH, substrate load and agitation influenced biogas production
yields during anaerobic digestion processes [18] [19].

Theoretical models have been used to refine product design and production
processes, where interactions between factors can be complex and non-linear, as
anaerobic digestion process. The Response Surface Method appears to be an ad-
vanced design of experiments technique that is used to explore and optimize the
relationship between several input variables (factors) and an output variable (re-
sponse). It aims to understand how the response varies depending on the levels of
factors and to identify the optimal conditions for the desired response. The soft-
ware allowed the generation of experimental designs and mathematical models to
determine the optimized values of the parameters [20] [21]. The objective of our
study is to optimize the production of biogas from vegetable waste collected in

Ouagadougou markets and “yaars” using the Response Surface Method (RSM).

2. Materials and Methods
2.1. Sampling

Figure 1. Sample of vegetable waste, (a, b) Vegetable waste (fresh), (c) Dried

vegetable waste, (d) Shredded vegetable waste

The wastes collected during this study consisted of the leaf wastes of cabbage,
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beans, and sorrel. Samples were obtained from three locations corresponding to
vegetable sales outlets in the Ouagadougou commune, namely “Paglayiri”, “Nabiyaar”
and “Cité an IT” markets. At the moment of sampling campaign, the vegetables
wastes were collected and subsequently dried in the sun. The dried waste was
then ground by an electric grinder to obtain a suitable refined powder (see

Figure 1).

2.2. Determination of the Physicochemical Parameters of
Shredded Vegetable Waste

The hydrogen potential (pH) was determined using the pH-meter (HI 99121) ac-
cording to the method of Nout ez al [22]. The dry matter content was obtained by
drying 5 g of material, placed in an oven at 105°C for 24 hours until a constant
weight (M2) was obtained [23]. Ash was determined by calcination in an oven at
550°C for 6 hours [23]. Volatile dry matter (VDM) is estimated by measuring the
weight loss of dry matter after calcination. The total organic carbon (TOC) con-
tent was determined from the ratio VDM/TOC = 1.74 [24]. Total nitrogen was
determined using the Kjedahl method. After mineralization with pure sulphuric
acid and in the presence of a catalyst (K,SO4 and CuSQ,), the nitrogen compounds
are mineralized to ammonium sulphate. The ammonia displaced by the soda is
vaporized and measured out with sulphuric acid. This method gives the percent-
age of total nitrogen (% Nt) in the sample.

2.3. Determination of Optimum Biogas Production Parameters

¢ Response Surface Method (RSM)

Based on the work of Nikiema et al [25], the Response Surface Method was
used to determine the optimum parameters for biogas production. The centred
composite design (CCD) method with three independent variables was used to
determine the effect of inoculum proportion (X1), substrate quantity (X2) and
temperature (X3) on biogas and biomethane (CH,) production (Table 1). Biogas,

biomethane and carbon dioxide represent the responses.

Table 1. Coded levels for independent variables in factorial designs.

Ranking and level

Variables Symbol Unit
Level - 1 Level + 1
Inoculum X1 % 2 20
Substrate X2 g 0 80
Temperature X3 °C 25 50

¢ Experimental design
The experimental set-up consisted of a 230 ml glass bottle used as a batch bio-
reactor. A total of 20 formulations were generated using Expert Design software.

The different formulations were used as shown in Table 2.
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Table 2. Model design based on factorial design.

Std  Serial Block Substrate (g)  Bovine dung (%) Temperature ("C)

19 1 Block 1 11 40 37.5
1 2 Block 1 2 0 25
3 3 Block 1 2 80 25
2 4 Block 1 20 0 25
10 5 Block 1 26,1 40 37.5
12 6 Block 1 11 107,3 37.5
4 7 Block 1 20 80 25
11 8 Block 1 11 0 37.5
13 9 Block 1 11 40 16.5
14 10 Block 1 11 40 58.5
20 11 Block 1 11 40 37.5
18 12 Block 1 11 40 37.5
15 13 Block 1 11 40 37.5
5 14 Block 1 2 0 50
8 15 Block 1 20 80 50
6 16 Block 1 20 0 50
7 17 Block 1 2 80 50
16 18 Block 1 11 40 37.5
17 19 Block 1 11 40 37.5
9 20 Block 1 0 40 37.5

¢ Monitoring biogas production during the experimental design

Biogas production was monitored for 48 days under laboratory conditions and
the product was analyzed every 4 days. The biogas was measured using a SEFRAM
Paris gas chromatograph. The volume of produced biogas was estimated using the
Liquid Displacement Method. The gaseous products (CO, and CH,4) were ana-
lyzed using a gas chromatograph (Girdel series 30 with catharometer fitted with a
thermal conductivity detector [TCD] equipped with a SERVOTRACE type SEFRAM
Paris ImV potentiometric recorder).

The operating conditions for the determination of CH4 and CO, are: Injector
temperature 90°C, column temperature 60°C, detector temperature 100°C, fila-
ment current 150 mA, carrier gas pressure 1 bar, attenuation 32, paper unwinding
speed 10 mm/min, volume of 1 ml of the gas phase is taken and then injected into
the chromatograph using a graduated leakproof syringe. The CH4 and CO, con-
tents were determined using standard curves established from CH; and CO,

standards.

2.4. Experimental Set-Up for Pilot-Scale Biogas Production

The optimum conditions obtained from the RSM for optimal biomethane pro-
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duction were used on a pilot scale. The experimental set-up consisted of a fermen-
tation reactor with a capacity of 5 liters and a biogas collection system is an air
chamber and flexible conductive pipes (Figure 2). The inoculum/substrate ratio
was set according to the optimal model derived from the experimental design. The
substrate consisted of shredded vegetable waste and the inoculum of diluted cattle
dung. The experiment was carried out in triplicate. The pH was monitored regu-
larly at an interval of three-day using samples from the digesters. Biogas produc-
tion was assessed each time the air chamber by formula 1. Neglecting the effect of

temperature, the volume of biogas was determined using formula 2.
V=4r>xRxr’ (1)
with R: radius and r: cross-section of the torus
V biogas =V chamber x AP 2)
where V chamber: volume of the air chamber and AP: relative atmospheric pres-
sure of the biogas in the air chamber.

The composition of the biogas for the pilot tests in the digester was determined

using an OPTIMA?7 gas analyzer.

Digester

Biogas analyser

e Al

7

Figure 2. Experimental pilot plant.

2.5. Data Analysis

Expert design software was used to determine the optimum conditions for biogas

production using the Central Composite Design (CDD) method.

3. Results

3.1. Physicochemical Parameters of Vegetable Waste Shredded
Material

The values of the physicochemical parameters of the vegetable waste shredded
material are presented in Table 3. The shredded vegetable wastes used as substrate
for our study had a dry matter content of 84.84%, an ash content of 11.70%, a
volatile dry matter content of 88.28%, a total nitrogen content of 1.50%, a total
organic carbon content of 50.73% and a C/N ratio of 33.82.
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Table 3. Vegetable waste physicochemical parameters.

Physicochemical parameters Unit Average
Dry matter % 84.84 +0.68
Ash % 11.70 + 0.56
Volatile solid % 88.28 £ 0.56
Total nitrogen % 1.50 + 0.62
Total organic carbon % 50.73 £ 0.32
C/N ratio - 33.82£0.30

3.2. Parameters for Optimising Biogas Production: Model Fitting

Factorial design is a statistical, theoretical and mathematical technique for build-
ing models to optimize the level of independent variables [26].
The effect of the independent variables (substrate concentration, inoculum pro-
portion and temperature) on biogas (Y1) and CH, (Y2) production is shown in
Table 4. The coefficients of the polynomial equation were calculated from the ex-
perimental data to predict the values of the response variable. The regression
equations for each response variable, obtained from the response surface method-
ology, are given in equation (3) and (4):
% Biogas = +350.84 —53.15* X1+130.85* X2 + 74.34* X3 -38.17*X1* X2 - 24.48*X1* X2

+47.65%X2*X2-56.01*X1* —77.73* X2% —58.43* X3% —42.52* X1*X2* X3 ®
% CH, =+4240.48-58.76*X1+103.26* X2 +51.54* X3 -15.66 * X1* X2 —28.29* X1* X3 @)
+34.24*X2*X3-26.87*X1* —63.03*X2% —46.93*X3* —33.66* X1* X2* X3
Legend: A: Substrate, B: Bovine dung, C: Temperature.
Table 4. Regression analysis of variance (ANOVA) of the model.
Sum of Mean p value
Source - Df ———— FValue ———— RrR?
Squares Square Prob > F
Model 280132.914 10 28013.2914 2.49650599 0.0922 Not significant
X1-Substrate 40140.4235 1 40140.4235 3.57725931 0.0911 0.96
X2-Cattle dung 113237.916 1 113237916 10.0916073 0.0112
X3-Temperature 36282.0439 1 36282.0439 3.23340583 0.1057
X1 X2 1963.11211 1 1963.11211 0.17494985 0.6856
Biogas X1X3 6402.21077 1 6402.21077 0.57055621 0.4693
X2 X3 9376.91764 1 9376.91764 0.835658 0.3845
XA2 7191.60355 1 7191.60355 0.64090581 0.4440
XA2 35625.673 1 35625.673 3.17491096 0.1085
XA2 32228.555 1 32228.555 2.87216448 0.1244
X1X2X3 9065.89887 1 9065.89887 0.80794043 0.3921
Model 13837.9032 10 1383.79032 10.6335228 0.0008 Significant
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Continued
X1-Substrate 4262.78933 1 4262.78933 32.7567457 0.0003
Biogas X2-Cattle dung 3568.03925 1 3568.03925 27.4180461 0.0005 0.81
X3-Temperature 915.415565 1 915.415565 7.03436941 0.0264
X1 X2 1509.88949 1 1509.88949 11.6025124 0.0078
X1X3 493.971267 1 493.971267 3.79584584 0.0832
X2 X3 445.141463 1 445.141463 3.42062077 0.0974
CH,4 XA2 609.613096 1 609.613096 4.68447761 0.0586
XA2 244.702268 1 244.702268 1.88037676 0.2035
XA2 795.887075 1 795.887075 6.1158712 0.0354
X1X2X3 0.09696294 1 0.09696294 0.0007451 0.9788
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Figure 3. (a) Plot of residuals and normal probability and plot of actual vs predicted values for Biogas, (b) Plot
of residuals and normal probability and plot of actual vs predicted values for methane.

The lack of fit was insignificant (p < 0.05) compared to the pure error for all
variables, indicating that our model is statistically accurate. If the R* value is closed
to 1, this indicates a better fit of the model to the actual data. Conversely, lower R*
values indicate that the response variables were not appropriate to explain the var-
iation in behaviour according to Myers ef al. [27]. In our study, the high R* value
demonstrates that the influence of substrate concentration (X1), inoculum pro-
portion (X2) and temperature (X3) on the response variables can be adequately
described by a quadratic polynomial model. The significance level of the coefti-
cients of the quadratic polynomial model was determined by analysis of variance
(ANOVA). A smaller p-value and a larger F-value indicate a highly significant
effect of a term on the response variable [28]. The results of the analysis of vari-
ance of the regression are shown in Table 4.

In this study, the coefficient of determination values for biogas (Y1) and CH,4
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Design-Expert® Software
Biogaz
554
1.83626
X1 = A: Substrat
X2 = B: Bouse bovine

Actual Factor
C: Température = 48.83

(Y2) were 0.96 and 0.81, respectively. Which means that these different models
could explain 96% and 81% of variability in responses, respectively for biogas and
CH.. Among the two models, only that of CH, production is significant with a p-
value = 0.0008. On the other hand, the biogas production model has a high p-
value (p = 0.0922) and is therefore not significant. The value of the linear model
value ((X1, X2, and X3) was significant, while the other values of the quadratic
model (X1% X2* and X3?) and the interactive model (X1 X2 X3) were not signifi-
cant with p-values > 0.05. Each of Figure 3(a-b), shows the normal probability
plot of the residuals and the predicted biogas and methane yield versus the actual
yield. The graphs show that there are no anomalies in the proposed experimental

work. The model therefore successfully predicts methane yield.

3.3. Interactive Effect of Process Variables’ Ratios on Biogas and
Methane Yield

The response values for the inoculum, substrate and temperature parameters are
shown in Table 5. Numerical optimization was performed by the desirability
function using Design Expert software. Twenty (20) different solutions were
found containing different levels of independent variables. The solution with the
highest desirability value was selected as the optimized condition for biogas and
methane production. The proportion of inoculum varied from 0 to 107.3 ml with
biogas and CH, values ranging from 1.84 to 554.00 and 1.12 to 235.63 ml/g volatile
dry matter (VDM) respectively. In fact, the inoculum is a source of microorgan-
isms for anaerobic digestion. Substrate concentrations varied from 0 to 26.1 g per
unit volume. The residuals of the difference between the predicted and actual val-
ues are practically zero for biogas and CH,, 0.011 and 0.025 respectively.

The combined conditions for optimized methane production were: an inoculum
volume of 40 ml, a substrate concentration of 11% at a temperature of 37.5°C. The
response values for the optimized preparation conditions were 399.33 liters biogas
and 235.65 liters methane per kilogram of volatile dry matter. The influence of the

various parameters on biogas and methane production is shown in Figures 4-5.
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Figure 4. Biogas volume a function of temperature (°C), substrate loading (% m/v) and inoculum proportion (v/v).
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Figure 5. Methane volume as a function of temperature (°C), substrate loading (% w/v) and inoculum proportion (v/v).

Table 5. Optimisation of independent variables for biomethane production.

Std  Serial  Block  Substrate (g) Cattle dung (%) Temperature °C Biogas L/’kg VDM CH4L/kg VDM

19 1 Block 1 11 40 37.5 45.66 27.57
1 2 Block 1 2 0 25 29.15 24.57
3 3 Block 1 2 80 25 33.02 23.82
2 4 Block 1 20 0 25 29.15 1.75
10 5 Block 1 26.1 40 37.5 70.40 4.85
12 6 Block 1 11 107.3 37.5 80.99 30.42
4 7 Block 1 20 80 25 44.63 6.87
11 8 Block 1 11 0 37.5 13.95 3.52
13 9 Block 1 11 40 16.5 29.75 1.72
14 10 Block 1 11 40 58.5 405.95 53.35
20 11 Block 1 11 40 37.5 399.33 235.63
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Continued
18 12 Block 1 11 40 37.5 52.95 24.35
15 13 Block 1 11 40 37.5 209.59 32.56
5 14 Block 1 2 0 50 1.84 1.12
8 15 Block 1 20 80 50 98.39 43.98
6 16 Block 1 20 0 50 89.46 30.87
7 17 Block 1 2 80 50 33.52 21.54
16 18 Block 1 11 40 37.5 213.06 32.79
17 19 Block 1 11 40 37.5 23.82 8.35
9 20 Block 1 0 40 37.5 554.00 500.07
3.4. Changes in Parameters in the Pilot Digester
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Figure 6. Monitoring of anaerobic digestion parameters: (A) pH; (B) Biogas production; (C) Changes
in the proportion of CHs and CO: in the biogas and (D) Changes in HS.
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At regular intervals of three (3) days, the pH was monitored in the digester and

adjusted if the value was not close to neutral. After day 24, the pH was no longer

monitored as it had become stable. Figure 6(A) shows the evolution of the pH in

each of the three digesters over 24 days. The quantity of biogas produced was

30525.3216 cm?® or 30.525 L. It was determined under normal temperature and

pressure conditions using formula 1 for the torus. The quantity of biogas pro-

duced was monitored for 28 days, at the end of which we obtained a total produc-
tion volume of 122.1 L with a yield of 3540 L CH./kg. Figure 6(B) shows the evo-
lution of the quantity of biogas produced during our study. The proportion of

methane is greater than that of carbon dioxide during the anaerobic digestion pro-

cess, and the curves for these two products are almost parallel (Figure 6(C)). The
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curve for the production of hydrogen sulfide (H.S), from Figure 6(D), shows a
drop in concentrations during anaerobic digestion towards zero at the end of the

process.

4. Discussion

4.1. Physicochemical Parameters of Vegetable Waste from
Markets and “Years”

The average pH value of vegetable waste shreds is 7.36 + 0.15. This pH is close to
neutral, and therefore suitable for anaerobic digestion. Methanogenic bacteria can
tolerate pH values of between 6 and 8, with optimum activity around 7 [29]. The
average rate of volatile dry matter obtained in our study was 88.28%. Volatile dry
matter represents the quantity of organic matter volatilized during combustion.
These high dry matter values indicate that the shredded vegetable waste consists
mainly of organic matter. The values for dry matter and volatile dry matter in our
study are close to those obtained by Tong et al [30] on dried forage shreds, which
were equal to 88.20% and 95.80% respectively. The low ash content (11.70%)
could be explained by the fact that appropriate sorting was carried out on the sam-
ples prior to analysis, as shown by Nikiema ef al [31]. Furthermore, the ash con-
tents obtained in our study are higher than those obtained from kitchen waste,
fish waste and poultry viscera [32] [33]. The C/N ratio was 33.82, slightly higher
than the optimum, which is between 25 and 30 [34]. This relatively high value
could mean that the vegetable waste collected in the markets and “yaars” of the
city of Ouagadougou has a low nitrogen content. Deublein and Steinhauser [35]
reported that a low C/N ratio in the substrate for anaerobic digestion would lead
to an increase in the production of ammonia, considered to inhibit the process.
Similarly, a high C/N ratio would have a negative impact on microbial metabo-
lism, since nitrogen is necessary for the formation of cellular proteins. When the
C/N ratio is high, biomethane production drops due to a lack of nitrogen [36]
[37]. This nitrogen deficiency could be made up for with other substrates, such as

animal waste, through codigestion [38]-[40].

4.2. Modelling Biogas Production from Vegetable Waste

In the context of optimizing biogas production, the overall model does not appear
to be significant with a p-value of 0.092 (Table 4). Only the cattle dung variable
(B) is significant with a p-value of 0.0112, which is less than 0.05. This means that
cattle dung has a significant impact on biogas production. For methane produc-
tion, the model shows significance with a p-value of 0.0008, indicating that the
model as a whole is significant. The interactions (AB) substrate plus cattle dung
and the temperature variable showed significance with p-values of 0.0078 and
0.0264. In terms of CH,4 production, the model was also significant with a p-value
of 0.008. Temperature was significant with a p-value of 0.0264. The results show
that cattle dung has a significant impact on biogas production, temperature and

AB interactions (substrate plus cattle dung) have an impact on CH, production
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and percentage methane.

The best biogas and methane production in this trial was obtained with cattle
dung and vegetable waste, with a biogas yield of 399.33 L/kg VDM and a methane
yield of 235.63 L/kg VDM. These results are in agreement with those of Traoré et
al. [33], who obtained better production by codigestion of mango waste and pig
dung. The higher biogas and methane yields obtained by Traoré et al [33] could
be explained by the difference in the constituents of the substrates used in co-
management. The that fact codigestion was not used in our study could explain
the low biogas and methane yields obtained. Certainly, mixing substrates creates
a compensatory effect, which could prevent inhibition of anaerobic digestion due
to excessive production of ammonia or volatile fatty acids, which are limiting fac-
tors in the digestion of substrates taken separately [33]. Codigestion stabilized the
process and increases biogas production. Optimum production was obtained at a
mesophilic temperature of 37.5°C. Several studies have shown that mesophilic

temperature is more stable because it tolerates stress factors [38]-[40].

4.3. Pilot Biogas Production Using the Optimal Mathematical
Model

The quantity of biogas produced during the trials was 30.525 normo-liters (NL),
Le. ayield of 1005.16 NL biogas/kg VDM. Our results are much better than those
of Castaing ef al [41].

In batch reactor trials, these authors found high yields for pig slurry and agro-
industrial waste, between 250 and 330 Nm?*® CH4/t VDM. Confirmation of these
authors’ results on a pre-industrial scale from codigestion trials carried out on the
150 m® digester led to an average biogas production of 90 Nm?/d (normo-cubic
meter per day), obtained with a methane content of 63%. The methane content of
57.61% obtained in our study is lower than the content found by Castaing et al
[41]. These differences could be explained by the quality of the substrates used in
codigestion. The substrates have different bio-methanogenic potentials [42].
Chidikofan et al [40] have shown that gross biogas production with chicken drop-
pings is 12% higher than with cattle dung. According to Pouech et al [43], the
methanogenic potential of livestock effluents varies between 187 and 652 NL
CHy/kg organic matter (OM); that of agro-industrial effluents varies between 173
and 738 NL CHy/kg OM. The decrease in the quantity of CO, during anaerobic
digestion could be explained by the fact that some of the carbon dioxide is reduced
to methane [31].

5. Conclusion

Our study on the energy recovery of vegetable waste by anaerobic digestion high-
lighted the importance of anaerobic fermentation of organic matter as a promis-
ing technique for the management of vegetable waste. Physicochemical analyses
carried out on vegetables wastes from markets and “yaars” have shown that they
constitute a substrate favourable to anaerobic digestion, but could be improved by
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codigestion with nitrogen-rich substrates such as animal manure. The response
surface method (RSM) was used to generate the biomethane production optimi-
zation equation. The ANOV A statistical analysis allowed us to verify that the co-
efficients of the linear model used in our study are statistically significant. The
best biogas and methane production was obtained by codigestion of cattle dung
and vegetable waste, with a biogas yield of 399.33 L/kg VDM and a methane yield
of 235.63 L/kg VDM. A model has been identified, thus making it possible to op-
timize production. Laboratory-scale production with the 5-liter reactors resulted
in high yields of 1005.16 NL biogas/kg VDM. This model could be used on a larger
scale to produce biomethane in quantity from vegetable waste.
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