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ABSTRACT

Sewage sludge is an unwanted and inevitable byyatddom wastewater treatment plants, the purpdsetoch is
to clarify wastewater, and present a surcharge,clvidan contaminate water and soil, causing a bigremmental
problem. The treatment by anaerobic digestion carubed to reduce the pollution of this waste anadpcing
methane. Multivariate compositional data analysistmods were used to investigate physico-chemicanpaters
during anaerobic digestion of sewage sludge in Moo The objective of this study is to determireedbefficient
of methane efficiency, identify the potential foemy production from anaerobic digestion of sewalyglge in
Morocco, while maintaining the stability of physickemical parameters in the environment. To dg, thiseries of
analyzes of descriptive and quantitative data waslied physico-chemical parameters. Multivariatatistical

analysis was carried out at the entrance and efitthee activated sludge treatment from tests carred

experiments in a laboratory scale using the medmpheactor 1-L Pyrex (CSTR) to 37°C, and usingraw

material the waste water sludge produced from tleegssing station wastewater. The results of diedisanalyzes
indicate that the percentage of variance is 55.288d 18.59% respectively for the axes F1 and F2 thedtotal

information is estimated at a percentage of 73.58%e correlation circle confirms the correlationtiveen SVo
and SVi parameters which could be explained by edgoiodegradability of organic matter. Thus the uks
indicate that there is a good performance at thesapeilic digestion due to the stability of physicemical

parameters and proper methane yield.

Keywords: Anaerobic Digestion, Sewage Sludge, Methane yietiahcipal Component Analysis, Biodegradability,
Volatiles Solids.

INTRODUCTION

Anaerobic digestion is the most suitable aptifor the treatment of high strength orgasifftuents.
Anaerobic digestion has been touted as the besegsdor the stabilization of sludge generated fthenaerobic
treatment of wastewater. Its potential advantages other stabilization processes include; the petidn of energy
as methane, a reduction of 30-50% of sludge voltegairing ultimate disposal, the production of gladesidue
generally free from offensive odours when fully eted and a high rate of pathogen destructionicpbatly with

the mesophilic process [1].

However, foaming and low efficiency in volatile ®d reduction have limited the application of comienal
anaerobic sludge digestion [2,3]. Poor VS destucéfficiency of colloidal particles in waste ha=eh reported as
due to physical limitations of low biodegradabilj] and the degradation of insoluble substanceddezn reported
as a rate-limiting step for anaerobic digestion [Hje poor degradation of colloidal particles hesufted in long
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retention times (20-30 days) in anaerobic procgg§esd above 35 days in some full-scale operatiorimarily
designed for wastes stabilization.

There is a growing interest in alternate energycesias a result of increased demand for energyl@dwvith a rise
in the cost of available fuels. Rapid industridii@a has resulted in the generation of a largentjty of effluents
with high organic contents, which if treated ahly, can result in a perpetual source of en&gy[In spite of
the fact that there is a negative environaerimpact associated with industrialization,e #ffect can be
minimized and energy can be tapped by means aérahic digestion of the wastewater [9,10].

However the multivariate methods such as Prina@hponent Analysis (PCA) can provide further intetation

in environmental studies. Indeed, by plotting theng@pal component, the interrelationships betwelffierent
variables may be visualized, and sample pattermsuping similarities or differences could easily be
interpreted[11]. Several environmental studies ubedPCA for results interpretation. Larif et dl2] established
the relationship between different atmosphericytwh variables by using the PCA approach. In aeldjtKkunwar

a et al. [13] used the PCA method for studying eéhgironmental factors and management practicegyaitimg
oxygen dynamics in agricultural irrigation pondsaisemiarid Mediterranean region.

The objective of this study is to investigate tisefulness of multivariate statistical techniquesiie evaluation and
the correlation between parameters, in order taiolitetter information on the feasibility of anagimodigestion of
sewage sludge production methane.

EXPERIMENTAL SECTION

Experimental design
The reactor used in the laboratory for anaerobgestion of sludge, consisted of 1-L Pyrex readtds a CSTR"
Continuous Stirred-tank reactor", equipped with me&g stirring [14] and [15].

Inoculum

The reactor was inoculated with methanogenicaltji#acgranular biomass obtained from a mesophiliaeaobic
reactor of wastewater plant in Marrakech. The ihmtuwas selected on the basis of their high methanic
activity [15]. This biomass contains a methanogdioia capable of degrading the effluent; theseradoyanisms
can accelerate the starting of the anaerobic dayest

Substrate
The material used as a substrate in this experitestudy the mesophilic anaerobic digestion, éssbwage sludge
produced from the sewage treatment plant (Marrafkédacitocco).

Experimental Procedure

The mesophilic anaerobic reactor was initially leddvith 8g VS of granular sludge as inoculums .fb&ient and
trace element solutions were added when the sludgeloaded [15,16]. Both solutions are very impurtr
activating bacterial growth and metabolism at tkegibning of the process and to compensate for ltbetagge of
nutrients in the substrate [14,17].

Principal Component Analysis

All quantitative analyzes of sewage sludge wereluatad by multivariate statistical analysis to donf the
feasibility of anaerobic digestion of sewage sludgenethane production, and identify the potenti@responding
to the energy Morocco. A short introduction to #hesinciples is given below.

Principal Component Analysis (PCA) is a method usedtudying the variability of a data set with myavariables
and for identifying covering variables. The PCAksdor a few linear combinations of the variabldsick can be
used to summarize the data, losing as little infdioms as Larif et all. [14,17].

Principal component analysis (PCA) is a usefulisgtiatl tool to summarize all the information eneddby the

physico-chemical parameters indicating the qualitgludge [12]. The experimental matrix is composé@5x10)
by a principal component analysis (PCA).
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RESULTS

Production of methane (CH,4) cumulate (mL) according to the load concentration

Methane production is between 159 mL from 1g and ®L from 3g (figure 1).One can deduce that theca#y
the range of methane production from anaerobicstige of sewage sludge is between 0.2 and 1.2 ty@dyanic
matter (which represent the volatiles dry) [18]h@tresearch has shown that anaerobic digestisawéige sludge
can produce a methanogenic potential of 155 NS added, with a reduction rate of VS of 59%][19

While the results obtained in this experiment amglar and have not exceeded the range reportétkititerature.

methane volume (mL CH4)

(159; 1)
(670; 3) (321;1,5

(447; 2

(522:2,5)

Figure 1: The methane production during the anaerobic digestin of sewage sludge for different loads (from 1.@%o 3.00g SV)

Figure 2 is noted that after that progressivelyreases the concentration of organic matter in gu®yV) in
methane production increases. This could be exgdalyy the strong correlation between Ghhd SV with R =
0.987.

This shows that the anaerobic digestion of thig typwaste is a reliable solution for the productid methane.
The methane yield coincides well with the slopefficient of the regression line and was found tc0li245 LSTP/g
SV (equivalent to 0.1975LSTP /g ST).
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700 - y = 244,6x - 65,4
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400 A
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Figure 2: Regression between changes in Gldoncentration and load

3.2 Descriptive Statistics
The table 1 represents the various values des@ipfithe physicochemical parameters of the aadatudge.
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Table 1: Is the descriptive analysis of physico-cheical parameters

Variable  Minimum Maximum Moyenne Ecart-type
pHi 7,550 7,950 7,748 0,158
(Alcalinity)i  2050,000 2600,000 2365,000 198,116
TSi 15,950 16,980 16,348 0,457
MSi 3,780 7,440 5,734 1,507
VSi 9,540 12,190 10,614 1,094
pHo 7,560 7,980 7,756 0,167
(Alcalinity)o 2125,000 2325,000 2190,000 85,878
TSo 15,810 16,830 16,312 0,383
MSo 5,690 7,300 6,314 0,599
VSo 9,200 10,640 9,998 0,643

NB: i:Input load ;0:Output load ;Alkalinity (mg/L),Total SolidES (g/L), Mineral SolidMS (g/L), Volatile Solids/S (g/L)

Principal component analysis
The first two principal axes are sufficient to describe the infation provided by the data matrix. Indeed, the
percentages of variance are 55.29% and 18.59%héorakes F1 and F2 respectively. The total inforomats
estimated to a percentage of 73.58%. The prin@paiponent analysis (PCA) [20] was conducted totiflethe
link between the different variables. Bold values different from0 ata significance level op = 0.05.

Correlation matrix

Correlations between the ten descriptors are shovable 2 as a correlation matrix, in figure 3sbelescriptors are
represented in a correlation circle. The Pearsorelation coefficients are summarized in the folilogvtable 2. The
obtained matrix provides information on the negatv positive correlation between variables [21].

Table 2: Correlation matrix between different obtained descriptors

Variables pHi  (Alcalinity)i  TSi MSi VSi pHo (Alcalinity)o TSo MSo VSo
pHi 1

(Alcalinity)i 0,821 1

TSi 0,500 0,103 1

MSi 0,700 0,359 0,900 1

VSi -0,700 -0,359 -0,900 -1,000 1

pHo -0,300 -0,667 -0,100 -0,300 0,300 1

(Alcalinity)o 0,667 0,395 0,564 0,410 -0,41®@,154 1

TSo 0,300 0,154 -0,400-0,200 0,200 0,500 0,103 1

MSo 0,600 0,205 0,700 0,900 -0,90€0,100 0,154 0,100 1
VSo -0,500 -0,103  -1,000 -0,900 0,900 0,100 -0,564 0,4000,700 1

Bold values are different from 0 at a level sigrfit for p < 0.05
-VSi is heavily negatively correlated witSi r = -1
-VSo is heavily negatively correlated wiltsi r = -1, this could be explained by
VS=TS-MS

Variables (axes Fl et F2: 73,88

%)
1
0,75 €
TSo
0,5
. V/So
> 025 i
o)) Si
0
Cd [0] + t
-
\./_025
e pHo _
05 € Si
0,75 €
-1
-1 -0,75 -0,5 -0,25 0 0,25 05 0,75 1

F1 (55,29 %)

Figure 3: Correlation circle between the differentvariables
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Correlation circle

Principal component analysis (PCA) was also peréatrio detect the connection between the differanikbles.
The principal component analysis revealed fromdberelation circle (Figure 3) shows that the Flsaf5.29%)
represents the (Total SolidEp of the variance while the axis F2 (18.59 %) of ¥heiance is located by the other.
On the other hand, the correlation circle (Figurandlicates the correlation between parametersipbyehimiques:

DISCUSSION

The Cartesian diagram (Figure 4) Analysis of progers according to the plane F1-F2 (77.88%) of tibtel
variance of the parameters physico-chimiques (leigr

There is a strong correlation betweési andVSo PlanA of the (Figure 4) which could be explained by ado
degradation of sludge has reached 0.772 g VS reoyveS added (77% of the added substrate is red)d22].

Process stability is assessed on the basis oftiéuege in pH and alkalinity, as the mesophilic aokierdigestion
process. The variation of alkalinity is a variabiked with the regulatory capacity or pH bufferieffect, which
might be explained by the instability at the stdrthe anaerobic digestion.

Figure 4 show that VSo is strongly correlated witBi which confirms that there is a good biodegralitsbof
organic matter and that there was a decrease het8ao the output (Table 1). However confirmatafrthe good
yield methane (670: 3) is located in the same phaféSo, VSi) [23].

However it was a good performance from the mesmptiijestion could be explained by a specific gtovdte and
wealth in anaerobic microorganisms [24,25].

Biplot (axes F1 etF2 : 73,88 %)
2
(2229 | (a47:2)
' N Scn‘-‘\lcalmity}i
£ VS{\ alinity)o (159:1
%‘ 0 ViL WMSo —
2 H/ MSi
o PAY g
-
(670;3) .
(321:1,5)
K]
F1 (55,29 %)

Figure 4: Factorial distribution of variable spaceon the plan 1x2.
CONCLUSION

The results obtained through this research studyvshhat this waste can be readily biodegradednaembic
digestion, since over 77% of the initial VS is remd.

Anaerobic digestion could be a good option for lenizing this available sewage waste, this is ptbby the
increase in the volume of methane collected whaliccreach 670mL of methane for a load of 3.0g \d8eal, with
a methane yield coefficient is 0.245LSTP/g VS.

Statistical analyzes confirmed good correlationveein VSi and VSo parameters which could be expthioy a

good biodegradability of organic matter. So we @god performance mesophilic digestion followihg stability
of physicochemical parameters and good yield methan
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Consequently, this valorization process could bé@ahle option for the centralized management of shedied
wastes.
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