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ABSTRACT

The main objective of this study is to investigate the influence of hydraulic retention time (HRT) on biogas production during leachate
treatment using an anaerobic reactor type Upflow Anaerobic Sludge Blanket. For this purpose, four HRTs ranging from 12 to 48 h were
experienced. The obtained results showed that higher amount of biogas could be produced during longer HRTs. However, HRTs longer
than 48 h could not affect clearly the biogas generation and considered as unnecessary given the small additional amount of biogas produced
during the degradation process. A volume of 0.434 L/Licachate/d was achieved during the treatment with a HRT of 48 h. The higher biogas
production, the smaller chemical oxygen demand (COD) values achieved. Besides, COD removal and biogas production positively correlate,
showing that the active biomass has degraded effectively the organic load to produce biogas. Moreover, all the analyzed physicochemical
parameters have experienced a decrease after 48 h except for the pH, which increased to approximately neutral value. More precisely,
a decrease of 93.8%, 89.7%, 95%, 70%, 77%, and 84.4% was recorded for COD, electrical conductivity, total suspended solid, turbidity,
NH,"-N, and NO;-N, respectively.
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1. Introduction environment lead to percolation water and lixiviation issues. This
water is loaded with organic and mineral substances and gives
rise to leachates [6, 7]. Indeed, these leachates are rich in organic
and inorganic matter, and heavy metals [8-10]. Their release into
the natural environment is considered directly or indirectly harm-
ful and threatening to the environment and public health.
The leachates as polluted effluents should be treated/managed
to avoid negative environmental and/or sanitary impacts and
meet the increasing requirements of discharged standards [11].
The Upflow Anaerobic Sludge Blanket (UASB) treatment techni-
que has been used for anaerobic treatment of influents in many
countries [12] generally at a temperature close to 20°C or beyond.
However, this system can operate even under conditions where
the average temperature is between 11 and 23°C although leach-
ates may be cooler, especially in cold climate countries [13-16].
Garcia et al. [13] concluded that chemical oxygen demand (COD)

In Morocco, solid waste production is increasing steadily due
to population growth and intensification of economic activities
[1]. In 2014, the solid waste production is estimated to be 6.852
million tons per year of household wastes and 1.6 million tons
per year of industrial wastes. The waste production rate varies
from region to region and may vary from 0.3 in rural to 0.76
kg/capita/day in urban areas [2]. Particularly, household waste
treatment remains very little developed except for composting
and landfilling, almost universalized by the Moroccan communes
[3]. The current landfilling practices can no longer continue in
view of the considerable damage it causes to the environment,
such as ground and surface water pollution, soil pollution, impact
on human health and greenhouse gas emissions [4, 5]. The evolu-
tion of waste in landfills and their interactions with the external
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removal efficiency was not affected by temperatures between
15 and 35°C. These promising results show that high-rate treatment
at low temperature may minimize the need for heating the leachate
prior to treatment, which may consequently provide an interesting
cost-effective option for countries with cold climate [15].

The UASB technique is a promising anaerobic treatment that
can achieve high treatment efficiency in short hydraulic retention
time [17]. When submitted to high volumetric organic loading
rate, UASB reactors have exhibited higher performances with
respect to other kinds of anaerobic reactors [13]. Only a few
researchers have been interested to study and improve/optimize
the production of biogas from a UASB reactor. Nkemka and
Murto [18] investigated the biogas production from wheat straw
in batch and UASB reactors. They found that a high methane
production rate was achieved from the hydrolysate, supple-
mented with nutrients, in a UASB reactor. The production of
biogas could be enhanced by adding nutriments to the reactor
[19], or using a specific type of microorganisms [20] in a specific
range of temperature [21]. However, none of the literature studies
has investigated the influence of hydraulic retention time (HRT)
on the biogas production in a UASB system. The present work
comes to enlighten this concern as a first step for studies that
will follow. Quantitative analysis was carried out by monitoring
the cumulative volume of biogas generated with different HRTs.
Moreover, the treatment efficiency was assessed in terms of
COD, pH, electrical conductivity (EC), total suspended solids
(TSS), turbidity, NH,"-N, and NO;™-N.

2. Materials and Methods

2.1. Leachate Analysis

Leachate considered in this work was collected from the pack-
er-truck tank during household waste collection in the city of
Kasba Tadla, Morocco. The annual production of household
waste in the city was about 11,787 tons per year in 2013. This
amount of waste generated a volume of 945,611 liters per year
of young leachates [22], but no treatment is performed. Currently,
several studies are undertaken to determine a suitable and cost-ef-
fective way to treat these leachates. The main physicochemical
characteristic of the raw leachate used during experiments are
shown in Table 1.

Table 1. Physicochemical Characteristics of Raw Leachate
Main  Standard

Parameter value  deviation Unit
Temperature 38.3 0.25 °C
pH 4.55 0.05 -
Electrical conductivity (EC) 15,436.7  291.11 us/cm
Total suspended solids (TSS)  9,000.0 660.0 mg/L
Turbidity 2,836.7 68.89 NTU
N *-N 45.7 2.89 mg/L
NO;-N 160.0 3.33 mg/L
COD 24,450.0 300.0 mg/L
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2.2. Analytical Methods

The effluent from the UASB reactor was sampled periodically
for COD, pH, EC, TSS, turbidity, ammonium and nitrate nitrogen.
Some measurements like pH and EC were carried out on site
at the time of sampling, while other parameters were analyzed
in the laboratory. All physicochemical parameters were de-
termined according to standard methods of wastewater analysis
[23]. EC and pH were measured in situ using an ORION 4 STAR
conductivity meter and an Accumet AB15 pH-meter. The COD
was determined according to potassium dichromate method,
and TSS was measured using the centrifugation method.
Measurement of turbidity was carried out by means of a spec-
trophotometer at 720 nm. Finally, ammonium and nitrate nitro-
gen were determined also with a spectrophotometer in the visible
type G BOYER/ANACHEM 320. All analyses were triplicated
in order to ensure reproducibility and representativeness of the
sample.

2.3. Experimental Protocol

The experimental protocol used in this study was composed
of a buffer tank and the UASB reactor designed and used
in Benyoucef et al. [22]. The reactor has an effective volume
of 200 liters, and was designed to treat and handle about
1/10 the amount of leachates daily produced in the city. Fig.
1 shows the modified scheme of the experimental protocol.
A metallic colon linked to the digester ceiling enables the
sludge-leachate-biogas separation. The first end of the metallic
colon is immersed into leachate to a depth of 0.24 m, while
the second is used to collect biogas in a measuring cylinder
filled with water and inverted over a trough of water at the
head of each 2 h.

Feeding the digester was performed continuously after a daily
recuperation of leachate. Treatment efficiency was monitored
by one-liter samples taken periodically from the buffer tank
at the digester outlet. Samples were taken at different intervals,
corresponding to HRTs of 12, 24, 36 and 48 h. The reactor
was operated 10 d with a permanent flow for each HRT. Then,
the samples were placed into plastic bottles, and were trans-
ported directly to the laboratory for analysis. The tests were
replicated three times during three-month period from May
to July 2015.
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Fig. 1. Modified scheme of the experimental protocol.
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3. Results and Discussions

3.1. Biogas Production

As known, anaerobic biodegradation of organic materials pro-
duces biogas mainly methane and carbon dioxide [24]. For better
understanding of the degradation process, both quantitative and
qualitative analysis of generated biogas are required. The quanti-
tative analysis is the primary focus of this work, while qualitative
analysis will be the subject of further study.

Fig. 2 presents the evolution of biogas for different HRT.
For all HRTs, the cumulative biogas production adopts a steadily
increasing trend. The higher amount of biogas was produced
with longer HRT since the microorganisms have been accorded
much more time to actively degrade materials. Kaparaju et al.
[21] reported that an increase in HRT might provide sufficient
time for methanogens to mineralize the organic matter to methane
and carbon dioxide. For example, after 12 h, volumes of 0.11,
0.16, 0.21 and 0.24 L/Licachate Were achieved for HRT 12, HRT
24, HRT 36 and HRT 48, respectively.

The HRT is one of the most important parameters affecting
the performance of a UASB reactor when used for the treatment
of influents [25]. The upflow velocity is directly related with
HRT and plays an important role to entrap suspended solids.
A decrease in upflow velocity entails an increase in HRT, which
boosts the removal efficiency of suspended solids detailed below
[26, 27]. The COD removal efficiency of a UASB reactor also
decreases at elevated upflow velocity because higher velocity
reduces the contact time between sludge and leachate in addition
to smashing of sludge granules, and consequently higher washout
of solids [28]. For instance, Nkemka and Murto [28] reported
81% COD removal efficiency at HRT of 12 h in a UASB reactor
treating seaweed leachate, while Zhang et al. [29] reported 92%
COD removal efficiency at HRT of 10 h in a UASB reactor treating
sewage. It is also important noticing that the volume of biogas
produced towards the end of HRT 48 was insignificant. This
suggests that the treatment is no longer effective and could
be considered as waste of time and money. Such circumstances
are justified by the amount of COD removal achieved.
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Fig. 2. Evolution of cumulative biogas in function of HRT.

290

3.2. Treatment Efficiency

In general, the treatment efficiency is monitored using different
available and accessible physicochemical parameters. Those
used in this study were limited to COD, pH, EC, TSS, turbidity,
N-NH,*, and N-NOj".

3.2.1. Evolution of COD and biogas

COD is the most used parameter to assess and evaluate treatment
efficiency, and it is highly related to the production of biogas
as it represents the organic load included in the influent [30].
The biogas valorization as source of energy depends directly
on its concentration. The content of COD found in Kasba Tadla
fresh leachate was around 24,450 mg/L. Kaparaju et al. [21]
claimed that the recuperation of energy is feasible in UASB
reactor at an organic loading rate of 17.1 g-COD/(l.d) within
2 d hydraulic retention time. The Fig. 3(a) shows the evolution
of COD content and biogas in function of HRT. It is clear from
the curves that the evolution of COD in the effluent is inversely
proportional to the evolution of produced volume of biogas.
Otherwise, the COD removal is proportional to biogas yield.
By increasing the HRT, the decline in COD content was accom-
panied by an increase of the amount of biogas formed. With
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Fig. 3. (@ Evolution of COD and biogas in function of HRT, (b) Correlation
between biogas production per day and COD removal per day.
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HRT 48, an organic load of 22,944 mg/L could be converted
into 0.86 L/Licachate Of biogas, giving rise to 93.8% of treatment
efficiency in terms of COD removal. The correlation between
biogas production per day and COD removal per day is pre-
sented in Fig. 3(b). It is noticed that the tow parameters pos-
itively correlate, showing that the active biomass has degraded
effectively the organic load to produce biogas. The regression
coefficient in Fig. 3(b) represents the mean change in biogas
volume for one unit of change in COD removal. The equation
shows that the coefficient for COD removal in mg/Licachate/d
is about 0.038 mL/Licchaie/d. Otherwise, the coefficient indicates
that for every additional gram in COD removal, we can expect
biogas to increase by an average of 38 mL. However, this rela-
tionship is only valid within the range of HRT of 48 h or
around.

3.2.2. Evolution of pH and EC

The evolution of pH and EC in function of HRT is presented
in Fig. 4. From this figure, the pH of raw leachate was about
4.55, showing that the influent is already in the acidogenesis
phase. This is due to the hydrolysis of complex organic poly-
mers, which are reduced to simple soluble molecules such
as amino acids, long-chain fatty acids, and sugars [31]. At
the end of treatment, pH value rises increasingly according
to the increasing HRTs. The pH reached 5.75, 6.40, 6.85 and
7.15 with HRT 12, HRT 24, HRT 36 and HRT 48, respectively.
A neutral pH value is obtained with the high HRT of 48 h.
This increase in pH values could be explained by the con-
version of organic acids to acetate, carbon dioxide, and hydro-
gen, which are consumed by methanogenic bacteria to produce
methane [32].

The raw leachate had also an initial EC of 15,436.7 ps/cm.
After different HRT of treatment, the EC value has been reduced
progressively. This reduction reached 69%, 77%, 86% and 90%
with an HRT of 12, 24, 36 and 48 h, respectively (Fig. 4). The
decrease in EC value with HRT 48 was more remarkable since
the medium took sufficient time to neutralize. This remarkable
decrease is explained by the volatilization of ammonia and the
precipitation of mineral salts [33].
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Fig. 4. Evolution of pH and EC in function of HRT.
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3.2.3. Evolution of TSS and turbidity

The Fig. 5 illustrates the evolution of TSS and turbidity in func-
tion of HRT. The initial TSS content in raw leachate was 9,000.0
mg/L. There was an overall decrease in TSS content as the HRT
increased. The decrease in TSS content continued up to 3,500,
1,500, 883 and 450 mg/L, respectively for HRT 12, HRT 24,
HRT 36 and HRT 48. The significant decrease in the TSS concen-
tration for HRT 48 may be an indication of the active biomass
growth in the reactor as more than 90% of volatile suspended
solids contents are due to active biomass, and remaining 10%
are attributed to non-biodegradable volatile solids and dead cell
debris [34].

As given in Table 1, the raw leachate turbidity was 2,836.7
NTU. After different treatment by changing the HRT, the best
removal efficiency of 70% was achieved at HRT 48. From Fig.
5, it is deduced that the turbidity decreases by increasing the
HRT. The decrease in turbidity refers to the decrease in sus-
pended solids and this is due, in its turn, to the sedimentation
of these particles after equalizing their ions. The equalizing
ions drop down by gravity under the force of their own weight
[35]. Gerardi [32] found a quit better result in a pilot-plant where
the achieved removal efficiency was 82.0%. Whereas, in a study
carried out by Iglesias et al. [36], the turbidity removal was
as high as 90% for the complete sequential anaerobic-aerobic
treatment process.
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Fig. 5. Evolution of TSS and turbidity in function of HRT.

3.2.4. Evolution of ammonium and nitrate

The treatment started up with ammonium and nitrate nitrogen
contents of about 45.7 and 160.0 mg/L, respectively. One of
the reasons why nitrate content is much higher than ammonium
content could be the oxidation of ammonia into nitrate in the
environment by two groups of chemo-lithotrophic bacteria which
operate in sequence [37]. The Fig. 6 shows that NH,*-N and
NO;-N contents evolved in a parallel tendency in function of
HRT. Both of them undergo progressive decrease with increasing
HRT. The highest NH,"-N and NO;-N removals were achieved
after an HRT of 48 h. They reached 10.5 and 25 mg/L for ammo-
nium and nitrate nitrogen respectively. The relatively low
NH,*-N removal efficiency could be attributed to the utilization
of NH,*-N through the assimilation of anaerobic bacteria as
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Fig. 6. Evolution of NH;*-N and NO;-N in function of HRT.

reported in some other publications [38, 39]. However, the de-
cline in nitrate content is probably due to heterotrophic de-
nitrification, which requires anoxic conditions in order to reduce
nitrate to nitrite and subsequently to nitrogen gas [40].

4. Conclusions

This study showed that the use of leachate as source of renewable
energy in form of biogas is feasible through the UASB technique.
This technique proved to be suitable to the economic and environ-
mental conditions for a country such Morocco. Besides, the
climatic conditions are most favorable to effectively operate the
UASB reactor without the need of heating. The HRT in the
UASB reactor showed a significant influence on the conversion
of organic load and, therefore, the production of biogas. However,
after an HRT of 48 h, the biogas production becomes ineffective
and may be considered as waste of time and money with respect
to the additional amount of biogas gained. A volume of 0.434
L/Licachate/d was achieved during the treatment with an HRT of
48 h. Finally, after only 48 h, the UASB reactor proved to be
effective in terms of all reported physicochemical parameters,
especially in terms of COD removal, which reached 93.8%. The
performance of this technique could be further improved through
the addition of certain natural source of nutriments, which can
be supplied locally. Indeed, this will be the primary focus of
a complementary subsequent study.
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