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ABSTRACT

The management of household waste is one of the major and topical environmental problems. In Algeria, the olive oil
industry produces mainly olive oil and therefore large quantities of waste (olive pomace, margins) harmful to the
environment. Although their chemical composition is very rich in organic matter, these waste materials are untapped
and not recovered. As a result, their valuation is necessary. The present work consists on the one hand of valorising the
household waste and the olive pomace, on the other hand to study the influence of these substances’ addition on the
functioning and the production of biogas by anaerobic fermentation. The results obtained showed that:-The gaseous
productivity of the anaerobic degradation of organic waste depends essentially on the nature of substrate to ferment; in
addition, the olive pomace intake to the substrate makes it possible to increase the gaseous productivity. Moreover, we
noted a weekly average of biogas (cm3) produced in HWD and HWOD respectively of [350.75 ± 266.61] and [662.22 ±
266.20] cm3. The difference is very significant- During the cold period and for the same substrate, the gas production
decreases and becomes slower than in summer, our study revealed a weekly average of recovered biogas of [281.55 ±
266.61] and [731.41 ± 256.62] cm3 respectively in cold and hot periods.
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INTRODUCTION
The management of household waste in Algeria is one of the major and topical environmental
problems. So, nationally, the average amounts of household waste generated are estimated at 0.7 kg /
capita/ day in large urban centers (Algiers) [1], in addition to this, in the Mediterranean region, the olive
industry products mainly olive oil; but also large quantities of waste (olive pomace, margins) that are
harmful to the environment. However, their chemical composition is very rich in organic matter; they are
unexploited and not valued in our country. Their valorization is therefore necessary.
These various wastes lead to various environmental problems such as: atmospheric pollution,
contamination of groundwater, following treatment methods, such as landfill and incineration, which are
often expensive methods. However, much of these wastes is biodegradable and can be reused. Thus,
methanization or anaerobic degradation is one of the technologies based on the degradation of organic
waste under the action of microorganisms (methanogens) and in the absence of oxygen. This degradation
results in the production of a wet product rich in organic matter called digestate [2] and a biogas
composed mainly of methane (mixture of CO2 and CH4) [3]. This natural transformation is carried out in
confined spaces called 'digesters', within which the fermentation reactions are optimized and controlled
[4].
We are interested in this experimentation to the addition of the olive pomace to the household waste for a
better natural production of biogas, for 2 periods cold and hot. For this purpose, we experimented with
two identical experimental biodigesters HWD and HWOD under the same conditions but different from
the point of view of the nature of the substrate (HWD: household waste and HWOD: mixture of household
waste / olive pomace). Regular monitoring of the resulting biogas volume was taken in terms of time and
temperature.
MATERIALS AND METHODS
Device of the experimentation:
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A) Installation of digesters HWD and HWOD
In this experiment we used:
 2 barrels of 30 liters each, which constitute the HWD and HWOD digesters (Fig.1).
 The lid of HWOD and HWD is reinforced and surrounded by a silicone layer forming a seal which
ensures the sealing (Fig.1).
 In order to channel the biogas produced, multi-layer pipes are plugged into the HWD and HWOD
covers.
 In addition, these pipes are equipped with 2 valves:
1. One controls the outlet of the biogas to an inner tube constituting the reservoir of the recovered
biogas reservoir(Fig. 1);
2. The other is connected to the water manometer (Fig.1).
B) The start-up of HWD and HWOD
- Waste used is introduced into the digesters HWD and HWOD.
- ¾ of the volume of the digester is filled with water (¼ remains empty to reduce the risk of explosion of
the digester).
- HWD and HWOD strongly closed with silicone to ensure sealing.
- Once the anaerobic fermentation of the waste takes place; the biogas is recovered in an inner tube which
constitutes the gas tank.
The systems are equipped with:
A. Barometer: at the level of the inner tube to control pressure in this latter and prevent its explosion. In
addition, the barometer makes it possible to identify the stabilization of the pressure in the gas
reservoir.
B. Thermometer: at the level of digesters to determine the temperature variation during the
biodegradation.
C. Manometer: A U-form tube is half filled with water, its extremity is connected to the openlabel security valve in order to prevent a gas overload in the system (the water flows from the other
extremity in case of overload).

Safety
valve

Barometer
Thermometer

Control
valve

Manometer

HWD/
HWOD

Inner tube

Figure 1 : Diagram of the assembly of the studied digesters HWD and HWOD.
Composition of organic waste
For HWD we used standard Algerian household waste consisting of fruit peel, coffee grounds, rest of the
meals, cooking papers, tea bags and garden debris, the proportion of which is 30.66%; 7%; 20%, 4%; 5%
and 33.33% (Tab.1).
For HWOD we also put fruit peels, coffee grounds, Rest of meals, cooking papers, tea bags, garden debris
and olive pomace, the proportion of which is 20%; 5%; 10%; 2%; 3%; 26.66% and 33.33% respectively.
So for HWD no olive pomace by cons in HWOD there are 33.33% of olive pomace.
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Table 1: Proportions (%) of organic waste used in HWD and HWOD.
Type of waste
HWD
HWOD
Household waste
Fruit and Vegetable Peels
30.66
20
coffee grounds
7
5
Rest of the meals
20
10
Kitchen paper
4
2
Tea bags used
5
3
Garden scraps
Leaves
33.33
26.67
Broken branches
Flowers
Olive pomace
0
33.33
Quantity of organic waste
The quantity of waste introduced into HWD (household waste digester) and HWOD (household waste and
olive pomace digester) is;
a) HWD: The mixture to ferment is composed of 15 kg of waste (10 kg of kitchen waste and 5 kg of garden
debris). This waste is grossly chopped (fragments about 7 cm) and introduced into the digester. Before
closing the digester 6 liters of water are mixed with the waste set to promote on the one hand the
proliferation of the bacteria responsible for the methanization of waste and on the other hand to allow a
good grinding of the waste (Tab.2).
b) HWOD: The pomace is solid olive residues resulting from the first pressure or centrifugation. They are
made of pulp and olive kernels. They were recovered in a traditional oil mill (OuledchelliJijel,
Algeria). Their choice is based on the fact that they are biodegradable waste available and representative
of the Mediterranean region. So, in HWOD, 15kg of biodegradable waste consisting of 5kg of olive pomace
and 10kg of household waste (6kg of kitchen waste and 4kg of garden waste) was introduced and 6 liters
of water were mixed with the whole of waste (Tab.2).
Table 2: Quantity of organic waste (kg) and water (l) used in biodigesters used.
HWD
HWOD
Household
waste

10

6

Garden waste

5

4

Olive pomace

0

5

Water

6

6

Waste pretreatment:
The waste used is grossly chopped (fragments of about 7 cm) to facilitate their degradation, and
introduced into the digester with water after having undergone the following treatments:
 The compaction of waste: We have mixed different types of waste (cooking waste, garden debris,
olive pomace ...) and tassed them to the foot until obtaining a homogeneous and stable mixture.
 Grinding of waste to homogenize the various waste fractions and improve water distribution; we
cruched the used waste using an electric grinder.
Our experiment was launched in December 2015. We have made follow-ups during the cold period
(December, January, February and March), and the hot period of 2015 (May, June, July and August) for 9
Months, until the volume of the released gases’reservoirs becomes stable.
Study of gas evolution
The volume of the produced biogas was estimated once a week during 45 weeks by the following formula:
V= n2/4 * (D-d)*d2= 2.46*(D-d)*d2
V = volume of the biogas.
N = symbol of the number 3.141.
D = outer diameter of the ring.
d = diameter of the section.
(d) The diameter of the section (Fig.2) (inner tube representing the biogas reservoir) is measured each
week using a calliper. (D) The outer diameter of the inner tube ring is stable (= 57.75 cm) and calculated
from the tire characteristics (Fig.2). Figure 2 shows the reference and characteristics of the inner tube
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used in this study. Thus, we used 4 identical
i
inner tubes; 2 for the hot period and 2 for the cold
period. Evolution Curves of the volume of biogas released in accordance to the time of each digester are
necessary to fully understand the relationship between the composition of the waste and tthe rate of
biogas formation.

Ref : 175/65 R14
d= Thickness
R= 14 inch = 14 X 2,5 cm = 35 cm
A= 65% of 175mm = 113,75 mm =11,375 cm
D= R + 2A =35 + 2 X 11,375 = 35 + 22,75 = 57,75 cm

Figure 2: Characteristics of the inner tube used as a biogas tank.
RESULTS
Fig. 3 shows the variations in air temperature (a) and humidity (b) during the 23 weeks of the
experiment. Thus, there is a variation of T°C air (Fig.3a) and the%Hair (Fig.3b).
Table 3: Confidence Interval at 95% for medium estimates variables T°C,% H, HWD (cm3) and HWOD
(cm3) and their extreme values in brackets in the cold and hot period
period of experimentation.
Cold Period
T°Cair

%Hair

[14±0,4]

[69,2±1,5] [177,7±15,6] [385,4±33]

(6,4-21,3) (42-92)

70

hot

%Hair
T°C
air

Chaude
hot

HWD (cm3)
(0,1-589,3)
589,3)
Froide
cold

HWOD (cm3) T°Cair

b

60
50
40
30
20
10
0
s1 s3 s5 s7 s9 s11 s13 s15 s17 s19
s21 s23
weeks

%Hair

HWD (cm3)

HWOD (cm3)

[30,6±0,4] [42,3±1,0] [523,8±33,7] [939,1±59,4]

(2,4-1219,4) (22-42,1)

a

Period

%Hair
160
140
120
100
80
60
40
20
0

(26-61)

hot
Chaude

(4,6-914,6)
914,6)

cold
Froide

(14,5-1592,6)
b

s1 s3 s5 s7 s9 s11 s13 s15 s17 s19 s21 s23
weeks

Figure 3: Weekly variations of T°Cair (a) and% Hair (b) in cold and hot periods of the experiment.
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Thus, regarding the T°C air (Tab.3), the estimated average is [14 ± 0.4] and [30.6 ± 0.4] T°C air respectively
for cold and hot periods of the experimentation. The difference is highly significant between the averages
of T°C air of studied periods (F obs = 129.794; dof= 1 and p <0.000) (Tab.4). This means that the
temperature of the hot period is higher than that of the cold one (Fig.3a and Fig.5). The maximum and
minimum are (6.4 - 21.3) and (22 - 42.1) T°Cair respectively for hot and cold periods of the experiment.

Source
Periods

Table 4: Analysis of variance for the variable T°Cair
Sum
of Average of
squares
squares
F
Pr> F
3162.303
3162.303
129.794
<0,0001

Dof
1
35

T°C
30
25
20
15
10
5
0
Chaude
hot

Periods

Froide
cold

Figure 5: Changes in temperatures’averages (T°Cair) for hot and cold periods during the experimentation.
Concerning the average of %Hair (Tab.3) the estimated averages are [69.2 ± 1.5] and [42.3 ± 1.0]%Hair
respectively for cold and hot periods. The difference between the averages is very significant (F obs =
36.977, dof = 1 and p> 0.000) (Tab.5). In fact, Figure 6 shows that %Hair of the cold period is higher than
that of the hot one.
Table 5: Analysis of variance for the variable %Hair
Sum
of Average of
Source
Dof
squares
squares
F
Pr> F
Periods
1
8329.587
8329.587
36.977
<0.0001
80

%Hair
70
60
50
40
30
20
Chaude

hot

Periods

Froide

cold

Figure 6: Variation of humidity averages (%Hair) in hot and cold periods during the experimentation.
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Thus, the cold and hot periods, have different climatic factors. Indeed, T°C air are higher in the hot than the
cold period (Tab. 3) however, the humidity of the air is higher in the cold than in the hot period
(Tab.3). And this variation factors T°C, %Hair will play a key role in the anaerobic digestion process.
The biogas (cm3) produced in the two digesters (HWD and HWOD) during the periods of the experiment,
Figure 7 shows that whatever period it is, cold (a) or hot (b), the biogas (cm3) produced is hi
higher in
HWOD than in HWD.
1400cm3

HWD
DDM

1200

HWOD
DDMG

HWD
DDM

b

cm3
cm3

DDMG
HWOD
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0
s1 s3 s5 s7 s9 s11 s13 s15 s17 s19 s21 s23

Figure 7: Weekly production of Biogas

s1 s3 s5 s7 s9 s11 s13 s15 s17 s19 s21 s23

(cm3)

in the cold (a) and hot (b) periods of the methanization
experiment.

Thus, the average of the biogas produced during the cold season is [177.7 ± 15.6] and [385.4 ± 33]
cm3 respectively for HWD and HWOD
. And in hot period biogas production is [523.8 ± 33.7] and [59.4 939.1 ±] cm3 respectively for HWD and
DMMD (Tab. 3). The difference is very significant (Fobs = 22.531, dof= 1 and p <0.000) (Tab.6 and
Fig.4). This means that the high temperature and the low humidity level promote methanization (Fig.7).
Table 6: Analysis of variance for biogas variable (cm 3).
Source

Dof Sum of squares Average of squares F

periods
1
digesters
1
Periods *Digesters 1
1000

4654630.187
2231375.720
248015.819

4654630.187
2231375.720
248015.819

Pr> F

22.531 <0.0001
10.801 0,001
1,201 0.276

Biogas (cm3)

900
800
700
600
500
400
300
200
100
0

hot
Chaude
Periods

Froide
cold

Figure 8: Variation in weekly averages of the biogas (cm3) produced in the hot and the cold periods
during the experiment.
Also, whatever period it is, hot or cold, the production of biogas (cm3) is significantly higher (F obs=
10.801, df = 1 and p <0.001) (Tab.6) in HWOD than HWD.
DISCUSSIONS
From the results obtained (Fig. 7a and Tab. 3), it has been observed that in the cold period, and due to low
temperatures and high humidity, there was a decrease in the quantity of biogas (cm3) produced, whatever
the substrate to be fermented (HWD or HWOD) (Fig.8).Therefore,
(Fig.8).Therefore, the external microclimate (T°C and
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%Hair) affects the biogas production (Tab.6 and Fig. 8). Thereby, many studies including those of
M'SADAK et al. [5] and Jellouli et al. [6] have shown the importance of temperature on the anaerobic
digestion process; moreover, bacterial activity is optimal when the temperature is 38°C.
The hebdomadal average of the biogas (cm3) Produced (Tab.3) in HWD and HWOD is respectively [177.7
± 15.6] and [385.4 ± 33] cm3 in the cold period and [523.8 ± 33.7] and [59.4 939.1 ±] cm3 in the hot
period (Tab. 3). The results show that the addition of olive pomace stimulates the production of biogas
(Figure 7). And this stimulation of methanization is twice much higher in the presence of olive pomace.
We conclude that the amount of the gas produced depends essentially on the composition of the material
to be fermented. These results are confirmed by [7] and [8]. Thus, the presence of olive-pomace has a
positive effect on the gaseous productivity (Tab.6 and Fig. 7), this may be explained by the high rate of
organic matters that olive pomace contains. Yaich and al [9] works show that the chemical composition of
different types of olive pomace (% compared to the DM) of organic materials varies between 84.25
and 93.55. Furthermore, according to [10], the olive pomace content of dry matter and organic matter is
respectively 380 and 360 kg / tonne of crude product; on the other hand it is 630 and 345 kg / tonne of
crude product for a compost olive pomace and green waste. Thus, the composition we have chosen
(Tab.1) seems perfect for methanization.
In addition, the substrate water content plays an important role in microbial activity; in the literature [11]
it has been found that humidity greater than 60% by mass of dry waste is essential for their degradation,
while a content of less than 30% would not allow waste to degrade. The addition of olive pomace to
household waste improves the humidity of the whole to be fermented, according to [12]; the olive pomace
is a compound rich in almost-liquid pasty margins, with percentages of moisture ranging from 60 to 70%
depending on the method of extraction of the olive oil used.
CONCLUSION
Energy, gas and electricity consumption is increasingly becoming a major problem, especially its adverse
effects on the environment. For this, it is time to look for other solutions to ensure its continuous
production and reduce pollution.
The results of this study on the influence of olive pomace addition to household waste show that the
external microclimate (T°C air and % Hair) influences the production of biogas. Thus, T°C air of [30.6 ± 0.4]
°C and %Hair of [42.3 ± 1.0]%H are favourable to methanization.
Furthermore, the addition of olive pomace to household waste stimulates the production of biogas. And
this stimulation of methanization is twice much higher in the presence of olive pomace.
In addition, the composition of 40% of household waste (fruit and vegetable peel (20%) coffee grounds
(5%), rest of meals (10%), kitchen paper (2%), tea bags %)), 26.67% of garden debris and 33.33% of
olive pomace undoubtedly improves the production of biogas (cm 3).
Thus, the addition of olive pomace to household waste is a very favorable composition for better
methanization and for biogas production.
NOMENCLATURE
HWD Household Waste Digester; HWOD: Household Waste and olive pomace Digester; Kg / capita /
day: kilogram per capita per day; CO2: Carbon dioxide, CH4: Methane; V = Volume of biogas cm 3; n
= Number of symbol 3.141; D = Outer diameter of the ring in cm; d = Diameter of the section in mm; T °
C air Temperature of the airin degrees Celsius; H air Humidity of the air expressed as a percentage%;
F obs Fisher test value; Dof Degree of freedom; DM Dry Matter
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