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The treatment of urban solid waste represents, on the one hand, a current problematic
drawing the intention of the authorities on their management and recovery through their
recovery and recycling, and on the other hand, their gravity that they present on health
and the environment. The purpose of this study is to provide solutions to the main
questions regarding quantity, management principles, on which depend reliable
management, landfilling techniques and their social, economic and environmental
impacts. The methodology followed in this study is summarized by the following steps:

review of the state of the art, field study and triage. The Batna landfill can, in its most
unfavorable state, recycle 760,000 tons per year (between ores, paper, glass and plastic).
Actually, recovery of recycled products accounted for only 23.89% for 2015.

1. INTRODUCTION

During antiquity, man has exhausted his biodegradable raw
materials in the living world. A lot of wastes were recycled.
Food residues and manure used as fertilizers. The wild dump
was being the first destination of human wastes. But at the time,
it was of no consequence since all these wastes were inert or
biodegradable. Rapid urbanization has caused the
deterioration of the environment by the emergence of many
development-related effects such as urban transport [1-4] and
especially the so-called "waste dump" [5, 6]. With the onset of
the industrialization of these landfills begins to appear but
most of the waste produced is absorbed by nature or diluted by
discharges into rivers and/or the atmosphere. In modern times,
social concentrations, the intensification of industrial activities,
launch of new consumable products (plastic materials,
polymers, textiles, synthetic dyes, household detergents...)
have completely changed the management of these wastes.
Residues accumulate, and even when they are biodegradable,
they are rejected in such quantity that natural mechanisms of
resumption, metabolisation and fermentation are strongly
disturbed. As a result, waste pollution has become a serious
concern today [7-9]. One of these most worrying
consequences in the developing world is the problems of
handling solid, liquid and toxic waste. Under solid waste, there
are several types of waste according to the regulations of the
Algerian country (Law No. 01-19 of 12/12/2001 relating to the
management, control and disposal of waste); which they are
classified in five groups: i- household and similar waste, ii-
special waste, iii- special hazardous waste, iv- health care
waste, and v- inert waste.

In Algeria, strong pressure on the environment has been
registered, particularly in the field of municipal waste services.
This situation is characterized by a deterioration of hygiene
and public health despite the will and the great efforts of the
State. In addition, Algeria aims through the modified law
03/83 and supplemented by new orientations that now
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integrate Sustainable Development as a new dimension of this
concern. It is the law 03/10 of 2003 relating to the environment
and the sustainable development. In addition to the general
principles contained in Law 03/83, this new law introduces
four other previously marginalized principles, namely: i- The
principle of preventive action and correction at the source of
environmental damage, ii- The precautionary principle in case
present scientific uncertainties, iii-The polluter pays principle
to internalize the extra costs incurred by the community, iv-
And finally the principle of information and citizen
participation [10]. The current state of the environment in
Algeria is marked by five factors: i- The problem of public
health, ii- The insufficiency of the human and material means,
iii- The saturation of the dumps, iv- The increase of the costs
of elimination and v - The increase in total production and the
ratio per inhabitant. Heterogeneity, the presence of
biodegradable materials and the influence of external
parameters, such as rainfall and temperature, are at the origin
of chemical, physical and biological processes that influence
one another and generating flows of gases and liquids as
illustrated in Figure 1.
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Figure 1. Physical, chemical and biological processes
developing in a landfill
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To meet energy needs in order to significantly reduce local
pollution and the greenhouse effect, for the environment
preservation, exploration, and development of new sources of
energy have been undertaken, particularly biomass energy
[11]. This renewable energy widely available, inexpensive and
clean is used to supplement non-renewable fossil fuels [12].
Agricultural waste is a usable energy potential [13], or by
burning them directly to use the heat produced either by biogas
and use of gas as an energy source [14]. The increasing on the
slowing distention efficiency depends on the type of the waste
[15].

According to the results obtained, the percentage of CHy
greatly increased by 15% after purification (i.e., a purification
efficiency of 25%), whereas the percentages of CO, and H»S,
on the contrary, decreased the first of 5% and the second 10%.
The results obtained are indications of the proper functioning
of the purification process and the great importance of the
biogas treatment, since it ensures a reduction in polluting
elements (CO, and H,S) as well as intensification in CHy4
concentration. Gaseous desulphu--rization by iron hematite
has proved to be an effective method of conditioning,
especially for the removal of H,S [16]. Let’s go back to our
"housewife" situation. In its banality, it contains elements of
frequent contradiction in our Western society. We produce
organic waste that we must "treat", "value" to avoid nuisances
and pollution. At the other end of the food chain: farmland
hungry essential organic matter to replenish humus, essential
to soil fertility. Of course, like many human situations, the
problem is complex. If the solution probably involves the use
of a minimum of technology, common sense is to consider
finding a homecoming, or rather a return to the land.

Uncertainty affects the knowledge of waste deposit in
Algeria. The estimates by the World Bank [16] and MATE in
2002 [17] show that much of this deposit consists of municipal
waste (DM). The quantities of urban solid residues (RSU)
produced annually in Algeria are estimated at 8.5 million
tonnes. An Algerian, in urban areas, daily generates about 0.7
kg of waste. In the big cities, this production is close to 0.9 kg
/ day / inhabitant [18]. In lot of big cities, we assisted to
mismanagement as seen in Figure 2.

Figure 2. Example of mismanagement

The Figure 2 is alarming given the current management of
waste, which can be summed up in a single slogan "all waste
in landfill". It is far from the ideal of integrated management
of RSU advocated for developing countries whose purpose is
to avoid the streets littered with trash. At the Batna wilayas
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level, a quantity of 14,369.96 tons of RSU, or 39.37 tons, is
produced daily by the inhabitants of the city of Batna [19]. The
majority of the Developing countries use landfill, between 90
to 97% of the waste produced respectively in Cameroon [20]
and in Israel [21], little in the form of technical landfills
respecting the environment. The distribution between the other
sectors, recycling and incineration is not known for the P.E.D.
However, incineration is rarely used because too sophisticated
and too expensive, only 1% in Thailand [22].

Algeria is one of the countries included in sustainable
development projects by the World Environment Organization.
The choice of the city of Batna by this study is that it is the
first city which has a technical landfill center and a favorable
space for its environmental location. In addition to this, this
location will allow the inhabitants of the surrounding villages
to obtain electric energy which can be generated from the
biomass of this center.

In our work, we analyze different processes of valorization
compatible with the nature of urban solid wastes of the city of
Batna and to determine directives to be taken by the communal
decedents.

2. SITUATION OF THE STUDY AREA
2.1 Presentation of the city of Batna

The wilaya of Batna is bounded on the north by the wilaya
of Mila, Oum EI Bouaghi and Setif, on the east by the wilaya
of Khenchela, to the west by the wilaya of M 'Sila and on the
south by the wilaya of Biskra Figure 3. The climate of the
wilaya is semiarid. The winter is cold with temperatures
ranging from 0°C to 5°C and the summer is very hot with
temperatures that can go up to 45°C in the shade.
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Figure 3. Geographic location of the study area and le
location of Landfill Technic Centre (LTC)
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Figure 4. Five main aspects of waste management

The economy of the wilaya is mainly focused on agriculture.

The industry is in full swing development partly due to the
presence of important mineral resources: the wilaya of Batna
also important tourist sites including the sites of Timgad,

Ghoufi Gorge, hot springs natural and many other historic sites.

To ensure the best management of solid urban waste and
guarantee sustainable development in terms of energy we must
apply five main aspects of treatment shown in Figure 4.

2.2 Statement on the landfill technic centre (LTC)

Figure 5. View and limitations area of the Batna landfill
center: 1-administrative block, 2- sorting block, 3-leachate
ponds, 4-waste lockers, 5 —extension
(https://maps.google.com/map)

Itis a center designed, on an area of 25ha, to conserve waste
without damaging the pollution of the environment. It is
commissioned in 2006 for an operation that will last between
20-25 years. It is located in the town of CHAABA 9km
southwest of the city of Batna, Figure 5. It receives 400 tons
per day of urban waste, assimilated and hospital waste that is
incinerated directly. It is the only center at the national level
that receives such types of waste. It has 8 programmed bins
and at its entrance is a rocker for landfill trucks to quantify the
waste over time as it is equipped with a radioactive control
system. This center equipped with the latest techniques in
recycling, waste collection and processing, and a daily
processing capacity of 400 tons of waste. It is also recently
equipped with a sorting center and an industrial waste disposal
center which are also operational at this Technical landfill. The
population of Batna commune produces about 40 tons of urban
waste per day, not counting the part that is dumped by the
private sector. This amount added to that of the common
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Echaaba is received by the technique Batna discharge, which
causes the emission of greenhouse gas (biogas) and large
volumes of leachate currently untreated could damage the
Adriatic groundwater of the region.

2.3 Problem of household waste

The problem posed by waste coming especially from the
urban environment relates essentially to their management.
This is summarized in five main aspects that can be
schematized in Figure 4. It should be noted that the pollution
of the environment by urban solid waste represents a major
challenge for urban populations in general.

It should be noted that the Pollution of the environment by
urban waste represents a major challenge for urban
populations in general. Policy makers have clearly understood
that the environmental problem and its relation to sustainable
development are not only ecological but also economic and
environmental and above all entertaining sites of these wastes
that require controlled management [23, 24]. These figures
show us that there is still a lot of effort to achieve in terms of
recycling, but especially reduction at source the quantity of
waste we produce. Act upstream: the best waste is the one that
is not produced. Waste management is first and foremost a
source control through the 3Rs rule: reduce, reuse, and recycle.
Various waste conversion processes are [25]: (i) - thermal
conversion [(incineration, pyrolysis, gasification, energy
production from waste derived fuels (RDF)], (ii)- biological
conversion (anaerobic digestion /biogas and composting) and
(iii)- landfilling with gas recovery MSW treatment techniques
as well as typical reaction products are presented.

3. VALOTIZATION OF URBAN WASTE

The recovery of waste heat from product gas is an efficient
method to increase the energy efficiency of a thermal device.
With this approach, heat can be recovered and transferred to
be utilized in other processes. The use of municipal waste,
buried in the ground, to produce fuel and energy has many
advantages [26] since its use avoids the emission of
greenhouse gases. To benefit, many investigations have been
carried out to convert this waste into fuel [27, 28]. The burial
of municipal solid waste causes decomposition under
anaerobic conditions and then generates a mixture of gases
(CH4 + COy») that is collected and its methane is burned, to



reduce the greenhouse effect and produce electrical energy.
The CHs fate is generated according to the mechanism
schematized in Figure 6. Energy recovery appears as an
interesting solution in the face of the multiplication of waste,
of course, but also in the face of energy and climate issues. In
order to achieve the maximum economic benefit, Algeria
strives to encourage investment in recycling and recovery
through different processes. The main processes used are
material recovery and energy recovery. However, the
operation that comes to the forefront of any valuation is
essential because it can direct the investment towards
appropriate niches. This is the sorting and pre-sorting of
different wastes. This operation defines the recyclable and
unrecyclable materials [29, 30]. CH4 emissions from waste
incineration largely depend on the continuity of the
incineration process, the technology used and management
practices. The most detailed observations were made in Japan
(GIO, 2004) where the following CH4 emission factors, based
on technology and procedure, were obtained.
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Figure 6. Fate of LFG emission generated from land filled
organic waste

4. APPLICATION TO BIOGAS COMBUSTION
4.1 Introduction

The processes of combustion are widely used today to meet
the energy needs of humanity. They are used to convert a large
quantity of waste, biogas, into simple elements of the CO,,
H,O and heat type. This heat of combustion resulting from the
oxidation of the fuel, if it is recovered, it will constitute an
energetic vector to supply turbines of the electric power
stations or as cogeneration.

Combustion can be defined as an exothermic chemical
reaction in which the combustible material is converted to give
carbon dioxide and water with oxygen in the air. The
combustion reaction can then be written in the form of an
equation connecting the reagents and the products which result
and which, depending on the pressure and temperature
conditions may be in liquid or vapour form.

Fuel + O, — (CO,) + (H20) +Q (1)

where, Q is the heat released during the reaction.
4.2 Application la combustion du biogas
In most cases, the combustion is carried out in air, it should

be considered that the latter contains 21% by volume or 23%
by weight of oxygen, the remainder being practically nitrogen
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which does not interfere with combustion and should be
rejected as such in the flue gas. The combustion reaction (1)
with the air thus becomes:

Fuel + (02 +3.76 N) = CO,+ H,O+3.76 N + Q 2)
It should be noted that combustion processes are never
perfect. In reality, several intermediate products are formed
during actual combustion. They are nevertheless important in
practice, especially for pollution problems to take into account.
Indeed, when air is the oxidant, the nitrogen that is there can
oxidize when there is an excess of oxygen to produce NOx
emissions of nitrogen oxides, which are partly responsible acid
rain. Also, when the air supplied is insufficient for incomplete
combustion, the formation of carbon monoxide (CO) is very
dangerous. A 0.2% CO, content in the air, causes death in less
than half of an hour. For larger air gaps, there may still be
unburned hydrocarbons, or carbon in the form of graphite.
After estimating the resulting products, the equation of the
reaction of hydrocarbons with air is written in form [31]:

alFuell + a2Fuel2 + a3Fuel3 + a4Fucl4 + bO; + cN;
— NP [(A (H2) + B (H,0) + C (CO2) + D (N2) + E
(0) +F (0O) + G(03) + H(H) + P(OH) + Q(CO) +
R(C) + S(CH4) + T(NO)
+V(NO2)+W(NH3)+X(HNO3)+Y(HCN)+Z(N)

3)

where, A, B, C, D, E, etc. are the mole fractions of the products.
NP is the total number of moles of the product. al, a2, a3, a4,
b, ¢, are the numbers of mole of fuel and the oxidant. One of
the important parameters, characterizing a combustion
reaction, is its heat of action, which is necessary to calculate
the temperature of the maximum temperature (adiabatic flame
or combustion temperature, TAF) and that of the composition
of the products. These calculations are based on the
thermodynamics principles, see details in the work [32].

The biogas used in these calculations is estimated to have
the proportions: (50% CO., and 50% CH,). The concentrations
of the products of combustion including of course the
pollutants are calculated at the chemical equilibrium.

CO;+ 0.5 CHy +a (02 +3.76 N) — NP [(A (Hy) +
B (H,0) + C(COy) + D (N2) +E(0) +F (02) + G
(O3) +H (H) + P (OH) + Q (CO) + R (C) + S (CHy)
+T (NO) + V (NO2) + W (NH3) + X (HNO3) + Y
(HCN) + Z (N)

“4)

The biogas composition decreases the adiabatic end-of-
combustion temperature, and to apply the same temperature as
in the work [31], it is assumed that biogas is preheated because
of unavailability of low temperature constants.

5. RESULTS AND DISCUSSIONS

Numerical results obtained during the simulations have
been summarized in Table 1. The validating of the model is
carried out with the results of the work [32]. The comparison
is made for the pure methane, for T =2176.213 Kand A =1
see Table 1. The results are in good agreement, especially in
the concentrations of pollutants.

The code is now ready to be used for the combustion of
biogas which is in fact only methane (CHs) diluted at 50% with
carbon dioxide (CO;). Biogas, in view of its chemical



composition, behaves in combustion exactly like methane, as
the fuel part is CHs4, but the presence of CO; in high
concentration lowers the calorific power and can contribute to
the dissociation of CO; at a high-level temperature. The effects
of adiabatic temperature (Tad) and stoichiometry (L) on
different emissions are presented.

Table 1. Results confrontation [32, 33]

Products  [32] results [33] results Present results
H2 0.1774 101! 0.1780 101 0.1780 101
H20 0.1648 10° 0.16489 10° 0.1649 10°
CO2 0.7905 101 0.79206 10! 0.7906 10!
N2 0.6923 10%°  0.69246 10° 0.6924 10%
O 0.2067 10 0.2100 104 0.2162 104
02 0.8210 10* 0.8317 10 0.8319 104
O3 0.7905 10**  0.7985 103 0.7985 102
H 0.6462 103 0.6537 10 0.65467 103
OH 08064 107 0.8132310 081323 10
CcO 0.4360 10°  0.31558 0°%° 0.43820 10
C 0.3128 10*  0.2311 10 0.3155 108
CHa 0.2366 10'*  0.2311 10" 0.2312 103
N 0.000010°  0.777110°%° 0.0777 1010
NO 0.2306 10  0.2321 10 0.2322 10
NO2 0.5619 10®  0.5638 108 0.5638 108
NH3 0.3144 107 0.31001 7 0.3105 107
HNOsz  0.1144 10*  0.1135 10 0.113810
HCN 0000 10° 0.4195 10 4195 101

5.1 Flame temperature effect on different emissions
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Figure 7. Mass fraction evolution of CO and CO; vs flame
temperature

The increase in flame temperature leads to an increase in the
rate of CO formation as shown in Figure 7, and also a decrease
in CO,, Figure 8. This is explained by the phenomenon of
dissociation of CO, at high temperature. When the
concentration of biogas in CO» is quite high, the biogas with
high temperature of combustion (of the order of 2000°C), the
CO, of the biogas can be a source of CO, which requires
another process of its reduction.

Figure 8 shows that increasing the temperature increases the
production of NO and NO.. It is obvious that the thermal NOx
is a function of the temperature. This production is based on
the nitrogen of the air converted into NOx at high temperatures.
These emissions are responsible for the formation of acid rain.
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Figure 8. Mass fraction evolution of NO and NO»
vs flame temperature

5.2 Equivalence ratio effect on emissions

Figures 9 and 10, show a significant increase in CO, and
H>O when the equivalence ratio A is increased. This explains
the "burnout" of CO and H,, which is in line with the pattern
of Figure 7a and Figure 9.

The NOx increases by increasing A, which explains the
conversion of NH3 and HCN into fuel-NOx in addition to the
thermal NOx which has as source of the N, of the combustion
air.

In Figure 11, we see that the curve has flattened towards A
= 0.7, which means that the evolution approaches a minimum
which represents a great interest for optimization of the
combustion system.
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In summary, our thermodynamic analysis, through the
evolution of the products of the combustion of biogas obtained
from urban solid waste, shows that this fuel whose calorific
value is interesting, by adjusting the parameter A to decrease
the CO; and it can be an alternative source of energy without
risk to the environment. In Addition, by safeguarding the
ecological and climatological system, we contribute to the
sustainable development of the surrounding villages. Indeed,
the two villages near the centre technical landfill, El biar and
Lamberidi, can be supplied with electrical energy produced
from this source.
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6. CONCLUSION

During this work, we discussed the study of solid waste and
the different treatment techniques, especially the energetic
recovery of these wastes. In conclusion, we can say that waste
must be regarded not only as a nuisance, but also as an
important source of renewable energy, especially the biogas.
The conclusions drawn from this study are presented for the
general case of solid waste treatment and the impact of the
combustion of biogas resulting from this waste as a less
polluting alternative energy source.

Solid waste can be a very important green energy resource.
The partial substitution of fossil fuels by renewable energies
will prolong the availability of these energies and conserve the
environment;

- The safeguarding of the environment is a vital thing for the
welfare of man and public health. Solid waste poses a major
environmental problem which makes their treatment and more
than a necessity;

- Since solid waste must be treated to safeguard the
environment.

The main results of this study are especially concerned the
combustion of biogas, if not optimized, poses new
environmental problems as the problem of harmful emissions,
NOx, CO», CO, on the human health and the air quality. Our
calculation program has a good way of optimizing combustion
in order to reduce harmful emissions, notably by optimizing
the temperature and the equivalence ratio A.

Since this field of study is very large and very important.
This study can be supplemented by other studies taking into
account:

- Development of the chemical mechanism for combustion
biogas; - Filtration;

- Optimization of technology combustion systems to save
the human health and the environment.
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