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Abstract

This study seeks to identify, examine, and evaluate the repercussions of solid domestic waste

generated by the expanding population of Algiers, which is projected to reach 4388,000 by 2020, as

indicated in the National Statistics Office's annual report. Disposal of household waste can have adverse

impacts on both individuals and their surroundings. Algiers is confronted with a challenge owing to

the substantial daily waste output, estimated at approximately 1 kg per inhabitant per day, leading

to complexities in its collection and regulation. The primary aim is to establish a spatial analytical

framework utilizing geographic information systems to enhance the management of municipal waste

within the province of Algiers, the capital city of Algeria. This includes the creation of an extensive

database model that will be beneficial to both technical services and the general populace, supplying

critical information to facilitate informed decision-making and augmenting public awareness. This

research also underscores the significance of GIS technology in the decision-making process.
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Introduction

Demographic  growth, urbanization, and the
development of industrial and economic activities have
resulted in a sharp increase in the volume of waste,
which is one of the greatest challenges facing the
world because of the dangers it poses to people and the
environment. [1-3] Household solid waste is considered
one of the most important environmental problems, and
it is therefore necessary to find solutions to reduce the

* ¢ -mail: L.bouchamar@yahoo.fr

risks caused by this waste [4]. Given the seriousness
of the solid waste problem and the importance of the
political, social, cultural, and environmental issues
involved, the international community [5, 6], including
Algeria, has become more aware of the problems
associated with waste. In Algeria, the quantity of
solid household waste has increased in the past decade
[7, 8], owing to a combination of population growth
and unregulated urban development. Specifically, the
amount of solid waste in Algeria was recorded as 10.3
million tons per year in 2011, surpassing 13.5 million
tons annually in 2020. Projections indicate an estimated
20 million tons per year by 2035[7, 9] with a continual
upward trend in quantity. Therefore, it is imperative
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to mitigate the nuisances and risks associated with the
hazardous properties of this waste, which can lead to
adverse health and environmental consequences[10].
Currently, this situation poses significant financial and
environmental challenges. Therefore, it is imperative
to execute a waste management plan through a diverse
array of initiatives and methodologies. Accomplishing
the successful implementation of such initiatives
necessitates adherence to social, economic, and
environmental measures. [11, 12], and one of these
techniques is to use geographic information systems
in waste management [13]. Currently, integrated GIS
technology is acknowledged as a highly promising
approach to automating waste planning and management
processes [13]. This technology enables the simultaneous
capture, storage, display, manipulation, and analysis
of various data [14]. The utilization of GIS tools has
been evident in modeling different waste management
applications, including the selection of landfill sites and
the enhancement of waste collection and transportation
[15-17]. In the realm of household waste management
in Algiers, it was deemed that a valuable contribution
could be rendered through the exploration of waste
evaluation and supervision by employing a geographic
information system as a tool for decision-making [15,
16]. This could facilitate the analysis of the depletion
of natural resources and safeguarding the environment
from the repercussions of waste [18]. Furthermore,
recent research draws attention to the broader
ramifications of pollution and the monitoring of the
environment. For example, investigations into heavy
metal pollution have established effective approaches
for monitoring various contaminants. A study focusing
on barium (Ba) levels in plants in Pakistan revealed that
Azadirachta indica leaves are particularly valuable for
tracing Ba levels associated with traffic density [19].
Likewise, research on boron (B) and aluminum (Al) in
indoor plants highlights the significance of controlling
these substances due to their toxicity and potential
health implications [20, 21]. The efficacy of biomonitors
for other metals, such as tin (Sn) and lithium (Li), has
been validated by various studies, further demonstrating
the role of plants in environmental surveillance [21-
23]. The examination of the impacts of climate change
on the distribution of plant species, such as fir trees,
illuminates how global climate change is influencing
vegetation patterns and emphasizes the necessity for
adaptive management strategies [24, 25]. Similarly,
research on the consequences of mining activities on
soil organic carbon (SOC) [26] has devised practical
approaches for evaluating these effects utilizing remote
sensing and GIS technologies [27]. In summary, the
integration of GIS in waste management and the
application of environmental monitoring techniques
are critical for addressing the pressing challenges of
pollution and resource management [28-30]. These
approaches contribute to more effective and sustainable
practices, aiding in the protection of natural resources
and improving environmental quality. A comparable

investigation examines the increasing international
apprehension regarding urban waste management. By
conducting practical field research on domestic waste
generation on-site and utilizing Geographic Information
System (GIS) technology, this research puts forward
a model for forecasting the volumes and categories of
recyclable household waste [31]. This study employs a
methodical approach to improve waste management
and reduce associated environmental impacts. The data
utilized in this research was obtained from various
sources, including the National Waste Agency, the
Directorate, and the Ministry of the Environment.
Furthermore, the survey was conducted in the field
between February and March of the year 2022.
Through the results of this inquiry, valuable insights
are obtained regarding how different types of waste
are generated at the source before being collected by
waste collectors. The procedure involves establishing
goals (such as optimizing collection routes, evaluating
treatment sites, and enhancing public awareness),
carrying out a comprehensive collection of geographical
and waste-related data, and analyzing this data using
Geographic Information Systems (GIS). GIS enables the
visualization and interpretation of data, modeling waste
movements [32], and evaluating potential treatment
sites while considering diverse environmental factors
[33]. The outcomes aid decision-makers in making
well-informed choices regarding waste management,
including optimizing collection routes and selecting
suitable treatment locations. Continuous monitoring
evaluates the efficacy of the interventions and adapts
strategies based on the findings.[34] In essence, the
incorporation of GIS in waste management in Algiers
signifies a step forward towards more effective and
sustainable management practices, thereby contributing
to environmental protection and the conservation of
natural resources. This opening segment effectively
delineates the subject matter, issues, methodology, and
objectives of the research.

Materials and Methods
Study Area

Algiers is the political and economic capital of
Algeria. The province of Algiers covers an area of
809,22 km?2 and is bounded by (Fig. 1):

To the north by the Mediterranean Sea,

—  To the south by the province of Blida,

—  To the east by the province of Boumerdes,

—  To the west by the province of Tipaza
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Fig. 1. Geographical location of the province of Algiers.

Methodology
Data Collection

The primary aim of this study is to ascertain the
present condition of solid waste, establish a database for
managing and analyzing this waste, and produce detailed
thematic maps. Geographic Information Systems (GIS)
will be utilized to create a database that will aid waste
management planners and decision-makers in Algiers
province [35]. The methodological approach employed
in this study was primarily empirical, emphasizing
fieldwork. Empirical data was gathered through two
methods to acquire the necessary quantitative and
qualitative data. The documentary research involved
examining various documents, such as doctoral theses,
websites, reports, articles, magazines, and newspapers,
as well as technical documents like legislative texts
and laws. The empirical research, which is the primary
source of information for our study, involved collecting
data from different organizations, including the National
Waste Agency, the National Statistics Office, and the
Environment Directorate. The second part of the data
encompasses empirical studies centered on collecting
qualitative data to comprehend the current status of
household solid waste collection. A field survey was

carried out in the province from February 2022 to
May 2022 to establish an original waste collection
point database based on primary data. A Geographic
Information System serves as a computerized tool
for storing and managing territorial information. GIS
performs crucial functions such as archiving data
digitally, analyzing spatial and thematic data, and
visualizing analysis results through thematic maps.
Within the realm of household waste management, GIS
provides several advantages. It enables visualization of
the situation, making it easier to understand reality with
visual aids like thematic maps. Stakeholders can pinpoint
priority areas for sanitation service improvement
and quickly identify problem areas where immediate
action is required, facilitating coordinated and effective
responses tailored to each sector's specific needs. GIS
advantages in waste collection include optimizing
waste collection rounds to adapt to urban growth and
efficiently plan routes to reduce fuel consumption. GIS
software like ArcGIS (10.8) is tailored for functions like
acquiring and manipulating geographic data, managing
large databases, querying and analyzing databases,
and describing real-world objects through conceptual
and logical models, ensuring a high level of user-
friendliness.
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Table 1. Demographic trends in the province of Algiers, 1936-2030.

1 2 3 4 5 6 7 8
Year 1936 1954 1962 1987 1998 2008 2020 2030
Population (hab) 367000 595678 400000 2128419 2568430 2948446 4388000 5130900
6000000
4000000
2000000
0
0 1 2 3 4 5 6 7 8 8
—@—year —®—population (hab)

Fig. 2. Demographic trends in the province of Algiers, 1936-2030.

Results

Population Trends in the Province of Algier The
population of the province of Algiers grew rapidly
during the 20th century According to Table 1 and Fig.
2, in 1830, it was estimated at just 30,000 inhabitants.
In the space of a century, it increased more than 12-fold,
reaching 367,000 inhabitants in 1936, making Algiers
the fourth-largest French city at the time. This trend
continued, and by 1954 the Algerian capital had almost
600,000 inhabitants [36, 37]. However, the population of
Algiers declined significantly at independence in 1962,
when some 400,000 French citizens left the country.
This was followed by a massive rural exodus to the
northern coastal towns. After 1962, population growth
in Algiers remained sustained atan annual rate of 3.48%,
reflecting a veritable demographic explosion [38].

Following a deceleration in the 1990s, the population
expansion in Algiers picked up pace again (Fig. 3)
from 1997 onwards. Statistical data from the 1987 and
1998 censuses demonstrate a decrease in the annual
growth rate from 3,1% to 2,15% during this timeframe.
Projections suggest that the population might surpass 5
million by the year 2035 [39].

Nonetheless, the demographic patterns varied
significantly across the Algiers province between 1998
and 2008. The municipalities surrounding the historic
core experienced the most substantial reduction in
population, both in absolute numbers and in relative
terms. In the stretch between Bab El Oued and Hussein
Dey in the Bay of Algiers, the population dwindled by
nearly 26%, dropping from 876,206 to 649,301.

The phenomenon of depopulation in the central area,
which intensified from 1998 to 2008, can be elucidated
by various factors. Notably, the investment in residential
projects on the peripheries has spurred urban expansion
and prompted the exodus of inhabitants from the city
center. Furthermore, the proliferation of residential
complexes has reshaped the demographic composition,
transitioning from a predominantly rural populace

to one dominated by professionals and executives.
Furthermore, this trend has persisted, with demographic
expansion observed between 2008 and 2018 in a
majority of the province’s municipalities.

The population projection for 2035 (Fig. 4) illustrates
that the alterations observed in the territorial distribution
of the population of the province of Algiers over time
are primarily attributed to three key factors: Internal
migration from the center to the suburbs; a housing
policy that, within public housing programs, has resulted
in the development of residential units in the suburbs;
and unregulated proliferation of spontaneous housing -
often precarious and illegal - in the suburbs, primarily
associated with the rural exodus towards the capital.

In Algiers' wilaya, the significant increase in
household waste production has been evident since the
1990s. Consequently, a qualitative enhancement of the
regulatory framework concerning waste management
was established in December 2001 through the
enactment of Law 01-19. This legislation imposes
restrictions on the selection of landfill sites and their
operational procedures.

Our primary goal is to evaluate both the qualitative
and quantitative dimensions of solid household waste in
the province. The findings from our on-site investigation
will facilitate a comprehensive understanding of the
challenges associated with household waste management
in Algiers and help us discern the community's concerns
regarding our research. These insights will inform the
development of efficient strategies for waste collection,
disposal, and treatment.

Change in Quantities of Solid Household
Waste Generated (T/Year) by 2035

The diagram presented in Fig. 5 and Table 2
illustrates the progression of annual household waste
generation over the years, along with the anticipated
value by the year 2035.
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Fig. 3. Population trends by municipality in the province of Algiers, 1998-2008-2018-2035.
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Table 2. Evolution of the quantity generated Million (T/year).
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Fig. 5. Evolution of the quantity generated (T/year) by 2035.

As per the analysis by AND, the forecast regarding
the volume of solid waste in the northern region by 2035
indicates that the province of Algiers will uphold its
position as the primary province in terms of solid waste
generation. This will be characterized by a substantial
rise of 213% in comparison to the quantities recorded in
2007, amounting to 4,39% by the year 2025.

The justification for this growth can be attributed
to the high population concentration and commercial
appeal, which serve as the primary contributors to waste
generation in these municipalities. The escalation in
population numbers results in a significant increase in
the consumption of food items. The emergence of novel
technologies has incentivized households to upgrade
their outdated electronic devices, such as televisions.
These electronic products necessitate packaging, with a
specific emphasis on cardboard.

Composition of Household Waste

The distribution of waste types in the province
reveals that household waste consists predominantly of
organic matter, totaling 673,403 tons per year, followed
by 208,953 tons per year of plastic and 156,220 tons per
year of textile waste. Additionally, there are significant
quantities of paper, metals, and miscellaneous waste,
amounting to 120,693 tons per year, 35,156 tons per
year, and 29,090 tons per year, respectively. Lastly, glass
waste is the smallest category, with only 14,359 tons per
year.

Figs. 6 and 7 illustrate the correlation between the
quantity and quality of waste generated in the Algiers
metropolitan area in relation to the demographic trend.
This trend is characterized by a notable surge in growth.

Concerning the quality aspect, it is pertinent to
highlight that, as per the forecasts, the constitution of
municipal solid waste is anticipated to remain consistent
until 2030. This stability will serve as a resource for the
various sectors involved in recovery.

The volume of waste generated is subject to multiple
factors, with the predominant one being the number
of residential units: a rise in the number of dwellings
corresponds to an increase in waste production. By
the year 2020, the annual waste output is projected to
peak at 3150000 kilograms. A visualization of waste
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Fig. 7. Production of household waste per day in the province of Algiers by commune in 2020.

quantities in the Algiers province has been presented in
the subsequent map (Fig. 7).

The Fig. 7 shows the distribution of the quantity of
waste produced in each commune of the province. There
is a reciprocal relationship between these two factors:
the higher the number of inhabitants in a commune,
the higher the quantity of waste produced, and vice
versa. So the increase in the rate of waste production
takes accounts of the fact that as the urban population
increases, so does the rate of waste production.

We conclude that population growth is one of the
factors influencing household waste production, as
shown in Fig. 8. Using ArcGIS 10.8, we can produce

maps that allow us to compare the quantity of waste and
the population, which allows us to better analyze and
understand the situation. The results areas follows (Fig.
8).

The communes with the highest populations produce
more waste such as Algiers Center, Birtouta Hussein
dey el Biar, and the communes with lower populations
produce less waste.

Analysis of the Field Survey in February-May 2022

It is challenging to ascertain the present status of
household waste within the entire province of Algiers.
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In our study, it is imperative to consider the findings of
a household survey conducted between February 2022
and May 2022.

Profile of Participants

The survey encompassed 168 individuals from
diverse communes. Data collection took place over
a period, from February 10 to May 27. Distribution
of participants based on geographical location: All
participants resided in the province of Algiers, spanning
38 communes as detailed below.

Pre-Collection

In order to enhance waste management efficacy, the
government has allocated the necessary resources and
tools for waste collection, such as collection vehicles
and personnel. It is important to distinguish between the
concepts of collection and pre-collection. Pre-collection
encompasses all activities conducted prior to waste
pickup by the waste collection service. One example of
a pre-collection task is the act of placing the bin outside
on the public road.

Throwaway Days
Interrogated survey participants regarding the

specific days of the week they discarded their household
waste. The data revealed that a significant majority,

According to Fig. 9, 85,11% of respondents, disposed of
their rubbish on a daily basis, signifying a daily disposal
routine. The remaining 14,88% acknowledged not
disposing of their household waste daily.

Opening Times

Observations indicated (see Fig. 10) that 32% of
participants engaged in waste disposal activities in
the morning, while 29% preferred disposing of their
rubbish after 8 pm, categorizing it as a nighttime
activity. Furthermore, 27% exhibited variability in the
timing of waste disposal, and a final 12% opted for

14,88%

85,11%

Daily disposal Non - daily disposal

Fig. 9. Throwaway days.
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Fig. 10. Opening Times.

evening disposal between 1 pm and 8 pm. In essence,
approximately one-third of the surveyed individuals
disclosed their inclination toward morning waste
disposal. Noteworthy is the fact that other popular
disposal timings include post-8 pm disposal (29%),
variable disposal timings (27%), and evening disposal
between 1 pm and 8 pm (12%)).

Collection Method

The survey findings highlighted that a substantial
73,21% of the total respondents, equating to 123
individuals, reported waste collection occurring at
designated grouping points within their locality.
Conversely, the remaining 26,78% indicated the
presence of door-to-door waste collection services (Fig.
1).

In summary, an overwhelming majority, accounting
for almost three-quarters of the surveyed population,
availed of waste collection services at centralized
collection points within their respective administrative
regions. A smaller fraction, slightly over a quarter,

73%

= Door to door collection

Collection at grouping points in
their municipality

Fig. 11. Collection Method.

opted for the convenience of doorstep waste collection
services.

Volume and Number of Litter Bins

The capacity and quantity of litter bins deployed in
an area are contingent upon various factors such as area
size, resident count, and the volume of waste generated
within the locality. Several respondents expressed
dissatisfaction with the adequacy of both the number
and size of litter bins available to accommodate the
generated waste. Notably, 65 respondents believed that
the size of the litter bins sufficed to contain the waste
volume, while a majority, comprising 103 individuals,
contested this assertion. Conversely, 53 participants
opined that the existing number of waste containers was
adequate, in contrast to the remaining 115, who deemed
the quantity insufficient to cater to the populace's waste
disposal necessities.

Condition of Litter Bins

The operational efficiency of the waste collection
process is influenced by the mechanical state of the
containers utilized. Optimal container conditions
significantly reduce the time taken for emptying,
minimize the physical exertion demanded from the
cleaner, and avert spillage or waste accumulation in the
vicinity during collection. Statistical analysis unveiled
(Fig. 12) that approximately 45,23% of the containers
were deemed to be in good condition, whereas
containers categorized as average constituted 48,8% of
the total, with 5,95% classified as poor and necessitating
maintenance.

Distance Traveled to the Nearest Bin

Proximity and accessibility of waste bins to
residential areas are crucial to preventing illegal
dumping. The survey findings indicate that the majority
of respondents (42,8%) travel a distance ranging from 10
to 50 meters to dispose of their waste, while the rest are
divided between less than 10 meters (36,3%) and over 30
meters (20,8%).

An Act of Population

People want to get rid of their rubbish as quickly
as possible, even if it means throwing it anywhere. At
the same time, many residents can no longer stand the
containers, especially when they are full.

60,71 of respondents to the questionnaire admitted
that they throw their rubbish on the groundwhen there is
no space in the containers.

Transporting Waste

The transportation of waste is a critical component
in various stages of waste management, encompassing



10

Leila Bouchama, Ammar Drias

5.95

488

= containers are in good condition
containers in average condition

bins in poor condition

Fig. 12. Condition of Litter Bins.

production and treatment processes. The primary
objective revolves around ensuring the traceability of
waste materials. Public opinion on waste collection
services: Divergent views exist regarding waste
collection services, with half of the respondents
expressing concerns about the frequency of collection
cycles not aligning with the waste volume, while the
others hold opposing views.

Discussion

Utilization of GIS Tools for Waste
Management in Algiers Province

Geographic Information System (GIS) technology
[40] has been effectively applied in waste management
practices, aiding in tasks such as site selection for
transfer facilities and landfills, as well as optimizing
waste transportation and collection processes.

Integration of data elements in the GIS system:

The selection of geographical attributes within
the municipal waste management framework of
Algiers includes general province data, demographic
information, waste collection site data, resident data,
waste management operator data, and landfill site data.

Geographic Database Structure

A geographic database serves as a structured data
repository that facilitates the storage and retrieval of
information for multiple users. Geographic databases
play a crucial role in organizing and managing
geographic data in digital formats.

Modeling the Geographic Database
The Geographic Database Model (GDMB) serves

as a comprehensible representation for describing
information systems. This model aids in formalizing the

information stored within the GIS, particularly in the
context of waste management practices.

Functionality of Waste Management GIS

The Waste Management GIS encompasses a
geographic database with thematic layers, enabling data
entry, quality control, spatial analysis, and cartographic
visualization. This tool supports the activities of local
departments involved in waste management operations.

Database Creation Process

The practical study consists of four key phases,
beginning with the establishment of a database
that incorporates spatial and attribute data. Spatial
data includes information on geographical features,
collection points, and the road network.

Key Findings of the Study

The analysis reveals that organic waste accounts
for over 53.61% of solid household waste in Algiers
province. Disparities exist in the distribution of
collection points across different sectors, leading to
residents traveling long distances to dispose of their
waste.

Role of GIS in Waste Management
Decision-Making

GIS tools play a crucial role in decision-making
processes related to waste management, offering
capabilities such as determining bin requirements based
on household quantities, optimizing collection routes,
and identifying suitable landfill locations [40].

Significance of Integrated GIS Tools
for Waste Management

Establishing a database for solid waste management
using integrated GIS technologies enhances data
organization, analysis, and problem-solving capabilities
[41]. This approach facilitates the identification
of optimal collection point locations based on
environmental factors and waste generation rates.

Community Involvement in Waste Management

Effective waste management practices necessitate
active community participation [42] and awareness
campaigns. Various initiatives can be undertaken to
raise awareness about waste management, including
promoting waste sorting, recycling, and composting
among residents [43].
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Educational Strategies for Waste Management Awareness

Educating individuals about responsible waste
disposal practices, recycling, and composting is crucial.
Awareness campaigns can target different groups,
such as waste handlers and schoolchildren, to instill
sustainable waste management habits from an early age.

Waste Management: Key Benefits

Effective household waste management provides
a multitude of environmental, economic, and societal
advantages. The conversion of organic waste into
compost enhances soil fertility and diminishes reliance
on chemical fertilizers, thereby fostering sustainable
agricultural practices [44, 45]. Furthermore, the reuse
of materials like plastic, glass, and paper diminishes
landfill waste, leading to a decrease in greenhouse gas
emissions and the conservation of natural resources. The
incorporation of geographic information systems (GIS)
in waste management [46] enables the visualization and
examination of waste data, streamlining the planning of
collection and treatment procedures [47]. GIS furnishes
decision-making tools that optimize collection routes
and pinpoint areas requiring special attention, thereby
enhancing the efficiency of interventions. This strategy
also stimulates job creation in waste management
sectors and yields cost savings for local authorities by
reducing transportation and treatment expenses [48,
49]. By embedding these strategies within a circular
economy framework [50, 51], where materials are reused
continuously, we can not only lessen waste production
but also enhance citizens' quality of life and foster a
more sustainable tomorrow [50, 52, 53].

Conclusions

The investigation was carried out to evaluate the
present state of waste control in the specified region
(Algiers Province) and to identify the factors that
impact this control by means of diverse surveys and
examinations. Thus, the accomplishment of the research
goal was effectively illustrated through the utilization
of the suggested approach, which relied mainly on
the correlation among data gathering. Additionally, a
meticulously planned, organized survey was employed
to obtain initial data with the purpose of establishing a
digital repository (DGMB).

Today, the prioritization of environmental
preservation has arisen due to the recognition of the
environment as the fundamental source of all life on
Earth. The disposal of waste into the natural environment
on a daily basis stands out as a primary contributor to
ongoing pollution issues, posing a significant challenge
for Algerian municipalities, particularly those within
the province of Algiers. Our research endeavors focused
on investigating the waste management practices
within the province of Algiers, conducting a thorough

assessment of the current state, analyzing emerging
policies, forecasting waste quantities, and determining
the necessary steps for enhancing this service.
Additionally, a case study demonstrating the utilization
of a geographic information system to spatially represent
diverse data sources was presented within a research
initiative on solid waste management.

Upon engaging in a comprehensive exploration
of the subject matter, we arrived at a conclusion that
substantiated the validity of our initial hypotheses.

The utilization of geographic information systems
in household waste management was elucidated,
emphasizing their role in facilitating informed decision-
making processes crucial for the enhancement of waste
management initiatives.

The province of Algiers has shifted its waste
management strategy towards a new trajectory, resulting
in notable advancements. By incorporating geographic
information systems alongside conventional methods,
the province aims to achieve superior outcomes in waste
management optimization.

Geographic databases play a pivotal role in
structuring and managing geospatial data in a digital
format, enabling the organization and modeling
of objects and phenomena within spatial contexts,
including their attributes and interconnections. The
formalization of data descriptions within a geographic
database model is integral to the functioning of a
geographic information system.

In this manner, Geographic Information Systems
(GIS) streamline the organization of waste management
data efficiently, with geographic databases serving as
essential components for spatial analysis of phenomena.

Based on the outcomes of our study, we anticipate the
practical implementation of these concepts, advocating
for the integration of GIS to bolster decision-making
processes and mitigate the adverse impacts of household
waste on both individuals and the environment.
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