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Abstract: 
The selection of a landfill site is considered as a complicated task because the whole process is 
based on many factors and restrictions. This study shows the present status of solid waste 
management, solid waste sources, staffing for solid waste collection, machinery and equipment 
used in the waste collection process, finance and financial management at Babylon Governorate and 
its Qadhaa. The management of collection and disposal of waste in Babylon Governorate and its 
Qadhaa is done through open dumping of waste and the quality of the collection process is poor. 
This is the case in Al-Hillah Qadhaa, which is located in the central part of the governorate, Iraq 
and Al-Qasim Qadhaas, which is situated in the southern part of the Babylon Governorate, Iraq. 
These sites do not conform to the scientific and environmental criteria applied in the selection of 
landfill sites.  
In the first part of the current study, to find out how much solid waste will be produced in the 
future; two methods were used to calculate the population growth in Al-Hillah and Al-Qasim 
Qadhaas to the year 2030. The results showed that the total waste in 2030 according to the first and 
second methods respectively will be 394,081 tonnes and 472,474 tonnes in Al-Hillah Qadhaa, and 
(54,481 tonnes and 76,374 tonnes) in Al-Qasim Qadhaa. The cumulated quantity of solid waste 
expected to be produced between 2020 and 2030 according to the first and second methods 
respectively was 3,757,387 tonnes and 4,300,864 tonnes in Al-Hillah Qadhaa, whilst in Al-Qasim 
Qadhaa it was 519,456 tonnes and 695,219 tonnes. The generation rate in 2020 will be (0.88 and 
0.62) kg/ (capita. day) in Al-Hillah and Al-Qasim Qadhaas respectively; in year 2030, the 
generation rate will be (0.97 and 0.69) kg/ (capita. day) based on method 2 and an expected 
incremental increase in generation rate of 1 kg/ (capita. day)  per year.  
The second part of this study aims to find the best sites for landfills in Al-Hillah and Al-Qasim 
Qadhaas. For this reason, 15 criteria were adopted in this study (groundwater depth, rivers, soil 
types, agricultural land use, land use, elevation, slope, gas pipelines, oil pipelines, power lines, 
roads, railways, urban centres, villages and archaeological sites) using GIS (geographic information 
system), which has a large capacity for managing input data. In addition, the AHP (analytical 
hierarchy process) method was used to derive the relative weightings for each criterion using pair-
wise comparison. The suitability index map for candidate landfill sites was obtained. Two suitable 
candidate landfill sites were found to fulfill the scientific and environmental requirements in each 
Qadhaa, with areas of 9.153 km2 and 8.204 km2 respectively in Al-Hillah Qadhaa, and with areas of 
2.766 km2 and 2.055 km2 respectively in Al-Qasim Qadhaa. The area of these sites can 
accommodate solid waste from 2020 until 2030 based on the required areas, which were 4.175 km2 
and 4.778 km2 (Ali-Hillah Qadhaa) and 0.577 km2 and 0.772 km2 in (Al-Qasim Qadhaa) according 
to the first and second methods respectively. 
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CHAPTER 1  
Introduction 

 
1. Introduction 

The term solid waste is a broad term that includes the unwanted or useless solid 
materials produced from residential, industrial and commercial activities in a specific area. Solid 
waste can be classified according to its origin (domestic, industrial, commercial, institutional and 
construction), according to its potential hazard (toxic, non-toxic, radioactive, flammable, infectious, 
etc.), as well as according to solid waste contents (organic material, glass, metal, plastic paper, etc.) 
(Femi and Oluwole, 2013). Increasing affluence, improving standards of living, increasing rates of 
population growth, together with increasing levels of commercial and industrial activities in urban 
areas around the world, are the main reasons for a significant increase in quantities of waste 
production. More effective disposal of solid waste is necessary; even in countries that burn or 
recycle a large share of their waste and therefore treatment of ashes resulting from burning solid 
waste remains an issue (Brockerhoff, 2000; Proske et al., 2005).  Improper solid waste management 
causes air, soil and water pollution and is often the result of a lack of financial resources. The 
problem of solid waste is very serious in third-world countries, where 80% of the world population 
lives and this often relates to a lack of financial resources (Al-Ansari, 2013). Waste-related diseases 
are the main cause for the loss of 10% of each person’s productive life. United Nations (2010) 
indicated that present-day municipal solid waste (MSW) generated amounts to 277 million tonnes 
annually. Low and middle-income countries generate 12.2% and 57.1% of that waste, whilst high-
income countries generate 30.7%. This figure is expected to increase to 677 million tonnes in 2025. 
The percentage of waste generated in high-income countries will be 12.7%, whilst it will be 16.4% 
and 70.9 % in middle and low-income countries, respectively (United Nations, 2010). Management 
of MSW involves several processes, including reducing quantities of waste, reusing, recycling and 
recovering energy, as well as the incineration and burial of waste in landfills (Moeinaddini et al., 
2010). 

 The process of a site selection for landfill is considered to be one of the most difficult 
tasks related to solid waste management systems because it is subject to government regulation, 
government and municipal funding, increasing population densities, growing environmental 
awareness, public health concerns, reduced land availability for landfills and increasing political 
and social opposition to the establishment of landfill sites (Lin and Kao, 1999). Identifying landfill 
sites is a complex process where many factors need to be taken into consideration. Examples of 
such factors include social and environmental factors, geomorphologic features and technical 
parameters. Waste disposal sites must preserve the biophysical environment and ecology in the 
surrounding area (Erkut and Moran, 1991; Lober, 1995; Siddiqui et al., 1996). Economic factors, 
which include the cost of acquiring land as well as development and operation costs, must also be 
considered (Erkut and Moran, 1991; Yesilnacar and Cetin, 2008 Transport costs, owing to the 
distance from waste production centres and distance from main access roads, are also an important 
factor (Wang et al., 2009).  

Iraq, an Arab country with a population exceeding 32 million inhabitants, is 
experiencing rapid economic growth. This, together with a growing population, increasing 
individual incomes and the instability generated by sectarian conflicts, has led to worsening solid 
Waste Management issues. Recurrent wars in Iraq have, also, created a lasting instability, and as a 
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result the country has become, isolated and failed to keep pace with the continuous scientific 
progress of more developed countries.    

Waste Management is considered one of the most complex issues that Iraq currently 
faces and there are many problems affecting the Iraqi waste management sector. Decades of war, 
sanctions, instability and mismanagement have all contributed to waste being disposed of in 
irregular ways. Population growth has also led to more waste being produced, which has placed a 
tremendous strain on the infrastructure for waste handling (Rashid, 2011).  

In 2013, Iraq produced 31,000 (tonnes/day) of solid waste with generation of solid 
waste 1.4 kg/(capita. day) (Alnajjar, 2013), and the Babylon Governorate produces an annual 
483,221 tonnes of solid waste (Iraqi Ministry of Municipalities and Public Works, 2015a and  
2015b). There is an absence of modern, efficient waste handling and disposal infrastructure as well 
as a general lack of interest in/awareness of health and environmental issues. Unfortunately, the 
hallmarks of landfill sites in Iraq are groundwater contamination, surface water pollution, 
spontaneous fires, large-scale greenhouse-gas emissions and increasing numbers of insects and 
rodents in/ around the area (Alnajjar, 2013).  

This study uses the concepts of the geographical information systems (GIS), and a 
spatial multi-criteria decision analysis should be used in landfill siting because there are powerful, 
integrated tools available to solve the problem of landfill site selection. Decision makers often use 
MCDA (multi criteria decision analysis) to handle large quantities of complex information. GIS and 
AHP are powerful integrated tools used to solve the problem of landfill site selection. AHP is a 
multi-criteria decision making approach and was developed by Thomas Saaty in 1980 to unify these 
multi-criteria in the process of making decision. This method can be used to solve complex decision 
problems and as a tool to support decision making. It uses a multi-level hierarchical structure of 
objective criteria and sub-criteria (Ersoy and Bulut, 2009). GIS plays a significant role in a landfill 
siting. GIS allows data to be displayed and managed efficiently from variety of sources, and it 
reduces the time and cost in the siting process. GIS may also be used for identifying routes for 
transporting waste to transfer stations and then to a landfill site and vice versa (Kontos et al., 2003; 
Delgado et al., 2008; Moeinaddini et al., 2010). 
 
1.1  Previous Studies 

 
1.1.1 Methods of Solid Waste Disposal  

As a result of increasing population growth with subsequently increasing solid waste 
production, the need for solid waste disposal will remain a growing issue (Al-Meshan, 2005). The 
term waste disposal in the solid waste management system refers to the final function for any 
element, where there is no other option for dealing with it, and no additional value exists (Guangyu, 
2016). There are many methods for dealing with various types of waste and they can be disposed of 
in the following ways: 

a. Open Dumps  
The use of open dumps is considered an antiquated method and includes all kinds of 

solid waste, which is deposited into open dumps untreated, uncovered and not segregated 
(http://edugreen.teri.res.in/explore/solwaste/disposal.htm).  

b. Dumping into Sea 
This method is applied in coastal cities. The waste is dumped in places far away (15-

30) km from the coast. It is very expensive and also it is not friendly to the environment 
(http://theconstructor.org/environmental-engg/methods-of-solid-waste-disposal/4721/).  
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c. Recovery of Phosphorus from Sewage 
This method converts the sludge that results from sewage into phosphorus. The 

Swedish Government proposed recycling of 60% of all phosphorus by 2015 (Swedish 
Environmental Protection Agency, 2005). 

d. Incineration 
The incineration method is based on burning remaining waste material in large 

furnaces after segregating material through a recycling process 
(http://edugreen.teri.res.in/explore/solwaste/disposal.htm). 

e. Biological treatment (Composting) 
In this method, recyclable food (degradable waste) is converted into composting as a 

base for fertilizers and for soil cultivation using biological treatment under special conditions. The 
biological treatment also involves biological decomposition of organic matter into biogas under 
anaerobic conditions (Swedish Environmental Protection Agency, 2005). 

f. Waste to Energy (Recover Energy) 
In this method, non-recyclable waste is converted into fuel, electricity and usable heat 

using different processes (http://theconstructor.org/environmental-engg/methods-of-solid-waste-
disposal/4721/). 

g. Material recovery  
It includes manufacturing materials, recycling materials and construction materials, 

which can be reused for specific purposes (Swedish Environmental Protection Agency, 2005). 
h. Waste Minimization  

It means reducing the quantity of waste, which is sent to landfills through recycling 
old materials (http://www.conserve-energy-future.com/waste-management-and-waste-disposal-
methods.php). 

i. The Bottom Line 
This method is used in the remediation of biomedical waste generated in the special 

waste disposal systems used in health care facilities (http://www.conserve-energy-
future.com/waste-management-and-waste-disposal-methods.php). 

j. Landfills 
Landfills are usually situated in or near urban areas (source of waste generation) for 

waste storage. The waste must be disposed into it at regular time. At the end of every day, after 
compressing the waste the pit is covered with a layer of soil in order to prevent the breeding of rats 
and flies. The area of landfill is covered with a thick layer of mud when the operational life of the 
landfill has ended. The site of landfill can be developed into a park or a parking area (Al-Meshan, 
2005). The main problem with landfill sites is contamination of groundwater, soil and surrounding 
area when water leaches from landfills. In order to reduce the environmental impact in developed 
countries, the rate of minimization of various wastes that go to landfills is achieved through 
increasing materials recovery, incineration of organic materials for the purpose of energy 
production, recovery of phosphorus from sewage, recycling of household waste, etc. (Swedish 
Environmental Protection Agency, 2005). 

k. Sanitary Landfills  
The sanitary landfill is built to protect the environment and human health. The design 

of sanitary landfills must take into account the control of leachate and harmful gases. The leaching 
problem is solved using layers of bentonite clay, synthetic liners that comprise plastic 
geomembranes, geotextiles, geo-grids and geo-mats and collection pipes for leachate. The harmful 
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gases are controlled using methane collection vents. Thus the process of constructing sanitary 
landfills is considered very costly (Şener, 2004).   

 
1.1.2 Quantities of Generated Waste 

In literature, the status of solid waste management, quantities of waste and generation 
rates of solid waste have been documented by many researchers in different countries.  

The Comprehensive Scope Evaluation Report (2010) states that the total generated 
waste in Multan/Pakistan was 611 tonnes/day, and the generation rate of all waste was 0.41 kg/ 
(capita. day). 

Annepu (2012) studied the actuality of the solid waste in 366 of India's cities, which 
represented 70% of urban population in India. In this study, the quantity of generated solid waste 
was 188,500 tonnes/day, and the generation rate of solid waste was 0.5 kg/(capita. day). The 
composition of municipal solid waste in India's cities includes 51% organics, 17.5% recyclable as 
well as 31% of inert materials.  

In USA, the Center for Sustainable Systems (2015) found that the annual generation 
rates of municipal solid waste were 4.40 kg/(capita. day) in 2013, whilst the total generation 
quantity of municipal solid waste in 2013 was 254.1 million tonnes. 

Hoornweg and Bhada-Tata (2012) showed that the waste generation projections for 
2025 in the regions of (East Asia, Organization for Economic Co-operation and Development 
Countries, Latin America and the Caribbean, South Asia, South Africa and Sub-Saharan Africa, 
Middle East and North and Africa and Eastern and Central Asia) are about (680, 636, 266, 207, 161, 
135 and 130) million tonnes/year respectively. The average projected solid waste generation rates in 
these regions in 2025 are (1.5, 2.1, 1.6, 0.77, 0.85, 1.43 and 1.5) kg/(capita. day) respectively.    

In Sweden, the Swedish Environmental Protection Agency (2005) found that the 
waste quantity (excluding mining waste) in 2005, going to landfill could be reduced by 50% 
compared with 1994. According to this study, about 1 million tonnes of household waste that was 
sent to landfill was reduced using recycling and recovery processes between 1994-2004, where only 
9% of household waste has been sent to landfill during 2004. The waste quantity of manufacturing 
industries which was going to landfill decreased from 4.4 to 2.6 million tonnes between 1994-2004. 
Waste from the pulp and paper industry which was sent to landfill was reduced from 1.25 million 
tonnes in 1994 to 0.82 million tonnes in 2004. Presently, just 1% of all household waste is being 
sent to landfill (https://sweden.se/nature/the-swedish-recycling-revolution/).  

Dahlén and Lagerkvist (2007) compared the quantity of household waste that was 
collected in 35 Swedish municipalities in 2005. They found a wide difference in generation rate of 
household waste in these cities ranging from 140 to 320 kg/(capita. day).    

According to the Swedish Environmental Protection Agency (2012), Europe as a 
whole is generating about 3 billion tonnes of waste in each year, and Sweden represents a high 
percentage of the production of this waste. The generation rates of household waste in 2008 were 
about 500, 800 and 300 kg/(capita. year) in Sweden, Ireland and the Czech Republic respectively. 
Sweden is the sixth largest generator of waste per capita per year. Sweden produced 100 million 
tonnes of waste in 2008.   

Abou-Elseoud (2008) studied, through the Report of the Arab Forum for Environment 
and Development (Tolba and Saab, 2008), the annual generation rates of solid waste and the 
quantity of solid waste generated in different Arab countries in 2006. In (Total Arab countries, 
Egypt, Sudan, UAE, Saudi Arabia, Kuwait, Jordan, Syria, Tunisia, Morocco and Mauritania), 
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annual generation rates of solid waste were: 0.7, 0.63, 0.6, 1.2, 1.4, 1.4, 0.9, 0.5, 0.6, 0.33 and 0.9 
kg/(capita. year) respectively, while the quantities of solid waste generated were 81.3, 16.4, 7.95, 
1.85, 12.1, 1.56, 1.84, 3.41, 2.22, 3.8 and 1 million tonnes/year.   

In Iraq, Alsamawi et al. (2009) studied the estimation of municipal solid waste 
generated in Baghdad for the five years from the year 2006 to the year 2010. They found the waste 
generation rates 0.63 kg/(capita. day) in 2006 and 0.74 kg/(capita. day) in the year 2010. According 
to this study, Iraq was placed in the class of middle-income countries.  

Aziz et al. (2011) found the solid waste generation rate of Erbil Governorate in 
northern Iraq was 0.654 in 2011. The percentages of weight of food, plastic, paper, metal, glass, and 
cloth were 79.34, 6.28, 5.9, 3.6, 3.42 and 1.45%, respectively as components of domestic solid 
waste.  

Al-Rawi and Al-Tayyar (2012) found the generation of solid waste in Mosul city was 
0.647 kg/(capita. day) in 2010, and it will and it will reach 1.1 kg/(capita. day) in 2028 with the rate 
of increment for waste generation rate of Mosul city. 

 
1.1.3  Site Selection Criteria for Landfills 

In the last decades, many states and organizations were issued with regulations for site 
selection criteria for landfill in the name of environmental protection. Some of these regulations did 
not provide specific constraints (buffer zone) or distances around these criteria. Therefore, many 
researchers suggested new criteria suitable for each study area based on the criteria of previous 
studies and the opinions of experts.  

The World Health Organization (WHO) has a set of general criteria for selecting sites 
for landfill without determining buffer zones or distance from/around each criterion (Sloan, 1993). 
These criteria are soil profile and its characteristics, rechargeable areas, natural resources, structure 
type, historic areas, cultural resources, natural hazards, and built-up areas. The WHO recommended 
that these criteria are considered essential and should be applied to create satisfaction, participation 
and approval amongst the population. 

The Environment Protection Authority (Australia EPA, 2016) based on (NSW 
Department of Urban Affairs and Planning, 1996) has set out restrictive criteria for landfill siting 
including the following: 

 250 m as buffer zones from landfill sites to "national parks, historic and heritage areas. 
conservation areas, wilderness areas, wetlands, littoral rainforests, critical habitats, scenic 
areas, scientific areas and cultural areas".   

 40 m as suitable buffer zones from landfill sites to "a permanent or intermittent water body or 
in an area overlying an aquifer that contains drinking water quality groundwater that is 
vulnerable to pollution". 

 250 m as proper buffer zones from landfill sites to “a residential zone or dwelling, school or 
hospital not associated with the facility". 

 1000 m as buffer zones from landfill sites to residential zones, schools and hospitals. This 
figure will be adopted in the case of a landfill that will receive more than 50,000 tonnes.  

 Landfill sites should not located within "a karst region or with substrata that are prone to land 
slip or subsidence". 

 Landfill sites should not be located within "specially reserved drinking water catchments". 
 Landfill sites should not situated within a way of major flood event.  
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Environmental Regulatory Practice, Department of Environment and Heritage 
Protection (2013) in the Queensland Government (a state that comprises the northeastern part of 
Australia) inserted some buffer distances to landfill sites to protect the environment from these 
sites. These buffer distances are: 100 m from landfill sites to  the floodplain, surface waters and 
unstable areas, 500 m from landfill sites to a sensitive place to avoid noise, dust and odor, 1,500 m 
from an aerodrome (piston-engine propeller-driven aircraft) to a landfill site and 3,000 m  from an 
aerodrome (jet aircraft). 

In Sweden, sanitary landfills were built in 1970 to control the problem of odours, 
winds and open fires in the waste through the construction of cover systems for designated 
dumpsites. To control groundwater contamination, the liner system was developed in 1980 as one of 
the main components of landfill sites. Meeting all the requirements for the establishment of a new 
sanitary landfill takes about three to five years because of strong local opposition. Several local 
councils in Sweden have decided to collaborate in the establishment of regional sanitary landflills in 
order to solve this problem. The site selection for sanitary landfills is a complex problem, where 
there are many difficulties facing decision makers and planners selecting sites for sanitary landfills 
in urban areas. The reduction of the waste quantities contributes to solving the difficulties of siting 
sanitary landfills through using various methods such as: treatment, financial incentives, product 
control, separation at source, etc.  

In 1990, about 400 sanitary landfills were operating and about 300 of these were 
subjected to a survey according to the Environment Protection Act. 270 of these sanitary landfills 
have undergone control programmes for ground and surface water. (Carra and Cossa, 1990). There 
are four categories of environmental impacts (water contaminates impact, air emission impact, 
ecological impact and human health impact) which should be taken into consideration when 
planning site selection for modern landfills in Sweden (Hsiao, 2001). Luthbom and Lagerkvist 
(2003) mentioned that there are no guiding principles in Sweden as for selecting sites for landfill or 
for weighting criteria; however there are many systems to support multi-criterial evaluations. They 
suggested setting suitable criteria and weighting for each criterion to suit local conditions and 
regulations based on five categories of criteria for landfill siting according to the Swedish EPA 
regulations.  

European landfill selection regulations recommend that a landfill site must be situated 
on a site that does not pose a danger to the environment (Swedish Environmental Protection 
Agency, Handbook (2004:2). Landfilling of waste with guidelines to the Ordinance (2001:512) 
(Item 18 of the Ordinance (2001:512) on the Landfill of Waste); Environmental Protection, the 
landfill regulations (Northern Ireland) 2003 No. 496 (item No. 5 and 8 (3) a(i)); Environmental 
Protection, the landfill (Scotland) Regulations 2003 (No. 5 and 10 (3) a(i)); the Environmental 
Permitting Guidance (England and Wales) Regulations 2010 based on (Official Journal of the 
European Communities, 1.7.1999, L182/11)). Accordingly, five categories of criteria are usually 
considered. They are: The site boundary of a landfill should be located at suitable distances from 
residential and recreational areas, water bodies, waterways, other agricultural sites and urban sites.  

 Avoid selecting a landfill site in areas of groundwater, coastal water and nature protection 
zones.    

 Taking into account the geological and hydrogeological conditions of a landfill site area.  
 Avoid selecting a landfill site in areas that are located within the risk of flooding, subsidence, 
landslides and avalanches.  
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 Avoid selecting a landfill site in areas that should be under protection (for natural or cultural 
heritage).  

Corrective measures should be taken in cases where the landfill site does not meet the 
requirements mentioned above. The appropriate distances between the waste facility and the built 
environment should be 500 m (Swedish Environmental Protection Agency, 2005). Recycling 
stations should be located at a distance no more than 300 m from any residential area (as a rule) 
(Sweden sverige, 2015).  

In the USA, there are about 1,908 landfill sites for solid waste which are managed by 
the state. The Environmental Protection Agency (U.S. EPA, 2009) established seven major revised 
criteria of location restrictions for landfill sites in (Title 40 of the Code of Federal Regulations 
(CFR) part 258). These concern: airport safety, floodplains, wetlands, fault areas, seismic impact 
zones, unstable areas, and the closure of existing municipal solid waste landfill units. Landfill sites 
should be located at a minimum distance of 3,048 m from any airport runway end used by turbojet 
aircraft or 1,524 m of any airport runway end used by only piston-type aircraft. Landfill sites should 
not be located within the floodplains, wetlands, fault areas, seismic impact zones, and unstable 
areas. (https://www.epa.gov/landfills/municipal-solid-waste-landfills). 

 
1.1.4 Former Studies for Landfill Siting Using GIS and AHP Method  

In the last two decades, several studies have been conducted on the selection of a 
suitable site for landfill in various study areas using geographic information systems (GIS) and 
multi-criteria decision making methods. Many different methods were used by a large number of 
researchers to determine the weighting of criteria for landfill siting. These methods are (ratio scale 
weighting (RSW), simple additive weighting (SAW), weighted linear combination (WLC), fuzzy 
analytic hierarchy process (FAHP), analytic network process(ANP) and Analytical Hierarchy 
Process (AHP)).  

Analytical Hierarchy Process (AHP) is considered one of the most reliable methods 
available for the process of decision making to determine the weighting of criteria, and it has a 
strong background. AHP was introduced by Saaty (1980). Several potential landfill sites have been 
identified amongst many candidate sites in different study areas using GIS and AHP. Siddiqui et al. 
(1996) introduced GIS and AHP, and they were the first researchers who implemented this process 
of analysis to select the most suitable sites for landfill in Cleveland County, Oklahoma, USA using 
ten criteria that corresponded to the study area. Gemitzi et al. (2007) used the integration of GIS and 
AHP to solve the problem of selecting sites for landfill in Evros prefecture (northeast Greece). Then 
eighteen criteria were entered in the overlaying analysis to produce the suitability map for landfills. 
Ersoy and Bulut (2009) combined Analytical Hierarchy and Process geographic information 
systems to select the most suitable solid waste disposal site amongst candidate sites in (Trabzon 
city, northeast Turkey) using twelve of the criteria. Eskandari et al. (2012) adopted the (AHP) 
method to calculate the weighting of economical, socio-cultural and environmental criteria and then 
entered them in GIS to produce the categories of land suitability for landfill siting in Marvdasht 
city, Fars province, Iran. Kara and Doratli (2012) determined a suitable site for landfill through 
combining the analytical hierarchy process (AHP) with GIS by using 12 criteria in Northern 
Cyprus. Alavi et al. (2013) suggested the weighting of eight criteria using Analytical Hierarchy 
Process (AHP), and then entered these into GIS to determine a suitable site for landfill in Mahshahr 
County, Iran. Uyan (2014) aimed in his study to select the best site for landfill in Konya, Turkey by 
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combining AHP with GIS using three groups of criteria, and the groups included eleven criteria to 
produce the final index map for landfills. 

In Iraq, Al-Suhaili et al. (2009) used four criteria (streams, urban centres, 
transportation routes and land use) in order to select a site for a sanitary landfill in Baghdad (capital 
of Iraq) using a multi criteria-GIS model. 

 In Iraq, Al-Suhaili et al. (2009) used four criteria (streams, urban centres, 
transportation routes and land use) in order to select a site for a sanitary landfill in Baghdad (capital 
of Iraq) using a multi criteria-GIS model. Jasim (2012) studied the selection of suitable sites for 
landfill in Babylon Governorate using GIS and AHP using fourteen criteria. This study was 
incomplete because it ignored some important criteria such as groundwater depth that affects the 
site selection for landfill in the study area. Furthermore, it assumed that the soil type was of one 
type which is not true. The soil in Babylon Governorate includes eleven types of soils with different 
properties (Buringh, 1960). The researcher did not incorporate the “villages” layer in this study, 
where there are a huge number of villages distributed throughout the governorate. The layer of 
“archaeological sites” was not entered into the process of landfill siting, despite the fact that there 
are number of important archaeological and religious sites in Babylon Governorate. In addition, the 
layer of “agricultural land use” was not included in the analysis process of this study.  

More information about the weighting of criteria which were applied in the previous 
studies in different countries and cities can be found in chapter three.    

 
1.2 Study Area 
1.2.1 Babylon Governorate Background 

Babylon Governorate houses one of the most famous cities of the ancient world. The 
city of Babylon was built 4,100 years ago; the city was the power centre of an expansive and 
influential empire. The governorate is situated in the middle of Iraq about 100 km to the north of the 
Iraqi capital, Baghdad (Al-Khalidy et al., 2010), between latitudes 32˚5'41''N and 33˚7'36''N, and 
longitudes 44˚2'43''E and 45˚12'11''E (Figure 1.1). It occupies a strategic location connecting the 
north and south governorates of Iraq. The governorate is characterized by relatively flat inclining 
land. The northern part of the governorate rises to approximately 60 m above sea level and falls to 
approximately 20 m over sea level in the southern part. This gradual decline is broken by a specific 
area of Al-Iskandariyah Nahiah, in the north of the governorate, which rises between 35 - 45 m 
above sea level. The land is fertile because the Shatt Al-Hillah River passes through most cities in 
the Babylon Governorate. The river branches off from the Euphrates River at the town of Sadah Al-
Hindiah in the north of the governorate and forms an important part of the beautiful scenery that is a 
feature of Babylon Governorate (Iraqi Ministry of Municipalities and Public Works, 2009). 

Babylon Governorate has a population of approximately 2,092,998 inhabitants in 2015 
distributed throughout sixteen cities (Iraqi Ministry of Planning, 2015). The governorate is divided 
administratively into five major cities, referred to as Qadhaas (the five Qadhaas are Al-Hillah, Al-
Hashimiyah, Al-Musayyab, Al-Mahawil and Al-Qasim). Sixteen smaller cities, called Nahiahs, 
belong to these major cities (the sixteen Nahiahs are Al-Hillah, Al-Kifil, Abi-Ghraq, Al-
Hashimiyah, Al-Shomaly, Al-Medhatyah, Al-Musayiab, Al-Iskandariyah, Al-Sadah, Jurf Al-
Sakhar, Al-Mahawil, Al-Neel, Al-Imam, Al-Mashroa, Al-Qasim, and Al-Talyaah). Babylon 
Governorate covers an area of 5,315 km2, including cities of Babylon Governorate.  

Like 70% of Iraq’s surface area, the governorate is located in a desert climate 
fluctuating dramatically between day and night and also with the changing seasons. The prevailing 
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wind in the governorate comes from the northwest and blows throughout the year. During the 
summer, this wind blows an average of four days/month with an average wind speed of 3 m/s and is 
considered moderate. Temperatures during the summer season can reach 45˚C - 50˚C with 12 hours 
of sunlight/day and usually no precipitation. The winter is cold and rainy. Winds blow three 
days/month on average, and the average wind speed is 7.4 m/s. There is 6.2 hours/day of sunlight 
with temperatures generally remaining above zero 0˚C although on some nights, they can fall below 
freezing. Precipitation falls at an average rate of 50 - 200 mm/month, which is considered very low 
(Al Khalidy et al., 2010; Iraqi Ministry of Municipalities and Public Works, 2009). 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 1.1: Babylon Governorate, Iraq 

1.2.2 Al-Hillah Qadhaa 

 Al-Hillah Qadhaa is considered to be the most important Qadhaa in Babylon 
Governorate in terms of administrative function. This Qadhaa includes Al-Hillah City, the political, 
financial and administrative capital of Babylon Governorate. This Qadhaa also includes Al-Kifil 
city and Abi-Ghraq City. The Qadhaa is situated between latitude 32° 36' 1" N and 32° 8' 45" N, 
and longitude 44° 14' 9" E and 44° 33' 39" E (Figure 1.2).  

Al-Hillah Qadhaa occupies an area of 908 km2, which constitutes 17.1% of the total 
area of the Babylon Governorate (Iraqi Ministry of Municipalities and Public Works, 2009). In 
2015, the official population of Al-Hillah Qadhaa was 856,804 inhabitants (Iraqi Ministry of 
Planning, 2015), which equals 40.9% of the total population of Babylon Governorate. This Qadhaa 
also has the highest population density in the governorate. 
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Figure 1.2: The study area across Al-Hillah Qadhaa, Babylon Governorate, Iraq 
 

1.2.3 Al-Qasim Qadhaa 
Al-Qasim Qadhaa is considered one of the major cities of the newly formed Babylon 

Governorate, Iraq. Until recently, the cities of this Qadhaa (Al-Qasim and Al-Talyaah) were 
administratively controlled by Al-Hashimiyah Qadhaa, which is located in the southern part of the 
Babylon Governorate. Al-Qasim Qadhaa has an area of 637 km2, which constitutes 12 % of the 
total area of the Babylon Governorate (Iraqi Ministry of Municipalities and Public Works, 2009).  

It is situated between longitude 44°27'41" E and 44°49'24" E, and latitude 32°25'53" N 
and 32°5'53" N (Figure 1.3). The official population of Al-Qasim Qadhaa was 195,809 inhabitants 
in 2015 (Iraqi Ministry of Planning, 2015), which equates to 9.3 % of the total population of the 
Babylon Governorate. 

 

 

 

 

 

 

 

 

 

 
Figure 1.3: The study area across Al-Qasim Qadhaa, Babylon Governorate, Iraq 
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1.3 Scope of Work 
  Presently, there are no landfill sites in Babylon Governorate and its Qadhaas that 
follows the scientific and environmental criteria which are usually applied in the selection of 
landfill sites. There are irregular waste disposal sites or dumping sites which are distributed 
throughout the cities of the Governorate. These sites caused many environmental problems in those 
areas. In addition, groundwater depth in Babylon Governorate is shallow and the waste disposal 
sites contaminate groundwater through infiltration of leachate. 
  The main aim of this research is to select the best landfill sites in Al-Hillah and Al-
Qasim Qadhaas that conform to international and environmental criteria. To achieve this goal 
important criterion that can affect the environment were considered. Then, GIS technique and 
multi-criteria decision making method (AHP) were used to define the best suitable sites.  
 

1.4 Objectives of Research 
  The detailed objectives of this research include: 

1. A comprehensive assessment of the reality of solid waste management in Babylon 
Governorate and the current locations of waste disposal sites in Babylon Governorate and its 
Qadhaas.  

2. Estimation of future expectations of the quantities and the cumulative quantities of solid 
waste in each study area.  

3. Estimation of the required areas for landfill siting in these Qadhaas. 
4. Set the most important criteria for landfill siting in in Al-Hillah and Al-Qasim Qadhaas that 

conform to the international criteria. These criteria will be used as a reference to enable 
planners and decision-makers to apply them in other similar areas in Iraq when selecting a 
new landfill site.  

5. Identifying a suitable candidate site for landfill through using the GIS (geographic 
information system) and AHP (analytical hierarchy process) method in Al-Hillah and Al-
Qasim Qadhaas based on the selected criteria.  
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CHAPTER 2  
Present Status of Solid Waste Management in in the Two Qadhaa of Babylon Governorate 

 
2. Present Status of Solid Waste Management in the Two Qadhaa of Babylon Governorate 
Solid waste is collected twice daily, once in the morning and once in the evening. It is collected 
manually by municipal workers in all districts of all cities in this governorate. After collection, the 
waste is put into various types of waste management vehicles, including waste compactors, large 
dumpers, tractors and small dumpers. The solid waste is then transferred to waste disposal sites or 
dumping sites, which are spread throughout each city in Babylon Governorate according to 
available sites (Figure 2.1). The waste can be dealt with in various ways at different sites. Methods 
of handling the waste include burning and sometimes burying the remaining of them, and 
sometimes individuals, looking for potentially profitable waste components, sort of the waste.    

In general, it appears that the solid waste collection services in all cities of Babylon 
Governorate fail to handle the volume generated by the population. The coverage of the waste 
collection services is estimated at 44% of the population. There are only two cities (Al-Hillah and 
Al-Hashimiyah) where a high level of service is achieved (90% and 100%) respectively (Iraqi 
Ministry of Municipalities and Public Works, 2009). It is clear that making solid waste collection 
services more efficient will be an important goal for future policy makers. Figure 2.2 shows the 
areas covered by municipal waste collection services in the cities of Babylon Governorate. The 
municipal directorate of Al-Hillah is independent of the other municipal directorates. This is 
because the city of Al-Hillah has a high population density and is considered the political and 
economic centre of Babylon Governorate. All other municipal directorates are connected 
administratively with the municipal directorate for Babylon. Through government of Babylon 
Governorate, all municipal directorates are linked with the Iraqi Ministry of Municipalities and 
Public Works. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.1: View of burning waste and manual waste selection at some dumping sites
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Figure 2.2: The population of areas which covered by the municipal service in Babylon 
Governorates’ cities (Iraqi Ministry of Municipalities and Public Works, 2009) 

2.1 Solid Waste Sources in Babylon Governorate 
Solid waste in Babylon Governorate can be categorized in the following way 

according to source: 
1. Household waste. 
2. Commercial waste from shops and markets dispersed throughout the governorate. 
3. Industrial waste, from the industrial companies found in many cities of the governorate and 

focused on designated industrial areas. 
4. Waste from the treatment plant, located in the city of Al-Hillah. 
5. Agricultural waste resulting from the extensive agricultural in Babylon Governorate. 
6. Social waste from educational institutions such as schools, colleges, etc. 
7. Waste from general services such as hotels, restaurants, coffee shops and casinos. 
8. Other. 

Solid waste components in Babylon Governorate are categorized according to (Iraqi 
Ministry of Municipalities and Public Works, 2013a), as shown in (Figure 2.3). 
 
 
 
 
 
 
 
 
 

Figure 2.3: Composition of municipal solid waste in Babylon Governorate (Iraqi Ministry of 
Municipalities and Public Works, 2013a) 
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2.2 Staff of Solid Waste Collection in Al-Hillah and Al-Qasim Qadhaas 
Each city in Babylon Governorate has its own municipal directorate. The main task of 

the municipal directorate is to provide public service to citizens of the governorate. Each municipal 
directorate consists of several departments, and one of these departments is the environmental 
department. This department is linked administratively directly with the manager of the directorate. 
The department of solid waste management, which oversees all processes related to solid waste 
collection in each city, falls under the environmental department of the municipal directorate. The 
staff of the solid waste management department consists of engineers, technicians, administrators, 
drivers, and waste collection workers (Table 2.1). 

Table 2.1: Staff of solid waste collection in in Al-Hillah and Al-Qasim Qadhaas (Iraqi Ministry of 
Municipalities and Public Works, 2013a and 2013b) 

Qadhaa Nahiah Engineers Technicians Administrators Workers drivers 

Al-Hillah 
Qadhaa 

Al-Hillah  5 9 8 745 89 
Al-Kifil 1 2 2 211 22 

Abi-Ghraq 1 2 2 192 31 
Al-Qasim 
Qadhaa 

Al-Qasim  1 2 2 291 30 
Al-Talyaah 1 2 2 95 15 

2.3 Machinery and Equipment Used in Waste Collection Process 
The waste collection department in each municipality has access to various vehicles, 

as shown in the (Table 2.2 and Figure 2.4) to assist in the process of collecting and transporting 
waste from city districts to waste disposal sites. These vehicles include waste compactors, small 
dumpers, large dumpers, tractors, and trucks. In those cities that do not have a major waste disposal 
site, the waste vehicles contribute to the transfer of waste from a temporary dumping site to major 
waste disposal sites in another city. Heavy machinery is used to modify waste piles at collection 
sites as well as to construct or clear roads leading to sites. Some municipal directorates do not have 
sufficient vehicles/machinery and must rent the equipment needed. The municipal directorate is 
responsible for providing safety equipment for the staff of the waste collection department twice a 
year. This equipment includes gloves, boots and work clothes. Staffs are also supplied with the 
equipment necessary to carry out their daily work. The municipal directorate also provides the 
various containers for waste collection.     

Table 2.2: Types of machineries used in collection and transportation of waste in Al-Hillah and Al-
Qasim Qadhaas (Iraqi Ministry of Municipalities and Public Works, 2013a and 2013b) 
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V
eh

ic
le

s o
f 

w
as

te
 

co
m

pa
ct

io
n 

T
ra

ct
or

s 

Sm
al

l d
um

pe
rs

 

Sh
uf

fle
s 

B
ig

 d
um

pe
rs

 

T
ru

ck
s 

B
ul

ld
oz

er
s 

T
an

ke
rs

 

T
ru

ck
s o

f w
as

te
 

co
m

pa
ct

io
n 

Al-Hillah 
Qadhaa 

Al-Hillah 89 68 8 5 9 9 6 5 9 
Al-Kifil 5 1 1 2 4 - 2 1 - 

Abi-Ghraq 6 8 - 1 2 - - 2 - 
Al-Qasim 
Qadhaa 

Al-Qasim 7 1 2 2 5 - 1 2 1 
Al-Talyaah 7 1 - 1 3 - - 2 - 
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Figure 2.4: Types of machineries which are used in the process of collection and transportation of 

solid waste in in Al-Hillah and Al-Qasim Qadhaas 

2.4 Finance and Financial Management 
The budget that was spent on the waste collection process in Babylon Governorate in 

2013 was 19,391,554,000 Iraqi dinars (ID), equivalent to 15,894,716 US dollars at an exchange rate 
of 1220 Iraqi Dinari per US dollar. This budget includes salaries of staff as well as the funds which 
were spent on machineries' maintenance (fuel, oils, spare parts, and others), also the safety 
equipment. The budget of the waste collection process in 2013 can be seen in Table 2.3. The 
amount spent on Al-Hillah Qadhaa through Al-Hillah municipality directorate was the highest 
amongst the other municipalities which was 6,822,322,000 ID equivalents to 5,592,067 US dollars 
(Iraqi Ministry of Municipalities and Public Works, 2013b). The reason for this is that the Qadhaa 
in question is considered the political, economic, and commercial centre of the Babylon 
Governorate, a lively region with a high population density.  

For Al-Qasim Qadhaa, its budget for waste collection process in 2013 was 
2,020,599,000 ID or 1,656,229 US (Iraqi Ministry of Municipalities and Public Works, 2013a). 

 
Table 2.3: The finance budgets for solid waste collection process in Al-Hillah and Al-Qasim 

Qadhaas in 2013 (Iraqi Ministry of Municipalities and Public Works, 2013a and 2013b) 

Qadhaa City The finance budgets 
(ID/1000) 

The finance budgets 
(US) 

Al-Hillah 
Al-Hillah 4,656,150 3,816,516 
Al-Kifil 1,145,026 938,546 

Abi-Ghraq 1,021,146 837,005 
Summation  Al-Hillah Qadhaa 6,822,322 5,592,067 

Al-Qasim 
Al-Qasim 1,407,513 1,153,699 

Al-Talyaah 613,086 502,529
Summation  Al-Qasim Qadhaa 2,020,599 1,656,229 

Babylon Governorate 19,391,554 15,894,716 
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2.5 Waste Disposal Sites in Babylon Governorate 
There are approximately sixteen waste disposal sites or dumping sites in Babylon 

Governorate. They are distributed throughout the cities of the Governorate, as shown in (Figure 2.5 
and Table 2.4). Most cities in the governorate have their own waste disposal sites and those that do 
not transport their waste to sites in neighbouring cities. Waste is dealt with at the waste-disposal 
sites by burning (on a daily basis) and burying what remains. Most of these sites do not conform to 
the scientific and environmental criteria applied in the selection of landfill sites in more developed 
countries. Some of the sites do, however, meet certain criteria, e.g. an unexploited area at least 3-4 
km from population centres, the presence of main and secondary roads that facilitate transporting 
waste to the site; a monitoring room to observe the process of depositing and modifying waste at the 
site. The site is surrounded by a fence.  

These sites were not all approved by the responsible authorities, although some of 
them have received environmental approval. The sites in Babylon Governorate are under the 
management and monitoring of the municipal directorate in each city as well as the Babylon 
environmental directorate. Waste disposal sites in the Al-Hillah and Al-Qasim Qadhaas are 
distributed as follows: 
• Al-Hillah Qadhaa contains four waste disposal sites. The first site is located outside the 

administrative borders of Al-Hillah city in Al-Neel Nahiah (Al-Mahawil Qadhaa) about 17 km 
from Al-Hillah city. This site is dedicated to receive the waste collected from Al-Hillah city, 
Abi-Ghraq Nahiah, and Al-Neel Nahiah. The second site is located in Al-Kifil Nahiah, which 
does belong administratively to Al-Hillah city. This site, located approximately 35 km from Al-
Hillah city, has not been efficiently exploited by the Municipal Directorate. The third site is a 
temporary site and is used to collect waste from certain districts of Al-Hillah; this waste is then 
transferred to the Al-Neel waste disposal site. Al-Kifil Nahiah has one waste disposal site 
dedicated to collect waste from Nahiah. There is no waste-disposal site in Abi-Ghraq Nahiah, 
which is completely dependent on the Al-Neel waste disposal site to collect its waste. 

• In Al-Qasim Qadhaa, the process of waste collection in Al-Qasim Nahiah is done through 
waste collecting from city districts, and then waste is put in a big temporary container that is 
located on the main street that connects Babylon Governorate with the southern provinces. After 
that, the waste from the temporary location is transferred to a waste disposal site in Al-Talyaah 
Nahiah. There is a new site located between Al-Qasim Nahiah and Al-Talyaah city, but the site 
requires approval from responsible local authorities before work can be performed there. Al-
Talyaah Nahiah consists of two waste disposal sites. The first one is considered a temporary site 
and is used to collect the waste, and this site has not received approval from Babylon 
Environmental Directorate. The second site holds approval from Babylon Environmental 
Directorate, but this site does not conform to all the scientific and environmental criteria applied 
in the selection of landfill sites in more developed countries.  
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Table 2.4: The characteristics of Al-Hillah and Al-Qasim Qadhaas (Iraqi Ministry of Municipalities 
and Public Works, 2013a and 2013b; Iraqi Ministry of Planning, 2013) 

Qadhaa City X Y Area (Acres) 

Al-Hillah 
 

Al-Hillah 
455000 3604000 35 
444237 3567778 15 
444320 3597302 2 

Al-Kifil 446036 3567778 20 
Abi-Ghraq 455000 3604000 35 

Al-Qasim 
 

Al-Qasim 476470 3569264 35 

Al-Talyaah 472322 3560834 4 
477105 3566939 35 

 

 

 

 

 

 

 
 
 
 
 
 
 

 

 
Figure 2.5: Locations of waste disposal sites in Babylon Governorate (Iraqi Ministry of 

Municipalities and Public Works, 2013a and 2013b) 
 

Table 2.5 shows the characteristics of both Qadhaa and Nahiah in Babylon 
Governorate. These characteristics include the area of cities within Babylon Governorate, the area 
of each city in proportion to the total area of Babylon Governorate, population number of Babylon’s 
cities and proportion of urban and rural population for both Nahiah and Qadhaa, number of waste 
disposal sites or dumping sites, solid waste quantities (tonne), and generation rate of solid waste 
kg/(capita. day). The waste generated rate in some cities in Babylon Governorate was quite low; 
this is due to the relatively low population compared with the population of big cities, as well as the 
fact that the rural population in these cities constitutes a higher proportion relative to their urban 
population. Generally, rural populations are distributed across wide agricultural land or wide 
independent orchards, thus they depend on themselves for disposal of their waste, as municipal 
services often do not cover these areas.   
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Table 2.5: The characteristics of each Nahiah in Al-Hillah and Al-Qasim Qadhaas (Iraqi Ministry 
of Municipalities and Public Works, 2015a and 2015b; Iraqi Ministry of Planning, 2015) 

 

Qadhaa 
City 

(Nahiah) 
 

Area 
(Km2) 

% of 
Total 
area 

Population 
number 

2015 

% Urban 
population 

2015 

% Rural 
population 

2015 

Locations 
number 

Al-Hillah 
Qadhaa 

Al-Hillah 190 3.6 590637 77.3 22.7 2 
Al-Kifil 543 10.2 148886 15.5 84.5 1 

Abi-Ghraq 175 3.3 117281 22.4 77.6 - 
Summation 908 17.1 856804 59 41 3 

Al-Qasim 
Qadhaa 

Al-Qasim 324 6.1 155354 51.7 48.3 1 
Al-Talyaah 313 5.9 40455 20.4 79.6 2 
Summation 637 12 195809 45.2 54.8 3 
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CHAPTER 3  
Methodology 

 
3. Methodology 

To evaluate study area for selection of a suitable site for landfill, the analytical 
hierarchy process (APH) together with GIS with its special analysis tools, were used to prepare 
maps layered according to fifteen criteria. The main steps of landfill siting, depending on current 
criteria, can be divided into the following (Figure 3.1): 

• Constructing decision-making tree for landfill siting. 
• Selecting suitable criteria for the current study. 
• Creating suitable special constraints around important areas to suit each criterion map. 
• Preparing the database for the digital maps within GIS for the study area. 
• Determination of the weights for the sub-criteria based on opinion of experts, literature, 

environmental and scientific requirements and governmental regulations. 
• Determination of the weights for the criteria using AHP model.  
• Expected future quantities of solid waste generated and the required area for landfill siting. 
• Determination of a suitability index to produce the map of candidate sites for landfill.  
• Determination of the area and location of the candidate site which required being accommodate 

the cumulative quantity of solid waste generated from 2020 to 2030 in each Qadhaa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Flowchart of model for landfill sitting 
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3.1 Decision-Making Tree for Landfill Siting  
 The primary aim of the decision hierarchy is the selection of a suitable location for a 

landfill site. Figure 3.2 shows the hierarchical structure of the decision problem, which includes 
three levels. The evaluation criteria at the first level have been classified into two broad categories – 
natural environmental factors and artificial factors. At the second level, there are six categories, 
including hydrological, land, topographical, infrastructure, accessibility and social-cultural criteria. 
The third level comprises the sub-criteria used in this study, which includes the 15 layers of raster 
maps.    

 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 3.2: Tree diagram of the decision process developed for selection of suitable landfill site 

3.2 Preparing Layers Maps of Criteria 
After selecting the important criteria which are related to the present study, the 

required maps were obtained to prepare the digitized maps of criteria within GIS. Some of these 
maps were digital as a shape file (vector), whilst the remaining maps need to be converted into 
digital maps. Individual maps detailing topography, slope, river, road, settlements (including urban 
centres and villages), gas pipelines, oil pipelines, power lines and railways were prepared from 
shape files according to (The internal reports of the Iraqi Ministry of Education). 

The layer detailing "agricultural land use" was obtained using the land capability map 
of Iraq (scale 1:1,000,000) (Iraqi Ministry of Water Resources, 1990) and was checked by 
analyzing satellite images of the Babylon Governorate from 2011 (Iraqi Ministry of Municipalities 
and Public Works, 2011). The readings of 170 wells for the depths of groundwater were entered 
into GIS to generate an interpolation between them, using the spatial extension tool Kriging in order 
to produce the shape file of groundwater depths (Iraqi Ministry of Water Resources, 2015). The 
map of exploratory soil of Iraq (scale 1:1,000,000) (Buringh, 1960), "archaeological sites" map 
(scale 1:1,500,000) (The Archaeological Map of Iraq, 2013) and the map of "industrial areas" (scale 
1:400,000) (Iraqi Ministry of Municipalities and Public Works, 2009) were prepared within GIS 
environment as a shape file using the relevant information in each map, and then they were 
converted to raster maps. These maps were converted to the raster maps. All information was 
projected onto the World Geodetic System (WGS 1984) using a projected coordinate system-
system-universal transverse Mercator (UTM).    
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3.3 Restriction of Locations Using Buffer Zone 
To identify the most suitable site for landfill it needs a process of large-scale 

evaluation. Any chosen site should satisfy the governmental regulations' requirements as well 
reducing environmental, economic and social costs (World Bank, 2015).  

Restricted sites mean areas, which do not allow for a landfill site to be situated within 
them due to potential risk to the environment, human health or excessive cost (United Nation, 
2010). Buffer zones, or spatial constraints, were used around important sites or specific geographic 
features in each criterion in the GIS environment using the special extension tool "buffer". 

The buffer zones for rivers, roads, railways, urban centres, villages, archaeological 
sites, gas pipelines, oil pipelines, and power lines were created at distances of 1000, 500, 500, 5000, 
1000, 1000, 300, 75 and 30 m respectively (Table 3.1).  

Table 3.1: Description of values of buffer zones for criteria 

Criteria Buffer zones Researchers' suggested buffers 
Groundwater 
depth 

The zones of groundwater depth between 0-1.5 m 
are fairly unsuitable in selection sites for landfill. 

1.5 m (Alves et al., 2009); 6 m (Effat 
and Hegazy, 2012); 10 m (Delgado et 
al., 2008). 

Land use Should be excluded Industrial area, university, 
Archaeological sites, Rivers, Urban centers, 
Villages and agricultural lands from landfill 
siting. 

 

Rivers  1 km from boundaries of rivers to sites.  1 Km (Sharifi et al., 2009; Yildirim, 
2012; Eskandari et al., 2012). 

Roads  0.5 km from boundaries of roads to sites.  0.5 km (Şener et al., 2006; Şener et al., 
2011; Effat and Hegazy, 2012).  

Railways  0.5 km from boundaries of roads to sites.  0.5 km (Şener, 2004; Wang et al., 2009; 
Nas et al., 2010). 

Urban centers  5 km from borders of village to sites.  5 Km (Şener, 2004; Alavi et al., 2013; 
Isalou et al., 2013). 

Villages  1 km from borders of village to sites.  1 Km (Charnpratheep et al., 1997; 
Şener, 2004; Şener et al., 2006). 

Archaeological 
sites  

1 km around archaeological sites to sites.  1 Km (Gupta et al., 2003; Ersoy and 
Bulut, 2009). 

Gas pipelines  300 m from gas pipelines on both sides to sites.  250 m (Şener, 2004; Uyan, 2014). 
Oil pipelines  75 m from oil pipelines on both sides to sites.  250 m (Uyan, 2014). 
Power lines  30 m from power lines on both sides to sites.  30 m (Şener et al., 2006; Yildirim, 

2012). 

3.4 Sub-Criteria Weights  
In this study, based on the opinion of experts and reviews of literature in this field, as 

well as various required and available data about the study area, each criterion was classified into 
classes (sub-criteria), and each class was given a suitability grading value. This was carried out by 
decision makers who gave their opinions about the sub-criteria. In order to prepare each criterion 
and sub-criteria, a number of steps were performed in GIS (e.g., buffer, clip, extract, overlay, 
proximity, convert, reclassify and map algebra, etc.) (Table 3.2). 
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Table 3.2: The summary of the input layers used in the analysis 

No. Criteria 
Al-Qasim Al-Hillah 

Sub-criteria values Sub-criteria rating Sub-criteria values Sub-criteria rating 

1 Groundwater 
depth (m) 

0 - 1.5 1 0 - 1.5 1 
1.5 - 3 4 1.5 - 3 4 
3 - 4.5 6 3 - 4.5 6 
> 4.5 10 > 4.5 10 

2 Rivers (km) 0 - 1 0 0 - 1 0 
> 1 10 > 1 10 

3 Elevation 
(a.m.s.l.) 

15 - 22 3 17 - 23 3 
22 - 29 7 23 - 29 7 

> 29 10 > 29 10 

4 Slope 
(degree) 0°- 5° 10 0°- 5° 10 

> 5° 5 

5 Soils types 

Soil 6 (A) 10 Soil 6 (A) 10 
Soil 5' (B) 9 Soil 5' (B) 9 
Soil 9 (C) 7 Soil 9 (C) 7 
Soil 4 (D) 5 Soil 4 (D) 5 

- - Soil 11 (E) 3 
- - Soil 17 (F) 1 

6 Land use 

Industrial area 0 Industrial area 0 
Urban centers 0 Urban centers 0 

Villages 0 Villages 0 
University 0 University 0 

Rivers 0 Rivers 0 
Archaeological 

sites 0 Archaeological sites 0 

Agricultural lands 0 Agricultural lands 0 
Orchards 5 Orchards 5 

Unused lands 10 Unused lands 10 

7 Agricultural 
land use 

Agricultural land 0 Agricultural land 0 
Orchards 5 Orchards 5 

Unused land 10 Unused land 10 

8 Roads (km) 

0 - 0.5 0 0 - 0.5 0 
0.5 - 1 7 0.5 - 1 7 
1 - 2 10 1 - 2 10 
2 - 3 5 2 - 3 5 
> 3 3 > 3 3 

9 Railways 
(km) 

0 - 0.5 0 0 - 0.5 0 
> 0.5 10 > 0.5 10 

10 Urban 
centers (km) 

0 - 5 0 0 - 5 0 
5 - 10 10 5 - 10 10 

10 - 15 7 10 - 15 7 
> 15 4 > 15 4 

11 Villages 
(km) 

0 - 1 0 0 - 1 0 
> 1 10 > 1 10 

12 Archaeologic
al sites (km) 

0 - 1 0 0 - 1 0 
1 - 3 5 1 - 3 5 
> 3 10 > 3 10 

13 Gas pipelines 
(m) 

≤ 300 0 ≤ 300 0 
> 300 10 > 300 10 

14 Oil pipelines 
(m) 

≤ 75 0 ≤ 75 0 
> 75 10 > 75 10 

15 Power lines 
(m) 

≤ 30 0 ≤ 30 0 
> 30 10 > 30 10 

 



CHAPTER 3                                                                                                                     Methodology 

25 
 

3.4.1 Groundwater Depth 
 To prepare the groundwater depths layer for Babylon Governorate, the special analysis 
tool "Kriging" in GIS was used to generate an interpolation between the available data of 
groundwater depths in 170 wells throughout the Babylon Governorate (Iraqi Ministry of Water 
Resources, 2015). These measurements were carried out from 2005 to 2013. Finally, the layer for 
groundwater depths was produced for Babylon Governorate. The layer maps of "groundwater 
depth" for Al-Hillah and Al-Qasim Qadhaas were prepared using the tool "Extract by mask" within 
GIS to cut each layer of these Qadhaas from the raster map for the whole of the Babylon 
Governorate groundwater depth. Finally, the layer of each Qadhaa was classified into four 
categories (Table 3.2). 

Generally, the groundwater depths in the Babylon Governorate are shallow. Various 
depths have been suggested as sufficient: (Alves et al., 2009) suggested that a depth of 1.5 m from a 
site’s surface to the groundwater table is a suitable depth, (Effat and Hegazy, 2012) suggested 6 m, 
(Delgado et al., 2008) suggested 10m, (Ouma et al., 2011) propose 15 m, and (Sadek et al., 2006) 
suggested 30 m. 

In this study for each Qadhaa, depths of between 0–1.5 m, 1.5–3 m, 3–4.5 m and more 
than 4.5 m to groundwater were given a grading value of 1, 4, 6 and 10, respectively (Figure 3.3). 

 
 

 

 
 
 
 
 
 
 

 

 
Figure 3.3: Suitability index maps of groundwater depth (a): Al-Hillah (b): Al-Qasim 

3.4.2 Rivers 
A buffer zone of more than 1000 m is a suitable distance from a river boundary to a 

landfill site to protect it from contamination (Yildirim, 2012; Eskandari et al., 2012). (Siddiqui et 
al., 1996) suggests that a distance of 800 m from a river boundary is sufficient. (Sadek et al., 2006; 
Demesouka et al., 2013) suggest that an even smaller buffer zone of 500 m from a river is adequate 
to reduce the potential for river contamination.  

In this study, a buffer zone of more than 1000 m from any river boundary was adopted 
in order to protect surface water from contamination. Any distance less than 1000 m was, thus, 
given a grading value of zero and any distance greater than 1000 m was given a score value of 10 
(Figure 3.4).  
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Figure 3.4: Suitability index maps of rivers (a): Al-Hillah (b): Al-Qasim 

3.4.3 Elevation 
The digital elevation model (DEM) was adopted in this work (The internal reports of 

the Iraqi Ministry of Education). The raster elevation map was divided into three categories 
according to study area (Figure 3.5). 

 In this study, the most suitable elevations were greater than 29 metres above mean sea 
level (a.m.s.l.) in Al-Hillah and Al-Qasim respectively and assigned values of 10 to reduce the 
potential of leachate leaking from the landfill (Demesouka et al., 2014). Elevations in Al-Hillah 
Qadhaa between 23–29 m (a.m.s.l.), also elevations in Al-Qasim Qadhaa between 22–29 (a.m.s.l.) 
were given a grading value of 7. In Al-Hillah and Al-Qasim Qadhaa, elevations of 17–23 m 
(a.m.s.l.) and 15–22 (a.m.s.l.) were scored as 3.  
 
 
 
 
 
 
 
 
 
 

 

 
Figure 3.5: Suitability index maps of elevation (a): Al-Hillah (b): Al-Qasim 

3.4.4 Slope  
Land slope is an important factor when selecting a landfill site. An area with a very 

steep slope will increase drainage of pollutants from the landfill site to surrounding areas (Lin and 
Kao, 1999) as well as increasing the risk of leachate flowing from high slopes to flat and low areas 
or bodies of water. This may lead to leachate pollution and contaminants moving long distances 
from their sources (Leao et al., 2004; Nas et al., 2010). Estimates of a suitable slope to avoid 
contaminant runoff ranges from 0-5° (Sener, 2004; Ersoy and Bulut, 2009; Effat and Hegazy, 
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2012). According to (Sener, 2004), a slope of less than 15° is necessary to prevent the transition of 
pollutants to surrounding areas.  

The "slope" layer was created based on the digital elevation model (DEM) of the 
study area. Figure 3.6 shows that most of the land in the study area has a slope of 0-5° and was 
assigned a rating value of 10, whilst areas with a slope greater than 5° were assigned a value of 5. 

 
 

 

 

 

 

 
 
 

 

Figure 3.6: Suitability index maps of slope (a): Al-Hillah (b): Al-Qasim 

3.4.5 Soil Type 
For preparing the layer for the "soil types" map of the exploratory soil of Iraq (scale of 

1:1,000,000) was digitized in polygon type. There were six types of soils in Al-Hillah Qadhaa and 
four types in Al-Qasim Qadhaa (Figure 3.7) (Buringh, 1960). A short description of the types of 
soil in the study area, according to (Buringh, 1960) can be summarized as follows:    

1. Basin Depression Soils A (6)  
These soils are predominantly arid, alluvial, solonchak (occurs in shallow depressions on the 
Euphrates plain and has a crust of white salt several centimeters thick) and solonetz (usually highly 
alkaline due to salts containing gypsum and prone to cracking, there may be a few centimeters of 
friable surface soil, but otherwise these soils are underlain by dense and hard layers). This is a 
highly saline soil. It consists of fluviatile, silty clay loam to clay, often with irrigation sediment. 
This soil type is deep with a high groundwater table and sometimes floods. The leachate from these 
soils has a slightly grey colour and leaches to lower levels. 

2. River Basin Soils B (5')  
These types of soils consist of arid, alluvial and solonchak soils, and its land surface form is level 
with variations in elevations of a few meters formed as a result of natural floods and irrigation 
practices over thousands of years. The parent material for this soil type is fluviatile, silty clay loam 
to clay, with silty irrigation sediment on top. These soils are deep and have a relatively high 
groundwater table, they also have moderate to strong salinity, making them external solonchak and 
sabakh. 

3. Silted Haur and Marsh Soils C (9)  
These soils have been formed in marsh areas. These soils consist primarily of composites of arid, 
alluvial and solonchak soils, and occur in level land reliefs. The parent material for this soil type is 
fluviatile, silt loam to clay, with a layer of silty irrigation sediment that is often meters thick. The 
salinity of these soils is moderate (solonchak and sabakh soils). 
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4. River Levee Soils D (4)  
These soils are level surfaces and consist of arid soil as well as alluvial soil, with a small proportion 
of solonchak soil. The groundwater level is high. The parent materials of this soil are fluvial, fine 
sandy loam to silty clay loam. In this soil type, salinity appears in deeper sub-soils with rates 
ranging from free to moderate. 

5. Active Dune Land E (11)  
These soils have no development in their profile, and consist of dry, loose, unconsolidated material 
and sediment. These soils are sandy and clayey dunes, meaning that even moderate wind can 
remove material from their surface. These soils are moderately to strongly saline. 

6. Mixed Gypsiferous Desert Land F (17) 
The surface soil is non-uniform because of the effect of wind erosion. These soils are shallow and 
highly saline. The parent materials for this soil are gypsum, limestone and sandstone. It is 
characterized by soils with a grey or pale greyish calcareous surface soil that are very low in 
organic matter content. As depth increases there is an accumulation of calcareous soil with lime or 
gypsum. 
 
 
 
 
 
 
 
 

 
 

 

 
Figure 3.7: Suitability index maps of slope (a): Al-Hillah (b): Al-Qasim 

3.4.6 Land Use  
In this study, nine categories were used to prepare the "land use" layer; these are urban 

centres, villages, industrial areas, archaeological sites, universities, rivers, agricultural land, 
orchards and unused land. 

All cities in Al-Hillah and Al-Qasim Qadhaa were included in the "urban" shape file, 
whilst the shape file of "Villages" included all villages in the study area. The shape file for 
agricultural land use was created by analyzing satellite images in 2011 of Babylon Governorate and 
a land capability map of Iraq (scale 1:1,000,000). The universities shape file was mapped in 
polygon form from Babylon Governorate satellite images from 2011. The shape files for industrial 
areas, archaeological sites and soil types were determined from the relevant maps with scales 
1:400,000 (Iraqi Ministry of Municipalities and Public Works, 2009), 1:1,500,000 (The 
Archaeological Map of Iraq, 2013) and 1:1,000,000 (Buringh, 1960), respectively. The shape file of 
Al-Hillah and Al-Qasim Qadhaas’ rivers was prepared after taking the clip/cut from the shape file 
of Babylon Governorate’s rivers. All shape files were merged in a single layer called "land use". 
The categories of orchards and unused lands were given ratings of 5 and 10, respectively, whilst 
other categories were assigned a score of zero (Figure 3.8). 



CHAPTER 3                                                                                                                     Methodology 

29 
 

 
 
 
 
 
 
 
 
 

 

 

 
Figure 3.8: Suitability index maps of land use (a): Al-Hillah (b): Al-Qasim 

3.4.7 Agricultural Land Use.  
 Each layer map of "agricultural land use" for Al-Hillah and Al-Qasim Qadhaas was 
divided into three categories: agricultural land, orchards and unused land. These categories were 
drawn in polygon form in separate shape files based on 2011 satellite images of Babylon 
Governorate (Iraqi Ministry of Municipalities and Public Works, 2011) and a 1:1,000,000 scale the 
land capability map of Iraq (Iraqi Ministry of Water Resources, 1990). Then, they merged in a 
single layer, which is called ‘agricultural land use’. Logically, landfill sites should not be located on 
areas of the "agricultural land" category (Figure 3.9). This category was, therefore, assigned a 
grade of zero. The "orchards" category was given a grade of 5, and the "unused land" category was 
assigned the highest possible score of 10. 
 
 

 
 
 
 
 
 
 
 
 

 

 

Figure 3.9 Suitability index maps of Agricultural land use (a): Al-Hillah (b): Al-Qasim 

3.4.8 Roads 
This layer consists of main roads and highway roads. Distances from roads to a 

landfill site should be sufficient to ensure there are no negative aesthetic impacts (Moeinaddini et 
al., 2010), as well as to ensure that drivers are protected from accidents that may occur due to the 
material which has been blown onto roads by strong winds (Baban and Flannagan, 1998; 
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Demesouka et al., 2013). Moreover, economic factors must be taken into consideration, and a 
landfill site should be located within a reasonable distance of existing roads in order to reduce the 
cost of construction of roads leading to the site in future (Zeiss and Lefsrud, 1995; Lin and Kao, 
1999; Nas et al., 2010). 

In this study, buffer zones from roads to landfill sites of less than 500 m were assigned 
a grade of zero in the rating of this layer. Buffer zones of 500–1000 m were assigned a grade of 7, 
whilst the buffer zones of 1000–2000 m were assigned the highest score of 10. Buffer zones of 
2000–3000 m and those greater than 3000 m were given a grading of 5 and 3, respectively (Figure 
3.10). 

 
 
 
 
 
 
 
 
 
 

 

 

Figure 3.10: Suitability index maps of roads (a): Al-Hillah (b): Al-Qasim 

3.4.9 Railway  
For the layer map of "railway”, the most suitable buffer zone between a landfill site 

and a railway is at least 500 m (Wang et al., 2009; Sener, 2004; Nas et al., 2010), this is in order to 
prevent both potential land subsidence and visual intrusion (Baban and Flannagan, 1998).  

In this study, buffer zones of less than 500 m on both sides of a railway were graded 
zero. Distances greater than 500 m were graded 10 (Figure 3.11). 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 3.11: Suitability index maps of railways (a): Al-Hillah (b): Al-Qasim 
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3.4.10 Urban Centres 
For the "urban centres" layer, many researchers suggested that the appropriate 

distance from the borders of urban areas to a landfill site should be more than 5 km, taking into 
account economic factors and impact on the general public. The cost of this land as well as health 
and safety laws often prevent siting of a landfill within the boundaries of an urban area. Important 
factors to consider are noise, decreases in property value (Zeiss and Lefsrud, 1995), odour, 
aesthetics (Tagaris et al., 2003), as well as ensuring that the urban area retains the potential to 
expand in the future (Effat and Hegazy, 2012). 

(Effat and Hegazy, 2012; Isalou et al., 2013) recommend distance of 5 km as a 
suitable buffer zone from city borders to a landfill site, while (Chang et al., 2007) suggested 3 km as 
a sufficient buffer.  

In this study, buffer zones of less than 5 km were given a grading of 0. Buffer zones 
between 5–10 km were given the highest score which was 10. Buffer zones of 10–15 km and more 
than 15 km were given a score of 7 and 4, respectively (Figure 3.12). 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 3.12: Suitability index maps of urban centers (a): Al-Hillah (b): Al-Qasim 

3.4.11 Villages 
For the layer map of "villages", the literature suggests a minimum of 0.4–1 Km. 

(Siddiqui et al., 1996) stated that the distance from any built-up area consisting of ten houses or 
more to a landfill site should be at least more than 0.4 km (0.25 mi), whilst (Charnpratheep et al., 
1997; Sener, 2004) recommend a minimum distance from a landfill site to villages of 1 Km.  

In the current study, buffer zones less than 1km were given a grading value of 0, 
whilst those with buffer zones greater than 1km were given a score of 10 (Figure 3.13).    
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Figure 3.13: Suitability index maps of villages (a): Al-Hillah (b): Al-Qasim 
 

3.4.12 Archaeological Sites  
Al-Hillah and Al-Qasim Qadhaas have a rich history and are home to a number of 

significant archaeological and religious sites. These areas are considered absolutely inappropriate to 
be within or near a landfill site because of their high historical value and importance for tourism 
(and the development of tourism) in this Qadhaa.  

In this study, for the "archaeological sites" layer, buffer zones of more than 3 km 
around these areas were scored 10. Buffer zones of 1-3 km were scored 5. Buffer zones of less than 
1 km around these areas were excluded and scored zero, as shown in Figure 3.14.  

In the literature, (Gupta et al., 2003; Ersoy and Bulut, 2009) suggested that the 
distance of 0-1 km from archaeological and religious sites is not suitable and distances between 1-3 
Km are suitable, whilst the distance of more than 3 km is the most suitable and got the highest 
score. (Nas et al., 2010; Eskandari et al., 2012; Demesouka et al., 2013) used a 500 m as a buffer 
zone from archaeological and religious sites; 7.1 Km from temples and archaeological sites 
according to (Charnpratheep et al., 1997).    
 
 
 
 
 
 
 

 
 
 

 

 
 

Figure 3.14: Suitability index maps of archaeological sites (a): Al-Hillah (b): Al-Qasim 
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3.4.13 Gas Pipelines 
 The buffer zone from gas pipelines to a landfill site was taken in this study as 300 
m on both sides. Consequently, it was given a grading value of zero. Distance more than 300 m was 
given a score value of 10 (see Figure 3.15). This determinant has been adopted to avoid the serious 
impact of spontaneous fires that result from combustion of solid waste on the gas pipelines 
depending on the determinants of the Iraqi Ministry of Oil/Oil Pipelines Company/Iraq No. 40145 
in 1989 (Iraqi Ministry of Oil, 2015). In literatures, (Sener, 2004; Uyan, 2014) believes that a 
suitable buffer zone on both sides of pipeline gas to a landfill site should be more than 250 m. 
 
 
 
 
 
 
 
 

 
 

 

 
 

Figure 3.15: Suitability index maps of gas pipelines (a): Al-Hillah (b): Al-Qasim 

3.4.14 Oil Pipelines 
There are many oil pipelines passing through the study area. A buffer zone more than 

75 m on both sides of oil pipelines to a landfill site was considered a safe distance according to the 
determinants of the Iraqi Ministry of Oil/Oil Pipelines Company/Iraq No. 40145 in 1989 (Iraqi 
Ministry of Oil, 2015). Figure 3.16 shows that the distance less than 75 m, on both sides of oil 
pipelines, was given a grading value of zero, whereas, it was given a score of 10 for the distance 
that is more than 75 m. 

 
  
 
 
 
 
 
 
 

 
 

 

Figure 3.16: Suitability index maps of oil pipelines (a): Al-Hillah (b): Al-Qasim 
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3.4.15 Power Lines 
In relevant literature, (Sener, 2004; Yildirim, 2012) suggest that a suitable buffer zone 

from a landfill site should be more than 30 m on both sides from power lines to avoid risks 
associated with high voltage whilst taking into account the need to provide electricity to the 
infrastructure of the landfill site. (Sadek et al., 2006; Demesouka et al., 2013) believe distances 40 
m and 50 m respectively in their study to be a suitable buffer zone on both sides from landfill 
location.  
 In this study, buffer zones for power lines which were smaller than 30 m on both sides 
were given a score value of zero, whilst zones wider than 30 m were given a grading value of 10 
(Figure 3.17). 
 
 
 
 
 
 
 
 

 

 

 
 

 
Figure 3.17: Suitability index maps of power lines (a): Al-Hillah (b): Al-Qasim 

3.5 Determination of Relative Importance Weights of Criteria Using the AHP Method 
In the AHP method, selection criteria can be identified and weighted, and the 

collected data can also be analyzed, accelerating the process of decision-making. The hierarchy is 
deconstructed into a pair comparison matrix. This pair-wise comparison is used to determine the 
relative importance of each alternative in terms of each criterion. 

In typical analytic hierarchy studies a nine-point scale is used, where each point 
equates to an expression of the relative importance of two factors, e.g. "A is of the same importance 
as B" or "A is more important than B", etc. These studies use a scale with values ranging from 1 
(equal importance or no difference) to 9 (absolute importance or extreme preference) (Table 3.3). 
This will enable the decision maker to assess the contribution of each factor to reach the objective 
independently through pair-wise comparison, thus simplifying the decision-making process 
(Rezaei-Moghaddam & Karami, 2008).   
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Table 3.3: Scale of relative importance for pairwise comparison (Saaty, 1980) 

Intensity of 
Importance 

Definition 

1 Equal importance 
2 Equal to moderately importance 
3 Moderate importance 
4 Moderate to strong importance 
5 Strong importance 
6 Strong to very strong importance 
7 Very strong importance 
8 Very to extremely strong importance 
9 Extreme importance 

 
In this study, the typical structure of the decision problem is formed and consists of 

numbers, which were represented by symbol m, whilst alternatives were given numbers represented 
by symbol n. Each alternative can be evaluated in terms of the decision criteria as well as each 
criterion can be estimated by its weight (or its relative importance). 

The values of aij (i = 1, 2, 3…..m) and (j = 1, 2, 3…..n) are used to signify the 
performance values in terms of the i-th and j-th in a matrix (Hussain, 2004; Teknomo, 2006; Uyan, 
2014). The upper triangular of the matrix is filled with the values of comparison criteria above the 
diagonal of the matrix. In order to fill the lower triangular of the matrix, the reciprocal values of the 
upper diagonal are used. This is done by using the Eq. (3.1):   
(aji = 1/aij )                                                                                                                                 (3.1) 
where, aij is the element of row i and column j of the matrix.  

The typical comparison matrix for any problem and the relative importance of the 
criteria can be represented in a decision matrix as follows: 

a11 a12 a13 … a1n  W1 
a21 a22 a23 … a2n W2 
a31 a32 a33 … a3n W3 
…. … … … … … 
…. … … aij … … 
am1 am2 am3 … amn Wn 

 
 The eigenvectors for each row were calculated using geometric principles (multiplying the 
value for each criterion in each column in the same row of the original pair-wise comparison matrix and 
then applying this to each row) as follows: 
Egi=                                             (3.2) 
where, Egi = eigenvalue for the row i; n = number of elements in row i. 

The priority vector is determined by normalizing the eigenvalue to 1(divided by their 
sum) as follows: 
Pri = Egi/( )                                                                                (3.3) 

The lambda max (λmax) was obtained from the summation of products between each 
element of priority vector and the sum of columns of the reciprocal matrix as shown in the following 
formula: 
λmax =                                                                       (3.4)   
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where, aij = the sum of criteria in each column in the matrix; Wi = the value of weight for each criterion 
which is corresponding to the priority vector in the matrix of decision, where the values (i=1, 2,…., m) 
and (j= 1, 2,…., n). So, the lambda max (λmax) in this study is equal to 15.7. 

The CI (consistency index) was estimated using the following Eq. (3.5): 
CI = (λmax − n)/(n − 1)                                                                             (3.5) 
where, CI represents the equivalent to the mean deviation of each comparison element and the standard 
deviation of the evaluation error from the true ones (Sólnes, 2003), ], and n is size or order of the matrix. 
In this study, CI = 0.04. 

The consistency ratio (CR) was obtained according to [Saaty, 1980], by dividing the value 
of consistency index (CI) by the Random index value (RI = 15.9) for n=15 (Table 3.4), where this table 
displays mean Random index value RI for matrices with different sizes according to (Saaty, 1980).  
CR = (CI/RI)                                                                                           (3.6) 

If CR less than 0.1, the ratio indicates a reasonable consistency level in the pairwise 
comparison. CR should, therefore, be less than 0.1.  
 In this study, CR = 0.027 < 0.1 and RI15= 1.59.  For any matrix, the judgments are completely 
consistent if a CR is equal to zero (Coyle, 2004). The pairwise comparison matrices were prepared for 
fifteen criteria. 

Table 3.4: Random inconsistency indices for different values of (n) (Saaty, 1980) 

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59 

 
 In the process of selection the importance and weight of each criterion was compared 

with each criterion in this study. It was done through the adoption of the opinions of experts who 
have worked in this field. Each criterion was given a value of weight that it deserves by adopting 
the method of "simple additive weighting," which is considered the simplest technique in the 
decision-making process (Afshari et al., 2010). Then these weights have been used and applied in 
preparing the matrix of AHP to get the right weight for each criterion (Figure 3.18).  

 

 

 

 

 

 

 

 

 

 
Figure 3.18: Pair-wise comparisons matrix for selecting a suitable landfill site, eigenvector and 

significance weights 
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3.6 Evaluation of Landfill Suitability Site  
In order to find the suitability index value of the potential areas, A total of Fifteen map 

layers were entered in the GIS environment. Then, the method of WLC (weighted linear 
combination) was used based on the following Eq. (3.7):   
Ai =                                                                                     (3.7) 
where, Ai is the suitability index for area i, Wj is the relative importance weight of criterion, Cij the 
grading value of area i under criterion j and n is the total number of criteria (El-Alfy et al., 2010; 
Eskandari et al., 2012). 

The equation (3.7) was applied on all criteria using the extension tool “map algebra” 
in GIS. The procedures for estimating the suitability index was done through the summation of the 
products of multiplying the grading values of the sub-criteria for each criterion (based on the 
opinion of experts in this field) by the corresponding relative importance weight (which was 
calculated by the AHP method).  
 
3.7 Expected Future Quantities of Solid Waste Generated 

Rates of solid waste production are subject to certain variables, such as population 
density, levels and types of economic activity, and the income level of the population (Al-Ansari, 
2013). In 2010 (United Nation, 2010) established that the rate of solid waste generated in low-
income countries was 0.9 - 0.4 kg/(capita. day), whilst the rates for middle and high-income 
countries were 0.5 - 1.1 and 1.1 - 5.07 kg/(capita. day) respectively (Al-Ansari, 2013). 

The structural plan for Babylon Governorate in 2009 established that the rate of solid 
waste generated in Babylon Governorate in 2005 was 0.58 kg/(capita· day). This value is 
considered very low and is unsatisfactory, compared with the waste generation rates for both Iraq as 
a whole and for Baghdad (the capital of Iraq), which were 1.01 and 1.47 kg/(capita· day) 
respectively. This rate is also low in comparison with the international standard value of 1.5 
kg/(capita· day) (Iraqi Ministry of Municipalities and Public Works, 2009). The figures for the 
generation of solid waste per capita for Babylon Governorate would position it as middle income in 
relation to the figures of the Department of Economic and Social Affairs of the UN in 2010 (Al-
Ansari, 2013; Iraqi Ministry of Municipalities and Public Works, 2009). 

The total population of Babylon Governorate in 2013 was 1,974,490 inhabitants (Iraqi 
Ministry of Planning, 2013) based on the population growth rate of 2.99%, where the directorate of 
census in Babylon adopted the census of Iraq’s Ministry of planning in 1997. According to (World 
Bank, 2015), the annual population growth of Iraq is 2.5% for years 2010-2014. The quantity of 
solid waste generated in Babylon Governorate in 2013 was 483,211 tonnes (Iraqi Ministry of 
Municipalities and Public Works, 2013a and 2013b). Generation rate of solid waste in 2013 was 
0.67 kg/(capita· day) in this governorate depending on calculation methods which are explained 
below. The rate for each city in the governorate varies as a function of population density. Based on 
the information cited in the records of the Ministry of Planning, an attempt was made to calculate 
the future expected solid waste in Babylon and its Qadhaas for the year 2030. This was achieved 
using series of Equations using two methods as follow: 

1. Method 1 
 This method was built based on multiplying the expected population number for the 
specific year by the average generation rate of solid waste for the last five years (GRWA) from 
2009 to 2013 as a fixed value. The average solid waste generated was calculated through dividing 
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the average quantity of solid waste (Qs) for years 2009-2013 by the average population (P) for years 
(2009-2013) of each Qadhaa using Eq. (3.8):    
GRWA= (Qs(av.) × 1000)/(P(av.) × 365)                                                      (3.8) 
Where: 
GRWA: Average generation rate of solid waste kg / (capita. day). 
Qs(av.): Average quantity of solid waste for years (2009-2013) (kg). 
P(av.): Average Population of Babylon Governorate for years (2009-2013). 

Eq. (3.9) (Jarabi, 2015; United Nations, 1952) was used to calculate the population for 
each year from 2013 until 2030. 
Pt= Po (1+r) t                                                                                     (3.9) 
Where: 
Pt: Future population at the end of period. 
Po: Present population for year 2013. 
r: The annual rate of growth (2.99 %) 
t: Number of years  
 Eq. (3.10) was used to calculate the quantity of waste produced for year 2030. Using 
an average of waste generation rate for the years 2009-2013 then:  

Qs (for specific year) =                                (3.10) 

Qs: Quantity of waste produced each year (ton). 
The cumulative quantity of solid waste generated by 2030 can be calculated, as shown 

in Eq. (3.11):  
Qs(c) = Qs(ct) + Qs(ct-1)                                                                        (3.11) 
Where: 
Qs (c): Cumulative quantity of solid waste for the specific year (tonne). 
Qs (ct): Quantity of solid waste for the specific year (tonne). 
Qs (ct-1): Cumulative quantity of solid waste for the last year before specific year (tonne). 
In order to calculate the cumulative solid waste generated by year 2030 

For example the cumulative quantity of solid waste in 2030 Qs(c) is equal to the 
quantity of solid waste produced in 2030 Qs (ct) using Eq. (3.10)  plus the cumulative quantity of 
solid waste in 2029 Qs(nt-1) form the year 2013.  
Qs(c)(2030) = Qs(ct)(2030) + Qs(ct-1) (2029)                                                             (3.12) 
 

2. Method 2 
  Another attempt was made to calculate the future expected of solid waste in Babylon 
and its Qadhaas for the year 2030. This method was built through calculating the expected 
population for each specific year as well as the rate of increment for waste generation rate in 
Babylon Governorate and its Qadhaas, which was 0.01 (kg / capita. day). Generation rate of solid 
waste for each year was entered in the equation (3.18) of this method in order to fulfill many factors 
such as improving standards of living in study area and increasing levels of commercial and 
industrial activities in urban areas. This attempt was based on the fact that waste generation rates in 
2005 and 2013 (Iraqi Ministry of Municipalities and Public Works, 2011, 2013a and 2013b) to 
calculate the increment for waste generation rate as follows: 
GRW = (Qs)/(P)                                                                                (3.13) 
Where: 
GRW: Generation rate of solid waste kg / (capita. day). 
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Qs: Quantity of solid waste for one year (kg). 
P: Population of city for one year. 
 The rate of increment for waste generation rate of Babylon Governorate was 0.01 (kg / 
capita / day) (RGI) based on values of waste generation rate in 2005 and 2013 is: 

RGI =                                                                   (3.14) 

Where:  
RGI: Rate of increment for waste generation rate. 
GRW2013: Generation rate of solid waste was 0.67 (kg / capita / day) of year 2013 (Iraqi Ministry of 
Municipalities and Public Works, 2013a and 2013b). 
GRW2005: Generation rate of solid waste was 0.58 (kg / capita / day) of year 2005 (Iraqi Ministry of 
Municipalities and Public Works, 2009). 
n: Period (years).                     

The population for each year from 2013 until 2030 was calculated as follows:  
Pt= Po (1+r) t                                                                                     (3.15) 
  Eq. (3.16) is used to calculate the generation rate of solid waste for year 2030 or 
specific year (GRSW) based on present generation rate of solid waste for year 2013 from Eq. (3.13) 
and rate of increment for waste generation rate of each year from Eq. (3.14), this equation similar to 
equation that used by (Al-Rawi and Al-Tayyar, 2012). 
GRSW = GRW (year) (1 + RGI) n                                                    (3.16) 
Where: 
GRSW: Generation rate of solid waste for each year. 
GRW: Present generation rate of solid waste for year 2013 from Eq. (3.13). 
RGI: Rate of increment in waste generation per year from Eq. (15). 
n: Number of year. 
GRSW (2030) = GRW (2013) (1 + 0.01) 17                                                                  (3.17) 
 The quantity of waste (Qs) produced each year till year 2030 was based on generation 
rate of solid waste for specific year (GRSW) from Eq. (3.16) and future population for specific year 
(Pt) from Eq. (3.14) was calculated as: 
Qs (for specific year) = Pt × GRSW × (365/1000) 
Or:  
Qs (for specific year) = ((P(2013) (1 + 0.0299)t ) × (GRW(2013) (1 + 0.01)t ) × (365/1000))        (3.18) 
Qs: Quantity of waste produced each year (tonne). 

The cumulative quantity of solid waste generated by 2030 can be calculated as: 
  

Qs (c) = Qs(ct) + Qs(ct-1)                                                                       (3.19) 
Where: 
Qs (c): Cumulative quantity of solid waste for the specific year (tonne). 
Qs (ct): Quantity of solid waste for the specific year (tonne). 
Qs (ct-1): Cumulative quantity of solid waste for the last year before specific year (tonne). 

- For example the cumulative quantity of solid waste in 2030 Qs(c) is equal to the 
quantity of solid waste produced in 2013 Qs(ct) from Eq. (3.18) by adding the cumulative quantity of 
solid waste in 2029 Qs(nt-1) to quantity of solid waste in 2030, accumulatively from year 2013 until 
2030, the increment is done through adding the value of current year to past year until year 2030 as: 
Qs(c)(2030) = Qs(ct)(2030) + Qs(ct-1) (2029). 
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 CHAPTER 4  
Result and Discussion 

 
4. Result and Discussion 

The AHP method was used to set up the weighting for each criterion, and the opinion 
of experts, previous studies in this field and various required and available data related to the 
present study were used to produce the weighting for the sub-criteria of each criterion. Fifteen layer 
maps were entered into the processing of an overlaying analysis of potential areas with GIS to solve 
the problem of landfill siting in this Qadhaa. Then the special analysis tool “Map Algebra” within 
the GIS environment has been used to produce the final output map of the suitability landfill index. 

The output map was divided into five categories according to the suitability of the 
selected landfill sites. These categories were: excluded areas, unsuitable, moderately suitable, 
suitable and most suitable. The category of “excluded areas” included urban centres in Al-Hillah 
Qadhaa, urban centres, villages, rivers, archaeological sites, a university location and industrial 
areas in Al-Qasim Qadhaa. These areas were given a value of zero. The area for each category and 
its proportion of the total study areas was as follows in (Table 4.1). 

 
Table 4.1: The summary of areas and their proportion for categories  

of suitability index of landfill maps 
     
 
 
 
 
 

 The cumulative quantities of solid waste for the specific year (2030) in Al-Hillah and 
Al-Qasim Qadhaas were calculated using the two methods of estimating the expected future 
quantities of solid waste generated in these Qadhaas (Tables 4.2 and 4.3).  
 The cumulative quantity of solid waste which resulted from (method 2) was used as a 
maximum value to estimate the required area for candidate sites for landfill in these Qadhaas. 

The future population for the year (2030) was calculated using Eq. (9) (P (2030) = P (2013) 
(1+r) t), based on the present population in 2013 with the annual rate of growth (2.99%).   

 Thus, the population for year (2030) will be 1,332,930 inhabitants in Al-Hillah 
Qadhaa and 304,621 inhabitants in Al-Qasim Qadhaa.  

 In the first method, the average generation rate of solid waste for the last five years 
from 2009 to 2013 in Al-Hillah and Al-Qasim Qadhaas were 0.81 and 0.49 kg / (capita. day) 
respectively using Eq. (8) (GRWA= (Qs (av.) × 1000)/(P(av.) × 365)).  
 The quantities of waste produced (Qs) for the year (2030) in Al-Hillah and Al-Qasim 
Qadhaa were 394,081 and 54,481 tonnes respectively using Eq. (10).    
Qs(2030) =   

 The cumulative quantity of solid waste Qs(c) from 2020 to 2030 in Al-Hillah and Al-
Qasim Qadhaas will be 3,757,387 and 519,456 tonnes respectively using Eq. (11)  
(Qs(2030) = Qs(2030) + Qs(2029)). 

No. category Al-Hillah Qadhaa Al-Hillah Qadhaa 
Area km2 Proportion% Area Km2 Proportion% 

1 Excluded areas 62.22 7.41 17.97 3.1 
2 Unsuitable areas 51.41 6.04 50.76 8.74 
3 Moderately suitable areas 237.4 27.87 234.46 40.38 
4 Suitable areas 365.7 42.93 206.47 35.56 
5 Most suitable areas 135.1 15.86 70.92 12.22 
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Table 4.2: The summary of the first method for calculating the quantity of solid waste in 2030 and 
the cumulative quantity of solid waste for year 2020-2030 

Notes: (GRWA): The average generation rate of solid waste for the last five years from 2009 to 2013.  

 In the second method, the generation rate of solid waste (GRW) for 2013 in each 
Qadhaa was 0.82 in (Al-Hillah) and 0.58 in (Al-Qasim) kg/ (capita. day) using Eq. (13) as follows.    
 GRW = (Qs (2013) × 1000)/ (P (2013) × 365)  
 The rate of increment for waste generation rate of these Qadhaas (RGI) was equal to 
0.01 kg / (capita. day). This value was resulted based on the values of waste generation rate, which 
were (0.58) in 2005 and (0.67) kg/ (capita. day) in 2013 using Eq. (15). 
RGI =  

 The generation rate of solid waste for each year, starting from 2020 to 2030 was 
calculated based on the Eq. (16). 
GRSW (2030) = GRW (2013) (1 + 0.01) n 

 The quantity of waste produced (Qs) for the year 2030 in Al-Hillah and Al-Qasim 
Qadhaas will be 394,081 and 53,370 tonnes respectively using Eq. (18).    
 Qs (2030) =   

 The cumulative quantity of solid waste Qs(c) from 2020 to 2030 in Al-Hillah and Al-
Qasim Qadhaas will be  4,300,864 and 695,219 tonnes using Eq. (19) ( Qs(2030) = Qs(2030) + Qs(2029)). 
 
Table 4.3: The summary of the second method for calculating the quantity of solid waste in 2030 

and the cumulative quantity of solid waste for year 2020-2030 

 
 According to Hoornweg and Bhada-Tata (2012), the projections of average solid waste 
generations in 2025 are: 0.6 - 1 kg/(capita· day) in low-income countries, 0.8 - 1.5 in middle-
income countries and 1.1 - 4.5 kg/(capita· day) in high-income countries. These figures are 
estimated based on various sources (World Development Indicators, 2005; IEA Annual Energy 
Outlook, 2005; United Nations World Urbanization Prospects, 2007). In the present study, the 
expected solid waste generation in 2025 at Al-Hillah is (0.92) kg/(capita. day) which will categorize 
it as a middle-income city, while Al-Qasim Qadhaa (0.69) kg/(capita. day) will be considered as a 
low-income city.  
 (Tables 4.4 and 4.5) show the quantity of solid waste and the cumulative quantity of 
solid waste Solid waste in Al-Hillah and Al-Qasim Qadhaas with the population of each Qadhaa 
using method (1), whilst (Tables 4.6 and 4.7) show the same information but using method (2). 

Qadhaa 
Average 

population 
2009-2013. 

Average quantity of 
solid waste 2009-

2013 (tonnes). 

(GRWA) kg / 
(capita. day).  

Quantity of solid 
waste   (Qs) 

(tonnes) for 2030 

Cumulative quantity of 
solid waste Qs(c) 

(tonnes) for 2020-2030  
Al-Hillah  760,071 225,846 0.81 394,081 3,757,387 
Al-Qasim 174,193 30,582 0.49 54,481 519,456 

Qadhaa 
Present 

population 
Po(2013) 

Future 
population 

Pt(2030) 

Quantity of 
solid waste 
(tonnes) in 

2013  

  Generation rate of 
solid waste (GRW) 
kg/ (capita. day) in 

2013. 

Quantity of 
solid waste Qs 

(tonnes) in 
2030  

Cumulative 
quantity of solid 

waste Qs(c) 
(tonnes) for 
2020-2030 

Al-Hillah  807,777 1,332,930 238,244 0.82 472,474 4,300,864 
Al-Qasim  184,605 304,621 38,913 0.58 76,374 695,219 



CHAPTER 4                                                                                                      Result and Discussion 

43 
 

Table 4.4: The quantity of solid waste and the cumulative quantity of solid waste Solid waste 
in Al-Hillah Qadhaa and its population using method (1) 

 

Year Population Total solid waste 
(Tonnes) 

Cumulative solid waste 
(Tonnes) 

Solid waste generation 
kg / (capita. day).   

p(2020) 992789 293518 293518 0.81 
p(2021) 1022473 302294 595812 0.81 

p(2022) 1053045 *311333 **907145 0.81 

p(2023) 1084531 320642 1227787 0.81 

p(2024) 1116959 330229 1558016 0.81 

p(2025) 1150356 340103 1898118 0.81 

p(2026) 1184751 350272 2248390 0.81 

p(2027) 1220175 360745 2609135 0.81 

p(2028) 1256659 371531 2980666 0.81 

p(2029) 1294233 382640 3363306 0.81 

p(2030) 1332930 394081 3757387 0.81 
* (1053045 × 0.81 × 365)/1000 = 311,333 tonnes 
**(311333 + 595812) = 907,145 tonnes 
 

Table 4.5: The quantity of solid waste and the cumulative quantity of solid waste Solid waste  
in Al-Qasim Qadhaa and its population using method (1) 

 

Year Population Total solid waste 
(Tonnes) 

Cumulative solid waste 
(Tonnes) 

Solid waste generation   
kg / (capita. day).   

p(2020) 226887 40579 40579 0.49 
p(2021) 233671 41792 82371 0.49 

p(2022) 240657 *43042 **125412 0.49 

p(2023) 247853 44328 169741 0.49 

p(2024) 255264 45654 215395 0.49 

p(2025) 262896 47019 262414 0.49 

p(2026) 270757 48425 310838 0.49 

p(2027) 278852 49873 360711 0.49 

p(2028) 287190 51364 412075 0.49 

p(2029) 295777 52900 464975 0.49 

p(2030) 304621 54481 519456 0.49 
* (240657 × 0.49 × 365)/1000 = 43,042 tonnes 
** (43042 + 82371) = 125,412 tonnes 
 

In this method, the average generation rate of solid waste was considered as a fixed 
value. It was resulted from equation (3.8) based on the average population (P) for years (2009-
2013) and the average quantity of solid waste (Qs) for years 2009-2013. Therefore, the generation 
rate of solid waste did not variety during all the years (2020-2030), the generation rate of solid 
waste in Al-Hillah and Al-Qasim Qadhaas were 0.81 and 0.49 kg / (capita. day) respectively.   
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Table 4.6: The quantity of solid waste and the cumulative quantity of solid waste Solid waste  
in Al-Hillah Qadhaa and its population using method (2) 

 

Year Population Total solid waste 
(Tonnes) 

Cumulative solid waste 
(Tonnes) 

Solid waste generation 
kg / (capita. day).   

p(2020) 992789 318576 318576 0.88 
p(2021) 1022473 331383 649959 0.89 
p(2022) 1053045 *344704 **994663 ***0.90 
p(2023) 1084531 358561 1353223 0.91 
p(2024) 1116959 372974 1726197 0.91 
p(2025) 1150356 387968 2114165 0.92 
p(2026) 1184751 403563 2517728 0.93 
p(2027) 1220175 419786 2937515 0.94 
p(2028) 1256659 436661 3374176 0.95 
p(2029) 1294233 454215 3828391 0.96 
p(2030) 1332930 472474 4300864 0.97 

* (1,053,045 × (0.82 × (1 + 0.01) ^ 17 × (365)/1000)) = 344,704 tonnes  
** (344,704 + 649,959) = 994,663 tonnes 
*** (344,704 * 1000)/ (1053045 * 365) = 0.90 kg / (capita. day). 
 

Table 4.7: The quantity of solid waste and the cumulative quantity of solid waste Solid waste  
in Al-Qasim Qadhaa and its population using method (2) 

 

Year Population Total solid waste 
(Tonnes) 

Cumulative solid 
waste (Tonnes) 

Solid waste generation 
kg / (capita. day).   

p(2020) 226887 51497 51497 0.62 
p(2021) 233671 53567 105064 0.63 
p(2022) 240657 *55720 **160784 ***0.63 
p(2023) 247853 57960 218744 0.64 
p(2024) 255264 60290 279034 0.65 
p(2025) 262896 62714 341747 0.65 
p(2026) 270757 65235 406982 0.66 
p(2027) 278852 67857 474839 0.67 
p(2028) 287190 70585 545423 0.67 
p(2029) 295777 73422 618846 0.68 
p(2030) 304621 76374 695219 0.69 

* (240,657 × (0.58 × (1 + 0.01) ^ 17 × (365)/1000)) = 55,720 tonnes 
** (55,720 + 105,064) = 160,784 tonnes 
*** (55720 * 1000)/( 240657 * 365) = 0.63 kg / (capita. day). 
 
 The generation rate of solid waste for specific year was calculated based on present 
generation rate of solid waste for year 2013 from Eq. (3.13) and rate of increment for waste 
generation rate of each year (0.01 kg / (capita. day)) from Eq. (3.14). 
 The volume of waste for the year 2030 and the volume of cumulative waste from 2020 
to 2030 in Al-Hillah and Al- Qasim Qadhaas were calculated depending on the following 
information: 
 
 



CHAPTER 4                                                                                                      Result and Discussion 

45 
 

 The information which was mentioned and summarized in (Tables 4.2 and 4.3).  
 The waste density in waste disposal sites is 450 kg m−3 in Al-Hillah and Al-Qasim Qadhaas 

according to (Iraqi Ministry of Municipalities and Public Works, 2015).  
These values are a result of divided quantity solid waste by the density of waste as 

shown in Table 4.8.    
 

Table 4.8: The volume of waste in 2030 and the volume of cumulative waste from 2020 to 2030 
 in Al-Hillah and Al- Qasim Qadhaa 

 
 
 
 
 
 
 
 
 

The expected quantities of solid waste in Al-Hillah and Al-Qasim Qadhaas from 2020 
to 2030 show in Figures (4.1a and 4.1b), while Figures (4.2a and 4.2b) show the solid waste 
cumulative in Al-Hillah and Al-Qasim Qadhaas starting from 2020 until 2030. 

 
 
 
 
 
 
 
 
 

Figure 4.1: The quantities of solid waste from 2020-2030 in  
a) Al-Hillah Qadhaa, b) Al-Qasim Qadhaa 

 
 
 
 
 
 
 
 
 
 

Figure 4.2: The quantities of cumulative solid waste from 2020-2030 in 
 a) Al-Hillah Qadhaa, b) Al-Qasim Qadhaa 

 

Qadhaa Volume of waste 
in 2030 (m3) 

Cumulative waste  volume 
from 2020 to 2030 (m3) 

Al-Hillah  

Method 1 Method 1 
875,736 8,349,749 

Method 2 Method 2 
1,049,942 9,557,476 

Al-Qasim 

Method 1 Method 1 
121,069 1,154,347 

Method 2 Method 2 
169,720 1,544,931 

a b 

a b 
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The areas of the candidate site required to accommodate the cumulative quantity of 
solid waste generated from 2020 to 2030 are 4.175 km2 and 0.577 km2 in Al-Hillah Al-Qasim 
Qadhaas according to the calculating resulted from the first method. According to the second 
method, the areas of the candidate site in Al-Hillah and Al-Qasim Qadhaas are 4.778 km2 and 0.772 
km2 respectively.  

In each Qadhaa, two candidate sites were selected for landfill amongst the many sites 
located within the category of the “most suitable” index. These sites were each assigned a number 
(1 and 2). In Al-Hillah Qadhaa, The area of Site 1 is 9.153 km2, whilst the area of Site 2 is 8.204 
km2. Site 1 is situated at latitude 32° 21' 8" N, and longitude 44° 21' 12" E, whilst Site 2 is sited at 
latitude 32° 13' 43" N, and longitude 44° 29' 15" E (Figure 4.3a). In Al-Qasim Qadhaa, the area of 
Site No. 1 is 2.766 km2, whilst the area of Site No. 2 is 2.055 km2. (Figure 4.3b) shows that Site 
No.1 is situated at latitude 32°11'43" N, and longitude 44°32'26" E, whilst site. No. 2 is situated at 
latitude 32°14'38" N, and longitude 44°37'10" E. The summary of required areas and the areas of 
candidate sites for landfill, as well their locations are shown in Table 4.9.    

 
Table 4.9: The required area, and the areas and location of candidate sites for landfill 

 in Al-Hillah and Al-Qasim Qadhaas. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 4.3: Landfill suitability map of a) Al-Hillah Qadhaa, b) Al-Qasim Qadhaa 

Qadhaa Requited area (km2) Area of candidate sites Location Site Area (km2) 

Al-Hillah  

Method 1 No. 1  9.153 Latitude 32° 21' 8" N 
Longitude 44° 21' 12" E 4.175 

Method 2 No. 2  8.204 Latitude 32° 13' 43" N 
Longitude 44° 29' 15" E 4.778 

Al-Qasim 

Method 1 No. 1  2.766 Latitude 32° 11' 43" N 
Longitude 44° 32' 26" E 0.577 

Method 2 No. 2  2.055 Latitude 32° 14' 38" N 
Longitude 44° 37' 10" E 0.772 

a b 
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 These sites were checked on the satellite images (2011) of the Babylon Governorate to 
make sure that these sites were suitable for landfill in Al-Hillah Qadhaa (Figure 4.4a) and in Al-
Qasim Qadhaa (Figure 4.4b).  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 4.4: The candidate sites for landfill in a) Al-Hillah Qadhaa, b) Al-Qasim Qadhaa 

a b 
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CHAPTER 5  
Conclusions 

 
5. Conclusions 

Management of solid waste and disposal in Babylon Governorate at its Qadhaas 
present status does not fulfill the required international conditions. Waste disposal sites (sixteen 
sites) in this governorate are not conforming to the scientific and environmental criteria applied in 
the selection of landfill sites. Management of collection and disposal of waste in Babylon 
Governorate and its Qadhaas are done through open dumping of waste and poor collection process. 

In view of the above, this study seeks to adopt the best methodology for the selection 
for landfill sites within the study area, as well as taking into considering the natural environmental 
factors and artificial factors. Using the results of previous and present work, the following 
conclusions can be stated: 
1. Open dumping of waste leads to many environmental problems, including ground and surface 

water contamination, insect and rodent infestation, odours, disease, and others. Waste is disposed 
of on the daily basis in Babylon Governorate by burning. This causes sometimes suffocation to 
population in the cities located around them.   

2. The value of generation rate of solid waste 0.67 kg/ (capita· day) according to the Iraqi Ministry 
of Municipalities and Public Works is adopted in Babylon Governorate for 2013 with expected 
increment rate in generation rate of (1) kg/ (capita· day)  per year.  

3. In Al-Hillah and Al-Qasim Qadhaas, the values of generation rate in 2013 were (0.81 and 0.49) 
and (0.82 and 0.58) kg/ (capita· day) based on the methods (1 and 2) respectively. 

4. Comparison of generation rate of solid waste with other studies puts Babylon Governorate and 
Al-Hillah Qadhaa as a middle-income city, whilst Al-Qasim Qadhaa is put as a low-income city. 

5. Based on expected increment rate in generation rate of (1) kg/ (capita· day) per year, the values 
of generation rate in 2030 will be (0.97 and 0.69) kg/ (capita. day) in Al-Hillah and Al-Qasim 
Qadhaas respectively.  

6. Annual quantities of solid waste generated in Al-Hillah and Al-Qasim Qadhaas were 261,596 
and 42,286 tonnes respectively when inhabitants of these Qadhaas in 2015 were 856,804 and 
195,809 respectively. With the population growth rate of 2.99%, the total population in each 
Qadhaa will reach to 1,332,930 inhabitants in (Al-Hillah) and 304,621 inhabitants in (Al-Qasim) 
in 2030. Table 5.1 shows the expected waste to be generated in 2030 and the cumulative 
quantity of solid waste for the period 2020- 2030 in the first and second method respectively.    

Table 5.1: The waste generated in 2030 and the cumulative quantity of solid waste generated for 
the years 2020-2030 in the first and second method 

Qadhaa P(2015) P(2030) 
Waste  generation 

rate (kg/(capita. day)) 
Quantity of waste 

generated in 2030 (tonnes) 

Cumulative quantity 
of solid waste 2020-

2030 (tonnes) 

Al-Hillah  856804 1332930 

Method 1 Method 1 Method 1 
0.81 394,081 3,757,387 

Method 2 Method 2 Method 2 
0.82 472,474 4,300,864 

Al-Qasim  195809 304621 

Method 1 Method 1 Method 1 
0.49 54,481 519,456 

Method 2 Method 2 Method 2 
0.58 76,374 695,219 
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7. The values of waste quantity generated in 2030 and the cumulative quantity of solid waste 2020-
2030 in the (method 2) were adopted to calculate the required area for landfill siting, where the 
method 2 has given the values higher than the values resulted from the method 1. Based on these 
values, the required area for candidate landfills in Al-Hillah Qadhaa is 4.778 km2 and 0.772 km2 
in Al-Qasim Qadhaa. 

8. In this study, 15 layers were entered in the process of overlaying analysis within GIS in order to 
determine the most suitable site for solid waste landfill in Al-Hillah and Al-Qasim Qadhaas. 
These layers are groundwater depth, rivers, soil types, agricultural land use, land use, elevation, 
slope, gas pipelines, oil pipelines, power lines, roads, railways, urban centres, villages and 
archaeological sites.  

9. The weights for all criteria were identified through using AHP method, and then the weights for 
sub-criteria of each criterion were determined according to the opinions of experts and 
previously produced supporting literature. To produce the suitability index map for landfill 
siting, the method of WLC was applied on all criteria using special analysis tool “map algebra” 
in GIS. After completion of the analysis process, in the category of “most suitable” on the final 
map in each Qadhaa, two candidate sites were identified for landfill amongst several sites. These 
sites were checked on the satellite images (2011) of the Babylon Governorate to make sure that 
these sites were suitable for landfill. Generally, these sites satisfy the minimum requirements of 
the landfill sites.  
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CHAPTER 6  
Future Work 

 
6. Future Work 

1. Finding candidate sites for the landfill in others Qadhaas (Al-Mahawil, Al-Musayiab and Al-
Hashimiyah). 

2. Using other types of models of multi-criteria decision making with GIS to select a suitable 
site for landfill. 

3. Using comparison methods between the raster final maps which will result from various 
models of multi-criteria decision making.    

4. Selection a suitable design for the selected sites to prevent the groundwater pollution by 
leachate from these sites because the groundwater depths in Babylon Governorate and its 
Qadhaas are shallow. 
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Abstract 
Babylon Governorate covers an area of 5315 km2 with a population that reaches about 1,974,490 
inhabitants in the central part of Iraq. Iraq produced 31,000 tons/day solid waste in 2013. The 
Governorate of Babylon produces annual 483,221 tons of solid waste. Management of collection 
and disposal of waste in Babylon Governorate is done through open dumping of waste and poor 
collection process. These sites do not conform to the scientific and environmental criteria applied 
in the selection of landfill sites. To find out how much solid waste is expected in the future, two 
methods were used to calculate the population growth in Babylon Governorate to the year 2030. 
The results showed that the total waste in 2030 will be 761,104 tons and 943055 tons while the 
cumulated quantity of solid waste expected till 2030 was 12,494,521 tons and 14,095,437 tons 
according to the first and second methods respectively. 

 
Keywords 
Babylon Governorate, Solid Waste Management, Waste Disposal Sites, Iraq 

1. Introduction 
The term solid waste is a broad term that includes the unwanted or useless solid materials produced from resi-
dential, industrial and commercial activities in a specific area. Solid waste can be classified according to its ori-
gin (domestic, industrial, commercial, institutional and construction); according to potential of hazard from it 
(toxic, non-toxic, radioactive, flammable, infectious, etc.); as well as according to solid waste contents (organic 
material, glass, metal, plastic paper, etc.) [1]. Some of the waste cannot be reutilized and parts of it are consi-
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dered hazardous to natural resources and the environment (industrial waste, in particular). Population growth 
and improvements in living standards lead to significant increases in solid waste production, making solid waste 
management one of the major issues that the world faces today [2]. 

The negative impacts effects of poor solid waste management are potentially most dangerous for those living 
in third world countries, which are currently home to 80% of the world’s population [3] [4]. Improper solid 
waste management causes air, soil and water pollution and is often the result of a lack of financial resources. 
According to [3] approximately 10% of each person’s productive life is lost as a result of waste related diseases 
in third world countries. This fact has led to an increasing awareness of solid waste hazards on an international 
level. Consequently, legislation and laws have been being developed since the mid-20th century (e.g. 1972, UN 
conference in Stockholm; 1992, Earth Summit in Rio de Janeiro; 2000) [5]. The general objectives of these 
measures are to ensure sustainable development and proper management of waste in order to minimize its ef-
fects on people and the environment [2].

Iraq, an Arab country with a population exceeding 32 million inhabitants, is experiencing rapid economic 
growth. This, together with a growing population, increasing individual incomes and the instability generated by 
sectarian conflicts, has led to worsening solid waste management issues. Recurrent wars in Iraq have, also, 
created a lasting instability and as a result the country has become isolated and failed to keep pace with the con-
tinuous scientific progress of more developed countries. Waste management is considered one of the most com-
plex issues that Iraq currently faces and there are many problems affecting the Iraqi waste management sector. 
Decades of war, sanctions, instability and mismanagement have all contributed to waste being disposed in irre-
gular ways. Population growth has also led to more waste being produced, which has placed a tremendous strain 
on the infrastructure for waste handling (McCarthy, 2008 in [6]). 

In 2013, Iraq produced 31,000 tons/day solid waste, and the capital of Iraq, Baghdad, produces more than 1.5 
million tons of solid waste annually [7]. The governorate of Babylon produces an annual 483,221 tons of solid 
waste [8] [9]. There is an absence of modern, efficient waste handling and disposal infrastructure as well as a 
general lack of interest in/awareness of health and environmental issues. Unfortunately, the hallmarks of landfill 
sites in Iraq are groundwater contamination, surface water pollution, spontaneous fires, large-scale greenhouse 
gas emissions and increasing numbers of insects and rodents in/ round the area [7].

This study includes a comprehensive assessment of the reality of solid waste management in Babylon Gover-
norate and the current locations of waste disposal sites in this governorate. Furthermore, future expectations of 
the quantities of solid waste were calculated.

2. Babylon Governorate Background 
Babylon Governorate houses one of the most famous cities of the ancient world, the city of Babylon was built 
4100 years ago, the city was the power center of an expansive and influential empire. The governorate is si-
tuated in the middle of Iraq about 100 km to the north of the Iraqi capital, Baghdad [10], between latitude
32 5'41''N and 33 7'36''N, and longitude 44 2'43''E and 45 12'11''E (Figure 1). It occupies a strategic location 
connecting the north and south governorates of Iraq together. 

The governorate is characterized by relatively flat inclining land. The northern part of the governorate rises to 
approximately 60 m above sea level and falls to approximately 20 m over sea level in the southern part. This 
gradual decline is broken by a specific area of Al-Iskandariyah Nahiah, in the north of the governorate, which 
rises between 35 - 45 m above sea level. The land is fertile. The land is fertile because Shatt Al-Hillah River 
passes through most cities in Babylon Governorate. The river branches off from the Euphrates River at the town 
of Sadah Al-Hindiah in the north of governorate and forms an important part of the beautiful scenery that is a 
feature of this governorate [11].

Babylon Governorate has a population of about 1,974,490 inhabitants distributed throughout sixteen cities, as 
shown in the Figure 2 [12]. The governorate is divided administratively into five major cities, referred to as 
Qadhaa (the five Qadhaa are Al-Hillah (the political, financial and administrative capital of Babylon Governo-
rate), Al-Hashimiyah, Al-Musayyab, Al-Mahawil and Al-Qasim). Sixteen smaller cities, called Nahiah, belong 
to these major cities (the sixteen Nahiah are Al-Hillah, Al-Kifil, Abi-Ghraq, Al-Hashimiyah, Al-Shomaly, Al-
Medhatyah, Al-Musayiab, Al-Iskandariyah, Al-Sadah, Jurf Al-Sakhar, Al-Mahawil, Al-Neel, Al-Imam, Al-
Mashroa, Al-Qasim, and Al-Talyaah). Babylon Governorate covers an area of 5315 km2, including cities of Ba-
bylon Governorate. The administrative units of Babylon Governorate and their area are shown in Figure 3 and
Figure 4, according to [11].
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Figure 1. Map of Babylon Governorate.

Figure 2. Administrative units of Babylon Governorate and its population/(1000) [12].

Figure 3. Cities area of Babylon Governorate [11].

(a)                                         (b)

Figure 4. (a) Proportion of Qadhaas’ area; (b) The total area for each Qadhaain Babylon Governorate [11].
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Like 70% of Iraq’s surface area, the governorate is located in a desert climate fluctuate dramatically between 
day and night also with the changing seasons. The prevailing wind in the governorate comes from the North 
West and blows throughout the year. During the summer this wind blows an average of 4 days/month with an 
average wind speed of 3 m/s and is considered moderate. Temperatures during the summer season can reach 
45 - 50 with 12 hours of sunlight/day and usually no precipitation. The winter is cold and rainy. Winds 
blow 3 days/month on average and the average wind speed is 7.4 m/s. There is 6.2 hours/day of sunlight with 
temperatures generally remaining above zero 0 although on some nights they can fall below freezing. Precipi-
tation falls at an average rate of 50 - 200 mm/month, which considered very low [10] [11].

3. Present status of Solid Waste Management 
Solid waste is collected twice daily, once in the morning and once in the evening. It is collected manually by mu-
nicipal workers in all districts of all cities in this governorate. After collection, the waste is put into various types 
of waste management vehicles, including waste compacters, large dumpers, tractors and small dumpers. The solid 
waste is then transferred to waste disposal sites or dumping sites which are spread throughout each city in Baby-
lon Governorate according to available sites. The waste can be dealt with in different ways at different sites. Me-
thods of handling the waste include burning and sometimes burying the remaining of them, as shown in Figure 5, 
and sometimes individuals, looking for potentially profitable waste components, sort the waste.

In general, it appears that the solid waste collection services in all cities of Babylon Governorate fail to handle
the volumes generated by the population. The coverage of the waste collection services is estimated at 44% of the 
population. There are only two cities (Al-Hillah and Al-Hashimiyah) where a high level of service is achieved 
(90%, 100%) respectively [11]. It is clear that making solid waste collection services more efficient will be an 
important goal for future policy makers. Figure 6 shows the areas covered by municipal waste collection services 
in the cities of Babylon Governorate.

The municipal directorate of Al-Hillah is independent from the other municipal directorates. This is because the 
city of Al-Hillah has a high population density and is considered the political and economic center of Babylon 
Governorate. All other municipal directorates are connected administratively with the municipal directorate for 
Babylon. Through government of Babylon Governorate all municipal directorates are linked with the Ministry of 
Municipalities and Public Works.

Figure 5. View of burning waste and manual waste selection at some dumping sites.
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Figure 6. The population of areas which covered by the municipal service in Babylon 
Governorates’ cities [11].                                                   

3.1. Solid Waste Sources in Babylon Governorate 
Solid waste in Babylon Governorate can be categorized in the following way according to source:

1. Household waste.
2. Commercial waste from shops and markets dispersed throughout the governorate.
3. Industrial waste, from the industrial companies found in many cities of the governorate and focused on 

designated industrial areas.
4. Waste from the treatment plant, located in the city of Al-Hillah.
5. Agricultural waste resulting from the extensive agricultural in Babylon Governorate.
6. Social waste from educational institutions such as schools, colleges, etc.
7. Waste from general services such as hotels, restaurants, coffee shops and casinos.
8. Other.
Solid waste components in Babylon Governorate are categorized according to [8], as shown in Figure 7.

3.2. Staff of Solid Waste Collection in Babylon Governorate 
Each city in Babylon Governorate has its own municipal directorate. The main task of the municipal directorate 
is to provide public service to citizens of the governorate. Each municipal directorate consists of several depart-
ments, and one of these departments is the environmental department. This department is linked administratively 
directly with the manager of the directorate. The department of solid waste management, which oversees all 
processes related to solid waste collection in each city, falls under the environmental department of the munici-
pal directorate.

The staff of the solid waste management department consists of engineers, technicians, administrators, drivers, 
and waste collection workers, as shown in Figure 8.

3.3. Machinery and Equipment Used in Waste Collection Process 
The waste collection department in each municipality has access to various vehicles (as shown in the Table 1
and Figure 9) to assist in the process of collecting and transporting waste from city districts to waste disposal 
sites. These vehicles include waste compacters, small dumpers, large dumpers, tractors, and trucks.

In those cities that do not have a major waste disposal site, the waste vehicles contribute to the transfer of 
waste from a temporary dumping site to a major waste disposal sites site in another city.

Heavy machinery is used to modify waste piles at collection sites as well as to construct or clear roads leading 
to sites. Some municipal directorates do not have a sufficient vehicles/machinery and must rent the equipment 
needed. 
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Figure 7. Composition of municipal solid waste in Babylon Governorate [8].

Figure 8. Staff of solid waste collection in Babylon Governorate’s cities also its Qadhaas [8] [9].

The municipal directorate is responsible for providing safety equipment for the staff of the waste collection 
department twice a year. This equipment includes gloves, boots and work clothes. Staffs are also supplied with 
the equipment necessary to carry out their daily work. The municipal directorate also provides the various con-
tainers for waste collection.

3.4. Finance and Financial Management 
The budget that spent on waste collection process in Babylon Governorate in 2013 was 19,391,554,000 Iraqi 
dinars, equivalent to 15,894,716 US dollars depending on the 1220 exchange rate of the Iraqi dinar for each US 
dollar. This budget includes salaries of staff as well as the funds which spend on machineries maintenance (fuel, 
oils, spare parts, and others), also the safety equipment. It can be seen in Figure 10, that the budget of waste 
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Figure 9. Types of machineries which are used in the process of collectionand transportation of solid 
waste in Babylon Governorate.                            

Table 1. Types of machineries used in collection and transportation of waste in Babylon Governorate [8] [9].

Qadhaa City
Vehicles of 

waste 
compaction

Tractors Small 
dumpers Shuffles Big 

dumpers Trucks Bulldozers Tankers
Trucks of 

waste 
compaction

Al-Hillah

Al-Hillah 89 68 8 5 9 9 6 5 9

Al-Kifil 5 1 1 2 4 - 2 1 -

Abi-Ghraq 6 8 - 1 2 - - 2 -

Al-Mahawil

Al-Mahawil 10 2 - 2 5 - 1 2 1

Al-Mashroa 7 6 - 1 2 - 1 2 -

Al-Imam 5 3 - 1 3 - 2 2 -

Al-Neel 4 3 - 1 3 - 1 -

Al-Hashimiyah

Al-Hashimiyah 6 2 1 2 6 - 1 2 -

Al-Medhatyah 9 3 1 2 3 - 1 2 1

Al-Shomaly 4 5 - 1 - 1 2 -

Al-Qasim
Al-Qasim 7 1 2 2 5 - 1 2 1

Al-Talyaah 7 1 - 1 3 - - 2 -

Al-Musayyab

Al-Musayyab 9 8 14 1 2 - 1 1 1

Al-Sadah 6 2 1 2 2 - 1 2 -

Jurf Al-Sakhar 3 1 - 1 - - - 1 -

Al-Iskandariyah 11 10 1 1 6 1 - 2 1
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Figure 10. The finance budgets for solid waste collection process in Babylon Governorate in 2013 [8] [9].

collection process in 2013, that spent on Al-Hillah city through Al-Hillah municipality directorate was the high-
est among the other municipalities where was 6,822,322,000 Iraqi dinars equivalent to 5,592,067 US dollar [9], 
because of the vitality of this Qadhaa that considered the center political, economic, and commercial for Baby-
lon Governorate, as well as it is characterized by presence of high population density. 

As for Al-Hashimiyah Qadhaa, its budget for waste collection process in 2013 was 3,155,351,000 ID or 
2,586,353$, while the budget for Al-Musayyab Qadhaa was 4,532,832,000 ID or 3,715,436$, whereas the budg-
ets for Al-Mahawil Qadhaa and Al-Qasim Qadhaa were 2,860,450,000 ID or 2,344,631$ and 2,020,599,000 ID 
or 1,656,229$ respectively [8].

3.5. Waste Disposal Sites in Babylon Governorate 
There are approximately sixteen waste disposal sites or dumping sites in Babylon Governorate. They are distri-
buted throughout the cities of the Governorate, as shown in Figure 11 and Table 2. Most cities in the governo-
rate have their own waste disposal sites and those that do not transport their waste to sites in neighboring cities. 
Waste is dealt with at the waste disposal sites by burning (on a daily basis) and burying what remains. 

Most of these sites do not conform to the scientific and environmental criteria applied in the selection of land-
fill sites in more developed countries. Some of the sites do, however, meet certain criteria, e.g. an unexploited 
area at least 3 - 4 km from population centers, the presence of main and secondary roads that facilitate trans-
porting waste to the site; a monitoring room to observe the process of depositing and modifying waste at the site, 
and the site is surrounded by a fence. These sites were not all approved by the responsible authorities, although 
some of them have received environmental approval. The sites in Babylon Governorate are under the manage-
ment and monitoring of the municipal directorate in each city as well as the Babylon environmental directorate.

Waste disposal sites in the Al-Hillah Qadhaa are distributed as follows: 
Al-Hillah city contains four waste disposal sites. The first site is located outside the administrative borders of 
Al-Hillah city in Al-Neel Nahiah (Al-Mahawil Qadhaa) about 17 km from Al-Hillah city. This site is dedi-
cated to receive the waste collected from Al-Hillah city, Abi-Ghraq Nahiah, and Al-Neel Nahiah. The 
second site is located in Al-Kifil Nahiah, which does belong administratively to Al-Hillah city. This site, lo-
cated approximately 35 km from Al-Hillah city, has not been efficiently exploited by the Municipal Directo-
rate. The third site is a temporary site and is used to collect waste from certain districts of Al-Hillah; this 
waste is then transferred to the Al-Neel waste disposal site. Al-Kifil Nahiah has one waste disposal site ded-
icated to collect waste from Nahiah. There is no waste disposal site in Abi-Ghraq Nahiah, which is com-
pletely dependent on the Al-Neel waste disposal site to collect its waste.
In Al-Hashimiyah Qadhaa, the distance from site of waste disposal to the nearest agglomeration in Al-Ha-
shimiyah Nahiah, Al-Medhatyah Nahiah, and Al-Shomaly Nahiah is approximately 5 km, 35 km, and 10 km 
respectively.
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Figure 11. Locations of waste disposal sites in Babylon Governorate [8] [9].

Table 2. Waste disposal sites or dumping sites in Babylon Governorate [8] [9].

Qadhaa City X Y Area 
(Acres) Notes

Al-Hillah
Qadhaa

Al-Hillah

455,000 3,604,000 35 Al-Neel site, holds a permission from the directorate environment 
in Babylon about the land only.

444,237 3,567,778 15 Al-Kifil site, has not been getting a approvals from government au-
thorities and Babylon environmental directorate.

444,320 3,597,302 2 Al-Tajyah site, rejected because it exists among residential districts.

Al-Kifil 446,036 3,567,778 20 Al-Kifil site, has not been getting a approvals from government 
authorities and Babylon environmental directorate.

Abi-Ghraq 455,000 3,604,000 35 There is not a site dedicated for this city, and its waste is transferred
directly to Al-Neel site.

Al-Mahawil
Qadhaa

Al-Mahawil 450,722 3,620,083 25 Rejected from Ministry of Water Resources.

Al-Mashroa 474,174 3,615,265 20 Rejected from Ministry of Agriculture.

Al-Imam 464,000 3,610,000 50 Rejected from authorities government in Babylon.

Al-Neel 455,000 3,604,000 35 Holds permission from the directorate environment in Babylon
about the land only.

Al-Hashimiyah
Qadhaa

Al-Hashimiyah 471,292 3,579,189 54 The site rejected from Ministry of Municipalities and Public Works
and is dedicated to the Directorate of sewage in Al-Hashimiyah.

Al-Medhatyah 491,725 3,586,727 30 Holds permission from the directorate environment 
in Babylon about the land only.

Al-Shomaly 505,565 3,587,627 30 Holds permission from the directorate environment in 
Babylon about the land only.

Al-Qasim
Qadhaa

Al-Qasim 476,470 3,569,264 35 Holds permission from the directorate environment in 
Babylon about the land only.

Al-Talyaah
472,322 3,560,834 4 Temporary site, irregular site.

477,105 3,566,939 35 Holds permission from the directorate environment in 
Babylon about the land only.

Al-Musayyab
Qadhaa

Al-Musayyab 433,724 3,643,401 100 There is no a systematic site in this city, depends on 
Al-Iskandariyah site.

Al-Sadah
439,000 3,616,000 50 rejected

442,000 3,618,000 100 rejected

Jurf Al-Sakhar - - - There is not a site dedicated for this city, and its waste is transferred
directly to Al-Iskandariyah site.

Al-Iskandariyah 433,724 3,643,401 100 Holds permission from the directorate environment in Babylon 
about the land only.
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Waste disposal sites that spread in the Al-Musayyab Qadhaa cities are considered irregular. In other words, 
these waste disposal sites are not conform to the scientific and environmental criteria applied in the selection 
of landfill sites. In Al-Musayyab Nahiah, the waste collection is done in irregular and unauthorized sites by 
Directorate Environment in Babylon Governorate, thus the waste of this Nahiah is transported to the waste 
disposal site in Al-Iskandariyah Nahiah.
In Al-Sadah Nahiah, there are two locations for waste disposal, but irregular and environmentally unaccept-
able. The waste in this Nahiah often transported to the waste disposal site in Al-Iskandariyah Nahiah or it is 
burned in situ. There are no regular waste disposal sites in Jurf Al-Sakhar Nahiah. Municipality directorate 
of Jurf Al-Sakhar depends on bury or burn the remaining of them of its waste in situ or transporting waste 
direct to the waste disposal site in Al-Iskandariyah city. 
The site of waste disposal in Al-Iskandariyah Nahiah holds approval from the directorate environment in 
Babylon for some of the requirements, but this site is not conform to all the scientific and environmental cri-
teria applied in the selection of landfill sites in more developed countries. This site receives the waste from 
the most cities of Qadhaa. 
Waste disposal sites in Al-Mahawil Nahiah, Al-Mashroa Nahiah, and Al-Imam Nahiah have not got the offi-
cial approvals from government authorities because these sites intersect with many projects that follow to 
number of ministries in Iraq such as Ministry of Water Resources, Ministry of Agriculture and Ministry of 
Environment. The waste disposal sites or Nahiah in Al-Neel Nahiah receives waste from Al-Hillah city, Abi-
Ghraq Nahiah and Al-Neel Nahiah. The waste is burned inside the site. This causes sometimes suffocation to 
population in Al-Neel Nahiah also to population in the cities that located around Al-Neel Nahiah; therefore 
the people constantly complain from existence this site there.
In Al-Qasim Qadhaa the process of waste collection in Al-Qasim Nahiah is done through waste collecting 
from city districts, and then waste is put in a big temporary container that locates on the main street that 
connecting Babylon Governorate with the southern provinces. After that, the waste from the temporary loca-
tion is transferred for waste disposal site in Al-Talyaah Nahiah. There is a new site located between Al-Qa-
sim Nahiah and Al-Talyaah city, but this site needs the approvals from authorities responsible in order to be
done working in it. 
Al-Talyaah Nahiah consists of two waste disposal sites, the first one is considered as a temporary site and 
uses to collect the waste, and this site is rejected from Babylon Environmental Directorate. The second site 
holds approval from Babylon Environmental Directorate, but this site is not conform to all the scientific and 
environmental criteria applied in the selection of landfill sites in more developed countries.

Table 3 shows the characteristics of each Qadhaa and Nahiah in Babylon Governorate. These characteristics 
include area of Babylon Governorate cities, area proportion of each city to total Babylon area, Population 
number of Babylon cities and proportion of urban and rural Population for each Nahiah and Qadhaa, number of 
waste disposal sites or dumping sites, solid waste quantities (ton), and generation rate of solid waste kg/(capi-
ta·day).

The waste generated rate in the some cities of Babylon Governorate was quite low; this due to the relatively 
low population compared with population of big cities, as well as rural population in these cities constitutes 
higher proportion compared with their urban population. Generally, rural populations are distributed on wide 
agriculture lands or on wide independent orchards, thus they depend on themselves in disposal of their waste, as 
well as those municipal services often do not reach to these areas.

4. Expected Future Quantities of Solid Waste Generated 
Rates of solid waste production are subject to certain variables, such as population density, levels and types of 
economic activity, and the income level of the population [2]. In 2010 [13] established that the rate of solid 
waste generated in low-income countries was 0.9 - 0.4 kg/(capita·day), while the rates for middle and high-in-
come countries were 0.5 - 1.1 and 1.1 - 5.07 kg/(capita·day) respectively [2].

The structural plan for Babylon Governorate in 2009 [11] established that the rate of solid waste generated in 
Babylon Governorate in 2005 was 0.58 kg/(capita·day). This value is considered very low and is unsatisfactory, 
compared with the waste generation rates for both Iraq as a whole and for Baghdad (the capital of Iraq), which 
were 1.01 and 1.47 kg/(capita·day) respectively [11]. This rate is also low in comparison with the international 
standard value of 1.5 kg/(capita·day) [11]. The figures for the generation of solid waste per capita for Babylon 
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Table 3. The characteristics of each Qadhaa and Nahiah in Babylon Governorate [8] [9] [12].

Qadhaa City
(Nahiah)

Area
(km2)

% of 
Total 
area

Population 
number

2013

% Urban 
population

2013

% Rural 
population

2013

Locations 
number

Solid 
waste

Ton (2013)

Generation rate 
of solid waste 
(kg/capita/day)

Al-Hillah 
Qadhaa

Al-Hillah 190 3.6 556,840 77.3 22.7 2 215,992 1.06

Al-Kifil 543 10.2 140,367 15.5 84.5 1 12,000 0.23

Abi-Ghraq 175 3.3 110,570 22.4 77.6 - 10,252 0.25

Summation 908 17.1 807,777 59 41 3 238,244 0.81

Al-Mahawil
Qadhaa

Al-Mahawil 188 3.5 115,794 24.2 75.8 1 17,333 0.41

Al-Mashroa 884 16.6 124,980 29.6 70.4 1 20,690 0.45

Al-Imam 221 4.2 36,196 33.5 66.5 1 7968 0.60

Al-Neel 423 8.0 59,178 10.8 89.2 1 3386 0.16

Summation 1716 32.3 336,148 25 75 4 49,377 0.40

Al-Hashimiyah
Qadhaa

Al-Hashimiyah 9 0.17 45,377 74.9 25.1 1 15,300 0.92

Al-Medhatyah 528 9.9 136,240 40.9 59.1 1 31,150 0.63

Al-Shomaly 509 9.6 88,403 19 81 1 5041 0.16

Summation 1046 19.7 270,020 38.3 61.7 3 51,491 0.52

Al-Qasim
Qadhaa

Al-Qasim 324 6.1 147,335 51.7 48.3 1 36,033 0.67

Al-Talyaah 313 5.9 38,526 20.4 79.6 2 2880 0.20

Summation 637 12 185,861 45.2 45.8 3 38,913 0.57

Al-Musayyab
Qadhaa

Al-Musayyab 11 0.21 52,280 100 0 - 39,400 2.06

Al-Sadah 268 5.04 117,948 26.8 73.2 2 14,396 0.33

Jurf Al-Sakhar 314 5.91 47,787 11.8 88.2 - 2400 0.14

Al-Iskandariyah 415 7.81 156,669 59.4 40.6 1 49,000 0.86

Summation 1008 18.97 374,684 48.8 51.2 3 105,196 0.77

Governorate would position it as middle income in relation to the figures of the Department of Economic and 
Social Affairs of the UN in 2010 [2] [11].

The total population of Babylon Governorate in 2013 was 1,974,490 inhabitants [12] based on the population 
growth rate of 2.99%, where the directorate of census in Babylon adopted the census of Iraq’s Ministry of plan-
ning in 1997. According to [14], the annual population growth of Iraq is 2.5% for years 2010-2014.

The quantity of solid waste generated in Babylon Governorate in 2013 was 483,211 ton [8] [9]. Generation 
rate of solid waste in 2013 was 0.67 kg/(capita·day) in this governorate depending on calculation methods which 
are explained below. The rate for each city in the governorate varies as a function of population density. Based 
on the information cited in the records of the Ministry of Planning, an attempt was made to calculate the future 
expected solid waste in Babylon for the year 2030. This was achieved using Equations (1)-(3) as follow: 

Generation rate of solid waste (GRW) for year 2013 depending on quantity requirement of solid waste for 
specific year (Qs) and population of Babylon Governorate (P) for specific year (s) was calculated as: 

GRW Qs P                                       (1)

where:
GRW: Generation rate of solid waste kg/(capita·day).
Qs: Quantity of solid waste for one year (kg).
P: Population of Babylon Governorate for one year.
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GRWA 0.67 kg c483211 apita1000
197449

day  f
0 36
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3 .

The average generation rate of solid waste for the last five years (GRWA) from 2009 to 2013, as showing be-
low, was 0.64 kg/(capita·day) where it will be adopted to calculate the quantity of solid waste and accumulative 
solid waste for the year 2030 as:

GRWA 0.64 kg capita432883 10 day00
1858626 365

 for last five years .

Equation (2) [15] [16] was used to calculate the population for each year from 2013 until 2030.
t

t oP P 1 r                                       (2)

where:
Pt: Future population at the end of period.
Po: Present population for year 2013.
R: The annual rate of growth (2.99%).
t: Number of years.

t
2030 2013P P 1 r

17
2030P 1974490 1 0.0299 3258149 capita .

Equation (3) was used to calculate the quantity of waste produced for year 2030. Using a waste generation 
rate of 0.64 kg/capita/day for the years 2009-2013 then: 

2030Qs for specific year GRWA P 365
1000

                             (3)

Qs: Quantity of waste produced each year (ton).

So, 0.64 3258149 365
1000

Qs 2030 761104 ton for year 2030 .

The cumulative quantity of solid waste generated by 2030 can be calculated, as shown in Equation (4): 
For example the cumulative quantity of solid waste in 2030 Qs(c) is equal to the quantity of solid waste pro-

duced in 2030 Qs(ct) from Equation (3) plus the cumulative quantity of solid waste in 2029 Qs(nt 1) for the 
year 2013. Then:

Qs c Qs ct Qs ct 1                             (4)

where:
Qs(c): Cumulative quantity of solid waste for the specific year (ton).
Qs(ct): Quantity of solid waste for the specific year (ton).
Qs(ct 1): Cumulative quantity of solid waste for the last year before specific year (ton).
In order to calculate the cumulative solid waste generated by year 2030

Qs 2030 Qs 2030 Qs 2029

Qs 2030 761104 11733417 12494521 ton .

-Another attempt was made to calculate the expected rate of solid waste generated in Babylon governorate for 
the year 2030. This attempt was based on the fact that waste generation rates in 2005 and 2013 which were 0.58 
and 0.67 kg/(capita·day) respectively [8] [9] [11] as follow:

GRW Qs P                                       (5)

where:
GRW: Generation rate of solid waste kg/(capita·day).
Qs: Quantity of solid waste for one year (kg).
P: Population of city for one year.
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The population for each year from 2013 until 2030 was calculated as follows [15] [16]: 
t

t oP P 1 r                                        (6)

where:
Pt: Future population at the end of period.
Po: Present population for year 2013.
R: The annual rate of growth (2.99%).
t: Number of years.

t
2030 2013P P 1 r

17
2030P 1974490 1 0.0299 3258149 capita .

The rate of increment for waste generation rate of Babylon Governorate (RGI) based on values of waste gen-
eration rate in 2005 and 2013 is:

2013 2005GRW GRW
n

RGI                                 (7)

where: 
RGI: Rate of increment for waste generation rate.
GRW2013: Generation rate of solid waste (kg/capita/day) of year 2013 [8] [9].
GRW2005: Generation rate of solid waste (kg/capita/day) of year 2005 [11].
n: Period (years).

RGI 0.01 k0.67 g cap0.58
9

ita day .

Equation (4) is used to calculate the generation rate of solid waste for year 2030 or specific year (GRSW) 
based on present generation rate of solid waste for year 2013 from Equation (1) and rate of increment for waste 
generation rate of each year from Equation (3), this equation similar to equation that used by [17].

n
yearGRSW GRW 1 RGI                                  (8)

where:
GRSW: Generation rate of solid waste for each year.
GRW: Present generation rate of solid waste for year 2013 from Equation (1).
RGI: Rate of increment in waste generation per year.
n: Number of year.

17
2030 2013GRSW GRW 1 0.01

17
2030GRSW 0.67 1 0.01 0.793 kg capita day generation rate of solid waste for year 2030.

The quantity of waste (Qs) produced each year till year 2030 was based on generation rate of solid waste for 
specific year (GRSW) from equation 8 and future population for specific year (Pt) from Equation (6) was calcu-
lated as:

2030Qs for specific year GRWA P 365
1000

                         (9)

Qs: Quantity of waste produced each year (ton).

So, 2030
0.793 3258149 365

100
Qs 943055 ton for year 030

0
2 .

The cumulative quantity of solid waste generated by 2030 can be calculated, as shown in Equation (9). 
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For example the cumulative quantity of solid waste in 2030 Qs(c) is equal to the quantity of solid waste pro-
duced in 2013 Qs(ct) from equation 9 by adding the cumulative quantity of solid waste in 2029 Qs(nt 1) to 
quantity of solid waste in 2030, accumulatively from year 2013 until 2030, the increment is done through adding 
the value of current year to past year until year 2030 as:

Qs c Qs ct Qs ct 1                               (10)

where:
Qs(c): Cumulative quantity of solid waste for the specific year (ton).
Qs(ct): Quantity of solid waste for the specific year (ton).
Qs(ct 1): Cumulative quantity of solid waste for the last year before specific year (ton).
-In order to calculate the cumulative solid waste generated by year 2030.

2030 2030 2029Qs Qs Qs

2030Qs 943055 13152382 14095437 ton .

Figure 12 shows population of Babylon Governorate and its Qadhaas and cities for years 2009-2013 [12]. 
Quantities of Solid waste this governorate and its Qadhaas also its cities for years 2009-2013 show in Figure 13
(Ministry of Municipalities and Public Works, 2013b). Comparison of the results of the two methods (Figure 14)
indicates that the first method gave slightly lower values (12,494,521 ton) while it was (14,095,437) ton accord-
ing to the second method. Figure 15 shows a comparison of the final solid waste generation rate in Babylon go-
vernorate and its Qadhaas for years 2013 and 2030.

Figure 12. Population of Babylon Governorate and its Qadhaas also its cities for years 2009-2013 [12].

Figure 13. Solid waste quantity of Babylon Governorate and its Qadhaas also its citiesfor years 2009-2013 [8] [9].
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Figure 14. Solid waste and cumulative quantity of solid waste for each year in Babylon Governorate.                    

Figure 15. Generation rate of solid waste in Babylon Governorate and its Qadhaas for years 2013 and 2030.                

5. Conclusions 
Management of solid waste and disposal in Babylon Governorate at its present status does not fulfill the required 
international conditions. Waste disposal sites (sixteen sites) in this governorate are not conforming to the scien-
tific and environmental criteria applied in the selection of landfill sites (waste disposal). Management of collec-
tion and disposal waste in Babylon Governorate is done through open dumping of waste and poor collection 
process. Open dumping of waste leads to many environmental problems including ground and surface water 
contamination, insect and rodent infestation, odors, disease, and others. Waste is disposed on daily bases in Ba-
bylon Governorate by burning. This causes sometimes suffocation to population in the cities located around
them.

The value of generation rate of solid waste 0.67 kg/(capita·day) is adopted in Babylon Governorate for 2013 
with expected increment rate in generation rate of 0.1% per year. The values of generation rate in Babylon Qad-
haa in 2013 were (0.81, 0.40, 0.52, 0.57, and 0.77) kg/(capita·day) in (Al-Hillah, Al-Mahawil, Al-Hashimiyah, 
Al-Qasim, and Al-Musayyab) respectively. Comparison of generation rate of solid waste with other studies puts 
Babylon Governorate as a middle-income city. 

Annual waste generated was 483,211 tons when inhabitants of Babylon Governorate in 2013 were 1,974,490. 
With the population growth rate of 2.99%, the total population of this governorate will reach to 3,258,149; con-
sequently waste generated will be 761,104 tons in 2030. The cumulative quantity of solid waste generated by 
2030 starting from 2013 will be 12,494,521 and 14,095,437 tons in the first and second method respectively.

Municipal solid waste management by the Babylon Governorate authority needs to adopt an integrated opti-
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mization system for all process of solid waste management including segregation at source, timely and proper 
collection, routes of transportation, types of waste vehicles and selection sanitary landfill sites conforming to the 
scientific and environmental criteria applied in the selection of landfill sites (waste disposal) in more developed 
countries.
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Introduction

Increasing affluence, improving standards of living, increasing 

rates of population growth, together with increasing levels of 

commercial and industrial activities in urban areas around the 

world, are the main reasons for significant increase in quantities 

of solid waste production. More effective disposal of solid waste 

is necessary; even in countries that burn or recycle large parts of 

their waste and treatment of ashes resulting from burning, solid 

waste remains an issue (Brockerhoff, 2000; Proske et al., 2005). 

The problem of solid waste is very serious in third world coun-

tries, where 80% of the world population lives on the one hand 

and a lack of financial resources is prevailing on the other 

(Al-Ansari, 2013). Waste-related diseases are the main cause for 

the loss of 10% of each person’s productive life. The present day 

municipal solid waste (MSW) generated reaches 277 million 

tonnes per year (United Nations, 2010). Low and middle income 

countries generate 12.2% and 57.1% of that waste, while high 

income countries generate 30.7% (United Nations, 2010). This 

figure is expected to increase to 677 million tonnes in 2025. The 

percentage of waste generated in high income countries will be 

12.7%, while it will be 16.4% and 70.9 % in middle and low 

income countries, respectively (United Nations, 2010).

Management of MSW involves several processes, including 

reducing quantities of waste, reusing, recycling and recovering 

energy, as well as the incineration and burial of waste in landfills 

(Moeinaddini et al., 2010). The process of site selection is 

considered to be one of the most difficult tasks related to solid 

waste management systems because it is subject to government 

regulation, government and municipal funding, increasing popu-

lation densities, growing environmental awareness, public health 

concerns, reduced land availability for landfills and increasing 

political and social opposition to the establishment of landfill 

sites (Lin and Kao, 1999).

Identifying landfill sites is a complex process where many 

factors need to be taken into consideration. Examples of such 

factors include social and environmental factors, geomorphologi-

cal features and technical parameters. Waste disposal sites must 

preserve the biophysical environment and ecology in the sur-

rounding area (Erkut and Moran, 1991; Lober, 1995; Siddiqui 

et al., 1996). Economic factors, which include the cost of acquir-

ing land as well as development and operation costs, must also be 

considered (Erkut and Moran, 1991; Yesilnacar and Cetin, 2008). 
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Transport costs, owing to the distance from waste production 

centres and distance from main access roads, are also an impor-

tant factor (Wang et al., 2009).

This study uses the concepts of geographical information sys-

tem (GIS) and analytical hierarchy process (AHP), GIS and AHP 

are powerful integrated tools used to solve the problem of landfill 

site selection. AHP is a multi-criteria decisionmaking approach 

and was developed by Thomas Saaty in 1980 to unify these 

multi-criteria in the process of making decision. This method can 

be used to solve complex decision problems and as a tool to sup-

port decision making. It uses a multi-level hierarchical structure 

of objective criteria and sub-criteria (Ersoy and Bulut, 2009). The 

GIS plays a significant role in a landfill siting. The GIS allows 

data to be displayed and managed efficiently from variety of 

sources, and it reduces the time and cost in the siting process 

(Delgado et al., 2008; Moeinaddini et al., 2010).

In the literature, several potential landfill sites have been iden-

tified among many candidate sites using GIS and AHP (e.g. 

Eskandari et al., 2012; Kara and Doratli, 2012; Şener et al., 2011; 

Uyan, 2014).

The present work presents a review of the methods currently 

available for selecting sanitary landfill sites and attempts to 

develop an appropriate multi-criteria evaluation (MCE) method 

in a GIS environment using an AHP in order to select the suitabil-

ity of potential landfill sites in Al-Hillah Qadhaa in the Babylon 

Governorate of Iraq. The development of a multi-purpose data-

base in a GIS environment is also envisaged for this purpose.

Study area

Al-Hillah Qadhaa is considered to be the most important Qadhaa 

in Babylon Governorate in terms of administrative function. This 

Qadhaa includes Al-Hillah City, the political, financial and 

administrative capital of Babylon Governorate. This Qadhaa also 

includes Al-Kifil city and Abi-Ghraq City. The Qadhaa is situated 

between latitude 32° 36’ 1” N and 32° 8’ 45” N, and longitude 

44° 14’ 9” E and 44° 33’ 39” E (Figure 1). Al-Hillah Qadhaa 

occupies an area of 908 km2, which constitutes 17.1% of the total 

area of the Babylon Governorate (Iraqi Ministry of Municipalities 

and Public Works, 2009).

In 2015, the official population of Al-Hillah Qadhaa was 

856,804 inhabitants (Iraqi Ministry of Planning, 2015), which 

equals 40.9% of the total population of Babylon Governorate. 

This Qadhaa also has the highest population density in the 

governorate.

Methodology

In this study, GIS and AHP are used to perform the process of 

landfill site selection. Individual maps detailing groundwater 

depth, rivers, soil types, agriculture land use, land use, elevation, 

slope, gas pipelines, oil pipelines, power lines, roads, railways, 

urban centres, villages and archaeological sites. There were many 

process steps that were used in GIS in order to get on the final 

required layers in this study. Decision rules for analysis of the 

landfill site selection data in AHP were established using GIS.

In the AHP, selection criteria can be identified and weighted, 

and the collected data can also be analysed, accelerating the pro-

cess of decision making. The hierarchy is deconstructed into a 

pair comparison matrix. This pairwise comparison is used to 

determine the relative importance of each alternative in terms of 

each criterion.

In typical analytic hierarchy studies, the 9-point scale is used, 

where each point equates to an expression of the relative impor-

tance of two factors. These studies use a scale with values rang-

ing from 1 to 9, as shown in Table 1. This will enable the decision 

maker to assess the contribution of each factor to reach the objec-

tive independently through pairwise comparison.

Figure 1. Map of Al-Hillah Qadhaa.
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The typical structure of the decision problem is formed and 

consists of numbers, which were represented by symbol m; while 

alternatives were given numbers represented by symbol n. Each 

alternative can be evaluated in terms of the decision criteria as 

well as each criterion being estimated by its weight.

The values of aij (i = 1, 2, 3, …, m) and (j = 1, 2, 3, …, n) 

are used to signify the performance values in terms of the ith 

and jth in a matrix (Hussain, 2004; Uyan, 2014). The typical 

comparison matrix for any problem and the relative impor-

tance of the criteria can be represented in a decision matrix as 

follows:

a a a ... a

a a a ... a

a a a ... a

... ... ... aij .

11 12 13 1n

21 22 23 2n

31 32 33 3n

...

a a a ... a
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W

W
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Wm1 m2 m3 mn

1
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⎛

⎝

⎜
⎜
⎜
⎜
⎜
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⎞

⎠

⎟
⎟
⎟
⎟
⎟
⎟

⎛

⎝

⎜
⎜
⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
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⎟
⎟

The priority vector is determined by normalising the eigenvalue 

to 1 (divided by their sum) as follows:

Pr
Eg

i =

=∑
i

i

n
Eg

1
i

 (1)

where Egi is the eigenvalue for the row i 

(Egi= a a a a n
n

11 12 13 1× × ×…× ) and n is the number of elements 

in row i.

The lambda max (λmax) was obtained from the following 

formula:

λmax =
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥= =

∑
j

n

j

i

m

ijW a
1 1

∑  (2)

where aij is the sum of criteria in each column in the matrix and 

Wj is the value of weight for each criterion, which is correspond-

ing to the priority vector in the matrix of decision. So, in this 

study λmax = 15.7.

The consistency index (CI) is determined by the following 

formula:

CI 
n

=
−
−

λλmax n

1
 (3)

where n is the size of the matrix. In this study, n = 15 and λmax = 15.7; 

therefore CI = 0.05.

The consistency ratio (CR) was obtained according to Saaty 

(1980) as follows:

CR 
CI

RI
 (4)

where RI15 is random index (RI = 1.59) for n = 15 (Table 2), 

where this table displays the mean random index value for matri-

ces with different size. If the CR is less than 0.1, the ratio indi-

cates a reasonable consistency level in the pairwise comparison. 

In this study CR = 0.03 < 0.1. The pairwise comparison matrices 

were prepared for 15 criteria (Table 3).

In the process of selection, the importance and weight of each 

criterion was compared with each criterion in this study. It was 

done through the adoption of the opinions of experts who have 

worked in this field. Each criterion was given a value of weight 

that it deserves by adopting the method of ‘simple additive 

weighting’. Then these weights have been used and applied in 

preparing the comparison matrix of the AHP to get the right 

weight for each criterion (Tables 3 and 4).

A total of 15 map layers were entered in the ‘Map Algebra’ 

tool in the GIS through the summation of the products of multi-

plying the weight of each criterion (W) (which was calculated by 

the AHP method) by the rating value of each sub-criteria of each 

criterion (R). The rating of (R) was given based on the opinion of 

experts in this field. This helped to create the map of suitability 

landfill index (RW) (Table 4).

Results and discussion

Evaluation criteria

The primary aim of the decision hierarchy is the selection of a 

suitable location for a landfill site. Figure 2 shows the hierarchi-

cal structure of the decision problem, which includes three levels. 

The evaluation criteria at the first level have been classified into 

two broad categories – natural environmental factors and artifi-

cial factors. At the second level there are six categories, including 

hydrological, land, topographical, infrastructure, accessibility 

and social–cultural criteria. The third level comprises the sub-

criteria used in this study, which include the 15 layers of digitised 

maps.

Groundwater depth. The depth to ground water in 170 wells 

throughout Babylon Governorate is available in the database of 

the Iraqi Ministry of Water Resources (2015). These measure-

ments were carried out in 2013. For this study, the Kriging tool 

was used to generate interpolation between these data to produce 

the layer of groundwater depths for Al-Hillah Qadhaa. Generally, 

the groundwater depth in Al-Hillah Qadhaa is shallow. These 

depths are considered unsuitable for landfill site selection because 

there is a risk of contaminating groundwater by leachate.

In this study, potential sites were given a rating according to 

groundwater depth readings. A depth between 0–1.5 m, 1.5–3 m 

and 3–4.5 m to groundwater were given a grading value of 1, 4 

Table 1. Scale of relative importance for pairwise comparison 
(Saaty, 1980).

Intensity of importance Definition

1 Equal importance
2 Equal to moderately importance
3 Moderate importance
4 Moderate to strong importance
5 Strong importance
6 Strong to very strong importance
7 Very strong importance
8 Very to extremely strong importance
9 Extreme importance
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and 6, respectively. The highest score of 10 was assigned to 

depths of more than 4.5 m (Figure 3(A)).

Rivers. Many researchers suggested a suitable distance from the 

river boundary to protect it from contamination, as shown in 

Table 4. In this study, a buffer zone of more than 1000 m from any 

river boundary was adopted in order to protect surface water 

from contamination. Any distance less than 1000 m was, thus, 

given a grading value of zero and any distance greater than 

1000 m was given a score value of 10 (Figure 3(B)).

Elevation. The digital elevation model (DEM) was adopted in 

this work (Humanitarian Information Centre for Iraq, 2004; 

Iraqi Ministry of Education, 2015). The raster elevation map 

was divided into three categories according to study area  

(Figure 3(C)). In this study, the most suitable elevations were 

31–70 m above mean sea level (a.m.s.l.) and between 27–31 m 

(a.m.s.l.) were suitable. Elevations of 17–27 m (a.m.s.l.) were 

deemed moderately suitable for a landfill. These categories of 

the elevation map layer were classified and assigned values of 

10, 7 and 3, respectively.

Slope. Land slope is an important factor when selecting a land-

fill site. An area with a very steep slope will increase drainage of 

pollutants from the landfill site to surrounding areas (Lin and 

Kao, 1999) as well as increasing the risk of leachate flowing from 

high slopes to flat and low areas or bodies of water.

The land surface slope layer was based on the DEM of the study 

area. Figure 3(D) shows that most of the land in the study area has 

a slope of 0–5° and was assigned a rating value of 10, while areas 

with a slope greater than 5° were assigned a value of 5.

Soil type. For preparing the layer for the soils types, map of the 

exploratory soil of Iraq (scale of 1:1000000) was digitised in 

polygon type. There were 6 types of soils in Al-Hillah Qadhaa 

(Fig. 3E) (Buringh 1960). The soil groups and related rankings 

of soil types are shown in Table 4. A short description of the 

types of soil in the study area, according to (Buringh 1960) can 

be summarised as follows:

Basin depression soils A (6). These soils are predominantly 

arid, alluvial, solonchak and solonetz. This is a highly saline soil. 

It consists of fluviatile, silty clay loam to clay, often with irriga-

tion sediment. This soil type is deep with a high groundwater 

table and sometimes floods.

River basin soils B (5’). These types of soils consist of arid, 

alluvial and solonchak soils, and its land surface form is level with 

variations in elevations of a few meters. The parent material for 

this soil type is fluviatile, silty clay loam to clay, with silty irriga-

tion sediment on top. These soils are deep and have a relatively 

high groundwater table, they also have moderate to strong salinity.

Silted haur and marsh soils C (9). These soils have been 

formed in Marsh areas. These soils consist primarily of com-

posites of arid, alluvial and solonchak soils, and occur in level 

land reliefs. The parent material for this soil type is fluviatile, silt 

loam to clay, with a layer of silty irrigation sediment that is often 

meters thick. The salinity of these soils is moderate.

River levee soils D (4). These soils are level surfaces and 

consist of arid soil as well as alluvial soil, with a small propor-

tion of solonchak soil. The groundwater level is high. The parent 

materials of this soil are fluvial, fine sandy loam to silty clay 

Table 2. Random inconsistency indices for different values of (n) (Chang et al., 2007; Isalou et al., 2013).

(n) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59

Table 3. Pairwise comparisons matrix for selecting suitable landfill site, Eigenvector and significance weights.

A B C D E F G H I J K L M N O Eigen 
vector

Priority vectors 
(weights)

A 1 2 3 2 4 5 5 4 8 8 7 6 5 6 9 4.33 0.2006
B 0.5 1 2 1 3 4 4 3 7 7 6 5 4 5 8 3.18 0.1473
C 0.33 0.5 1 0.5 2 3 3 2 6 6 5 4 3 4 7 2.24 0.1039
D 0.5 1.0 2.0 1 3 4 4 3 7 7 6 5 4 5 8 3.18 0.1473
E 0.25 0.33 0.5 0.33 1 2 2 1 5 5 4 3 2 3 7 1.55 0.0718
F 0.2 0.25 0.33 0.25 0.5 1 1 0.5 5 5 4 3 1 3 6 1.12 0.0520
G 0.2 0.25 0.33 0.25 0.5 1.0 1 0.5 4 4 3 2 1 2 6 1.01 0.0469
H 0.25 0.33 0.5 0.33 1.0 2.0 2.0 1 5 5 4 3 2 3 7 1.55 0.0718
I 0.13 0.14 0.17 0.14 0.2 0.2 0.25 0.2 1 1 2 0.5 0.5 0.5 2 0.38 0.0174
J 0.13 0.14 0.17 0.14 0.2 0.2 0.25 0.2 1.0 1 2 0.5 0.5 0.5 2 0.38 0.0174
K 0.14 0.17 0.2 0.17 0.25 0.25 0.33 0.25 0.5 0.5 1 2 0.33 2 3 0.44 0.0203
L 0.17 0.2 0.25 0.20 0.33 0.33 0.5 0.33 2.0 2.0 0.50 1 0.5 1 4 0.55 0.0255
M 0.2 0.25 0.33 0.25 0.5 1.0 1.0 0.5 2.0 2.0 3.03 2 1 1.2 6 0.89 0.0414
N 0.17 0.2 0.25 0.20 0.33 0.33 0.5 0.33 2.0 2.0 0.50 1.00 0.83 1 4 0.57 0.0263
O 0.11 0.13 0.14 0.13 0.14 0.17 0.17 0.14 0.5 0.5 0.33 0.25 0.17 0.25 1 0.22 0.0101

A: groundwater depth; B: urban centres; C: villages; D: rivers; E: elevation; F: slope; G: roads; H: soils types; I: gas pipelines; J: oil pipelines; 
K: power lines; L: land use; M: agriculture land use; N: archaeological sites; O: railways.
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Table 4. The summary of the input layers used in the analysis.

No. Criterion Buffer zone Rating (R) Weight RW Researchers’ suggested buffers

AHP (W) SAW

1 Groundwater depth (m) 0–1.5 1 0.2006 10 0.201 1.5 m (Alves et al., 2009); 6 m (Effat and Hegazy, 
2012); 30 m (Sadek et al., 2006); 10 m (Delgado 
et al., 2008)

1.5–3 4 0.802
3–4.5 6 1.204

4.5 10 2.006
2 Rivers (m) 0–1000 0 0.1473 9 0 1 km (Eskandari et al., 2012; Uyan, 2014; 

Yildirim, 2012); 0.8 km (Siddiqui et al., 1996); 0.5 
km (Demesouka et al., 2013; Sadek et al., 2006)

1000 10 1.473

3 Elevation (a.m.s.l.) 17–23 3 0.0718 7 0.215  
23–29 7 0.503  

29 10 0.718  
4 Slope (degree) 0–5° 10 0.0520 6 0.520 0–5° (Effat and Hegazy, 2012; Ersoy and Bulut, 

2009; Sener, 2004)5° 5 0.260
5 Soils types Soil 6 (A) 10 0.0718 7 0.718  

Soil 5’ (B) 9 0.646  
Soil 9 (C) 7 0.503  
Soil 4 (D) 5 0.359  
Soil 11 (E) 3 0.215  
Soil 17 (F) 1 0.072  

6 Land use Industrial area 0 0.0255 5 0  
Urban centres 0 0  
Villages 0 0  
University 0 0  
Rivers 0 0  
Archaeological 0 0  
Agricultural lands 0 0  
Orchards 5 0.127  
Unused lands 10 0.254  

7 Agricultural land use Agricultural land 0 0.0391 6 0  
Orchards 5 0.195  
Unused land 10 0.391  

8 Roads (m) 0–500 0 0.0469 6 0 1 km (Kao and Lin, 1996; Kara and Doratli, 
2012); 0.5 km (Effat and Hegazy, 2012; Sener, 
2004)

500–1000 7 0.329
1000–2000 10 0.469
2000–3000 5 0.235

3000 3 0.141
9 Railways (m) 0–500 0 0.0101 2 0 500 m (Nas et al., 2010; Sener, 2004; Wang 

et al., 2009)500 10 0.101
10 Urban centres (m) 0–5000 0 0.1473 9 0 5 km (Effat and Hegazy, 2012; Isalou et al., 

2013; Sener, 2004); 3 km (Chang et al., 2007); 2 
km (Alavi et al., 2013)

5000–10,000 10 1.474
10,000–15,000 7 1.032

15,000 4 0.589
11 Villages (m) 0–1000 0 0.1039 8 0 1 km (Charnpratheep et al., 1997; Sener, 2004; 

Uyan, 2014); 0.4 km (Siddiqui et al., 1996) 1000 10 1.040
12 Archaeological sites 

(m)
0–1000 0 0.0263 5 0 1 km (Ersoy and Bulut, 2009; Gupta et al., 2003; 

Uyan, 2014); 0.5 km (Demesouka et al., 2013; 
Eskandari et al., 2012); 7.1 km (Charnpratheep 
et al., 1997)

1000–3000 5 0.139
3000 10 0.279

13 Gas pipelines (m) ⩽300 0 0.0174 3 0 250 m (Sener, 2004; Uyan, 2014)
300 10 0.174

14 Oil pipelines (m) ⩽75 0 0.0174 3 0  
75 10 0.174  

15 Power lines (m) ⩽30 0 0.0203 4 0 30 m (Sener, 2004; Yildirim, 2012); 40 m (Sadek 
et al., 2006); 50 m (Demesouka et al., 2013)30 10 0.203

AHP: analytical hierarchy process; a.m.s.l.: above mean sea level; RW: suitability landfill index for the final output map; SAW: simple addictive 
weighing method.

loam. In this soil type, salinity appears in deeper sub-soils with 

rates ranging from free to moderate.

Active dune land E (11). These soils have no development 

in their profile, and consist of dry, loose, unconsolidated mate-

rial and sediment. These soils are sandy and clayey dunes. These 

soils are moderately to strongly saline.

Mixed gypsiferous desert land F (17). The surface soil is 

non-uniform because of the effect of wind erosion. These soils 

are shallow and highly saline. The parent materials for this soil 

are gypsum, limestone and sandstone.

Land use. In this study, nine categories (features) were used to 

prepare the land use layer; these are urban centres, villages, 
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industrial areas, archaeological sites, universities, rivers, agricul-

tural land, orchards and unused land.

All cities in Al-Hillah Qadhaa were included in the ‘Urban 

Shape file’, while the shape file of ‘Villages’ included approxi-

mately 285 villages in the study area. The shape file for agricul-

tural land use was created by analysing satellite images in 2011 

of Babylon Governorate and a land capability map of Iraq (scale 

1:1000000). The universities shape file was mapped in polygon 

form from Babylon Governorate satellite images from 2011. The 

shape files for industrial areas, archaeological sites and soil 

types were determined from the relevant maps with scales 

1:400,000 (Iraqi Ministry of Municipalities and Public Works, 

2009), 1:1500000 (http://www.wdl.org/en/item/212/ 24 Sep 

2013) and 1:1000000 (Buringh, 1960), respectively. The shape 

file of Al-Hillah Qadhaa’s rivers was prepared after taking the 

clip/cut from the shape file of Babylon Governorate’s Rivers. 

All shape files were merged in a single layer called ‘land use’. 

The categories orchards and unused lands were given ratings of 

5 and 10, respectively, while other categories were assigned a 

score of zero (Figure 3(F)).

Agricultural land use. Agricultural land use for Al-Hillah 

Qadhaa was divided into three categories: agricultural land, 

orchards and unused land. These categories were drawn in poly-

gon form in separate shape files based on 2011 satellite images 

of Babylon Governorate (Iraqi Ministry of Municipalities and 

Public Works, 2011) and a 1:1000000 scale the land capability 

map of Iraq (Iraqi Ministry of Water Resources, 1990), and then 

merged in a single layer, which is called ‘agricultural land use’. 

Logically, landfill sites should not be located on areas of agri-

cultural land use (Figure 3(G)). This category was, therefore, 

assigned a grade of zero. The orchards category was given a 

grade of 5 and the unused land category was assigned the high-

est possible score of 10.

Roads. This layer consists of main roads and highway roads. 

Distances from roads to a landfill site should be sufficient to 

ensure there are no negative aesthetic impacts (Moeinaddini 

et al., 2010). Moreover, economic factors must be taken into con-

sideration and a landfill site should be located within a reason-

able distance of existing roads in order to reduce the cost of 

construction of roads leading to the site in future (Lin and Kao, 

1999; Zeiss and Lefsrud, 1995).

In this study, buffer zones from roads to landfill sites of less 

than 500 m were assigned a grade of zero in the rating of this 

layer. Buffer zones of 500–1000 m were assigned a grade of 7, 

while the buffer zones of 1000–2000 m were assigned the high-

est score of 10. Buffer zones of 2000–3000 m and those greater 

than 3000 m were given a grading of 5 and 3, respectively 

(Figure 3(H)).

Railway. In this study, buffer zones of less than 500 m on both 

sides of a railway were graded zero. Distances greater than 500 m 

were graded 10 (Figure 4(A)), this to prevent both potential land 

subsidence and visual intrusion (Baban and Flannagan, 1998).

Figure 2. Tree diagram of the decision process developed for selection of suitable landfill site.
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Figure 3. (A) Ground water depth Suitability index. (B) Rivers suitability index. (C) Elevation suitability index. (D) Slope 
suitability index. (E) Soil types suitability index. (F) Land use suitability index. (G) Agricultural land use suitability index. (H) 
Roads suitability index.
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Figure 4. (A) Railway suitability index. (B) Urban centres suitability index. (C) Villages suitability index. (D) Archaeological sites 
suitability index. (E) Gas pipelines suitability index. (F) Oil pipelines suitability index. (G) Power lines suitability index.
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Settlement areas (Urban centres, villages). Two layers to 

model settlement areas were used. The first layer consists of 

urban areas, while the second layer includes villages. Many 

researchers suggested that the appropriate distance from bor-

ders of urban areas to a landfill site should be more than 5 km, 

taking into account economic factors and impact on the general 

public. The cost of this land as well as health and safety laws 

often prevent siting of a landfill within the boundaries of an 

urban area. Important factors to consider are noise, decreases 

in property value (Zeiss and Lefsrud, 1995), odour, aesthetics 

(Tagaris et al. 2003), as well as ensuring that the urban area 

retains the potential to expand in the future (Effat and Hegazy, 

2012).

In this study, a buffer zone of 5 km for urban areas and 1 km 

for villages was deemed most suitable. Figure 4(B) shows that 

urban areas with a buffer zone of less than 5 km were given a 

score of zero and buffer zones of between 5–10 km were given 

the highest score, which was 10. Scores of 7 and 4 were given, 

respectively, to buffer zones of 10–15 km and those of more 

than 15 km. For the villages’ layer, buffer zones of less than 

1000 m were given a value of zero, while those with buffer 

zones greater than 1000 m were given score of 10 (Figure 

4(C)).

Archaeological sites. Al-Hillah Qadhaa has a rich history and is 

home to a number of significant archaeological and religious 

sites. These areas are considered absolutely inappropriate to be 

within or near a landfill site because of their high historical value 

and importance for tourism in this Qadhaa.

In this study, buffer zones of more than 3 km around these 

areas were scored 10. Buffer zones of 1–3 km were scored 5. 

Buffer zones of ⩽1 km around these areas were excluded and, 

thus, scored zero (Figure 4(D)).

Gas pipelines. The buffer zone from gas pipelines to a landfill 

site was taken in this study as 300 m on both sides. Consequently, 

it was given a grading value of zero. A distance of more than 

300 m was given a score of 10 (Figure 4(E)). This determinant 

was adopted to avoid a serious impact of spontaneous fires that 

result from combustion of solid waste on the gas pipelines 

depending on the determinants of Iraqi Ministry of Oil/Oil Pipe-

lines Company, 1989 (Iraqi Ministry of Oil, 2015).

Oil pipelines. There are many oil pipelines passing through the 

study area. A buffer zone more than 75 m on both sides of oil 

pipelines to a landfill site was considered a safe distance accord-

ing to the determinants of Iraqi Ministry of Oil/Oil Pipelines 

Company, 1989 (Iraqi Ministry of Oil, 2015). Figure 4(F) shows 

that a distance of less than 75 m, on both sides of oil pipelines, 

was given a grading value of zero, whereas, it was given a score 

of 10 for a distance that is more than 75 m.

Power lines. In this study, the buffer zone for power lines on 

both sides that were less than 30 m was given a score of zero to 

avoid seriousness of voltage power resulting from these lines, 

and taking into account the provision of electricity for the infra-

structure in a landfill site, while a distance of more than 30 m was 

given a grading value of 10 (Figure 4(G)).

Analysis of landfill suitability site in 

Al-Hillah Qadhaa

After setting up the weight for each criterion using the AHP 

method, and giving suitable weights for sub-criteria of each 

criterion depending on the opinion of experts, the Map Algebra 

tool has been used in the GIS to produce the final output map 

of the suitability landfill index (RW). The output map was 

divided into five categories according to the suitability of the 

selected landfill sites. These categories were: excluded areas, 

unsuitable, moderately suitable, suitable and most suitable 

(Figure 5(A)).

The area of ‘unsuitable’ class is 51.41 km2 (6.04%), ‘moder-

ately suitable’ class is 237.4 km2 (27.87%), ‘suitable’ class is 

365.7 km2 (42.93%) and ‘most suitable’ class 135.1 km2 

(15.86%). Urban centres were excluded and were given a value 

of zero; these areas cover 62.22 km2, which represents (7.41%) 

of total area.

In Al-Hillah Qadhaa, the expected population in 2030 is 

1,332,930 inhabitants. The quantity of solid waste expected in 

2030 in this Qadhaa is 439,664 t and the cumulative quantity of 

solid waste from 2020 to 2030 is 4,002,199 t according to calcu-

lation operations done by Chabuk et al. (2015). The waste density 

in waste disposal sites is 450 kg m −3 in Al-Hillah Qadhaa accord-

ing to (Iraqi Ministry of Municipalities and Public Works, 2015). 

Thus the volume of waste and the volume of cumulative waste 

are 977,031 m3 and 8,893,775 m3, respectively (these values are a 

result of divided solid waste quantity by the density of waste). 

The depth to groundwater from a ground surface in study area is 

shallow, as mentioned previously; therefore, 2 m has been 

adopted as the average depth to the groundwater in the candidate 

sites that resulted from this study. According to this condition, the 

area of the candidate site required to accommodate the quantity 

of waste in this Qadhaa is 488,516 m2 in 2030. The required area 

for cumulative quantity of solid waste generated from 2020 to 

2030 is 4.447 km2.

Figure 5(B) shows the candidate sites that were two loca-

tions, each assigned a number (1 and 2). The area of Site 1 is 

9.153 km2, while the area of Site 2 is 8.204 km2. These candi-

date sites are suitable for landfill in Al-Hillah Qadhaa. Site 1 is 

situated at latitude 32° 21’ 8” N, and longitude 44° 21’ 12” E, 

while Site 2 is sited at latitude 32° 13’ 43” N, and longitude 44° 

29’ 15” E.

Conclusions

This study seeks to adopt the best methodology for the selec-

tion for a landfill site within the study area, as well as taking 

into consideration the natural environmental factors and artifi-

cial factors. The GIS is considered as a powerful tool in assist-

ing selection for a waste disposal site through its ability to deal 

with a large volume of data from a variety of sources. The AHP 

method can be applied to solve any complex problem in a vari-

ety of fields of many practical situations. This method uses the 

pairwise comparison to the making comparison matrix to 

 at Lulea Univ. of Technology on May 6, 2016wmr.sagepub.comDownloaded from 



436 Waste Management & Research 34(5)

derive weights of criteria. Therefore, the combination between 

the GIS and the AHP may help decision makers in the rapid 

assessment consequently solving any problem, such as landfill 

site selection.

In this study, 15 layers were entered in the process of analysis 

in order to determine the most suitable site for solid waste land-

fill in Al-Hillah Qadhaa. These layers are groundwater depth, 

rivers, soil types, agriculture land use, land use, elevation, slope, 

gas pipelines, oil pipelines, power lines, roads, railways, urban 

centres, villages and archaeological sites. After completion of 

the analysis process, two candidate sites were identified for 

landfill among several sites in the category of the most suitable 

in the final map.

Generally, these sites satisfy the minimum requirements of the 

landfill sites. In addition, these sites were checked on the satellite 

images of the Babylon Governorate in 2011 to make sure that 

these sites were suitable for landfill.

It should be mentioned, however, that further studies require 

involving geotechnical and hydrogeological analysis in order to 

protect groundwater from contamination, and adopting special 

design in these sites towards the protection of groundwater from 

infiltration of leachate.
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Abstract: The selection of a landfill site is considered as a complicated task because this process is based on many factors and 
restrictions. For Al-Qasim Qadhaa, which is situated in the southern part of the Babylon Governorate, Iraq, there is no landfill site in 
that area that conforms to the scientific criteria for selecting sites for landfill. For this reason, 15 criteria were adopted in this study 
(groundwater depth, rivers, soil types, agriculture lands use, land use, elevation, slope, gas pipelines, oil pipelines, power lines, roads, 
railways, urban centers, villages and archaeological sites) using GIS (geographic information system), which has a large ability to 
manage input data. In addition, the AHP (analytical hierarchy process) method was used to derive the relative weightings for each 
criterion using pair-wise comparison. To obtain the suitability index for candidate landfill sites, a weighted linear combination method 
was used. After combining these methods, two suitable candidate landfill sites, with areas of 2.766 km2 and 2.055 km2, respectively, 
were found to satisfy the scientific and environmental requirements. The area of these sites can accommodate solid waste from 2020 
until 2030 based on the required area, which was 0.702 km2. 
 
Key words: Landfill, Al-Musayiab Qadhaa, AHP (analytical hierarchy process), GIS, WLC (weighted linear combination). 
 

1. Introduction

In developing countries, solid waste management is 
considered one of the important issues related to 
environmental management and, through proper 
management of solid waste, pollution and the health 
risks which arise in open dumping sites that are often 
commonly used for the disposal of this waste can be 
avoided [1]. MSW (management of solid waste) 
consists of many processes, including recycling, 
reducing the waste, recovery of energy, incineration of 
the waste, and landfill [2]. A sanitary landfill is 
necessary to a waste management system even if other 
techniques of waste management are adopted. In 
countries that burn or recycle large parts of their waste, 
the remains of these processes still need a suitable 
landfill site because landfill is simple to use and 
relatively cheap [3-5]. Within the last two decades, 
researchers have exerted great efforts in satisfying 
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different aspects of landfill management, particularly 
selecting a suitable site for landfill [6, 7]. The process 
of site selection is considered to be one of the most 
difficult tasks related to solid waste management 
systems and a major concern for planners and 
authorities. This is because this process is subject to 
factors such as government regulation, government and 
municipal funding, urbanization, increasing population 
densities, growing environmental awareness, public 
environmental health, reduced land availability for 
landfills and increasing political and social opposition 
to the establishment of landfill sites [8, 9].  

GIS (geographic information system) and a spatial 
multi-criteria decision analysis should be used in 
landfill siting because they are powerful, integrated 
tools used to solve the problem of landfill site selection. 
Decision makers often use MCDA (multi criteria 
decision analysis) to handle large quantities of complex 
information. GIS has a significant role in contributing 
to the selection a landfill site. There are many 
advantages of applying GIS in the process of landfill 

D 
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siting. It reduces time and cost in the siting process, and 
it has a high ability to manage large volumes of spatial 
data from variety of sources. GIS may also be used for 
identifying routes for transporting waste to transfer 
stations and then to a landfill site and vice         
versa [2, 10 11]. AHP (analytical hierarchy process) is 
a multi-criteria decision-making approach that was 
developed by Saaty [12] in 1980 to standardize these 
multi-criteria in the process of making decisions. The 
mathematical properties of AHP have attracted the 
attention of many researchers because the required 
input data are easy to obtain. This process can be used 
to solve complex multi-criteria decision-making 
problems. It uses a multi-level hierarchical structure  
to determine the weighted percent of the     
multi-criteria [13]. AHP is used to determine the most 
suitable landfill site among many candidate sites. The 
relevant data are utilized to obtain relative weightings 
using pair-wise comparisons of decision criteria in a 
matrix of the problem [2, 14, 15].  

In the literature [7, 16-18], several potential landfill 
sites have been identified among many candidate sites 
using GIS and AHP. 

This study seeks to identify a suitable candidate site 

for landfill through using the AHP, weighted linear 
combination method and GIS in Al-Qasim Qadhaa in 
the Babylon Governorate, Iraq.  

2. Methodology 

2.1 Study Area 

Al-Qasim Qadhaa is considered one of the major 
cities of the newly formed Babylon Governorate, Iraq. 
Until recently, the cities of this Qadhaa (Al-Qasim and 
Al-Talyaah) were administratively controlled by 
Al-Hashimiyah Qadhaa, which is located in the 
southern part of the Babylon Governorate, between 
Al-Hillah Qadhaa and Al-Hashimiyah Qadhaa (Fig. 1). 

Al-Qasim Qadhaa has an area of 637 km2, which 
constitutes 17.1% of the total area of the Babylon 
Governorate [19]. It is situated between longitude 
44°27'41" E and 44°49'24" E, and latitude 32°25'53" N 
and 32°5'53" N (Fig. 1).  

The official population of Al-Qasim Qadhaa was 
184,605 inhabitants in 2015 [20], which equates to  
8.8% of the total population of the Babylon 
Governorate. Around 146,465 (79.33%) of the 
inhabitants live in urban regions, and 38,139 (20.67%) 
of the inhabitants live in rural regions. 

 

 
Fig. 1  The study area across Al-Qasim Qadhaa, Babylon Governorate, Iraq.  
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as well reducing environmental, economic and social 
costs [14]. Restricted sites mean areas which do not 
allow for a landfill site to be situated within them due to 
potential risk to the environment, human health or 
excessive cost [13]. Buffer zones, or spatial constraints, 
were used around important sites or specific 
geographic features in each criterion in the GIS 
environment using the special extension tool “buffer”. 
Table 1 shows the buffer zones of the criteria for 
unsuitable areas that were used in landfill siting in 
Al-Qasim Qadhaa. 

2.5 Preparing Grading Values for Sub-criteria 

In this study, based on the opinion of experts and 
literature reviews in this field, as well as various 
required and available data about the study area, each 
criterion was classified into classes (sub-criteria), and 
each class was given a suitability grading value. This 
was carried out by decision makers who gave their 
opinions about the sub-criteria. In order to prepare each 
criterion and sub-criteria, a number of steps were 
performed in GIS (e.g., buffer, clip, extract, overlay, 
proximity, convert, reclassify and map algebra,     
etc.) (Table 2). 

2.5.1 Groundwater Depth 
To prepare the groundwater depths layer for 

Al-Qasim Qadhaa, the Kriging tool in GIS was used to 
generate an interpolation between the available data of 

groundwater depths in 170 wells throughout the 
Babylon Governorate [21]. These measurements were 
carried out from 2005 to 2013. Generally, the 
groundwater depths in the Babylon Governorate are 
shallow. These depths removed certain areas as 
appropriate for site selection for landfill because of a 
risk of contaminating the groundwater through 
leaching.  

Various depths have been suggested as sufficient: 
Effat and Hegazy [27] suggested that a depth of 6 m 
from a site’s surface to the groundwater table is a 
suitable depth, Delgado et al. [11] suggested 10 m, 
Ouma et al. [41] propose 15 m, and Sadek et al.[40] 
suggested 30 m. 

In this study, depths of between 0~1.5 m, 1.5~3 m, 
3~4.5 m and more than 4.5 m to groundwater were 
given a grading value of 1, 4, 6 and 10, respectively 
(Fig. 3a). 

2.5.2 Rivers 
In this study, a distance less than 1,000 m from the 

boundaries of a river was given a score value of 0 to 
reduce the potential for river contamination from 
landfill. Distances greater than 1,000 m were given a 
grading value of 10 (Fig. 3b). 

2.5.3 Elevation 
This study adopted the DEM (digital elevation 

model) [21, 22]. The raster elevation map was divided 
into three categories according to the study area. In this 

 

Table 1  Description of buffer zones criteria values.  
Criteria Description Researchers’ suggested buffers 

Groundwater depth  The zones of groundwater depth between 0~1.5 m should be avoided in 
selection sites for landfill 1.5 m [26]; 6 m [27]; 10 m [11] 

Land use Industrial area, university and agricultural lands should be excluded from 
land fillsiting  

Rivers  Sites should be at a distance of more than 1 km from rivers 1 km [7, 28]; 0.8 km [14]; 0.5 km [29]
Roads Sites should be at a distance of more than 500 m from roads 1 km [28, 30]; 0.5 km [27, 31] 
Railways  Sites should be at a distance of more than 500 m from railways 500 m [6, 32, 33] 
Urban centers Sites should be at a distance of more than 5 km from streams 5 km [27, 33, 34]; 3 km [35] 
Villages  Sites should be at a distance of more than 1 km from borders of village 1 km [31,36]; 0.8 km [35] 
Archaeological sites Sites should be at a distance of more than 1 km around archaeological sites 0.5 km [7]; 1 km [13, 37]; 3 km [30]
Gas pipelines  Sites should be at a distance of more than 300 m from gas pipelines 250 m [33, 38] 
Oil pipelines  Sites should be at a distance of more than 75 m from oil pipelines 250 m [38] 
Power lines Sites should be at a distance of more than 30 m from power lines 30 m [31, 39]; 40 m [40]; 50 m [29]
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Table 2  Summary of the input layers used in the analysis.  

No. Criteria Sub-criteria values Sub-criteria rating Description scale Criteria weights (AHP) 

1 Groundwater depth (m) 

0~1.5 1 Not suitable 

0.2004 
1.5~3 4 Moderately suitable 
3~4.5 6 Suitable 
> 4.5 10 Most suitable 

2 Rivers (m) 
0~1,000 0 Not suitable 

0.1471 
> 1,000 10 Most suitable 

3 Elevation (a.m.s.l.) 
15~22 3 Moderately suitable 

0.0709 22~29 7 Suitable 
> 29 10 Most suitable 

4 Slope (degree) 0°~5° 10 Most suitable 0.0463 

5 Soils types 

Soil 6 (A) 10 Most suitable 

0.0709 
Soil 5' (B) 9 Suitable 
Soil 9 (C) 7 Moderately suitable 
Soil 4 (D) 5 Less suitable 

6 Land use 

Industrial area 0 Not suitable 

0.0302 

Urban centers 0 Not suitable 
Villages 0 Not suitable 
University 0 Not suitable 
Rivers 0 Not suitable 
Archaeological sites 0 Not suitable 
Agricultural lands 0 Not suitable 
Orchards 5 Suitable 
Unused lands 10 Most suitable 

7 Agricultural land use 
Agricultural land 0 Not suitable 

0.0462 Orchards 5 Suitable 
Unused land 10 Most suitable 

8 Roads (m) 

0~500 0 Not suitable 

0.0463 
500~1,000 7 Suitable 
1,000~2,000 10 Most suitable 
2,000~3,000 5 Moderately suitable 
> 3,000 3 Less suitable 

9 Railways (m) 
0~500 0 Not suitable 

0.0107 
> 500 10 Most suitable 

10 Urban centers (m) 

0~5,000 0 Not suitable 

0.1471 
5,000-10,000 10 Most suitable 
10,000~15,000 7 Suitable 
> 15,000 4 Moderately suitable 

11 Villages (m) 
0~1,000 0 Not suitable 

0.1038 
> 1,000 10 Most suitable 

12 Archaeological sites (m)
0~1,000 0 Not suitable 

0.0302 1,000~3,000 5 Moderately suitable 
> 3,000 10 Most suitable 

13 Gas pipelines (m) 
 300 0 Not suitable 

0.0146 
> 300 10 Most suitable 

14 Oil pipelines (m) 
 75 0 Not suitable 

0.0146 > 75 10 Most suitable 

15 Power lines (m)  30 
> 30 

0 
10 

Not suitable 
Most suitable 0.0207 

Note: AHP: analytical hierarchy process; a.m.s.l.: above mean sea level.  
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(a)                                    (b)                                  (c) 

 

 
(d)                                    (e)                                  (f) 

 

 
(g)                                    (h)                                  (i) 

Fig. 3  Suitability index maps of: (a) ground water depth; (b) rivers; (c) elevation; (d) slope; (e) soil types; (f) land use;        
(g) agricultural land use; (h) roads; (i) railways.  
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study, moderately suitable elevations were between 
15~22 (a.m.s.l.) and between 22~29 (a.m.s.l.). 
Elevations of greater than 29 (a.m.s.l.) were the most 
suitable for a landfill. These categories were given 
grading values of 3, 7 and 10, respectively (Fig. 3c).  

2.5.4 Slope 
All lands of Al-Qasim Qadhaa have a slope less than 

5° and so were given a rating value of 10 (Fig. 3d). 
These lands were considered the best for a landfill 
siting to prevent the transition of pollutants to 
surrounding areas. A suitable slope ranges between 
0°~5° is necessary to prevent the transition of 
pollutants to surrounding areas [13, 33]. 

2.5.5 Soil Type 
There are four types of soils in Qasim Qadhaa 

Buringh (1960) (Fig. 3e). These soil groups are: basin 
depression soils A (6), river basin soils, poorly drained 
B (5'), silted haur and marsh soils C (9) and river levee 
soils D (4). These types of soils were giving scores of 
10, 9, 7 and 5, respectively. The short description of the 
characteristics for each type of soil can be found in 
Refs. [22, 42]. 

2.5.6 Land Use 
A number of maps were incorporated to prepare the 

land use layer of the study area. All land classified into 
one of nine categories (features): urban centers, 
villages, industrial areas, archaeological sites, 
universities, rivers, agricultural land, orchards and 
unused land. The land use layer was created by 
importing shape files for all categories into a GIS 
environment in polygon type. The shape file of “urban” 
included all cities in Al-Qasim Qadhaa. The villages 
which spread within this Qadhaa were incorporated in 
the shape file of “villages”. The “agricultural land” 
shape file was created by analyzing satellite images of 
the Babylon Governorate in 2011 and the land 
capability map of Iraq (scale 1:1,000,000). The shape 
file of the Green University of Al Qasim was mapped 
in polygon type from satellite images of the Babylon 
Governorate in 2011. The maps used had scales of 
1:400,000 and 1:1,500,000 to determine the shape files 

for industrial areas and archaeological sites, 
respectively. The shape file of “Al-Qasim Qadhaa 
rivers” was a clipping from the shape file of “Babylon 
Governorate rivers”. All shape files were merged into a 
single layer called “land use”. The categories of 
“orchards” and “unused lands” were given ratings of 5 
and 10, respectively, while other categories were 
assigned a score of 0 (Fig. 3f). 

2.5.7 Agricultural Land Use 
The lands for Al-Qasim Qadhaa were divided into 

three categories: agricultural land, orchards and 
unused lands. The categories of orchards and unused 
lands were drawn in polygon type in separate shape 
files based on analyzed satellite images of the Babylon 
Governorate in 2011 [23] and the land capability map 
of Iraq (scale 1:1,000,000 ) [43]. In order to prepare 
the features of “agricultural land”, the features of 
“orchards” and “unused land” were merged into one 
feature. Then, the special extension tool “erase” in GIS 
was used to extract the areas of agricultural land.  
These features were then merged into a single    
shape file and then converted to a raster map called 
“agricultural land use” (Fig. 3g). The categories of 
“unused land”, “orchards” and “agricultural land”  
were given a grade of 10, 5, and 0, respectively, 
according to the classification of the Iraqi Ministry of 
Agriculture.  

2.5.8 Roads 
In this study, main roads and highways were 

incorporated into the layer of “roads”. Buffer zones 
from roads to landfill sites of 1,000~2,000 m were 
assigned the highest score of 10. Buffer zones of less 
than 500 m, and those greater than 3,000 m, were given 
a grading of 0 and 3, respectively. Buffer zones of 
500~1,000 m were assigned a grade of 7, while the 
buffer zones of 2,000~3,000 m were given a grading of 
5 (Fig. 3h). 

2.5.9 Railway 
In this study, buffer zones of less than 500 m on both 

sides of a railway were graded 0. Distances greater than 
500 m were graded 10 (Fig. 3i). 
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2.5.10 Urban Centers 
To determine suitable locations for landfill from 

borders of urban areas, buffer zones of less than 5 km 
were given a grading of 0. This figure was adopted due 
to many factors such as land value, health and safety 
laws (which often prevent siting of a landfill within the 
boundaries of an urban area) noise, decreases in 
property value [44], odor, aesthetics [45] and 
allowances for ensuring the potential to expand the 
urban area in the future [27].  

Buffer zones between 5~10 km were given the 
highest score which was 10. Buffer zones of 10~15 km 
and more than 15 km were given a score of 7 and 4, 
respectively (Fig. 4a). 

2.5.11 Villages 
For rural areas, buffer zones less than 1,000 m were 

given a grading value of 0, while those with buffer 
zones greater than 1,000 m were given a score of 10 
(Fig. 4b).  

2.5.12 Archaeological Sites 
For archaeological and religious sites, buffer zone of 

less than 1 km around these areas was restricted and, 
thus, scored 0. Buffer zones more than 3 km, and buffer 
zones of 1~3 km around these areas were scored 10 and 
5, respectively (Fig. 4c).  

2.5.13 Gas Pipelines 
The necessary buffer zone from gas pipelines on 

both sides to a landfill site was 300 m, and it was given 
a grading value of 0 according to the determinations of 
the Iraqi Ministry of Oil/Oil Pipelines Company in 
1989 [46]. Buffer zones more than 300 m were given a 
score value of 10 (Fig. 4d). 

2.5.14 Oil Pipelines 
Buffer zones less than 75 m on both sides of oil 

pipelines to a landfill site were giving a score of 0. 
Buffer zones more than 75 m are considered a safe 
distance according to the determinations of the Iraqi 
Ministry of Oil/Oil Pipelines Company in 1989 [46], 
and were given a grading value of 10 (Fig. 4e).  

2.5.15 Power Lines 
In this study, buffer zones from a landfill site to 

power lines on both sides should be more than 30 m, 
and these were given a score of 10. The reasons for 
choosing this value were to avoid the high level of 
voltage power that results from these lines, and to 
provide electricity for the infrastructure in a landfill  
site [33, 39]. Distances less than 30 m was given a 
grading of 0 (Fig. 4f).  

2.6 Evaluation Criteria’s Weights Using AHP Method 

The AHP developed in 1980 by Saaty [12], is a 
powerful and comprehensive decision-making 
methodology. It is one of the most common methods 
applied to multi-criteria in making decisions. This 
process allows a decision maker to make the right 
decision by using empirical data alongside the 
subjective judgments of the decision maker [13, 47].  

In the AHP method, the hierarchy is deconstructed 
into a series of pair-wise comparisons to determine the 
relative weighted importance of each criterion in terms 
of the other criteria. A 9-point numerical scale is used 
in a typical analytic hierarchy in order to indicate how 
many times more important or how dominant one 
criterion is over another criterion with respect to the 
criteria. This scale was presented by Saaty [12] in 1980 
and further developed in 2008 [48] (Table 3).  

In this study, the typical structure of the 
decision-making problem is formed and consists of 
numbers, which were represented by symbol m, while 
alternatives were given numbers represented by 
symbol n. The values of aij (i = 1, 2, 3…, m) and (j = 1, 
2, 3..., n) are used to signify the performance values in 
terms of the i-th and j-th in a matrix. The upper 
triangular of the matrix is filled with the values of 
comparison criteria above the diagonal of the matrix. In 
order to fill the lower triangular of the matrix, the 
reciprocal values of the upper diagonal are used. This is 
done by using the Eq. (1): 

aji = 1/aij                (1) 
where, aij is the element of row i and column j of the 
matrix [17, 49, 50]. The typical comparison matrix for 
any problem and the relative importance of the criteria 
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(a)                                    (b)                                  (c) 

 
(d)                                    (e)                                  (f) 

Fig. 4  Suitability index maps of: (a) urban centers; (b) villages; (c) archaeological sites; (d) gas pipelines; (e) oil pipelines;     
(f) power lines.  
 

Table 3  The fundamental scale of absolute numbers [48].  

Intensity of importance Definition Explanation 
1 Equal importance Two activities contribute equally to the objective 
2 Weak or slight  
3 Moderate importance Experience and judgment slightly favour one activity over another 
4 Moderate plus  
5 Strong importance Experience and judgment strongly favour one activity over another 
6 Strong plus  

7 Very strong or 
demonstrated importance 

An activity is favored very strong over another; Its dominance demonstrated 
in practice 

8 Very, very strong  

9 Extreme importance The evidencefavoring one activity over another is of the highest possible 
order of affirmation 
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for estimating the suitability index were done through 
the summation of the products of multiplying the 
grading values of the sub-criteria for each criterion 
(based on the opinion of experts in this field) by the 
corresponding relative importance weight (which was 
calculated by the AHP method). The final value of 
suitability index was obtained according to the grading 
scale of 1~5, which was ranging from the lowest value 
of an unsuitable site to the highest value of the most 
suitable for a site [30]. 

3. Results and Discussion 

After determining the weights for each criterion 
using the AHP method, suitable weightings for the 
sub-criteria of each criterion based on the opinion of 
experts in this field were assigned. The WLC method 
was used to determine the final output map of the 
suitability index for a landfill siting in Al-Qasim 
Qadhaa. This map was divided into five categories:  

 unsuitable; 
 moderately suitable; 
 suitable; 
 most suitable; 
 excluded areas.  

The category of “excluded areas” included urban 
centers, villages, rivers, archaeological sites, a 
university location and industrial areas. These areas 
were given a value of 0. The area for each category and 
its proportion of the total study area were as follows:  

 The “unsuitable” class is 50.76 km2 (8.74%); 
 The “moderately suitable” class is 234.46 km2 

(40.38%); 
 The “suitable” class is 206.47 km2 (35.56%); 
 The “most suitable” class is 70.92 km2 (12.22 %); 
 The “excluded areas” is 17.97 km2 (3.1%) (Fig. 6a).  

The solid waste quantity expected in 2030 in 
Al-Qasim Qadhaa is 71,947 t. The cumulative quantity 
of solid waste expected from 2020 to 2030 is 632,990 t 
based on an expected population in 2030 in this Qadhaa 
of 304,621 inhabitants, according to calculations made 
by Chabuk et al. [54]. The density of waste in waste 
disposal sites is 450 kg/m3 in the Babylon Governorate 
and, consequently, in Al-Qasim Qadhaa [55]. By 
dividing the solid waste quantity over the density of 
waste, the expected volume of waste and the 
predictable volume of cumulative waste in 2030 are 
159,882 m3 and 1,406,644 m3, respectively. An 
average groundwater depth of 2 m in the candidate

 

 
(a)                                    (b) 

Fig. 6  Final maps of suitability index for landfill sitting: (a) final model map of a suitable landfill; (b) the candidate sites for 
landfill in Al-Qasim Qadhaa.  

Final model (AHP) 
Excluded areas 
Unsuitable 
Moderately suitable 
Suitable 
Most suitable 
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sites for landfill in the study area was adopted because 
the groundwater depth from a ground surface in 
Al-Qasim Qadhaa is shallow. Therefore, the required 
area of a candidate site to accommodate the cumulative 
quantity of solid waste generated from 2020 to 2030 is 
0.702 km2.  

Two candidate sites were selected for landfill among 
the many sites located within the category of the “most 
suitable” index. These sites were each assigned a 
number (1 and 2). The area of Site No. 1 is 2.766 km2, 
while the area of Site No. 2 is 2.055 km2. These 
candidate sites are suitable for landfill in Al-Qasim 
Qadhaa. Fig. 6b shows that Site No.1 is situated at 
latitude 32°11'43" N, and longitude 44°32'26" E, while 
Site No. 2 is situated at latitude 32°14'38" N, and 
longitude 44°37'10" E. 

4. Conclusions 

This study aimed to select suitable sites for landfill 
in Al-Qasim Qadhaa using the best methodology and 
also by taking into account the scientific and 
environmental criteria which are followed in advanced 
countries. In order to determine the most suitable site 
for solid waste landfill in Al-Qasim Qadhaa, 15 layers 
were incorporated in the process of analysis using GIS, 
which is considered a powerful tool for assisting in the 
selection of a site for landfill due to its ability to deal 
with a large volume of data from different sources. 
Here, these layers were groundwater depth, rivers, soil 
types, agriculture land, land use, elevation, slope, gas 
pipelines, oil pipelines, power lines, roads, railways, 
urban centers, villages and archaeological sites. An 
AHP was used to derive the weightings for 
multi-criteria using a pair-wise comparison to construct 
a comparison matrix. Then, a WLC method was used to 
produce a suitability index for the final output map for 
the study area. 

Finally, in the category of “most suitable” on the 
final map, two candidate sites were identified for 
landfill among several sites. These sites were checked 
on the satellite images (2011) of the Babylon 

Governorate to make sure that these sites were  
suitable for landfill. Generally, these sites satisfy the 
minimum requirements of the landfill sites. The area  
of Sites No. 1 and No. 2 are 2.766 and 2.055 km2, 
respectively. The required area in the present study  
that can well accommodate such waste was       
0.702 km2. This area was estimated based on  
expected solid waste for the period 2020 to 2030 as 
632,990 t and was also based on the current waste 
generation rate and population growth rate in this 
Qadhaa, which were 0.58 kg per capita day, and 2.99%, 
respectively.  
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