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Abstract

Solid Waste Management (SWM) is of great concern for
municipalities in the West Bank / Palestine especially after the transpired
environmental problems of the low cost malpractices related to the existing

dumps that pollute the environment.

Cost studies have played an important role in evaluating waste
disposal methods and advocating one option over another. This thesis aims
at quantifying the benefits and costs of the solid waste management options
in Qalgqilia City in order to help future policy decisions, evaluating the
existing SWM system and estimating the least cost option for managing

solid waste in the City.

Four options were discussed for the municipal solid waste (MSW)
disposal in Qalgilia City and these are: Maintaining the existing situation
(The do-nothing option); constructing a transfer station and transport MSW
to Zahrat Al-Finjan Sanitary Landfill in Jenin District; constructing a
sanitary landfill for Qalqilia City operated by the Municipality; making
partial recycling to separate the recyclable materials and partial compost
generation and then transfer the remaining part of the solid waste to Zahrat

Al-Finjan sanitary landfill.
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Solid waste disposal options for Qalqilia City were evaluated based
on cost analysis, where it was found that the first option which is
maintaining the existing situation (the do-nothing option) has the largest
cost which is 71.1$/ton, in addition to the negative environmental impacts
on the groundwater and air pollution. This option also causes the most
effect on the local property devaluation. In the absence of enough area for
agricultural and housing purposes this option is considered detrimental
economically and environmentally. If we ignore the local property
devaluation, the environmental externalities and the cost of closure and

post closure of the existing landfill then the cost drops to 42.6 $/ton.

The second option; constructing a transfer station and transport the
MSW to Zahrat Al-Finjan sanitary landfill, seems to be more economic
than the first option where the cost of Municipal Solid Waste Management
(MSWM) is 58.7 $/ton. Environmentally this option appears to be
friendlier to the environment as the vulnerability of the groundwater and air
pollution 1s less than that of the first option. If we ignore the cost of

environmental externalities the cost becomes 57 $/ton.

Making partial recycling for recyclables material and compost and
transferring the remaining solid waste to Zahrat Al-Finjan sanitary landfill
seems to be the most economical and environmental friendly from the other
options. The cost of MSWM can be from 45.9%/ton to 52.3%/ton. This cost
is according to the amount of municipal solid waste to be separated and

recycled. This option provides more jobs and reduces the vulnerability of
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groundwater and air pollution. This option reduces the travel distance and
fuel consumption by reducing the amount of MSW to be transported and

land filled.

Construction of sanitary landfill for Qalqilia City is conflicting with
Environmental Quality Authority (EQA) policy, with highest capital cost in
addition to lack of the required land, this option and privatization option

need detailed study which is not covered in this thesis.

Finally it was recommended that Qalqilia Municipality should have a
specific project for the proper closure and post closure of the existing solid
waste landfill. This project will eliminate the local property devaluation at

the landfill area and protect the groundwater.

It is recommended that Qalqgilia Municipality starts to have pilot
programs for solid waste separation and recycling in addition to the
generation of compost especially that the city is located in an agricultural
area. This will reduce the cost of SWM by reducing the amount of land

filled waste and improves the environmental conditions in the city.
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Introduction
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Chapter One

Introduction

1.1 Background

One of the very important factors in keeping the environment clean
and aesthetic is the efficient Solid Waste Management (SWM). The proper
disposal of Municipal Solid Waste (MSW) becomes more acute as the
population of the cities becomes larger and larger (Tin et al., 1995). The
improper disposal of the solid waste causes pollution to the environment. In
the absence of efficient collection of MSW, it will be dumped randomly in
open spaces, streets, valleys and water bodies. The unsupervised process of
dumping solid waste becomes a source of diseases, leachate from the
decomposition which infiltrates into the soil and percolates into the
aquifers. In addition, the improper management of MSW causes harmful

effects to the public health and environment (Lah, 2002).

SWM involves activities associated with generation, storage,
collection, transfer and transport, processing and disposal of solid waste
which are environmentally compatible, adopting principles of economy,
aesthetics, and energy and conservation. It encompasses planning,
organization, administration, financial, legal and engineering aspects
involving an interdisciplinary relationship (Flintoff, 1984). Cointrean
(1982), estimated that solid waste related processes consume about 20% to

40% of municipal revenues in developing countries.

SWM in the West Bank has been a problem for the municipalities

and village councils for the past decades. The Palestinian Central Bureau of
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Statistics (PCBS) estimated that 67% of the solid waste is collected
(UNDP/PAPP, 2006). The collection is carried out randomly and the
wastes are thrown on the ground outside the streets and around garbage

containers (UNDP/PAPP, 2006).

Qalgqilia City produces about 50 tons per day of MSW which is about
18,000 ton per year and additional 14,500 ton per year solid waste of
construction and building works. The individual average daily solid waste
generation 1s 1.1 kg/d based on a study carried out by the Municipality of

Qalqilia in August 2007 (Qalgilia Municipality, 2007).

In another study which was conducted in June 2009 it was found that
Qalgqilia City produces 50 tons per day of MSW and another 13.5 ton per
day of building works waste. This means that the total collected solid waste
is 63.4 ton per day and the individual average daily MSW generation is
1.15 kg/d. The population of Qalgilia city was 41,739 in the year 2007
(PCBS, 2007) and is estimated at 43,446 for the year 2009 (Research and
Technical Support Unit (RTSU), Qalgilia Municipality, 2009).

According to the Research and Technical Support Unit (RTSU) in
Qalgqilia Municipality, the municipality has the responsibility for the
collection and disposal of the solid waste. Currently Qalqgilia Municipality
disposes of MSW in a landfill that was constructed without any
environmental precautions or health measures after the Israeli closures of
the city in the beginning of 2002 and after the closure of Jayyouse Village

solid waste dumpsite. After the deterioration of the environmental
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conditions and after the Municipal Council became aware of the
environmental and health hazards of the existing landfill and the
corresponding practices, it was decided to consider an alternative for MSW

disposal (RTSU Qalgilia Muniucipality, 2009).

Having a good SWM plan reduces the costs of collection and

disposal of the solid waste and the harmful effects on the environment.

Cost studies have played an important role in evaluating waste
disposal methods and advocating one option over the other. Our goal is to
quantify the benefits and costs of the SWM options in Qalqilia City in

order to help future policy decisions.

1.2 Research Objectives

Solid waste collection and disposal become in the concern of all
communities especially after the transpired environmental problems of the
low cost malpractices related to SW such as burning dumps that pollute the
air in addition to the unsafe working conditions resulting in numerous
injuries. While the public prefers the low cost options for garbage disposal
they are not aware of the many costly problematic consequences these

practices cause.

The research objectives are as follows:

1. Investigate and evaluate the existing MSW management system in

Qalqilia City.
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2. Identify the least cost SWM option for QalqiliaCity using cost analysis

system.

1.3 The Potential MSW Management Options in Qalqilia City

The potential MSW management options for Qalqilia City are:

1. Maintaining the existing situations (The do-nothing option). Currently,
Qalgilia Municipality collects the municipal and construction solid
wastes, and then all of the collected waste is sent to the existing landfill
in the city. A loader is then used to cover the solid waste partially with

soil.

2. Constructing a transfer station and transport the MSW to Zahrat Al-
Finjan Sanitary Landfill (ZFSL) in Jenin area. In the transfer station,
waste is collected from smaller collection vehicles to larger transfer
vehicles such as trailers and tractors. Transfer station can be quite
simple or they can be complex facilities. The design of the facility is
based on its intended use. The decision “build” versus “no build” of a
transfer station is often an economic-based decision. If the one way haul
distance from the point of full collection vehicle to the disposal point is
short then it is likely that no transfer station is required. On the other
hand, if the disposal point is far away and the collection vehicle will
have to be away from its primary role of refuse collection for too long,
then a transfer station might be warranted (Vesilind et al., 1987). The

relationship is illustrated in Figure 1, where the two curves cross is the
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breakeven point. Longer distance will warrant the construction of the

transfer station while shorter hauls will make it uneconomic.

Figure (1): Breakeven point of transfer station (Vesilind et al., 1987)

3. Constructing a sanitary landfill for Qalgilia City operated by the
Municipality.

Regardless of how much reuse, recycling and energy recovery is
achieved, a landfill is an engineered method for the land disposal of solid
or hazardous wastes in a manner that protects the environment. Figure 2

shows photos for transfer station and Zahrat Al-Finjan Sanitary Landfill.

4. Making partial recycling to separate recyclable materials and partial
compost generation then transfer the remaining part of the solid waste.
Many cities in the West Bank are starting this practice such as Nablus
City in Al Sairafi Transfer Station and the recycling of Plastic material

in Zahrat Al-Finjan Sanitary Landfill near Jenin City (Figure 3).



Zrat Al-Finjan Sanitary Landfill

Zahrat Al-Finjan Sanitary Landfill

Figure (2): Transfer station in Jenin District and Zahrat Al-Finjan Sanitary
Landfill

Zahrat Al Finjan sanitary landfill

Al Sairafi transfer station in Nablus City

Figure (3): Al Sairafi transfer station in Nablus City and plastic recycling in
Zahrat Al-Finjan Sanitary Landfill in Jenin District




1.4 Research Methodology

A cost analysis based procedure is to be used to investigate and
identify the least-cost option and to compare and differentiate between the

proposed and existing systems.

A literature review was carried out to study and review researches
done in this field and related subjects. Data collection was performed
regarding MSW management system in Qalqgilia City. Field trips for
storage sites, the existing landfill, maintenance sites, and the proposed site
for the transfer station were made, in addition to interviews with the

vehicular collection crew and municipality related departments.

All the data collected from the field, interviews and other discussions
were analyzed using MS Excel. Finally recommendations and conclusions
were presented. The entire methodology is depicted in Figure 4 bellow

while benefit cost analysis and cost considerations depicted in Figure 5.
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Figure (4): Research methodology
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Figure (5): Research methodology, benefit cost analysis and cost considerations
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1.5 Thesis Outline

The subject of the thesis is the benefit cost analysis of SWM for the

city of Qalqilia. The thesis consists of seven chapters.

In chapter one an introduction is introduced about solid waste
management and the research objectives, in addition to a description for
MSW management options in Qalgilia City. Chapter two provides a
general background about Qalqilia City. Chapter three contains the
literature review, the related researches and reports were reviewed. Chapter
four introduces a description for the SWM system in Qalgilia City. Chapter
five describes the cost analysis of SWM. Chapter six discusses the MSWM
options for Qalqilia City based on cost analysis considerations. The
conclusions and recommendations of the research furnished in chapter

seven.
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Chapter Two

A General Background for Qalqilia
City
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Chapter Two

A General Background for Qalgqilia City

2.1 Location

The City of Qalqilia is located in the north-west of the West Bank,
Palestine. It is situated about 12 km from the Mediterranean coast. Qalqilia
City is the main city within Qalqilia district, wich is connected to the
neighboring District of Nablus from the east, Tulkarm District from the
north and to Salfeet District from the south. Figure 6 shows Qalgqilia City

location in the West Bank.

According to the Engineering Department of Qalqgilia Municipality,
the area of Qalgilia City boundary was 27.5 km® before the year 1948. This
area was reduced to 10 km® after the 1967 war. Finally and after the
construction of the Israeli Separation Wall, Qalqilia's land was reduced to
8.2 km’. The buildup area in the city is 4.3 km®> (RTSU Qalgilia

Municipality, 2009).

Qalqilia City 1is connected to the near cities and villages by one main
road which is the eastern entrance (the main entrance of the city). It is also
connected to the southern villages by a tunnel leading to Habla Village and
Salfit Disrict in the south. Figure 7 is an areal image for Qalqilia City
where the Seperation Wall can be seen (RTSU Qalgilia Municipality,
2009).
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2.2 Population

According to the latest statistics, the population of Qalgilia City is
41,739 (PCBS, 2007). The population of the city for the year 2009 is
estimated at 43,446 according to the PCBS with a population growth rate

of 2.6% per year (PCBS, 2007).

As the population of the city increases it needs more and more
services of water, wastewater, solid waste, health and other services. The
following table summarizes the population, housing and establishment
indicators for Qalgilia City and Qalqilia District. The population density is
10,103 person/km”.

Table (1): Population, Housing, and Establishments in Qalqilia City
(2007)

No, of No. of No. of AYerage No. of Total
household buildings | establishments size of households | population
units household
gﬁg‘l‘l‘a 8.680 | 5219 1,925 53 7.844 | 41,739
Qalgilia | ¢ 150 | 1359 3,879 5.5 16,483 | 91,217
District

Source: PCBS, population, housing and establishment census 2007.

2.3 Climate

The climate of Qalqilia is Mediterranean with moderate summers

and warm winters. The mean annual temperature for Qalqilia District is
22.3°C and the mean annual minimum temperature is 15.6°C. The mean
temperature from June to August is 25°C. This value increases to an

average of 26.2°C in August (RTSU, 2009).



16

In winter, the area is influenced by warm air from the sea. The

average temperature from December to February is 11.8°C.

The rainy season in Qalqilia usually starts in late October and
continues through May. Between December and February, almost 70% of
the annual rainfall occurs, while 20% of the annual rainfall occurs in
October and November. December and January are normally the wettest
months in Qalqilia governorate. The amount of the mean annual rainfall in
Qalqilia district varies from year to year and rain may fall with great
intensity. During wet years the average annual rainfall of the city is

624.9mm (RTSU, 2009).

In Qalgilia District the wind direction mainly lies between the
southwest and the northwest with mean annual wind speed of 3.4 km/hr. In
winter, the district is influenced by the depressions passing from west to
east over the Mediterranean. These depressions bring westerly rain bearing
winds. The average wind speed from December to February is 4.1 km/hr
(RTSU Qalgilia Municipality, 2009). In summer, the district is influenced
by the sea breeze that comes from west in the morning. Towards noon,
winds change their direction to southeast and later in the evening they turn
to south and southwest. The average wind speed from June to August is
2.85 km/hr. In September and October, winds are more northerly with an
average wind speed of 2.78 km/hr. In spring, the Khamaseen winds may
blow over the area full of sand and dust. The mean daily wind speed from

April to June is 3.2 km/hr (RTSU Qalqilia Municipality, 2009).
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Humidity in Qalgilia District reaches high levels with an annual
average of 69.6%. In winter, this value increases to an average of 75.9% in
February while in May it reaches its lowest value of 62.4%. Summer
months are humid with an average humidity of 70.3% from June to August

(RTSU Qalgilia Municipality, 2009).

Rainfall, cloudiness, temperature and humidity in the West Bank
(including the District of Qalqilia) are illustrated in Figures 8 and 9 (Atlas
of Palestine, 2001).
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Figure (9): Climatic data (other parameters) (Source: Atlas of Palestine, 2001)
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2.4 Soil

The Terra Rossa is the most common soil in Qalgilia District. It
originates from the hard rocks of the Cretaceous series. The color is red to
light brown. The parent materials are Dolomite and hard Limestone. Only
in the valleys it is thick enough to have significant covering capacity, while
in other areas rock outcrops and thin layers of soil prevail. Lime content
varies between 0-10%, lime-free soils are occasionally slightly unsaturated.
Organic matter content is 2-8%. The pH is in the range of 6.5-7.8

(Universal Group for engineering and consulting (U.G.), 2006)

2.5 Geology of Qalgqilia City

Geologically the substrata of Qalgilia city are Cenomanian
Touronian Series. The flat areas which skirt the west part of the city are
overlain by Alluvial deposits. The whole area on which Qalgilia is located
is made up of rocky dolomite outcrops. The elevation of the city rises from
+40 m above mean sea level in the western parts to about +127 m above the

mean sea level in the eastern parts of the city (U.G., 2006).

2.6 Economic and Social Situation

The Majority of Qalqilia population is farmers, skilled and unskilled
laborers, and governmental employees. The agricultural and labor sectors
have been completely paralyzed following the permanent siege of the city,
the setting up of the separation wall around the city and the confiscation

and isolation of the most fertile lands. (RTSU Qalgilia Municipality, 2009)
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Qalgqilia City is the metropolis of Qalqilia District, which comprises
31 villages and 3 other communities. These villages and communities
depend on the infrastructure and other services, including educational and

medical services within Qalgqilia city (RTSU Qalgilia Municipality, 2009).

Qalgilia is surrounded on every side by Israel's separation barrier and
checkpoints. The Israeli separation barrier is a system of 8 meter high
concrete walls with cameras and sniper towers in some areas, and fencing
with motion sensors, trenches, barbed wire pyramids and patrol roads, in

other places (RTSU Qalqgilia Municipality, 2009).

The Municipality Council supervises all infrastructure services in
addition to contributions in health, education, culture, recreational and

social services (RTSU Qalgilia Municipality, 2009).
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Chapter Three

Literature Review
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Chapter Three

Literature Review

3.1 Introduction

A literature review was done to review the concept of municipal
SWM with particular respect to the cost analysis of municipal SWM
alternatives. This was