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ABSTRACT
The current study was carried out to identify the quantity of solid waste and its collecting methods,
and to analyze the current spatial distribution of waste collection containers in the new
neighborhoods in Khan Younis city, Gaza strip, Palestine. Moreover, the study aims to put plans for
the best sites for containers to go in line with the residents number. For achieving these objectives,
field survey of waste collection containers was carried out in the study area, where their sites have
been monitored using GPS, and their properties have been identified. An aerial photograph of Khan
Younis city year 2014 and software program ARC GIS 10.1 the data have been inserted, and
analyzed. And finally, the researcher has come out with the maps and various forms that serve the
study. Maps were obtained to show suggested location sites for the containers.
The applications of geographical information systems (GIS) have been used in order to choose the
optimal route for waste collection, transportation and transference in new neighborhoods in Khan
Younis city. Where a database has been designed which included mainly the streets, it also included
residential areas serviced by waste containers, and the process of linking them to each other took
place by using the techniques of GIS in order to choose the best economical ways for of vehicles to
collect and transport the waste. Which contributes practically and effectively in improving the
activities of municipal solid waste management in new neighborhoods in Khan Younis city.
The study shows that, the number of current containers is regarded enough if they daily emptied and
got regular necessary maintenance and the damaged containers replaced with new one. Moreover
spatial distribution of the containers, is not commensurate with the produced waste quantities in the
area.
The results indicate that the current distribution containers in the study area takes congregated
pattern that tends toward purposelessness. This is due to the lack of planning and the failure to
follow any standards in containers' distribution.
The study recommends to work on redistributing containers rhythmically to go in line with the
produced waste quantity in the study area, and taking into account the nature of economic activities
and future population growth. The study has also recommended to start using GIS technique in
solid waste management with its various tools and phases, and to train the employees to be able to
use modern techniques and developing strategic plans that represent comprehensive database based
on scientific basis.
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ملخص الدراسة
تيدف الدراسة الحالية إلى التعرف عمى كمية النفايات الصمبة واألساليب المتبعة في جمعيا وتحميل التوزيع المكاني الحالي
لحاويات جمع النفايات في االحياء السكنية الجديدة ،والتخطيط لمموقع األفضل لمحاويات بما يتالءم مع عدد السكان وكمية النفايات
المنتجة باستخدام تقنية نظم المعمومات الجغرافية .وإلتمام ذلك قام الباحث بمسح ميداني شامل لحاويات جمع النفايات في منطقة
الدراسة حيث تم رصد مواقعيا باستخدام جياز  GPSوالتعرف عمى خصائيا ،وباالستعانة بصورة جوية لمدينة خان يونس من
خالل برنامج  ARC GIS 10.1حيث تم ادخال البيانات ومعالجتيا والربط بينيا وتحميميا باستخدام أدوات التحميل الممحقة
لمبرنامج والخروج بالخرائط واالشكال المختمفة التي تخدم الدراسة.
وتم استخدام تطبيق نظم المعمومات الجغرافية في االختيار األمثل لمسار جمع النفايات ونقميا وترحيميا ،حيث تم تصميم قاعدة
بيان ات مكانية تضمنت بشكل أساسي الشوارع الرئيسية وكما تضمنت تمثيال لممنطقة المخدومة بالحاويات والتي عددىا  33حاوية،
وجرت عممية ربطيا من أجل اختيار افضل الطرق اقتصادياً لحركة سيارات نقل وجمع النفايات مما يساىم بشكل عممي وفعال في
تحسين أنشطة النفايات الصمبة في منطقة الدراسة.
وتوصمت الدراسة إلى أن عدد الحاويات الحالية يعد كافياً عند تفريغيا يومياً واجراء الصيانة الالزمة واستبدال التالف منيا ،إال أن
توزيعيا المكاني ال يتناسب مع كمية النفايات المنتجة في المنطقة.
تشير النتائج أن التوزيع الحالي لمحاويات في منطقة الدراسة يتخذ نمطاً يتجو لمعشوائية وىذا يرجع إلى غياب التخطيط وعدم اتباع
أية معايير عند توزيع الحاويات.
توصي الدراسة الحالية بالعمل عمى توزيع الحاويات بشكل متوازن يتالءم مع كمية النفايات المنتجة في المنطقة مع مراعاة
األنشطة االقتصادية والنمو السكاني المستقبمي .كما توصي بضرورة ادخال تقنية نظم المعمومات الجغرافية  GISفي ادارة النفايات
الصمبة بشتى جوانبيا ومراحميا ،وتأىيل الكوادر البشرية لتصبح قادرة عمى التعامل مع التقنيات الحديثة واعداد خطط استراتيجية
تمثل قاعدة بيانات شاممة بناء عمى أسس عممية سميمة.
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Chapter One
Introduction
1.1 -General introduction
Solid waste is considered one of the most important contemporary environmental problems facing
countries in the world, especially developing ones, for being one of pollution resources in these
countries and at the top of the problems in urban areas.

In the past two decades, economic and social developments have contributed in the emergence of
new lifestyles led to the increase and diversity of human needs. This development accompanied by
the growing and diversity in the amount of waste. But this development has not been matched by
effective measures in terms of organizational and technical aspects, which led to increase the
negative effects of these wastes on citizens' health and environment (Shayish & Hammoudi, 2010).

Solid waste are things no longer have value or use. Its existence in the environment consists a
danger to human, animal and plant. This type of waste includes household waste (garbage), hotels'
waste, factorie`s waste, demolition and construction waste, street dust, and agricultural and animal
waste (Al-Daboubi et al., 2007).

Palestinian Environmental Law (No. 99/7) defines solid waste as "any non-hazardous waste, or the
garbage arising from various household, commercial, agricultural, industrial, or urban activities, and
sludge generated by wastewater treatment plants(Korzom, 2007).
Palestine faces solid waste problem which is aggravated by the large increase in the population. In
addition to the low of environmental awareness among residents, and the low level of technical and
administrative expertise in terms of managing solid waste, and not to mention the obstacles placed
by Israeli Occupation Authorities.
Solid waste management process includes all collection, transportation, treating and disposal
operations of wastes in a highest efficiency and lowest cost(Gharaibeh and Al-Farhan, 2002).

It could be said that the solid waste collection and disposal process represents a daily challenge for
cities and municipalities. Municipalities need proper planning to rein solid waste risks to society,
and to develop an integrated method to manage solid waste that ensure present and future protection
for the environment to treat waste amounts expected to be generated for a long time.
However, applying GIS technique enable us to plan, organize, collect, and transport waste in the
best and the most reliable ways with the least economic cost pertaining to a scientific and concrete
1

constant system. This technique would help researchers and decision-makers in all planning phases
of solid waste management including predicting and treating generated waste quantities, as well as
determining its types in order to identify the most economical solution in a manner be compatible
with the legislative, technical and economic constraints (Rahmah, 2006).

1.2 - Stages of solid waste management
MSW collection is an important aspect in maintaining public health in cities around the world.
Waste collection is the collection of solid waste from point of production (residential, industrial
commercial, institutional) to the point of treatment or disposal. MSW is collected in several ways:
1- Primary collection : from house hold to containers sites collected manually
2- Secondary collection From containers to landfill sites
3- Final disposal at landfill sites

1.3 - Problem statement
As a result of population increase in the Palestinian cities, especially the city of Khan Younis,
where it is the largest area in the Gaza Strip and the second city in terms of population density, due
to the urban expansion in recent times as well as the human activities and economic importance of
the people in the city has led to the emergence of new lifestyles have contributed to the increase
population requirements, which led to increase the amount of solid waste produced per day.

The solid waste collection and planning is the first stage in the solid waste management process.
There are several ways to collect waste:1) collection waste house to house, 2) method transfer waste
from generation places to the containers. Therefore, it becomes necessary to follow scientific
methods in the management of solid waste to avoid health and environmental damage caused by
them.

1.4 - Importance of the study
The current study has comes as a result of the increase in population and urban expansion in the
Palestinian cities in general and Khan Younis city in particular, which was accompanied with an
increase of solid waste quantities, whether domestic or wastes resulting from industry and trade
operations.
The importance of this study is represented in the scarcity of its topic. Moreover, this study in Khan
Younis in general and in the study area in particular that addresses applying the Geographic
Information Systems (GIS) in assessing the geographical distribution of waste containers in Khan
Younis city and planning for their best sites. This technique GIS has a high ability to provide,
manage and analyze information at different levels, and hence takes advantage of this point in
2

supporting decisions and contributes in developing solutions to the problems of waste
accumulation. Moreover, it represents a starting point for students, researchers and specialists as it
enables them to apply this study on other areas, and holding comparisons between them.

The study also works as basic database for the municipality of Khan Younis that can be used to
identify the way of distributing waste containers and making an assessment for that, as well as
determining the most suitable roadmap for waste collection vehicles to follow.

1.5 - Justification
The specialist holds a great responsibility in identifying the importance of geographical phenomena
within the city. Contributes in analyzing the location and studies the compositional structure of
service centers in the city. So, he can points out the dysfunction of city activities. He also
contributes positively in the process of predicting uses in terms of site and planning due to his
efficiency and capabilities in the spatial relationships.
This means he can read the nature of the site from one hand and applying the geometry of place on
the other hand (Kubaisi and Al-Fallahi,2010).

Environmental planning enjoys a particular interest due to its great importance in maintaining the
safety of both the environment and human. Because of the increase and complexities of
environmental problems in the present day, there has become a growing needs to develop and use
modern methods to analyze, plan and manage such problems and to adopt the suitable methods for
treatment.

Therefore, the importance of the Geographic Information Systems (GIS) has grown which could be
used as a tool for planning solid waste management, and as the traditional methods of analysis take
time and effort and the possibility of making mistakes, especially when consolidating the spatial
and non-spatial data. For GIS, through which the operator can organize data in outlets (layers),
which reduce the possibility of making mistakes, as well as it has the ability to link carefully
between the spatial and non-spatial data to obtain precise outcomes help in making decision and
correct planning.
There are many causes enforced us to make this study:


the containers is distributed around the neighborhood and the distance to the containers is
not confortable;



people dispose wastes every hour, leading to eyesore scene, dirty, and unhealthy
environment dispelling the municipality‘s efforts to maintain the city clean;
3



the waste being disposed in the streets makes them susceptible to be torn by animals, leading
to even worse health and cleanliness conditions.

1.6 - Objectives
The primary goal of this work was to modify the current primary collection system in the new
neighborhood in Khanyounis city.
The objectives of this study are:


Reviewing and evaluating the existing PC system by Service Area, for optimizing waste
collection and transport;



Identifying the type of collection system to be implemented;



Laying out the collection routes for the new PC system so that both the collectors and
equipment's are used effectively.

1.7 - Methodology
The methodology is established by GIS technique in the study area by following three phases:


Data collection



Development of geo spatial database



The optimal allocation of collection bins for the proposed model based on road network,
population density etc., and Analysis of optimal proximity distance.

1.8 - Research Questions
The study tries to give answers for the following questions:


What are the sources of solid wastes? What are the used methods in managing them in the
study area?



Is the current spatial distribution of waste containers commensurate with the population
figures and the produced quantity of waste for each neighborhood at the study area?



What are planning standards that can be taken into consideration for selecting the most
suitable sites of waste containers?



What is the role of GIS technique in assessing the current distribution and planning for the
most suitable site of solid waste containers?

1.9 –Thesis Outline
Tis study consist of six chapters described as follows:


Chapter One (Introduction)

It offers an introduction along with background information with an overview of the primary
collections of wastes, objectives and research questions.


Chapter Two (Study area description)
4

Describes the study area and its characteristics and the solid waste management in the study
area.


Chapter three (Literature reviews)

It summarizes the literature reviews along with background information related to optimizing
the primary collection of wastes and finding the best routing for the collecting vehicles.


Chapter Four (Methodology)

Describes the research methodology for this study.


Chaste Five (Result an Discussion)

Present the results of the study and gives the proposed location of the containers.


Chaste Six (Conclusions and Recommendation)

Conclude the results and the information of the study and present a recommendation at came out
of the study.

5

Chapter Two
Study Area Description
2.1 - Location of the study area
The study area is located in the city of Khan Younis is a Palestinian city located in southern Gaza
Strip in the south-western part of Palestine as illustrate in Fig.1. It`s area is about 54.5 km2 Khan
younis ranks the first in terms of area among other cities in Gaza Strip. About 17% of Gaza Strip‘s
population live in Khan younis (230,000 people), making the city the second dense city in Gaza
Strip, about 6,000 citizens lived in new neighborhoods, an area of 404 donums (Table 1),
considered as a solution to the problems of housing poor families and that practice hard social
conditions. It has been constructed by UNRWA and funded by Emirates, Japan and Netherlands in
three phases.
Around 70% of the city‘s citizens live in only 16% of its total area. While UNRWA offers cleaning
services on refugee camps, the Municipality of Khan Younis covers the rest of the city. The
Municipality‘s Cleaning Department gathers daily household solid wastes and then accumulates it
into containers in order for the Solid Waste Administration Council vehicles to collect and transfer
it to the solid waste treatment station in Der Al-Balah, middle of Gaza Strip.

Study Area

Fig. 1-Location map of the study area

6

Table 1: Area of new neighbrhoods, Khan Younis (Personal Communication)

Streets' Size (Donums)

135.500

33.49%

Residential Buildings' size (Donums)

169.236

42.00%

99.804

24.51%

404.54

100%

Services and
Facilities Size
(Donums)

Schools
Medical Clinic
Mosque
Rainwater Collection Center
Car-Parking
Green Spaces
Total Size (Donums)

22.45
13.39
1.912
26.041
12.791
23.22

2.2 -Land Use
As noticed from satellite image in Fig. 2, the total area of the governorate is 116 km2, but municipal
authorities reach 97.8 km2. The cultivated area in Khan Younis is 37.3 km2. where 10.7 km2 were
cultivated via green houses, in addition to 13.7 km2 were dedicated to seasonal crops in grain open
fields and 12.9 km2 were dedicated to fructification cultivation. This means that 38.12% of
Municipality of Khan Younis authorities areas are cultivated land area and 32.16% of total
governorate areas are cultivated land. Note that 18.1 Km2 are arable lands. This means that 18.1
Km2 out of 37.3 Km2 are considered agricultural and arable lands occupying about 15.6 % of Khan
Younis governorate lands.
Khan Younis governorate master plan for 2013 identified build up area of 23,000 dounms, which
represents 23% of the total master plan area, compared to 950 dounms which are dedicated for
industrial and commercial and representing about 1% of the total master plan area. So, we can
classify it as agricultural governorate.

2.3 -Demographic and Social Characteristics
In 1997, Khan Younis Governorate population reached around 175,000 inhabitants, where in 2007,
Khan Younis Governorate population reached 270,979 inhabitants with a growth rate of 4.23%. It
represents 19% of the Gaza Strip total population (PCBS, 2013).
PCBS population estimation 2013 illustrated that Khan Younis Governorate‗s population reached
369,048 inhabitants .

7

Khanyounis City

Fig. 2-Khan Younis governorate satellite image (2016)

2.4 -Rainfall of Khan Younis Governorate
The governorate of Khan Younis is suffering from a sharp decrease in rainfall quantities of around
290 mm/year with 30 rainy days per year. This is because that Khan Younis is located in the
transitional zone between the arid desert climate of the Sinai Peninsula in Egypt and the temperate
and semi-humid Mediterranean climate along the coast (Ajjur and Mogheir, 2012). Reference
evapotranspiration value in Gaza Strip varies from 2 to 3.03 mm/d in winter, and reaches its
maximum value in summer at about 5.11 mm/d (Ajjur and Mogheir, 2012).

2.5 -Solid Waste Management in khan Younis
―It has been estimated that, of the total amount of money spent for the collection, transportation,
and the disposal of solid waste, approximately 60-80% of cost is spent on the collection phase‖
(Karadimas et. al, 2008). This provides great opportunity for research to be conducted and to find
better cost saving measures for municipalities. Solid waste management comprises the generation,
collection, transport, treatment, and disposal of solid waste from a facility (Modak, 1996).
Waste is useless, unwanted or discarded material resulting from agricultural, commercial,
communal and industrial activities. Municipal solid waste is term for solid waste discarded from
residential and commercial establishments. Table 2 shows the quantities that have been collected
and transported via the Municipality of Khan Younis vehicles during the past five years:
8

Table 2 : Quantity of waste collected by Municipality of Khan Younis vehicles during the past five years (Personal
Communication)

Year
2012

Waste Quantity (ton)
8323.3

2013

12890.9

2014

14150.2

2015

18571.7

2016

20432.7

It can be indicated that there is an increase of solid waste transported by Municipality of Khan
Younis vehicles. This is due to the natural growth of population within the municipality area,
constructing new neighborhoods and new residents coming from out of the city, such as Hamad
City,

Al-Boraq

Neighborhood,

Holland

Neighborhood,

Japan

Neighborhood,

Emirates

Neighborhood, Tohoku Neighborhood.
Table 3 shows the quantities collected and transported by vehicles of JSC (1m3) during the past
five years:
Table 3: Quantity of waste collected by JSC vehicles during the past five years (Personal Communication)

Year

Waste Quantities (Ton)

2012

28501.6

2013

30400.2

2014

26310.6

2015

28124.1

2016

26805.8

From Table 3, it is clear that the quantities of solid waste transported by (Joint Services Council)
during 2016 is less than the quantities of 2015.
Collecting and transporting solid waste from 1m3 size containers by UNRWA vehicles from refugee
camps to solid waste landfill in Deir el-Balah. Table 4 shows the quantities collected and
transported by UNRWA vehicles during the past five years:
Table 4: Quantity of waste collected by UNRWA vehiclesduring the past five years (Personal Communication)

Year

Waste Quantities (Ton)

2012

10,248

2013

11,119

2014

10,231

2015

10,032

2016

13,114

9

The accumulated waste used to be transported by blind landfills. These blind landfills have been
eliminated, and waste is being collected and transported daily to solid waste landfills in Sofa and
Deir el-Balah. Table 5 shows waste quantities transported through foreign fund were provided to
transport solid waste found in blind landfills to Deir el-Balah landfill.
Table 5: Quantity of waste transported to landfill throug foreign fund (Personal Communication)

Year

Solid Waste Quantity (Ton)

2012

17828.29

2013

26542

2014

10137

2015

0

2016

0

It should be noted that quantities of solid waste collected during the past five years have been
transported to Deir el-Balah landfill. at the end of 2012 and the beginning of 2013.
During the year 2014, a quantity of solid waste was transported to Deir el-Balah landfill which
collected during the aggression period in the same year. This quantity belongs to all municipalities
of Khan Younis Governorate.
It is noted that since 2015 until to date, there are no blind landfills in the city, as the Municipality of
Khan Younis has worked on eliminating any blind landfill. Noting that a grant from UNRWA has
been provided for the municipality to get rid of blind landfills, but the municipality did not get use
of it as there was no blind landfill within Municipality of Khan Younis area.

2.6 -Methods of Collecting and Transporting Solid Waste
In some neighborhoods, collecting solid waste is done through "From Door to Door System" and
by municipality's vehicles, then transporting it to the main landfills in Deir el-Balah and Sofa.
While in another neighborhoods, it is done through "Containers' System" by (JSC). In refugee
camps, collecting and transporting solid waste is done through "Containers' System" by UNRWA
vehicles. Other

neighborhoods, main and sub-streets, it is done by small vehicles belong to

Municipality of Khan Younis (tractor, small vehicle, donkey cart).
Then, waste is transported to big-size containers with 23 m3 capacity, and to solid waste landfill in
Deir el Balah.

The number of vehicles used in collecting and transporting of solid waste at Municipality of Khan
Younis is fifteen vehicles. The number of vehicles belong to (JSC) that work under the power of
Municipality of Khan Younis five tipper crane while the number of vehicles belong to UNRWA
are five vehicles three tipper crane + Wheel loader + tractor).
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The Municipality of Khan Younis and JSC use two types of containers:
1. One-m3 size containers which are used to collect solid waste, where residents put their solid
waste in the containers directly, and then are transported by vehicles of the Joint Services Council.
2. Twenty three-m3 size containers which are used to collect waste from donkey carts and tractors,
then being transported by a contractor.
Table 6 shows the sizes, numbers and condition of waste containers for the city of Khan Younis:
Table 6: Size, number and condition of waste containers for the city of Khan Younis (Personal Communication)

Item

Excellent Condition

Partial Damage

Total Damage

Total No.

620

200

50

870

200

-

-

200

6

-

-

6

3

One-m size containers (under
municipality power)
One-m3 size containers (under
the UNRWA power)
Twenty three-m3 size
containers

2.7 -Constructing Interim Transporting Station Project
Through the Department of Hygiene and Public Health, the Municipality of Khan Younis city has
implemented temporary transporting station project south of Qeezan Abu Rishwan area during 2016
for an area of three dunams out of ten dunams. It will be used as an temporary transporting station
in the first phase, where waste to be collected in big-size containers with about thirty-m3 size, and
then to be transported by special vehicles to Deir el-Balah landfill.

2.8 -Generation Rate
The rate of waste for the different governorates in Gaza strip is presented in the Table 7. These
figures include household waste generation as well as street littering. It is assumed that the per
capita waste in Khan Younis 0,72 kg pppd and the population in the study area 6,000 inhabitant.
The amount of waste generate from this area 6,000 inhabitant * 0,72 kg pppd =4.32 ton/day.'
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Table 7: The rate of waste generation for the different governorates in Gaza Strip (UNDP,2012)

2.9 -Composition of solid wastes in Gaza Strip
The amounts and composition of solid waste generating usually change from country to country and
from a residential to a residential area. The studies carried out in many countries indicate that each
person output of household wastes is different from one country to another and that there is close
relation between population, national income on the state as well as person‘s level. MSW The
average typical composition (% by weight) consisted of 67.0 % organic matter, 8 % paper, 2 %
textiles, 7 % plastics, 2 % glass, 2 % metals, sand 10% and 2 % others. (CDG Training Course for
Solid Waste Management in Gaza Strip, 2000)
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Chapter Three
Literature Review
In this section we present briefly the framework that governs municipal solid waste management in
Gaza strip. In specific, the policies, legislations and institutions governing municipal solid waste
will be presented. Whenever possible, the focus will be sharpened on Primary Collection (PC) and
several previous study have addressed the subject of solid waste management .

3.1- Municipal Solid Waste Management Policy
In 2010 the Palestinian National Authority, with the support of GIZ (GTZ at that time), issued the
―National Strategy for municipal Solid Waste Management in the Palestinian Territory”. The
Cabinet of Ministers endorsed the strategy by Decree number 13/49/05 in May 2010. The strategy
covered the following:


The policy principles that form the basis of the strategy.



Assessment of the current status of solid waste management (SWM) in the Palestinian
Territory and the key issues.



The strategic vision, strategic objectives and sectorial policies.



Strategic inventions and responsibilities of parties involved.



Implementation of the strategy, monitoring and evaluation indicators.

The strategy was based on a number of guiding policy principles, these are:


The principle of sustainable SWM, which ensures optimal use of resources and protection
for the environment.



Clarity of roles and responsibilities and the separation between regulatory, monitoring, and
executive duties.



Facilitated availability of information and its transparent exchange among parties involved.



Transparency of institutional, financial, monitoring, and administrative systems.



The principle of partnership based on integrity and clarity of roles the various parties.



Recognizing the importance of the private – (formal and informal) and non-government
sectors.



Recognizing the vital role of local community and the importance of citizen‘s participation
in SWM.



Transparency in dealing with citizens‘ complaints.



The principles of ―polluter-pays‖ and ―producer-pays‖.



The principles of self-funding and providing services at reasonable cost.
13



The principle of ―economy of scale‖ in planning and developing SW services.



The gradual implementation of initiatives, technologies, and new models in the fields of SW
reduction, treatment and recycle.



Creating incentives to encourage successful initiatives and practices.



The compatibility of technology and equipment used in SWM local conditions.



Penalty system, against parties that do not adhere to the appropriate procedures in dealing
with SW.


In addition, the strategy identified a number of important policy actions, some of which though
general will influence and improve PC, whereas others are directly related to PC and would render
it more effective, efficient and sustainable:


Development and update of the legislative framework supporting integrated SWM.



Strengthening the organizational frame of national institutions and supporting their
complementary roles in SWM.



Establishing an integrated, coordinated and sustainable institutional approach to support
institutional capacity building in the SWM sector.



Developing the current management systems for SW collection and transport, in order to
improve the quality and effectiveness of services and its availability to all citizens.



Reducing the cost for SW collection and support.



Achieving cost recovery and self-financing for SWM operating costs.



Creating appropriate inventory and tracking systems for hazardous waste.



Treatment of medical waste before its final disposal according to the ―polluter pays‖
principle to limit its negative health and environmental impacts.



Minimizing the negative health and environmental impacts of special waste.



Creating an enabling investment environment that encourages the private sector to
participate.



Promoting the partnership spirit and strengthening the alliance between service providers
and the served communities to enhance the awareness of SW issues.



Establishing a unified national database for SW and institutionalizing monitoring system.

These policy actions still need to be effectively implemented. In particular the following major
challenges still need to be addressed:


Ineffective legislative framework



Lack of standards for various stages of SWM
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Dependence on external funding to cover SWM expenses and multiplicity of funding
sources.



Inability to recover SWM costs.



Insufficient resources (human, financial, organizational capacity) involved in SWM



Inadequate system to manage data related to SWM



Limited participation of the private sector



Insufficient public awareness in SWM issues and weakness of participation.

3.2-Municipal Solid Waste Management Legislations
Currently municipal solid waste management in Gaza strip is governed by a limited number of
articles in different pieces of legislation. The most relevant of these legislations are:


Local Authorities Law (1), 1997



Palestinian Environmental Law 7, 1999



Solid Waste Management Regulations , 2004



Joint Service Council (JSC) Regulations, 2006



Laws relevant to private sector participation in the solid waste sector



The Public Health Law 20, 2004

3.2.1-Local Authorities Law (1), 1997
According to the Local Authorities law (1) issued in 1997, waste collection and disposal are the
responsibility of local councils, which was clearly stated as follows:


Waste collection from streets, houses and public areas, transportation and regulated disposal
is the responsibility of the local council.



Protection measures for safe public health shall also be taken by the council, this includes
the implementation of an efficient waste collection system.

The law provides for municipalities the possibility to form JSCs through which they can join forces
and collaborate onto the delivery of municipal services including collection and disposal.
Regulations to give effect to this law were adopted the following year. Municipalities have since
created JSCs for the purpose of facilitating solid waste management.

3.2.2-Palestinian Environmental law (7), 1999
The Environmental Law of Palestine includes a framework for environmental protection including
SWM and sets roles and responsibilities for the EQA as follows:


To promote environmental awareness in Schools, universities and clubs and encourages
volunteer work aiming to protect the environment (article 4)
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To ensure the right of every individual to live in a sound and clean environment and stress
on resource conservation and sustainable development including the protection of water
resources, soil quality, flora and fauna (Article 5)



To implement a land use policy which ensures the protection of natural resources and areas
with special habitats (Article 6)



To build up a national solid waste management strategy and takes responsibility of
monitoring its implementation (Article 7)



To minimize waste generation and promote recycling and reuse. At the bottom of the waste
hierarchy, waste shall be disposed of in regulated and properly selected sites (Articles 8 to
10). However, no regulations or instructions on how to implement these measures are issued
to date.



To ensure a safe disposal of hazardous wastes and to prohibit the import of such waste to
Palestine (Articles 11 to 13). However, no waste acceptance criteria has been developed for
hazardous wastes, no identification list for hazardous wastes has been also identified.



To prohibit the incineration of garbage and solid waste unless performed according to
Ministry‘s instructions and standards (Articles 23).



To prohibit the discharge of any solid or liquid or other substance unless conforming with
the regulations (Article 30).

Part IV of the law gives the authority to EQA to periodically inspect and to acquire all needed
information and collect all necessary samples. EQA has the authority to apply penalties on projects
and activities not complying with the laws/regulations.

3.2.3 -Regulations which complement the Local Authorities Law (1), 1997 and
Environmental Law (7), 1999

Solid Waste Management Regulations (2004)
The Solid Waste Management Regulations, issued by the EQA in 2004, are the first trial to develop
regulations that aims to complement the Environmental Law. These include the following key
guidelines related to waste collection:


MSW collection is the responsibility of municipalities and village councils, as well as
ensuring that this process does not have health and/or environmental implications.



It is prohibited to dispose of waste outside the street containers designated for this purpose.
These containers should be closed and manufactured out of a metallic or similar material.
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The number of these containers should be sufficient and waste has to be collected at least
three times per week in urban areas.


It is the responsibility of industrial, commercial and agricultural waste generators to arrange
for the collection and transport of their wastes to the designated treatment/disposal areas.
This has to be pre-arranged with the authorities.

The regulations also include an article about classification of the different waste streams into MSW,
construction and demolition waste, and other waste streams depending on the generating industry.

Joint Service Council (JSC) Regulations, 2006
The JSC regulations were issued by the MoLG in 2006, they set the managerial system and
authorities for the JSCs. The work of the JSC shall be organized by the Minister of Local
Government in coordination with the councils of concern.

3.2.4 -Public Health Law
The Public health Law 29 mandates the Ministry of Health to issue licenses for waste facilities
(Article 2). The Ministry of Health in coordination with the relevant bodies shall issue
specifications and requirements for the transport, storage, treatment or disposal of hazardous
materials and wastes (Article 42).

3.2.5- Laws Relevant to Private Sector Participation in the Solid Waste Sector
The Investment Law: As stipulated in this law, financial incentives are given in the form of tax
reductions to companies which have a capital exceeding 100,000 USD. Solid waste management
projects may also benefit from these tax reductions but upon approval from the Ministerial Cabinet.
This approval process is not required from other projects.

The Local Authority Law: The law gives the right for the Local Government Units (LGUs) to sign
contracts with private sectors to participate in SWM projects but only for a period of less than three
years. Projects of more than three years require an approval from the Minister of Local
Government.

However, during interviews, the vast majority of municipal solid waste management (MSWM)
concerned officials reported that they were mainly implementing the:
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―Waste Collection‖ or ―Waste Fees Legislation‖. This is the legislation that each
municipality issues based on the Local Authorities law (1), 1997



―Public Health Offenses legislation‖. This legislation is issued by the Council of Local
Authorities based on the Local Authorities law (1), 1997

3.2.6 -The “Waste Collection Legislation” or “Waste Fees Legislation”
It is prepared and issued by the municipalities based on the provisions of the Local Authorities law
(1) of 1997. This legislation, usually called ―waste fees legislation‖ or ―waste collection
legislation‖, is endorsed by the Ministry of Local Government and its provisions hold in courts of
law. It is mainly concerned with setting waste management fees. However, legislations issued by a
few municipalities are more detailed and inclusive than others. The more inclusive of these of
legislation covers:


Definitions



Mandates the municipality as the body in charge of primary collection of all categories of
waste, its transfer, treatment and final disposal.



Prohibits any person to handle waste without being licensed by the municipality and
according to the conditions set forth in the license.



Requires owners of buildings to provide waste bins. It also requires residents to place their
waste where and as instructed by the municipality. The municipality has the right to decide
on the location of waste bins and containers.



Mandates owners of buildings under construction to place a large container bin for
construction/demolition waste and requires proper disposal.



Sets the waste management service fees for residential units and non-residential
establishments.



Sets fines for non-compliance and violations.

3.2.7 “Public Health Offenses legislation”
This legislation prohibits a relatively large number of practices that are believed to constitute public
health hazards. It is issued by the Council of Local Authorities, based on the provisions of the Local
Authorities law (1), 1997 and is endorsed by the Ministry of Local Government. It is to a large
degree concerned with waste, but in addition, addresses noise, air pollution (emissions), discharge
of wastewater ….etc. In terms of waste, it prohibits unsound waste practices such as littering, open
burning of waste, random disposal of waste ….etc. It mandates the Department of Health and
Environment of the Municipalities with the inspection and sets fines for non-compliance.
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3.3-Institutional Set-Up
At the national level, the roles and responsibilities relating to MSWM is divided among a number
of national institutions as follows:
1- Ministry of Local Government (MoLG): According to a cabinet decree the ministry of local
government is responsible for monitoring the implementation of the National Solid Waste
Management Strategy. The ministry has the role of monitoring and supervising the local authorities
and the joint service councils and their activities, in particular following up on the implementation
and execution of the infrastructure projects including the solid waste activities.
2-Environment Quality Authority (EQA): According to the environmental Law no. 7 of 1999,
the Environmental Quality Authority develops national plans and strategies for solid waste
management, They have the authority with coordination with the competent authorities to review
and develop the standards, conditions and specifications related to the environmental conversation.
They are responsible to determine the specifications of solid waste dumpsites promote and enhance
the reduction of solid waste production as well as the reuse and recover the component or recycle it.
Moreover, EQA has the role of setting out the conditions needed to regulate the treatment, dumping,
or incineration of solid waste. On the other hand EQA has a very important role in increasing
environmental awareness and ensure availability of environmental information to the public. In
addition, EQA has the EIA department who are responsible to approve any project related to the
solid waste management including this project, and has also the inspection department who are
responsible to the monitoring, and inspection of solid waste management facilities and ensuring
environmental laws enforcement.
3-Ministry of Health (MoH): The ministry issues the licenses for the construction of solid waste
management facilities such as landfills. It is mandated with applying public health standards in solid
waste management activities. According to the public health law, the ministry has the role of
issuing the requirements related to transport, storage, treatment, and disposal of the hazardous
waste. In addition. This might be overlapping with the roles of the EQA.
4-Municipal Development and Lending Fund (MDLF): is a semi-governmental juridical entity
established by Decree under the Council of Ministers, to accelerate
governments. According to Cabinet Decree No. 05/13/12 dated August 2007, the main objective of
MDLF is to encourage the flow of financial resources to Local Government Units for different
projects, activities, and investments to the local authorities and occasionally to the joint service
councils, the solid waste projects and activities are among those activities.
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5- Joint Service Councils (JSCs): Implementing the national strategy of the solid waste
management is an important role of the JSCs. Providing the service on behalf of the local
authorities is another main role of the JSCs. On the ground JSCs are carrying out the management
and operation of the landfills and do the job of collection and transfer in some localities.
Other institutions that play a non-lead role are the Palestinian Standards Institute (PSI) and
Palestinian Central Bureau of statistics (PCBS).

At the local level, Municipalities have the key responsibility for waste management within their
jurisdiction, in terms of collection, transport and transfer, and final disposal(MDLF, 2016).

3.4-Theories of Spatial Planning
The general and comprehensive definition of spatial planning is a set of interim intended, organized
and legislated measures that are implemented in a specified period of time at the level of one or
more spatial scales through serious collective and collaborative efforts using various tools and
techniques that achieve optimal and sustainable exploitation of natural and human potential and
available resources in a way brings about the desired change in the society in terms of guidance,
control and follow-up for such change in the various aspects of life to prevent making any negative
effects (Abdel-Hamid, 2011).
Studying spatial organization is considered one of the most recent trends in geographic studies,
particularly regarding services within cities, and the distribution of geographical phenomena in
space and time. The structure of the place is based on the principle of reducing distance to its
minimum with the minimal cost, and to increase the benefit of points and spaces inside the structure
of the place to its maximum (Rahaily, 2010).
A range of theories have emerged in this field, including the City of Neighborhoods Unit Theory
that developed by the American planner Clarence Perry in 1910, which sees the need to gather
population in residential areas around a range of services. Its center be a school within acceptable
distance to walk and work on achieving social interaction among residents without having pollution
and traffic jams.
In the field of organizing spatial services, Central Places Theory for the German geographer Walter
Chris taller had emerged in 1937. It is considered as one of the most important theories about urban
and regional planning. It is the best theoretical integrated structure explains spacing system among
human populations and the relationships within them in terms of functions, sizes, classes and fields
of influence (Rahaily, 2010). In brief, this theory argues that any city can be a central place for the
surrounding district. And then the city is called (the central location) that provide services and
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goods (main activities) to the surrounding district. So the centrality of the city is compared to the
size of its activities which provides to the district.
The theory also indicates that as far as the centrality of the city increase, the district widens and its
rank and control increase (Muzaffar et. al, 2010). This theory has distinguished between two types
of centrality namely(Mashaqi, 2008):
- From the standpoint of the site, which constitute the geometric mean point.
- From the standpoint of its central functions, such as providing goods, services and main industries.

3.5- Planning Methodology for Containers
The study has relied on the numbers of houses and population to estimate the amount of produced
waste by each house in the neighborhoods in order to identify the number of houses that each
container (one-m3size) may serve. This methodology has adopted this size of waste containers
because of the availability of modern techniques for emptiness, and easy to be maintained. More
importantly, such containers can be empty daily. In addition to accumulation of waste around
containers as they be high and unreachable from children, and burning it to reduce its amount by the
children's. The containers are located in a considerable distance from houses, so they do not fit with
planning comfortable distance for residential neighborhood which is preferred to be not more than
60 meters (Allam, 1983) a person crosses from his house to reach container's site inside populated
areas.

3.6-Previous Study
Several previous studies have addressed the subject of solid waste management. They have
indicated generally the geographical distribution of waste collecting containers. Among the most
important studies related to the topic of the current study are introduced in the following
paragraphs.

Hanani (1999) discussed the environmental pollution of solid waste in the city of Nablus. He
addressed the spatial and temporal distribution of solid waste amounts and its different types. In
addition, he touched on the mechanism of solid waste collection and the evolution in its amounts,
and classification of containers in terms of size characteristics and patterns of their geographic
distribution. It has been shown that the capacity of waste containers in the city of Nablus ranging
from 150 - 280 kg. In collecting his data, Hanini (1999) depended on field work and a questionnaire
distributed on 5% of study population houses, as well as solid waste landfill of the city in terms of
its natural and general characteristics, and the amount of solid waste and its spatial effects on the
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landfill site. His study concluded that the economic, social and demographic characteristics have an
impact on the quantity of solid waste. Moreover, the poor distribution of waste collection workers
and containers play an important role which worsening pollution problem of solid waste, as well as
workers lack of commitment of the site daily work program. Hanani (1999) recommended to
distribute more containers of various sizes to meet geographical area changes.

Rahmah (2006) addressed the role of GIS in all planning phases of solid waste management and
developed methods for predicting solid waste quantities, as well as passages of waste transports and
disposal sites. His study shed light on the importance of GIS technique in identifying the best sites
for solid waste landfills through wide holistic view to such technique and linking these sites with
spatial analysis and decision-making tools to determine the ideal solution and taking the proper
decision. Rahmah (2006) concluded a comprehensive action plan for applying GIS technique in
managing solid waste in Syrian cities.

Eid (2007) addressed the chemical, biological and physical properties of solid waste, the available
services for collecting solid waste and disposal methods, and the challenges of treating solid waste
that face local authorities in Qalqiliya district. He depended on a questionnaire distributed to 683
individuals of Qalqiliya residents. He also identified the components of solid waste in the
governorate via taking 30 samples from five sites.
Eid (2007) concluded that 46.2% of the local authorities dispose waste in open random landfills
without any additional treatment, and both waste collection workers and vehicle are devoted for
more than one residential neighborhood. He also showed that the numbers of containers available
in the communities are few and do not fit the number and sizes of populations and what he/she
produce of solid waste, where the study founded that the per capita production of solid waste per
day in Qalqiliya district is 1.46kg.

Al-Beerah (2007) studied domestic solid waste in the city of Musratah in terms of its components,
characteristics, quantities, and spatial distribution of solid waste containers. She pointed to the
difficulties that face authorities for managing waste in her study area and the role of media in
treating solid waste problem. She also conducted a comparison between traditional and modern
methods for the disposal of solid waste. She believed that the process of converting organic
substances in domestic solid waste into organic fertilizer is one of the most successful ways to get
rid of it.
Al-Beerah (2007) concluded that, there is a clear relationship between the produced quantities of
solid waste and the economic level of residents in the area. In addition there is an acute shortage in
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the numbers of waste containers and the poor distribution of them. Also it turned out that 76% of
study sample stress the un availability of containers near their houses.
She recommended that there is a need to provide all neighborhoods with waste containers and
distributing them in appropriate spaces and close to residential units. Also a fixed date, known to
residents, should be allocated to unload containers. She also recommended to increase the number
of unloading containers, especially in summer, and replacing the old ones by larger containers.

Al Taroghi (2008) address the aspects of solid waste pollution problem in terms of ways of saving,
collecting and transporting domestic solid waste and factors influence it. she showed that 69% of
residents in her study area throw waste in open squares, 23% of residents dispose their waste in
containers and only 8% put their waste in waste collection vehicle while passing. This indicates that
there is a significant shortage in the number of waste containers and vehicles. She addressed the
amount and components of solid waste in the study area, where the average rate of waste production
per capita is 0.5kg per day, as this estimation was calculated through samples represent twenty
households.

A study of addressed the solid waste in the governorate of Northern Gaza Strip in terms of qualities
and quantities was conducted by Baroud (2009). It was shown that the amount of solid waste
reached 226 tons per day in the study area.
Baroud (2009) found that the number of containers and their geographical distribution across the
district are not perfect except only of 30% of the area. He recommended the need to redistribute
waste containers in a way commensurate with the resident numbers and daily of solid waste
produced

per capita. He also recommended to establish landfills enjoy health standards for

disposing wastes cannot make use of, or building waste incinerators enjoy health standards that do
not harm environment or human.

Applied Research Institute (2009), focused on solid waste management system and the ways
municipality manage it, as well as the plans developed to improve ways of collecting waste and
setting a cost-effective and Eco friendly system for disposal of solid waste. They discussed the
challenges that face solid waste management systems in the city of Nablus, foremost of which is
Israeli Occupation and inadequate facilities, equipment's, low public awareness and the absence of
an effective legal framework for the management of solid waste. The study showed that only 50%
of the residents of the city of Nablus pay for municipality to dispose waste, which covers only 20%
of the real costs. And that reflected negatively on the efficient and effective management of solid
waste.
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Hinde (2010), tried to define the costs of waste management options, provide an assessment for
solid waste management and identify the least costly option for waste management in the city of
Qalqilya.
He recommended that the municipality of Qalqilya shall launch a pilot project to separate solid
waste in order to reduce its amounts that is shifted to Zahrat al-Finjan landfill. He recommended the
necessity for the municipality to study carefully the options of solid waste management and
choosing the least expensive and the most convenient with the environment, which leads to reduce
annual expenses of solid waste management and investing this money for constructing other vital
projects in the city.

Shayesh and Hamoudi (2010), presented the role of GIS technology in solid waste management.
They argued that the GIS system is not just a method save time and money only, but this system
provide the digital date for future control programs of solid waste. They also discussed the amount
of produced waste and containers distribution inside the city of Kut, and showed that the total
amount of solid waste that the city produce daily is 214.54 tons. The study indicated that there is a
weakness in the efficiency of solid waste management which was clear in the rarity of waste
containers numbers and not distributed in an ideal way due to the lack of using modern technologies
in solid waste management at the municipality of the city of Kut.
Abu al-Ajeen (2011), addressed the landfill that located in the eastern part of Dair al-Balah and its
impact on polluting soil, groundwater and air. He pointed out that there are severe shortage in the
numbers of containers, poor efficiency and bad geographical distribution of waste containers.
He recommended increasing reliance on the system of collecting through using rotating waste
containers, to working on sorting household waste as much as possible to reduce wasted transported
to landfill, and not to rely on kids in solid waste disposal to prevent its accumulation around
containers.

Nithya (2011),used GIS for investigating adequate number and positions of existing collection bins
in one of the urban ward Sidhapudur, Coimbatore, India. The proposed numbers of collection bins
were assessed according to MSW generation in the ward. Then the optimal positions were found
with reference to existing bin. He proposed three different proximity distances such as 50m, 75m
and 100m around existing and proposed bins were generated and found the optimal distance.

Zoqlam (2013) identified the properties of solid waste in terms of its sources, nature, quantity, and
adopted methods of collection, transportation and disposal, as well as to know how much the
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existing sites and numbers of current containers are suitable and meet the general needs and the
amounts of produced waste. In addition to choose the suitable location and size of container.

He concluded that the current number of containers is considered sufficient if they are emptied
daily and have had the regular maintenance and the damaged ones are replaced. However, their
spatial distribution do not fit with the produced waste amounts in some neighborhoods as in Ra'as
Al-Ein neighborhood, where the current containers constitute about 53% of needed ones to get rid
of waste produced.

The result of his study showed that the current containers distribution in the area form a convergent
pattern tends toward randomness. 76% of containers are distributed on only 28% of the area. This is
due to lack of planning and failure to follow any standards when distributing containers.
He recommended to work on redistributing containers in a balanced manner fit with the quantity of
produced waste of each area taking into account the nature of economic and commercial activities
and future population growth.

The previous studies have addressed solid waste in term of its quantity and size, factors affect, and
the negative effects arising from its accumulation. In general, they have focused on the process of
managing solid waste from different aspects; they shed light on the methods of collecting and their
efficiency, the disposal costs and the economic benefits, as well as challenges that face integrated
management of solid waste. Moreover, the studies have addressed waste containers in terms of their
numbers, sizes, and their percentage in contrast with population, and finally their geographical
distribution.

Such studies have not applied modern techniques and the analytical processes to identify the nature
of spatial distribution of containers and its relationship to the population and the amount of waste
produced accurately. They also have not addressed the planning standards for better distribution of
containers. Some of these studies are just studied the spatial analysis of containers based on space
without raising the analytical and planning processes. Some of these studies have pointed
theoretically to the role of GIS in planning for the management of solid waste. The current study
comes to analyze and make an evaluation for current containers in the city of Khan Younis using
GIS technology and its analytical tools to choose the best location for these containers, and to assess
future needs based on estimating the amount of waste, the absorptive capacity of containers, and the
number of population for different periods of time.
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Chapter Four
Methodology
In light of what have been studied of the reality of waste containers distribution in the city of Khan
Younis, and what have been presented of analysis and evaluation to this distribution, we can
develop a deliberate methodology of the optimal geographical distribution of containers that ensure
better service for residents with taking into consideration the ease of access. In addition, developing
future vision to the numbers of containers needed that meet with residents needs and the amounts of
produced waste in the city's neighborhoods where waste is collected.
The methodology is established by GIS technique in the research area by following phases:


Data collection



Develop spatial database of the study area



Design of Database



Dedicated the reallocation of waste collection containers



Making use of the GIS spatial analysis functions



Performs the optimization of routing with the use of ArcGIS Network Analyst GIS software

4.1 -Data collection
Data of MSW management that has been collected are: population, waste generation rate for waste;
number, type and positions of collection containers and the road network. The main sources of
developed database were derived using the digital maps and satellite image.
The existing location of the collection containers were derived from on-site capturing with the
use of Global Positioning System (GPS) technology.

4.2 -Develop spatial database of the study area
The geospatial database was framed in Arc GIS 10.1 for the allocation and analysis of collection
containers and routing of vehicle. The database was derived through the satellite image as according
to geographic coordinate system Palestine_1923_Palestine_grid. The description of the database is
presented in the table 8.
Table 8: Description of geo spatial database

Spatial Data

Type

Road network

Vector

Collection containers location

Vector

Buildings

Vector

Satellite image of the study area

Raster
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4.3-Design of database
with Arc catalog database features were classified into served classes. These classes are as follows:
The first class represents the streets and their named (e.g. Streets_new2) and its type (line) as
shown in Fig. 3.
Descriptive domains was added such as: Street name, street length, Statues of street(one-way),
speed, time.
Street name: is labeled as it is known in Municipality of Khan Younis.
Street length: is calculated by default when designing.
Street Statues (one-way): through field visits of some of the city streets' directions and through
field work to know the directions of other streets. Streets directions have been described as follows:
Streets with two-ways, nothing was written in the domain devoted for one way (Null)
Streets, that is drawn with its real direction they are prescribed with (False).
Streets, that is drawn with opposite to their real directions they are prescribed with (True).
Speed: The different speed limits have been inserted in accordance with police traffic and were
identified as follows (Ministry of transportation):
Highways: 80km/h
Main streets: 60km/h
Bystreets: 40km/h
The time: the time has been calculated by inserting an equation in field calculator (time=
length/speed)

Fig. 3-Descriptive street domains as shown in the programe
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The second class represents the city areas ( Building, Street, Gardens, Kinder garden, Event Hall,
Medical Clinic, Playground, Education institution, Mosque, Schools) as shown in Fig. 4.
The borders of each area in the city was drawn according to the administrative divisions, and
descriptive domains: Area name (Name) was added.
The third class include the location of the waste containers. These location have been taken by GPS
device and shown in Table 9 and Fig. 4.

Fig. 4-Neighborhood administrative areas
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Table 9 :Location of existing waste containers taken by GPS

#
1
2
3
4
5
6
7
8
9
10
11

X
34.294468
34.293148
34.293118
34.293686
34.294273
34.293858
34.297249
34.298622
34.298637
34.297054
34.289814

Y
31.357183
31.358788
31.361055
31.359804
31.36211
31.364544
31.364004
31.362627
31.361769
31.360443
31.360357

Number of container
2
5
4
1
3
2
2
3
3
3
2

Name of containers
C-4+C-5
C-6+C-7+C-8+C-9+C-10
C-11+C-12+C-13+C-14
C-15
C-16+C-17+C-18
C-19+C-20
C-21+C-22
C-23+C-24+C-25
C-26+C-27+C-28
C-29+C-30+C-31
C-66+C-67

Fig. 5-Location site for the waste containers

The fourth class find the best area to locate the collection containers in this area as shown in Fig. 6
with the following criteria:
-

Clip all the administrative Area (Building, Street, Gardens, Kinder garden, Event Hall,
Medical Clinic, Playground, Education institution, Mosque, Schools) in Fig. 4

-

Stay away from the sidewalk 1m

The fifth: Constructing the Network
Before starting to build the network, we must accomplish a very important step which is Topology
(the concept of Topology spatial relationships allows to maintain cohesion of features to exclude
and duplicate lines series, spots or keys that are used to identify the simple components
29

Fig. 6-Best areas to locate the proposed container
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to avoid extra information in order to produce a compact geodatabase facilitate the editing process
as shown in Fig . 7 this is to discover any error in drawing the streets in terms of their connections
as shown in Fig. 8.

Fig. 7-Build a new topology

Fig. 8-Construction a network
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4.4-Thiessen Polygons
Through this method polygons can be made around certain centers or spots, for drawing equal size
polygons. It is considered as one of spatial interpolation methods which works on calculating
influencing factors of a certain bitmap phenomenon, this means that the polygons on map represents
the space that phenomenon impact covers.
Each Thiessen polygon contains only a single point input feature. Any location within a Thiessen
polygon is closer to its associated point than to any other point input feature.
The most important disadvantage of Thiessen Polygons that it depends on spatial analysis, of the
phenomenon regardless of many other considerations, e.g. the spatial analysis of waste containers is
done based on space without taking into consideration the reasons behind accumulation in this
place (Abu Al-Ajeen, 2011).

Thiessen Polygons for containers can be set by the following steps:
1. Identifying the containers that represent the bitmap phenomenon which Thiessen polygon is
intended to set up for in order to identify influential space for each spot.
2. Connecting between the bitmaps that represent containers through a form of triangles' net (TIN)
3. Each of the lines that connect between containers on map is calculated in term of length, then
vertical lines to be drawn into linked lines, which cross the mid of the distance between the spotted
containers. These lines represent the sides of the polygons, and their intersections are the heads of
Thiessen polygons.
4. Closed polygons are going to be developed, each one represents the inside influential space of
container.

4.5- New location distribution
Location is often considered the most important factor leading to the success of a private- or publicsector organization. Private-sector organizations can profit from a good location. Municipality can
profit from a good location. Good location of containers can help keep fixed and overhead costs low
and accessibility high for people, and can provide high-quality service to the community at a low
cost when a good location is chosen.

4.5.1- Location-allocation problem types
The ArcGIS Location-Allocation analysis layer offers seven different problem types to answer
specific kinds of questions, including questions like those posed in the two examples above. The
seven problem types are the following:
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Minimize impedance;



Maximize coverage;



Maximize capacitated coverage;



Minimize facilities;



Maximize attendance;



Maximize market share;



Target market share;

The workflow to perform a location-allocation analysis is similar to performing any other analysis
in the ArcGIS Network Analyst extension.

4.5.2- Creating a location-allocation analysis layer
A location-allocation analysis can be created layer from the Network Analyst toolbar by clicking
Network Analyst > New Location-Allocation as shown in Fig. 9.

Fig. 9-Creation of a location – allocation layer by GIS

When a location-allocation analysis layer created, it shows up in the Network Analyst window
along with its six network analysis classes—Facilities, Demand Points, Lines, Point Barriers, Line
Barriers, and Polygon Barriers as shown in Fig. 10.
Constructing the network by Arc Gis Program can be started:
Facilities: Containers and their number 30.
Demand point : Buildings and their Number 671.
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Fig. 10-Facilities for allocation – allocation layer

The location-allocation analysis layer also appears in the table of contents as a composite layer
containing six corresponding feature layers: Facilities, Demand Points, Lines, Point Barriers, Line
Barriers, and Polygon Barriers. Each of the six feature layers has default symbology that can be
modified in its Layer Properties dialog box as shown in Fig. 11.

Fig. 11-Content of location- allocation analysis layer as shown in GIS program
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Chapter Five
Results and Discussion
5.1-Redistribution of waste collection containers
Thiessen polygons were used to determine residential units served by existing container and
proposed containers. As shown in Table 10 it is noted that there are (3) containers serve (139)
residential units, and another (3) containers serve (5) residential units only, but in the proposed
distribution of containers (23) residential units covered by one container as shown in Table 11. This
indicates that the proposed distribution will be serviced the residential units fairly
Table 01 : Residential units covered by existing containers

Existing containers
FID

OBJECTID

Shape_Leng

Shape_Area

Input_FID

Count

0

1

735.002809

35505.52578

3

56

1

2

704.247733

24254.685811

8

44

2

3

1740.836551

175393.163746

5

27

3

4

1233.810331

83412.118315

9

98

4

5

1083.960052

69535.196781

4

88

5

6

1396.527449

116553.176396

2

139

6

7

1307.694771

111046.536657

1

59

7

8

1331.791921

93139.158234

0

91

8

9

559.719166

14055.912973

7

5

9

10

1319.471555

112781.881687

6
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5.2-Comparison between the current distribution of containers and the proposed
distribution
In this part, we compare between the current and the proposed distribution of the containers in order
to evaluate the distribution to get a better geographical distribution of the containers fit our
demographic needs.

In some districts where roads are wide enough, bins, usually of 1 cubic meter capacity, are placed
every 100 – 200 meters and within short distances from residential units. In this case, residents
bring their wastes directly to the bins at no specific timing (MDLF, 2017).

The distribution of current container is not properly. It is distributed around the neighborhood and
some area are free from the existing of containers especially in the western part as shown in Fig 12.
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In addition, there is a marked variation in the distance between the current container while this
distance between the proposed the container is more systematic in their spatial distribution as well
as vary the distance between the current container sites and homes. 55% of people lived in this area
walking more than 140 meters to reach the containers, and thus outside the framework of the
comfortable distance as shown in Table 12. While the proposed allocation of containers takes the
comfortable distance.
Table 00 : Residential units covered by proposed containers

Proposed containers
FID

OBJECTID

Shape_Leng

Shape_Area

Input_FID

Count

0

1

1037.167225

60313.253554

9

17

1

2

399.545252

8617.643595

4

16

2

3

868.36479

31591.520154

2

19

3

4

589.459576

19472.504746

24

21

4

5

612.938815

27014.81512

10

17

5

6

492.686778

13131.212897

29

17

6

7

1462.779349

134222.112645

16

24

7

8

1268.71852

108191.876129

20

16

8

9

961.584936

39051.686534

8

29

9

10

492.584715

14370.551179

12

30

10

11

550.419394

16797.941664

11

27

11

12

540.657503

17275.63075

7

29

12

13

563.23676

13789.410349

6

25

13

14

909.572359

40409.305288

3

23

14

15

737.831955

22816.746036

23

24

15

16

407.973462

10093.197468

28

28

16

17

631.021982

21329.65855

25

20

17

18

337.461403

5454.516939

19

18

18

19

655.889842

23898.121355

18

26

19

20

377.324009

8641.148219

5

19

20

21

416.763161

11971.073416
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20

21

22

402.732858

10405.392176

22

23

22

23

664.467767

26891.427283

21

24

23

24

668.563804

22730.388013

17

25

24

25

754.422655

23051.798261

30

27

25

26

666.753885

14265.345772

26

16

26

27

510.151611

15970.086394

15

26

27

28

905.530898

42919.302337

14

20

28

29

487.031363

12831.538401

13

24

29

30

595.795375

18158.151425

1

19

36

Table 12- Evaluation of the distance between the current and proposed container sites

Current distribution
Distance (m)
Number of building
01
65
80
100
100
162
120
234
140
306
170
438
200
547
250
660
280
671

Proposed distribution
Distance (m) Number of building
01
334
80
463
100
565
120
623
140
662
170
671

Fig. 12-The distribution of current container
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Fig. 13-The distribution of proposed containers
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5.3- Comparison between a location-allocation for the existing and proposed
containers
The location-allocation analysis used in this part to illustrate each apartment for any containers
heading with comfortable distance. Fig. 14 shows where the each apartment heading for any
containers for the existing and Fig. 15 shows where the each apartment heading for any containers
for the proposed containers

Fig. 14- Existing containers that heading to the citizen
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Fig. 15-Proposed containers that heading to the citizen

41

5.4- Routing – Network analysis
After the reallocation of the waste collection containers we proceed to the optimization of the waste
collection vehicle routing. ―Effective decision making in the field of management systems requires
the implementation of vehicle routing techniques capable of taking advantage of new technologies
such as the geographic information systems‖ (Tavares et al., 2008). Most of the previous work
related to optimal routing for solid waste collection is based on the minimization of the travelled
distance and/or the minimization of the time (Lopez et a., 2008). In another study (Jovicic et al.,
2011), ArcGIS Network Analyst was employed to calculate the shortest solid waste collection
route, Fig. 16 illustrate the routing of the solid waste vehicle's.

Fig. 16- Route of the solid waste vehicle's
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5.4.1-Report of the routing
A vehicle routing optimization study was conducted to minimize the total travel time required for
solid waste collection from residential homes. The vehicle routing was applied to calculate
optimized collection sequencing and routes.
The driving distance to collect the proposed wastes containers by the vehicle is 11,268.1 m illustrate
in the annex.
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Chapter Six
Conclusions and Recommendations
6.1-Conclusions
The current study has been conducted to proposed the best location of the waste containers in the
new neighborhoods Khan Younis city, southern Gaza strip, Palestine.
- The methods of waste collection in Khan Younis city vary according to the nature of the area.
However, collecting waste by containers is prevalent in the new neighborhoods. Generally, the
number of current containers is sufficient for the waste produced quantities, but their distribution is
not properly sited.
- The evaluation of current geographical distribution of containers in the study area shows that the
containers are gathered at neighborhoods boundaries purposelessly.
- Non-taking into account the comfortable distance factor at distributing containers.
- There is a clear variation of population served in one container.
- There are residue of waste construction next to solid waste containers.
- Lake of special standards of planning for containers distribution.
- Lake of specific route for waste collection vehicles.
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6.2-Recommendations
Based on the forgoing study and in the light of the results reached, the study has recommended:
1. To work on redistributing containers in a balanced manner and in accordance with a plan to go in
line with the waste produced quantities and population distribution in the area.
2. To take into account the comfortable distance between container's site and the center of waste
production (houses).
3. To provide a twenty-three m3 container planned for collecting construction remnants waste.
4. To install tracing devices for waste vehicles to raise work efficiency.
5. Using the GIS technique in solid waste management with its various tools and phases.
6. Train the employees to be able to use modern techniques and developing strategic plans.

6.2.1- Future needs assessment of waste containers
The proper planning of the solid waste management process should be based on the study of the
current situation through data collection, analysis and results, and linking them to future variables to
predict what will be the case in the future. Thus, the future estimate of the number of containers
gives a future perspective, which is the core nucleus of the planners and decision makers.
Accordingly, the operational cost is estimated, the number of containers required, times of
collection and the vehicle's used. In this part the estimated number of people in the study area used
to calculate the number of containers in future. Where the population in the region will be 18519.6
inhabitant (Municipality of Khan Younis), and thus the amount of waste that will produce 19445.58
kg and thus the region will need 35 additional containers placed next to the proposed containers.
They are collected by approximately three trips by tipper Crain vehicle's. Another scenario is
replacing the existing containers with custom containers for compactor and they are collected by
two trips by compactor vehicle's.
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Annex:
Distribution of lands in each municipality
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اسئمة المقابمة الشخصية التي تم سؤالها لمدراء الدوائر ورؤساء األقسام بالهيئة المحمية ووكالة الغوث
اوالً :د.يوسف شبير ( مدير دائرة الصحة والبيئة ببمدية خان يونس):
 -1كم كمية النفايات التي يتم ترحيميا شيرياً وسنوياً بمدينة خان يونس
 -2كم معدل النفايات اليومي بمدينة خان يونس
 -3كم عدد ونوع اآلليات المستخدمة في عممية جمع وترحيل النفايات بمدينة خان يونس
 -4ما ىي طرق جمع النفايات المستخدمة بمدينة خان يونس
 -5كم عدد ونوع وسعة الحاويات بالمدينة وكيف ىي حالتيا
 -6في أي مجال عمل القطاع الخاص مجدي في عممية الجمع االولي ام الثانوي لمنفايات بمدينتكم

ثانياً :م.محمد عبد السالم الف ار ( مدير الدئرة الفنية ببمدية خان يونس):
 -1كم مساحة االحياء السكنية الجديدة ( الياباني واليولندي واالماراتي)
 -2كم عدد السكان الحالي والمستقبمي في ىذه االحياء
 -3كم عرض الشوارع باألحياء السكنية الجديدة

ثالثاً :أ.بشير شعت( مسئول صحة البيئة بوكالة الغوث بمدينة خان يونس)

 -1كم كمية النفايات التي يتم ترحيميا شيرياً وسنوياً من االحياء السكنية الجديدة
 -2كم عدد ونوع اآلليات المستخدمة في عممية جمع وترحيل النفايات من االحياء السكنية الجديدة
 -3ما ىي طرق جمع النفايات المستخدمة في االحياء السكنية الجديدة
 -4كم عدد ونوع وسعة الحاويات بالمدينة وكيف ىي حالتيا
 -5ىل يوجد مسار معين لحركة سيارة جمع النفايات باألحياء السكنية الجديدة
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