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Abstract: The aim of this study was to characterize the municipal solid waste (MSW) in Nablus city
in Palestine, while focusing on the plastic waste fraction. The plastic fraction—an environmentally
problematic waste stream—was further characterized into the different polymer types and formats
with the aim of suggesting feasible recovery and recycling solutions. Locally generated studies
lack data about the recyclable fractions in the MSW and a thorough characterization of the plastic
waste stream, although there is global action to minimize and optimally treat this waste fraction.
The composition analysis was conducted by collecting 60 samples from five districts with different
characteristics (e.g., income, density, level of education, building formats). The fraction of bio- and
organic waste is significant in the collected MSW in Nablus, representing about 68% of the total MSW.
The recyclables (paper and cardboard, glass, metals and plastics) amount to 27.4% of the generated
MSW in the city. The plastic fraction (10.1%) is mainly composed of low-density polyethylene (LDPE)
films (39.8%), polyethylene terephthalate (PET) bottles (21.9%), high-density polyethylene (HDPE)
rigids (19.0%), and polypropylene (PP) rigids (11.5%), all of which are technologically recyclable.
The polymer types and container formats indicated that the collected plastics originate mostly from
packaging. The outcomes of this research indicate the need to implement a separate collection
system for the organic waste fraction, which could be used to produce compost for the agricultural
activities in the region. By having such a system, the dry recyclables (including plastics) can be easily
recovered with less degree of contamination for recycling, helping the local recyclers to access cleaner
materials. Furthermore, the state of Palestine lacks strict regulations for the end-of-life treatment of
the different waste fractions; therefore, having clear guidelines and incentive systems will result in the
minimization of the generated waste as well as better achievement of recovery and recycling targets.
In addition, expertise, funding, public awareness, facilities, equipment and other provisions are
currently lacking or inappropriate. In future, these factors must be addressed to enhance sustainable
solid waste management.

Keywords: municipal solid waste; waste composition analysis; plastic waste; waste management;
recycling; Nablus city

1. Introduction

Waste management is a complex system, entailing different elements (e.g., strategies,
infrastructure, logistics, economics, etc.). The decision on which waste management system
to implement has direct consequences for the environment, society and economy, elements
that are interconnected and that must stay in balance [1].

Municipal solid waste is a product associated with various human activities, which
mostly originates from households (55–80%) and commercial activities (10–30%) [2,3].

Sustainability 2023, 15, 14640. https://doi.org/10.3390/su151914640 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su151914640
https://doi.org/10.3390/su151914640
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-9303-0927
https://orcid.org/0000-0001-5027-397X
https://doi.org/10.3390/su151914640
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su151914640?type=check_update&version=1


Sustainability 2023, 15, 14640 2 of 15

In the coming years, if people’s lifestyles do not change, which drive the mass pro-
duction of solid waste, it is expected that its generation will steadily increase [4]. The
main reason for the rapid increase in the rate of municipal solid waste generation and
disposal in many cities around the world is modernization and urbanization. Thus, solid
waste management has become a major concern in most cities, especially in developing
countries [5,6]. Consequently, there is an increasing concern about the environmental
impacts associated with solid waste management in addition to the increase in costs. For
instance, greenhouse gas emissions due to waste disposal, landfilling and management
have been recognized as a major contributor to global warming, a worldwide challenge
that has to be tackled [7].

To plan an effective waste management system, accurate projections of the quantities
and the composition of the municipal solid waste are required [8]. Reliable data about
the solid waste are unfortunately lacking in many developing countries. Some data are
also based on assumptions and not on scientific measurements [2,9]. To obtain real and
representative data about the generated municipal solid waste, waste characterization is
the first step [10–12]. Furthermore, the timely identification of variables that influence
the generation of MSW will aid in the optimization of efficient waste management. In
this sense, forecasting the generation of MSW as a function of the behavior and living
conditions of people in a specific urban context should become possible [13].

In general, understanding the composition of the MSW in a country not only con-
tributes to finding optimized solutions for waste reduction and management but also helps
in proposing solutions such as cascade use or resource recovery and recycling, where waste
is considered a valuable resource.

In developing countries, the percentage of plastics in municipal solid waste (MSW)
streams is on the rise, particularly due to the absence of regulations that limit the application of
single-use products and the lack of consumer awareness regarding this waste stream [14,15].
Nonetheless, applying solutions that are appropriate for developed countries is not always
effective in low-income, rural or infrastructure-limited regions. Therefore, when addressing
the challenge of unmanaged plastic waste, we must consider not only technical but also
social, ecological, political, and economic dimensions specific to each locality to which they are
introduced [16].

In the state of Palestine, solid waste management is facing many challenges at different
levels, legal, organizational, technical, and cultural, in addition to the difficult political
situation of limited Palestinian access to and control of lands and resources. About 65%
of the MSW is disposed of in sanitary landfills, while the remaining is disposed of in
predominantly illegal dumping sites. Despite the success in closing 52 illegal dumping
sites, tens more still exist [17]. Furthermore, the unregulated disposal of waste and the
poor recovery of materials at their end of life (EOL) result in loss of resources, loss of land,
raised methane and CO2 emissions, ground water contamination, and fume emissions [18].
All of these factors can affect health and the environment. As per a press release by the
Palestinian Central Bureau of Statistics and the Environment Quality Authority, plastic
is one of the most important components of solid waste in Palestine, representing about
16.4% of the total solid waste in the West Bank and about 14.0% of the total solid waste
in the Gaza Strip. Despite the tangible amounts of plastic waste, Palestine lacks entities
that practice recycling based on their own capabilities, except for the treatments that are
ongoing by private operators [19]. To our knowledge, there is not any literature available
about the composition and the quality of the plastic waste in the state of Palestine, with the
aim of considering feasible and environmentally friendly solutions.

This study was carried out with the aim of providing significant data to enhance the
currently available waste management system, while focusing on the plastic waste fraction in
the MSW. The objective was to gather up-to-date data about the generated waste at large and
the plastic waste fraction specifically in order to propose strategies to implement an efficient
circular economy in the state of Palestine. Defining the abundant polymer types and formats
in the plastic waste fraction provides information about consumer behavior, the products most
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represented, and the possible stakeholders to be targeted when recycling is implemented. The
defined solutions—based on the waste quality and characteristics—provide decision makers
and the private sector with important foundations on which to plan strategies and business
ideas. To achieve these objectives, waste-sorting campaigns were conducted on mixed-waste
samples provided by the municipality of Nablus, which were obtained from five different
districts with variable characteristics.

2. Materials and Methods
2.1. Study Area

Nablus is a Palestinian city in the northern West Bank, approximately 49 km north
of Jerusalem [20]. The population in Nablus city in 2023 is anticipated to be 174,387 as
per data published in mid-2021 by the Palestinian Central Bureau of Statistics [21]. The
estimated population increase over the years is presented in Figure 1. Nablus is the
largest commercial and cultural center in the state of Palestine. The climate in the city is
Mediterranean: hot dry in summer (temperature goes up to +30 ◦C) and cold and rainy in
winter (with temperatures down to +3 ◦C) [22]. Nablus municipality has the largest solid
waste management system in the state of Palestine. Part of its job is to collect the waste for
the old city and the surrounding districts (within 70 km2). Meanwhile, the waste from the
surrounding refugee camps is collected by the United Nations Relief and Works Agency
(UNRWA). The waste is first delivered to a transfer station “Al-Sairafi Station”, located east
and serving the city and the villages surrounding it. The final disposal site of the waste is
Zahrat Al-finjan sanitary landfill in Jenin (27 km from Nablus).

In this study, the city of Nablus was partitioned into two primary regions: the western
and the eastern sections. Within these regions, five districts were chosen as representative
samples. Specifically, three of these districts are situated in the western region and two are
located in the eastern region. Table 1 summarizes the characteristics of these five districts.

Table 1. Main characteristics of the five selected districts in the city of Nablus.

District Main Characteristics

Al-Masakin Al-Shaebia

Located in the eastern part of the city. A popular area, characterized by an average economic status.
The Hisham Hijjawi College of Technology is located there, which is a professional and technical
community college. Most of the residents work in trade and industry, and it has a large commercial
complex of restaurants, malls, schools and mosques.

Askar

Located in the eastern part of the city. It is a densely populated area, characterized by an average to
low economic status. Most of the population work in the Green Line (a category of workers). Some
of them work in crafts and small industries. More than two thirds of the population are pursuing a
university education. The neighborhood contains a number of agricultural lands planted with olive
trees. It is considered a safe area with a strong family bond.

Rafidia

Located in the western part of the city. A densely populated residential area, where there is an old
town. Additionally, there is a strong commercial movement. An-Najah National University is
located in Rafidia, which is the largest university in the state of Palestine. The social situation is that
people are educated and wealthy; most are owners of companies or factories or they hold high
positions in the private sector. The economic level in Rafidia is middle-high to high. It has old
schools and universities and is famous as a touristic destination.

Al-Makhfia

Located in the western part of the city. A densely populated residential area. It is one of the
middle-income areas in the city. There is medium commercial movement. It is considered one of
the most prestigious areas in Nablus, where there is the Nablus Health Directorate. Al-Makhfia has
several schools and shops, and it is an extension to Rafidia. The University Street is extended in
Al-Makhfia, which was established by the end of the 1970s. It has mixed neighborhoods, with an
economic status of low to middle income, with the presence of some with a high income.

Al-Amiria
Al-Amiriya is a modern neighborhood that was founded in the early 2000s. It contains economic,
social and political elites, full of palaces and villas. It contains a number of international institutions
in addition to the presence of the southern university housing.
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Figure 1. The yearly population in Nablus city estimated over the years 2017–2026.

2.2. Sampling and Characterization of the Municipal Waste

The composition of the municipal solid waste (MSW) in Nablus city was analyzed.
The focus of the composition analysis was quantifying and analyzing the plastic waste
generated, which is a challenging waste stream that is not yet exploited in the state of
Palestine.

Defining the sampling criteria is a critical step in shaping the results of the char-
acterization. Due to the heterogeneous nature of the solid waste stream, generalized
field procedures—based on common sense and random sampling techniques—were
implemented. From each of the selected districts (see Table 1), 12 samples were obtained
(total of 60 sorting campaigns). The analysis was performed by categorizing the samples
into eight primary groups (organic waste, paper and cardboard, plastic, glass, metals,
textiles, fine fraction (<10 mm), and other waste fractions). The plastic waste fraction was
separately analyzed and categorized into seven secondary groups—polyethylene tereph-
thalate (PET—recycling code 1), high-density polyethylene (HDPE—recycling code 2),
polyvinyl chloride (PVC—recycling code 3), low-density polyethylene (LDPE—recycling
code 4), polypropylene (PP—recycling code 5), polystyrene (PS—recycling code 6), and
others (recycling code 7).

The method from the World Health Organization (WHO) for sampling solid waste
and analyzing the samples was followed [23]. For the analysis, a waste container of a
capacity of 0.5 m3 was used. It was shaken three times without applying any additional
force to avoid compacting the waste sample. The waste container was then emptied on a
sorting table of dimensions 1.5 m × 3 m. The surface of the sorting table is composed of a
mesh with a pore size of 10 mm × 10 mm, which was especially designed and fabricated to
extract the fine fraction (<10 mm). The remaining sample on the surface of the table (>10
mm) was then manually sorted into the pre-defined fractions.

Fifteen sorting containers (dustbins) with different capacities ranging from 70 L to
20 L were used to sort the solid waste components into the above-defined primary and
secondary categories. A scale was used to weigh the dustbins at the different sampling
locations. The percentages of the different solid waste components were calculated in
relation to the weight of the whole sample. Data analysis was conducted for both the
primary and secondary categories of solid waste using the data analysis tool in Microsoft
Excel 2021.

2.3. Monthly Municipal Waste Generation and Composition

To determine the quantity of solid waste in Nablus city (on a weight basis), monthly
data were retrieved from the Nablus municipality for the years 2016–2022. The average
composition of the MSW in Nablus obtained from the sorting campaigns conducted in
this study was applied to find the average monthly composition of waste generated in the
city. The corresponding population of Nablus municipality was obtained from Palestinian
Central Bureau of Statistics data [15].
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3. Results and Discussion
3.1. Composition of the MSW in Nablus City (Weight Basis)

Figure 2 provides an overview of the composition of the municipal solid waste (MSW)
in Nablus city, which represents the average percentage of the 60 analyzed samples. The
fraction of bio- and organic waste is significant, representing about 68% of the total MSW.
Generally, in developing countries, the organic waste signifies more than 50% of total waste
composition, with a range that varies between 40% and 67% [5]. The second largest waste
fraction in Nablus city was found to be the paper and cardboard fraction (13.6% of the total
MSW), followed by plastics (10.1%), textiles (3.2%), glass (1.9%), metals (1.8%), fine fraction
(0.5%), and other waste (0.3%). The recyclables (paper and cardboard, glass, metals, and
plastics) amount to 27.4% of the generated MSW in Nablus city.
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Figure 2. Distribution of the primary MSW categories in Nablus city.

Although most of the waste in Palestine is recyclable, there are many obstacles to
its recycling, such as the large distance between the source of recyclable waste and the
recycling station, low value of recyclable material, uncertainty of recyclable material supply,
and unreliable, unpredictable, or unstable markets for recyclables. Additionally, there are
institutional constraints, such as ambiguity of roles/functions for institutions involved,
lack of coordination among the relevant institutions, and the weak institutional capacity
due to low priority given to the sector [24].

For the purposes of comparison of developing vs. developed countries, a composition
of the MSW in Balakong city (Malaysia) and in Turku city (Finland) is documented in
Table 2. The data emphasize that the MSW in developing countries is dominated by the
organic fraction, with a lower portion of recyclables. The MSW composition in developing
countries is constantly reported to be more than 40% of the total MSW [5,25]. Generally,
there is a strong relationship between the amount and composition of the generated waste
and the different consumption patterns of the population, which strongly depend on the
economic situation. High-income countries produce comparatively less food and green
waste (~32% of total MSW) and more dry recyclables (including metals, glass, plastics,
cardboard, and paper), which account for 51% of the MSW stream. Low- and middle-
income countries generate 57% and 53% organic waste, respectively, where an increased
fraction of organic waste is associated with lower levels of economic development [26].
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Table 2. The percentage of components of SW in Balakong city (Malaysia) [27] and in Turku city
(Finland) [28].

Solid Waste Component Composition in Balakong City (Calculated Average (%)) Composition in Turku City (%)

Organic waste 69.5 48.4
Paper and cardboard 9.3 15.2

Plastic 10.3 15.8
Glass 3.2 1.6
Metal 2.4 2.3
Others 5.4 16.7
Total 100.0 100.0

As indicated in Table 2, the plastic component is significantly higher in developed
countries compared to developing countries (15.8% in Turku city in comparison to 10.3% in
Balakong city). Our study shows a similar waste fraction distribution as was obtained in
Balakong city [27], indicating the similarity of data in developing countries.

The composition of the MSW for each of the five districts in Nablus city is provided in
Figure 3. The variation between the compositions in the different districts is shown to be
minor. Al-Makhfia has the highest organic fraction in comparison to all other districts (73%).
This could be explained by the fact that it is a densely populated district. Furthermore,
Al-Makhfia has several restaurants and cafes serving the university students, which could
be the reason for it producing a higher fraction of organic waste.
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3.2. Composition of the Plastic Waste Fraction in Nablus City

The highest percentage of the secondary categories of plastic waste in Nablus city was the
LDPE in the form of films (39.8%). PET signified 21.9% of the total collected plastics, followed
by HDPE (19.0%), PP (11.5%), and others (with a recycling code of 7) as shown in Figure 4.
Data represent the average of the values of the five different districts in Nablus city.

As indicated in Figure 3, the plastic fraction was the highest in Rafidia (12.1%) and the
lowest in Al-Makhfia (8.2%), as a result of the lower commercial activities in Al-Makhfia.
Furthermore, the polymeric composition of the plastic waste fraction varied from one
district to another, as indicated in Figure 5.
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Figure 5. The variation in the polymeric composition (%) of the plastic waste fraction in the five
different districts in Nablus city.

Considering the polymers PET and HDPE (as they are technologically and economi-
cally the best recyclable polymers [14]), Al-Makhfia showed the highest generation of these
two polymers (50% of the plastic waste fraction), followed by Al-Amiria (44% of the total
plastic waste fraction). Al-Masakin Al-Shaebia showed the lowest generation of these two
polymers (33%). The high compositions of PET and HDPE in Al-Makhfia and in Al-Amiria
are due to their residential structures and the lower commercial activities, indicating higher
consumption of household products (i.e. higher consumption of packaged products). Al-
Masakin Al-Shaebia has a large commercial complex of restaurants and malls, in addition
to the schools and the college of technology. Hence, the product consumption behavior is
different, resulting in higher fractions of LDPE films (as shopping bags) and the presence
of a PVC fraction, which could originate from the car repair shops in the area.

When analyzing the formats of the different polymeric products, PET was mainly
found as PET water and juice bottles, while the HDPE was found in the form of detergents
and shampoo packaging (rigid). Overall, most of the generated plastic waste originated
from packaging material, except for the PVC fraction. There is a high dependency on PET
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disposable water bottles in the country. For example, in a study conducted by Abdah et al.
(2020), it was found that 92.0% of Birzeit University students, Palestine, rely on bottled
water as their main drinking water source [29].

3.3. Municipal Solid Waste and Plastic Waste Generation

The average monthly waste generation in Nablus was calculated using data from
2016 to 2022 obtained from the Nablus municipality (see Figure 6). Usually, the MSW
is measured by weighing waste collection vehicles at the entrance to sanitary landfills
before and after unloading. Data indicate that the highest amount of waste generation
was 1.64 kg/capita/day in July, while the lowest amount was recorded in October to be
1.20 kg/capita/day. The average rate of waste production in Nablus city was calculated to
be 1.40 kg/capita/day. The amount of solid waste varies clearly from day to day and from
one season to another in the same city; in addition it varies between countries, as well as
between neighboring regions and between different neighborhoods in the same city [26].
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Figure 6. Average monthly MSW generation rate in Nablus (kg/capita/day).

Using the average rate of waste production in Nablus (1.4 kg/capita/day) and the total
population over the years 2017–2026 [15], the yearly generated MSW, organic waste, and
recyclables could be calculated (see Figure 7). The potential of material recovery for recycling
is indicated in Figure 7 (from a quantitative point of view), where the organic fraction can
be used to produce energy and compost. On the other hand, the recyclables can be used for
secondary material production to reduce the consumption of virgin raw materials.
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The average monthly MSW generation was used as the basis to calculate the average
monthly MSW composition, using the waste composition in Figure 3. The monthly MSW
composition (kg/capita/day) in Nablus is presented in Table 3.

Table 3. The monthly generation rate of MSW components in Nablus (kg/capita/day).

Municipal Solid Waste Components

Organic Waste Paper and Cardboard Plastic Glass Metals Textiles Fine Fraction Other Waste

January 1.016 0.202 0.150 0.028 0.027 0.048 0.007 0.004
February 1.053 0.209 0.156 0.029 0.028 0.049 0.008 0.005

March 1.051 0.209 0.155 0.029 0.028 0.049 0.008 0.005
April 1.050 0.209 0.155 0.029 0.028 0.049 0.008 0.005
May 1.081 0.215 0.160 0.030 0.028 0.051 0.008 0.005
June 1.121 0.223 0.166 0.031 0.030 0.052 0.008 0.005
July 0.853 0.170 0.126 0.024 0.022 0.040 0.006 0.004

August 0.847 0.169 0.125 0.024 0.022 0.040 0.006 0.004
September 0.876 0.174 0.129 0.024 0.023 0.041 0.006 0.004

October 0.824 0.164 0.122 0.023 0.022 0.039 0.006 0.004
November 0.843 0.168 0.125 0.023 0.022 0.039 0.006 0.004
December 0.869 0.173 0.128 0.024 0.023 0.041 0.006 0.004
Average 0.957 0.190 0.141 0.027 0.025 0.045 0.007 0.004

The amounts of solid waste generated usually differ between urban and rural
areas. In the state of Palestine, it is estimated that rural areas generate less waste
(about 0.75 kg/capita/day) compared to urban areas like Ramallah or East Jerusalem,
which produce about 1.0–2.0 kg/capita/day [30]. In urban centers, the quantities of solid
waste generated are increasing, mainly due to the continuous increase in the population
and the increase in the rate of waste generation per capita [26,31].

As per the calculated values, the generation of plastic waste varies between
0.122 kg/capita/day and 0.166 kg/capita/day, with a calculated daily average of 0.141 kg
plastic waste generation per capita. A comparison with the average plastic waste generation
rates in different countries is provided in Table 4, showing that Hong Kong and the USA are
leading in the global plastic waste generation. This could be attributed to the massive usage
of single-use plastics and the current lifestyle. In addition, these countries are industrial
and their production styles potentially do not take into consideration minimizing the plastic
waste volumes. As was estimated by the U.S. EPA, the MSW is comprised of 12.2% plastics
(by mass), where plastics are the third-highest percentage of material (by mass) in MSW
after paper and food waste [32]. Our study indicated a lower fraction of plastics (10.1%),
yet similarly representing the third largest fraction of the MSW.

Table 4. Plastic waste generation rate for various regions around the world.

Region PW Average Generation Rate (kg/cap/day) Reference Comments

State of Palestine 0.14 Current study
India 0.05 [33]
China 0.12 [34] Data from 2010

Hong Kong 0.40 [34] Data from 2010
Turkey 0.21 [34] Data from 2010

Germany 0.11 [35] Only plastic packaging waste
Norway 0.13 [35] Only plastic packaging waste
America 0.34 [32] Data from 2010

The characterization of the plastic waste fraction was used to calculate the amounts
of different polymers that are generated in 2023 (see Figure 8). The aim was to check the
recycling potential of this waste stream by focusing on the abundant polymer types as well
as the recyclability of these plastics. Although plastic films represent the largest fraction of
the collected plastics, films are often highly contaminated and complex for recycling [36].
On the other hand, the rigid containers of PET, HDPE and PP can be recycled using the
state-of-the-art technologies [37–39]. As depicted in Figure 8, in 2023, there have been about
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2000 tons PET, 1700 tons HDPE, and 1000 tons PP waste generated in Nablus city alone. If
this is scaled up to include the surrounding big cities, even more significant amounts can be
recovered for recycling. In Hebron (an industrial city in the state of Palestine that is 107 km
away from Nablus), the recycling of post-industrial LDPE and HDPE waste is already
practiced. Nonetheless, the recycling of post-consumer plastic waste is carried out only on
a very small scale (by only one recycler in Hebron), where the material is retrieved from a
nearby landfill and not directly from the collected waste (as per visits to local recyclers). At
present, the post-consumer plastic waste stream is not yet exploited in a fashion of material
recovery and recycling. From the models implemented in Germany, it seems PET bottle
waste is a promising waste stream, which can return a high-quality material [40]. However,
the waste collection system in the state of Palestine is primitive, not yet applying “separate
collection at source” or return systems, resulting in highly contaminated fractions that are
difficult to retrieve [14].
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4. A Case Study Assessing the Feasibility of MSW Recycling

The organic fraction represents the largest fraction in the collected MSW in Nablus
(68%), followed by papers and cardboard (13.6%) and then plastics (10.1%). Given these
data, we suggest separating the organic fraction at the source by implementing two different
collection containers, one for organic waste and the other for solid recyclables. This will
achieve two main aims:

a. The recovery of the organic fraction, without contamination, to be used to produce
high-value compost for agricultural activities in the country, which could help in
replacing chemical fertilizers;

b. Recovering paper and cardboard, plastics, metals, and glass in a state where they are
easy to sort (automatically or manually) and recycle.

To propose a realistic plan for enhanced waste management, it was important to
consider a region (represented with the biggest surrounding cities) and a point where the
waste could be transferred to for end-of-life (EOL) treatment. The selected cities are located
in the northern to middle part of the West Bank (Nablus, Ramallah, Al-Bireh, Jenin and
Tulkarm), with distances to the collection point not exceeding 100 km (see Figure 9). The
population was obtained for these specific cities and not for the surrounding towns, with
the intention of having conservative data, to propose correct capacities for the treatment
facilities. The population was retrieved from the Palestinian Central Bureau of Statistics
for the year 2023 (see Table 5) [41]. The traveling distances were calculated between the
location of the city center and the eastern side of Nablus, where an industrial zone exists.
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Table 5. Population sizes in the main cities in northern and mid region of the West Bank for the year
2023 and the distances to the industrial zone in Nablus.

Locality Name Population (Number) Traveling Distance to Nablus (km)

Nablus 174,387 5.6
Ramallah 43,880 80.0
Al Bireh 51,730 78.5

Jenin 55,933 41.6
Tulkarm 71,161 51.7

As per the data, the total considered population is 397,091. As the average daily waste
generation per capita is 1.399 kg (see Table 3), the yearly generated waste from these cities
is calculated to be 202,768.6 tons, following Equation (1).

Yearly generated MSW (tons) = Population × daily MSW generation per capita (kg)

365
(

days
Year

) × tons
1000 kg

(1)

The yearly production of organic waste is calculated to be 138,693.7 tons (68% of the
yearly generated MSW). Assuming that a correct collection of 50% of the organic fraction
could be achieved, about 70,000 tons of organic waste could be sent for composting. As
organic materials degrade during composting, both the mass and volume of the material
would decrease due to the breakdown of structural organic components. In [42], reduc-
tions in mass during composting of windrows were calculated, with an average of 19.4%.
Applying this factor, about 55,000 tons of compost could be produced.

The recyclables fraction in Nablus city was ascertained to be 27.4%. In this case study,
55,558 tons of recyclables are produced in 2023, among which 27,577 tons are paper and
cardboard. The manufacturing of one ton of paper from recycled fiber is estimated to save
approximately 17 trees, 3.3 cubic yards of landfill space, 360 gallons of water, 100 gallons of
gasoline, 60 pounds of air pollutants, and 10,401 kW of electricity [43].
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The dry recyclables (excluding paper and cardboard) have to be sent for material
recovery facility to separate the polymers.

The plastic fraction was further characterized in this study to propose optimized solu-
tions for its management. Recycling is the preferred option to treat plastic waste. However,
when recycling is not the most sustainable option, energy recovery is the alternative [14].
There are no incineration plants to treat MSW in the state of Palestine. Hence, the plastic
fraction is currently dumped or landfilled. If plastics are separately collected together with
the dry recyclables, their sorting into the different polymer types would be possible and
efficient. Based on the provided data, the total plastic waste generated from the target
cities (mentioned in Table 5) will be about 20,480 tons, while the LDPE, PET, HDPE, and PP
polymers will be produced in the amounts mentioned in Table 6. If losses of 40% during
collection occur (assumption), then 60% of the generated plastic waste will be sent for
polymer sorting. In the polymer sorting process, further losses will occur due to deficien-
cies with the state-of-the-art sorting technologies, as well as the complex designs of the
materials [37–40]. In a study performed on the sorting efficiencies of the different polymers,
the following sorting efficiencies were obtained: 72% for films, 84% for PET, 87% for HDPE,
and 37% for PP [44]. Taking these values into consideration, the capacities of potential
plastic waste recycling facilities can be estimated (~3500 tons for LDPE and ~2000 tons each
for PET and HDPE).

Table 6. Yearly generation of the different polymer types in tons from the case study cities.

Polymer Type Yearly Generation of the
Polymeric Waste (tons) After Losses in Collection (tons) After Losses in Sorting (tons)

LDPE (Films) 8155.0 4893.0 3523.0
PET 4489.1 2693.5 2262.5

HDPE (Rigid) 3882.9 2329.8 2026.9
PP (Rigid) 2347.0 1408.2 521.0

The average recycling efficiencies of the LDPE films, PET bottles, and HDPE and PP
rigid recycling processes were considered (values reported in Table 7 and based on a survey
conducted reviewing various recycling facilities in Europe [44]). Generally, the sorting and
recycling rates vary greatly because of the materials’ quality and the number, type, and
sequence of technologies used.

Table 7. Recycling rates for target polymers [44].

Polymer Type Worst Recycling Rate Average Recycling Rate Best Recycling Rate

PET 63% 80% 95%
LDPE 50% 71% 94%

HDPE rigid 72% 84% 95%
PP rigid 56% 71% 95%

As was indicated by the plastic waste characterization conducted in this study, PET
bottles and LDPE films are generated in significant amounts. Hence, from the proposed
case study and applying the recovery rates and the average recycling rate, an annual
production of 2500 tons of LDPE recyclates, 1800 tons of PET recyclates, and 1700 tons of
HDPE recyclates could be achieved.

5. Conclusions

Through a detailed analysis of the MSW in Nablus city, this study has elucidated
pathways to bolster the current waste management system and integrate the principles of a
circular economy. The analysis was based on samples collected from five different districts,
ensuring a comprehensive and representative sample.
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The organic waste fraction ranged between 64.2% and 73.0% of the MSW (by mass),
indicating a significant fraction. The second largest fraction is paper and cardboard
(ranging between 12.4% and 15.0%), followed by plastics (ranging between 8.2% and 12.1%).
To have a waste management system that is able to minimize landfilled waste and recover
resources, the recyclable waste should be efficiently sorted further. The organic waste fraction
can be recycled through material recovery and converted into compost used as organic fer-
tilizer. Meanwhile, inorganic waste can be utilized through material recovery and recycling
(in a circular economy). Hence, we propose sorting the organic waste at the source by imple-
menting a separate collection container for the organic waste fraction.

Furthermore, the plastic waste fraction was a focus of this study, which was further
characterized into the different polymer types and formats. According to the results, the
most dominant polymeric types and formats are LDPE films, PET bottles, HDPE rigid, and
PP rigid, collectively representing 92.2% of the plastic waste fraction. Hence, we suggest
sorting and recycling these fractions.

Based on the outcomes of the waste characterization, a case study was developed
to calculate the capacities needed to treat the potentially recyclable waste. As per the
proposed model, where conservative collection and sorting efficiencies were considered,
about 55,000 tons of compost, 2500 tons of LDPE recyclates, 1800 tons of PET recyclates, and
1700 tons of HDPE recyclates could be produced, where significant amounts are generated
within transportable distances.

Additionally, further fractions (paper, cardboard, metals, and glass) could be targeted
for recycling. Nonetheless, these fractions were not a focus of this study.

In essence, promoting solid waste recycling is more than just an environmental neces-
sity; it also holds economic, social, and health implications. While this study provides a
roadmap for Palestine, its insights, methodologies, and recommendations are poised to
benefit regions globally, especially those in the initial stages of establishing or refining their
waste management frameworks.
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