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ABSTRACT

A survey and a preliminary comparison were conducted between the waste man-
agement systems and schemes implemented in the Region of Umbria (Italy) and
the West Bank (Palestine). The Region of Umbria operates in a wider political legal
and economic supporting scheme, i.e., the one promoted by EU Directives. The West
Bank showed all the typical economic, legal and political features of a developing
country. From the economic point of view the incidence of the cost for waste collec-
tion and management with respect to the per capita GDP was 0.82% for the Region
of Umbria and 1.2% for the West Bank. Although the incidence for the West Bank was
higher, it was not enough to support the budget necessary for efficient waste man-
agement. A relevant aspect was the practically similar amount of organic waste gen-
erated per capita and per year in the two areas. The West Bank lacks infrastructures
and adequate collection systems and there are no composting facilities. The number
of mechanical sorting facilities was 0.034/10° inhabitants. The current recycling rate
for the West Bank is about 6%. Some criticism about the sustainability of recycling
and composting rates for the Region of Umbria are also highlighted. Some benefits
for the West Bank, such as the introduction of home composting, are identified. This
will affect both the amount and the costs of waste collected allowing the municipal-

1. INTRODUCTION

Although having different perspectives, waste manage-
ment is one of the key issues to be addressed both by devel-
oped and developing countries for achieving a sustainable
implementation of the various human activities worldwide.

According to Marshall and Farahbakhsh (2013), prog-
ress in the waste management sector has been historically
influenced by six key factors: public health; environment,
resource scarcity, waste value, climate change and public
awareness. These aspects are affected both directly, as by
the emissions generated from incorrect collection and dis-
posal of wastes (Couth and trois, 2011, 2012; Tian et al.,
2013), and indirectly as a consequence of raw materials
consumption and transformations (Di Maria et al. 2014).

Currently the most effective approach for waste man-
agement worldwide is based on the three R concept: Reuse,
Recycle and Recovery. This was extrapolated from the wid-
er concept of the waste management hierarchy, introduced
in the European Union (EU) in 1977 by the European Com-

ities to allocate more money for separated collection of recyclables.

mission (CEC, 1977), stating the main activities and goals
to be pursued with strict hierarchic order in waste man-
agement: Prevention; reuse; recycle; recovery; disposal.

The hierarchy concept was definitively introduced in the
EU legislation, becoming a fundamental component of the
integrated waste management approach in the EU in 1991
by the first Directive 91/156/EEC on waste (Council Direc-
tive, 1991). This has always been confirmed throughout
the years including the latest Waste Framework Directive
(WFD, 2008) that introduced another important goal to be
achieved within 2020 by member states: the recycling of at
least of 50% of the whole waste generated. Recycling also
includes the organic fraction via biological treatments that
is able to generate organic fertilizer, effectively exploitable
in agriculture.

Furthermore, the implementation of the waste manage-
ment hierarchy was described by the European Commis-
sion (EC) as a key activity in communication n°614 (COM,
2015) concerning the EU Action Plan on circular economy.
A key factor for the optimization of recycling and reuse is

* Corresponding author:
—\ Francesco Di Maria
[ email: francesco.dimaria@unipg.it

QQ Detritus / Volume 03 - 2018 / pages 171-180
https://doi.org/10.31025/2611-4135/2018.13690
© 2018 Cisa Publisher. Open access article under CC BY-NC-ND license



effective and efficient waste collection, consisting of effi-
cient source segregation able to return high quality recy-
clables directly exploitable in industry. Municipalities are
the authorities in charge of providing municipal solid waste
(MSW) collection directly or by private/public companies.
Currently, collection coverage in the EU15 is practically
100%.

For the year 2016 the MSW management in the EU15
was: gross generation 207,862,000 Mg; Recycling 29.5%;
Composting and /or anaerobic digestion (AD) 17.4%; In-
cineration 29.9%; Landfilled (sanitary landfills) 23.1%. Con-
sidering that the percentage of bio-waste in the municipal
solid waste (MSW) at the EU15 level is about 30%, more
than 50% is currently recycled by composting or integrat-
ed processing with AD and post-composting (Di Maria et
al. 2016; Smidt et al., 2011). The remaining amount could
be considered quite equally shared between the amount of
waste incinerated and the amount landfilled.

Waste management in most developing countries is
still greatly based on uncontrolled dumping and/or litter-
ing and, domestic burning. This mismanagement leads to
serious health and environmental problems (Guerrero et
al., 2013; Henry et al., 2006; Sharholy et al., 2008; Al-Khatib
et al., 2010). Kumar et al. (2009) showed that more than
90% of MSW in India is directly disposed of on the land
in an unsatisfactory manner and collection coverage is of-
ten less than 60% (Zhang et al., 2010; Henry et al., 2006).
Couth et al. (2011) reported that in Africa GHG emissions
from waste management were 3 times higher than those in
developed countries and similar results were also report-
ed by Tian et al. (2013) concerning the Chinese scenario.
Per capita production ranges from 0.4 kg/day to 1.0 kg/day
(Zhang et al., 2010), peaking in certain areas also up to 1.7
kg/day (Manaf et al., 2009). The organic fraction content
ranges from 45% up to more than 80% of the whole waste
generated in developing countries, representing the main
source of health and environmental concerns (Al-Khatib et
al., 2010; Zhang et al., 2010; Henry et al., 2006;). In gener-
al, the waste management system consists in transport-
ing the waste outside of cities (Marshall et al., 2013). The
rapid and unplanned growth of cities has led to extreme
land use problems and infrastructural challenges that have
crippled the capacity of governments and local authorities
to increase MSW services to meet the demands (Marshall
et al., 2013). Funding and technical competency to provide
an efficient waste collection service are lacking (Al-Khatib
et al., 2008; Henry et al., 2006). Similarly, Guerrerio et al.
(2013) confirmed that waste management failure in cities
of developing countries is due to inadequate technical, en-
vironmental, financial, socio-cultural, institutional and legal
aspects. A study showed that political instability, civil wars
and military operations contribute to increasing the difficul-
ties in the waste management sector. From the social point
of view the extraction of recyclables from waste is largely
performed by the informal sector often operating in unsafe
conditions (Manaf et al., 2009). In general recycling figures
were very poor, less than 10%, together with a significant
lack of facilities for the treatment of the largest and most
threatening waste component, the organic fraction (Ku-
mar et al., 2009). Concerning Palestine and the West Bank

area, the waste generation ranges from 0.48 kg per person
per day up to 2.00 kg/per/day. Despite the high coverage
(98%), more than 80% of the waste is open dumped. It is
also reported that from 2% to 8% of the municipal budget is
dedicated to MSW management (MSWM), indicating a low
priority for this activity (Al-Khatib et al. 2007). As reported
by Khatib et al. (2010) for the Nablus district the percent-
age of the organic fraction in the MSW was about 65%,
whereas the annual fee for MSWM was about 51 USD/year.
The aim of the present work was to assess the waste
management status in the Region of Umbria (ltaly) and in
the West Bank (Palestine), in order to quantify some social
and waste management indicators able to give a more ob-
jective assessment of the problems in the two areas.

2. MATERIAL AND METHODS

2.1 Study area

The present study was carried out in the Region of Um-
bria (Italy) (Figure 1a) and the West Bank (Figure 1b) (Pal-
estine). The Region of Umbria consists of about 900,000
inhabitants with a total surface area of about 8,500 km?
characterized by the presence of large mountainous areas
and temperate climatic conditions. The average per capita
GDP in 2012 was about 23,00 €. The West Bank consists
of about 3,200,000 inhabitants on a total surface area of
about 5,640 km? with arid climatic conditions. The per cap-
ita GDP for 2014 was about 4,300 USD (CIA, 2017). The
study was conducted following these main methods.

2.2 Data collection and waste management assess-
ment components

An in-depth analysis was carried out of the available lit-
erature and the annual reports from national and local au-
thorities addressing the waste management implementa-
tion status. Available reports and documents about waste
management in Palestine, including relevant regulations
together with direct experiences of the authors operating in
that area were reviewed Cesvi NGO. For the Region of Um-
bria both lab scale and full scale studies were performed
at some of the plants (Di Maria et al., 2016; Di Maria et
al., 2015; Di Maria, 2012) as well as on the basis of waste
management reports of national authorities (ISPRA, 2016).
Field visits and the technical/scientific analysis of facilities
and waste management service providers, recycling com-
panies, landfills, relevant facilities and stakeholders were
done.

This was also performed for the Region of Umbria
(Figure 1a) through a project funded by EC grant LIF12 IT/
ENV/000411 from 2014 to 2016.

The study involved many stakeholders, mainly the
University of Perugia, the Region of Umbria, local govern-
ments, one municipality and two main waste management
companies managing the collection system and the dif-
ferent facilities operating in the area considered, such as
mechanical biological treatment (MBT), composting and
landfill. For Palestine (Figure 1b) this was performed by
Cesvi NGO, also financed by the United Nations as part
of the UNRWA project (2017). During this project citizens,
municipalities and waste management companies were in-

172

F. Di Maria et al. / DETRITUS / Volume 03 - 2018 / pages 171-180



LIBRIA

The Palestinian . | (b)
Territories P T >
B Area A {: Ty
] Area B . & (
~ oy 4
1 Area C # | <
[ Annexed —
LA [
by Israel | ‘“ A .
s o Ramalla ()
Waters and airspace
. controlled by lsrael =T 5' o { -
" | L'—__-.S =) i 1
Jerusalem —=3°
e . 1 SRS
P

3
S
a2\
. @
\
O

EGYPTY  GAZA STRIP

FIGURE 1: Location of the study area: (a) the Region of Umbria, and (b) the West Bank (dashed) (b) (Centanni, 2012).

volved in defining a strategic waste management plan for
2018-2023 in those areas.

These stakeholders were also directly interviewed to
assess the attitude regarding waste separation, the ef-
ficiency of the collection system and the objective to be
pursued.

2.3 Data analysis and study limitations

The analysis and comparison of the two areas were
conducted according to the following main indicators: per
capita MSW generated; per capita organic fraction gen-
erated; percentage of waste management fee/per capita
GDP (%); number of mechanical treatment facilities per 10°
inhabitants; number of composting facilities per 10° inhab-
itants; recycling percentage (%); composting percentage
(%).

These indicators will give an assessment about; the
current level of waste management implementation; so-
cio-economic correlations; waste management efficiency
related to material recovery and recycling; effective imple-
mentation of a waste management strategy.

In particular the incidence of the waste management
fee on the per capita GDP will provide information about
the relative economic sustainability of the MSWM and also
about the socio- economic incidence on the efficiency of
this activity. The number of treatment facilities per inhab-
itant is another important aspect assessing the presence
of specific goals and infrastructure in the sector. Similarly
composting and recycling percentages indicate the effi-
ciency and the presence of specific goals in managing one
of the largest MSW components.

The study is mainly aimed at quantifying some relevant
differences and/or similarities in the two areas under in-
vestigation using the indicators defined above. This could
lead to an objective evaluation of criticisms and of current

performances, also highlighting some causes of low effi-
ciencies.

3. RESULTS

3.1 The region of Umbria
3.1.1 Status of waste production and management

The amount of MSW generated in 2015 was 519 kg/per
capita, 48.9% of which was collected separately at source
(ISPRA, 2016). Except for the organic fraction and greens,
different wastes separated at source are moved to the recy-
cling industry directly or via specific national consortiums.
National consortiums were imposed at the time of the
first EU Directive 91/156/EEC on waste management for
implementing the extended producer responsibility (EPR).
In contrast, the organic fraction and greens from separate
collection are processed in 5 biological treatment facili-
ties operating at the regional scale and managed by waste
collection and/or treatment companies for the production
of an organic fertilizer in compliance with the Italian leg-
islation (D.Lgs., 2010). Of these 5 facilities 4 are exclu-
sively aerobic, whereas 1 consists of integrated anaerobic
pre-treatment followed by a post composting phase.

According to the EU and National legislation, MSW
coming from the separated collection has to be proper-
ly processed before being disposed of in landfill. These
treatments are aimed to extract other recyclables and or
recoverable materials from the residual wastes, including
energy recovery, and to reduce their final biological reactiv-
ity. As indicated by the first EU Directive 91/156/EEC, the
most suitable treatment is by incineration which is able to
recovery energy and, most importantly, to reduce both the
mass and the reactivity of the materials, mainly returned
slags. As an alternative to incineration, even if with lower
efficiency in mass and reactivity reduction, MBT was wide-
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ly adopted mainly due to its lower costs.

Currently in the Region of Umbria, there are 3 MBT in
operation and one mechanical sorting (MS) facility pro-
cessing about 222,000 Mg/year (2015) of residual MSW.
There is no incineration facility for MSW.

The amount of waste disposed of in the 3 sanitary land-
fills was estimated at 260,000 Mg/year in 2015.

According to national and European legislation, munici-
palities are charged with collecting MSW. They can operate
on their own or they can entrust it to private companies
after public calls. The most widespread option is by private
companies participating usually not less than 50% by mu-
nicipalities. The MSW fee includes the whole service from
collection, to recycling and disposal. According to the re-
cycling goal imposed by the EU (WFD, 2008) the current
MSWAM is strongly oriented at improving recycling.

3.1.2 Separated collection

Separated collection at source has been demonstrated
to be the most efficient method for returning high quality
materials suitable for high recycling efficiency. This collec-
tion methodology is practically implemented in the entire
regional area.

Two main methods are currently used to achieve this
aim:

Door-to-door collection;
Proximity collection.

Together with these two methods there is also a large
use of city amenities.

Atimetable appositely developed is delivered each year
to users indicating the collection frequency for each waste
material. The organic fraction is collected 2 to 3 times per
week, whereas, the other fractions are collected every 2 to
4 weeks. Glass is collected only by the proximity method.

Currently, 43 city amenities are in operation in the re-
gional collection, separating the following waste streams:
plastics; glass; electric and electronic wastes (WEEE);

1600

plant and animal oils; paper, cardboard and multi-layer; lu-
bricating; gardening; bulky and others.

Regarding debris from small households, only small
quantities up to 150 kg per year per user are allowed. High-
er amounts are classified as special waste and have to be
delivered to specific recycling/disposal plants. Users who
deliver wastes to the amenities are credited by econom-
ic incentives, depending both on the amount and type of
waste. Furthermore, city amenities play an important role
regarding the amount of waste collected separately. More
than 40% of the waste collected separately arises from
these facilities. With respect to 2015 the entire manage-
ment of one tonne of waste cost on average 190.8 €/tonne.
Some innovation was introduced in this region by the eco-
nomic support of a LIFE project EMaRES (Grant n° LFE12
ENV/IT/000411). Three main innovations were introduced
to demonstrate their effectiveness:

+  The first was the introduction of a traceability system

based on bar codes and chips for door-to-door collec-
tion. With this system it was possible to know exactly
the user, the amount of waste returned and the quality.
Operators had to verify the quality of waste returned
and to warn citizens if they were not operating correct-
ly. On the other hand, this system was useful for user
awareness and for implementing a pay-as-you-throw
(PYT) fee system;
The second was the implementation of a dynamic
collection center for increasing the amount of small
electric waste and electronic equipment WEEE (mobile
phones, remote controller, hair drier...), used cooking
oil and batteries returned by the citizens (Figure 2). In
practice this was an appositely equipped truck able
to move to the citizens, according to a specific time-
table, in the various places of their everyday life, such
as supermarkets, shopping centers, fairs, events. This
vehicle also plays an important role in the continuous
awareness of the population;

+ The third was the implementation of an advanced me-
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FIGURE 2: Amount of specific waste collected by the mobile collection center during its first months of operation.
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chanical treatment system for the extraction of further
recyclable materials from residual waste. This plant
was equipped with different mechanical, physical and
optical selectors and it was able to return on average
from 9% to 10% of recyclables (plastics, metals and
glass) from the residual waste (Di Maria et al. 2015).

3.1.3 Recycling

Waste delivered for recycling comes mainly from the
separated collection. In 2015 the amount of waste material
collected separately and moved to recycling was globally
about 221,000 (Mg/year) (Table 1). The largest fractions
were organic, paper, glass and plastic.

These materials were successively delivered to the na-
tional consortiums for recycling. The main national consor-
tiums were CdC RAEE for WEEE and CONAI for packaging
in plastics, paper, aluminium, steel, wood and glass. CONAI
includes specific consortiums: CoReVe for glass packag-
ing; CIAL for aluminium; RICREA for steel; COMIECO for pa-
per and cardboard; RILEGNO for wood; COREPLA for plas-
tics. In some cases, collection companies directly deliver
the waste to the recycling industry.

3.1.4 Composting and anaerobic digestion

In the Region of Umbria there are five biological treat-
ments for processing the organic fraction returned by sep-
arated collection. The achievement of end of waste crite-
ria for this material is defined by the national legislation
which imposes specific conditions on the waste source,
on the process performances and on the features of the
final product. For recycling, waste has to be the organic
fraction separated at source (kitchen waste, green waste,
restaurant). The process has to respect the following re-
quirements: aerobic; lasting for not less than 90 days; able
to guarantee 55°C for not less than 3 days (pathogen re-
moval). Quality standards for final products are imposed
by the Italian legislation for organic fertilizer (D.Lgs., 2010)
(Table 2).

Currently Italian and EU legislation lacks specific crite-
ria concerning recycling of the organic fraction by anaero-
bic digestion (AD). Consequently this limits the implemen-
tation of this technology in the specific sector.

At the regional level there is only one integrated AD and
post-composting plant, which in 2015 processed 34,402
Mg/year of organic fraction from separated collection gen-
erating 3,810,431 Nm3 of biogas and 5,166 MWh of elec-
trical energy. The amount of organic fertilizer generated in
2015 was 2,999 Mg. This means that the average biogas
yield per single tonne was about 111 Nm3/Mg, whereas the
specific energy recovery was about 150 kWh/Mg. Sustain-
ability of the higher investment and maintenance costs for
AD was supported by economic incentives for the cost of
electricity recovered accessible by new facilities until 2013.
After that date, the only possible incentive achievable by
AD was the generation of bio-methane. Currently a new AD
facility for organic waste aimed at bio-methane generation
is under construction in the Region of Umbria. Globally the
amount of organic fraction processed in these 5 facilities
in 2015 was 180,432 Mg with the production of 8,878 Mg
of organic fertilizer.

3.1.5 Mechanical biological treatment

Currently three MBT are in operation (Figure 3) and are
able to sort the MSW into two main streams, a dry stream
rich mainly in plastics, paper, cardboard and textiles, and
a wet stream rich mainly in the organic fraction, together
with metals (both ferrous and aluminium) for extraction
and recycling. For these facilities the wet stream is then
successively processed in an aerobic bio-stabilization sec-
tion (Di Maria, 2012).

Together with these three MBT, there is a mechanical
sorting (MS) facility returning a dry, a wet and a recyclable
stream (metals). For these three MBT the mass balances
for 2015 were: Inlet: 165,771 Mg of MSW; Outlet: 123,877
Mg of dry fraction to landfill; Outlet: 45,034 Mg biostabi-
lized wet fraction to landfill; Outlet: 708 Mg of ferrous met-
als to recycling; Outlet: 35 Mg of aluminium to recycling.
For the MS the mass balance for 2015 was: Inlet: 48,629
Mg of MSW; Outlet: 27,212 Mg of dry fraction to landfill;
Outlet: 19,650 Mg of wet fraction to landfill; Outlet: 85 Mg
of ferrous metals to recycling. The energetic consumption
for MBT was on average 30 kWh/Mg, whereas the MS facil-
ity had an average consumption of 17 kWh/Mg (Di Maria,
2012; Di Maria et al., 2015).

According to national and EU legislation, the wet frac-
tion returned by MBT has to be adequately bio-stabilized

TABLE 1: Amount of waste materials moved to recycling in the
year 2015.

Material Amount (Mg/year)
Organic fraction and green 104,500
Paper 54,800
Glass 26,900
Plastic 17,965
Metals 5,143

Wood 8,220

WEEE 4,090
Textile 1,680

Other 3,200

TABLE 2: Mean chemical and physical features required by Ital-
ian legislation for classifying compost from bio-waste as organic
fertilizer.

Parameter Value u.m.
Moisture Content <50 % W/W
pH 6.0-8.5

TOC >20 % on TS
TKN - % onTS
N organic >80% of TKN %onTS
C/N <25

Cu <150 ppmon TS
Zn <500 ppmon TS
Pb <140 ppmon TS
Germination Index >60 %

Legend: TKN=Total Kjeldahl Nitrogen / TOC=Total Organic Carbon
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for reducing the amount and the intensity of emissions
during landfilling. The quality of the waste, particularly the
wet fraction, is evaluated by a standardized methodolo-
gy based on the dynamic respiration index (DRI) (mg02/
kgVs*h) (Di Maria and Micale, 2014). The DRI threshold
imposed by national legislation for acceptance in landfill
is DRI = 1,000 (mg02/kgVS*h) and even more stringent
limits are imposed at the regional level. Several studies
performed in similar geographical areas such as Italy and
EU Member States (De Gioannis et al., 2009; Komilis et al.,
1999) and in a specific geographical area (Di Maria et al.,
2013) indicate a reduction in gaseous emissions of land-
filled waste after bio-stabilization of up to 90% when com-
pared to untreated waste.

3.1.6 Landfill

The amount of waste landfilled in 2015 was globally
264,504 Mg consisting of the following fractions: 12,531
Mg of MSW directly landfilled without any pre-treatment;
230,929 Mg of waste landfilled after treatment (MBT or
MS); 21,062 Mg of waste different from MSW (commercial
activities).

All the landfills currently operating are sanitary land-
fills equipped with landfill gas collection, energy recovery

and a leachate collection system. Leachate treatment is
performed both on site and off site (Di Maria and Sisani,
2017; Di Maria et al, 2018; Morello et al., 2016; Spagni et
al., 2008).

3.2 West Bank
3.2.1 Status of waste production and management

According to ARIJ (2015), the total solid waste gener-
ated in 2015 was 0.78 Mg/day, — composed of 45-50% of
household waste, 20-25% of construction and demolition
waste and industrial waste, while the remaining amount
was generated by commercial and institutional facilities.
In 2015, 95% of households were reportedly served by a
service provider, while 85% paid collection fees. Only 50%
of the waste produced was landfilled, and the recycling rate
was only 6%. However, these values are only estimates,
and may be disputable, as indicated by Cesvi assessment
activities in the sector.

A set of laws and policies regulate the solid waste man-
agement sector — including the National Strategy for Solid
Waste Management 2010-2014 (MoLG, 2010), extended to
2017 and soon to be replaced. However, the legal and reg-
ulatory framework still looks incomplete and requires addi-
tional and more ready-to-implement laws and regulations.
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The population of the West Bank was served by three
different types of service providers. These actors were
municipalities, the Joint Service Councils (JSC) for waste
management and the United Nations Relief and Works
Agency for Palestine Refugees in the Near East (UNRWA).
Municipalities are the local authorities responsible for the
service, and may decide to directly implement it or to con-
tract a company working on its behalf. Few options are
available as part of the MSW management (MSWM) ser-
vice contracted out, especially to private companies, for
example cardboard collection in the Tulkarem governorate.
Instead, it is more frequent that municipalities of the same
governorate join a publicly-owned company which replac-
es the municipalities for all the MSW steps required or for
haulage and disposal, only. Finally, UNRWA provides refu-
gees living in the 19 camps of the West Bank with various
services, including MSWM.

Despite a certain number of recycling activities avail-
able — mainly informal - the number of MSWM facilities is
limited. Three sanitary landfills — in Zharat al Finjan in the
North, one in Al Minya in the South and a small one in Jeri-
cho in the East — are the only available disposal sites, apart
from a large number of small and medium dumpsites, still
used by small municipalities. There is a large private trans-
fer station in Eizeriya which mainly serves the area of Israeli
settlements. Waste collected in this transfer station is sent
either to the Al Minya landfill — near Bethlehem - or to the
Atarot sorting plant - in Israel, if it comes from Palestin-
ian towns and villages or Israeli settlements, respectively.
Small transfer stations are owned and managed by private
enterprises, municipalities, and JSCs, mainly for local use.
The environmental performances of the listed facilities are
scarce, and all of them require immediate interventions.

There are at least, ten composting plants in the West
Bank, owned by private companies or cooperatives. Some
of them are grouped by the Agricultural Development As-
sociation, which provides them with some support and ser-
vices. However, some of them are currently closed due to
unsustainable management costs and difficulties in prop-
erly commercializing the compost produced. Few are truly
sustainable, thanks to an acceptable and stable quality of
the compost and a certain number of customers.

Several pre-treatment and recycling facilities are avail-
able, especially to sort, pre-treat or stock recyclables. Few
examples of complete recycling are also available, and
mainly for some types of plastic. Other recyclables are sent
to Israel for direct recycling. These activities are mainly in-
formal, or formalized only after some steps of the recycling
process.

3.2.2 Solid waste recovery and recycling market

Solid waste recycling initiatives in West Bank depend
on one hand on the entrepreneurial capacity of individuals
and, on the other hand, on the intervention of international
organisations. The Palestinian regulatory framework, al-
though it implements waste prevention, recovery and recy-
cling activities (PNA, 1999; PNA, 2010), does not propose
any incentives for the establishment of such initiatives.
Neither does it provide environmental performance control
systems for waste storing and treatment enterprises. The

legislative framework, however, permits waste recycling
enterprises to be registered in the chamber of commerce
of the governorate in which they are situated, although with
no obligations. The registration to the chambers of com-
merce, finally, does not imply any specific verification from
the authorities. The specific political and social conditions
of the area considered also have a non-negligible influence
on the waste management sector (UNCTAD, 2014; World
Bank, 2008). This limits the creation of large recycling en-
terprises and usually this activity is performed by small,
family-run, individual business with a large participation of
the informal sector.

The waste most traded is metal, which is collected
throughout the West Bank. Metal waste is collected by itin-
erant waste buyers equipped with cars and megaphones
who purchase materials directly from households before
it enters into the formal solid waste management system.
Metal waste collected by small-size buyers in the north-
ern area is sold to larger-size industries and transported
mainly to Ramallah or Eizarya. Then from the Haifa or Akka
harbours it is shipped for international export. Although in
minimum quantities, metal waste from the northern West
Bank is also brought to Jericho, where an important local
industry transports it to Jordan, where it is recycled. Metal
waste collected in the Bethlehem and Hebron governor-
ates, instead, is transported to a large industrial pole situat-
ed in the city of Idhna, in the south-west area of the Hebron
governorate. From Idhna, metal waste is traded with Israeli
buyers and, similarly for the Nablus area, it is brought to
the Haifa and Akka harbours. In order to increase its value,
metal waste is segregated manually by type. Frequently,
metal waste is separated from plastic by fire, with negative
consequences on the environment and human health.

Plastic waste is collected by several categories of
stakeholders in the West Bank, and it is the only waste recy-
cled in the territory. In the West Bank, in fact, several plas-
tic waste recycling factories are distributed mainly in the
north (Nablus) and in the south (Hebron). Such factories
mainly recycle HDPE, PVC and PP with archaic and unsafe
procedures. Waste usually is delivered to such industries
mixed by type and colour, and as flakes. Thus the quality
of the final products is expected to be low. PET is rarely
collected, instead, as it is exclusively traded with Israeli in-
dustries, who implement waste producer responsibility pol-
icies for PET bottles. Plastic waste is mainly segregated by
households and sold to middlemen, or collected by waste
scavengers on dump sites. Due to the very low revenues
achievable from the trade of such waste, large enterprises
and JSCs do not invest in trading it.

Cardboard waste recovery is widespread mainly in the
northern and central part of the West Bank. No cardboard
recycling industries are available in the territory, and this
waste is exclusively traded with Israeli buyers, who also
establish the price of the material. Cardboard waste is
collected by informal organised scavengers and through
waste recovery initiatives developed by JSCs or munici-
palities in collaboration with private enterprises or local
organisations. Cardboard waste is usually not compacted,
as the revenues obtained by the trade would not cover the
purchasing and running costs of waste balers.
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Only one material recovery facility is available. This
facility is situated at Al Minya landfill and, at the moment,
works at half of its treatment capacity (150 t/d versus 300
t/d capacity). The plant, equipped only with a trommel and
a manual sorting line, mainly segregates cardboard. A
second material recovery facility has been installed at the
Zharat Al Finjan landfill (Jenin governorate) in 2012. The
facility, managed through an agreement between private
enterprises and public authorities, stopped its activities in
2014 due to political reasons. The plant, was equipped with
a trommel, several manual sorting lines, shredders and bal-
ers.

Another waste recovery facility was installed by a pri-
vate industry within a transfer station situated in the Nab-
lus municipality. The plant, which was supposed to be run
through a public-private partnership, never started its activ-
ities due to political and organisational reasons.

Other material recovery facilities are planned to be de-
signed in the West Bank, and in particular within the area of
the Jericho landfill and within the area of the Ramun landfill
(which is still not constructed).

Organic waste treatment facilities, comprising only
composting, are distributed throughout the West Bank ter-
ritory, although there is a higher number in the Jenin gov-
ernorate located north of the city. Existing facilities have
been constructed and/or equipped through the economic
support of international organisations. Two new compost-
ing plants are managed by local JSCs with the supervision
of a Palestinian NGO (House of Water and Environment),
and Jericho and Baytillu composting plants.

3.2.3 Role of local and international organisations in im-
proving solid waste management

The West Bank region has enjoyed, currently as in the
past, many interventions carried out by local and interna-
tional organisations. Solid waste management projects,
as well as studies on solid waste management systems,
have been carried out with the scope of improving the en-
vironmental and sanitation performances of the territory.
The majority of the interventions, however, failed due to the
lack of a rigorous legislative framework, the scarce prepa-
ration of solid waste managers and lack of awareness in
the population.

The NGO Nexus, in the years 2010/2011 tried to rep-
licate Modena's separate waste collection method in a
municipality of the Jenin governorate. The project had the
main scope of segregating household food waste and com-
posting it at a local cooperative, which, through the project,
is equipped with machines for compost shredding and
packaging. They also enjoyed several training sessions.
The project, however, failed due to the lack of awareness of
the households involved in the waste segregation project,
who delivered very contaminated organic fractions, and
due to the costs derived from material treatment. Similarly,
between 2014 and 2017 Cesviimplemented a project in the
north-west of the West Bank with the objective of diverting
the organic market waste and the cardboard waste from
final disposal and closing and remediating a municipal
dump site. Through the project, with the collaboration of
the University of Brescia, Cesvi successfully completed the

remediation process of a dumpsite and strengthened the
interest of the local JSC for the cardboard recycling pro-
gramme, but failed in establishing a sustainable organic
waste collection system. Commercial activities interrupted
the segregation of organic waste as soon as the direct in-
put from the NGO finished, and the local JSC did not pursue
the objectives of the project.

JICA is a major organisation in the country, active in
solid waste management projects, which, however, focus-
es its activities on the building capacity of local institutions
and provision of solid waste management equipment.
JICA, however, in its new operative strategy, is expecting to
implement solid waste prevention, recovery and recycling
programmes which also includes the population.

3.3 Discussion

Even though the per capita MSW generation was higher
for the Region of Umbria, the amount of organic fraction
generated was very similar for the two areas (about 180
kg/per capita/year) (Table 3). The number of specific fa-
cilities able to process this waste was practically absent
in the West Bank. Only agricultural organic waste is cur-
rently composted in the entire West Bank territory through
the static pile method. In some cases, especially, in Jenin,
composting activities are performed only during the sum-
mer season. Nonetheless many initiatives have failed due
to organisational problems and insufficient revenue for the
farmers.

The number of mechanical sorting facilities per in-
habitant able to manage unsorted waste was about ten
times less for the West Bank compared to the Region of
Umbria. Furthermore, the West Bank had a total absence
of composting facilities. The lack of separated collection
of the organic fraction is one of the main reasons, but also
economic sustainability is another important aspect to be
considered.

The MSWM fee payed by users, mainly citizens in the
Region of Umbria was about 0.82% of the per capita GDP.
For the West Bank area, this figure was higher, about 1.2%.
As reported by Al-Khatib et al. (2010, 2007) even though
the incidence on the per capita GDP was higher, the fee
was not enough to cover all the MSWM costs. This leads

TABLE 3: Comparison of the main indicators for the Region of Um-
bria and the West-Bank-Palestine.

Indicator Region of Umbria West Bank
MSW per kg/capita/year 519 285
Organic fraction kg/per capita/ 180 178
year

MSWM fee/per capita GDP (%) 0.82 1.20*
Mechanical treatment facilities 0.44 0.034
per 10° inhabitants

Composting facilities per 10° 0.56 0
inhabitants

Recycling (%) 322 6
Composting (%) 2252 0

* Estimated on the basis of Al-Khatib et al. (2010); a=at recycling/com-
posting facility gate.
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to the absence of separated collection and of successive
proper management and treatment phases as already de-
scribed above.

The lack of infrastructures, financial support and polit-
ical willingness leads the West Bank to a very limited per-
centage of recycled waste and to practically no compost-
ing of the organic fraction.

These results pointed out that the correct management
of the organic fraction of MSW is a main challenge for the
MSWM in the West Bank but, also that the current absence
of an adequate funding program suggests the promotion
of home composting or animal feeding recycling activities.
Promotion of home composting can also be an effective
approach for reducing and/or avoiding collection needs
and related costs. This can also be an opportunity for the
municipalities to use their budgets for improving the sepa-
ration at source of other recyclables such as plastics and
paper. In any case the success of such activities cannot
be maximized without an adequate level of awareness of
citizens and of decision makers together with a strong po-
litical willing. In particular, the weakness of this last aspect
can frustrate all the initiatives promoted in this sector by
international agencies and NGOs.

The percentage of recycling and composting in the Re-
gion of Umbria and reported in Table 2 was related to the
amount of waste delivered at the recycling and composting
plants. This means that these figures are not fully represen-
tative of the effective fraction of recycling and composting.
The current system implemented for monitoring this as-
pect is not able to give adequate information about the re-
cycling efficiencies for each region and for specific areas.
Furthermore, national data (ISRPA, 2016) indicated that for
some materials such as metals, glass and paper, the re-
cycling efficiency of waste delivered to recycling facilities
was up to 90%, but for other materials such as plastics the
recycling efficiency drops to less than 50%. Similar consid-
erations can also be made for the composting activity. In
general, the amount of organic fertilizer (Table 1) generat-
ed after composting treatment can also be less than 15%
of the amount of organic fraction at the facility inlet. This
is a consequence of the processing loss (e.g. humidity and
degraded organic matter), but also a consequence of the
level of impurities that needs to be removed due to the low
quality of the collection phase. All these considerations
lead to future discussion about the effective sustainability
of given MSWM practices currently implemented in the Re-
gion of Umbria and at the EU level.

4. CONCLUSIONS

Lack of adequate infrastructures, economic budget and
citizen awareness are the main causes for the low level of
efficiency of waste management in developing countries,
especially in the West Bank. Furthermore, the absence of
a fully implemented market for the recycling industry limits
the investment and the interest of the private sector. The
main results pointed out that the economic viability of a
more efficient waste management approach for the West
Bank is difficult to be pursued due to the already quite high
incidence of the fees payed when compared to the per cap-

ita GDP.

Due to the high incidence of the organic fraction on the
whole amount of waste generated in the West Bank, the
promotion of home composting and/or recycling via animal
feeding seems to be the best recommendation. This can
contribute significantly to improving waste management in
this area. Both environmental/sanitary and economic ben-
efits could be achieved by this practice. The reduction in
the amount of waste to be collected can increase the bud-
get of municipalities for improving the collection of other
recyclable fractions. It is important to note that this goal
is difficult to achieve without an adequate level of citizen
awareness and political support.

Although there is a higher efficiency and reliable po-
litical, legal and economic supporting scheme in the Re-
gion of Umbria, some critical aspects related to its effec-
tive sustainability were detected. The high percentage of
separated collection did not generally correspond to an
effective high recycling rate, particularly for plastics and
the organic fractiona. This opens the floor to a discussion
about the level of effectiveness of current waste manage-
ment practices in the Region of Umbria, in particular, and
in the EU in general. The low efficiencies found for the ef-
fective recycling of some relevant waste materials in these
areas suggests that other environmental and economically
sound management schemes should be investigated.
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