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ABSTRACT 

This research focused on management of organic waste considering composting, 

circular economy and socio-economics. The study area was southern West 

Bank/Palestine, mainly Hebron and Bethlehem governorates. The study utilized data 

from the literature, data collection via questionnaire, and experimental part. 

The role of compost in the circular economy through the period extended from 2021 

and up to 2035 was studied considering two scenarios: use of compost for agricultural 

purposes, and use as landfill cover materials. For agricultural purposes, and due to the 

strict restriction on access to high quality fertilizers by the Israeli Occupation, compost 

can be used as an alternative fertilizer where nutrients in compost can replace the 

existing chemical fertilizers available in Palestine such as humic acid (Iperen Humic 

12+3 liquid) as source of carbon (C), Ammonium Sulphate (AS) source of nitrogen 

(N), Triple Super Phosphate (TSP) source of P, and Potassium Phosphate (SOP) source 

of Potassium (K). Replacement of chemical fertilizers can achieve financial benefit in 

addition to the environmental benefit through reduction of methane gas emissions and 

accordingly the saving as per the Clean Development Mechanism (CDM). Moreover, 

the tipping fees for waste landfilling are saved in addition to the landfill space. 

The socio-economic factors were also studied to assess the attitude of the local 

authorities (LAs) towards composting of organic waste through data collection via 

structured questionnaire from all LAs in the study area through face-to-face interview, 

through email and over phone. The data so obtained analyzed using descriptive 

statistics, bivariate analysis, and binary logistic regression model (LRM). 

The experimental part of the study focused on the design, test and evaluate two 

composting systems in two different climate regions, India and Palestine. A new 

composting forced-aerated device was designed and used in Palestine, and a steel mesh 

naturally-aerated composting bin was used in India. the operational parameters were 

monitored and controlled during the composting process, and physio-chemical and 

biological parameters were tested to evaluate the end quality of the produced 

composts. 

The results of the research on the compost’s role in the circular economy showed that 

the estimated revenue from compost use in agriculture is USD 194.8 million in 2021 

and USD 369.8 million in 2035. The estimated saving from using compost as landfill 

cover is estimated USD 0.876 million annually, and USD 13.14 million during the 15 

years’ study period. The use for agricultural purposes is preferred over the use as 

landfill cover because the savings are larger. Implementation of the circular economy 

principles in municipal solid waste management through composting can reduce many 

waste management problems by closing the materials recycling loop, generating extra 

income, and adding net revenue to the national economy. 

The results of the research on socio-economics showed that the LAs’ attitude toward 

organic solid waste (SW) composting is low and can be considered as dissatisfactory 

since only 36.5% of the LAs are planning for composting compared to 63.5% who are 

not. The output of the LRM showed LAs’ perception of compost contribution to SW 

reduction, availability of proper place, financial capacity, community awareness, and 
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prevalent SWM bylaws are significant predictors of LAs’ attitudes toward organic 

MSW composting. 

 The results of the research on design, test and evaluate two composting systems 

showed that both systems provide high efficiency in reducing the composting time 

(39-43 days in Palestine, and 31 days in India) although the aeration rate has no clear 

effect of the composting time. The physio-chemical analysis showed that most of the 

parameters comply with Palestinian Standards Institution (PSI) and Indian Fertilizer 

Control Order (FCO) except minor deviations. The volume reduction was 64.0,60.0, 

and 57.2 for experiments 1,2&3, respectively. Both systems also provided high fertility 

index (4.33, 4.73, & 4.8 for experiments 1,2&3, respectively), and high clean index 

(4.62, 5.00, & 4.69 for experiments 1,2&3, respectively). The biological parameters 

tests showed that all the experiments met PSI, but none of them met FCO, suggesting 

that the outer edges of the composting system didn’t heat enough to inactivate 

pathogenic microbes, therefore, developing the system by adding turning option could 

overcome this shortcoming. It was concluded that forced-aeration system is suitable 

for Palestine, while natural aeration system is suitable for India. 
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CHAPTER 1                                                               

INTRODUCTION 

 

Solid waste management (SWM) is a global concern because the waste 

generation is increasing following the population growth and the management of this 

waste stream is still below the acceptable level for environmental protection. This 

problem is clearly evident in developing countries due to improper waste management 

systems, which mostly attributed to several factors including environmental, socio-

economic, institutional, financial, political and technical capacity. This problem 

requires integrated SWM strategy taking into account technology and policy 

intervention to reduce its effect on the environment especially the greenhouse gas 

emissions (Ramachandra et al., 2018). Palestine is a developing country and faces 

several problems in solid waste management and many of them is attributed to the 

political conflict. Therefore, this research is focusing on the southern part of the West 

Bank of Palestine to provide solution for the problems to improve the SWM sector.      

1.1 Municipal Solid Waste Management in Palestine 

1.1.1 General Background: 

Local authorities including municipalities, village councils, Joint Councils 

for Services, Planning and development (JCSPDs), and Joint Service Councils for 

Solid Waste Management (JSCs-SWM) are the main service providers in Palestine. 

The establishment of Joint Councils for Services, Planning and Development was to 

provide several services including the SWM service to a cluster of villages in the rural 

areas, while Joint Service Councils for SWM were established by the government to 

provide SWM service only for several cities, towns and villages. These were 

established on the governorate level. The boards of directors of these councils are 

consisted of mayors and heads of the village councils. Some of these councils are 

providing the collection service based on agreement with the local authority in the 

community, and others are only responsible for managing SW transfer stations (TSs) 

and the landfill site. So the waste collection service is provided by the local authority 

itself or by any of the Joint Service Councils mentioned above. However, Joint Service 

Councils for SWM that only manage the landfill site and the TSs are only responsible 

for long-hale transfer of the waste from the TSs to the landfill site, and managing the 

disposal of these waste inside the landfill. 
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The common waste collection system is consisted of street bins of different 

sizes including 1.2 cubic meter capacity, 4.0 cubic meters’ capacity which mostly 

placed in commercial areas, and 240-liters capacity which is mostly used on the 

household level. In many rural areas, the street bins are absent and therefore the 

residents used to put their waste beside the street curb in a plastic sack. The refuse 

collection vehicles are trucks with compactors but with different capacities including 

4 tons, 8 tons, 12 tons and in some cases 16 tons. In few cases, where the streets are 

narrow, very small refuse open-top collection vehicles are used. Open-top refuse 

collection vehicles, but larger sizes, are also for the collection of the slaughterhouses 

wastes. In rural areas, a tractor with trailer is used for waste collection due to shortage 

of financial resources. The common collection mechanism is waste collection from the 

streets’ bins using the refuse collection vehicle. In urban areas where there are waste 

workers, the residents used to place their waste beside the street curb which then 

collected by the waste workers using carts and moved to the nearest street bin (Al-

Khateeb, 2009). Sometimes, the waste workers used door to door waste collection. On 

the other hand, transfer of waste from the TSs to the landfill site is conducting using 

truck with trailer (Roll on – Roll off) which can transfer two containers per trip with a 

capacity of 40 cubic meters each.   

Up to date, there is no SW segregation at the source in Palestine, and is 

still collected mixed (organic and inorganic) and is sent to the landfill as final 

destination for disposal. Some sorting pilots were implemented by some joint service 

councils for SWM, but some of these pilots failed due to several reasons including 

absent of legislations and governmental support, high cost, unavailable market for 

some sorted materials, and declining the prices of the sorted materials. Al-Khatib et al. 

(2020) reported that the low prices of the sorted materials are one of the main reasons 

that made the waste pickers dissatisfied with their job in waste scavenging.  

The final destination of the SW stream is the landfill for final disposal. In 

Palestine, there are 3 sanitary engineered landfill sites in the West Bank and 2 in Gaza 

strip (Atallah, 2020). The 3 landfill sites in the West Bank are in north, south, and one 

in the Jordan River Valley. All of these were constructed in financial support from 

international donors. Another sanitary landfill was planned in the middle of the West 

Bank, but its construction was delayed due to opposition of the local residents as 

reported by Japan International Cooperation Agency - JICA (JICA, 2019a). Most of 

the random dumpsites were closed especially in the areas where sanitary engineered 

landfills were constructed.  

1.1.2 Initiatives to Improve SWM in Palestine: 

SWM sector in Palestine faced several difficulties and challenges during 

the last two decades. After the establishment of the Palestinian Authority (PA) after 

Oslo Accord in 1995 that was signed between the PA and the Israeli Occupation, the 
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PA started building and developing the official organizations including the local 

authorities to create change in the Palestinian community that was under the 

occupation since 1967 (West Bank and Gaza Strip). However, this period was short as 

by the year 2000, the second Palestinian Uprising (Intifada) was started due to the 

political situations and refusal of the Israeli occupation to adhere to the signed 

agreement. As a result, the Israeli occupation forced closure to all Palestinian areas 

(cities, towns, village and refugees camp) and sever restrictions on movement and 

trading. This action causes deterioration of the economic situation in Palestine. The 

World Bank reported that the huge challenges faced by Palestinian traders and business 

and created significant shrinkage in the market and increasing the costs are attributed 

to the closure forced on the West Bank (The World Bank, 2007).  

SWM sector was like other sectors severely affected at all levels. The 

closures forced the local authorities to establish random dumpsites for SW disposal 

and away from the main roads in order to cope with these situations. Al-Khatib et al. 

(2007) reported that SW collection trucks rapidly deteriorated because the roadblocks 

forced it to move through difficult rough roads, and the military roadblock and curfews 

led to random dump sites within the borders of the residential communities. These 

random dumpsites pose significant environmental impacts to the atmosphere due 

gaseous emissions like carbon dioxide and dioxins as a result of wild fire, and to the 

groundwater due to leachate seepage, and affect the social and well-being of the 

communities due the obnoxious odors, flies and mosquitoes. The problems of SW 

disposal are attributed to the lack of engineered landfill sites and absent of programs 

for waste recycling (Talahmeh, 2005). In addition, the shortage in financial support 

and lack of technical capacity were the major challenges and constrained the efficiency 

of the Palestinian SWM system. Technical and financial challenges included absent of 

waste minimization principles, inadequate SW tariff and insufficient fee collection, 

limited human capacities and financial resources, the legal framework is incomplete, 

weakness of monitoring systems, and political conflict (Al-Khatib et al., 2010).   

Beside the difficulties and challenges faced the SWM, the PA continued 

gradually to improve the situations. On the policy level, it issued the following laws, 

policies and strategies: (1) environmental law no.7 (1999); (2) environmental impact 

assessment policy in the year 2000; (3) public health law no. 20 (2004); (4) national 

strategy for solid waste management - NSSWM (2010 – 2014); (5) instructions and 

guidelines for closure and/or rehabilitation of random dumpsites (2011); (6) medical 

waste management bylaw in 2012; (7) environmental auditing procedures manual 

(2014); (8) environmental sector strategy (2010 – 2013); (9) the national development 

plan (2011 – 2013); (10) guidelines for environmental auditing on solid waste landfills 

(2016); (11) national strategy for solid waste management – NSSWM (2017 – 2022); 

(12)  SWM bylaw in 2019. These are necessary to support the PA plan to improve the 

situations of SWM and regulate this important sector. 
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On the institutional level, the PA has established the joint service councils 

(JSCs) for solid waste management in order to enable the small size local authorities, 

such as village councils (VCs) and newly established municipality, providing better 

service to the communities, as small size local authorities haven’t the enough capacity 

to provide SWM in a proper and sustainable manner. In addition, some JSCs were also 

established to operate the landfills and transfer stations to enable all local authorities, 

small and large sizes, disposal of municipal SW in complementary with the 

environmental protection rules. 15 JSCs have been established in the West Bank and 

2 JSCs in Gaza Strip covering all the governorates as per the Ministry of Local 

Government (MoLG) records (MoLG, 2019; MoLG, 2018). All of these JSCs have 

been established the period that extended between 1998 and 2014 (MoLG, 2016). In 

addition, several capacity programs have been held for the local authorities and JSCs 

staff in the field of SWM such as “Project for Technical Assistance in Solid Waste 

Management in Palestine: A Technical Cooperation between Palestine and Japan 

(2015 – 2019)” which was financed by the Japan International Cooperation Agency 

(JICA) which also included public awareness on the community and schools levels, 

capacity building and training through Southern West Bank Solid Waste Management 

Project (SWBSWMP) which was financed by the World Bank (2009 – 2016), Gaza 

SWM project which was financed by the World Bank (The World Bank, 2009) which 

included capacity building and training, Palestinian municipalities support program 

(PMSP) which was supported by Italy government (GIZ, 2014), SWM project in 

Ramallah and Al-Bireh – middle West Bank (2012) which was supported by the 

German Development Bank - KfW (GIZ, 2014), north West Bank SWM project (2000 

- 2007) which was supported by the World Bank, Gaza solid waste management 

project (2014 – 2021) which was also supported by the World Bank, and many other 

cooperation projects supported from international donors which included main 

components for training and capacity building in the field of SWM.    

On the technical and implementation level, the SW sector has been 

prioritized due to the environmental and socio-economic implications. The PA sets the 

plans through which it can improve the status of SWM and coordinated with 

international donors in order to construct the required infrastructure and provide the 

proper SWM machinery. A part from the NSSWM (2010 – 2014), SW shall be 

disposed in sanitary engineered landfills (PA, 2010). It has been decided to build four 

regional sanitary engineered landfills in the West Bank, three of them to serve north, 

middle, and south of the West Bank, and one to serve Jericho area including the Jordan 

River valley. Three of them have been already constructed, while the one that is 

planned for the middle of the West Bank was not yet built to some constraints including 

political and social (MoLG, 2017). Another 2 sanitary engineered landfills were also 

built in the Gaza Strip to accommodate the SW stream there. All of these landfills were 

built in financial support from international agencies such as the World Bank and JICA 



5 
 

within the framework of the above-mentioned projects, and in partial contribution from 

the United States Agency for International Development (USAID) in the SWBSWMP. 

In addition, 13 SW transfer stations have been built up to date covering all of the West 

Bank governorates (MoLG, 2017). These are constructed to serve remote areas that 

are located away from the landfills for the purpose of reducing the costs and time of 

SWM, thus increasing the level of cleanliness and improve environmental and health 

conditions. 

Moreover, the PA in coordination with international donors has supported 

the local authorities and JSCs with SW collection vehicles and machinery to operate 

the SW transfer stations and landfills. SW collection vehicles are compacters included 

several capacities (4 tons, 8 tons, 12 toms, 16 tons) and grapple cranes to service the 

different communities, and long hale transport trucks (roll-on roll-off trucks with 

trailers). Machinery included track loaders, wheel loaders, backhoe loaders, waste 

compactors, and track excavators, which are necessary to waste uploading at the 

transfer stations, spreading, compaction and covering at the landfills. In some cases, 

waste recycling machines were provided such as the case of southern West Bank, 

where tires shredding and plastic and cardboard baling machines are supplied. Figure 

1-1 shows sample of different trucks and machines supplied. Many international 

donors played a significant role in supporting the Palestinian SWM sector including, 

addition to the above-mentioned, European Union, governments of the Netherlands, 

Italy and Spain (PA, 2010).   

 
Fig. 1-1: SW equipment and collection and transfer trucks 

Source: Adapted from JSC-H&B brochure. 



6 
 

Within the initiatives and efforts to improve SWM, several random 

dumpsites have been closed. In the north of the West Bank, 85 random dumps were 

closed, while in the south 19 random dumps were closed as per the records of the Joint 

Service Council for Solid Waste Management for Hebron and Bethlehem 

Governorates – JSC-H&B (JSC-H&B, 2013) although the NSSWM (2010 – 2014) 

mentioned 147 random dumps (PA, 2010). The largest random dumpsite of 14.5 

hectare in area was provided with a system for landfill gas collection and flaring as 

shown in the Figure 1-2. 

An important initiative concerning the public-private partnership (PPP) in 

SWM was lunched in the southern West Bank under the project “Global Partnership 

on Output based Aid – GPOBA” between 2013 and 2017 in support from the World 

Bank and facilitated by the International Finance Corporation – IFC. The project aims 

to improve the SWM sector by encouraging the implementation of environmental and 

social safeguard measures, improve fee collection rate, and improve cost to billing 

ratio by upgrading the old tariff system to cover the cost. The project contributed to 

the fees of SWM on behalf of the local authorities based on its performance which was 

measured periodically on midterm bases against technical and financial performance 

indicators (JSC-H&B, 2013; IFC, 2012). 

 
Fig. 1-2: Yatta dumpsite after closure and installation of gas collection system 
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Another initiative was lunched during the period extended between 2018 

and 2021 under the program “Local Governance and Service Improvement Program – 

LGSIP” in southern West Bank and then extended to include the different 

governorates. The program was launched by the MoLG through the Municipal 

Development and Lending Fund (MDLF) and in financial support from the World 

Bank, KfW, and other donors. The program aimed to support small size local 

authorities by encouraging shared projects between these authorities. The project 

provided the local authorities by waste bins, waste collection trucks, heavy machinery 

to improve the roads conditions inside the villages to improve SW collection, 

machinery to operate SW transfer station, and infrastructure for offices and 

maintenance facilities to improve the quality of SW service provided (MDLF, 2018). 

Initiatives also extended to include other waste stream such as medical 

waste (MW). The Palestinian Municipalities Support Program (PMSP) funded by Italy 

government supported the establishment of MW treatment facility in southern West 

Bank since 2012 (GIZ, 2014; JSC-H&B, 2012). The technology provided was 

microwave machine with capacity of 75kg/hour. Another program was launched in the 

Gaza Strip in 2017 supported by the JICA titled “Program for establishing a system of 

Health Care Waste Management in southern Gaza” (JICA, 2019b). This program 

included construction of MW treatment facility using Autoclave technology at the JSC 

south Gaza, developing MW management manual, training to the Ministry of Health, 

and maintenance of the incineration facility at Al-Shifa hospital in Gaza. In 2020, JICA 

in cooperation with the MoLG launched a new program to improve MWM in Palestine 

(West Bank and Gaza). The program included providing the JSCs with MW collection 

vehicles, maintenance of old treatment facilities, and providing new treatment 

machinery (JICA, 2021). Figure 1-3 shows one of the MW treatment facilities in 

Hebron city. 

Other relatively small scale initiatives including pilot composting and 

recycling activities. Part of the program supported by JICA (2015 – 2019) included 

composting activities on the household level (JICA, 2019a).  Other pilot waste sorting 

activities including large scale pilot composting such as that implemented by the JSC-

H&B. A project on pilot composting was conducted at Al-Jalameh village in Jenin 

(north of the West Bank) using animal manure, farm waste and organic fraction of 

municipal SW (Bonoli, et al., 2019). Currently, there is a waste reduction project 

ongoing supported by JIAC which include pilot composting of municipal SW as 

central composting and implemented West Bank and Gaza Strip (JICA, 2021). The 

project included infrastructure and providing equipment for composting. There are 

other composting plants in Palestine which have been established by the non-

governmental organizations (NGOs). For example, the Palestinian Agricultural Relief 

Committee (PARK) has established three composting plants in Jericho, Jenin (Di 

Maria et al., 2017) and Hebron for the benefit of farmers’ cooperatives. Both plants in 
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Jericho and Hebron were failed, due to high cost of operation and low participation of 

the local population, while the other in Jenin still working in summer only (CESVI, 

2019). Another two composting plants were constructed by a Palestinian NGO called 

House of Water and Environment (HWE). These plants have been constructed in 

Jericho and Ramalla (Bytillu village) in 2017 for composting of agricultural waste and 

organic waste collected from hotels (CESVI, 2019). However, both plants stopped 

working in 2018. In Gaza Strip, there composting plants have been constructed. One 

of them is located in the north and belonging to Gaza and Beit Lahia municipalities, 

and the second one is in Rafah city and established by Palestinian Environmental 

Friend (PEF) NGO, which stopped working (CESVI, 2019). The PEF then obtained 

fund form the United Nations Development Program (UNDP) in 2011 in coordination 

with Rafah municipality and constructed the third sorting plant and conducted 

composting for the organic waste separated, but unfortunately it stopped working in 

2017 due to marketing problems (CESVI, 2019). Figure 1-4 shows initiatives in SW 

recycling and composting. 

   
Fig. 1-3: MW treatment plant in Hebron  

  

1.2 Solid Waste Management in the Study Area 

1.2.1 Overview 

The study area is the south of the West Bank of Palestine which is 

consisted of two governorates, Hebron and Bethlehem. Those are the most densely 
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populated areas in the West Bank There are 89 local authorities involved in SW 

management in both governorates in accordance with the Ministry of Local 

Government (MoLG) records (MoLG, 2021). These include municipalities, VCs, 

JCSPD, and Joint Service Councils for SWM.  SWM in this area is almost similar to 

the other areas in Palestine. SWM in this area is located within the purview of the local 

authorities. SW primary and secondary collection is conducted by the local authority 

which collect the garbage bins using refuse collection vehicle and transfer the waste 

into the landfill or to the SW transfer station which is the nearer. In addition to the 

municipalities and village councils, there are 3 joint service councils for SW 

management in the area. One of them is serving Hebron Governorate and responsible 

for SW collection and transfer to the landfill or to the transfer station. This JSC is 

covering part of the governorate, while the other parts are served by the local 

authorities. The second one is serving Bethlehem governorate, and also is responsible 

for SW collection and transfer to the landfill as the distance to the landfill is relatively 

short and there is no transfer station there. This JSC is covering all Bethlehem 

governorates. The third JSC is serving both governorates and responsible for long-hale 

transfer of solid waste from the TSs and the landfill, and management of the landfill 

facility. This JSC is called The Joint Service Council for Solid Waste Management for 

Hebron and Bethlehem Governorates (JSC-H&B). 

 
Fig. 1-4: Initiatives in recycling and composting        
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 Currently, there are two SW transfer stations in the area under study. Both 

are located in the Hebron governorate to serve the communities that are located far 

away from the landfill. One is located to the west of Hebron city to serve the 

communities in the west part of the governorates and called West Hebron SW Transfer 

Station. The capacity of this station is 100 tons/day. The other is located south Hebron 

to the east of Yatta city to serve the communities in the south of the governorate, and 

called Yatta SW Transfer Station. The capacity of this station is 300tons/day. Both 

stations utilize the simple system of waste unloading from the refuse collection vehicle 

then uploaded by a wheel loader in 40m3 containers which is transferred using Roll 

on-Roll off truck with trailer. 

A sanitary engineered landfill called Al-Menya landfill located to the 

south-east Bethlehem was constructed to serve both governorates, and located in easy 

accessible place by the local authorities in Hebron and Bethlehem governorates. The 

landfill was constructed and provided by environmental measures for the purpose of 

environmental protection. These measures include isolation of the bottom and 

underground sides with double liner system to prevent landfill leachate from 

immigration into the groundwater aquifer. The double liner system consisted of two 

layer: the bottom one is geo-synthetic clay liner (4.5g/m2), and the upper one is high 

density polyethylene (HDPE) of thickness 1.5mm. The landfill is provided with 

weighing bridge and computer system to record all of the waste entering the landfill. 

In addition, the landfill site includes semi-mechanical sorting plant with capacity of 

100 tons/day. It consisted of conveyor, trammel of opening size 10cm, manual sorting 

platform, and trammel of opening size 4.5cm. The 10cm opening trammel separates 

the large portion of organic fractions from waste, then the waste fractions larger than 

10cm (mostly inorganic) moves to the manual sorting platform where the workers 

there separating three fractions: metals, plastics, and cardboard. Other waste from this 

belt is directed to the landfill. The waste fractions smaller than 10cm (mostly organic) 

moves to the 4.5cm opening trammel which separates objects larger than 4.5cm from 

the organic waste stream, which normally contain plastic and other pieces, and then 

directed to the landfill. The waste stream of smaller than 4.5cm is composted.       

Since the operation of Al-Menya landfill 10 years ago, the JSC-H&B 

closed all old wild dumpsites in both Governorates. 18 random wild dumpsites (JSC-

H&B, 2015) in both governorates were closed which resulted in improved 

environmental conditions. Random waste dumping is prohibited by law and all local 

authorities within the borders of the study area use the sanitary engineered landfill. 

Moreover, medical waste management is also conducted by the local 

authorities in Palestine. In the study area, a medical waste treatment plant is operated 

by the JSC-H&B and located in the same site of the landfill. The facility is equipped 

with a microwave machine of capacity 75kg/hour, and medical waste incinerator of 
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capacity 50kg/hour. The capacity of both machines is not enough to treat the medical 

waste quantities collected from the study area, therefore, medical waste collection is 

conducted partially focusing on public and private hospitals, health centers and part of 

the medical laboratories. Other MW from private clinics, dentals, and the rest of 

medical laboratories is still collected mixed with municipal waste. MW treated in the 

facility is disposed at the landfill with other municipal waste.  

1.2.2 Organic Solid Waste Composting in the Study Area 

Within the process of seeking adequate solutions for the relatively large 

amount of SW generated in Palestine, the JSC-H&B conducted pilot trials of 

composting the organic fraction which is the largest waste fraction. The first trial was 

conducted in the year 2012 in partnership with Rostock University - Germany, and Al-

Jaar Engineering Establishment - Jordan. This pilot focused on using the fruits and 

vegetable waste generated from the Hebron fruits and vegetable market as it was 

collected separately and purity was ensured. In addition, other quantities of cow dung, 

poultry manure and sawdust was used. Also it included awareness workshops and 

brochures to promote for waste composting in order to reduce the waste quantities. 

The promotion focused on the member local authorities and agricultural societies and 

cooperative. The trial succeeded in producing good quality compost as shown in Table 

1-1. (Al-Sari’, 2019). 

Table 1-1: Compost quality in the study area 

No. Mixture 

No. 

Results 

pH Ec (ds/m) Total 

Nitrogen (%) 

Phosphorus 

(P) (ppm)  

C/N  

1- Mixture 1 9.48 8.69 1.09 243.82 10.0 

2- Mixture 2 9.51 9.36 1.23 197.61 12.0 

3- Mixture 3 8.74 6.12 1.17 165.80 9.0 

4- Mixture 4 10.03 10.72 1.25 255.39 10.0 

Sources: Al-Sari’, 2019 

The second trial was conducted in support from the Palestinian Municipal 

Support Program which is financed by the Italian Government through the Palestinian 

Ministry of Local Government (MoLG). This pilot is conducted based on the results 

obtained from the previous trial, but uses the organic fraction separated from municipal 

solid waste received at the landfill site. Furthermore, the support for the second trail 

included updating the manual for composting production on the household level (JSC-

H&B, 2018). Figure 1-5 presents municipal SW pilot composting. 

However, most of the previous attempts for compost production were 

failed. JICA supported a household compost program in West Bank, where part of the 

program implemented in the study area (Al-Walajah village / Bethlehem governorate). 

90 household composter were distributed out of 150 were planned, and only 60 out of 
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90 were found in use during the monitoring of the program, which reflects relatively 

low interest of the household in composting (JICA, 2019a). The Applied Research 

Institute – Jerusalem (ARIJ) conducted a study conducted in the West Bank and found 

that the people didn’t want to get involved in carrying out backyard composting (ARIJ, 

2005). Another central composting facility was constructed in the study area (Dura 

city/Hebron) for compost processing after maturation and operated by Dura 

Cooperative society for Development of Irrigated and Protected Agriculture, and now 

out of service. 

 

 
Fig. 1-5: Municipal SW pilot composting in the study area 

   

Despite the above-mentioned initiatives and trials to improve SWM in 

Palestine, the waste recycling is still below 1% and only 33% of municipal SW is 

disposed in sanitary landfills (GIZ, 2014). Most of the composting trials were failed 

and the organic fraction is still disposed of in the landfills creating GHG emissions and 

contributing to the climate change. The waste management sector was found major 

emitting sector in Palestine with contribution of 23% of the total emissions in 

accordance with the United Nations Development Program – UNDP (UNDP, 2016). 

On the other hand, construction of landfills and expansion of the existed ones is facing 

huge restriction by the occupation. Moreover, the agricultural sector in Palestine is 
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facing severe problems due to the restrictions on access to good quality fertilizers and 

control over water resources by the occupation. This is also associated with the climate 

change effect, which requires adaptation strategy to increase resilience and reduce the 

effect of these problems. On the policy level, waste recycling and composting is not 

obligatory policy in accordance with the SWM bylaw and mentioned as an elective 

option without any targets or limits.  

Considering the problems of waste management, associated environmental 

issues, and the lack of political will, it become imperative to devise ways which can 

help reduce the extent of problem, minimize the environmental impacts, promote 

sustainability without much of economic burden. Utilizing the organic fraction of 

waste (̰≈46%) can significantly reduce the load over waste management system and its 

composting can lead to transformation of waste to wealth through a natural process. 

Municipal organic SW composting and mining of compost from existing/ closed 

landfills can help create more space for waste landfilling and reduce the problem of 

landfill construction or expansion. Since, compost has nutrient value, its use can be 

promoted in agriculture, thereby completing the nutrient cycling and reducing the 

economic burden in terms of impact of chemical synthetic fertilizers. Further, it can 

solve the problem of restricted access to good quality fertilizers and improve the water 

holding capacity thus reducing the climate change impacts on agriculture. However, 

success in SWM in general and composting in particular, depends on the key-

stakeholders involved and their resources to build a clear plans specifying the 

responsibilities (Phong Le et al., 2018). Moreover, shortening the composting process 

can accelerate the treatment process and mitigate the shortage in land area required for 

composting (Liu et al. 2011). Therefore, this study aims to design and test composting 

system to shorten the composting process, evaluate the composting role in the circular 

economy, and assess the attitudes of the LAs’ towards composting and identifying the 

factors that affect their attitudes.  

This study has environmental and socio-economic significance. It can 

contribute to the achievement of the nationally determined contributions (NDCs) in 

Palestine. In addition, the study contributes to sustainable development goals (SDGs) 

achievement as presented in the Fig. 1-6.     

1.3 Research Gaps 

Although many studies have been conducted in composting in Palestine, 

the following gaps are identified: 

(a) None of these studied the time/conditions of the composting process;   

(b) Any new method to shorten the time required for composting under the conditions 

of the study area has not been studied;  
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(c) Recycling and economic benefits of municipal organic waste composting has been 

never studied before in Palestine and many other developing countries   

(d) However, the attitude of local authorities, the key stakeholders in SWM, towards 

composting has never been studied before. Therefore, this study focuses on the 

assessment of the LAs toward MSW composting and the factors influencing their 

attitudes in southern West Bank of Palestine. 

1.4 Research Objectives 

The main goal of this research is to investigate the possibility of 

composting technique with shortened time, study the attitudes of the key stakeholders 

towards composting, and study the compost role in the circular economy. The aims of 

this research are: 

(a) To test and compare natural and enhanced aeration for composting of organic 

waste to shorten composting time  

(b) To monitor the physio-chemical and biological parameters (temperature, moisture 

content, pH, C/N and NH4+/NO3- ratio) and other quality parameters to evaluate 

the quality of compost according to the Indian and Palestinian 

Standards/guidelines 

(c) To quantify the potential of organic waste recycling, chemical fertilizer 

replacement, opportunities for revenue generation etc. against normal landfilling 

of organic waste 

(d) Assess the attitude of local authorities toward municipal solid waste composting, 

and the socio-economic and behavioral factors that could affect acceptance of 

composting in organic waste management, and suggesting an organic waste 

management framework. 

1.5 Scope  

This research dissertation titled “Management of Urban Organic Waste 

Integrating Composting, Circular Economy, and Socio-economics” is focusing on the 

southern part of the West Bank/Palestine, and consisted of five chapters. The summary 

description of these chapters is as follows: 

Chapter one: introduction and provides an overview on SWM in Palestine, and organic 

waste management in the study area with emphasis on problems facing SWM, research 

gaps, research objectives, and scope. 

Chapter two: presents the literature review. 

Chapter three: describes the study area and presents the research materials and methods 

followed to achieve the research objectives.  

Chapter four: provides the results of the research and discussion of these results. 
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Chapter five: presents the conclusion, environmental and social significance, and 

future scope. 

The research dissertation document included also the references used and annexes 

that include supplementary information.
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Fig. 1-6: Contribution of the study in achievement of SDGs
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CHAPTER 2                                                                        

LITERTURE REVIEW 

2.1 Municipal Organic Solid Waste Management: 

Organic SWM is a challenge worldwide, with large gap between 

developed and low income countries. Managing such waste stream in an 

environmental friendly and sustainable method should be one of the top priorities in 

the modern and developed society (Wilson, 2007). Municipal solid waste (SW) 

generated in developing countries usually contain higher organic SW fraction 

compared to high income countries (Kaza et al., 2018). Unfortunately, a lot of 

developing countries especially those of low income are still not implementing the best 

practices in SWM (Guerrero et al., 2013), while some European member state 

countries are still not employing the best practices (Koufodimos and Samaras, 2002; 

Papachristou et al., 2009), with large gap between both. Fernando and Zutshi (2023) 

comprehensively described the practices of municipal SWM in most developing 

countries as either inefficient, ineffective, or limited. However, the European Union 

upgraded the waste management legislations and polices to improve SWM in member 

states, and continuously updating these polices to ensure effectiveness and continuous 

improvements and focusing on reduce, reuse, recycling and recovery. The European 

Union (EU), for example, adopted policies and targets to recycle 65% of the waste 

generated by 2030 (Cecere and Corrocher, 2016). Frick et al. (1999; cited in Slater and 

Frederickson, 2001) reported large portion of organic waste generated in the European 

countries is composted. These include the Netherland (90%), Denmark (55%), Austria 

(50%), Germany (45%), Belgium (34%), Sweden (16%), Luxembourg (14%), Finland 

(10%), United Kingdom (6%), France (3%), and Italy (2%). In accordance with the 

European Compost Network (ECN), 47.5 million tons of food refuse was treated in 

2019, 30.5 million tons of them composted, 12.4 million tons were anaerobic digested 

and 4.6 million tons were combined treated by anaerobic digestion and composting 

(ECN, 2021). In Europe, organic municipal SWM is in continuous development. The 

records of the Eurostat, as shown in Figure 2-1, showed that the waste landfilling has 

decreased from 61.1% in 1995 to 23.7% in 2019. In addition, the composting of 

organic waste has rised from 7.1% in 1995 to 17.4% in 2019 (Eurostat, 2021).
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Fig. 2-1: Development of SWM in Europe during the period (1995 - 2019). 

Source: adapted from the records on Eurostat, 2021.  

In Latin America and Caribbean Region, around 50% of the total waste 

produced and collected in the region is organic waste, and generally is disposed of in 

landfills and dumpsites (UNEP, 2017). Open dumps are the mostly used method for 

waste disposal (Hettiarachchi, et al., 2018), so 85.2% of the population use 

uncontrolled open-air dumps in Belize, 69.8% in Guatemala, and 59.3 in Nicaragua 

(Espinoza et al., 2010). Formal waste sorting and recycling is limited to very small 

activities not exceeding 2% of the waste stream produced in the region (Grau et al., 

2015), which also reported by United Nations Human Settlements Program – UN-

HABITAT (UN-HABITAT, 2012). Nowadays, SWM is gaining attention in the Latin 

American as well as Caribbean Region, and there are some initiatives to improve the 

waste management. Examples of initiatives, in Brazil, the Resolution of the National 

Environment Council (CONAMA) No. 481/2017 on MSW composting sets the rules, 

methods, and procedures to assure environmental protection during the composting  of 

organic waste, so article no. 9 in section II, clarified that municipal organic solid waste 

(MSW) for composting must be separated; in Argentina, a recycling center in Buenos 

Aires city was opened in 2015 as composting center for organic waste; in Chili, the 

municipality of Futaleufu has launched an organic waste collection scheme and 

succeeded to reduce the waste landfill by 43%; and in Columbia, the municipality of 

Cajica lunched separate organic waste collection program covering 30% of the waste 

generated (UNEP, 2017). 

In southeast and East Asia region, some countries are of high level income 

countries like western countries such as Japan, and others of low to middle income 

countries. The common waste disposal method is varying between one country to 

another. For example, the open dumping represents 90%, 65%, 50%, and 85% for 
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India, Thailand, China, and Sri Lanka, respectively, while organic waste composting 

is still being practiced at small-scale in these countries (Visvanathan and Tränkler, 

2003). In Nepal, the organic waste fraction reached 68% in and currently is dumped at 

open fields and on river banks creating environmental pollution and health hazards 

(Aryal and Adhikary, 2024). Food waste generation in the region for 14 countries is in 

the range of 15–73% in Japan and Myanmar respectively as reported by AIT-UNEP 

Regional Resource Center for Asia and the Pacific -RRCAP (RRC.AP, 2010). 

Composting of organic waste in selected countries in the region in 2001 was (2%) in 

Bangladesh; (10%) in India; (5%) in Nepal; and (5%) in Sri Lanka, while waste 

recycling and composting was (2%) in PRC in 2006; 45% in Hong Kong, China in 

2007; and 19% in Japan in 2005 as reported by Asian Development Bank – ADB 

(ADB, 2011). 

In the Arab region, municipal SWM is characterized by centralization at 

the national level, absence of effective cost recovery system, shortage of trained 

personnel, inequality of the service between rural and urban areas, and lack of a 

reliable database (Nassour et al., 2016). The common practice in SWM in the Arab 

states is collection mixed with other waste stream, recyclable materials are not 

separated, and disposal at dumpsites lacking the basic engineering and sanitary 

requirements, and around 50% of the waste is uncontrolled in many countries (Nassour 

et al., 2016). In accordance with the Environmental and Social Commission for 

Western Asia (ESCWA), round 1–3% only of total waste generated in the Arab region 

is recycled, while the other is dumped or landfilled (ESCWA, 2015). For example, in 

Egypt, few basic waste sorting and composting plants is existed but most of it has not 

proved reliable in practice; in Kingdom of Saudi Arabia, about 95% of the waste 

generated is being landfilled without any processing or treatment; in Lebanon, few 

sorting and composting plants are existed, but poorly planned and constructed; in 

Jordan and Tunisia, there is no plant for residual waste treatment; in the United Arab 

Emirates, about 95% of the waste generated is deposited at the landfills; in Kuwait, 

landfills are the main way for waste disposal (Nassour et al., 2016); and Morocco has 

failed to establish composting plants (ESCWA, 2015).  

In Africa region, the largest portion of municipal SW is sent to landfills 

for disposal.  Around 65% of municipal SW is disposed at open dumps at Nigeria thus 

causing surface and ground water pollution by leachate spills in the areas close to the 

dumpsites (Alao et al. 2024). Dumpsites were found the major contributor to 

potentially toxic element contamination of the surrounding soil in Nigeria (Olanipekun 

et al. 2024). Recycling of SW in Africa is in the range of 5% or less. For example, the 

volume of waste recycling is in Algeria 3%, Cameroon 5%, and Madagascar 3% 

(Yoshida, 2018). Organic waste management in the region, in general, is disposed of 

in landfills and dumpsites without any processing or composting. The first meeting of 

the African Clean City Platform (ACCP) that was held on April 2017 pointed out the 
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existence of technological management problems concerning compost production 

from municipal solid waste. Other identified problems of SWM in the meeting 

included common open dumpsites, and sanitary landfills are not constructed (Yoshida, 

2018). Other studies reported that composting is still carried out at pilot scale like the 

case in sub-Saharan Africa (Drechsel et al., 2004; Friedrich and Trois, 2013; Yeo et 

al., 2020). 

2.2 Organic Solid Waste Composting 

Composting is the process to convert organic matter into stabilized 

biomass through bio-chemical process so the organic matter is degraded by the 

microorganisms. It can be considered as an important and economic method for 

recycling of organic waste (Raza and Ahmed, 2016). Some researchers define the 

composting process as a biochemical and heterogeneous process, through which the 

organic matter is mineralization into CO2, NH3, H2O and incomplete humification of 

materials, so that the final product stable with reduced pathogenic microorganism and 

toxicity (Wang et al., 2018). Diverting the organic fraction from solid waste stream 

can significantly reduce the waste quantity that is sent to the landfills and, accordingly, 

increase the lifespan of the landfill. Once diverted and composted, it became a valuable 

material that can generate environmental and economic value. Waqas et al. (2023) 

stated that composting of organic waste is a matter of interest from the perspective of 

sustainable waste management and agricultural benefit. Hassanshahi et al. (2018) 

reported that organic waste composting materials produced from the residential sector 

and that generated as residue of green spaces can significantly help in reducing the 

quantity of landfill waste and provide other environmental benefits. Al-Madbouh et al. 

(2019) highlighted that composting of organic waste fraction form MSW can 

significantly reduce the waste quantities especially in developing countries because 

the highest fraction among other waste fractions is organic waste. The composting 

process is illustrated in Figure 2-2. 

Compost can play significant role in the circular economy. It is a key 

environmental and social factor in organic agriculture as it increases the productivity 

of the soil and improve the household income as well, and can support food security 

through improving soil quality and its moisture retention time (Bekchanov and 

Mirzabaev, 2018). The quality of compost is essential to enhance its marketing for 

agricultural purposes (Pergola et al., 2018). Benefits of compost in agriculture have 

been highlighted by many studies. So it can be used in bioremediation to 

reduce/remove pollution from polluted sites (Ventorino et al., 2019), control soil plant 

borne diseases (Pane et al., 2019), control of weeds (Coelho et al., 2019), and reduce 

the effects that are usually associated with the use of synthetic fertilizers as it improves 

the soil biodiversity (Pose-Juan et al, 2017). In addition, GHG emissions are normally 

released and deteriorate air quality as a result of improper solid waste management. 
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When landfilled, it is undergone anaerobic biodegradation and greenhouse gases are 

released accordingly, which can increase the climate change effects. Composting can 

reduce these greenhouse gases emissions, which is a mitigation measure to climate 

change impacts (Seo et al., 2004, Mohee et al, 2015). In Palestine, it has been found 

that the solid waste management sector is contributing to the climate change by 23% 

as per the study conducted by the United Nation Development Program -UNDP 

(UNDP, 2016). For agricultural purposes, compost can substitute the chemical 

fertilizers, which has been restricted from entrance to Palestine since the beginning of 

second Intifada in 2000 due to the conflict with the Israeli Occupation. The Ministry 

of Agriculture (MoA) in palestine, in order to sustain the agricultural sector, issued an 

investment call for agricultural societies and cooperatives and the private sector asking 

for investment in compost production in order to bridge the gap and make restitution 

of chemical fertilizers shortage in the market by compost (MoA, 2011). Moreover, 

previous studies showed positive attitude of Palestinian farmers to use compost in 

agriculture (Al-Sari’ et al, 2018; Al-Madbouh et al, 2019). 

 

Fig. 2-2: Composting process 

 

Besides the benefits of compost in the agricultural sector and climate 

change mitigation in Palestine, composting can significantly contribute to reduce the 

problem of SWM. Palestine as a developing country, the organic SW fraction is the 
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largest one among other waste fraction of MSW similar to other developing countries 

(Al-Sari et al., 2018; Zhou et al., 2018; Wei et al., 2017; Colon et al. 2010), and, 

accordingly, composting can greatly reduce the volume and quantity of waste stream 

in the study area where the organic SW fraction is 46% of the total MSW generated. 

However, the availability of relatively rapid composting system can assist in coping 

with this large waste stream. Therefore, one of the purposes of this research is 

developing a new composting system which can accelerate the composting process. 

2.3 Composting Methods 

It is widely well-known that composting is process that allows 

biodegradation of the organic matter by micro-organisms and converts it into a 

stabilized biomass. Biodegradation of the organic matter can take place aerobically 

mediated by oxygen and bacteria and called aerobic decomposition and stabilization, 

or anaerobically mediated by anaerobic bacteria in the absence of oxygen and called 

anaerobic fermentation or digestion. In both process the micro-organisms utilize the 

organic materials and convert it into a more stabilized form. The difference between 

both is that in aerobic decomposition, much carbon is needed as an energy source for 

cell metabolism, where around two-third of carbon is respired as CO2 and the one-third 

combined with the nitrogen to build a cell (Paul et al, 2019). In anaerobic fermentation, 

small portion of carbon is respired as CO2, and none consumed carbon in the cell 

building is released as methane in reduced form (Howard, 1933). In addition, the 

stability of the organic matter produced via aerobic process is more than that produced 

by anaerobic process; therefore, it needs aerobic treatment after digestion (Van der 

Wurff et al., 2016). However, earthworms can consume the organic matter and produce 

a stabilized biomass called vermicomposting (Paul et al, 2019). 

Composting can be carried out as small scale on the household level, 

and/or large scale as central composting. On the household level, several composting 

systems have been designed and in use worldwide. In central composting, full 

controlled and non-controlled composting systems are in practice. In the full-

controlled systems, mechanical systems are normally used where the compost 

parameters are fully controlled, and the compost time is short. This type of systems is 

used when there is large quantity of waste is generated and there is a need to process 

such waste stream to overcome its impacts on the environment. Examples of such 

systems include in-vessel composting, container composting...etc. In non-controlled 

systems, the compost is carried out in an open yard under the atmospheric conditions, 

and the compost time in such systems is usually high. Examples of such systems are 

windrow composting, pile composting …etc. There are many different organic waste 

composting methods for municipal organic solid waste such as windrow composting 

method, aerated static pile method, and in-vessel composting techniques (Malakahmad 

et al., 2017). Selecting the appropriate composting method depends on several factors 
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including capital and operational costs, space available for the composting process 

which depends on the availability of land, operational complexity and potential of 

social effects and nuisance problems (Malakahmad et al., 2017). Selected most 

common small and large scale composting systems can be summarized as follows:  

2.3.1 Windrow composting:  

One of the most common composting methods through which the waste 

can be placed in rows of approximate dimensions (2 – 3) meters height, (4 – 5) meters 

wide and (30 – 40) meters long as specified Food and Agriculture Organization – FAO 

(FAO, 2007). Dimensions can be changed based on the availability of space and raw 

materials. It can be carried out in open area but cover is required during rainy season. 

In order to allow oxygen penetration, turning is required once a week at least (FAO, 

2007). The composting time, depend on the frequency of windrow or compost pile 

turning and type of the raw materials, could in the range of (5 – 10) weeks (FAO, 

2007). Turning can be done manually or machine turning. Windrow composting is 

shown in Figure 2-3. 

 

Fig. 2-3: Windrow composting 

Source: Bio-cycle.  Web reference accessed 13/10/2021 

 

2.3.2 Pile composting  

It is simple and effective way of composting. The raw materials are placed 

in piles which is turned on regular basis to ensure proper aeration. Alternative to 

turning, pile composting can be carried out as passive aerated static pile where the 
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aeration is taking place through perforated pipes at the base of the pile as shown in 

Figure 2-4. Also it can be carried out as active aerated static pile where the aeration is 

taking place through forced aeration by air blowers through perforated pipes at the 

base as illustrated in Figure 2-5. Forced aeration could be by air suction (negative 

pressure) which forces the oxygen to enter the pile from the atmosphere, or could be 

through blowing air (positive pressure) into the system. Forced aeration could be 

continuously or based on time intervals or temperature sensors, and can achieve more 

control of the process. Time of composting in the case of forced aeration can be 

lowered and the process can be finished within (3 – 5) weeks (FAO, 2007). Central 

composting pilots in the study area were carried out using windrow and pile 

composting system – turning method. 

 
Fig. 2-4: Passive aerated compost pile 

Source: Washington State University. Web reference accessed 13/10/2021. 

 

2.3.3 In-vessel Composting 

This is a full controlled system used for handling large quantities of 

organics such as the organic fraction of MSW and can be situated indoor. This 

technology employs a controlled environment with optimal levels of oxygen, 

temperature and moisture content. This technology is available in different systems, 

such as compost containers, compost rotating drums, …etc. as reported by Waste and 

Resources Action Program-WRAP (WRAP, 2021). In-vessel composting systems can 

reduce odor emissions during the composting process. Also it is considered a power 

consuming technology compared to the open windrow system (Darrell et al., 1998). 

This system requires less space, and composting process can be accurately controlled 

by using this system compared to other composting systems (Cekmecelioglu et al., 

2005). Moreover, the composting process needs shorter time when using such system 

(An C-J et al., 2012). Example of in-vessel composting is illustrated in Figure 2-6. 
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Fig. 2-5: Active aerated static pile composting 

Source: Slide share, https://www.slideshare.net/aberland/composting-poultry-offal-january-

2014. Accessed on 13/10/2021 

 

Fig. 2-6: In-vessel composting 

Source: XACT-Systems. https://xactsystemscomposting.com/images/. Accessed on 13/10/2021

  

https://www.slideshare.net/aberland/composting-poultry-offal-january-2014.%20Accessed%20on%2013/10/2021
https://www.slideshare.net/aberland/composting-poultry-offal-january-2014.%20Accessed%20on%2013/10/2021
https://xactsystemscomposting.com/images/
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2.3.4 Vermicomposting  

In this method, earthworms are used to divert organic matter into compost. 

Approximately all organic material types can be utilized by earthworms and it can 

degrade them accordingly. It is efficient in organic matter degradation as it can eat the 

same of its body weight (Ayilara et al., 2020). Only two stages can be distinguished in 

vermicomposting: (i) physical commination processing of organic material, ingestion, 

and biodegradation and this is called active stage, and (ii) further biodegradation of 

undigested waste fresh layers and this is called maturation stage (Van der Wurff, 

2016). One problem could exist which is the survival of pathogens because the 

temperature doesn’t rise and remains in the mesophilic range. 

2.3.5 Indian Bangalore Composting  

This method has been developed in India, and compost raw materials and 

night soil can be placed in layers alternately inside a pit or a trench of one-meter depth, 

and finally (15 – 20) cm of cover material is placed on the pit or the trench and left for 

three months without turning or watering (Ayilara et al., 2020). Additional layers of 

organic materials and night soils will be added alternately during this period as the 

volume will be reduced and the surface will settle. The compost process will last within 

six to eight months in this method. 

2.3.6  Sheet Composting 

In this method, the organic refuse such as food waste, garden trimming, 

…etc. are spread on the soil surface in a layer, after that plowed or turned up and then 

left to biodegrade. No heap is formed in this method, therefore, it is cheap and 

straightforward (Ayilara et al., 2020).  

2.3.7 Indore Composting  

This method is also developed in India between 1924 and 1930, where 

different organic materials available on the farm are used including the animal dung. 

The materials are heaped in layers 15 cm thick near the farm at an elevated place to 

avoid rainwater flooding. When the heap reached of 1.5m height, it cut in the vertical 

direction into slices of (20 – 25) kg and placed on the floor of cattle barn for one night 

and then is taken to the compost pit and filled in layers within one week (Ayilara et 

al., 2020). One fourth of the pit is kept empty to allow turning, so it is turned only three 

times after 15 days, after 30 days and the last time after 60 days, and moisturizing is 

taking place only during turning (Paul et al., 2019). This is also a time consuming 

method where the compost process finished within (4 – 5) months (Paul et al., 2019). 

2.3.8 Berkley Rapid Composting  

The composting process runs fast in this method. The raw materials pieces 

shall be in the size of (0.5 – 1.5) inches in order to decompose rapidly (Ayilara et al., 
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2020). Composting is conducted as a batch using this method, so once the process is 

started no raw material is added to avoid lengthening of the composting process as any 

new added material needs s specific time to degrade, which extend the composting 

time (Misra, et al., 2003).  

The above-mentioned composting methods are depicted in Figure 2-7.  

 

Fig. 2-7: Different composting methods 

    

2.4 Composting Parameters 

Compost quality as well as the time needed for composting depends on 

several parameters. Adjusting these parameters can optimize the time required for the 

composting process, and can improve the quality. These parameters can be 

summarized as follows: 

2.4.1 C/N Ratio  

Organic waste contains carbon and nitrogen. The carbon is utilized by the 

microorganisms as energy source cell building. Nitrogen also is important for protein 

production. Microorganisms used (25 – 30) unit of carbon mass for each 1 unit of 

nitrogen used for the production of the protein according Recycled Organic Units – 

ROU (ROU, 2007). Therefore, the compost mixture shall be prepared in accordance 

with this ratio in order to optimize the process of degradation. Huang et al. (2004) 

recommends (25 – 30) C: 1 N as optimum for active composting. In accordance with 

Kavitha and Sabramarian (2007), the C/N below 30:1 at the beginning of the 

composting process is optimum. Others reported that the most appropriate C/N ratio is 
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in the range of 25-35 (Van der Wurff, 2016). When the C/N is higher than 35, this 

indicates limited source of nitrogen and accordingly slowing down of the composting 

process will happen and the time needed for composting will increase. On the contrary, 

when the C/N is below 25, this indicates high level of nitrogen and, accordingly, the 

composting process will go fast which will generate excess heat and nitrogen will be 

lost as ammonia. Excess heat can cause burning of the organic matter and generate 

ash. By the end of the process, the C/N for finished compost is about 15 (Van der 

Wurff, 2016; JSI, 2000), shall be less or equal 17 according to Woods End Research 

Laboratory – WERL (WERL, 2005), less or equal 25 (FAO, 2007), below 15 (Raza 

and Ahmad, 2016), and 20 (Kavitha and Sabramarian, 2007). Table 2-1 summarizes 

several initial ratios of C/N reported in the literature for different composting mixtures 

and purposes. 

Table 2-1: Initial values of C/N from the literature 

Study Recommended 

Initial C/N  

Notes 

Huang et al., 2004 25-30:1  

Kavitha and 

Sabramarian, 2007 

30:1  

Kumar et al., 2010 25-30:1  

Gao et al., 2010a 28:1 Provide better stability and maturity 

Van der Wurff et al., 

2016 

25-35:1  

Vochozka et al., 2017 20-30:1  

Wu et al., 2017 25:1 For composting of pig manure, rice 

husk and maize straw 

Macias-Corral et al., 

2019 

22:1 For pathogen elimination during 

composting of cow manure and straw 

Ekinci et al., 2020 33-37:1 For 2-stages pomace of olive mill, 

straw and manure composting. 

Yang et al., 2021 25:1  For composting of material containing 

cellulose, hemicellulose and lignin 

El‑mrini et al., 2022 22:1 For composting of olive pomace and 

turkey manure 

Tippawan et al., 2022 33:1 For vermicompost 

Azis et al., 2023 10:1 and 25:1  For kitchen waste using household 

electrical compost 

Chiarelotto et al., 2023 25-35:1 For composting of sewage sludge and 

cotton waste 

Tang et al., 2023 24:1 Optimal for compost maturity 
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2.4.2 Moisture content (MC)  

It has been reported that the optimum microbial activity is taking place in 

the compost mixture when the MC is in the range between 50% and 60% (FAO, 2007, 

ROU, 2007). The optimum value of the MC in compost pile should range between 

40% and 70% by weight in accordance with Luangwilai et al. (2011). MC is considered 

as an important parameter throughout the composting process due to its influence of 

the oxygen uptake, temperature, microorganisms, and air voids, in the compost 

mixture (Petric et al., 2012). In accordance with Van der Wurff (2016), the optimum 

value of the MC is located in the range of 45–55% during the thermophylic phase. Low 

MC level reduces the microbial activity, while the high water content can reduce the 

voids in the compost mixture as well as the oxygen quantity and accordingly oxygen 

deficit will take place and creates anaerobic process. MC of 30% is proposed to be the 

minimum (Van der Wurff, 2016), while below 30% the microbial activity in the 

compost mixture stops (ROU, 2007). Tang et al. (2023) found that MC of 65% is 

optimum for compost maturity. The MC is lost gradually during the composting 

process due to the action of the microorganisms, and this indicates high decomposition 

rate of the organic matter (Sudharsan and Kalamdhad, 2015). When testing the MC 

from a windrow or pile, the sample should be taken at a depth of 40–50 cm from the 

surface as the MC in the external layer 0–20cm from the surface is different from the 

inside layers (Van der Wurff, 2016).      

2.4.3 pH  

It is defined as the concentration of the hydrogen ions in the solution. In 

accordance with (Rynk et al., 1992), the sensitivity of the composting process to pH is 

law due to the wide variety of microorganisms existed in the compost raw materials. 

However, it becomes of great importance when composting organic materials with 

high nitrogen content such as manure. Optimum pH value in the compost is located in 

the rage of (5.5 – 9) as reported by (Pace et al., 1995; Van der Wurff, 2016), and in the 

range of (6 – 8) as reported by (Raza and Ahmad, 2016). At high values of pH (more 

than 8.5), the nitrogen starts converting into ammonia gas (FAO, 2007; Van der Wurff, 

2016) and accordingly lost from the compost to the atmosphere causing nuisance odor 

and final compost product with low nutrient. At the initial stage of the composting 

process, the pH value falls down due to the generation of organic acids as a result of 

organic matter degradation, then it returns back to rise overtime as the organic acids 

are broken down. In the maturation phase, the pH value approaches neutrality value of 

7 (Van der Wurff, 2016).    

2.4.4 Temperature 

Heat is generated during the composting process due to the biological 

decay of the organic materials, which increase the temperature of compost mixture. In 

pile composting, the volume of the compost pile plays an remarkable role in the 
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temperature build up, so large size piles can generate high and quick temperatures, 

while small piles (1 – 2) m3 size (ROU, 2007) may not heat up due to the heat loss to 

the atmosphere. Usually the heat loss occurs in the outer layers of the compost pile; 

while the interior layers are considered isolated by the outer layers and therefore the 

temperature build up there is different and especially at the center. Temperature can 

be affected by the MC, so the microorganisms’ activity is reduced under low MC 

which causes reduction in the temperature. It has been reported that temperature is one 

of the major parameters during the monitoring the composting process (Xiu-lan et al., 

2016; Raut et al., 2008; Onwosi et al., 2017). However, two temperature phases can 

be distinguished, mesophilic and thermophilic. Throughout the mesophilic stage, 

which is the initial stage and characterized by rapid increase of microbial activity of 

the mesophilic organisms, the temperature reaches 45ºC. As the temperature reaches 

45ºC, mesophilic bacteria start die. The thermophilic phase starts at temperature of 

40ºC (Van der Wurff, 2016) or at 45ºC (ROU, 2007) and could reach 70ºC (ROU, 

2007; Van der Wurff, 2016), and this phase is characterized by high rate of 

decomposition due to dominant thermophilic organisms. This phase also is considered 

the disinfection (pasteurization) phase because pathogens, parasites and seeds are 

destroyed due to high temperature. To ensure proper disinfection of the compost end-

product, the temperature during the composting process should 55°C and above as this 

temperature can eliminate pathogenic microbes and parasites (Ravindran and Sekaran, 

2010). Thermophilic bacteria begin to die off at temperature 65–70ºC, and, 

accordingly, the rate of decomposition slows and the temperature starts decreasing 

indicating that the composting process is almost completed and this is considered as 

the curing phase. During the curing phase, the compost mixture could be re-invaded 

by beneficial microbes such as Fungi and Actinomycetes if it is placed in contact with 

the soil as such microbes are existed naturally in the soil. Fungi and Actinomycetes 

can degrade the more resistant materials such as cellulose and lignin (ROU, 2007). 

Temperature profiles and compost phases are shown in Figure 2-8. 

 
Fig. 2-8: Compost process phases and temperature profile 

Source: ROU, 2007 
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2.4.5 Particle Size  

A particles size is linking directly with the porosity, texture and structure 

of the compost materials. Particles with small sizes have more surface area and support 

the microbial activity and growth which leads to rapid decomposition. However, 

smaller particles can reduce the porosity in the compost mixture and oxygen 

circulation as well. Particle sizes in the range of 1/8–2 inches’ average diameter can 

obtain optimal composting conditions in accordance with Pace et al. (1995). Other 

studies reported a range of 10–50 mm particle sizes is adequate for gaseous exchange 

in the compost pile (FAO, 1987).    

2.4.6 Oxygen 

Composting is conducted in aerobic conditions. Microorganisms consume 

oxygen during the biodegradation process of the organic materials, and needs 

sufficient quantity of oxygen to ensure optimal composting process. In case of 

insufficient oxygen, aerobic microorganisms begin to die off, and the process starts 

turning anaerobic which activate the anaerobic microorganisms which results in 

production of some odorous volatile fatty acids and the compost became phytotoxic. 

Also oxygen deficit will cause incomplete nitrification and, accordingly, accumulation 

of the nitrite produced at the initial step, which is toxic to many organisms and plants. 

Therefore, sufficient oxygen is necessary to avoid incomplete nitrification. The 

adequate oxygen concentration in compost pile shall be 10–15% (FAO, 2007). Also it 

has been reported that the oxygen concentration of 10–14% results in optimum 

composting conditions (ROU, 2007). However, microorganisms can’t effectively 

function below oxygen concentration of 5% (ROU, 2007), and the process turns 

anaerobic below this oxygen concentration (5%) according to Dickson et al. (1991). 

Previous studies reported that large quantity of oxygen should be provided at the 

beginning of the process in order to initiate aerobic composting (Gao et al., 2010; Pace 

et al., 1995). A forced aeration composter system has been designed at an air difusing 

rate of 3–5 cubic feet/minute/ cubic yard of compost mix which is equal to 0.111–

0.186 m3 air /m3 of compost mix (Coker and Gibson, 2013). Managed Organic 

Recycling Company is operating static composting system with air flow in the range 

of 750–1250 cubic feet/ hour/ ton of dry compostable materials, which is equal to 

21.24–35.40 m3 / hour/ ton of dry compostable material, which is also equal to 

operation of air blower for 3–5 minutes every 30 minutes (Coker and Gibson, 2013). 

In a batch composting process, an aeration rate of 0.095–0.236 liters’ /minute/ kg of 

dry matter and a peak of 1.79–2.27 liters/min/ kg dry solids is recommended by Haug 

(1993). Table 2-2 presents recommended several aeration rates from the literature. 
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Table 2-2: Recommended aeration rates from the literature 

Study Reported Aeration Rate Notes 

Wiley and Pierce, 

1955 

0.34 – 1.10 liter/min/kg 

OM 

 

Hong, et al., 1983 0.87–1.07 liter/min/kg OM For manure, crop and forest 

residues composting 

Pos, 1991 0.5 – 1.16 liter/min/kg OM  

Lau et al., 1992 0.04–0.08 liter/min/kg OM For composting  of swine 

manure 

Haug, 1993 0.095 – 0.236 liter/minute/ 

kg DS of dry solids 

 

Haug, 1993 1.79–2.27 liter/min/kg DS 

(as optimum) 

 

Keener et al., 2001 0.3 – 0.9 liter air/min/kg 

OM 

 

Lu et al., 2001 0.43−0.86 liter/min/kg OM  For food waste composting  

Vining, 2002 0.69 liter air/min/kg OM  

Li, et al., 2008 0.25 liter/min/kg OM  For dairy manure - rice husk 

composting 

Gao et al., 2010b 0.5 liter/min/kg OM For sawdust - poultry manure 

composting 

Arslan et al., 2011 0.62 liter/min/kg VS  For vegetable and fruit refuse 

composting of 

Sungsomboon et al., 

2012 

0.03 m3 air/hour/kg  

Coker and Gibson, 

2013 

(3 – 5) cubic feet/minute/ 

cubic yard of compost mix, 

which is equivalent to 

(0.111 – 0.186) m3 air 

/minute/ m3 of compost 

mix. 

 

Coker and Gibson, 

2013 

(750 – 1250) cubic feet/ 

hour/ ton DCM  

 

Nada, 2015 0.44 L/min/kg DM  For compost of maize stalks 

and cow dung 

Yuan et al., 2016 0.2 liter/kg DM/min  For sludge composting 

Zhang eta al., 2016 0.2 liter/min/ kg DM To control emissions of NH3 

and volatile sulfur compounds 

emissions 

Qasim et al., 2019 0.3 liter/min/kg DM  For composting of sawdust 

and chicken manure  

Wang et al., 2021 3.25 liter/min/kg DM  

Peng et al., 2023a 0.2-0.3 liter/min/kg DM  For composting of kitchen 

refuse 

Tang et al. 2023 0.3l/kg DM/min Optimal for compost maturity 
Note: DM means dry matter, VS means volatile solids, OM means organic matter, DCM means 

dry compostable material. 
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2.5 Compost Quality and Standards 

Standards of compost quality vary from one country to another depending 

on the situations. The legal framework for compost quality of finished compost in 

Palestine is the Standard specification for organic fertilizer (compost) No. PS/-2652 

issued by the Palestinian Standards Institutions –PSI (PSI, 2012). The standard 

classified the compost into two types: type one is compost produced for gardening, 

and type two is for agricultural uses. Table 2-3 summarizes the physio-chemical end-

quality parameters permissible limits by the PSI standards, and Table 2-4 summarizes 

the standard permissible limits of heavy metals as per the PSI standards. 

Table 2-3: Standard limits for physical and chemical quality parameters for finished 

compost 

Physical and Chemical Quality Parameters 

Quality 

Parameter 

For Gardening For Agricultural Uses 

Particle size 20cm, larger size is allowed if it 

doesn’t exceed the 10% of the 

compost weight 

No limitation 

Foreign particles 
(a) 

Max size 5mm, up to 5%  Max size 10mm, up to 5% 

Moisture Content 

(% of wet matter) 

(25 – 40)% (25 – 40)% 

pH 5-8.5 5-8.5 

Electric 

conductivity (Ec) 

ds/m (b) 

As identified in the label As identified in the label 

Organic Matter 

(OM) (% of dry 

matter) 

≥35 ≥25 

Total Nitrogen (% 

of dry matter) 

As per the notice of producer 

±25% 

As per the notice of 

producer ±25% 

Carbon-Nitrogen 

ratio (C/N) 

As per the notice of producer As per the notice of 

producer 

Degree of 

maturation 

As per the notice of producer, but 

not less than 4 

As per the notice of 

producer, but not less than 

2 

Potassium (% of 

dry matter) 

As per the notice of producer 

±25% 

As per the notice of 

producer ±25% 

Potassium (K) As per the notice of producer 

±25% 

As per the notice of 

producer ±25% 

Borax (mg/kg) ≤200 ≤200 

Sodium (Na) As per the notice of producer As per the notice of 

producer 
(a)foreign particles are particles from plastics, glass, metals, ceramic or stones which 

can’t pass through a sieve opening 5mm. 
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(b)Ec≤4 for compost application at 5 cm below the soil surface, and limitless for 

application at 20 cm deep from the soil surface.  

Source: PSI, 2012, standard No. PS/-2652   

 

Table 2-4: Finished compost standard limits for heavy metals quality parameters 

Heavy Metals Quality Parameters for Both Uses 

Quality parameter Max limit Units 

Lead (Pb) 300 

mg/kg 

Chrome (Cr)  400 

Nickle (Ni) 90 

Cadmium (Cd) 20 

Zinc (Zn) 2500 

Source: PSI, 2012, standard No. PS/-2652 

Quality standards of finished compost in other surrounding countries such 

as Jordan that is the nearest country to Palestine and with almost the same conditions 

are summarized as follows: MC ≤12%, pH ≤ 7.5, total nitrogen ≥ 1.5%, C/N ≤ 1:15, 

OM ≥ 60%, and EC ≤ 15 dS/cm according to the Jordanian Standards Institution –JSI 

(JSI, 2000). The Jordanian standard can be used in Palestine due to the similarity in 

the conditions. However, since the quality standards are differing from country to 

another; selected quality parameters and standard limits or expert recommended limits 

are shown in Table 2-5. Heavy metals international limits are presented in Table 2-6. 

Table 2-5: Selected compost quality parameters international standards/expert 

recommended limits 

Quality 

parameter 

Limits  Reference  Notes 

Organic matter (30 – 70)% United States Composting 

Council (USCC, 2001) 

US composting 

council 

Nitrate (NO3-

N) 

(20 – 150) 

ppm 

Qadomi (2014) Expert 

recommended 

C/N ratio ≤17 Woods End Research 

Laboratory (WERL, 2005) 

Expert 

recommended 

PO4-P (800 – 

2500) mg/l 

Woods End Research 

Laboratory (WERL, 2000) 

USA standards 

Potassium (K) (500 – 

2000) mg/l 

Woods End Research 

Laboratory (WERL, 2000) 

USA standards 

Chloride (Cl) <1000 mg/l The Waste and Resources 

Action Programme- WRAP 

(WRAP, 2002) 

German standards, 

type 2 compost 

Sodium (Na) <500 mg/l The Waste and Resources 

Action Programme- WRAP 

(WRAP, 2002) 

German standards, 

type 2 compost 
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Table 2-6: Heavy metals quality parameter international limits 

Quality 

parameter 

Italy 

(mg/kg) 

Spain 

(mg/kg) 

European Range 

Union (mg/kg)  

USA (mg/kg) 

Lead (Pb) 140 1200 70 - 1000 300 

Copper (Cu) 300 1750 70 - 600 1500 

Zinc (Zn) 500 4000 210 - 4000 2800 

Chrome (Cr)  100 750 70 - 200 1200 

Nickle (Ni) 50 400 20 - 200 420 

Cadmium (Cd) 1.5 40 0.7 - 10 39 

Hg 1.5 25 0.7 - 10 17 

 Source: Woods End Research Laboratory, 2000 

2.6 Compost and Climate Change 

Solid waste management represents a challenge worldwide and specially 

in developing countries where the organic fraction is the highest component of the 

waste stream. The majority of the organic waste stream is sent to the landfills for final 

disposal. At the landfill, the waste undergoes decomposition as a result of anaerobic 

conditions and release GHG and mainly methane (CH4), carbon dioxide (CO2), and 

substantial amount of nitrous oxides (N2O) as reported by Jia et al. (2014). Bogner et 

al. (1996) reported that 50–60% of the landfill gas is methane and the remaining is 

carbon dioxide. The global warming potential of methane and nitrous oxide is 25 and 

300 times greater than carbon dioxide, respectively, as reported by Natural Resource 

Defense Council – NRDC (NRDC, 2021). Relatively large portion of GHG is 

attributed to the decay of organic waste at the disposal sites and landfills.  Methane 

levels have significantly risen due to human activities such as filling landfills as 

reported by the United States National Academy of Sciences (USNAS) and the Royal 

Society – RS (USNAS and RS, 2020). Globally, the estimation of methane gas 

emissions from landfill sites was in the range of 500–800MtCO2-equ/year as reported 

by the other studies (Monni et al., 2006; Bogner and Matthews, 2003). Therefore, GHG 

emitted from landfills is considered major contributor to the climate change. 

In Palestine, SWM sector is contributing to the climate change by 23% of 

the total emissions (UNDP, 2016), which is considered one of the main contributing 

sectors. This is due to the fact that almost all of the SW collected by the LAs is sent to 

the dumpsites and landfills and absence of methane gas active collection and recovery 

systems from the landfills in Palestine. Composting is one of the tools that can 

significantly reduce the carbon emissions released from the landfills if the organic 

fraction is diverted from the SW stream and composted. In accordance with Jalalipour 

et al. (2024), home composting can reduce about 9% CO2-eq per year if 10% of 

municipal SW is composted in Shiraz/Iran. Bogner et al. (2007) reported variety of 

technologies to reduce GHG emissions from waste including composting of selected 
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waste fractions, and he highlighted that composting can be sustainable at reasonable 

cost in developing countries.  A study conducted by the World Bank stated that 

composting is preferable SWM option in countries of low-income due to the high 

organic fraction (Kaza et al., 2016). Kutos et al. (2023) found that compost 

amendments played important role in carbon sequestration as it improved 

belowground carbon content by 50%. 

2.7  Legislative Framework 

SWM in Palestine is regulated by several laws. These are including: 

2.7.1. Local Authorities Law (LAL) No. 1 for the year 1997  

The law defines the responsibilities of the LAs in article (15) which 

include: planning of roads including construction, sidewalks, lighting, gardening, 

maintenance, and monitoring; planning for the building and issuance of building 

permits; domestic water service providing including specifying the specifications, 

prices, connection fees and prevent water pollution; provide the community with the 

electricity and specify the its prices and connection fees; construction of sewage 

systems, public toilets and monitoring of these facilities; regulation of public markets; 

regulating industries through locating specific places for each type and monitoring that 

of significant public health effects; cleanliness and waste collection and disposal; 

monitoring of public health through taking all necessary measures to protect public 

health and prevent spread of pandemic, monitoring of food, fighting of mosquitoes and 

flies and rodents, construction of slaughterhouses, and construction of health centers 

and hospitals; regulating public facilities and shops such as restaurants, coffee shops, 

playgrounds, and entertainment facilities; construction and regulation of public 

gardens; take the necessary measure to prevent flooding, fire outbreaks, natural 

disasters and relief; construction and monitoring of cultural and social facilities such 

as museums, libraries, and sport facilities; construction and regulation of parking; 

regulation and monitoring of mobile traders and vendors’ stalls; inspection and 

monitoring of weighting equipment in public markets; monitoring of billboards; 

demolition of risky buildings; prevent begging and construction of shelters for the 

needy people; construction of cemeteries; hotels monitoring; regulation of animals 

markets; regulation of dogs acquisition and prevent the risk of wild dogs; preparation 

of annual budgets; managing the assets and financial resources; other necessary jobs 

but subjected to the approval of the minister of the local government such as 

establishing of JSCs. 

The relevant responsibilities of the local authorities to SWM in accordance 

to article (15) are waste management within their own jurisdiction to ensure 

cleanliness. The responsibility includes waste collection, transfer, disposal, 

management of landfill facilities, and to take any precautionary action to protect the 
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public health and prevent future pollution or epidemic outbreaks. The law opens the 

door in front of the local authorities to establish the JSCs in coordination with the 

ministry and define the responsibilities of the JSCs in conducting the joint services. 

However, the law doesn’t provide any details options SWM such as reduce, reuse and 

recycle (LAL, 1997). 

2.7.2. Palestinian Environmental Law (PEL) No. 7 (1999)  

The law is consisted of 82 articles regulating the different environmental 

parameters. The objective of the law in defined in in article (2) which include: 

environmental and public health protection, introduction of environmental and social 

safeguards to be part in development plans and activities, enhance sustainability 

principles in the development of vital resources, protection of natural reserves and 

biodiversity, and ensure public awareness of environmental problems. Relevant 

articles to SWM set the general framework for SWM in Palestine. Article (1) defines 

solid waste and hazardous waste; article (7) and (9) defines the responsibilities of the 

Environmental Quality Authority (EQA) in setting up the national strategic plan and 

specifications of the disposal sites; article (8) asks the competent authorities to 

encourage the 3Rs principle (reduce, reuse and recycle); article (10) asks all parties to 

take the required precautions to store and safe transfer construction and demolition 

waste to avoid any environmental pollution; articles (11), (12) and (13) regulate 

hazardous wastes. In accordance with article (11), the ministry will issue a list of 

hazardous substances and hazardous waste. Article (12) prevents any manufacturing, 

storage, distribution or disposal of hazardous materials and waste unless otherwise in 

compliance with the environmental regulations. Article (13) forbids importing any 

hazardous waste to the country, and forbid passing any hazardous waste through the 

country unless otherwise a special permit is issued by the ministry. Article (23) prevent 

dumping or incineration of garbage and waste except in the places provided for this 

purpose; articles (74) and (76) are in the meaning of the “polluter pays” principle 

where the violator of the law shall pay the compensation for the damage he caused. 

(PEL, 1999). 

2.7.3. Palestinian Environmental Assessment Policy (PEAP)   

The policy issued in the year 2000 to ensure that the environmental and 

social safeguards are taken into account in development activities to ensure sustainable 

development. The policy aims to protect the communities and individuals and the 

environment through preventing irreversible damages to the environment, protection 

of water resources, biodiversity, air quality, cultural heritage and valuable resources, 

aquatic environment, and natural resources during any development activity. In 

accordance with the policy, the development activity or project should be subjected to 

environmental assessment: initial environmental evaluation (IEE), or environment 

impact assessment. IEE is usually conducted for projects where significant 
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environmental impacts are uncertain. The EIA is usually conducted for projects that 

are likely have significant environmental impacts. EIA could be conducted after 

conducting the IEE if it has been discovered that the proposed activity will have 

potential significant impact on the environment. The policy listed the projects that 

require full EIA study, which included large scale projects such as waste disposal sites, 

because such projects have significant environmental and social impacts during 

construction, operation, and aftercare.  

In accordance with the policy, the environmental approval is perquisite for 

the initiation of the project. The project owner, after obtaining the preliminary approval 

from the planning-related agency, shall apply to the Environmental Quality Authority 

(EQA) to obtain the environmental approval. The application will undergo screening 

to decide whether the project needs IEE or EIA, or none is required. The whole process 

from the application up to notification the applicant about the result of screening shall 

be finalized within 14 days. The screening is conducted based on specific criteria that 

considers natural resources, community displacement, biodiversity and natural 

reserves, cultural heritage, environmental and social impacts of the proposed project 

…etc. The environmental approval could include the required measures to mitigate 

significant environmental impacts that the project proponent shall take to comply with 

the environmental regulations and relevant standards, and monitoring and reporting 

required. The policy required environmental auditing for the existing projects of 

facilities. The auditing report shows the level of compliance with the mitigation 

measures, and could result in suspension of the permission of the facility until 

corrective action is taken to comply with the mitigation plan, or agreement on 

conditions to be applied with clear implementation plan. According to the policy, 

SWM projects shall undergone full environmental impact assessment study due to its 

high negative impact on the environment (PEAP, 2000).  

2.7.4. Public Health Law (PHL) No. 20 (2004) 

The law is consisted of 13 chapters: definitions and general principles, 

mother and child, combating diseases, food safety, occupational health, health and 

education, loathsome sites, health institutions, medical and auxiliary professions, 

medications and drugs, buried of dead, monitoring and inspection, and penalties and 

concluding provisions. The law defines the role of the Ministry of Health (MoH) in 

SWM in chapter one and chapter seven. Chapter one, article (2), item 12, the ministry 

is responsible for issuing a license for SWM facilities. Chapter seven defines the roles 

of individuals and the ministry to avoid loathsome sites. Chapter seven, article 40, asks 

individuals to keep all elements of the environment and not to create hazard or harm, 

and to remove any hazard or harm each creates as he is the responsible for that. Article 

(41) said that the specialized person in the ministry shall send a note to the person who 

created hazard asking him to remove it within a certain period, and the ministry in 
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cooperation with all competent bodies will work to remove the health hazard. Article 

(42), the ministry in coordination with the other relevant parties shall determine the 

appropriate transfer, suitable storage, treatment or disposal methods of hazardous 

items (PHL, 2004).  

2.7.5. Medical Waste Management (MWM) Bylaw (2012)  

The law is consisting of 71 articles which define the medical waste and its 

types, and the responsibility of each stakeholder. The law defines the major and minor 

sources of MW; responsibilities of the medical institution; protection of the workers 

in MWM; asks every organization or institution to set a MWM manual in compliance 

with the bylaw and the responsibility of the institution manager; it defines the 

hazardous and non-hazardous portion of the MW and lists the characteristics of the 

hazardous waste fraction; sets the procedures for MW separation and the container or 

sack color for each fraction; sets the specifications of MW storage places, and the 

procedures for storage and transfer; defines the specifications of MW collection 

vehicles; defines the specifications of the MW treatment plants and construction places 

and define permission procedures; methods of MW treatment; final disposal after 

treatment. In addition, the law defines the responsibilities of inspection and monitoring 

agency, and it defines the role of the MoH, the EQA and the local authorities to 

exchange information between the stakeholders and prepare emergency plans (MWM 

Bylaw, 2012). 

2.7.6. Solid Waste Management (SWM) Bylaw (2019)  

This bylaw is consisted of 38 articles which sets the regulation and 

responsibilities in SWM in Palestine. It specifies and defines the following: the scope 

of the bylaw application; the competent authorities; the waste and bins ownership; the 

responsibility of the waste producer; occupational and public health and safety; 

commitment of the service provider during waste collection and transfer, construction 

and operation of solid waste TSs; waste treatment and disposal; specifications and 

conditions of the landfill; commitments of the landfill operator during construction and 

operation; waste prohibited from entering the landfill; landfill closure and conditions; 

closure of random dumpsites; waste incineration and conditions; special waste 

management; licensing of SWM facilities; duties of the Ministry of Health (MoH) in 

SWM; hazardous waste; waste reuse, recycling and composting; delegation of the 

private sector in SWM; SW records and records keeping; inspection and monitoring 

and facilitation for monitoring agencies; prohibition of mixing household waste with 

hazardous waste; import and export of waste; and penalties..    

The bylaw encourages compost production from SW stream. Article no. 

(3) of the bylaw sets the responsibilities, and among these responsibilities item (7) 

which is encouraging the reuse and recycling of the SW as much as possible through 
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production of compost from municipal organic waste and use it for agriculture 

purposes in compliance with the health and environmental requirements. Waste 

reduction, reuse, recycling and composting is mentioned in article no. (27), item (a) 

asks the component authorities to take all necessary measures to reduce the waste 

stream as much as possible through reuse, recycling and recovery; and item (b) asks 

to comply with the technical specifications of the compost (SWM Bylaw, 2019).   

2.8 Attitude Towards SW Composting 

Apart from the technical inputs, the social and behavioral aspects-people’s 

perception and participation, positive attitude and acceptance are important parameters 

towards development of new composting system that aims to solve the problem of 

organic waste to achieve sustainable MSWM. Therefore, studying the attitudes of solid 

waste service providers toward organic SW composting is very important and can 

contribute to solve many challenges in waste management. In Palestine, the LAs 

including municipalities; village councils; joint councils for services, planning and 

development (JCSPD); and joint service councils for solid waste management are the 

service providers of MSW management service. The stakeholders play a major role in 

MSW management and can apply the waste management principles, reduce, reuse and 

recycle (3R’s) if they have the resources and positive attitudes. Also they can play a 

remarkable role in country strategy and translate this strategy into action in reality.  

The National Strategy for Solid Waste Management in Palestine - 

NSSWM (2017 – 2022) sets eight strategic objectives to achieve its vision in solid 

waste management, and focused on organizational, technical and financial issues. 

Under objective no. three “efficient and environmentally-safe SW service”, policy no. 

(6) “Encourage methods and policies that lead to waste reduction, reuse, and recycling 

before final disposal at the landfills” (NSSWM, 2017), encourages organizations and 

the private sector investment in waste recycling and reuse to reduce the quantities that 

are currently sent for landfilling. One of the recycling options mentioned under this 

strategic objective is composting of organic SW materials to be used as compost or as 

cover material in the sanitary landfills. From strategic point of view, the local 

authorities are the key players who can create real change through direct investing or 

attracts investors this sector. Attitude of these authorities toward SW recycling through 

composting is very important and can indicate their future direction and steps toward 

composting and acceptance of new composting system. Therefore, this research 

included assessment the local authorities’ attitude towards SW composting in the study 

area. In addition, it aims to identify the influencing factors on the LAs’ attitude toward 

SW composting.      

Local authorities are major players in the effective management of waste. 

It has been reported that the success in SWM depends, to a large extent, on the 

stakeholders involved and their resources that enable them to set adequate plans with 
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clear responsibilities (Klundert and Anschütz, 2001; Phong Le et al., 2018). Joseph 

(2006) has discussed and defined the role of the different stakeholders including 

municipalities in sustainable SWM.  Phong Le et al. (2018) has investigated the 

stakeholders’ perspectives in using the organic municipal SW for agricultural 

purposes. 

2.8.1 Factors Affecting Local Authorities Attitude towards SW Composting: 

As composting is considered recycling of organic SW and one of the 

options in SWM, factors affecting local authorities toward composting could be the 

same as that affects their attitudes toward other recycling programs. Previous 

researches on challenges and constraints faced by the WM organization highlighted 

financial, technical, awareness and institutional constraints.  McAllister (2015) studied 

the influencing factors on SWM in the developing world, and classified the factors into 

culture and education, infrastructure and technology, policy and institutional and 

integrated SWM system. Since municipalities in the developing countries are 

providing SWM service, they are responsible for providing the needed infrastructure 

for waste collection, transportation, treatment and final disposal, and oftentimes fail to 

manage the waste due many constraints including technical, social, and institutional 

(McAllister, 2015). Nitivattananon and Suttibak (2008) assessed the factors that affect 

the performance of SW recycling programs including composting and they classified 

the factors into general factors such as awareness, technical, financial, and 

institutional. Lalitha and Fernando (2019) assessed the factors that affect SWM in Sri 

Lanka, which included citizens’ participations, adequacy of resources, peoples’ 

training in waste management and awareness, staff training and awareness, market 

availability for compost and other recyclables, awareness of SWM laws and policies, 

innovative solutions for SWM such as developing methods for SWM, staff members 

motivation, the contribution provided by businesses and the society, staff 

remuneration, and successful execution of the SWM program. Phong Le et al. (2018) 

reported that the stakeholders influence various SWM system elements including 

composting through environmental compliance, financial and institutional capacities, 

social acceptance and legal aspects. Raza and Ahmad (2016) reported that lack of 

political, legal, and regulatory environment can derail composting efforts. He also 

reported that the outcome priorities of the LA should be taken into account in the 

earlier stage of policy-related dialogue to be appropriately reflected in the policy 

setting. Based on the review of the literature and the situation of the local authorities 

in the study area, the following factors are identified to be included in the study: 

(a) Community awareness and participation: 

Community participation in waste recycling program is very important and 

especially if the local authority plans to apply the role of waste separation at the source, 

which is a key element in successful of any waste recycling program as it reduces the 
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time, efforts and cost.  Shukor et al. (2011) reported that the citizens are responsible 

because they are users and their minimum input and participation is required especially 

in separation of recyclable items or organic materials from the other waste. 

Community participation can contribute to the successful of SWM programs, and 

according to Rathi (2006) is a crucial factor in the successful implementation of SWM. 

However, community awareness regarding organic waste separation and composting 

is essential and can facilitate their participation in waste segregation at the source. A 

comparative study conducted in Delhi/India and Jakarta/Indonesia to investigate the 

attitude of the community towards waste separation and composting and identified 

several factors affect the community participation in sorting and composting 

(Widyatmika and Bolia, 2023). Alimoradiyan et al. (2024) found that training on 

municipal SW reduction, dissemination of information in the media, and availability 

of environmental cadre are significant factors affecting the community participation in 

MSW composting. Mangundu et al. (2013) raised the importance of community 

awareness and promotion regarding the use of compost through road show, radio and 

TV programs, which should be associated with awareness and education on policies 

and implication regarding violation of by-law. A study conducted in Greece to assess 

public participation in SWM and awareness of the new SWM plan and showed that 

the residents lack the knowledge of the new SWM schemes, and concluded that the 

participation of citizens should urgently be enhanced through informative campaigns 

(Chachami-Chalioti et al., 2024). 

(b) Availability of adequate resources: 

Availability of adequate resources is essential to implement any SWM 

program. Resources include financial, technological, land and infrastructure, which 

are necessary for the local authorities to initiate and sustain the WM system. Malwana 

(2008) reported that many local government units do not pay enough attention to the 

infrastructure of SW and waste collection and disposal resources due to the shortage 

in financial resources and limited budget allocated to them by the central government 

and inadequate allocated resources. Previous studies highlighted the importance of 

adequate resources in the successfulness of the WM. Henry et al. (2006) highlighted 

that lack of SW collection vehicles, poor infrastructure, and lack of financial resources 

with local government units reduced the successfulness level in SWM projects’ 

implementation. Atienza (2011) reported that the lack of financial resources to 

purchase and employ modern technologies in SWM has more effect on developing 

countries than developed ones. A study conducted in Sri Lanka showed that limited 

area of land available was a major obstacle facing the local government units in 

conducting their recycling and composting programs (Lalitha and Fernando, 2019). 

The study also found that the majority of the LAs who participated composting 

activities have failed because they lack the required essential facilities and latest 

technology (Lalitha and Fernando, 2019). The main financial resources contributing to 
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SWM at the local authorities’ level is that the fees collected from the community on 

monthly or annually basis. The rate of fee collection is an indicator about the financial 

status of the local authority and could affect its attitude toward initiating a composting 

facility as well as accepting new composting method. Another important financial 

indicator is the cost to billing ratio which indicate if the tariff is adequate in covering 

the cost of the SWM service, and also could affect the local authority toward 

alternative methods in SWM. 

(c) Employees’ awareness and training: 

The awareness of the local authority staff and the training they received on 

compost production could encourage the local authority to initiate a composting 

program. In addition, it can accelerate the rate of organic SW processing and improve 

the end-quality of the produced compost. Training of the local authorities’ staff shall 

include training on the collection, recycling and composting of SW (Lalitha and 

Fernando, 2019). 

(d) Marketing: 

Composting of organic municipal SW is generating a final product – 

compost, and this compost should have proper marketing to achieve the purpose of 

reducing the quantity of the waste stream that is sent to the landfill, and cover the cost 

of compost production. Marketing availability of compost produced from municipal 

SW can generate income and considered a financial resource that contributes to SWM.  

Bandara (2008) reported that the reason behind the failure of large composting is not 

only operational failure, but also the lack of marketing which discourage production 

of compost on large scale. Moreover, the quality of the compost is a cornerstone in 

marketing, and can encourage users to buy the produced compost and improve 

marketing as well. Pergola et al. (2018) reported that the quality of compost is very 

important from marketing point of view because good quality compost is preferable 

by farmers for agricultural purposes. Therefore, marketing of the produced compost 

can significantly affect the local authority attitude toward municipal SW composting.  

(e) Support from government: 

Support from the government could be financial, technical or political. 

Direct financial contribution from the government to solid SWM or through tax 

deduction or other incentives on compost produced from the organic fraction of 

municipal SW can significantly solve many waste management problems and can 

encourage local authorities to look for composting of the organic SW. in addition, this 

will promote the public-private partnership in SWM. Technical contribution from the 

government can take several forms such as establishing regional composting plants, 

providing the local authorities with bins for waste sorting, providing the local 
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authorities the required machines and collection vehicles …etc. political support is 

through issuing and/or enforcing the policies and regulations of SWM, which can 

support the local authorities to seek alternative solutions in WM such as composting. 

support from the political leadership is considered as one of the mandatory element to 

achieve radical SWM system (Gustavson, 2008). Another important intervention and 

support from the government is directing the international donors to support the local 

authorities in the field of SWM including the recycling and composting programs. 

(f) National policy and laws related to organic waste composting: 

Policies and roles can support local authorities to develop WM practices 

and move to better environmental friendly systems in SWM. Waste separation at the 

source at the policy level as well as waste reduction through waste composting can 

ensure cooperation of both the community and the service provider to establish 

composting programs. Previous studies highlighted the importance of well-established 

SWM polices for successful implementation (Mangundu et al., 2013; Taylor, 2000).      

(g) Innovation on solid waste management: 

One of the challenges in SW composting using turned windrow or pile 

composting is the long time needed for processing until maturation and use, which 

require a large area of land to operate effective composting program. Therefore, 

developing new rapid composting system with acceptable operation cost for local 

authorities, which can reduce the area and time needed, is considered a novel method 

and attractive and could change the attitude of these local authorities toward 

composting. 

Factors affecting some stakeholders’ attitude toward SWM in Palestine 

were studied. Al-Khateeb et al., (2017) studied the influencing factors on the 

sustainability of SWM system in Ramallah and Jericho cities /Palestinian. Al-Sari’ et 

al. (2018) studied the farmers’ attitude toward compost use in agriculture and factors 

affecting their attitudes in the Hebron area (part of the study area). Al-Madbouh et al. 

(2019) studied the perception of farmers and their willingness to engage in compost 

production and use for agriculture purposes in Wadi al-Far’a agricultural area in north 

of the west Bank/Palestine. The study also assessed the socio-economic and 

agricultural factors that affect the farmers’ attitude towards compost use. However, 

local authorities, the key stakeholders in SWM, attitude toward composting have never 

been studied before. Therefore, this study will focus on the assessment of the local 

authorities toward municipal SW composting in southern West Bank of Palestine. 

2.9 The Role of Compost in the Circular Economy 

The linear economic model of production and consumption through which 

the goods are manufactured, used and finally discarded as waste is the dominant global 
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economy. This model of “make-use-dispose” is considered as challenging because it 

can generate waste, degrade the environment, cause price hike due to volatile resources 

and supply disruption, and cause supply risks for countries that depend on imports. 

However, the circular economy is an alternative option and can substitute the linear 

economy, which can solve these challenges and promote the environmental practices 

by returning the discarded products into the production cycle. Bentil et al. (2024) 

studied SWM in higher educational institution from economic perspectives and found 

that the circular economy approach is more sustainable than linear economy approach. 

Up to date, only 7.2% of all materials input in the economy are coming from circular 

sources (World Economic Forum, 2024). The linear economy is the dominant 

consumption model in the developing world, while the developed high-income 

countries are applying the principles of the circular economy in policy and action. For 

example, the European Union (EU) issued an action plan and circular economy 

monitoring framework to implement the principles of the circular economy in waste 

management sector (Mayer et al., 2019). In accordance with the plan, 65% of the 

municipal waste shall be recycled as target (EU, 2020) and food waste per capita shall 

be reduced on the retailer consumer level to half by 2030 (Flanagan et al., 2018). The 

principles of circularity in economy include: capital preservation through use of 

renewable resources; optimization of resource yields through material circulation in 

technical and biological cycles; enhance effectiveness of system through proper design 

to reduce the effect of externalities on systems (food, shelters ...etc.) and manage 

external effects (air, water ...ect.) (Ellen Macarthur Foundation, 2015). 

The purpose of the circular economy is to use the products as longer as 

possible by reusing and repairing them to minimize waste generation and more 

utilization of secondary raw materials in the production cycle (Cossu and Williams, 

2015). Composting fits perfectly with the principles of the circular economy as it 

enables the efficient treatment and utilization of organic refuse for different uses and 

closing of the environmental loop (Pajura, 2024). Composting of municipal organic 

waste is an application of use of secondary materials in the production cycle instead 

of depositing at landfills. Following the model of the circular economy, previous 

studies highlighted the recycling of organic waste materials into various products. For 

example, the seeds and skin of grape can be recycled and through composting and to 

produce bio compost as reported by Sehnem et al. (2020) and organic fraction of 

municipal waste generated by households and other establishments including food 

waste can also be transferred into compost according to Slorach et al. (2020). The 

compost is rich in carbon, which in the soil, can resist soil erosion, improve soil water 

retention, improve soil fertility, and increase biodiversity due to the enumeration 

enrichment of bacteria, fungi, insects and worms (Razza et al., 2018), which can 

appropriately restore the health conditions of the agricultural soil and support the 

growth of the plant, and at the end increase the community resilience capacity to cope 

with the climate change effects such as severe droughts.     
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Compost can support the food chain as well as food security by returning 

nutrients into the soil and enhance its productivity and crop yield (Ellen MacArthur 

Foundation, 2015; Razza et al., 2018). In accordance with the European Compost 

Network (ECN), bio-waste through compost can contribute to the main objectives of 

the circular economy via closing the biological cycles of materials, and reducing 

organic SW disposal at landfills thus reducing the linear economy; rich in carbon and 

nutrients thus contributing to improving the fertility of the soil and its C-sequestration; 

producing environmental friendly bio-based fertilizers suitable for replacement of 

synthetic fossil fuel-based fertilizers (ECN, 2016). Fig. 2-9 illustrates the biological 

cycle in the circular economy.  

 

Fig. 2-9. Biological cycle of organic waste and the concept of circular economy 

(Source: Adapted from Ellen MacArthur Foundation, 2015) 

 Furthermore, the circular economy can contribute to environmental 

protection and sustainable development through reducing demand on virgin materials, 

less environmental impacts from extraction and processing of materials, lower energy 

consumption during the manufacturing process of products from recyclables compared 

to goods produced from virgin materials, and less waste sent to the landfills which 

means less landfill gas emissions and less economic costs and other environmental and 
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health risks (Pisuttu et al., 2024). The circular economy principles can contribute to 

climate change mitigation through carbon reduction not only from industry, 

construction sector, and energy use, but also from waste disposal through conversion 

of waste into circulating materials such as metals, plastics, glass, paper, and utilizing 

kitchen waste for compost production (Yang et al. 2023). Moreover, there is clear 

connection between circular economy, food waste management, and sustainable 

development goals (SDGs) especially SDG 2 and SDG 12, zero hunger and 

responsible consumption and production, respectively (Prokic et al., 2022). 

2.9.1 Compost and Urban Mining 

Urban mining is a component of circular economy as the valuable 

materials are isolated/ extracted and separated from the waste, recycled and returned 

to the material cycle. The raw primary material used in the industrial processing is the 

material resource that remains unprocessed such the wood which is used in the pulping 

industry, while the secondary raw material is that which has already been processed 

and used and has become discard; such material can be used again to produce new 

goods. For example, paper and cardboard waste can be recycled to produce recycled 

one. Large cities are considered as a source of large quantities of waste due to the large 

number of population and intensive consumption pattern as well. Such cities are 

considered as a warehouse of secondary raw materials. Urban mining is defined as the 

processing and recycling of the waste materials by transferring it into a resource for 

new products particularly in cities and urban areas. Utilization of the virgin materials 

(the raw primary materials) in the industry is expensive and considered as energy 

consuming process which in turn imposes environmental stress. However, as the 

population is increasing continuously, the demand on different products is increasing 

as well, and the utilization of virgin materials is increasing proportionately. Some 

resources of materials become scarce, and the use of such resources is considered 

unsustainable. On the other hand, disposal of discarded products and waste materials 

results in accumulation of waste at landfills and dumpsites, which is considered as a 

loss of valuable alternative resource, and above all, these landfills and disposals sites 

become a matter of concern from environmental and social point of view due to the 

release of pollutants. Therefore, recycling and recovery of such waste material and 

returning it to the material cycle through urban mining has great benefit to the 

communities and the environment, thus supporting the circular economy. Urban 

mining is, therefore, the process of extraction of used and discarded materials of urban 

metabolism from the waste, recovery of these discarded materials through recycling 

and reused it as resource for the production of new items. (Rau, 2019). It is an effective 

way for resource recovery such as landfill mining to extract the valuable recycled 

materials (Park et al. 2017). Some previous studies defined urban mining as, indirectly, 

the activity of recovery of elements from buildings, energy, compounds, and other 

recyclable elements from urban waste generated (Baccini & Brunner, 2012; Arora et 
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al., 2017). The terminology of urban mining was used for exploitation and extraction 

of secondary materials from landfills in the beginning, but nowadays it is widely used 

to include any sort of material recycling (Cossu and Williams, 2015). Composting is a 

treatment process of recycling through which the organic refuse is recycled and 

transformed into organic fertilizer. Based on the above-mentioned, and using the 

terminology of urban mining that include any sort of material recycling, extraction of 

organic waste towards its composting can be considered as a compost of urban mining. 

The composting process can be used to recover nutrient from the waste material 

(Girotto et al., 2015), which can be used in agriculture to replace chemical fertilizers. 

This can achieve environmental and social benefits through reduction in emissions and 

nuisance, and reducing the energy and virgin raw materials used to produce chemical 

fertilizers simultaneously. 

On the other hand, landfill mining which is a type of urban mining can 

result in extraction of the decomposed organic matter from the landfill to be used as 

compost.  Zaulfikar et al. (2020a) reported that long term buried solid waste in landfills 

can be extracted and used for agricultural purposes as compost to support plants or 

alternatively, can also be reused as landfill cover materials as biocover. In developing 

countries, the largest fraction of solid waste is generated from the household, and it 

includes peelings from fruit and vegetables, food remnants and leaves (Bobeck, 2010). 

This large waste stream is deposited in landfills for a long time and undergoes decay 

by the biological action thus transformed into stable biomass, which can be extracted 

through landfill mining and used as compost for agriculture, landscaping, and 

bioremediation. Ye et al. (2024) reported that soil from aged municipal solid waste 

landfills has proved effectiveness in providing the plants with large amount of organic 

matter and nutrients. Landfill mining compost is rich in broad variety of 

microorganisms such as methnotrophs, which can biologically convert methane into 

Carbone dioxide when applying this compost on the active landfill as biocover 

materials. (USEPA, 2002; Barlaz et al., 2004; Albanna et al., 2007).   

2.9.2 Waste Generation and Characteristics in the Study Area 

Few years ago, many studies were conducted to estimate the generation 

rate and composition of SW in Palestine, in general, as well as the study area in 

particular. These include:  

- Environmental Resources Management – ERM (2000);  

- International Management Group – IMG (2010);  

- Tamimi and Gebra (2012); and  

- International Finance Corporation – IFC (2012).  

Excluding the result of the study that was conducted by the ERM (2000) 

as it was very old, and considering the composite of the other studies including the 

latest study which was conducted by the IFC, the composition of the waste is shown 

in Table 2-7. 
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Table 2-7: SW composition in the study area 

MSW Fraction Percentage (%) 

Paper (includes cardboard) 10.9 

Plastic containers 18.3 

Textile 6.1 

Organics 46.0 

Metal (ferrous and non-ferrous) 1.8 

Glass 2.3 

Miscellaneous (including diapers, shoes and inert) 14.6 

 Source: (IFC, 2012) 

The IFC study conducted in (2012) showed that SW generation per capita 

was 0.69kg in the Hebron governorate, and 0.79kg in Bethlehem governorate (IFC, 

212). The updated data from the records of the weighing bridge at Al-Menya landfill 

showed that the daily average waste received at the landfill is around 1,200.0 tons; 925 

tons of them are collected from the study area, 155 tons from east and southeast 

Jerusalem area, and 120 tons from the Israeli occupation settlements that are located 

in southern West Bank, which enter the landfill under force. The large portion of this 

waste stream which is about 925.0 tons is collected from the study area (JSC-H&B, 

2020). The monthly as well as annual waste delivered from the study area to Al-Menya 

landfill since opening the landfill in March 2014 up to end of year 2020 is shown in 

Figure 2-10.  

 

Fig. 2-10: Monthly quantities of SW waste received at Al-Menya Landfill site since 

opening the site in 2014 up to year 2020  

(Source: adapted from the JSC-H&B records, 2020) 
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2.9.3 Potential for Compost Production through Landfill Mining 

The organic fraction which contains food refuse, fruits and vegetable 

waste, agricultural residues such as leaves and tree trimming residues, etc. is the 

highest waste fraction in solid waste stream containing 46% of the total waste and 

collected from the study area. All of the waste is being sent to the landfill, buried there 

for a long time, and decomposed under anaerobic conditions. In addition, 18 random 

dumpsites have already been closed upon request of the competent authority after the 

construction of the regional engineered landfill. The largest one was in use since the 

mid of eighties and has been closed in 2016. Although some of these sites were 

subjected to burning during the operation, but still large amount of organic waste can 

be extracted and used as compost for landscaping, and sanitary landfill cover if the 

quality parameters lie within the limits for agricultural use especially with respect to 

the heavy metals. Mining of these dumpsites can repair and recover the land 

conditions, overcome the environmental problems related to leachate seepage into the 

aquifer and landfill gas emissions. All of the random dumps in the study area have 

been abandoned and closed before 2012 (i.e. more than 12 years ago), while the larger 

one has been closed in 2016 (i.e. 8 years ago). This elapsed period of time makes the 

mining of these dumps favorable for the purpose of compost extraction. Zaulfikar et 

al. (2020b) studied a landfill mining in Indonesia based on the garbage heap age and 

he found that best percentage of compost can be attained after garbage heap reaches 

optimum age of 8-9 years.        

Furthermore, the regional landfill currently in operation in the study area, 

which contains more than 3.5 million tons of SW, is facing constraints for expantion. 

These constraints represented by unavailability of land since the land around the 

landfill is privately owned and owners are asking for high prices to sell their land. 

Other political constraint is obtaining the permission for expansion from the Israeli 

occupation as the site is located in area classified “C” according to Oslo Accord 

between the Palestinian Authority and Israel, which is under the full control of the 

Israeli occupation, and obtaining construction permission is very difficult. Under the 

given constraints, landfill mining is one of the options to extend the service life of the 

landfills (Zaulfikar et al., 2020a).       

On the policy level, there are no guidelines regarding urban and landfill 

mining of SW in Palestine in general. Although there is severe limitation of land for 

landfills and expansion of the existing ones due to the political reasons, and opposition 

of the local communities to construct landfills near them, there is no obligatory policy 

or legislative framework for waste reuse and recycling as well, and landfill mining has 

never been mentioned. 
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2.9.4 Use of Compost and Chemical Fertilizers in Agriculture 

The benefits of compost for agricultural purposes are widely reported in 

the literature. It can be used for soil bioremediation to treat the contaminated soil 

(Ventorino et al., 2019), reduces plant diseases as it controls soil-borne diseases (Pane 

et al., 2019), controls weed and enhances plant growth (Coelho et al., 2019), improve 

the agricultural soil biodiversity (Pose-Juan et al, 2017), improve soil fertility and 

water holding capacity (Bekchanov and Mirzabaev, 2018), and substitute chemical 

fertilizers (Rajaie and Tavakoly 2016; Azim et al. 2017; Oliveira et al. 2017). In 

accordance with Olson et al. (2024), who conducted study on Cannabis Sativa waste 

conversion into organic fertilizers, composting of digested biomass can promote plant 

growth and suppress soilborne disease. Compost, in general, can reduce heavy metals-

related toxicity through reducing its mobility and bioavailability while 

vermicomposting, in particular, can reduce heavy metals concentration (Ejileugha et 

al., 2024). Moreover, compost has proven better performance as soil amendment in 

terms of moisture retention compared to synthetic water-retaining amendment such as 

hydrogel (Zgallai et al., 2024). Due to intensive use of inorganic fertilizers in 

agriculture, which contribute to considerable amount GHG emissions, the replacement 

of synthetic inorganic fertilizers with organic one is urgently needed for environmental 

considerations (Peng et al. 2023b). 

Palestinian farmers’ acceptance of use of compost in agriculture has been 

assessed at different locations. All the studies showed positive willingness of farmers 

and attitude towards engagement in compost production and use. Al-Madbouh et al. 

(2019) found that 84% of the farmers in Wadi Al-Far’ah Watershed have the 

willingness to produce and use compost for agricultural purposes. Al-Sari’ et al. (2018) 

found that 91.2% of the farmers in Hebron district have positive attitude towards use 

of compost in agriculture. In addition, 57.2% of the Palestinian agricultural holding 

are using organic fertilizers or animal manure compared 42.7% that are using the 

chemical fertilizers (HydroplanIngenieur-GesellschaftmbH, 2013). However, 

utilization of animal manure in agriculture reduces the dependence of farmers of 

chemical fertilizers and leads to economic outcome (Yılmaz et al., 2024). 

The compost market demand in Palestine is 76,575 tons/year (IFC, 2012). 

The demand of compost in Palestine is increasing due to the shortage of chemical 

fertilizers in the market because of the Israeli occupation restrictions.  The Israeli 

occupation has restricted imports of many of dual use goods such as fertilizers and 

chemicals (The World Bank, 2019). The United Nations Conference on Trade and 

Development (UNCTAD) reported that the restrictions include fertilizers like 

ammonium nitrate (NH4NO3), potassium nitrate (KNO3), urea (CH4N2O), urea nitrate 

(CH4N2ONO3), fertilizers containing nitrogen, phosphorus and potassium (at 

percentages of 27-10-17 and 20-20-20) and any other fertilizer containing any 

ammonium nitrate, potassium nitrate or urea (UNCTAD, 2015; World Bank, 2019). 
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This has forced the Palestinian farmers to use alternative fertilizers with lower nutrient 

concentration which is inappropriate and sometimes ineffective. The use of such low 

nutrient concentration fertilizers heavily burdened the farmers and incurred high costs 

due to the relatively large quantity of fertilizers they use to compensate the low 

concentration, which in turn increase the soil salinity and deterioration of the 

agricultural productivity. It has been reported that the agricultural productivity 

declined in the range of 20 -33% due to the use of N, P, K chemical fertilizers type 13-

13-13 rating instead of 20-20-20 rating, and the farmers bore extra costs of $29 

million/year as well (UNCTAD, 2015). Under the current conditions of such severe 

restricted access to good quality chemical fertilizers, compost is the best alternative 

which can remediate the soil after the intensive use of inappropriate chemical 

fertilizers in relatively large quantities.   

2.9.5 Use of Compost as Landfill Cover 

Another important use of compost is replacing filling materials as landfill 

cover. This use is also widely reported in the literature (Huber-Humer, 2011; 

Sadasivam and Reddy, 2014; Chetri et al., 2019). Applying compost as cover materials 

over the waste at the landfills is considered as an environmental benefit which can 

mitigate, to a large extent, the spread of odors, flies, mosquitoes and reduce the release 

of methane. Methanotrophs in compost can oxidize methane gas and convert it into 

Carbone dioxide, water and biomass under aerobic conditions (Albanna et al., 2007; 

Barlaz et al., 2004; Boeckx and Cleemput, 1996; Croft and Emberton, 1989; Kightley 

et al., 1995; Park et al., 2002; USEPA, 2002; Whalen et al., 1990). The option of 

compost application on the landfill as biocover materials instead of soil could be viable 

to enhance methane oxidation and GHG emission reduction from the landfills as well 

(Tanthachoon et al., 2007). In addition, it can achieve financial benefit through 

reducing the preparation and transportation of filling materials to cover the landfill. 

Hermawansyah et al (2018) has conducted a study on compost extracted from landfill 

mining and reported that the compost quality parameters exceed the quality limits of 

fertilizers, and accordingly the extracted compost is suitable only for alternative 

landfill cover. 

In the study area, the residues of excavations from the landfill construction 

are recycled and used as daily and intermediate cover. Currently, the excavated residue 

is over, and the agencies are applying daily cover from fill material imported from 

outside the landfill area. The cost of each ton of cover material is NIS 13 (USD 4.0/ton) 

(JSC-H&B, 2021). Therefore, diversion of organic waste from the SW stream and 

using it as cover materials after composting is a viable and sustainable option and 

supports the circular economy. 
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CHAPTER 3                                                                       

MATERIALS AND METHODS 

To achieve the research objectives, a strict methodology was developed and 

followed. The following sections provide detailed information about the study area 

and research methodology. 

3.1 The study Area 

3.1.1 Location  

The study area is located at the southern part of the West Bank, and 

consisted of two governorates according the governmental managerial system. These 

governorates are Hebron governorate and Bethlehem governorates as illustrated in 

Figure 3-1. The total area of the study area in accordance with the Applied Research 

Institute Jerusalem (ARIJ) is about 1,675.0 km2; Hebron governorate is about 1,067.0 

km2(ARIJ, 2009a) while a Bethlehem governorate is about 608 km2 (ARIJ, 2009b). 

3.1.2 Demographic Features 

Southern West Bank is considered the largest densely populated area in 

West Bank. In accordance with the Palestinian Central Bureau of Statistics (PCBS), 

the total population in the study area, Hebron and Bethlehem governorates, is about 

922,064 (PCBS, 2018), which is around one third of the total population of the West 

Bank, and around one fifth of the total population in Palestine (West Bank and Gaza 

strip). Hebron governorate is larger than Bethlehem, so the total population of Hebron 

governorate is about 707,017 which is about (76.7%) of the total population in the 

study area compared to 215,047 living in Bethlehem governorates which is about 

(23.3%) of the total population in the study area. 

3.1.3 Local Government Structure 

Cities, towns and villages in the study area, like other Palestinian 

communities, are run by local authorities. There are 89 local authorities (municipalities 

and village councils), 53 of them are in the Hebron Governorate and 36 are in 

Bethlehem governorate as per the MoLG records (MoLG, 2021). The LAs are 

responsible for the planning and development and are service providers to the 

communities. The MoLG is the regulator of the local government sector in Palestine, 

so it issues the regulations and strategies in cooperation with the local authorities and 

other government ministries and agencies. Services provided by the local authorities 

included electricity, water and solid waste. These services are provided directly by the  
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local authorities, or through an official body established in cooperation between these 

local authority and government such as the electricity companies and the joint councils 

for services, planning and development (JCSDs), and the joint service councils for 

solid waste management (JSCs). 

 
Fig. 3-1: West Bank map showing the study area 

Source: Shadeed et al., 2019. 

For SWM, there are 3 JSCs-SWM, and 2 JCSPD, all are providing SWM 

service in the study area. JCSPD were established in the rural areas where several 

villages cooperated to establish these councils for the purpose of optimizing the 

services provided. Two of these councils are in the Hebron area while the other 4 are 

in Bethlehem area. Served villages are members in these councils and represented by 
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the head of the VC, and the board of directors are elected by the members. The joint 

service councils for SW management were established on the governorate level to 

handle the SWM service, but still these councils are not taking over the service in all 

of the governorates because contracting the service is optional, and therefore there is 

still a lot of local authorities are providing the SWM service. There are three councils 

for SW in the study area, one in Bethlehem area and one in the Hebron area, while the 

third one is serving both governorates through the operating of the regional landfill 

site and the SW transfer stations. This joint service council is called Joint Service 

Council for Solid Waste Management for Hebron and Bethlehem Governorates (JSC-

H&B). All local authorities in each governorate have membership in the governorate 

council and the board of directors is elected by the members. However, all local 

authorities in both governorates are members in the JSC-H&B, the chairman is the 

mayor of Hebron (the biggest municipality), and the rest members of the board of 

directors are elected by the members’ local authorities. 

The refugee camps in the study area are run by the United Nations Relief 

and Works Agency (UNRWA)1 for Palestinian refugees in the Near East. UNRWA is 

providing the SWM in all refugees’ camps in the study area which are 5 camps, 3 of 

them are located in Bethlehem area while the remaining 2 are located in the Hebron 

area.   

The structure of relationships between the local authorities and fee 

collection and payments is shown in Figure 3-2. LAs are responsible for SWM inside 

its border of jurisdiction, fees collection from households and payment for the SWM 

to the agency responsible for SWM which are normally the JSCs and JCSPDs who 

paid to the JSC-H&B (the responsible agency for the operation of the landfill and the 

transfer stations). Many of the local authorities who are carrying out the waste 

collection are paying fees to the JSC-H&B directly. 

3.1.4  Classifications of the Local Authorities 

The MoLG classifies the local authorities and mainly the municipalities 

into four groups from “A” to “D”. This classification system is based on local 

government minister decision no. 20/4/1998. In accordance with the decision, large 

municipalities that are considered as central of governorates are classified as group 

“A”, municipalities that were established before the Palestinian Authority rolled over 

the West Bank and Gaza and that were established after with a population inside the 

boarders of jurisdiction of theses municipalities are more than 15,000 are classified as 

group “B”, municipalities of population more than 5,000 and less than 15,000 are 

classified as group “C”, and municipalities of population less than 5,000 are classifies 

                                                           
1 Established in accordance with the United Nations General Assembly Resolution 302 (IV) of 8 

December 1949 to carry out direct relief and works programs for Palestinian refugees after the 1948 

war between Arabs and Israel. 
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as group “D” (MoLG, 2005). The classification system doesn’t provide any other 

information about the purpose of the classification, and the link between the 

responsibilities and the classification. However, small local authorities are called 

Village Councils (VCs) and established in small villages to provide the services in 

these small villages. 

  

Fig. 3-2: Current structure of relationships in SWM in the study area 

 

After reviewing the local authorities list provided by the MoLG, it has been 

found that only two municipalities classified “A”, Hebron and Bethlehem 

municipalities; 17 municipalities are classified “B”, 15 of them in the Hebron 

governorate and 2 in Bethlehem governorate; 16 municipalities are classified “C”, 7 
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of them in Hebron governorate and 9 in Bethlehem governorate; none of the 

municipalities are classified “D”; and 54 VCs, 30 of them are in the Hebron 

governorate and 24 in Bethlehem governorate (MoLG, 2021). 

3.1.5 Socio-economic Conditions and Relationship with SWM 

There is no detailed updated data concerning the socio-economic 

conditions in each governorate in Palestine, but the available data from the PCBS 

showed that 11% of the families in Hebron governorate and 12.5% in Bethlehem 

governorate receives assistance even in cash or in kind (PCBS, 2019). This could 

indicate the level of poverty in the study area and the lifestyle as well, which also affect 

the SW generation. In addition, political situation plays an important role in the socio-

economic situations in Palestine. Political stability of the situations promotes the 

trading, industry and tourism. It has been reported that instability of political 

conditions negatively affects tourist flows to the region of conflict (Sonmez, 1998; 

Sonmez and Graefe, 1998; Neumayer, 2004). Aisen and Veig (2011) Found that the 

growth rate of the per capita gross domestic (GDP) is severely affected by political 

instability. 

Beside the political instability in Palestine as it is still under the occupation 

by Israel, there is several industries spread across the study area. Stone cutting industry 

is famous in Palestine and especially in southern West Bank, so the stone cutting 

facilities are spread across both governorates, Hebron and Bethlehem (Palestinian 

Federation of Industries, 2009). Hebron is considered as commercial center in the 

governorate and an important industrial city. The famous industry in Hebron is the 

tanning and leather industry, shoemaking industry, pottery industry, food industry, and 

glass (ceramic) industry according to Hebron Chamber of Commerce and Industry – 

HCCI (HCCI, 2021). The existence of such industries in Hebron can promote the 

economy and social well-being. However, the industry can significantly contribute to 

waste generation and even hazardous waste. For example, the stone-cutting industry 

can generate large amount of construction waste, and the tanning industry can generate 

considerable amount of hazardous waste. 

On the other hand, Bethlehem is considered as a tourist city as it 

accommodates the Nativity Church, the most holy place for Christians in Palestine. 

The city attracts tourists from different countries worldwide. Although the number of 

tourists in Bethlehem fluctuated depending on the political situations and conflict, Al-

Rimmawi and Butcher (2015) have noticed increase in the number of tourists since 

2009. Tourism can significantly affect the quantity of municipal solid waste 

generation.  

However, agriculture is a main and important sectors in Palestine which 

contribute by 22% of the GDP, and providing employment to 155 of the population 
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(Butterfield et al., 2000). The common agricultural activities in the study area are 

livestock (sheep, goats, cows …etc.), fruits, vegetables, olive, and seasonal crops 

(ARIJ, 2009a; ARIJ, 2010, HCCI, 2021). Most of the plant agricultural activities are 

rain-fed agriculture due to the shortage of water in Palestine in general and in the study 

area in particular, so southern West Bank is facing water crisis even for domestic 

purposes, and accordingly irrigated agriculture sector is very small in the study area. 

SW generated from the agricultural sector has limited impact on municipal SWM as 

the waste is managed by farmers except that generated from the trees pruning from the 

green areas, and fruit and vegetables waste that generated from the markets which is 

included in the organic fraction of municipal SW. 

3.1.6 Climatic Conditions 

The description of the climatic conditions is very important because it can 

affect the composting process. However, this research included conducting 

composting experiments in two different climates to predict the influence of the 

climatic conditions on the composting time and process as well. Two of the 

composting experiments were conducted in the study area in Palestine, and one 

experiment in Delhi/India. The climatic conditions in both areas are described below.   

3.1.7 Climate of the Study Area/Palestine 

The climate in south West Bank/Palestine is described by ‘Mediterranean’, 

which is rainy in winter rain and dry in summer, with mean temperature of 22°C in 

summer and 7°C in Winter (USAID, 2017). 

3.1.8 Climate of Delhi/India 

The climate of Delhi/India overlaps between monsoon-influenced humid 

subtropical and semi-arid with average temperature of 38°C and 14°C in summer and 

Winter, respectively (Wikipedia, 2022). The monsoon season, which extends between 

July to August, is described by hot, high to very high humidity, and heavy precipitation 

(Wikipedia, 2022). 

3.2 Research Methodology 

3.2.1 Design, Test and Evaluate of Two Composting Systems 

3.2.1.1 Composting System 

The composting device used in India was a steel-mesh bin with 

approximate volume of 0.2m3, which receives aeration from naturally from the 

atmosphere through the steel-mesh openings as presented in Fig. 3-3. The system 

developed and fabricated in Palestine is a forced aeration as shown in Fig. 3-4. The net 

volume of this composting device is 0.94m3. Both systems were in complementary 

with the sizes reported in the literature. Several sizes of bioreactors used were reported 

in previous studies. For example, Ahn et al. (2007) used a bioreactor of 900 liters in 

volume for composting poultry manure. Alkoaik (2019) has conducted a study on 
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tomato plants residues and chicken manure composting using two bioreactors, one 

rotating and anther static, each volume was 0.2m3, which can handle 50kg of wet 

weight. Santos et al. (2014) has used a bioreactor of five liters in volume. Te Ma (2020) 

used a fermentation bioreactor of volume 30 liters to study loss of nitrogen during the 

composting of sewage sludge and the effect of processing conditions. Hwang et al. 

(2020) used a compost box of volume 0.15m3. Misra et al. (2003) recommends a 

minimum dimension (0.9*0.9*0.9 = 0.729m3) of compost pile to prevent heat loss 

during the composting process. The device used in this experiment consists of two 

cylinders, one is small installed inside a larger. The diameters of the small and large 

cylinders are 20 and 10cm, respectively, while the height is 130cm and 125cm, 

respectively. The space between both cylinders was filled with waste; the bottom was 

provided by a pipe and valve for leachate drain, while the upper was provided by 

movable steel cover for easy remove during taking measurement of the temperature, 

gases and moisture content.  The internal (small) cylinder was perforated in the vertical 

walls to allow for oxygen penetration into the waste body, and the top was blind. The 

external cylinder was provided by a door of dimensions 1-meter height and 0.6-meter-

wide to facilitate sampling and emptying the device when the process come to end.  

  
Fig. 3-3: Natural aeration system 
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Fig. 3-4: Cross-section of the composting device (forced aeration) 

 

An air pump type RENOVA of capacity 55m3/hour and made by MEDAN 

Company/Israel complying with the European standard EN 60034-1 was used for 

compost aeration, which was connected to the top of the small cylinder. The pump was 

provided by an electricity panel containing electricity meter type GREEN complying 

with the European standards EN 62053-21, timer with 40 schedules of operation, and 

switch-on switch-off device to allow automatic intermittent operation during the 

composting process. The complete fabricated system, control panel, and the pump is 

presented in Fig. 3-5. 

 
Fig. 3-5: Composting device complete (forced aeration) 
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The composting raw material were prepared and filled in the space 

between the two cylinders, forming a composting round layer in the vertical direction 

around the small perforated cylinder. The perforation of the small cylinder allowed the 

air to penetrate into composting layer through the inside surface. Municipal organic 

waste obtained from the central fruit and vegetables market of the Hebron city. Before 

loading the device, the waste was shredded to reduce the size using mechanical 

shredder and mixed with sawdust to adjust the C/N ratio, and the water content of (40 

– 60) % and then filled in the device, which was installed at 15 cm above the ground 

that enable installation of the leachate draining pipe and valve at the bottom of the 

device. The leachate drain valve opened and closed on daily basis to drain the leachate 

that was accumulated at the bottom. The system was placed under a shed to prevent 

direct exposure to the sunlight. 

3.2.1.2 Experiments Setting  

Three static composting experiments were conducted: first experiment in 

Palestine, second experiment at Delhi Technological University/ India, and the third 

experiment in Palestine, respectively.  The first and third experiments (replicates) were 

conducted using the designed composting device, while the second experiment was 

conducted using steel-mesh compost bin. Santos et al. (2014) has conducted four 

compost mixtures in a study on carbon conservation strategy for management of pig 

slurry by composting. Te Ma (2020) has conducted 4 composting trials to measure the 

Nitrogen loss and the influence of processing conditions. One compost mixture was 

used in a study conducted in Saudi Arabia to compare the efficiency of two bioreactors 

using tomato plants residues and chicken manure as raw material for composting 

(Alkoaik, 2019). Mengistu et al. (2017) conducted a composting experiment to 

compare the efficiency of four composting methods and he used three mixtures 

(replicates) for each composting method. 

Two different air flow rates, 0.12m3/min (7.1m3/hour) and 0.24m3/min 

(14.1m3/hour) (7.5 and 15m3/hour/m3 compost) were used to identify the effect of the 

air flow rate on the duration of the composting process in the first and third 

experiments, respectively. These air flow rates were determined based on the literature. 

As per the previous studies, a forced aeration composting system has been designed at 

an air flow rate of (3 – 5) cubic feet/minute/ cubic yard of compost mix which is equal 

to (0.111 – 0.186) m3 air /minute/ m3 of compost mix (Coker and Gibson, 2013), which 

is also equivalent to (6.66 – 11.16) m3 air/hour/m3 of compost. Managed Organic 

Recycling Company is operating static composting system with air flow in the range 

of (750 – 1250) cubic feet/ hour/ ton of dry compostable materials which is equal to 

(21.24 – 35.40) m3 / hour/ ton of dry compostable material, which is also equal to 

operation of air blower for (3 – 5) minutes every 30 minutes (Coker and Gibson, 2013). 

An aeration rate of 0.095 – 0.236 liter/minute/ kg of dry matter (5.7 – 14.16 
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m3/hour/ton of dry solids) and peak of 1.79–2.27 liters/min/kg dry solids (107.4 – 

136.2 m3 of air/hour/ton of dry solids) in a batch process is recommended by Haug 

(1993) for best efficiency. Hwang et al. (2020) used an aeration rate of 1-1.5 

liter/minute/0.15m3 compost, which is equivalent to 0.4-0.6m3/hour/m3 compost. The 

composting experiments were conducted in the sequence presented in Fig. 3-6. 

 
Fig. 3-6: Experimental process 

 

3.2.1.3 Parameters’ Measurement 

During the operation, temperature, MC and gases emissions were 

recorded. The temperature was recorded on daily basis using a thermometer with long 

probe (20cm) which can penetrate the external layer and obtain accurate measurement. 

The moisture content was measured every one to three days in the lab. The moisture 

content testing samples representing different parts of the composting column were 

collected from three different places and at different levels to monitor the MC 

throughout the process. The samples were being kept in closed plastic sack at the time 

of sampling and sent directly to the lab. while the gases emissions were recorded daily 

using special gas analyzer type Geotech GA5000 made by Geotechnical Instruments 

(UK) Ltd., which comply with the relevant European standards. Other biological, 

physical, chemical, and heavy metals parameters which include (Fecal coliform, pH, 

Ec, C/N, NH4, NO3, Organic matter, total organic carbon, total Nitrogen, Na, K, Ca, 

Mg, P, Zn, Ni, Pb, Cr, and Cd) were measured in the labs owned by Hebron and Birzeit 

Universities / Palestine. 

The fertility index (FI) was calculated for the end product of the three 

compost experiments considering the quality parameters N, P, K, C/N and TOC. These 
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parameters were assigned a score value from 1-5 according to its importance for 

agriculture, 1 representing the lowest and 5 representing the highest importance in 

accordance with Saha et al. (2010) and Oviedo-Ocaña et al. (2022). The scoring criteria 

is presented in Table 3-1. 

Table 3-1: Fertility index scoring criteria 

Parameter Score (Si) Weights 

(Wi) 5 4 3 2 1 

TOC (%) >20.0 15.1–20.0 12.1–15.0 9.1–12.0 <9.1 5 

Total Nitrogen 

(%) 

>1.25 1.01–1.25 0.81–1.00 0.51–0.80 <0.51 3 

Total 

Phosphorus (%) 

>0.60 0.41–0.60 0.21–0.40 0.11–0.20 <0.11 3 

Total Potassium 

(%) 

>1.00 0.76–1.00 0.51–0.75 0.26–0.50 <0.26 1 

Carbon/Nitrogen <10.1 10.1–15 15.1–20 20.1–25 >25 3 

  

The FI is calculated according to the equation (3-1) 

𝐹𝐼 =
∑ 𝑆𝑖∗𝑊𝑖

𝑖=1
𝑛

∑ 𝑊𝑖
𝑖=1
𝑛

 …………………………………………….. (3-1) 

Where Si is the score given to the parameter based on its value as indicated above, and 

Wi is the weight given to each parameter from 1 to 5. 

The clean index (CI) was also calculated following the same methodology 

of Saha et al. (2010) but excluding cupper (Cu) parameter from the calculation, where 

the heavy metals parameters were assigned a score value from 1-5 according to its 

content of heavy metals, 1 representing the highest content and 5 representing the 

lowest content as presented in Table 3-2. 

Table 3-2: Clean index scoring criteria 

Heavy 

Metal 

Parameter 

(mg/kg) 

Score (Sj) Weight

s (Wi) 5 4 3 2 1 0 

Lead (Pb) <51 51-100 101-150 151-250 251-400 >400 1 

Chrome 

(Cr) 

<51 51-100 101-150 151-250 251-350 >350 5 

Nickle (Ni) <21 21-40 41-80 81-120 121-160 >160 3 

Cadmium 

(Cd) 

<0.3 0.3-0.6 0.7-1.0 1.1-2.0 2.1-4.0 >4.0 1 

Zinc (Zn) <151 151-

300 

301-500 501-700 701-900 >900 3 
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The CI is calculated according to the equation (3-2). 

𝐶𝐼 =
∑ 𝑆𝑗∗𝑊𝑗

𝑗=1
𝑛

∑ 𝑊𝑗
𝑗=1
𝑛

 …………………………………………….. (3-2) 

 

3.2.2 The Role of Compost in the Circular Economy 

This part of the study was conducted in the southern West Bank/Palestine, 

mainly Hebron and Bethlehem governorates. The main goal of this part is to assess the 

potential of organic fraction of municipal SW composting and its role in the circular 

economy considering two scenarios: (1) use of compost for agricultural purposes and 

(2) use of compost as landfill cover material as presented in Fig. 3-7. For scenario (1), 

the study determines the environmental and economic benefits of diverting the organic 

form of the waste stream, and composting and selling the compost product for 

agricultural purposes. The proposed model for waste management in the study area 

including diversion of the organic fraction for recycling as an indicator for the circular 

economy as presented in Fig. 3-7. The saving will be revenues generated from the 

compost selling, saving the dumping fees that is normally paid for waste dumping at 

the landfill, saving from the methane emissions reduction, and saving from reduction 

of use of chemical fertilizers.  

In Palestine, the landfill fee is USD 9.5/ton (NIS 30) which is usually paid 

by local authority to the JSC-H&B for waste dumping. Methane emission reduction is 

paid through the Carbon Credit – Clean Development Mechanism (CDM) and equals 

to USD 23.2/ton CO2eq as per Ali et al. (2020) although the CDM is not functioning in 

Palestine at the present. The global warming potential of methane gas is 25 times 

carbon dioxide over 100 years’ calculation. The solid waste management sector in 

Palestine is contributing by 23% of the total emissions as identified by a study 

conducted by the UNDP (UNDP, 2016). The amount of the methane gas emission 

saving that is supposed to be emitted from the waste diverted from waste stream is 

calculated using the landfill gas emission model (LandGEM) version 3.03 designed by 

the United States Environmental Protection Agency (USEPA, 2020). However, 

compost produced from organic waste is replacing the synthetic fertilizers; therefore, 

the saving is the revenues generated from selling the compost and the saving from the 

replacement of the synthetic fertilizers.  

The selling price of the compost as provided by a study conducted by the 

IFC on municipal organic waste composting in Palestine is USD 33/ton (NIS 100/ton) 

(IFC, 2012) considering the quality of the compost produced from municipal SW 

central sorting plant is less than that produced from organic municipal waste separated 

at the source, and the producer wants to promote the product at lower prices in order 

to encourage the users. The saving in chemical fertilizers is estimated based on the 

nutrients which include carbon (C), Nitrogen (N), Potassium (K), and Phosphorus (P), 
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which are available in chemical fertilizers and supplied to the plants. The commercial 

source of these nutrient available in the form of Iperen Humic 12+3 liquid for C, 

Ammonium Sulphate for N, Triple Super phosphate (TSP) for P, and potassium 

sulphate (SOP) for K. The nutrient content in compost as reported by Shah et al. (2017) 

and Rashid and Shahzad (2021) is 21.02 for C, 0.935% for N, 0.32% for K and 0.235% 

for P. The nutrients will replace that available in the synthetic fertilizers when using 

the compost in agriculture. The nutrient content in the synthetic fertilizers and its prices 

are: Iperen Humic 12+3 liquid contains 7.3% C (Van Iperen International, 2021) with 

a price of USD 3,750.0/ton (NIS 12,000.0/ton), Ammonium Sulphate (AS) 21% N 

(Eurosolids Nederland, 2020a) with a price of USD 1,250.0/ton (NIS 4,000.0/ton), 

TSP contains 46% P (TAS, 2021) in the form of P2O5 with a price of USD 1,406.0/ton 

(NIS 4,500.0/ton), and SOP contains 50% K (Eurosolids Netherland, 2020b) with a 

price of USD 1,500.0/ton (NIS 4,800.0/ton). The prices of the fertilizers are provided 

by Sharabati Brothers Trading and Agricultural Company (SBTAC, 2021). 

 

Fig. 3-7. Proposed municipal organic SW management model for the study area. 

 

The saving in the landfill volume is also considered. The construction cost 

of the existing landfill was USD 6.987 million for 4 cells of capacity 2.65 million m3, 

which means that each 1cubic meter capacity costs USD 2.64 (JSC-H&B, 2011). The 

on-site practices showed that the waste density in place after compaction reached 0.93 
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as reported by Al-Menya Landfill Private Company (ALPC, 2016) as the waste is 

compacted using steel roller type BOMAG 36 ton in weight. Using the density in place, 

the space cost of 1 ton of organic waste is USD 2.84 (NIS 9.0/ton). The waste 

collection cost is excluded from the calculations because the composting facility is on 

the same site as the landfill, and in normal operation, the waste is collected and 

transferred to the site, so there is no difference in the waste collection cost between 

both scenarios, landfilling and composting. 

The saving is calculated based on the following: 

Rn = Rg – OM ………………………………………………………. (3-3) 

Rg = D + Cc + C + F + Ls …………………………………….… (3-4) 

Where Rn is the net revenue; Rg is the gross revenue; OM is the cost of operation and 

maintenance of the composting plant; D is the dumping fee saving; Cc is the carbon 

credit value; C is the compost selling; F is the fertilizer savings; and Ls is the landfill 

space saving.     

The trend is taken through the coming 15 years starting from 2021 to 2035. 

To calculate the waste generation projection, the history of waste delivered to the 

landfill site and the population growth are used. The landfill site was opened for the 

first time, after construction, on March 25th, 2014. At that time, some of the local 

authorities were using open random dumps, and therefore, the waste quantities 

generated by these authorities were not delivered to the landfill. Before the year 2014, 

there was no regular and clear data about waste generation because most of the local 

authorities were using their own random dumps as mentioned. By closing the random 

dumps, the waste delivered to the landfill gradually increased. However, the 

population increase has caused increase in the waste quantities generated. The 

population is projected using year 2017 (PCBS, 2018) as the base for projection, 

because it is the actual number of population as identified by the PCBS, and a growth 

rate of 2.8% is used as identified by the United Nations Population Fund – UNPF in 

Palestine (UNPF, 2021). The relationship between the population and the annual waste 

generation during the period extended between 2015 and 2020 is drawn and 

interpreted. The data interpretation showed that the logarithmic function is accurately 

predicting the waste quantity generation with R2 = 0.96 as shown in Figure 3-8. The 

regression model data is shown in Table 3-3. The waste quantities generated during 

the year 2014 was excluding from the data interpretation because the waste generated 

by some local authorities was missing due to the use of random dumps.  The annual 

waste quantity can be estimated using the following equation: 

𝑊𝑎𝑠𝑡𝑒 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 = 850,744.61 𝑙𝑛(𝑥) − 11,409, ,010.59   ……………. (3-5)  

where x is the number of population.   
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Fig. 3-8: Interpretation of waste quantity increase 
 

Table 3-3: Regression data 

Regression Statistics ANOVA 

Multiple R 0.98  df F Significance F 

R Square 0.96 Regression 1 85.87 0.00075 

Adjusted R Square 0.94 Residual 4   

Standard Error 10606.07 Total 5     

Observations 6     

  Coefficients Standard Error t Stat P-value 

Intercept -11409010.59 1262221.18 -9.04 0.00083 

Ln(X)  850744.61 91809.53 9.27 0.00075 

Residual Output    

Observation Predicted Y Residuals Error 

1 228443.93 -8236.88 -0.036 

2 251937.38 -279.63 -0.001 

3 275430.84 3698.40 0.013 

4 298924.29 13362.76 0.045 

5 322417.75 4482.20 0.014 

6 345911.20 -13026.85 -0.038 

 

The organic compostable fraction is calculated based on the constituent of 

the organic fraction from the total waste stream based on the waste characterization 

which is 46%. Compost from landfill mining is not considered in this study due to 

safety concerns related to heavy metals content. It has been assumed that only 70% of 

the organic waste fraction is compostable (IFC, 2012) as a conservative figure taking 

into account that the waste separation at the source could be insufficient, which results 

in some rejected materials. The waste projection is shown in Fig. 3-9. 
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Fig.3-9. Projection of municipal SW production in the study area from 2021 to 2035 

 

For compost yield, it has been assumed that 25% of organic waste is 

retrievable with water content of 40% (Shah et al., 2017; Rashid and Shahzad, 2021). 

For scenario (2), the study considers the quantity and cost of soil that is 

used as cover material for the regional landfill in the study area. The quantity of soil 

used on daily basis to cover the waste is 600 tons and the cost is about USD 4.0 (NIS 

13.0)/ ton as per the records of the JSC-H&B).    

3.2.3 Attitude Towards Organic Solid Waste Composting 

3.2.3.1 Survey Design and Data Collection 

This part of the research was conducted in southern West Bank/Palestine, 

mainly Hebron and Bethlehem governorates. The study aims to evaluate the local 

authorities’ (LAs) attitudes toward organic SWM. Perception of the LAs toward 

organic SWM was evaluated through data collection via survey questionnaire. The 

questionnaire was designed to include information about the solid waste service 

provider, solid waste generated, knowledge and awareness of composting, and 

challenges being faced by the service provider in composting the organic fraction of 

the solid waste. The questionnaire was peer reviewed by two Professors of 

environmental engineering from India and Palestine. The peer review was conducted 

prior to data collection in order to ensure adequacy of the questionnaire for the purpose 

of study. A copy of the questionnaire is attached in Annex 1.  
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The target group for collecting the responses was the local authorities in 

southern West Bank/Palestine, which include municipalities, VCs, JCSPDs and JSCs-

SWM, who are providing the SWM service. The list of the LAs was obtained from the 

MoLG (MoLG, 2021). In accordance with the list, there are 89 municipalities and VCs, 

3 JSCs-SWM, and 6 JCSPDs but only 3 of them are providing SWM service. The 

JCSPDs that are not providing SWM service are excluded from the study. In addition, 

it has been found that 9 of the remote communities are not served, and the VCs in these 

communities are not providing the SWM service. Such VCs were excluded for the data 

collection via questionnaire, but general information about current practices of organic 

waste management was obtained. A total of 85 LAs were included in the data 

collection using the questionnaire. Because the research population is limited, all of 

the population is considered as a sample, and the data is collected from all. 

The questionnaires were filled through direct interviews where possible, 

via email and over phone. The interviewees were the key staff members such as the 

heads of SWM division or the managers of the LAs. For few instances, the finance 

managers participated partially in the survey to answer the questions related to the 

waste quantities and cost as directed by the LA officials.  

3.2.3.2 Data Analysis 

After the completion of the data collection, the questionnaires were coded, 

data entry, and then data was analysis using statistical package for social sciences 

software (SPSS) version 23. In addition, Microsoft excel 2010 was also used in the 

data analysis. Beside the descriptive statistics used, bivariate analysis is used to assess 

the relationship between the dependent variable (LAs’ attitude toward composting) 

and the independent variables which represent the factors of potential effect and could 

shape the LAs’ attitude. Since the bivariate analysis doesn’t provide the direction of 

the relationship, a logistic regression model (LRM) is developed to assess the factors 

that affect the LAs attitude towards composting of municipal organic waste. The model 

is used to predict the significance of the relationship between the independent 

variables, from one side, and dependent variable, from the other side, the direction of 

the relationship as repeated in previous studies (Ali et al. 2012; Al-Khateeb et al. 2017; 

Al-Madbouh et al., 2019; Al-Sari’ et al. 2012; Begum et al. 2006; Begum et al. 2009; 

Ittiravivongs, 2012). The dependent variable is the LAs’ planning to compost organic 

SW fraction, while the independent explanatory variables are presented in Table 3-4. 

The independent variables were selected carefully after conducting bivariate analysis 

to ensure significant relationship with the dependent variable from one side, and to 

avoid multicolinearity between explanatory independent variables above 0.7. As the 

bivariate analysis assess the relationship of each influencing factors with the dependent 

variable independently, and the LRM assess the relationship of the influencing factor 

with the effect of others factors, factors identified less effect in the LRM were 
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excluded, and other factors introduced even those identified non-significant by the 

bivariate analysis in order to adjust the model.    

The LRM used is presented in equations (3-6) - (3-9) as follows:  

 eXZ
P

P
Log iii

i

i 


0
1

    ………………………………………. (3-6) 

Where Pi is the LA’s attitude toward organic waste composting. Pi = 1 if 

the LA attitude toward organic waste composting is positive; and Pi = 0 if not; Xi is 

the explanatory variable; βo is a constant term; βi is a coefficient of the explanatory 

variable; e is the error, and 1, 2 …, n represents the number of the explanatory variables 

in the model.  

The model uses the maximum likelihood function presented in equation 

(3-7) according to Begum et al. (2009). 
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The Wald statistical test presented in equation (3-8) is used to measure the coefficient’s 

significance (Begum et al. 2009).  

2)
.

(

i
ES

W i

i




 ……………………….………………………………………. (3-8)  

where i = 1, 2 …, n  and S.E is the standard error. 

The model goodness of fit is measured by log-likelihood function, which 

is defined in equation (3-9) (Al-Sari et al., 2012; Begum et al., 2009).  

)]ˆ1ln()1()ˆln([
1

ii

n

i

ii YYYYlikelihoodLog  


…………………………….. (3-9)  

As the model uses the observations to predict the expectations, iY value 

represents the observations and iŶ  value represents the expectations, which is a 

probability function and approximately chi-square distribution and can be quoted as 

2log-likelihood. Omnibus test is used to assess the suitability of the model and 

goodness of fit if all coefficients equal zero in the model. Cox and Snell R2 and 

Nagelkerke Ř2 are statistical tests show how the explanatory variable explain the 

dependant variable through the variation proportion of the dependent variable. 

Because the maximum values of Cox and Snell R2 tests cannot reach 1, Nagelkerke Ř2 

statistical test, which can obtain values in the range of 0-1 is used and is preferable 

according to Bewick et al. (2005). 
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Table 3-4 Summary of the independent variables in the LRM 

Variabl

e 

Description of the 

Variable 

Definition of the Variable Abbreviation in 

the Model 

X1 

Monthly SW quantity 

generated (tons) 

1 = ≤ 20; 2 = 21 – 50; 3 = 

51 – 100; 4 = 101 – 200; 5 

= 201 – 400; 6 = 401 – 600; 

7 = > 600 

Mon. SW 

generated Qt.  

X2 Household SW tariff 

(NIS) 

1 = 10 - 20; 2 = 21 - 30; 3 = 

(2 – 3)/capita 
HH SW tariff  

X3 Fee collection rate (%) 

1 = ≤ 20; 2 = 20 - 40; 3 = 

41 – 50; 3 = 41 – 60; 4 = 61 

– 80; 5 = 81 – 100 

Fee collection 

rate  

X4 Perception of compost 

contribution to SW 

reduction 

1 = Yes; 2 = Don’t know; 3 

= NO 
Per. of compost 

reduce SW  

X5 Having appropriate 

area of land to be used 

for composting 

1 = Yes; 2 = NO 
Place 

availability  

X6 Having financial 

capacity to conduct 

composting 

1 = Yes; 2 = Yes, but 

limited capacity; 3 = NO 
Financial 

capacity 

X7 Staff attended training 

on compost production 

1 = Yes; 2 = No 
Staff training  

X8 Staff having previous 

experience in compost 

production 

1 = Yes; 2 = No 
Staff prev. 

experience  

X9 Conducted community 

awareness on organic 

waste composting 

1 = Yes; 2 = NO 
Community 

awareness  

X10 Potential community 

participation in 

compost through 

organic SW sorting at 

the source 

1 = Yes; 2 = Yes, but 

partially; 3 = NO 
Pot. Comm. 

participation  

X11 Familiarity with SWM 

bylaw 

1 = Yes; 2 = NO Familiarity with 

SWM bylaw  
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CHAPTER 4                                                                             

RESULTS AND DISCUSSION 

4.1 Design, Test and Evaluate of Two Composting Systems 

4.1.1 Process Performance Monitoring & Composting Time 

The composition of the raw materials of the three experiments was 

(vegetables and fruit waste and sawdust) for experiment 1, (fruit and vegetables waste, 

caw dung, and trees leaves) for experiment 2, and (fruit and vegetables waste, sawdust, 

sheep and goat fresh manure, and poultry manure) for experiment 3.  

(a) Temperature  

The temperature profile for the three experiments was recorded as 

presented in Figures 4-1 to 4-3. The process behavior of three experiments is presented 

in Table 4-1. The data showed that the max temperature reached 54.3-72.6°C which is 

the preferred one to ensure sanitization of the final product. Experiment 2 recorded the 

highest temperature because it contains cow dung which is rich in microorganisms 

associated with high weather temperature as presented in Fig. 4-2. The duration of the 

mesophilic phase recorded three days for experiment 1 and two days for experiments 

2&3. This agrees with Oviedo-Ocaña et al. (2022) who founds that the time to start 

thermophilic phase was two days. The thermophilic duration, which started at 45°C 

(Soobhany, 2018), extended for 16-20 days as presented in Table 4-1. Experiment 2 

showed the lowest thermophilic phase (16 days) which can be attributed to the high 

weather temperature in India, and high biodegradation rate. The lower max 

temperature and longer duration of the thermophilic phase was recorded for 

experiment 1 which attributed to the lower weather temperature in Palestine and lower 

microorganisms content because this experiment contained fruits and vegetable waste 

and didn’t contain any animal manure. Therefore, the biodegradation rate was 

expected lower than other experiments. The max temperature and duration for 

experiment 3 was recorded in between the other experiments because of the weather 

temperature as presented in Fig. 4-3 and the composition of this experiment that 

contains animal and poultry manure that was rich in microorganisms’ contents which 

could accelerate the biodegradation rate. The addition of manure improves the 

efficiency of the composting process according to Zhou et al. (2019).
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The duration of the max temperature is an indicator of pasteurization of 

the final compost product. The sufficient temperature to eliminate pathogens and 

parasites should be above 55°C (Ravindran & Sekaran, 2010). Experiment 1 achieved 

54.3°C and lasts for one day only and therefore, failed to achieve min disinfection 

temperature. Achieving the ideal disinfection temperature is difficult if fruit and 

vegetables waste composted at small-scale system (Smith & Jasim, 2009). However, 

experiments 2 and 3 achieved this min temperature and lasted for 8 and 5 days, 

respectively. Álvarez-Alonso et al. (2024) conducted six pile composting experiments 

on organic refuse obtained from municipal SW mixed with urban pruning and 

donkey’s manure and found that the max temperature was in the range of 72-76°C and 

temperature above 55°C for more than 15 consecutive days. 

Declining the temperature after the thermophilic phase is an indication of 

approaching the process end. The composting process completed when the compost 

temperature reaches the ambient temperature. The results showed that the shortest 

composting time recorded for experiment 2, which recorded 31 days only, while there 

was no real difference between experiments 2 and 3 as shown in Table 4-1. The 

difference in weather temperature is the main cause of this variation, while the 

composition of the compost raw material seam of lower effect on this variation in the 

compost time between experiment 1&3 conducted in Palestine. Experiment 3 took 

more time because it contains sheep and goad refuse which contains high organic 

matter and cellules material. Variation in ambient temperature can significantly affect 

the self-heating of the compost pile as reported by Luangwilai et al. (2012).  

Table 4-1 The process performance behavior of the three experiments 

Experiment 

No. 

Duration of 

the 

mesophilic 

phase 

(days) 

Max 

Temp. 

(°C) 

Time to 

reach 

max 

temp. 

Duration of 

the 

Thermophilic 

phase (days) 

Time to 

cool to 

ambient 

temp. ±3 

(days) 

1 3 54.3 16 20 39 

2 2 72.6 3 16 31 

3 2 56.7 2 17 43 
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Fig. 4-1 Temperature profile for experiment 1 

 

 
Fig. 4-2 Temperature profile for experiment 2 

 

 
Fig. 4-3 Temperature profile for experiment 3 
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(b) Moisture Content 

Moisture content (MC) in the range of 40-70% is essential to ensure proper 

performance of the microorganisms (Luangwilai et al., 2011). Tang et al. (2023) found 

that MC in the range of 60-65% is optimal for compost maturity and gaseous emission 

reduction during the composting process. The monitoring data showed that of the MC 

was within the preferable range as most of the values were in the range of 60-70% as 

presented in Figures 4-4 to 4-6.     

 
Fig. 4-4 Moisture content profile for experiment 1 

 

 
Fig. 4-5 Moisture content for experiment 2 
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Fig. 4-6 Moisture content for experiment 3 

 

(c) Aeration Rate 

Two different forced aeration rates of 7.1m3/h and 14.1m3/h (7.5 and 

15m3/h/m3 compost) were used experiment 1&3, respectively, while natural aeration 

was utilized for experiment 2. Intermittent forced-aeration was used (air blower 

operation for 4.6 minute/36 minute for experiment 1, and 15.4 minutes/h for 

experiment 3) because intermittent aeration has proven more efficient to achieve 

higher peak temperature and lower moisture loss than continuous aeration (Then et al., 

2021), reduce heat loss (Shimizu, 2018), and reduce greenhouse gas emissions (Jiang 

et al., 2015). The forced aeration rates didn’t show significant effect on the composting 

process as the process duration from the start and up to cooling to the ambient 

temperature ±3°C was 39 days for experiment 1 and 43 days for experiment 3. 

However, the natural aeration in experiment 2 associated with warm weather 

temperature was efficient to complete the composting process within 31 days. This 

indicates that natural aeration is efficient for composting under tropical climate like 

India. Vilela et al. (2022) conducted enhanced aeration static composting of organic 

refuse obtained from slaughterhouse in Brazil (under climatic conditions of 

characterized by dry winter and hot-humid summer climate) and found that forced 

aeration didn’t affect the decomposition process. Along the composting process, the 

oxygen concentration was monitored to ensure adequacy of the aeration rate. The 

results revealed that the oxygen concentration was in the range of 6.1-14.5% for 

experiment 1 and 5.7-13.4% for experiment 3 as presented in Fig. 4-7 and Fig.4-8. 
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Fig. 4-7 Oxygen concentration during the composting process for experiment 1 

 

Fig. 4-8 Oxygen concentration for experiment 3 during the  composting process 
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different covered and outdoor compost systems. A 60% volume reduction was reported 

by Baron et al. (2019).  

 
Fig. 4-9 Volume reduction for experiment 1 

 

 
Fig. 4-10 Volume reduction for experiment 2 
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Fig. 4-11 Volume reduction for experiment 3 

 

(e) Gaseous Emissions 

Gaseous emissions including Methane (CH4), Carbon Dioxide (CO2), and 

Hydrogen Sulfide (H2S), were monitored throughout the composting process of 

experiment 1&3 as presented in Figures 4-12 and 4-13. The purpose was to ensure 
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The results showed that the emissions of these gases were in the range of 

2.4-5.2% CH4, 0.1-13.2% CO2, and 0-4ppm H2S for experiment 1, and 2-4% CH4, 0.5-

8.1 CO2, and 0-5ppm H2S for experiment 3. Czekała et al. (2022) conducted a study 

to measure gaseous emissions during a forced-aeration composting process and found 

that the H2S concentration was in the rage of 0-57ppm, the CO2 concentration in the 

range of 1-18%, and no CH4 was detected. Dume et al. (2021) conducted a study on 

composting of sewage sludge mixed with straw pellets and concluded that the total 

CH4 emissions was 0.34-1.69% and CO2 released was 2.3-8.65.  previous research on 

lab scale forced-aerated co-composting of sewage sludge, leaves, rice straw with 

different ratio of mixing showed H2S release in the range of 45-63ppm (Sun et al., 

2022). The highest values of CO2 and H2S release occurred during the thermophilic 

phase due to the high decomposition rate, which is in agreement with some previous 

studies (Sun et al., 2022; Yasmin et al., 2022; Dume et al., 2021). Both CO2 and H2S 

tend to decrease with the progress of the composting process, while the there was no 

much change in CH4 emissions.  

        

Fig. 4-12 Gaseous emissions during experiment 1 
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Fig. 4-13 Gaseous emissions during experiment 3 

 

(f) Composting Time 

The composting time can be defined as the total time from the starting date of the 

composting process up to the end date when the compost temperature declines to the 

ambient temperature ±3°C. The results showed that the composting time in the three 

experiments was 39, 31, and 43 days respectively. The shortest time was recorded for 

experiment 2 (India experiment), which can be attributed to the climate conditions in 

Delhi that is classified by hot and high humidity during the period of the experiment 

(June – July). The max temperature during the experiment time was in the range of 31-

42°C and the min was in the range of 21-30°C. The time of composting for the other 
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experiment 3, with no much difference although there was a difference in the forced 
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mixed with corn stalks in aerated cylinder was observed to complete with 37 days (Guo 

et al., 2012). Yin et al. (2024) summarized the factors that influence rapid composting 

and plaid important role in speeding up the composting process and affect the 

composting duration as well, which include, raw materials, reactors, temperature, and 

microorganisms. 
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4.1.2 Compost End-Quality Monitoring 

(a) Physio-chemical Parameters 

pH: it recorded 7.98, 8.19, and 8.28 for experiments 1,2 &3, respectively, which meet 

the Palestinian standards (PSI) and do not meet Indian standards as per the Fertilizer 

Control Order (FCO). Almost similar values were reported by Al-Sari’ et al. (2018) 

who conducted a study on the compost quality available in the Palestinian market and 

reported pH values in the range of 6.56-8.88 for several compost samples. Al-Sari 

(2019) also reported pH values in the range of 8.74-10.03 for four compost 

experiments conducted in Palestine. Silva et al. (2024) conducted three pile 

composting experiments on agroforestry waste, agroforestry waste amended by 

sewage sludge, and agroforestry waste but without pile management and found that 

the pH values 7.92, 7.97, 5.78, respectively. The pH value from six pile composting 

experiments is reported in the range of 8.1-8.7 (Álvarez-Alonso et al. (2024). Other 

studies reported final pH values in the range of 6.6-7.3 (El‑mrini et al., 2022). 

Electric Conductivity (EC): EC is a measure of the ability of the compost to conduct 

the electric current based on the concentration of the soluble salts in the compost and 

an indication of the salinity level. High level of salt in compost reduces the agricultural 

productivity because the root cannot extract a sufficient quantity of water from the soil 

amended by compost with high salt concentration (Rashwan, et al., 2021). However, 

compost with high level of salts is rich in nutrient and beneficial to the plants if added 

in low rate (Sullivan et al., 2018) depending on the soil characteristics. The EC values 

recorded 5.04, 9.76, and 1.8ds/m for experiments 1,2&3, respectively. Both Indian and 

Palestinian standards require EC values equal or less than 4ds/m for normal 

application. However, in accordance with the PSI, compost with EC values greater 

than 4ds/m can be applied at depth ≥ 20cm from the soil surface with specific quantities 

per area of land depending on the sensitivity of the crop to salinity. From the results, 

only experiment 3 meets the PSI and FCO for normal application. An assessment of 

compost quality in the Palestinian market founded the EC values in the range of 2.4-

15.8ds/m for several tested samples (Al-Sari et al., 2018). Álvarez-Alonso et al. (2024) 

reported Ec values in the range of 3.2-7.4 dS/m. 

Organic matter (OM): test results showed that the OM content was 38.47, 58.01, and 

67.0% for experiments 1,2&3, respectively. The PSI specifies a limit of ≥35% for 

gardening and ≥25% for agricultural purposes, while there is no limit specified by 

FCO, therefore, the results of the three experiments meet PSI. Al-Sari et al. (2018) 

reported an OM range of 5.74-56.40% in several matured compost samples obtained 

from different sources in Palestine. OM valued for six composting piles were found in 

the range of 38.6-51.8% (Álvarez-Alonso et al., 2024). 
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Maturity and Stability (C/N, NH4-N/NO3): the final values of C/N and NH4-N/NO3 are 

indicators for compost maturation and stability. The recommended C/N ratio for best 

performance of composting process is within values of 25–30 (Huang et al., 2004), 

and could be 20-35 as reported by Lu et al. (2022). This value declines with the process 

progress to reach less than 20 to indicate compost maturation (Keng et al., 2020; 

Mahapatra, et al., 2022) with indication of good maturity if it declines around 12 

(Bernai, et al., 1998). Sánchez-Monedero (2002) reported that the decline of the C/N 

value throughout the composting process is an indication of the compost stability. 

Similarly, nitrification activity during the composting process reduces NH4 

concentration and increase NO3 concentration (Samal et al., 2018). Therefore, the ratio 

of NH4/NO3 is considered an indication measure for compost maturity which tends to 

decrease after the theomorphic phase (Mahapatra et al., 2022). The results of the 

experiments showed that the C/N ratio declined from 23 at the beginning of the process 

to13 at the end for experiment 1 and from 28 to 12 for experiment 3, while the final 

value for experiment 2 was 10, which indicate that the compost produced by the three 

experiments was stable and mature. These results comply with the FCO standards, 

while the PSI doesn’t specify limit for C/N ratio. The results also showed that the ratio 

of NH4/NO3 was 0.639, 0.105 & 0.017 for experiments 1,2&3. Mahapatra et al. (2022) 

highlighted that the lower the ratio of NH4/NO3 indicates the maturity of the compost. 

Bazrafshan et al. (2016) monitored a composting process and observed the decrease of 

NH4/NO3 ratio. Li et al. (2020) reported final NH4/NO3 values of 1.1, 0.4 and 0.2 for 

livestock manure digestion.  

Macronutrients (Ca, Mg, Na, N, P, K): Calcium (Ca), Magnesium (Mg), and Sodium 

(Na) are essential for the plants as microorganisms utilize it and stimulate assimilation 

of the macronutrients by the plants (Hargreaves, et al. 2008). All of these parameters 

are limitless because they are not specified by either PSI nor FCO. The results showed 

that Ca recorded 15.94, 2.29, and 5.16%; Mg recorded 0.5, 1.17, and 0.95%; Na 

recorded 0.027, 0.019, and 0.44% for experiments 1,2&3. Phosphorous (P) is 

necessary macronutrient for plant growth, essential for photosynthetic, support 

survival of plants in sever winter conditions, and plays an essential role in cell division 

(Zewdie & Reta, 2021). The experiments’ results showed that the P value recorded 

0.43, 0.68, and 2.17% for experiments 1,2&3, respectively. The results of the three 

experiments comply with the PSI, while experiments 2&3 only comply with FCO. 

Potassium (K) is a macronutrient essential for water uptake and transport of nutrients 

under adverse conditions (Jiang et al.,2018). The K results of the three experiments 

were 0.088, 0.103, and 3.37% for experiments 1,2&3, respectively. Only experiment 

3 comply with FCO, while this parameter is not specified by the PSI. 
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(b) Biological Parameters 

A broad variety of microorganisms are engaged in the biodegradation of 

the organic materials throughout the composting process (Wei et al., 2018). Pathogens 

are inactivated during the thermophilic phase due to elevated temperature. Previous 

studies reported that dominant temperature above 50°C for the duration of 7 days is 

capable to destroy pathogens (Shen et al., 2019). Others reported a range of 

temperature values of 55-60°C for at least 3 days is sufficient to inactivate most of 

pathogens (Deportes et al., 1995). Coliform organisms and especially fecal coliforms 

are a measure of fecal contamination. Final compost shall meet fecal coliform standard 

specification before use to avoid health risks. The results showed that the fecal 

coliforms content of the final compost were 28800, 1550, and 20 cfu/g for experiments 

1,2&3 respectively. The highest fecal coliform content was noticed in experiment 1 

because the max temperature recorded in the range of 52.3-54.3°C and lasts for 6 days 

only, and the temperature at the edges could be lower because of static composting. 

For experiment 2, the fecal coliform content is much lower that experiment 1 because 

the max temperature lasts for 12 days above 50°C and 7 days above 60°C which should 

be enough eliminate all pathogens. However, the nature of static composting which 

leave the edges cooler than inside could be the main reason for pathogen survival. The 

side-walls of the compost device are the main contributor to the heat loss and 

temperature drop as well. In a laboratory-scale study, Alkoaik et al. (2018) used a 

reactor insulated walls by 25 mm-thick glass wool blanket and reported that the reactor 

side-walls contribute by 28% of the total heat loss along the composting process. Other 

study reported 30-90% of the total heat generated from the composting process can be 

lost through the bioreactor side-walls depending on the effectiveness of the insulation 

(Ghaly et al., 2006). The lowest fecal coliform content was observed for experiment 

3, which was also much lower than experiment 2, can be ascribed to the fact that the 

weather temperature during the composting process, which could rise the temperature 

of the compost device. In addition, the aeration rate was higher than that of experiment 

1 which could be efficient to reach the edges and increased the temperature. None of 

the experiments comply with FCO, but met the PSI, where experiments 1&2 comply 

with the PSI type 2 and experiment 3 with type 1 compost, as presented in Table 4-2. 

Previous studies reported existence of pathogenic microbes in finished compost 

(Epelde et al., 2018).  Álvarez-Alonso et al. (2024) reported Total coliform in the range 

of <3-2400 for six composting experiments consisted of organic refuse obtained from 

municipal solid SW and mixed with urban pruning and donkey’s manure.  

(c) Heavy Metals 

Heavy metals group included in this study are Lead (Pb), Chrome (Cr), 

Nickle (Ni), Cadmium (Cd), and Zinc (Zn). Although these metals play significant role 

in the life of organisms and biosphere functioning, it is very toxic if its concentration 

exceeds the max permissible limits (Antonenko et al., 2022). Compost is an interesting 
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solution to reduce the effect of heavy metals in agricultural soil (Medy´nska-Juraszek 

et al., 2020) because it binds with it forming complex compounds and reduce its 

availability for absorption by crops and plants (Antonenko et al., 2022). Nevertheless, 

compost with high heavy metals concentration can lead to heavy metals accumulation 

in the plants and threaten the human health (Liu et al., 2019). The risk of heavy metals 

if existed in compost is its bioaccumulation when it is used as a fertilizer and entering 

the food chain through plants uptake thus affecting the food quality and causing 

adverse health risks to the consumers (Mohee & Soobhany, 2014, Papafilippaki, et al., 

2015). It can be uptake and accumulated in the plants even when exist at low 

concentration in the soil (Jolly et al., 2013). The portion of heavy metals content in 

compost varies and depend on the quality of raw materials input (Amlinger et al., 2004; 

Swati & Hait, 2017), aerial deposition of heavy metals especially in winter season 

(Cercasov and Wulfmeyer, 2008), and treatment process such as sieving the product 

before delivery which control impurities (Paradelo et al., 2011). Therefore, the heavy 

metal content of compost is very important, which should comply with the standard 

specifications before application to the soil to avoid adverse health effects. 

Test results for the three experiments showed that all heavy metals 

parameters comply with the PSI and FCO as presented in Table 4-2. The results 

showed that Zn>Ni>Pb>Cr>Cd for experiments 1&2, while for experiment 3 

Ni>Cr>Pb>Cd>Zn. The range values of the recorded results for all experiments were 

Pb (2.2-10.14), Cr (9.27-12.71), Ni (18.86-23.9), Cd (0.5-1.0), and Zn (0.38-79.51) 

mg/kg. Bożym (2017) conducted a study on heavy metals content in home composting 

of vegetable, fruit, leaves, and branches waste and found that the range values of Cd 

(0.2-0.7), Pb (17.3-28.5), Zn (144-388), Cr (7.8-25.6), and Ni (12.8-34.5) mg/kg. An 

assessment of compost quality in the Palestinian market reported a range values of Pb 

(30.25-48.75), Cr (46.75-81.5), Ni (14.08-24.78), Cd (13.75-23.0), and Zn (288.25-

390.25) mg/kg (Al-Sari et al., 2018). Previous studies in India reported heavy metals 

content in compost in the range values of Zn (82-946), Cd (trace-8.4), Pb (11-647), Ni 

(8.6-190), and Cr (14-401) mg/kg (Saha et al., 2010). A study was conducted on six 

pile composting experiments using organic waste obtained from municipal solid waste 

and mixed with urban pruning and donkey’s manure, found that the heavy metals 

portion content of final compost was in the range of Zn (48.1-109.3), Cr (22.1-54.5), 

Cd (0.35-0.41), Pb (6.6-20.8), and Ni (4.4-18.3) mg/kg (Álvarez-Alonso et al., 2024) 

The results of all quality parameters are presented in Table 4-2 and more 

photos showing the different stages of the experimental process are depicted in Annex-

2. 
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Table 4-2 Physio-chemical parameters test results for the three experiments 

No. Parameter Test Results PSI Limits (a) Indian 

Standard 

Limits 

(FCO)(b) 

Unit Experiment 

1 (Palestine) 

Experiment 

2 (India) 

Experiment 

3 (Palestine) 

1- pH - 7.98 8.19 8.28 5-8.5 6.5-7.5 

2- Electric conductivity 

(EC) 

ds/m  5.04 9.76 1.80 ≤4(c) ≤4 

3- C/N - 13:1 10:1 12:1 - ≤20  

4- Organic matter (OM) (%) 38.47 58.01 67.0 ≥35 for gardening, and 

≥25 for agriculture 

- 

5- Sodium (Na) % 0.027 0.019 0.44 - - 

6- Potassium (K) % 0.088 0.103 3.37 - ≥1 

7- Calcium (Ca) % 15.94 2.29 5.16 - - 

8- Magnesium (M)g % 0.50 1.17 0.95 - - 

9- Nitrate (NO3
-) % 0.18 1.157 0.878 - - 

10- Ammonium (NH4-N) % 0.115 0.121 0.015 - - 

11- Total Nitrogen (NT) % 1.67 3.48 3.29 - ≥0.5 

12- Phosphorus (P) % 0.43 0.68 2.17 ≤200 ≥0.5 

13- Lead (Pb) 

mg/kg 

7.05 10.14 2.20 300 100 

14- Chrome (Cr) 12.71 9.27 11.70 400 50 

15- Nickle (Ni) 22.05 18.86 23.90 90 50 

16- Cadmium (Cd) 1.0 Not detected 0.50 20 5 

17- Zinc (Zn) 41.57 79.51 0.38 2500 1000 

18- Total Organic Carbon 

(TOC) 

% 32.30 33.65 39.40 - ≥16 

19- Fecal Coliform cfu/g 28800 1550 20 1000 (type 1), 2*106 

(type 2) 

Nil  

20- Initial C/N  - 23:1 - 28:1 - - 
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21- NH4/NO3 - 0.639 0.105 0.017 - - 
(a) PSI: Palestinian Standards Institution, Organic Fertilizer (Compost), standard no. PS/2652-2012. 

(b) FCO: The Fertilizer Control Order 1985, updated 2021. Source: Mandal et al. (2014).  
(c) This limit is for compost application at 5cm deep from the soil surface, and limitless for application at 20 cm deep from the soil surface. 
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(d) Fertility and Clean Indices 

Fertilization index (FI) indicate the agricultural value of the compost end 

product as it supplies the plant by the required nutrients. The clean index (CI) is a 

measure to regulate the use of compost based on heavy metals content. Both FI and CI 

are used to grade the compost and its marketability.  

The calculated FI was 4.33, 4.73 and 4.8 for experiments 1,2&3, 

respectively, as presented in Fig 4-14. Although the three experiments showed high 

fertilization index, compost produced from experiment 3 has the higher fertilization 

index, followed by experiment 2, and experiment 1 showed the lowest fertilization 

index. This could be attributed to the type of the feed stock materials (experiment 1 

doesn’t include manure, experiment 2 includes cow dung, and experiment 3 includes 

sheep, goat and poultry fresh manure) beside fruits and vegetable waste and sawdust 

for experiment 1&3, and leaves for experiment 2. FI could be correlated with the 

quality of the input materials (Tibihika et al., 2021), and could be affected by stability 

and maturity stage of the compost (Mukai & Oyanagi, 2021). In accordance with Saha 

et al. (2010) classification, compost produced from the three experiments classifies as 

Grade “A” (FI>3.5).  Saha et al. (2010) calculated a fertilization index for different 

compost samples produced from source-separated, partially separated, and mixed 

municipal waste, and found that the FI in the range from 1.8-4.2, where compost 

produced from source-separated municipal waste showed the highest FI (4.2). 

Previous research in Uganda conducted on compost sample obtained from 12 

composting plants reported FI in the range of 2.1-2.9 (Kabasiita et al., 2022). 

The calculated CI was 4.62, 5.00, and 4.69 for experiments 1,2&3, 

respectively, as depicted in Fig. 4-14. The compost produced by the three experiments 

is classified as grade “A” (CI>4) in accordance with the classification system set by 

Saha et al. (2010). Findings of other research showed that the CI was ranging from 

0.5-5 (Saha et al., 2010), and in the range of 3.8-4.9 (Kabasiita et al., 2022).  

(e) Energy Consumption 

Forced-aeration systems require energy input for air blowers, and therefore 

are considered power consuming systems. Forced-aeration system is used in 

experiment 1&3 to accelerate the composting process. The system is connected 

electricity meter type GREEN complying with the European standards EN 62053-21 

to measure the measure the electricity consumed during the composting process. The 

data showed that electricity consumption was 16.0KWh for experiment 1, and 

32.2KWh for experiment 3. Considering the industrial electricity tariff of USD 0.20 

(NIS 0.7137), the cost of 0.94m3 of compost equals to USD 3.2 of fresh waste in 

experiment 1, and USD 6.44 for experiment 3, which is equal to USD 3.4/m3 and USD 

6.85/m3 for experiments 1&3, respectively. However, there is no much data reported 

for energy consumption in aerated compost systems, and the few available data is 
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relatively old. For example, Eades et al. (2010) conducted a research on in-vessel 

rotating drum and estimated the electricity consumption by the air handling system at 

167KWh/ton of waste. Levis and Barlaz (2013) reported electricity consumption for 

aeration and rotation of 30.2KWh/ton of waste for in-vessel composting system. 

 

Fig. 4-14: Fertility and clean indices 

 

4.2 The Role of Compost in the Circular Economy 

Based on the objectives of the present study, the results have been 

classified into two scenarios - use of compost in agriculture, and use of compost as 

landfill cover, as given below. 

4.2.1 Scenario 1: Use of Compost in Agriculture 

a) Compost Production and Selling Revenues 

The organic waste generation is about 118,948.29 tons in 2021 and will 

reach 224,856.78 tons in 2035. It has been assumed that the organic waste generated 

will yield 25% compost, so the compost production is in the range of 29,737 - 56,214 

tons for 2021 to 2035. The operation and maintenance (O&M) cost of the compost 

facility is assumed to be 60% of the compost selling considering the low prices of 

compost. Other researchers assumed the O&M cost to be 30% of the returns from 

compost selling prices for operating and maintaining a compost facility only (Rashid 

and Shahzad, 2021). However, the revenues generated from compost selling are in the 

range of USD 392,529 - 742,027 from 2021 to 2035. Table 4-3 presents the revenues 

in each year. 
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Table 4-3: Compost production and revenues during the period 2021-2035    

Year 
Waste 

Quantity (ton) 

Compost 

(ton) 

Selling Value 

(USD) 

O&M Cost 

(USD) 

Revenue 

(USD) 

2021 118,948  29,737  981,323  588,794 392,529  

2022 126,513  31,628 1,043,734  626,240  417,494 

2023 134,078 33,520  1,106,144  663,687  442,457  

2024 141,643  35,411  1,168,555  701,133  467,422  

2025 149,208  37,302  1,230,965  738,579  492,386  

2026 156,773  39,193  1,293,375  776,025  517,350  

2027 164,338 41,084  1,355,786  813,471  542,314  

2028 171,903 42,976 1,418,196  850,918  567,278  

2029 179,467  44,867  1,480,606  888,364  592,243  

2030 187,032  46,758  1,543,017  925,810  617,207  

2031 194,597  48,649  1,605,427  963,256  642,171 

2032 202,162 50,541  1,667,837  1,000,702  667,135  

2033 209,727  52,432  1,730,248  1,038,149 692,099  

2034 217,292  54,323  1,792,658  1,075,595  717,063  

2035 224,857  56,214  1,855,069  1,113,041  742,027 

(OM cost is assumed 60% of the returns from compost selling) 

 

b) Potential Replacement of Chemical Fertilizers and Monetary Saving 

Compost can be used for agricultural purposes, and once it is produced and 

used, it enters the cycle of circular economy. The available chemical fertilizers in 

Palestine and mostly used in agriculture are Ammonium Sulphate (AS), Triple Super 

Phosphate (TSP), and Potassium Phosphate (SOP). Due to the restricted access to high 

quality chemical fertilizers by the Occupation, the Ministry of Agriculture (MoA) 

encourages the production of compost to alleviate the problem and compensate for the 

shortage of high quality fertilizers in Palestine (MoA, 2011). The results of 

calculations showed that 17,842 tons of compost can replace 794 tons of AS, 91 tons 

of TSP, and 29 tons of SOP in 2021, and 33,729 tons of compost can replace 1,502 

tons of AS, 172 tons of TSP, and 54 tons of SOP in 2035 as shown in Fig. 4-15 and 

Table 4-4.   
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Fig. 4-15. Replacement of Ammonium Sulphate (AS), Triple Super Phosphate (TSP) 

and Potassium Phosphate (SOP) by compost 

Table 4-4: Replacement of AS, TSP and SOP by compost 

Year Compost 

(ton) 

Compost 

DM (ton) 

N, P, K in Compost (ton) AS, TSP, SOP Replaced (ton) 

 N P K AS TSP SOP 

2021 29,737 17,842 167 42 57 794 91 29 

2022 31,628 18,977 177 45 61 845 97 30 

2023 33,520 20,112 188 47 64 895 103 32 

2024 35,411 21,246 199 50 68 946 109 34 

2025 37,302 22,381 209 53 72 996 114 36 

2026 39,193 23,516 220 55 75 1,047 120 38 

2027 41,084 24,651 230 58 79 1,098 126 39 

2028 42,976 25,785 241 61 83 1,148 132 41 

2029 44,867 26,920 252 63 86 1,199 138 43 

2030 46,758 28,055 262 66 90 1,249 143 45 

2031 48,649 29,190 273 69 93 1,300 149 47 

2032 50,541 30,324 284 71 97 1,350 155 49 

2033 52,432 31,459 294 74 101 1,401 161 50 

2034 54,323 32,594 305 77 104 1,451 167 52 

2035 56,214 33,729 315 79 108 1,502 172 54 

(DM: dry matter; compost contains 40% moisture content, 21.02% carbon, 0.935% N, 0.235% 

P, and 0.32% K. Alternative source of carbon such as humic acid used is “Iperen Humic 12+3 

liquid” contains 7.3% carbon; Ammonium Phosphate contains 21% N; TSP contains 46% P, 

and SOP contains 50% K).  
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Rashid and Shahzad (2021) conducted a study on compost economic 

benefits in the Kingdom of Saudi Arabia (KSA) using commercial fertilizers in the 

KSA and found that 0.23 Mt of compost produced from organic food waste of Makkah 

city is enough to replace 2.8, 0.7, and 0.9 kt of Urea, diammonium phosphate (DAP), 

and sulphate of potash. In addition, compost is rich in carbon (C) and is considered as 

supplementary source of C to the soil which can improve the organic content of the 

soil, improve the structure of the agricultural soil, and extend moisture retention time 

in the soil. This study showed that the same above-mentioned quantity of compost that 

replaced AS, TSP and SOP can provide the soil with 3,750 tons of C which in turn can 

replace 51,376 tons of alternative fertilizers of humic acid (commercially used is 

Iperen Humic 12+3 liquid which contains 7.3% C) in 2021. The replacement increases 

with time as the compost quantity increases based on the waste generation. The 

projection of replacement showed that 33,729 tons of compost can enrich the soil with 

7,090 tons of C which can replace 97,120 tons of “Iperen Humic 12+3 liquid” in 2035 

as presented in Table 4-5. Rashid and Shahzad (2021) found that 28.9kt and 50.4kt of 

C from compost quantity 0.23Mt and 0.40Mt can replace 119.4kt and 208.8kt of humic 

acid in 2015 and 2030 respectively. 

Table 4-5: Compost soil enrichment with C and replacement of alternative fertilizers 

Year 
Compost 

(ton) 
Compost DM (ton) 

C-

Enrichment 

(tons) 

Alternative 

Source (tons) 

2021 29,737 17,842 3,750 51,376 

2022 31,628 18,977 3,989 54,643 

2023 33,520 20,112 4,228 57,911 

2024 35,411 21,246 4,466 61,178 

2025 37,302 22,381 4,705 64,446 

2026 39,193 23,516 4,943 67,713 

2027 41,084 24,651 5,182 70,980 

2028 42,976 25,785 5,420 74,248 

2029 44,867 26,920 5,659 77,515 

2030 46,758 28,055 5,897 80,783 

2031 48,649 29,190 6,136 84,050 

2032 50,541 30,324 6,374 87,317 

2033 52,432 31,459 6,613 90,585 

2034 54,323 32,594 6,851 93,852 

2035 56,214 33,729 7,090 97,120 
Notes: Compost contains 40% moisture and 21.02% carbon, alternative source of carbon such 

as humic acid used is “Iperen Humic 12+3 liquid” which contains 7.3% carbon; Ammonium 

Phosphate contains 21% N; TSP contains 46% P, and SOP contains 50% K. 

Moreover, compost build up organic matter which confers long-term 

nutrient release (approximate for six years) according to Allievi et al. (1993), which is 

challenging to estimate. Taking this long term effect of compost on the soil, the value-
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added replacement of chemical fertilizers by compost would be greater along the 

subsequent years (Jaza Folefack, 2009). 

The monetary value of the saving from replacement of the chemical 

fertilizers is depicted in Fig. 4-16. The estimated results show that the saving generated 

is USD 993,005.80, USD 128,157.73, and USD 42,821.38 from AS, TSP, and SOP, 

respectively in 2021. The saving rises as the quantity of compost increase with time 

based on the population growth and reached USD 1,877,152.60 from AS USD 

242,266.07 from TSP, and USD 80,948.44 from SOP in 2035. In addition, the 

estimated saving from replacing “Iperen Humic 12+3 liquid”, the source of C, is USD 

192.7 million in 2021 and USD 364.2 million in 2035. The total estimation of C, N, P, 

and K replacement saving of “Iperen Humic 12+3 liquid”, AS, TSP and SOP by 

compost is USD 193.8 million and USD 366.4 million in 2021 and 2035, respectively.    

 
Fig.4-16. Saving from replacement of chemical fertilizers by compost in Palestine 

Notes: AS price USD 1,250.0/ton; TSP price is USD 1,406.0/ton; SOP price is USD 

1,500.0/ton; and “Iperen Humic 12+3 liquid” source of C price is USD 3,750.0/ton (Source: 

SBTAC, 2021)  

c) Reduction in Methane Emission and Monetary Saving 

Reduction in methane emission is considered as environmental indicator 

of the circular economy. The organic waste that is sent to the landfill in the business 

as usual scenario can degrade under anaerobic conditions in the landfill releasing 

methane gas. In the proposed scenario, it will be composted and methane emissions 

will be prevented. The calculated results show that the methane emissions reduction is 

165 tons, which is equal to 4,122 tons CO2 reduction in 2022 while the LandGEM 
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doesn’t provide estimates in the first year (2021) and provides estimates next year from 

the start. By the year 2035, the methane emission reduction will reach 2,493 tons that 

is equivalent to 62,324 of CO2 which is prevented from release to the atmosphere, 

thereby reducing the potential global warming and mitigating the climate change. In a 

similar study, Rashid and Shahzad (2021) found that composting of food waste can 

reduce CO2eq emissions by 1.09Mt and 1.9Mt in 2015 and 2030 respectively. The 

monetary value of this reduction according to the CDM is presented in Table 4-6.   

 Table 4-6: Saving from CDM and dumping fees 

Year CH4 (ton) 
GWP CO2 

eq (tons) 

Saving from 

CDM (USD) 

Dumping 

Fees (USD) 

Total 

Saving 

(USD) 

2021 0 0    0     282,502  282,502  

2022 165 4,122  95,640  300,469  396,109  

2023 332 8,306  192,699 318,435  511,134  

2024 502 12,548  291,106  336,402  627,508  

2025 674 16,845  390,796  354,369  745,165  

2026 848 21,194  491,708  372,335 864,043  

2027 1,024 25,594  593,780  390,302  984,082  

2028 1,202 30,041  696,956  408,269  1,105,225  

2029 1,381 34,534  801,183  426,235  1,227,418  

2030 1,563 39,069  906,410  444,202  1,350,612  

2031 1,746 43,646  1,012,587  462,168  1,474,755  

2032 1,931 48,262  1,119,668  480,135  1,599,803  

2033 2,117 52,914  1,227,609  498,102  1,725,711  

2034 2,304 57,602  1,336,369  516,068  1,852,437  

2035 2,493 62,324  1,445,907  534,035 1,979,942  

   Notes: GWP of CH4 = 25 CO2; CO2 saving price = USD 23.2/ton; Dumping fees = 

USD 9.5/ton 

 

d) Saving from Dumping Fees 

The tipping fee of municipal waste at the regional landfill is USD 9.5/ton 

(NIS 30/ton). As the organic waste will be diverted from the waste stream, this fees 

will not be paid and is considered as saving. The calculations presented in Table 4-6 

showed that the saving in 2021 from the dumping fees is USD 282,502. However, this 

saving will reach USD 534,035 in 2035. Similar to the present study, Rashid and 

Shahzad (2021) reported that composting of food waste can achieve saving in the 

tipping fees of 524.25 and 914.19 million Saudi Riyal in 2015 and 2030 respectively. 

e) Environmental Saving 

Saving achieved from the tipping fees (dumping fees) and from the 

reduction of methane emissions according to the CDM is considered as environmental 

saving, and also is one of the indicators that best reflect the role of composting organic 
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waste in the circular economy. The calculations presented in Table 5-6 show that the 

environmental saving (total saving) is USD 282,502.19 and USD 1,979,941.67 in 2021 

and 2035, respectively. 

f) Landfill Space Saving 

Diverting the organic fraction from the municipal solid waste stream and 

its composting is an alternative environmental option to waste landfilling. 

Accordingly, the space of the landfill saved from organic waste diversion can be used 

for disposal of other waste stream and, accordingly, increase the landfill lifespan and 

reduce the costs required for expanding the landfill or construction of new landfill. As 

these costs are drawn from the budget, then saving the landfill space can reduce 

expenditure and support the treasury as well, which is considered as an indicator of the 

circular economy. 

The landfill space construction cost USD 2.65/m3 (JSC-H&B, 2011), 

which equals to USD 2.84/tons of waste considering the density of the waste after 

compaction at the landfill 0.93 (ALPC, 2016). The calculation results of the landfill 

space saving are USD 337,813 in 2021 and USD 638,593 in 2035 as presented in Fig. 

5-17.  

    
Fig.4-17. Saving with respect to reduced space requirement for landfilling 

  

g) Net Revenues 

The net revenue generation from municipal organic waste composting and 

replacement of chemical fertilizers by compost is calculated by adding the revenues 

generated from using the compost, the environmental saving through reduction of 

methane gas, saving the tipping fees to the landfill, and the saving achieved from 

fertilizer replacement as presented in Fig. 4-18. It has been estimated that sustainable 

composting system can add net revenue of USD 194.8 million to the national economy 
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in 2021 and USD 369.8 million in 2035. Saving from replacement of chemical 

fertilizers is relatively high because the prices of chemical fertilizers in Palestine are 

very high compared to other countries where there is free access to fertilizers and the 

governments support the agricultural sector with fertilizers of viable prices. For 

example, the price of alternative (C) source in Saudi Arabia is 562.5 SAR/ton (Rashid 

and Shahzad, 2021) which is equal to USD 150/ton as per the exchange rate of USD = 

3.75 SAR (Exchange Rates, 2022), whereas the price in Palestine is USD 3,750.0/ton. 

The restrictions on imports of chemical fertilizers imposed by the Israeli occupation 

are the main reason for the high prices because this restriction creates shortage of 

fertilizers in the market, which in turn result in the prices to rise.            

 
Fig.4-18. Net revenues generated from compost selling, environmental saving, 

fertilizer replacement saving and landfill space saving 

Note: Fertilizers saving = saving from (AS + TSP + SOP + Iperen Humic 12+3 liquid” source 

of C), which has a value closer to the net revenue because the environmental saving and 

compost selling is relatively small, therefore the lines of net revenue and the fertilizers saving 

are almost attached on the Fig.   

4.2.2 Scenario 2: Use of Compost as Landfill Cover 

Beside the agricultural uses of compost, it can also use as daily and 

intermediate landfill cover, thus saving the cost of the filling materials that used on 

daily basis in the business as usual scenario. Landfill daily cover is essential because 

it prevents spread of flies, mosquitoes and insects, and reduces odor emission. At the 

regional landfill in the study area, about 600 tons of filling materials consisted of 

crushed stone, marl, sand and clay is used to cover the daily cell and working face. 

The price of the cover materials is USD 4.0 (NIS 13.0) per ton of cover material (JSC-

H&B, 2021). Accordingly, the cost of this quantity is USD 2,400.0/day. The landfill 
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is open for 12 hours per day and all days of the year. The annual estimated cost of the 

cover materials is USD 876,000.0 and USD 13.14 million during the 15 years starting 

from 2021 and up to 2035. These amounts can be saved if the compost is used as an 

alternative cover. Saving this amount is supporting the circular economy concept 

principles as the waste is recycled and returns to the material cycle and achieves 

financial profits. 

4.3 Attitude Towards Organic Solid Waste Composting 

4.3.1 Description of the LAs 

It has been found that 56.5% of the LAs (48 LAs) are located in the Hebron 

governorate and 43.5% (37 LAs) are located in Bethlehem governorates. The largest 

portion is the VCs which represent 51.8% (44 VCs), followed by the municipalities 

which represents 42.4% (36 municipality), and then the joint services councils (JSCs) 

including the JSC-SWM and JCSPD which represent 5.9% (5 JSC-SWM and JCSPD) 

of the total LAs in the study area. Although the number of VCs is larger than the 

municipalities and the JSCs, the number of population served by the municipalities 

and the JSCs is larger than that served by the VCs as it depicted in Fig. 4-19. However, 

2.4% of the municipalities (2 municipalities) are classified “A”, 20.0% (17 

municipality) are classified “B”, and 22.4% (19 municipality) are classified “C”, while 

there are no official classifications of VCs, JSCs-SWM and JCSPDs which represents 

55.3% (47 JSC-SWM & JCSPD) of the total LAs. The MoLG classifies the local 

authorities (municipalities only) into four groups, group “A”, group “B”, group “C” 

and group “D”. This classification system is based on local government minister 

decision no. 20/4/1998. In accordance with the decision, large municipalities that are 

considered as central of governorates are classified as group “A”, municipalities that 

were established before the Palestinian Authority rolled over the West Bank and Gaza 

and with a population more than 15,000 are classified as group “B”, municipalities of 

population more than 5,000 and less than 15,000 are classified as group “C”, and 

municipalities of population less than 5,000 are classifies as group “D” (MoLG, 2005). 

The classification system doesn’t provide any other information about the purpose of 

the classification, and the link between responsibilities and classification.  

 LAs are the service providers for street sweeping, waste collection, and 

disposal. The LAs in cooperation with the MoLG have established the JSCs-SWM and 

JCSPDs to optimize the SW collection and disposal. The JCSPDs were established in 

the rural areas where several villages cooperated to establish these councils for the 

purpose of optimizing the services provided, while the JSCs-SWM were established 

on the governorate level to handle the SW collection, transfer and disposal services. 

But, the councils are not fully functioning in all of the governorates because 

contracting the service is optional, and therefore there are still a number of local 

authorities providing the SWM service. However, it has been found that 21.2% of the 

LAs (18 LAs) are fully providing the SW collection service, 15.3% of them are 
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providing the collection service in part (13 LAs), and 63.5% are not providing the 

collection service (54 LAs). LAs providing the SW collection service in part don’t 

have enough refuse collection vehicles to handle all the waste stream, therefore, it 

contracts part of the service to the JSC-SWM. However, LAs not providing the 

collection service are normally small-sized and mostly VCs which don’t have the 

capacity to carry out the collection service. Therefore, these LAs contract the SW 

collection service to the JCSPD or to the JSC-SWM or to nearby municipality. Figure 

2 presents the service provider for the LAs which are partial or not providing the waste 

collection service. It has been found that the JSC-SWM for Bethlehem governorate is 

providing the service for 42.4% of the LAs, JCSPD for Dura rural areas (Hebron 

governorate) is providing the service to 22.7%, the JSC-SWM for Hebron governorate 

is providing the service for (10.6%) and the remaining is conducted by the JCSPD for 

Yatta rural areas, nearby municipality, and shared between the LA and the JSC-SWM 

in the area. 

 
Fig. 4-19 Number of the LAs against the population served by waste management 

system in the study area 

 

The LAs excluded from data collection via the questionnaire are 9 small-

sized VCs. These are located in remote areas, no waste collection service, and the 

residents have livestock breeding as a main source of income. The current and common 

organic SWM practice being followed is to use the food waste as animal feed. Di Maria 

et al. (2018) have also suggested the promotion of animal feeding recycling activities 

in the absence of adequate funding programs for organic MSW in the West Bank of 

Palestine. Animal feed is one of the food waste management option according to a 

study conducted by the German International Cooperation – GIZ as well (GIZ, 2020).  
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4.3.2 Cost-related Issues of Municipal SWM 

SW collection and disposal cost differs from one LA to another depending 

waste quantity generated, the number of refuse collection vehicles, and the number of 

workers. This is dependent on the population and the size of the LA as well. This 

section highlights the cost of SW collection and disposal and the elements that could 

influence the costs. The results reveal that the monthly waste collection cost is less 

than or equal to NIS 10,000.0 for 43.8% of the LAs which are of small size (i.e the 

VCs). The monthly waste collection cost is between NIS 10,000.0 and 300,000.0 for 

majority of the LAs (51.4%), while the cost exceeds NIS 300,000.0 for few LAs 

(5.0%) as presented in Table 4-7. However, the monthly disposal cost for the majority 

(59.3%) of the LAs is less or equal NIS 5,000.0, while the disposal cost is between 

NIS 5,000.0 and NIS 30,000.0 for 30.8% of the LAs. Few LAs (9.9%) exceed the cost 

of NIS 30,000.0 as disposal cost. As the organic waste fraction is the highest, the 

highest portion of the SW collection and disposal costs is attributed to the organic 

waste fraction. However, following other options in organic waste management such 

as composting could, to the large extent, reduce these costs by 40%. 

Table 4-7 Monthly cost of SW collection and disposal against number of LAs in the 

study area 

Monthly cost of SW 

collection (NIS) 
No. (%) 

Monthly cost of SW 

disposal (NIS) 
No. (%) 

Less or equal 10,000.0 35 (43.8) Less or equal 5,000.0 48 (59.3) 

10,001 - 30,000.0 17 (21.3) 5,001.0 - 10,000.0 10 (12.3) 

30,001 - 80,000.0 14 (17.5) 10,001.0 - 20,000.0 10 (12.3) 

80,001 - 150,000.0 7 (8.8) 20,001.0 - 30,000.0 5 (6.2) 

150,001.0 - 300,000.0 3 (3.8) More than 30,000.0 8 (9.9) 

More than 300,000.0 4 (5.0) Total 81 (100.0) 

Total 80 (100.0)     

 

Selected factors of potential influence on SWM are shown in Table 4-8. 

The results showed that 18.5% of the LAs are generating 20 tons or less of SW 

monthly, while 14.8% of them are generating more than 600 tons on monthly basis. 

The majority of LAs (66.7%) are generating 50 – 600 tons of SW per month. For the 

refuse collection vehicles (RCVs), 67.5% of the LAs don’t own RCVs because they 

contracted the service to the JCSPD, JSC-SWM or nearby municipality. Around one 

fourth of the LAs have one to four RCVs, and few of them (7.2%) have five or more 

RCVs. However, more than one third of the LAs don’t have SW workers because of 

small size, such LAs are not conducting street sweeping in rural areas with low density 

of population. LAs that have more than 20 SW workers represent 12.0% part of the 

total LAs in the study area, while 52.9% of them have a number of SW workers in the 

range of 1 – 20.  
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Tariff is an important element in SWM which can ensure the cost recovery 

and support the sustainability of the SWM system. The fee collection rate is another 

important parameter and one of the sustainability pillars in SWM. Community 

willingness to pay the fees to improve SWM system is also a sustainability element 

(Al-Khateeb et al., 2017). The results showed two types of tariff-per household and 

per capita. Majority of the LAs (89.6%) are using household-based tariff. 64.9% of 

them are using tariff of NIS 10 – 20/household, and 24.7% are using tariff of NIS 21 

– 30/household. However, only 10.4% of the LAs are using per capita-based tariff of 

NIS 2 – 3/capita. The fees collection showed that 9.9% of the LAs have collection less 

than or equal to 20%, and 30.9% of them have collection in the range of 81 – 100%, 

and rest of the LAs (60%) in the study area have collection in the range of 21 – 80%. 

In general, the fee collection is relatively low, which can in turn affect the performance 

of the LAs and attitudes toward developing an effective SWM system.      

Table 4-8 Factors of potential effect on SWM at the LAs 

Monthly Waste 

Generation (tons) 
No. (%) RCV No. (%) 

SW 

Workers No. (%) 

Less or equal 20 15 (18.5) None 56 (67.5) None 29 (34.9) 

21 - 50 17 (21.0) One 7 (8.4) 1 - 5 27 (32.5) 

51 - 100 5 (6.2) Two 7 (8.4) 6 - 10 10 (12.0) 

101 - 200 14 (17.3) Three 6 (7.2) 11 - 20 7 (8.4) 

201 - 400 
13 (16.0) Four 1 (1.2) 

More than 

20 
10 (12.0) 

401 - 600 
5 (6.2) 

Five or 

more 
6 (7.2) 

Total 
83 (100) 

More than 600 12 (14.8) Total 83 (100)   

Total 81 (100)     

Tariff System No. (%) Fee Collection (%) No. (%) 

NIS 10 – 20/household 50 (64.9) Less or equal 20 8 (9.9) 

NIS 21 – 30/household 19 (24.7) 21 – 40 15 (18.5) 

NIS 2 - 3/capita 8 (10.4) 41 – 60 21 (25.9) 

  61 – 80 12 (14.8) 

  81 – 100 25 (30.9) 

  Total 81 (100) 

 

4.3.3 Challenges in Organic SW Composting 

Composting of the organic municipal SW fraction can attract LAs because 

it can reduce the transport and disposal costs, and can prolong the life of the landfills 

(Folz, 1991; Muttamara et al., 1994). However, LAs could face constraints and 

challenges, including technical, financial, social, and legal, which can affect their 

decision in selecting the appropriate option. Several challenges were selected in this 

study as presented in Fig. 4-20 and the LAs opinion was assessed against these 

challenges. The results revealed that all the LAs lack proper equipment and machinery 
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to conduct composting; 94.3% of the LAs reported shortage of RCVs to collect SW; 

90.6% of them suffer from lack of financial resources; 86.8% of them lack knowledge 

and experience in composting, and the SW tariff system was built on the cost of SW 

collection and disposal only, and any other associated costs with composting (cost for 

separate bins) were not considered; 75.5% of the LAs consider that SW sorting at the 

source is difficult to apply due to the lack of awareness; 73.6% of them consider a legal 

challenge as the compost is not forced by law; 71.7% provided that there is no 

incentives from the government for composting of organic waste; and 67.9% of them 

suffer from non-availability of proper place to carryout composting. However, other 

challenges listed in Fig. 2 are of less importance in accordance with the LAs as less 

than 50.0% of the LAs highlighted them as challenges. Typical constraints and 

challenges being faced by developing countries which affect the development of 

effective SWM system include lack of financial, human and infrastructure resources 

(Zhu et al., 2008).  

4.3.4 Attitudes toward Municipal Organic SW Composting 

Attitude of LAs towards applying SW separation at the source and 

composting of organic municipal SW are almost similar and low. The results revealed 

that only 36.9% of the LAs (31 LAs) are planning to apply separation at the source 

compared to 63.1% of them (53 LAs) which are not, and only 36.5% of them (31 LAs) 

are planning to compost the organic fraction of municipal SW compared to 63.5% (54 

LAs) which are not planning for that.  

   

4.3.5 Factors Affecting LAs’ Attitude toward Municipal Organic SW 

Composting 

A. Findings of the Bivariate Analysis 

The bivariate analysis is used to identify the relationship between two 

variables only, and test the degree of influence (significant or insignificant) of each 

affecting factor independently. Findings of the bivariate analysis are presented in 

Tables 4-9 to 4-11. The analysis of results of these factors as described follow.  

(a) Financial Factors 

A number of factors were chosen to investigate its influence in shaping the 

LAs’ attitude toward composting of organic waste as presented in Table 4-9. Only one 

factor showed significant relationship with the LAs’ attitude, which is “having 

financial capacity to conduct composting” (with P-value = 0.012). Financial capacity 

is one of the key elements in initiation and successful implementation of any project. 

It has been found that 50.0% of the LAs have financial capacity to conduct composting 

but are not planning compared to 41.7% and 75.5% of them which have limited 
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capacity, and haven’t financial capacity, respectively, and are not planning for 

composting. 

Other financial factors are of less importance because it is not significant 

in shaping the LAs’ attitude toward composting. The debts on the LA is not of 

significant effect (P-value = 0.459), where 66.1% of the LAs having debts are not 

planning for composting compared to 57.1% of them which have no debts. The 

monthly cost of SW disposal factor (P-value = 0.056) hasn’t provided specific 

relationship with the planning for composting. It showed that majority of the LAs 

which pay in the range of NIS 5,000.0 - NIS 30,000.0/month for waste disposal are 

also not planning to for composting. Household tariff factor (P-value = 0.110) showed 

that 84.2% of the LAs which have a tariff system in the range of NIS 21 – 

30/household/month are not planning for composting. Similarly, 60.0% and 50.0% of 

which have tariff system in the range of NIS 10 – 20 and NIS 2 – 3/capita/month, 

respectively, have no plan for composting. The fee collection rate is one of the most 

important element in SWM because it enables the LA to cover the costs associated 

with waste collection, transport and disposal, and the financial capacity of the LA 

increase with the increase of the fee collection rate. User charges and fees are the most 

appropriate revenue source for the LAs which can be amenable to cover the cost of 

services (UN-HABITAT, 2015). The fee collection rate factor (P-value = 0.18) didn’t 

provide clear relationship with the planning for composting. About 62.5% of the LAs 

which have a collection rate of ≤20% haven’t planned for composting, 40.0% of the 

LAs which have fee collection rate in the range of 21 – 40% are not planning for 

composting, and similarly, 57.1% of them which have fee collection rate in the rage of 

61 – 60% and are also not planning for composting. Finally, the factor of receiving 

financial support from the government to develop waste reduction through composting 

(P-value = 0.565) showed that 50.0% of the LAs which “sometimes” received 

financial support from the government are not planning for composting compared to 

64.2% of them which haven’t received any financial support from the government. Al-

Khatib et al. (2010) reported that support from the government budget is limited, which 

limit the opportunities for development of SWM system. 
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Fig. 4-20 Challenges faced by LAs in organic municipal SW management and composting 
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(b) Environmental Factors 

Perception of the “impact on the environment” could be one of the driving 

forces behind positive attitude toward organic SW composting. Two variables were 

set to measure the effect of the environmental factors on the LAs’ attitude toward SW 

composting as presented in Table 4-9. The data analysis revealed that none of the 

factors is significant in shaping the LAs’ attitude. About 61.3% of the LAs which 

perceive that compost can contribute in reduction of the environmental pollution (P-

value = 0.117) haven’t planned for composting compared to 100.0% of the LAs which 

lack this perception. In addition, 61.1% of the LAs which have the perception of 

compost contribution to SW reduction (P-value = 0.197) haven’t planned for 

composting against 71.4% and 100.0% of the LAs which don’t know and haven’t 

perceived this, respectively, have also not planned for organic SW composting. As 

reported by Aini et al. (2002), the attitude of SW recycling, including organic SW 

recycling through composting was found positively affected by the level of knowledge 

of environmental conservation and environmental awareness.  

Table 4-9 Economic and environmental factors and their role in determining attitude 

of LAs towards composting of organic SW in the study area 

Variable Description Planning to compost 

organic fraction of 

MSW 

Significance 

(P-Value) 

Yes 

No. (%) 

NO 

No. (%) 

Financial factors    

Debts on the local authority    0.459 

Yes 21 (33.9) 41 (66.1) 

NO 9 (42.9) 12 (57.1) 

    

Monthly cost of SW disposal (NIS)   0.056 

≤ 5,000.0 20 (41.7) 28 (58.3)  

5,001.0 – 10,000.0 4 (40.0) 6 (60.0)  

10,001 – 20,000.0 0 (0.0) 10 (100.0)  

20,001 – 30,000.0 1 (20.0) 4 (80.0)  

˃ 30,000.0 5 (62.5) 3 (37.5)  

    

Household tariff (NIS)   0.110 

10 – 20/ household/month 20 (40.0) 30 (60.0)  

21 – 30/ household/month 3 (15.8) 16 (84.2)  

2 – 3/ capita/month 4 (50.0) 4 (50.0)  

    

Fee collection rate    0.180 

≤ 20% 3 (37.5) 5 (62.5)  

21 – 40% 9 (60.0) 6 (40.0)  

41 – 60% 9 (42.9) 12 (57.1)  

61 – 80% 3 (25.0) 9 (75.0)  
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81 – 100% 6 (24.0) 19 (76.0)  

    

Having financial capacity to conduct 

composting 

   

Yes 4 (50.0) 4 (50.0) 0.012* 

Yes, but limited capacity 14 (58.3) 10 (41.7)  

NO 13 (24.5) 40 (75.5)  

    

Receiving financial support from the 

government to develop SWM such as 

waste reduction through composting 

   

Yes 0 (0.0) 0 (0.0) 0.565 

Sometimes 2 (50.0) 2 (50.0)  

NO 29 (35.8) 52 (64.2)  

    

Environmental Factors    

Perception of compost contribution to 

reduce environmental pollution 

  0.117 

Yes 31 (38.8) 49 (61.3)  

NO 0 (0.0) 4 (100.0)  

    

Perception of compost contribution to 

reduce SW generation 

  0.197 

Yes 28 (38.9) 44 (61.1)  

Don’t know 2 (28.6) 5 (71.4)  

NO 0 (0.0) 5 (100.0)  

*Significant at P≤0.05  

     

(c) Resources (Technical and Technological) 

The data analysis showed that 5 out of 7 factors are found significant in 

shaping the attitude of LAs towards composting of the MSW as presented in Table 4-

10. All of the LAs which have proper machinery to conduct composting (P-value = 

0.007) are planning for waste composting compared to 66.7% of them which don’t 

have proper machinery and haven’t planned for composting. In addition, 100.0% of 

the LAs which have enough RCVs to collect SW fractions separately (P-value = 

0.006) are planning for composting compared to 67.5% of them with limited number 

of RCVs not planning for composting. Lalitha and Fernando (2019) reported that most 

of the LAs lack sufficient number of waste collection vehicles and the available 

vehicles are old and broken. The factor of “having appropriate area of land to be used 

for composting” such as construction of composting plant (P-value = 0.001) showed 

that 42.9% of the LAs that owned appropriate land area have no plan for composting 

compared to 78.0% of them which have no appropriate area of land. Limitation of land 

was found to be a major issue being faced by the LAs for composting (Lalitha and 
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Fernando, 2019). Moreover, 42.3% of the LAs that are familiar with composting 

system (P-value = 0.007) are not planning for compost of organic waste compared to 

72.9% of them which are not familiar with composting systems. Further, 40.0% of the 

LAs which have staff members with previous experience in compost production (P-

value = 0.037) are not planning for composting of the SW compared to 68.6% which 

lack previous experience. Staff experience, in general, affects the LAs’ performance. 

Tembo et al. (2020) reported that inadequate qualification of manpower affects the 

LAs’ service delivery.    

On the other hand, 2 out of the 7 factors are not significant in determining 

the LAs’ attitude toward organic SW composting. The factor of having enough 

financial resources to employ modern technology in SW composting (P-value = 

0.714) showed that 57.1% of the LAs which have financial resources are not planning 

for composting compared to 64.1% with no financial resources for this purpose. 

Although the availability of financial resources to employ modern technology in 

composting was found insignificant, the absence of proper technology to apply was 

found the main factor behind the failure of LAs composting programs (Lalitha and 

Fernando, 2019). The monthly SW quantity generated (P-value = 0.633) didn’t show 

specific relationship with the attitude toward composting. For example, 60.0%, 64.7%, 

60.0% of the LAs which produce monthly quantity of SW of ≤20 tons, 21 – 50 tons, 

and 51 – 100 tons, respectively, are not planning for composting. So the size of the 

SW quantity produced didn’t provide any specific relation regarding planning for 

composting or organic waste.           

Table 4-10 Role of resources, technical and technological factors towards shaping the 

LAs' attitudes towards organic SW composting 

Factor Description Planning to compost 

organic fraction of 

MSW 

Significance 

(P-Value) 

Yes 

 No. (%) 

NO  

No. (%) 

Having proper machinery to conduct 

composting 

  0.007** 

Yes 4 (100.0) 0 (0.0)  

NO 27 (33.3) 54 (66.7)  

    

Having enough RCV to collect SW 

fractions separately 

   

Yes 4 (100.0) 0 (0.0) 0.006** 

NO 26 (32.5) 54 (67.5)  

    

Having appropriate area of land to use 

it for composting 

  0.001** 

Yes 20 (57.1) 15 (42.9)  
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NO 11 (22.0) 39 (78.0)  

    

Having enough financial resources to 

employ modern technology in SW 

composting 

  0.714 

Yes 3 (42.9) 4 (57.1)  

NO 28 (35.9) 50 (64.1)  

    

Familiarity with composting systems   0.007** 

Yes 15 (57.7) 11 (42.3)  

NO 16 (27.1) 43 (72.9)  

    

Staff having previous experience in 

compost production 

  0.037* 

Yes 9 (60.0) 6 (40.0)  

NO 22 (31) 48 (68.6)  

    

Monthly SW quantity generated (tons)   0.633 

≤ 20 6 (40.0) 9 (60.0)  

21 - 50 6 (35.3) 11 (64.7)  

51 - 100 2 (40.0) 3 (60.0)  

101 - 200 6 (42.9) 8 (57.1)  

201 - 400 4 (30.8) 9 (69.2)  

401 - 600 0 (0.0) 5 (100.0)  

˃ 600 6 (50.0) 6 (50.0)  

*Significant at P≤0.05, **significant at P≤0.01 

 

(d) Innovation 

Developing novel methods are essential to appropriately improve the 

efficiency of SWM (Lalitha and Fernando (2019). Development of new rapid 

composting system, which can optimize the compost parameters and reduce the time 

span required for composting is a novel system and can attract the interest of the 

organizations and companies working for compost production. The LAs were asked 

whether they can accept the use a new rapid composting system if developed, and the 

result showed significant relationship (P-value = 0.036) with LAs attitude toward 

composting as presented in Table 4-11, about 60.3% of the LAs that accept the use of 

the new developed composting system haven’t planned for composting compared to 

100.0% of them which declined to use it.     

(e) Marketing 

Marketing of compost is essential as the revenues from sale can ensure 

cost recovery and support the sustainability of the composting program as well. Lalitha 

and Fernando (2019) reported that most of the LAs engaged in composting programs 

have failed, and key reason of failure is the marketing. The influence of marketing on 
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the LAs’ attitude toward composting is measured and found insignificant in shaping 

the LAs’ attitude (P-value = 0.294) as presented in Table 4-11. The results revealed 

that 58.6% of the LAs which believe in good marketing for the compost produced from 

municipal SW in Palestine are not planning for composting. Marketing of compost 

depends on the quality as well as the willingness and acceptance of the farmers. The 

Palestinian farmers’ attitudes and acceptance toward use of compost in agriculture was 

found positive as per the findings of Al-Sari et al. (2018) and Al-Madbouh et al. 

(2019).     

(f) Institutional 

Staff training, familiarity with the laws and policies, and understanding the 

responsibilities are all considered as institutional factors. Three institutional factors 

were set to test its impact on the LAs’ attitude toward SW composting as presented in 

Table 4-11. The results showed “staff training in compost production” and “SW 

composting as the responsibility of the LA” have significant relationship with the 

planning for organic SW composting. The analysis showed that 35.7% of the LAs 

which have staff members trained on compost production from organic materials lack 

plan for composting. However, 51.0% of the LAs believe that SW composting is 

within the LA responsibilities.  

“Familiarity with SWM bylaw” factor was found of insignificant effect on 

the LAs’ attitude with P-value = 0.818 as presented in Table 4-11. The analysis of the 

data pointed out that 62.2% of the LAs which are familiar with the SWM bylaw are 

not planning to compost the organic fraction of MSW since the law doesn’t enforce it 

over the LAs.   

(g) Social 

The social acceptance of any program is one of the important sustainability 

pillars beside the environment and economy. Community awareness about 

composting, community participation in the composting program through waste 

segregation at the source, and farmers’ willingness for the use of compost produced 

from MSW in agriculture, are all social factors and could affect the LAs’ attitude 

toward composting of MSW. The effect of these factors is investigated as shown in 

Table 4-11, and the results revealed that none on these factors is significant in 

determining the LA attitude toward composting. The results revealed that 55.6% of the 

LAs which have conducted community awareness on organic waste composting 

haven’t planned to compost organic fraction of MSW compared to that which didn’t. 

In addition, 55.6% of the LAs which believe in citizens’ participation through sorting 

of organic waste at the source if the LA decided to start composting program are 

planning for composting. Moreover, 61.1% of the LAs which believe in farmers’ 

acceptance to use the compost produced from MSW in agriculture haven’t planned for 

composting. Milea (2009) reported that attitude can be influenced by broad of reasons 
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such as lack of participation of the public in waste management, and lack of awareness 

and education about efficient WM techniques. 

Table 4-11 Role of innovation, marketing, institutional and social factor in shaping the 

attitude of LAs' towards organic SW composting 

Factor Description Planning to compost 

organic fraction of 

MSW 

Significance 

(P-Value) 

Yes 

No. (%) 

NO  

No. (%) 

Innovation factor    

Acceptance of new rapid composting 

system 

  0.036* 

Yes 31 (39.7) 47 (60.3)  

NO 0 (0.0) 7 (100.0)  

    

Marketing factor    

Believe in good market for compost 

produced from municipal SW in Palestine 

  0.294 

Yes 24 (41.4) 34 (58.6)  

Don’t know 6 (30.0) 14 (70.0)  

NO 1 (14.3) 6 (85.7)  

    

Institutional Factors    

Staff training in compost production   0.018* 

Yes 9 (64.3) 5 (35.7)  

NO 22 (31.0) 49 (69.0)  

    

Familiarity with SWM bylaw   0.818 

Yes 14 (37.8) 23 (62.2)  

NO 17 (35.4) 31 (64.6)  

    

Believe that SW composting is within the 

LA responsibility 

  0.005** 

Yes 24 (49.0) 25 (51.0)  

NO 7 (19.4) 29 (80.6)  

    

Social factors    

Having conducting community awareness 

on organic waste composting 

  0.250 

Yes 12 (44.4) 15 (55.6)  

NO 18 (31.6) 39 (68.4)  

    

Believe in participation of the residence 

through sorting of organic waste at the 

source if the LA decided to start 

composting program 

  0.157 



110 
 

Yes 16 (44.4) 20 (55.6)  

Yes, but partially 14 (31.8) 30 (68.2)  

NO 0 (0.0) 4 (100.0)  

    

Believe in farmers’ acceptance to use 

compost produced from municipal SW in 

agriculture 

  0.615 

Yes 28 (38.9) 44 (61.1)  

Don’t know 2 (22.2) 7 (77.8)  

NO 1 (33.3) 2 (66.7)  

*Significant at P≤0.05; **significant at P≤0.01 

      

B. Findings of the LRM 

To evaluate the LAs’ attitudes toward composting of municipal organic 

SW, many factors were chosen. The selection of these variable took into consideration 

the results of the bivariate analysis, so all factors that had muticolinearity were 

excluded. The independent variable that better explain the LAs’ attitudes included in 

the model are: monthly SW generated quantity by the LA, SW tariff on the household 

level, the rate of SW fee collection, LA’s perception of compost contribution to SW 

reduction, availability of proper place (area of land) to be used for compost production, 

financial capacity of the LA to conduct composting, staff attended training on compost 

production, previous experience in compost production, awareness about compost 

production from organic SW, potential community participation in SW sorting, and 

LA’s familiarity with the SWM bylaw. The LAs’ attitude is estimated based on the 

LRM equation 5 as per the following: 

Logit (LA’s attitude) = - 12.719 + 0.370X1 + 0.151X2 + 0.429X3 + 2.044X4 + 2.001X5 

+ 2.235X6 + 0.930X7 + 1.704X8 – 1.886X9 + 1.494X10 – 2.697X11 ……………... (4-1) 

 

The LRM results as shown in Table 4-12 revealed that 5 out of 11 factors 

are significantly influencing the LAs’ attitudes toward composting. The data fits the 

model as presented in Table 4-13. The significant outcomes drawn from the study 

showed that the attitude of LAs towards composting was negative for those which 

didn’t perceive that composting of municipal organic SW fraction can contribute to 

reduce SW generation. LAs that lack proper place to conduct composting showed 

negative attitude toward organic SW composting. This finding is in agreement with 

Lalitha and Fernando (2019) who found that limited area land available was major 

obstacle in front waste composting and recycling in Sri Lanka, and most of the LAs 

participated in composting activities have failed due to lack of facilities. The attitude 

towards organic waste composting is negative for LAs which don’t have enough 

financial resources to cover the cost of organic waste composting. Lack of financial 
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resources is considered a challenge by 90.4% of the LAs. Financial resources are 

crucial for the LAs performance, and lack of financial resources can not only affect 

the attitude toward SW composting but also can negatively affect the entire services. 

Choi (2021) found that financial soundness is significant for the LAs performance, and 

he reported that the higher the LA revenues the higher the performance level, and LAs 

with sufficient financial resources are more advantageous for superior performance. 

Zeidan et al. (2020) pointed out that budget deficit due to lack of financing is the 

primary obstacle which hinder the execution of strategic plans and the improvements 

of local government units and municipalities. In addition, the outcomes showed that 

LAs that have already conducted awareness in the community about compost 

production showed negative attitude toward organic waste composting. LAs which 

conducted awareness in the community regarding composting of organic waste could 

have concluded that awareness without practice is not enough to change the 

community attitude or the awareness campaigns conducted were not enough.  

Awareness and knowledge of composting has been identified a crucial factor for 

community cooperation and participation in composting programs (Karkanias et al., 

2016; Loan et al., 2019). Moreover, the outcomes draw that LAs familiar with the 

SWM bylaw showed negative attitude toward compost production from municipal 

organic SW. This could be attributed to the fact that composting of organic waste is 

not compulsory by law. SWM bylaw has been issued in 2019, which encourages 

compost production from municipal organic SW fraction in articles no. 3 and no. 27. 

Item 7 under article no. 3, encourages the reuse and recycling of the SW as much as 

possible through compost production and use it in agriculture, and this use shall be in 

compliance with the environmental protection and health requirements. In addition, 

article no. 27 asks the authorities to take all necessary measures to reduce the waste 

stream as much as possible through reuse, recycling and recovery (SWM bylaw, 2019). 

LAs which are familiar with SWM bylaw are aware that composting of municipal 

organic waste fraction lies within their responsibilities, but the bylaw doesn’t provide 

target limits as mandatory to reach, and accordingly showed negative attitude toward 

composting.   

Other factors are of less importance because these had insignificant 

influence. The results of this study pointed out that, first, the larger the waste quantity 

generated the lower is the attitude toward composting. The reason could be that the 

LA is suffering from lack of resources such as availability of enough area of land to 

conduct composting. Second, the higher the SW tariff group the lower the attitude 

toward SW composting. Some LAs are using the revenues to cover other services, 

which means that even the tariff is high, the revenue are not used to develop the SWM 

system. However, some LAs have a high tariff system, but the rate of fee collection is 

low which means that the LA lacks the capacity to conduct composting. Other reasons 

could be attributed to the fact that the revenues, in some LAs, are not being able to 

cover the cost of the service. The World Bank (2017) also reported that inter-
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governmental fiscal architecture in Palestine is characterized by local revenues 

assignments that are insufficient to cover the operational expenditure needs of local 

government units. Third, the higher the collection rate the lower the LA’s attitude, 

which could be attributed to the fact that LAs are using the revenues to cover other 

services, or the tariff, is not being able to cover the expenditures. Fourth, LAs with 

staff members who attended training on compost production showed positive attitude 

toward organic waste composting. Fifth, the LAs with staff members having previous 

experience in compost production showed positive attitude toward composting, and 

sixth, the higher the LA’s expectation of community participation the higher the 

positive attitude toward MSW composting.  

  

Table 4-12 Output of the LRM of the LAs' attitude toward composting of organic 

municipal SW 

Var. 

Abbreviation 

Estimated 

Coefficien

ts (β) 

Standard 

Error 

(S.E) 

Wald 

Statistic

s 

Degree of 

Freedom 

(df) 

Significanc

e (P-value) 

X1 Mon. SW generated Qt.  0.370 0.243 2.324 1 0.127 

X2 HH SW tariff  0.151 0.543 0.078 1 0.780 

X3 Fee collection rate  0.429 0.304 1.991 1 0.158 

X4 Per. of compost reduce 

SW  
2.044 1.042 3.846 1 0.050* 

X5 Place availability  2.001 0.821 5.948 1 0.015* 

X6 Financial capacity 2.235 0.767 8.484 1 0.004** 

X7 Staff training  0.930 0.985 0.890 1 0.345 

X8 Staff prev. experience  1.704 1.096 2.416 1 0.120 

X9 Community awareness  -1.886 0.925 4.161 1 0.041* 

X10 Pot. Comm. 

participation  
1.494 0.807 3.429 1 0.064 

X11 Familiarity with SWM 

bylaw  
-2.697 1.110 5.898 1 0.015* 

Constant -12.719 4.069 9.770 1 0.002 

**significant at P≤0.01; *significant at P≤0.05 

 

Table 4-13 LRM summary and results of goodness of fit 

Test Results 

Model summary -2 Log likelihood Cox & Snell R2 Nagelkerke R2 

53.313 0.413 0.573 

Omnibus tests of 

model coefficients 

Chi-square df Sig. 

38.345 11 0.000 
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4.3.6 Organic Waste Management Framework  

Understanding the root causes of problems and deficiencies as well as 

modern techniques in SWM can contribute to develop efficient new system. The 

review of the literature assisted in identifying the main reasons behind the failure of 

SWM globally and the results of this study identified that at the national level. The 

aim of this section is to develop complete organic waste management framework 

following the system approach.  

It has been identified that SWM system can be affected by many factors 

which can be grouped into technical and technological, socio-economic, institutional 

and environmental factors. Developing an organic waste management system shall be 

in line with of sustainability pillars: environmental protection, social acceptance, and 

economic viability. The waste management options hierarchy are reduce, reuse, 

recycle, recover and landfilling is the least preferable option as shown in Figure 4-21 

will be used in developing organic waste management framework in southern West 

Bank of Palestine.  

   
Fig. 4-21: Waste Management Hierarchy 

 

Waste reduction at the source is very important and the most preferred 

because it reduces the waste collection, handling, transfer, treatment and final disposal. 

In addition, it reduces the environmental impacts as a result of leachate, greenhouse 

gas emissions and odors. In order to achieve this option, community awareness and 

promotion is essential to increase understanding and solidify knowledge about 

environmental and economic benefits achieved by following this principle. A research 

study in the United Kingdom (UK) pointed out that every dollar spent for the 

prevention of food waste and reduction as well achieve average returns of USD 14 for 

businesses in the form of financial benefit as reported by Champions 12.3 (Champions 

12.3, 2017). 
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Waste reuse is the second preferred option because it also reduces the 

financial and environmental costs. Reuse will reduce the waste generation and the 

collection cost as well, transportation and final disposal. In addition, environmental 

impacts and nuisance will be reducing as well. 

Recycling of waste is the third preferred option, where the waste is 

considered as a resource which can be processed to produce another beneficial material 

which can achieve environmental and economic benefit. Organic waste can be 

composted and transferred into organic fertilizers and used in organic farming and 

agricultural activities. It is considered as soil amendment and can enhance the 

productivity, reduce plant diseases and an alternative to synthetic fertilizers. 

Composting is considered a recovery process for organic material according to Central 

Public Health and Environmental Engineering Organization- CPHEEO (CPHEEO, 

2016). This option can be applied at the source (at the household level) and this case 

can reduce SW collection cost, handling, treatment and disposal. However, it can be 

conducted at the central level and, in addition to the environmental benefit; it can 

reduce the cost of waste disposal. Considering the situation in the study area, 

household composting is not viable because the large number of population is living 

in urban areas of high density, and the required space for home composting is 

unavailable. In addition, the previous initiatives and trials for conducting compost on 

the household level were not enough succeed to build on. Therefore, central 

composting is the preferred option for organic waste management. 

The fourth option in waste management is recovery through waste to 

energy option. This option is followed where the waste recycling is not possible. It 

requires high technology and investment cost, therefore, it is the fourth option but 

preferred over waste disposal. This option is not recommended for waste stream of 

high organic fraction such that in the study area.  

Based on the above-mentioned and in order to develop sound framework 

for organic waste management, support from the legislation and policies, cooperation 

between stakeholders, community involvement and awareness, institutional 

development, and introduction of technology are required to ensure comprehensive 

framework for organic waste management. The following are representing the main 

components of comprehensive and integrated organic waste management.   

Institutional arraignments, development and capacity building: institutional 

development requires support from the legislative framework and policies. Current 

legislations and policies in Palestine are focusing on waste collection transfer and safe 

disposal. The provision of waste sorting and composting is still in general form without 

any mandatory targets. Therefore, upgrading the legislative framework is perquisite to 

establish any waste framework, because this will force the community as well as the 

local authority to adhere to the law. In addition, any introduced waste management 
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system requires capacity building of the human resources to ensure effectiveness in 

waste collection, sorting, composting, use of machinery, and records keeping. 

Composting of organic waste requires knowledge in biological process, how the 

compost process is developed with time and the necessary steps required from the 

operators to keep on process progressing well. 

In addition, cooperation of the stakeholders and responsible organizations 

is essential to regulate and add more control to the waste management framework. In 

organic waste management, the stakeholders are presented in Table 4-14. 

Table 4-14: Stakeholders in SWM in Palestine 

Stakeholder  Responsibility  

Local authorities These are the key stakeholders as it is responsible for waste 

collection, transfer, sorting, recycling and composting, and 

disposal. Their role is organic waste management is force 

sorting at the source, construction and operation of sorting 

and composting plants, and community promotion and 

awareness regarding organic waste management to encourage 

community participation. 

MoLG Regulator of the local government sector. It sets the rules, 

regulations and policies. It can issue the instructions and 

define the targets in organic waste management. 

MoH Monitoring the health situations of the SWM facilities to 

ensure safeguard of the public health, occupational health and 

safety of the workers, and issuing the required approvals for 

licensing SWM facilities. 

MoA Monitoring the quality of the compost to be used for 

agricultural purposes. It can regulate the market of compost 

and encourage the use of the compost produced from organic 

waste in agricultural activities. It can promote organic 

farming. 

EQA EQA is the responsible for issuing the environmental 

approval for the composting plants. Its role is conducting 

screening of the project and decides if the project is subjected 

to ESIA, IEE or doesn’t need any further environmental 

study. In case the project is a subject for ESIA, it issues the 

terms of reference for the study. Also, it reviews ESIA report 

to assure the report complies with the terms of reference. 

Furthermore, it conducts inspection and monitoring visits to 

the project site during the operation phase to assure the 

environmental law and policy is respected. 

PSI Issuing the technical specifications of the compost, 

monitoring the quality, and issuing the obligatory technical 

standards.  

NGOs working in 

the agricultural 

As these organizations are working directly with the farmers, 

they can encourage the use of compost in agriculture, and can 
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sector and farmers 

cooperatives 

assist in removing barriers toward using compost produced 

from organic municipal waste in agriculture. 

Farmers  Farmers are the key users of the compost product. Their role 

is very important because it promotes the marketing the 

produced compost and consumes it in the agricultural 

activities. 

The community Community is the waste producers and their role can 

contribute to the first option of the SWM hierarchy “Reduce”. 

In addition, they can contribute to organic waste management 

and compost quality through separation at the source. 

Moreover, accepting the construction of SWM facilities near 

the community is very important as the many communities 

resist the construction of such facilities near them. A study 

conducted in part of the study area (Hebron district) to assess 

the community concerns and attitudes toward the 

construction of SWM facilities showed significant concerns 

about water pollution (Al-Khatib et al., 2014). Therefore, 

community involvement, participation, and awareness is 

essential and can contribute to overcome many problems and 

successful of integrated SWM system. 

The private sector The private sector can provide investment in organic waste 

management through construction and operation of 

composting plants in partnership with the local authorities. 

The private sector can operate waste management facilities 

more efficiently. 

 

Social aspects: organic waste management requires community involvement and 

participation because innovation and engineering solutions are not enough. People are 

the waste producers; therefore, socio-economic and cultural issues are of great 

importance to tackle in waste management sector. Acceptance of the introduced 

system for organic management by the community, affordability and willingness to 

pay for the service are essential issues to be considered. Zurburgg et al. (2014) 

highlighted that social endorsement of any proposed project by the residents is a 

cornerstone in project planning and this requires community interest and participation 

to ensure successful implementation of the project. However, job creation is a social 

aspect and beneficial to the community could be one of the tools to ensure community 

participation and acceptance. In the study area, the composting plant is suggested to 

be constructed at the landfill site to be away from the local residence. Organic waste 

sorting shall be conducted at the source in order to produce high quality compost, 

which in turn can be accepted by farmers and other regulating authorities.    

Economic feasibility: the selected option for organic waste management shall be in 

line with the capacity of the managing authority which in turn affects the community 

as it is directly connect to the tariff system. For sustainability, the system should be 
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cost effective (Zurbrügg et al., 2014, Cellini and Kee, 2010; Ravi and Vishnudas; 

2017). Affordability of the system to all of the society slides can, to a large extent, 

contribute to sustainability. For the study area, pile composting and windrow 

composting are the best feasible option for organic waste treatment from economical 

point of view.    

Technical aspect: the selected technology for organic waste management shall take 

into account the local conditions. Assessment of the technology shall include 

investment and operation costs, level of complexity and availability of local 

maintenance, availability of space, skills needed, and environmental compliance. 

Technology evaluation shall be based on integration (within ecosystems); investment 

cost per unit product; simplicity; adaptability, and the required resource inputs (Baetz 

and Korol, 1995).   

Environmental aspect: one of the main purposes of developing organic waste 

management is environment protection and safeguard the public health. The system 

framework shall assure compliance with the environmental rules regarding emissions 

and released pollutants and safeguard policies. For environmental sustainability, health 

risk assessment is required to investigate potential threats to humans (Yang et al., 

2012).  

The suggested organic waste management framework using following approach 

concept is illustrated in Figure 4-22.  
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Fig. 4-22: Organic waste management framework 
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CHAPTER 5                                                                    

CONCLUSION AND FUTURE SCOPE 

5.1 Conclusion 

This research focused on management of organic municipal solid waste 

taking into consideration three main components. These include development of 

composting systems that can accelerate and optimize the composting process to cope 

with the increasing solid waste generation in Palestine and India, study of the 

contribution of the compost in the circular economy in Palestine, mainly Hebron and 

Bethlehem governorates, and study the socio-economic factors of influence on the 

attitudes of the LAs (key-stakeholders in SW management in Palestine) towards 

organic solid waste composting in Hebron and Bethlehem governorates/Palestine. 

These three main components can guide policy-makers to appropriately set SWM 

policy or upgrade the current SWM policies.      

Technological development is essential in organic waste management to 

cope with the growing SW stream and to achieve sustainable solutions. The 

development of proper composting system focused on two static composting systems 

to find appropriate system for Palestine and India which faces problems in SWM, 

political and technical, respectively. However, the development of an appropriate 

composting system for each country that can accelerate and optimize the process can, 

to the large extent, contribute to solve solid waste-related problems through 

accelerating processing of organic SW in environmental friendly way. The climate 

conditions in both countries, India and Palestine, were taken in account for 

optimization of the composting process and select the appropriate system for each 

country. Accordingly, a new forced-aeration system was designed and tested in 

Palestine, and natural aeration system was selected and tested in India (DTU Campus/ 

Delhi). The process was monitored during the composting process through 

measurement and controlling the operational parameters. The end-quality parameters 

were tested for produced compost after maturation. Both systems showed high 

efficiency in reducing the time of composting (39-43 days in Palestine, and 31 days in 

India) compared to conventional windrow composting system. In addition, both 

provided high efficiency in reduction of SW volume (57.2-64%). Although the 

compost produced showed high fertility and clean indices, there was small deviations 

from the standard specifications’ thresholds.
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 The product end-quality monitoring showed that most of the parameters 

met the standard specifications (PSI and FCO), except few of them were exceeded the 

max permissible limits or didn’t reach the min limits, but in line with that reported in 

the literature. These deviations can be overcome through co-composting of municipal 

organic SW and agricultural waste and adjusting the initial mixture as the type of the 

feedstock plays a crucial role in the compost end-quality. The biological parameters 

didn’t comply the FCO, but met the PSI. The detection of pathogens was attributed to 

the nature of the static composting and susceptibility of the external edges to the 

weather temperature which prevent heating to reach the required temperature to ensure 

elimination of pathogenic microbes. Although pathogens were detected in several 

composting trials worldwide, the proposed systems can be developed by adding the 

option of turning through rotation to bring the edges inside, which can ensure the 

destroy of pathogens. The overall conclusion of this experiment was that forced-

aeration system is suitable for Palestine, while the natural aeration system is more 

suitable for Indian conditions. 

Urban mining of municipal compost plays a great role in the circular 

economy. Municipal SW in Palestine has potential for recycling of the organic fraction 

and returns it to the material cycle as a resource for production as part of the circular 

economy. Composting of this waste fraction can return it to the material cycle through 

using the produced compost for several purposes. This research focused on the 

compost benefits from two uses: the environmental and economic benefits of compost 

use for agricultural purposes and as cover materials in the landfill in Palestine (Hebron 

and Bethlehem governorates) through the period extended from 2021 to 2035. For 

agricultural purposes, the nutrient exist in the compost can replace that exist in the 

chemical fertilizers such as AS, TSP, SOP and humic acid such as “Iperen Humic 12+3 

liquid” the source of C. In addition, the organics diverted from waste stream can reduce 

the methane emissions and achieve financial saving in accordance with the CDM. 

Also, the tipping fees for waste disposal at the landfill can be saved. Moreover, it can 

achieve saving in the landfill space and reduce the cost required to expand the landfill 

or construct new landfill. The estimated net revenue for this use of compost is USD 

194.8 million in 2021 and USD 369.8 million in 2035 which support the national 

economy and is type of the circular economy. However, using the compost as landfill 

cover can achieve financial saving through reduction in the use the soil as cover 

materials, which is estimated annually at USD 0.876 million and USD 13.14 million 

throughout the study period. The results of this study can pave the way toward the 

implementation of the circular economy in SWM in Palestine.  

Given the restrictions on land for landfill construction and expansion, and 

restricted access to chemical fertilizers by the Israeli occupation in Palestine, 

composting of organic municipal waste can contribute to solve the current technical 

and financial problems of waste management and agricultural sector. For waste 
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management, it can reduce the demand on landfill space required for waste landfilling, 

thus, reducing the demand on construction of new landfills or extension of the existing 

ones. For the agricultural sector, farmers will have access to compost to replace the 

low quality chemical fertilizers currently in use. In addition, it can reduce the demand 

on water for agriculture as compost can improve the properties of the agricultural soil 

and water holding capacity and increase moisture retention time in the soil as well, 

knowing that water shortage is one of the severe problems being faced in the 

agricultural sector in Palestine due to the severe restrictions imposed by the Israeli 

occupation on water resources. Therefore, compost can contribute to solve the 

problems related to fertilizers and water thereby supporting the food security in the 

country which depends largely on external funding and suffers from political 

instability due to the Israeli-Palestinian conflict. However, agencies responsible for 

SWM can use the revenues as subsidies to cover part of the cost associated with SWM 

which in turn can improve the service. The environmental benefits are invaluable 

which are beneficial to the human, the climate, the soil, air quality and health, the 

water, and the society as well. It can support the sustainability pillars as well as 

contribute to achieve the sustainability development goals in Palestine at large. 

Socio-economic factors can, to a large extent, affect the SWM. Attitude of 

LAs towards MSW composting is of great importance and can assist in the design of 

proper composting program. The research also focused on the factors that than affect 

the LAs attitude towards composting of organic municipal SW. Several factors from 

the literature were considered and assessed using bivariate analysis and LRM. The 

bivariate analysis, which assess the influence of each single factor alone, concluded 

that nine factors were significantly affected the attitude of the LAs towards 

composting. These include financial capacity of the LA, availability of proper 

machinery to conduct composting, availability of enough number of waste collection 

vehicles to enable collection of solid waste fractions separately, availability of place 

wide enough such as piece of land to accommodate composting activities, knowledge 

of composting systems, previous experience of the staff in compost production, ability 

to the LA to accept the available rapid composting system, training of staff on 

composting, and perception of the LA that composting of municipal SW is within its 

responsibility. The LRM, which assess the influence of the factors together in one 

model, concluded that the LAs’ attitude towards organic MSW composting was 

significantly affected by the five factors including LAs’ perception of compost 

contribution to SW reduction, availability of proper place to be used for composting 

activities, familiarity with SWM bylaw, conducting community awareness, and 

financial capacity of the LAs.  

5.2 Environmental and Socio-Economic Significance 

The study has significant environmental, economic and social effects on 

the sustainability. This significant effect can be summarized as follows: 
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5.2.1 Environmental Significance 

The study provided solution to the municipal organic SWM, which achieve 

the following benefits: 

 Waste: awareness of the communities on waste management principles will 

reduce SW generation and organic waste composting will reduce waste 

accumulation; 

 Air quality: GHG emissions will be reduced thus contributing to climate 

change mitigation. In addition, it reduces the emissions of offensive odors 

usually released by organic waste dumping or landfilling; 

 Biodiversity: compost produced from organic SW will improve the soil 

biodiversity. In addition, replacing chemical fertilizers by compost will 

reduce the use of pesticides and thus contribute to the protection of 

biodiversity; 

 Water resources protection: waste processing through composting will 

reduce the possibility of leachate leakage to reach surface and groundwater 

thus reducing contamination and contributing to water resources 

protection. Further, use of compost in agriculture increases the soil 

moisture retention, and reduces demand on water for irrigation; 

 Soil erosion: compost produced from municipal organic waste can improve 

the soil properties and reduce the possibility of water erosion; 

 Natural resources: using compost as landfill cover reduces the use of soil 

as landfill cover which contribute to the protection of natural resources; 

 Power consumption: use of compost for agricultural purposes reduces 

dependence on chemical fertilizers, which will reduce the power 

consumption during the manufacturing process of these synthetic fertilizers 

which is considered climate change mitigation; 

 Bioremediation: compost can bio-remediate and cleans up the 

contaminated soil thus eliminate the environmental pollution; 

5.2.2 Economic Significance 

The economic benefits of the study are summarized as follows: 

 Circular economy: composting is a method of organic refuse recycling and 

returning back the waste material into the material cycle, enhances the circular 

economy, and reduces the linear economy; 

 Enhance national production and reduce dependence on imported items, which 

increases the productivity of the community; 

 Increase revenues: replacement of chemical fertilizers reduces expenditures on 

imported goods and increases revenues; 
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 Sustainable agriculture: compost can increase minerals in the agricultural soil 

and ensure continuous improving the agricultural productivity. Also it reduces 

soil-borne plant diseases and reduces demand and expenditure on pesticides 

thus reducing the cost of agricultural production;   

 Employment generation: waste recycling creates job opportunities, reduce 

unemployment rate, and improve the financial situation for the individuals and 

the community as well;  

 Reduces the cost of trash disposal through reducing the cost of landfill daily 

cover when using compost as landfill cover instead of soil; 

5.2.3 Social Significance 

 Health: composting of organic waste improves the quality of life of individuals 

and communities. It prevents waste accumulation (waste accumulation is 

attractive to wild animals and diseases transmitters), which reduces diseases 

transmission and improves social welfare of the community;  

 Food security: use of compost in agriculture can improve the properties and 

quality of the agricultural soil and, accordingly, improve the plants’ quality and 

agricultural products as well thus supporting the food security; 

 Community resilience: increase the adaptation capacity of the community and 

farmers to resist climate change effects. Compost increases the moisture 

retention time in the soil and reduces the demand on irrigation water, which is 

an adaptation measure to climate change;   

 Reduced nuisance related to offensive odors released from organic waste 

biodegradation. The fast processing of organic waste through composting will 

reduce waste accumulation and thus reduces potential spread of mosquitos, 

flies and rodents;  

 Education: awareness regarding SW management options and composting as a 

proper waste management option among others increases the knowledge and 

understanding of the waste impacts and increases the community participation 

in waste management such as reduce waste generation and separation at the 

source to facilitate composting of organic waste. 

 

5.3 Future Scope 

Based on the research findings, the following are recommended: 

1- Support to the LAs from the government is necessary to overcome the 

challenges faced by LAs in Palestine and inhibit their capacity to compost 

organic SW fraction. This is a corner stone towards upgrading or setting a new 

SWM policy and implementing any composting program;  
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2- It is highly recommended that, prior to force any policy or initiate for MSW 

composting program, the LAs shall be provided institutional capacity building, 

financial, and technical requirements in order to support the sustainability of 

the program. Awareness of the SWM bylaw, staff training on compost 

production and community awareness are all essential perquisites for social 

and institutional capacity building activities. LAs also shall be equipped with 

the proper machinery and RCVs to enable composting of MSW. SWM bylaw 

shall be upgraded to include targets in order to ensure LAs adherence through 

composting of the organic waste to meet the specified targets. This shall be 

associated with monitoring program by the regulating Ministry to ensure 

compliance. Finally, financial support is mandatory through direct contribution 

or through attracting investors in the organic MSW composting; 

3- Upgrading SWM policies in Palestine is necessary to force composting as a 

popular organic SWM option because this will solve waste management 

problems, agricultural problems related to fertilizers, and assist the government 

to achieve carbon reduction targets in accordance with the nationally 

determined contributions (NDCs). Moreover, it can contribute to achieve 

SDGs at the regional and international levels; 

4- Compost can replace chemical fertilizers and contribute to overcome the huge 

challenges and constraints that are currently facing agricultural in Palestine. 

However, additional studies are recommended on replacement of chemical 

fertilizers by compost to be in accordance with plan in order to avoid sudden 

drop in agricultural productivity. This should take into account the crop type, 

current agricultural productivity, and gradual replacement of chemical 

fertilizers by compost taking into account the current situations concerning the 

restrictions on import of chemical fertilizers in Palestine; 

5- As the new static composting system developed and tested within the 

framework of this research can’t completely eliminate pathogens, it is 

recommended to provide the system with overturning mechanism which can 

bring outer sides of the compost mixture into insides where the temperature is 

higher and enough to kill all pathogens; 

6- Natural-aerated composting system is highly recommended for India based on 

the results obtained due to the weather conditions because this can solve the 

problems of organic waste at lower prices compared to other power consuming 

systems; 

7- Forced-aerated composting systems is recommended for Palestine due to the 

weather conditions and other related issues such as restrictions on land use and 

availability of places for composting. Natural-aerated systems require large 

area due to relatively long time of composting process because of the weather 

conditions, while forced-aerated system can shorten the duration of the 

composting and reduction in the area required as well. 
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ANNEXES 

Annex I: Questionnaire used for data collection 

Variable 

No. 

Variable Description 

V01 Type of local authority: 

1- Municipality           2- VC               3- Joint service council (JCSPD 

& JSC) 

V02 Classification of the local authority:  

1- A                   2- B               3- C                4- Not classified 

V03 No. of population served the local authority: _______________ 

V04 Does the local authority provide SWM collection service? 

1- Yes                                  2- NO 

V05 If the answer of V04 is NO, who is providing the collection service? 

__________________________________________________________________________ 

 

V06 What is the total solid waste quantity generated per month? 

______________ 

V07 Are there debts on the local authority?  

1- Yes                                  2- NO 

V08 How much the monthly cost of SW collection? ____________ 

V09 How much the monthly cost of SW disposal? ____________ 

V10 How much the tariff (fees) of the SW service per household  

_______________, if you have another tariff system, please indicate 

_____________________ 

V11 What is the rate of fee collection? 

1- Less or equal 20%                      2- (21 – 40)%                   3- (41 – 

60)%          4- (61 – 80)%                               5- (81 – 100)% 

V12 How many SW collection vehicles do you have? ______________ 

V13 How many SW workers do you have? _______________ 

V14 Do you plan to apply SW separation at the source?  

1- Yes                                               2- NO 

V15 Do you plan to compost the organic fraction of MSW?  

1- Yes                                              2- NO 

V16 If the answer of V15 is NO, why? Please tick the following if you 

think these are challenges (the answer could be more than one): 

 We haven’t knowledge and experience in composting; 
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 Waste sorting at the source is difficult to apply due to 

absence of awareness; 

 We haven’t the proper equipment and machinery to conduct 

composting; 

 The available refuse collection vehicles are not enough to 

collect the waste fractions separately; 

 There is no market for the compost; 

 There are no incentives from the government; 

 Composting is not forced by law; 

 SW composting is costly; 

 Unavailable proper place for composting; 

 Lack of financial resources; 

 Farmers may not accept use compost produced from MSW; 

 It is not feasible due to the small quantity of organic waste 

generated; 

 Tariff system was built on waste collection and disposal 

only; 

 The rate of SW fees collection is low. 

V17 Do you think that composting of organic fraction can contribute to 

the reduction of environmental pollution?  

1- Yes                                          2- NO 

V18 In your opinion, do you think that composting the organic fraction 

can contribute to SW reduction? 

1- Yes                                         2- don’t know                         3-NO 

V19 Do you have a proper machinery to conduct composting?  

1- Yes                                          2- No 

V20 Do you have enough refuse collection vehicles to collect SW 

fractions separately? 

1- Yes                                      2- NO 

V21 Do you have appropriate area of land to use it for composting? 

1- Yes                                          2- NO 

V22 Have you enough financial resources to employ modern technology 

in SW composting? 

1- Yes                                           2- NO 

V23 Do you have the financial capacity to conduct composting?  

1- Yes                                2- Yes, but limited capacity                         3- 

No 

V24 Do you receive financial support from the government to develop 

SWM such as waste reduction through composting? 
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1- Yes                                          2- Sometimes                                         3- 

NO 

V25 Are you familiar with composting systems? 

1- Yes                                          2- NO 

V26 If the answer of V25 is yes, which of the following composting 

systems do you prefer? 

1- Pile composting        2- Windrow composting       3- full 

mechanical controlled system 

V27 If a new rapid composting system is developed, have you the ability 

to accept and use this system for SW composting? 

1- Yes                                         2- NO 

V28 Has any of your staff attended training on compost production? 

1- Yes                                          2- NO 

V29 Does any of your staff have previous experience in compost 

production? 

1- Yes                                          2- NO 

V30 Have you conducted awareness on organic waste composting in the 

community? 

1- Yes                                          2- NO  

V31 In case the local authority has started SW composting program, do 

you think that the residents will participate through sorting of 

organic waste at the source?  

1- Yes                                       2- Yes, but Partially                               3- 

NO 

V32 Do you think that compost produced from municipal SW can have 

good market in Palestine? 

1- Yes                                           2- don’t know                                      3- 

NO 

V33 Do you think that farmers will accept to use compost produced from 

municipal SW in agriculture? 

1- Yes                                           2- don’t know                                      3- 

NO 

V34 Are you familiar with SWM bylaw? 

1- Yes                                          2- NO 

V35 Do you think that SW composting is within your local authority 

responsibilities? 

1- Yes                                          2- NO 
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Annex II: Photos 

Experiment 1 
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Experiment 2 
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Experiment 3 
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