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Developing countries face many problems. One of these is the waste problem. There are large quantities of waste generated every year that requires a huge amount of space for disposal. Concurrently, the energy sector suffers from a shortage of resources and increasing demand. Fortunately, by using new technologies, we can solve these two issues Synchronously by converting undesirable waste into useful energy.
Palestinian government strategic plans (2017-2022) seek to minimize dependency on imported energy, reduce greenhouse gas emissions, and implement sustainable solutions for municipal solid waste disposal. Converting waste into energy is considered a potential approach to achieve the objectives set by the Palestinian government. The scope of this study is to investigate and compare the environmental impact of two different waste management systems in Zahrat Al-finjan landfill by using the LCA approach, from GWP, and CED points of view. The first system is landfill with three scenarios. The first scenario is currently in use, which is landfill without any gas collection, the second one is methane collection and flaring, and the third scenario is LFG recovery. while the second system is establishing an incineration plant, which generates electricity by converting waste into energy. After data collection, models were developed using IPCC formulas and LandGEM software to perform an environmental impact assessment from a life cycle perspective. For incineration and landfill, respectively. In addition, the amount of electrical energy that could be obtained from waste incineration, and LFG recovery was estimated at 8,019 GWh, 668.87 GWh, respectively.
The results show that using an incineration plant as a waste management system to generate electricity by waste incineration is the most suitable option for Zahrat Al-finjan landfill. And considerable environmental savings can be achieved when the existing landfill system is replaced with the incineration plant. The CO2-equivalent emissions from incineration were 4.6 Mt, while from landfill without gas collection, methane flaring, and LFG recovery is 5.04 Mt, 2.5 Mt, and 2.5 Mt, respectively. Moreover, the CO2-equivalent reduction from using incineration plant, and LFG recovery output electricity instead of IEC electricity is 6 Mt, and 0.51 Mt, respectively. As for the CED, it is 1.2×1010 MJ for the incineration plant, and 16.6×106 MJ, 16.6×106  MJ, and 7.7×109  MJ for the landfill system with its three scenarios, respectively.
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[bookmark: _Toc72803588]Chapter one: Introduction 

Energy consumption worldwide is growing faster than population growth in recent decades, and this trend is expected to increase in the coming years. For instance, the world population was 3.7 billion in 1970 and expected to be 8.5 billion in 2030, with annual increasing rate of 1.2%. The world energy consumption in 1970 was nearly 64 PWh (Petawatt hour or 1015Wh) and 195 PWh in 2030, with an annual increase rate of 1.9%  [1].
Fossil fuels are the primary source of energy generation in most countries of the world. Unfortunately, this source has many disadvantages, such as global warming pollution, land degradation, water pollution, ocean acidification, and public health problems. The burning of fossil fuels releases large amounts of greenhouse gas emissions into the atmosphere. These greenhouse gases increase the heat in the atmosphere which results in an increase in global warming. The average global temperature has risen by 1 degree Celsius already. Warming over 1.5 °C risks sea-level rise, extreme weather, biodiversity loss, extinction of species, food shortages, degradation of health, and hunger for millions of people around the world [2,3].
Renewable energy technologies are clean sources of energy, and the efficient usage of these resources reduces environmental impacts and generates a minimum of waste. Besides, renewable energy systems are considered sustainable resources based on current and future social and economic requirements. Renewable energy technologies present an extraordinary opportunity to minimize greenhouse gas emissions and reduce global warming by substituting traditional energy sources (fossil-based) [4].
On the other hand, waste production is increasing with population growth. A World Bank report estimates that 1.3 billion tons of waste is currently being generated annually around the world. By 2025 this will increase to 2.2 billion tons annually. This rise reflects a dramatic increase in per capita waste generation rates from 1.2 to 1.42 kg per person per day over the next 15 years. These data appear to be urgent. Need strategies to address the rise in the worldwide rate of municipal solid waste generation. Waste is used as a resource in developing countries to generate electricity, heat, fuel, and compost. However, collection, transportation, and disposal of municipal solid waste are current problems in developing countries. Cities are usually unable to manage municipal solid waste efficiently. And are rarely able to handle more demanding services such as power, health education, or transport [5].  
MSW is generally well handled in developed countries. The highly technical and complex approaches used successfully in developed countries for dealing with MSW are also brought to developing countries. However, these approaches are not sustainable because of the lack of capacity and the inconsistency in trying to use the same systems in different situations.

About 20% to 50% of local government budgets are accounted for municipal solid waste management in developing countries. Studies show that about 50% of the population of developing countries do not have consistent access to waste management systems. Waste management methods usually include open landfills and open burning. The World Bank has identified large quantities of uncollected waste in urban areas. It is expected that about 40% to 70% of the waste materials are projected to remain uncollected. This pollution has significant implications for human health and the environment [6]. There is an issue facing the waste management sector that it cannot resolve on its own. However, the energy sector is considered to be a great fit, owing to the need to meet the rising demand for energy on a continuous basis. Waste is now not only society's undesired material, but it's also a valuable source of energy. Waste to energy can address two issues at once the disposal of non-recyclable and non-reusable quantities of waste; and the generation of a large amount of energy that can be used in the energy sector to meet the needs of consumers.

Depending on several factors, the relationship between waste management strategies and energy production technologies can vary widely. Based on social, economic, and environmental requirements and restrictions, different countries around the world tend to implement various strategies. When looking at the future of the energy market, these strategies can have an impact on energy security, energy equity, and environmental sustainability. If (WtE) technologies are designed and implemented in compliance with the principles of sustainability, a correct waste management approach and environmentally sustainable production of energy can be accomplished at the same time, addressing problems in both the waste and energy sectors.

In recent years, high population growth, growing living standards, and rapid industrial growth have led to an enormous demand for energy in the Palestinian Territories. Compared to other countries in the Middle East, the energy situation in Palestine is very different due to the shortage of natural resources, the financial crisis, and uncertain political circumstances. To meet its energy needs, Palestine is highly reliant on Israel. It imports almost all petroleum products through Israeli companies. Israel controls the supply of energy into Palestine and therefore forbids free trade between Palestine and other countries in electricity and petroleum products. Owing to widespread poverty and widespread unemployment, energy is rapidly becoming unaffordable for people living in Palestinian territories. Sadly, the cost of fuel and energy to the Palestinians is among the highest in the world.  The Palestinian energy sector is entirely dependent on imported energy supplies, 88% from Israel, and 3% from Jordan and Egypt.
Consequently, to reduce dependence on the Israeli side of energy sources and contribute to solving the problem of waste accumulation in Palestine, a plan will be adopted to manage solid waste, which is waste to energy by incineration. It is considered a practical solution to waste disposal that could solve waste generation problems and could be a viable source of alternative energy[7].





















1.1 [bookmark: _Toc60088798][bookmark: _Toc72803589][bookmark: _Hlk70108817]Objectives of the work:

[bookmark: _Hlk71850338]The study aims to investigate and discuss the potential life cycle environmental impacts of two waste management systems in Zahrat Al-finjan landfill in the city of Jenin (North of the West Bank). The first system is to convert the waste into energy by establishing a WtE plant by incineration. The second system is landfill with three scenarios, first scenario is currently in use which is landfill without any gas collection, the second scenario is landfill with methane collection and flaring, and finally the third scenario is to generate electricity from landfill gas recovery.

[bookmark: _Toc72803590]1.2 scope of the work:

Waste management sector in Palestine faces many challenges, as a result of the increasing of waste generation and accumulation. Zahrat Al-finjan landfill is one of the three sanitary landfills in Palestine which serve the northern and central rejoins. The landfill receives 1200 ton/day and it operate on 88% of its utilization rate, and it is about to reach its maximum capacity in the few coming years, so Palestinian authority decided to introduce an incineration plant to Zahrat Al-finjan landfill. The scope of this research is to verify the effectiveness of incineration as a waste to energy technology based on the characteristics of the Palestinian MSW, and to compare its environmental performance with other waste management system, landfill with three scenarios. The first scenario is the actual practicing technique which is landfilling without any gas collection, the second scenario is landfilling with methane collection and flaring, and the third scenario is to produce electricity from methane combustion. Figure 1 shows the four waste management systems that will be studied, and their outcomes. The scope of the work also includes an estimation of the environmental saving resulting from the replacement of the current electricity source, which is Israeli Electricity company. For this purpose, LCA has been adopted as a decision-making analysis. 
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[bookmark: _Ref70553359][bookmark: _Toc72803648]Figure 1 The outcoms of the studied MSW management systems
[bookmark: _Toc60088799]
[bookmark: _Toc72803591]1.3 Significant of work

Zahrat Al-Finjan landfill is the only strategic and health landfill in the northern and central West Bank, which serves six governorates (Jenin, Nablus, Tubas, Tulkarm, Qalqilya, Ramallah, and Al-Bireh), where the landfill mechanism is used to dispose of waste. Landfills are the least environmental-friendly technology as they lead to global warming and the degradation of the ozone layer by emissions of polluting gases. Furthermore, landfills require vast areas and allow for contamination of the natural environment, such as groundwater and soil. As a result, the Palestinian Authority, with its various bodies, decided to move towards establishing an electricity generation station from waste using incineration technology. Specifically, this research aims to assess the potential environmental impacts of incineration technology as an option for WTE and comparing the current environmental status of the landfill with its situation after the construction of the plant. Incineration technology is a solution to many environmental problems. There is a lack in the Palestinian context of such studies about waste to energy plants, the significant of this research is to cover part of the deficiency that exists in the Palestinian context, in addition, such a study that shows the environmental impacts of more than one waste management system allows decision-makers to take the optimal decision.


[bookmark: _Toc60088800][bookmark: _Toc72803592]1.4 Constraints

The obstacles in this research are the inaccuracy of the data, and sometimes its lack of availability. 
[bookmark: _Toc60088801][bookmark: _Toc72803593]1.5 Codes and Standards

Intergovernmental panel on climate change (IPCC)
ISO 14040
[bookmark: _Toc60088802][bookmark: _Toc72803594]1.6 Earlier course work

There are some earlier courses that contributed to giving basic knowledge to Prepare this study, such as Energy and Environment, Thermodynamics, Environmental Impact Assessment, Energy Management, life cycle assessment.










[bookmark: _Toc60088803][bookmark: _Toc72803595]Chapter Two: literature review

The world is increasingly turning to waste-to-energy (WtE) technologies as a means of producing renewable energy and a method of disposing of municipal solid waste (MSW). These technologies have been widely investigated in the literature as their environmental impacts have been studied and compared with other waste management technologies such as landfill based on LCA approaches.

Some of the researchers compare one WtE option to a given baseline, often a landfill system, while most of the researchers compare a variety of options to one another to choose the best option. Marcio Montagnana Vicente Leme [8], in his study on a landfill in Brazil, he made a comparison between converting waste into energy by incineration and the current situation of using landfills for waste disposal. The environmental impact of different waste management options has been studied using the Life Cycle Assessment (LCA) methodology, which is based on ISO 14040 and ISO 14044. Results show that landfill is the worst waste disposal method, and also that major environmental impact reductions are obtained when energy is recovered from waste.  The main alternative, which produced the best output on the basis of the indicators considered, is the combustion of MSW as a source for generating electricity. Imran Khan [9] showed the necessity of exploring every sustainable option of waste-to-energy technologies from an environmental, economic, and social point of view. This study considers 34 indicators to be studied for different technologies. The study included four options for waste to energy technology, which is gasification, pyrolysis, anaerobic digestion, incineration. AD and incineration have been found as the most and least the technologies for converting waste to sustainable energy, respectively. Anaerobic digestion and incineration have been described as the most and least performance technologies used to turn waste into renewable energy in terms of sustainability, respectively. It was found that gasification, pyrolysis, and anaerobic digestion were 33 %, 65%, and 111 % more sustainable technologies for energy generation from waste than incineration.

 A study on many waste-to-energy technologies includes Incineration, pyrolysis, gasification, anaerobic digestion, and landfilling with gas recovery were carried by Kumar and Samadder in [10]. They used various case studies for both developed and developing countries to evaluate these technologies in terms of economic, environmental, and health effects. The results showed that in developing countries, AD and incineration for both organic and mixed waste are the most feasible options for municipal solid waste management. On the other hand, plastic, electrical appliances, wood waste, and electronic waste are the best input for pyrolysis and gasification, while landfilling is the best option for inert waste.

Similarly, Lino and Ismail in [11]  carried out a study to compare waste management technologies.  The CO2 emissions from a landfill were found to be equivalent to half that produced by an incineration plant. On the other hand, the electricity output of landfilling can supply 1% of the household's needs while electricity output by incineration is sufficient for 39% of the same household's needs.

The authors in [12] evaluated incineration in Malaysia by comparing it with different WtE technologies, claiming that the combustion of waste would yield better economic and environmental performance. In terms of power generation and mitigation of GHG, Rajaeifar, et al. [13] compared AD, incineration, and pyrolysis gasification as WtE technologies. The theoretical and technological capacity of producing electricity and mitigating Greenhouse gases has been measured and estimated using the LCA method. As a case study, data from Iran was used. The results ensure that WtE technologies deliver the benefits of an efficient and commercially feasible waste management system with renewable energy production. It is possible to decrease around 0.5 percent of Iran's GHG emissions generation each year. Besides, between 5005-5546 GWh of electricity could also be produced annually.

In [14] Paul H. Brunner and Helmut Rechberger discussed that incineration-based WtE plants lead significantly to the achievement of waste management objectives. Advanced air pollution control systems can be used to limit the emissions under an environmentally acceptable level. Incinerators are essential for the dispose of harmful organic materials, for the reduction of risks from disease-causing microorganisms and viruses, and the concentration of useful and toxic metals in particular parts. New sources of secondary metals can be obtained from bottom ash and APC tailings, so incineration has also become a substance recycling plant.

The authors in [15] conducted a study to examine the increase of CO2 emissions due to the current urbanization trend In China. The research took into account data from 29 Chinese provinces from 2005 to 2016. Many models have been used in this study, which are the exploratory spatial data analysis model, a spatial econometric model, the threshold model for the analysis of the spatial auto-correlation of CO2 emissions. Besides, the direct and indirect effects on CO2 emissions of new-type urbanization have been studied. Based on the environmental index of the new form of urbanization route, the MSW harmlessness level was considered. Policy proposals for reducing CO2 emissions have been formulated in the light of new forms of urbanization, energy-saving technologies, and environmental technologies, based on the results of the report.
The authors conducts in [16] studies that show that the use of non-renewable energy sources such as coal and fossil fuels can be reduced by using the LFG Recovery technology to generate an equivalent amount of electricity. Hence, greenhouse gases and pollutants bound for the atmosphere can be reduced as a result of fossil fuel combustion. In addition to that, the profits can be increased by selling the electricity produced as a national project, and thus contribute to meeting the energy requirements in the country. 














[bookmark: _Toc60088804][bookmark: _Toc72803596]Chapter Three: Municipal solid waste management

[bookmark: _Toc60088805][bookmark: _Toc72803597]3.1 Waste Hierarchy

MSW management is considered to be a significant challenge in municipal areas all over the world, but especially in fast-expanding cities and towns in developing countries [17]. In order to achieve sustainability, waste management should not be limited to solutions that are implemented at the end of processes, but there must be an integrated system for waste management from beginning to end, through which the processes of generation, separation, transportation, sorting, treatment, recovery and disposal are done in an integrated manner [18].

The waste hierarchy is a method used to evaluate processes that preserve the environment, resources, and energy consumption, categorized from the most appropriate measures to the least appropriate measures based on sustainability. The waste management hierarchy suggests an order of priority of processes for waste reduction and management and is generally portrayed in the form of a pyramid, as shown in Figure 2. The goal of the waste hierarchy is to use the products to obtain the highest possible gain and to produce the least waste. There are many advantages that come from the proper implementation of the waste hierarchy. It can help avoid GHG emissions, minimize pollutants, save energy and resources, create employment and promote the growth of green technologies

Most developed countries have followed the philosophy of the waste management hierarchy (prevention, reuse, recycle, recovery, and disposal) as the framework for the development of municipal solid waste  management systems [19]. Depending on a wide range of variables, including landscape, population size, transportation systems, socioeconomics, and environmental standards, the degree to which any particular option is used within a given country can vary widely[19].
[image: ]
[bookmark: _Ref60136041][bookmark: _Toc59401920][bookmark: _Toc60088948][bookmark: _Toc72803649]Figure 2 The Waste Hierarchy[20].

The priority of processes based on Waste Hierarchy is as follows, waste prevention, waste reuse, waste recycling, waste recovery, and waste disposal, respectively[21]. Table 1 shows an explanation of each step in the Waste Hierarchy.

[bookmark: _Ref57305815][bookmark: _Toc59401892][bookmark: _Toc60088901][bookmark: _Toc72803683]Table 1 An explanation of the steps of the Waste Hierarchy
	Stage 
	Description 

	Prevention
	It is a combination of processes and procedures designed to reduce the amount of waste produced.

	Reuse
	The activity of using an object, whether for
its original function or to perform a different function.

	Recycling 
	The process of transforming waste products 
into new materials and items.

	Recovery 
	The process of using waste to produce valuable products such as energy production by incineration.

	Disposal 
	Waste dumping into landfills or combustion without energy recovery.







[bookmark: _Toc60088806][bookmark: _Toc72803598]3.2 Waste to Energy technologies:

It is possible to obtain energy conversion from waste by using various technologies. All of these WtE technologies has specific features, and it can be considered feasible or not feasible depending on several criteria. These criteria are waste type and composition, energy content, final energy form required, the thermal and chemical operating condition of the waste to energy plant, and the plant efficiency[22]. 

WtE systems can be considered promising renewable energy systems that can be used for converting waste into electricity, especially for developing countries. Worldwide, WtE plays a crucial role in the sustainable management of waste and environmental mitigation. These technologies are usually classified as a thermal treatment process such as incineration, and biological treatment processes such as anaerobic digestion and landfill gas recovery[12]. The incineration and landfill without recovery will only be considered for analysis in this study.


[bookmark: _Toc60088807][bookmark: _Toc72803599]3.2.1 Incineration

The conventional incineration plant incinerates mixed MSW in an incinerator. A typical incineration plant is shown in the figure below the process of this plant involves the transporting of waste using a crane from a pit to the incinerator where incineration takes place. The combustion gases flow into the boiler for heat recovery, where the water temperature rise to 850-1000 °C to generate steam. This steam is then used to drive the turbine and the connected generator to generate electricity to feed the electric grid. Several air pollution controller are used to regulate the emissions of SOx, NOx, particulate matter, and other contaminants in MSW combustion systems. Figure 3 shows a schematic diagram of an incineration plant[23]. 



[image: ]
[bookmark: _Ref57304823][bookmark: _Ref55069895][bookmark: _Ref55069902][bookmark: _Ref55069934][bookmark: _Toc59401921][bookmark: _Toc60088949][bookmark: _Ref55072325][bookmark: _Toc72803650]Figure 3: Schematic diagram of an incineration plant[23].

The waste volume is usually decreased by more than 90 percent after combustion. The primary residual materials include ash and metals. Usually, ferrous metals are extracted and recycled from the residual material. Nonferrous metals such as aluminum, copper, bronze, and brass can be recovered by some advanced facilities. Ash may be filled with other wastes or sent to a monofill. Heavy metals and other harmful particles can be present in the ash. Research also is, ongoing to find beneficial uses of ash, such as use in materials for road paving or building materials. Non-ferrous metals may also be extracted from monofill led ash[24].

[bookmark: _Toc72803600]Table 2: Merits and demerits of WTE Incineration . 
[bookmark: _Ref57304871][bookmark: _Ref55071086][bookmark: _Ref55076853][bookmark: _Toc59401893][bookmark: _Toc60088902][bookmark: _Toc72803684]Table 2: Merits and demerits of WTE Incineration[24].
	Merits
	Demerits

	Volume reduction up to 80%
	Air and waterborne pollution

	Mass reduction up to 70%
	Cancer forming chemical (dioxins) production

	Can take larger waste amounts
	High investment

	Quick treatment
	Social opposition

	Environmentally beneficial compared to landfilling
	Solid waste (slag) production



3.2.1 [bookmark: _Toc60088808][bookmark: _Toc72803601]Landfilling: 

A sanitary landfill is a land disposal site where the waste is well managed through many systems, such as leachate control systems and biogas recovery systems, and this leads to a reduction in the negative impact on the environment. On the other hand, non-sanitary landfilling provides a convenient and economical option for disposing of the growing amount of waste. This type of landfill is the most used method of waste management in developing countries, which is a significant environmental threat[25]. LFG produces 50 to 60 percent methane [26]and is known to be one of the primary sources of emissions of anthropogenic methane. It is estimated that 30–70 million tons of methane gas are released from waste landfills every year[27]. Therefore, to minimize pollution, the recovery of methane from a landfill for electricity generation or other use is essential. LFG recovery is often practically not possible, in which case LFG on-site flaring is carried out.Table 3 Merits and demerits of WTE Landfilling

[bookmark: _Ref59384261][bookmark: _Toc59401894][bookmark: _Toc60088903][bookmark: _Toc72803685]Table 3 Merits and demerits of WTE landfill
	Merits
	     Demerits

	Cheap method of waste disposal
	     Surface runoff during precipitation

	A simple strategy to deal with waste
	     Contamination of soil and groundwater

	No need for skilled labor
	      High cost of waste transportation

	Marshy land can be turned into useful land
	      Landfills may produce a strong odor

	Natural resources are returned to soil
	      Significant GHG emissions
 

	After closure, it can be used for other purposes
	      Landfills require a large area





[bookmark: _Toc60088809][bookmark: _Toc72803602]Chapter Four: Life Cycle Assessment (LCA):

Life cycle assessment is an environmental impact assessment methodology associated with all phases of the life cycle of a manufactured product, system, or service. In a manufacturing process, for example, the environmental impacts of raw material collection, manufacturing, distribution, use, and final disposal or recycling of the product are measured. In strategic planning, LCA is increasingly used, so it also fits with a solid waste management strategy, especially in the political decision-making process and strategy planning. For the life cycle of a product system, all processes involving material and energy flows are analyzed. However, some exceptions must be taken into account in waste management because the extraction of raw materials and the processing of products that eventually result in a domestic waste can be neglected because they are the same for all systems under analysis.
Life cycle assessment follows four steps as stated by ISO 14040 [28], namely:
· Goal and scope definition.
· Life cycle inventory.
· Life cycle impact assessment.
· Results interpretation.

1. Goal and scope definition
The first step in a life cycle assessment is to identify the goal and scope. All general decisions to establish the LCA system are included in this process. The goal and scope should be identified precisely and clearly with the required application.
2. Life cycle inventory (LCI)
This analysis involves the modeling of the processes within the boundaries of the system. This requires data collection and computations to determine the appropriate inputs and outputs for the product system. For example, the inputs of the product system can be raw materials and resources, and the outputs are emission into air and soil and water pollutants

3. Life Cycle Impact Assessment (LCIA) 
The purpose of this process is to understand and analyze environmental impacts based on inventory data. During this process, inventory inputs and outputs are assigned to different impact categories such as global warming, depletion of the ozone layer, toxicity, eutrophication, etc. In general, LCIA consists of the following steps:
· Classification:
In this step, inventory data are assigned to the categories of impact considered. These categories are selected based on the types of impacts predicted. For example, carbon dioxide is assigned to the global warming category.
· Characterization
In this step, relevant materials within each impact categories are weighed or converted into equivalent units to unify them. For example, all contributions to acidification are converted into kilograms of equivalent SO2.
4. Interpretation
In accordance with the objectives of the LCA analysis, the measured LCI and LCIA findings are interpreted, and recommendations for decision-making are presented.










[bookmark: _Toc60088810][bookmark: _Toc72803603]Chapter Five: Palestinian Territories situation

[bookmark: _Toc60088811][bookmark: _Toc72803604]5.1 Energy sector in Palestine:

Palestine imports most of its energy needs from other countries, all fossil fuels, and about 90% of its electricity needs are imported via Israel[27]. With a peak demand of 930 MW, electricity consumption has exceeded 4,500 GWh. The West Bank has about 24 hours of uninterrupted electricity, and almost all Palestinians receive it as follows: 93% of rural residents and 99% of urban residents. In addition, 80% of the energy consumed is in the domestic sector, 17% is consumed in the commercial sector, and around 3% in the industrial sector. However, there is a  3.5% growth in consumption per year, which equates to a 150 GWh increase in energy demand per year[29]. 
As stated earlier, the Israel Electric Corporation (IEC) provides about 90 percent of the total electricity. IEC has a high-voltage (161 kV) network that is connected to 11, 22, 33 kV, low- and medium-voltage networks. Hundreds of small nodes connect the two networks and the networks are being improved by adding new substations. The complicated political situation between the two sides limits most of the plans and programs prepared by the Palestinian Energy and Natural Resources Authority for the growth of the electricity sector[30].
The relationship between the Palestinian energy institutions and the Palestinian energy supply chain is illustrated in 
Figure 4 to understand the scope and operation of the energy sector. PENRA is the policymaker that defines the energy sector's action plans and regulations of the energy sector. The Palestinian Electricity Regulatory Council (PERC), which sets prices and regulations, is the main controller and regulator. 
All points of transmission, supply, wholesale, and network service are owned by the Palestinian Electricity Transmission Company Limited (PETL), while the distribution of energy is carried out by many distribution companies (DISCO). These companies are Jerusalem Governorate Electricity Company (JDECO), Hebron Electricity Company (HEPCO), Southern Electricity Company (SELCO), North Electricity Distribution Company (NEDCO), Tubas Electricity Distribution Company (TEDCO), and Gaza Electricity Distribution Collaboration (GEDCO). 

It is necessary to upgrade the Palestinian electricity network; the PERC's annual report informed that losses were around 26 percent, equal to 688.4 GWh[31]. This included technical and non-technical losses, as the non-technical term involves theft losses as a result of the Palestinian Authority's limited security and administrative capabilities in areas B and C and in refugee camps. While a considerable number of customers are associated with a DISCO company, as stated in the PERC Annual Report in 2011, approximately 31 percent of residents are directly served by 305 municipalities in town and village councils and not associated with any DISCO company. The distribution of customers in the West Bank is shown in 
Figure 5, based on the company delivering the service.

[image: ]
[bookmark: _Ref57301153][bookmark: _Toc59401922][bookmark: _Toc60088950]	
[bookmark: _Toc72803651]Figure 4 Relationship between Palestinian energy institutions and the Palestinian energy supply chain

The Palestinian Authority intends to achieve a sustainable target in 2020: to generate 130 MW from renewable energy sources (RES) and approximately 500 MW in 2030, as mentioned in the National Energy Efficiency Action Plan established by the Palestinian Authority for Energy and Natural Resources. Solar energy generation is projected to contribute 80% to these estimates, while 10% will come from wind power and the remaining 10% will come from other renewable sources, such as biomass and biogas. According to this objective, this WTE is expected to provide 10-15 MW in 2020. As 
Figure 4 shows, PERC manages the purchasing of power from the IEC, where it buys from the IEC and then sells it to its end consumers through DISCO and municipalities and town councils. Electricity prices typically differ from one sector to another. The sectors are categorized as residential, industrial, commercial, water pumping, irrigation, road lighting, and temporary services.
The Palestinian Authority has dedicated considerable resources to the energy sector since it was founded in 1994. There is limited development of the infrastructure, regulations, and policies because of the difficult political situation between the Palestinian Authority and Israel[32]. In addition, electricity and other resources, such as fossil fuels, are more costly in Palestine compared to other countries in the region. The Paris Economic Protocol between the Palestinian Authority and Israel confirms that the gap between final price for petrol and diesel fuel for customers in Palestine and Israel must not exceed 15%. This makes prices high for the Palestinians, bearing in mind that Israel's average income is three to four times higher than that in Palestine. Finally, this condition is worsened by several other considerations. For instance, the Palestinian Authority does not have a clear energy policy and energy institutions working properly. The political situation also gives investments an unpredictable future that makes Palestine much more complicated when it comes to energy planning than the others in the Middle East.

[bookmark: _Ref59389628][bookmark: _Ref57215402][bookmark: _Toc59401923][bookmark: _Toc60088951]
[bookmark: _Toc72803652]Figure 5 Distribution of consumers in the West Bank
[bookmark: _Toc60088812][bookmark: _Toc72803605]5.2 Solid waste sector in Palestine:

In keeping with global trends, waste generation in Palestine is increasing. According to the Ministry of Local Government (MoLG) data book, the estimated municipal solid waste generation in the West Bank is about 2,622 tons / day (957,030 tons per year), and the average per capita production is about 0.91 kg / day. These estimates vary between cities, villages and camps, and between cities themselves, according to different standards of living and consumption patterns. The issue of implementing sound and integrated management of solid waste faces multiple obstacles and challenges at the legislative, organizational, technical, cultural, environmental, financial and social levels, in addition to the complexities of the political situation represented by the limited control over the land. And the resources and the continuation of the occupation and its negative policies, which hindered the implementation of many regional development projects and facilities for this sector, in light of the complete Israeli control over what is known as Area "C".
There are twelve Joint Service Council (JSC) in the West Bank. The JSC collects 83% of the waste, while the Local Government Units (LGU) and the UNRWA are responsible for collecting the remaining amounts. There are 16 transfer stationsin in the West Bank and Gaza. The thirteen stations in the West Bank are all managed by the villages councils or in partnership with the major municipalities, except one station, which is managed by the Israeli occupation authorities[33].

There are three landfills, Zahrat al-Finjan in Jenin, which serves the northern part of the West Bank, Al-menia between Bethlehem and Hebron, which serves the southern part of the West Bank, and Jericho’s landfill, which serves Jericho city. Unfortunately, within the coming few years, Zahrat Al-Finjan is about to reach its maximum capacity, and there is no possibility to increase it. The one in Jericho has already reached its maximum capacity, and also, there is no possibility to expand it [7]. Figure 6 shows the distribution of transfer stations to Zahrat Al-Finjan.

	Zahrat Finjan -Jenin 

	1,200
	Receive (ton/day)

	3,250,000
	Capacity(m3)

	402,902
	Remained capacity (m3)

	88
	Utilization(%)
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Figure 6 Transfer stations to Zahrat Al-Finjan
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[bookmark: _Toc60088813][bookmark: _Toc72803606]5.3 United Nations Framework Convention on climate change:

The State of Palestine recently gained accession to the United Nations Framework Convention on Climate Change (UNFCCC). While the State of Palestine’s priority on climate change is an adaptation, it is also committed to ensuring that its emissions pathway is in line with the objective of the UNFCCC to stabilize greenhouse gas emissions at a level that prevents dangerous anthropogenic interference with the climate system. The National Development Plan continues national endeavors to strengthen institutions, ensure financial stability, and deliver quality public services efficiently and sustainably. Moreover, the Environment Quality Authority (EQA) led the preparation and development of the Environment Sector Strategy (2014-2016) with the vision of: “A protected, maintained and safe Palestinian environment that achieves sustainability of natural resources, under an independent Palestinian sovereignty. “The delivery of the climate actions described in this NDC will help achieve several national development and policy objectives as well reflects the country's vision for climate action and address the political commitment to climate change at a global level. These include improvements in the State’s energy security, with reduced dependence on imported electricity from Israel and increased energy reserves through development and exploitation of the Gaza Strip’s gas field.  Palestine intends to reduce its CO2eq emissions as set out in Table 4, conditional on receiving international support in the form of finance, technology transfer, and capacity building.
[bookmark: _Ref58951972][bookmark: _Toc59401895][bookmark: _Toc60088904][bookmark: _Toc72803686]Table 4 The State of Palestine’s conditional mitigation contribution
	Independence
	Status quo

	24.4% by 2040 relative to business-as-usual
	12.8% by 2040 relative to business-as-usual






The State of Palestine will implement the mitigation actions with respect to solid waste set out in Table 5 below, conditional on receiving international support. Further information on the mitigation actions is provided in the State of Palestine’s INCR.
[bookmark: _Ref58952899][bookmark: _Toc59401896][bookmark: _Toc60088905][bookmark: _Toc72803687]Table 5 Mitigation actions to be implemented, conditional on receiving international support
	Mitigation action
	Brief description of the action

	Use of waste for electricity generation
	Deployment of a 1 MW (50 tons per day of waste) waste incineration unit.

	Reduction of methane from landfill
	The capture of 14,000 tons of landfill gases per annum for use in power generation.




















[bookmark: _Toc59297384][bookmark: _Toc60088814][bookmark: _Toc72803607]Chapter Six: Methodology

To study and compare the global warming potential of waste management systems at Zahrat al-Finjan, four MSWM options will be considered. The first one is the incineration plant, the second one is the landfilling without any gas collection, the third one is the landfilling with methane collection and flaring, and the fourth one is the landfill gas recovery. The environmental assessment was conducted by using the Intergovernmental Panel on Climate Change (IPCC) equations to calculate the GWP for the incineration plant scenario, and the LandGEM software was used to calculate the GWP for the landfilling without collecting and flaring methane, landfilling with collecting and flaring methane, and the landfill gas recovery scenarios.

[bookmark: _Toc59297385][bookmark: _Toc60088815][bookmark: _Toc72803608]  6.1 Waste Charactiristics and Available Energy:

The solid waste compositions were obtained from the book of the Ministry of Local Government[34], as shown in Figure 7.


[bookmark: _Ref58100024][bookmark: _Toc59401925][bookmark: _Toc60088953][bookmark: _Toc72803654]Figure 7 Solid waste compositions  in the West Bank
After obtaining the waste composition the waste mass balance was calculated as Table 6 illustrate


[bookmark: _Ref59317107][bookmark: _Toc59401897][bookmark: _Toc60088906][bookmark: _Toc72803688]Table 6 waste mass balance
	type
	ton/day (Wi)

	Organic materials
	600

	Paper and cardboard
	151.2

	Plastics
	175.2

	Glass
	21.6

	Metals 
	30

	Other materials
	202.8



According to the guidelines of the International Solid Waste Association (ISWA), the calorific value of MSW varies according to its moisture, ash, and carbon contents and these values are listed in 
[bookmark: _Ref58525493][bookmark: _Ref59400430][bookmark: _Toc59401898][bookmark: _Toc60088907]Table 7.
[bookmark: _Toc72803689]Table 7 waste energy balance
	type
	 Energy content [MJ/kg]

	Organic materials
	4

	Paper and cardboard
	16

	Plastics
	35

	Glass
	0

	Metals 
	0

	Other materials
	11



The available energy from MSW can be calculated by using equation (1).
	
	[bookmark: _Ref58527181](1)


[bookmark: _Toc59297386][bookmark: _Toc60088816]

[bookmark: _Toc72803609]6.2 Incineration 

[bookmark: _Toc60088817][bookmark: _Toc72006440][bookmark: _Toc72803610][bookmark: _Toc59297387]The waste composition must meet certain limits to be burned without the use of additional fuel. These limits are indicated by the shaded area in the tanner diagram.

[bookmark: _Toc60088818][bookmark: _Toc72803611]6.2.1 Tanner Diagram:

Tanner Diagram estiblashed based on many different studies done in the past and it is collectively accepted. This diagram is a triangular plot of three percentage values of waste composition measured on wet bases. These values are moisture content (w), ash content (A), and fixed carbon content (c).  It should be remembered that their summation always equal to 100. To feasibly burn the waste and generate energy, the moisture content of the waste should not exceed 50%, the ash content should be lower than 60%, and the fixed carbon content is more than 25% [35].

To examine the combustibility of solid waste in Palestine, the default values for moisture, ash, and carbon for different materials from were taken from World Bank data to calculate the percentage of moisture, ash, and compostable for Palestinian solid waste. After that, the values were used to locate the operating point of the incineration plant on the Tanner Triangle. Table 8 shows the default value for W, A, and C for different materials.
[bookmark: _Ref60088538][bookmark: _Toc60088908][bookmark: _Toc72803690]Table 8 Default value of W, A, and C
	type
	Moisture
	Ash
	Combustible

	Organic materials
	66%
	13.30%
	20.70%

	Paper and cardboard
	47%
	5.60%
	47.40%

	Plastics
	29%
	7.80%
	63.20%

	Glass
	3%
	97%
	0%

	Metals 
	6%
	94%
	0%

	Other materials
	25%
	28.20%
	42%



By using Equations below
	
	( 2)


Wi: type of waste (ton/day)
[bookmark: _Hlk58105393]w: Default value of moisture % 
	
	(3)


A: Default value of ash%
	   
	(4)


C: Default value of combustible %


[bookmark: _Ref59400827][bookmark: _Ref59400822][bookmark: _Toc59401926][bookmark: _Toc60088954][bookmark: _Toc72803655]Figure 8 Analysis of waste fractions

[bookmark: _Toc72803612][bookmark: _Toc72006442]Figure 9 shows the tanner diagram for the assessment of the combustibility of municipal solid waste. The blue triangle shown in the diagram represents the operating point of the incineration plant. The operating point is in the shaded area, which means the waste can be burned without using additional fuels.
[bookmark: _Ref58101476][image: ]
[bookmark: _Ref59320846][bookmark: _Toc59401927][bookmark: _Toc60088955][bookmark: _Toc72803656][bookmark: _Toc59297388]Figure 9 Tanner triangle for assessment of combustibility of MSW

[bookmark: _Toc60088819][bookmark: _Toc72803613][bookmark: _Hlk60086311]6.2.2 Intergovernmental panel on climate change (IPCC)

The Intergovernmental Panel on Climate Change (IPCC) is an intergovernmental body of the United Nations that is dedicated to providing the world with an objective, scientific information relevant to understanding the scientific basis of the risk of human-induced climate change, its natural, political, and economic impacts and risks, and possible response options. Among these impacts is global warming resulting from the emissions of certain gases such as carbon dioxide CO2, methane CH4, and nitrogen oxide N2O.
In order to estimate emissions from incineration, IPCC has set three tiers based on the available data. Tier 1 was used to estimate the amount of emissions from the incineration plant that will be built at Zahrat al-Finjan landfill.
The calculation of CO2 emissions is based on an estimate of the amount of waste (wet weight) burned taking into account the dry matter content, total carbon content, fossil carbon fraction and oxidation factor by using equation(5).

	
	[bookmark: _Ref58423306](5)


[bookmark: _Ref58423621]
Where CO2 emissions are calculated in (ton/year), 
i is the MSW type,
WFi is the amount of solid waste type (ton/year)
dmi is the dry matter content in the MSW type 
CFi is the fraction of carbon in the dry matter 
FCFi is the fraction of fossil carbon in the total carbon of component i,
OFi is the oxidation factor (fraction), Values of these factors are obtained from Table 9.

[bookmark: _Ref59400991][bookmark: _Toc59401899][bookmark: _Toc60088909][bookmark: _Toc72803691]Table 9 MSW incineration CO2 emissions model estimating factors[36].
	type
	dmi
	CFi
	FCFi
	Ofi

	Organic materials
	0.4
	0.38
	_
	1

	Paper and cardboard
	0.9
	0.46
	0.01
	1

	Plastics
	1
	0.75
	1
	1

	Glass
	1
	_
	_
	1

	Metals 
	1
	_
	_
	1

	Other materials
	0.9
	0.03
	1
	1



the Methane (CH4) and Nitrous Oxides emissions (N2O), that generated from incineration plant are also necessary to be calculated, and equation (6) can be applied for each one individually.
	O= 
	[bookmark: _Ref58424370](6)



Where emissions are calculated in (ton/yr)
IWi is the amount of solid waste (ton/year)
 EFi is the aggregate emission factor of methane (or Nitrous Oxides) (which is 0.188 kg CH4/ton of waste for methane and 0.068 kg of N2O/ton of waste for nitrous oxides).

[bookmark: _Toc59297389][bookmark: _Toc60088820]The methane and Nitrous Oxide emissions can be converted into CO2eq by using the Global Warming Potential (GWP) factor. the GWP factor is 21 and 310 for methane and Nitrous Oxides respectively.
[bookmark: _Toc72803614]6.3 Landfill 

LandGEM software was used to analyze the gases that generated in the landfill site, in which the amount of methane and carbon dioxide were calculated over a period of 30 years for each scenario.

[bookmark: _Toc59297390][bookmark: _Toc60088821][bookmark: _Toc72803615]6.3.1 LandGEM software:

 The software was introduced by the US Environmental Protection Agency (USEPA). This software is able to automatically model the rate of gas emission from municipal landfill sites. It can also determine about 46 pollutants existing in the landfill area. LandGEM model determines the annual emission rate through a first-order equation. The main parameters which should be provided for the model are k and L0 [37]. According to the IPCC standard defined in 1996, methane generation can be calculated according to Equation (7).
	
	[bookmark: _Ref58426075](7)


					
	Where,

	
	
	
	
	

	QCH4 = annual methane generation in the year of the calculation (m3/year)
	
	
	

	i = 1-year time increment
	
	

	n = (year of the calculation) - (initial year of waste acceptance)

	j = 0.1-year time increment
	
	

	k = methane generation rate (year-1)
	
	
	
	

	Lo = potential methane generation capacity (m3/Mg)

	
	
	
	


Mi = mass of waste accepted in the ith year (Mg) 
	tij = age of the jth section of waste mass Mi accepted in the ith year (decimal years, e.g., 3.2 years)
	
The model input parameters, potential methane generation capacity Lo, and methane generation rate k can be estimated as shown in equations below:
 
	
	(8)

	
	(9)



Where A is the share of carbon content in paper and textiles in waste (%).
B is the share of carbon content in garden and park waste (%).
C is the share of carbon content in food waste (%).
D is the share of carbon content in wood and straw waste (%).


	
	[bookmark: _Ref70542791]   (10)



	





	
	
	
	


[bookmark: _Toc72803616][bookmark: _Toc60088822]6.3.2 Emissions form methane collection and flaring
 
Once the MSW is landfilled, it starts decomposing under anaerobic conditions and generates landfill gases, which are a mixture of CH4, CO2, and other gases with a lower concentration. As methane has a higher effect on GWP by 21 times more than carbon dioxide, CH4 that is generated in the landfill site can be collected and combusted to reduce the GHG emissions and generate electricity. In order to estimate the GHG from the landfill site, the collection efficiency of methane was considered to be 75%[38]. The other 25% of the generated methane is the methane released to the atmosphere without being collected.
The burned amount of methane generates CO2, according to a balanced equation of methane combustion shown, burning 1kg of methane generates 2.75kg of CO2. 


(11 illustrate the total amount of CO2 generated 

	

	[bookmark: _Ref70542825](11)




[bookmark: _Toc72803617]6.3.3 Energy generation from LFG

The available energy that can be obtained from LFG can be calculated as shown in equation (12)

	
	[bookmark: _Ref71732133]                     (12)


Where,
 is the flow rate of methane (m3/year)
[bookmark: _Hlk71934061] is the Energy content of methane, which considered to be 37.5 (MJ/m3)
 is the system collection efficiency 

	

	                                              (13)


Where  is the electrical conversion efficiency, which considered to be 33%.

[bookmark: _Toc72803618]6.4 Israeli Electric Company Replacement
 
To carry out a rational environmental assessment, carbon dioxide equivalent emissions must be obtained from the current electricity source. 89% of the Palestinian electricity is imported directly from Israel as mentioned earlier. Israel depends 99% on fossil fuels to generate electricity, this high percentage making Israel's carbon intensity among the highest in the OECD countries. In 2012, Israel produced 0.767 kg CO2 equivalent / kWh of generated electricity[39]. This value will be used to calculate the emissions savings after using the output electricity of the incineration plant instead of Israel.

[bookmark: _Toc72803619]6.5 Cumulative Energy Demand (CED) 

Environmental life cycle assessment (LCA) is today a crucial methodology to quantify the life cycle-based environmental impacts of products, services, or organizations. The cumulative energy demand CED Life Cycle Impact Assessment (LCIA) (also called ‘Lifecycle Embodied Energy (LEE)), is used to display total Primary Energy (PE) consumption in the plant, to the total energy generation.
To study and compare the (CED) of waste management at Zahrat al-Finjan, initially all the data related to waste such as daily production of waste in each city, and transportation cost of waste were taken from the data book of the Ministry of Local Government, as shown in Table 10
[bookmark: _Ref72002977][bookmark: _Toc72803692]Table 10 amount and cost of  collected waste daily
	City
	Ton/day of MSW
	Cost/Ton

	Jenin
	286
	25

	Nablus
	93
	20

	Tulkarem
	166
	31

	Tubas
	39
	27.9

	Qalqilya
	105
	13.9

	Ramallah
	232
	35

	Salfit
	66
	22.5



After obtaining waste amount and transfer cost, the cost and amount of diesel were calculated, as shown in equation (14) and equation                       (15). 

	
	[bookmark: _Ref72003240](14)



	
	[bookmark: _Ref72003248][bookmark: _Ref72010619]                      (15)



The cost of diesel in Palestine is about 5 Nis/litter.
Then, amount of energy consumption was calculated as shown in equation                      (16)
	
	[bookmark: _Ref72003420]                     (16)



Where the heating value of diesel is 38 MJ/kg.
After that to calculate cumulative energy demand (CED) for incineration scenario, Figure 10 illustrate all input and output energy of the scenario, and equation                                          (17) using to calculate CED.
Home
Collection
1000 ton/day
Ein 1 
Transportation
Ein 2
Transfer Station
WtE Plant
Electricity
Eout 
Ein 3

[bookmark: _Ref72003551][bookmark: _Toc72803657]Figure 10 Comulative energy demand for Incineration
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[bookmark: _Toc72803658]Figure 11 CED for landfilling

	
	[bookmark: _Ref72003982]                                 (18)
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[bookmark: _Toc72803659]Figure 12 CED from methane flaring
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[bookmark: _Toc72803660]Figure 13 CED from LFG recovery
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[bookmark: _Toc60088823][bookmark: _Toc72803620]Chapter Seven: Results and Discussion 

[bookmark: _Hlk71816393] The study was conducted based on Palestinian MSW characteristics published on MoLG data book, that receive to Zahrat al-Finjan landfill, which is estimated at 1200 tons/day. The GHG potential and energy potential were analyzed for both MSWM systems over their life cycle that was considered 30 years in this study.

[bookmark: _Toc72803621]7.1 Incineration 

Based on the average Palestinian formulations of solid waste and the calorific value of the MSW fraction given in Figure 8, the weighted average was used to calculate the energy content available in MSW, which gives a total Calorific value of 10.98 [MJ/kg waste]. The amount of available energy that could be obtained from the waste was estimated to be 13,182,000 [MJ/day], with conversion efficiency equal to 20%. The electricity production from the incineration plant is about 732,333.33 kWh/day, the plant will be operating 24 h/day so the plant capacity is 30.514 MW. 
According to IPCC equations mentioned before, the measure of how much a unit mass of gas contributes to global warming from incineration compared to carbon dioxide was done over the plant life cycle, and Table 11 below summarizes the results.
[bookmark: _Ref72004428][bookmark: _Toc72803693]Table 11 unit mass of gas contributes to global warming from incineration
	Type of gas
	Amount of gas [ton]
	CO2eq [kg]

	CO2
	1.44380×108
	1.44380×108

	CH4
	5.25701×104
	1.104×106

	N2O
	893.52
	27.6991×104



The total CO2eq from incineration plant is 4,641,510.163 ton.

[bookmark: _Toc72803622]7.2 Landfill

According to equations 8,9,10 that used to determine the LandGEM model input parameters, the DOC value, potential methane generation capacity Lo, and methane generation rate k are 19.94%, 93 m3/ton, 0.016 year-1 respectively.
The amount of CH4 and CO2 that resulting from the LandGEM model was used to analyze the environmental impacts of the three scenarios of the landfill system. 
Scenario 1
The first scenario was the current practicing technique which is a landfill of the waste without any gas collection. Results from the analysis show that Methane and Carbone dioxide generation is increased cumulatively from open year to closure year then it starts to decrease as shown in Figure 14 below.

[bookmark: _Ref72004597][bookmark: _Toc72803661]Figure 14 Methane and Carbone dioxide generation from  landfill
The total amount of CH4 and CO2 generated from waste landfilling from the open year of the landfill site to the closure year (2025-2055) are shown in the 


Table 12.
[bookmark: _Ref72004718]


[bookmark: _Toc72803694]Table 12 Amount of CO2 and CH4 from landfill 
	Type of gas
	Amount of gas [ton]
	CO2eq [ton]

	CO2
	990,067.0183
	[bookmark: _Hlk72800710]990,067.0183

	CH4
	183,289.2606
	3,849,074.473

	NMOC
	15,509.92513
	[bookmark: _Hlk72800736]201,629.0267



The total CO2eq from this scenario is 5,040,770.5 tons.

Scenario 2
The second scenario of the landfill system is methane collection and flaring. This scenario is assumed to flare 75% of the generated methane in the landfill site which means 137,466.95 tons, this amount of methane will generate 378,034.1 tons of CO2. The other 25% is the not collected methane which is 45,822 tons CH4, equivalent to 962,268.618 tons CO2eq. CO2 from waste decomposition, and NMOC are the same as scenario 1, 990,067.0183 tons, and 201,629.0267 tons, respectively. The total CO2eq from this scenario is 2,531,998 tons.

Scenario 3
This scenario aimed to study the potential of electricity production from the methane generated in the landfill site, based on the energy content of methane, which is in this research considered to be 37.5 MJ/m3. The amount of energy that can be obtained from methane combustion is 7,296,782,175 MJ, with electrical conversion efficiency equals 33%, the electricity production is about 668,871,699.3 kWh. The plant capacity will be 7.635 MW. The total GHG emissions released from this scenario are the same as for scenario 2, The difference is the environmental savings resulting from the replacement of electricity generated by the fossil fuel burning by the Israeli Electricity company.



[bookmark: _Toc72803623]7.3 Israeli Electric Company Replacement

There are environmental savings resulting from replacing the electricity coming from Israel with the electricity generated from the WtE plant. The waste incineration plant will reduce the imported electricity by 267,301,666.67 kWh/year, which will reduce GHG emissions by 205,020.38 ton/year, which means 6,150,611.35 ton along the plant life span. The electricity generated from landfill gas recovery will reduce imported electricity by 668,871,699.3 kWh, the environmental saving from this scenario is 513,024.5934 ton along the plant life span.
Figure 15 shows the net Environmental saving that can be obtained from each MSWM systems


[bookmark: _Ref72803063][bookmark: _Toc72803662][bookmark: _Hlk72803101]Figure 15 The net Environmental saving from each MSWM systems






[bookmark: _Toc72803624]7.4 Cumulative Energy Demand 

Input and output energy potential that could be consumed and generate in both MSWM systems were calculated as shown in chapter six, section 5 in order to estimate the CED for each scenario along their life cycle. The input energy has two sources, the first one was assumed to come from diesel used for waste collection and transfer from TSs to the Zahrat al-Finjan landfill, and it was the same for all scenarios. The second source of the input energy is the available energy in MSW that will be incinerated in the incineration plant, and the Methane that will be combusted to generate electricity. The input energy from diesel, MSW, and Methane is 8.3×104 MJ, 14.4×109 MJ, and 7.3×109 MJ, respectively. The output energy is the electricity generated from MSW incineration and Methane combustion. It is 8×109 kWh for incineration plant, and 6.7×108 kWh for LFG recovery. CED for incineration plant and landfill with its three scenarios is 1.2×1010 MJ, 16.6×106 MJ, 16.6×106 MJ, and 7.7×109 MJ, respectively.
Figure (15 below illustrates the CED of MSWM systems, negative values represent the consumed input energy, and positive values represent the generation output energy.


[bookmark: _Toc72803663]Figure 16 Cumulative energy demand representation for all MSWM systems.
[bookmark: _Toc60088824][bookmark: _Toc72803625]

Chapter Eight: Conclusion and Recommendations:
[bookmark: _Hlk72166427]The West Bank MSW management system faces many technological and economic challenges. Technically, two of its three available landfill sites are already overloaded or will soon become overloaded. There is no possibility of establishing new landfills due to land lack and difficult political situation, and for the same reasons, there is no possibility of expanding the existing landfills. The present situation has established several environmental and social issues. Considering the annual generation growth rate of 4 % of local Municipal solid waste, Palestine is already under stress to establish new sustainable solutions to solve these issues. As a result, PENRA, MoLG, and EQA strategic plans (2017-2022) contained policies and strategic goals to promote the development of new technologies to convert waste into energy. In this part of the research, two systems for waste management in Zahrat Al-Finjan landfill were studied, namely the landfill with three scenarios using LanGEM and incineration using IPCC equations. It was found that replacing the current MSWM system in Zahrat Al-Finjan landfill will mitigate the GHG emissions. The higher net potential environmental saving was found in incineration plant, it will reduce the GHG emissions by 6,549,871.69 ton. On the other side, the LFG recovery and methane flaring will save 3021796.5 tons, and 2,508,772.5 tons respectively, in comparison with the practicing MSWM system. From the electricity production point of view, the incineration plant has higher potential energy with a plant capacity of 30.5 MW, than LFG recovery with a plant capacity of 7.635 MW.
Based on these considerations, and because of the amount of the environmental savings that can be achieved from the incineration, and taking the current situation of Zahrat Al-Finjan landfill in consideration, the authors' recommendations are directed towards establishing a WtE plant by incineration, as incineration disposes of the waste directly, and there is no need to landfill it before use, unlike LFG recovery, which requires burying the waste to produce methane and then use it. In addition, the higher potential energy that could be obtained from incineration. So, it will be a sustainable solution for MSW disposal in Zahrat Al-Finjan landfill and reduce the dependency on imported electricity from Israel. which is more fitted with the Palestinian authority's strategic plans.
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landfill	Incinertaion	LFG recovery	Methane Flaring	5040770	-6549871	-3021796	-2508772	
ton CO2eq
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