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0. Summary
 
A study was conducted on assessing the feasibility of three Waste-to-Energy options on the West Bank. The options include (i) enhanced extraction and electrification of landfill-gas, (ii) digestion of biowaste combined with electrification of the resulting biogas and (iii) direct bulk incineration of municipal waste. The assessment was completed by including a non-energy option, being composting of biowaste, as a reference.
 
The assessment included financial, technical, institutional and other aspects. The conclusion is that direct incineration has the highest potential with regard to production of electricity but has some serious drawbacks with regard to needed minimum scale, needed capital and resulting LCOE (levelised cost of electricity). On the other side of the spectrum is enhanced landfill gas extraction with a low potential but equally low needed capital and resulting LCOE. Digestion turns out to give a high LCOE combined with a number of other downsides.
The advise would be:
 
	Implement landfill gas extraction and electrification irrespective of other scenarios to be chosen.

	Further weigh and discuss all aspects of direct incineration within the context of the West Bank situation.

	When choosing not to implement incineration, consider the stepwise introduction of separate collection and composting on the regional level.

 
The results were presented and discussed at a workshop in Ramallah on November 14th. 
1. Introduction
 
The West Bank faces tremendous challenges. The Palestine authorities are building up civil services under complex circumstances. Poor financial resources, restricted land-use and important controls on resources and transport in the hands of Israel are a few of the most important constraints.
 
Electricity services are nearly at 100% coverage and availability, but the dependency on Israeli deliveries and transport is high. The Palestine government is trying to reduce this dependency by investing in an autonomous production capacity through PV and is thinking of other renewable and sustainable sources.
 
Waste management is one of the other services that need to be brought to a higher level. The West Bank is improving its waste collection and closing down illegal dumpsites but the effect up until now is that the growing quantity of collected waste has to be disposed of in just a few landfill sites.
 
In this situation the thought of producing energy from waste is not far away. The authorities have high expectations of the potential and these expectations are fuelled by proposals of private companies promising WtE (waste to energy) concepts at low costs.
 
In February of this year contacts between the special Dutch envoy Tessa Terpstra and PENRA, the Palestine Energy and Natural Resources Authorities, lead to the conclusion that Palestine is in need of a feasibility assessment of WtE options that have come to the table until now. It should provide an overview and give advise for first steps forward with regard to the most fitting and feasible technology under Palestine circumstances. 
 
This report is the result of this feasibility study. It is based on data research and a number of interviews and visits as described in annex 1.
 
Chapter 2 summarises the relevant aspects of the West Bank and its waste and energy situation. Chapter 3 describes possible technologies and the next chapter evaluates their feasibility. In this evaluation also institutional aspects are considered. The report finishes with conclusions and advises in Chapter 5.
 
The slides of the presentation at the workshop of November 14th are given in annex 7.
 
 
 
2. Present situation
 
2.1 General aspects
 
 
Geography and natural resources
 
This report focuses on the West Bank being the largest of the two Palestine territories in Israel. The territory is bordered by Israel on the North, West and South-side, and by the Jordan river, the Dead Sea and Jordan on the East-side.
 
The Palestinian sun provides 3000 sunshine hours with an intensity of 2,63 kWh/m2.day in December and 8,4 kWh/m2.day in June. Average monthly temperatures range between a minimum of 5 0C and a maximum of 30 0C. Average yearly rainfall is around 450 mm with a remarkable variation ranging from 150 mm in Jericho to over 700 mm in Ramallah. 
 
An important issue when it comes to thermo-electrical power production is the availability of water bodies that can be used for the use as source for steam and cooling water. The West Bank lacks  this needed resource and as a result cooling has to be performed through dry cooling.
 
 
Demographics, economics and industry
 
According to the 2017 census the territory is home to 2.881.687 Palestinians distributed over 11 governorates as shown in map 11. The average household size is 4,8 persons per household. The population grows at an estimated 2%.
 
GDP (ppp) in the Palestinian territories (including Gaza strip) in 2014 was at $ 4.300 per capita2 with a growth in the last years dropping to around 3%3.  Average net salaries are $ 25-30 per day. The currency is the New Israeli Shekel with a rate of € 0,234 per 1 NIS and $ 0,271 per 1 NIS. In the financial paragraphs of this report both Euro and NIS will be used.
 
There is practically no demand for heat, neither for domestical nor for industrial use. This means that thermo-electrical production on the West Bank should be electricity-only with no chance for CHP (combined heat and power).
 
 
Political situation
 
The situation on the West Bank can not be understood without shortly describing the troublesome governance situation as illustrated in map 14. The situation is a direct result of the Oslo Accords, dividing the West Bank into 3 major designated areas being:
	Area A - About 18% of the West Bank, comprising eight Palestinian cities and their municipal areas; in this area both security and civil authority rests with the Palestinian authorities.

	Area B - About 22%  of the land including around 440 Palestinian villages in which Civil authority rests with the Palestinians but security control is a shared Israeli-Palestinian responsibility.

	Area C - The remaining 60% is still under the security and civil authority of Israel.

 
The consequences of this division are fundamentally influencing daily live as free transport of people, goods and services are seriously inhibited. This certainly also holds for the delivery of waste and electricity services to the public.
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Map 1. Governorates, population and Area’s according to Oslo accords								
 
 
 
 
 
 
2.2 Waste
 
 
Production and composition
 
Waste, in this report, is defined as municipal solid waste as it is collected by municipal collection services. It includes the waste of households, city cleaning, small shops, offices, hotels etc. The average waste production per inhabitant per day is around  0,81 kg leading to a total daily production of around 1950 tons or 720.000 tons per year5.
 
Waste production tends to grow with the growth of the population (with elasticity-ratio 1), of the economy (at elasticity-ratio around 0,5) and of the degree of urbanisation. When using the data from paragraph 2.1 and neglecting the influence of urbanisation, the annual growth of the waste production can be estimated to be 3,5%. The projected waste production in the upcoming 15 years can thus be calculated as shown in table 1, showing an increase of almost 70%.
 
	Year	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032
	Waste production 1000 tons/year	720	745	771	798	826	855	885	916	948	981	1016	1051	1088	1126	1165	1206


Table 1 projection of annual waste production
 
The composition of waste on the West Bank, as provided by the JICA data book, is summarised in the pie chart of Graph 1. 
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Graph 1 Average waste composition on the West Bank
 
This graphic shows an organic content of 50% providing a good potential for composting and digestion and for the production of landfill-gas when this waste is landfilled. Paper, plastics and metals seem to be promising too, however it must be stated that only source separation may lead to good quantities and qualities that are fit for recycling.
 
With regard to WtE options, and especially incineration, the calorific value of the waste is an important feature. This value can be calculated6 from the composition, as shown in table 2. Based on this calculation it can be expected that waste of the West Bank will have a calorific value of 11 MJ/kg, which is rather high. This high value is mainly caused by the high percentage of plastics.
 
Graph 4 shows average compositions of countries around the world according to their income.
According to this graph one could expect that plastics on the West Bank would account for no more than 11% which would lead to a calorific value below 10 MJ/kg. When in the future, prevention (for example a ban on plastic bags), separate collection and recycling will gain importance, the calorific value may further decrease to around 9 MJ/kg.
	fraction	available	calorific value of fraction MJ/kg)	contribution (MJ/kg)
	organic	50%	4	2,0
	paper & cardboard	12,5%	16	2,0
	plastics	14,6%	35	5,1
	glass	1,9%	0	0,0
	metals	2,4%	0	0,0
	other materials	18,6%	11	2,0
	Total	 
	 
	11,2


Table 2 calculation of calorific value
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Graph 4 Average waste composition in relation to income
 
 
Organisation and value chain
 
In general, the waste is collected in dedicated collection vehicles and brought to a transfer site. On these sites the waste is bulked in large volume transport trucks in which it is brought to a landfill site. The costs of treatment and transfer are invoiced to the municipalities and added to the costs of collection and city cleaning. The municipalities decide to which extent these costs are translated into waste management fees that have to be payed by the households and other producers. Invoicing to the households is in most municipalities done by adding the fee to the electricity bill.
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Graph 1. schematic value chain of solid waste management
 
The present legal situation on the West Bank attributes the responsibility for waste management to the municipalities but they can delegate (part of) this responsibility to one of the thirteen Joint Service Councils. This task of the JSC’s was established in the last 10 years and therefore falls under the responsibility of the Ministry of Local Government. The legal position is ruled by a 2016 bylaw. At this moment there is a hybrid situation with regard to the tasks of the JSC’s. This situation is summarised in graph 2.
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Graph 2 locations of transfer stations and the responsibilities of the JSC’s
 
The coverage with waste collection services  by the JSC’s ranges widely per municipality from 20 to 100% leading to an overall collection rate of 60-65% or 450.000 tons per year. The remaining 300.000 tons per year are being collected by Local Governmental Units (LGU’s). Altogether some 2000 tons per day are reaching the two main landfill sites indicating that already a good percentage of over 90% of the households are serviced with collection services. These are the figures of 2016 provided by JICA/MoLG in their data book. The situation in 2018 will certainly show further improved figures. Earlier studies of GiZ7 in 2014 suggested service coverages at that time of up to 90%. This feasibility study will assume a 100% coverage at this moment.
 
Apart from a few initiatives to start up separate collection of paper and cardboard, separate collection of household waste seems to be fully absent. With separate collection being an important prerequisite for substantially raising recycling, this absence is an obstacle that needs to be dealt with. Implementation of separate collection may take many years before paying off.
 
The JSC’s operate 11 transfer stations, located across the West Bank as shown in graph 2. This network of transfer stations serves to disconnect collection of waste from long distance transport. It provides the municipalities with the possibility to empty their collection trucks within short distance of the collection routes. At the stations the waste is registered and transferred into bulk load trucks that make transport cheaper and that are better equipped to manoeuvre at the landfill sites. The importance of the network of transfer stations should not be under-estimated. It gives the region a strong instrument to manage waste streams and lower costs in a situation with many producers and only a few treatment facilities. This is especially true in the West Bank with the longer transportation times due to the difficult territorial situation.
 
The West Bank houses three sanitary landfills as shown in graph 2. The most important ones are Zahret al Fenjan in Jenin and Al Menya in Bethlehem. The landfill in Jericho has reached its maximum capacity and has no possibilities for extension. There is another landfill called Yatta, located in the governorate of Hebron. It was recently closed but could still play a role in energy production as it is equipped with landfill gas extraction accessories. A new landfill is planned near Ramallah but the plan was frozen because the needed land can’t be made available as a result of the territorial restrictions imposed by Israel.
 
The landfill situation is in general described by the Palestinian authorities as “in crisis”. The main topics of concern are mentioned to be: (i) lacking capacity, (ii) public opposition due to odour problems and (iii) poor leachate management. These problems are serious and, in fact, there is a fourth problem which is not mentioned: (iv) uncontrolled GHG emissions. 
 
Nevertheless the situation may not be as dramatic as anticipated. The capacity problem at the two main landfills is not dramatic. The table below provides the data.
 
	Landfill	Zahret al Fenjan, Jenin	Al Menya, Bethlehem	Total
	Total surface in ownership (hectares)	24	26,5	50,5
	In use for facilities (hectares)	3	3	6
	Presently in use as landfill (hectares)	9	10	19
	Average height of landfilled waste body (m)	40	20	60
	Already landfilled on this area (mln tons)	2,8	1,5	4,3
	Remaining capacity on this area (mln tons)	0,8	0,5	1,3
	Potential capacity to be developed (mln tons)	4,8	2,7	7,5
	Daily quantity delivered at landfill (tons)	1100	900	2000
	Remaining lifespan (years)	13,9	9,7	12,1


Table 3 Landfill capacities
 
Some remarks can be made with regard to these capacities:
	The large potential capacity can only be used when properly prepared, designed and constructed. This needs time and has to be done without delay.

	The capacity of Zahret al Fenjan may be somewhat reduced because its steep slopes will need redesign. On the other hand degradation of waste will lead to further consolidation and to extra capacity.

	The capacity of Al Menya can be increased by deeper excavation of new cells and/or by raising its final height.

	Daily quantities of waste to be delivered at the sites will increase but this increase can be levelled by￼[image: Abatement of odour problems

The people living around the Zahret al Fenian landfill are complaining about the odour nuisance. This nuisance is caused by a to large tipping zone, inadequate daily coverage, absence of covering the landfill with a gas tight cover and absence of treatment facilities for the 100 m3 per day of leachate. Of course measures will need investments and higher operational expenses but these expenditures will be much lower than developing a new landfill site.] promoting recycling and WtE initiatives.

 
Capacity is not the only issue at the landfill sites. With regard to the subject of this feasibility study gas production and leachate treatment are equally important. Neither of the two landfill sites seems to be in control of these gas and leachate emissions. Nevertheless a solution is not difficult to find. At the heart of the problem seems to be the postponement of investments and costs related to adequate operations, application of a final, gas and rain-tight, landfill cover, and the catchment and treatment of this gas and leachate. Most of these problems can be overcome when placed and dealt with in a proper agenda and budget.
￼[image: Opportunities for recycling at landfills

The role of the existing separation facilities at the two landfills can be strengthened by using them for separating the wet, organic part of the waste from the dry residues. The organic fraction can then be degraded by composting. The product can’t be used in agriculture but it is fit to replace the soil that is used for daily coverage. This will lead to a substantial reduction of  landfilling of around 50%. ]
There are only a few initiatives in the West Bank with regard to introducing recycling technologies. The two major landfills enabled the development of separation facilities on their sites. The facility at Zahret al Fenjan was initiated by the private company Al Kubra. It comprises the treatment of mixed municipal waste through a combination of sieving and conveyor belt hand picking in a production hall. Operations were stopped by Al Kubra due to negative financial performance. A similar operation was started at Al Menya and is still running. 
 
Another initiative worth mentioning is the digestion of organic waste and wastewater at the Al Jebrini food group in Hebron. The digestion produces biogas that is used for electricity production.
 
Most developing countries show interest in composting organic waste. It is a simple and cheap method to treat the organic contents of the waste and turn it into a valuable compost. Composting is a suitable treatment for organic market waste, agricultural waste and separately collected organic waste form households. Although the composition of the waste on the West Bank shows a good potential for composting, no initiatives in this field￼[image: Masterplanning

Masterplanning is essential in order to acquire and improve insight in needed infrastructure and services, their scale and location, expected results, relations and integration, timing and needed resources. It will typically lead to scenario’s enabling the authorities to base political decisions upon.] were spotted.
 
EQA, the Environmental Quality Agency is in charge of (a.o.) permitting, awareness, planning and monitoring whereas MoLG has taken the lead in setting up a national strategy on SWM8. This strategy is comprehensive and clear and touches all essential ingredients of SWM. The next step, operationalising this strategy into a masterplan, is still missing.
 
 
Costs, fees and affordability
 
The operational expenses and fee-ranges for waste management on the West Bank are summarised in table 4. These data are derived from the JICA databook. In general these data show that more than 50% of the money spent by municipalities on SWM, is used for collection of the waste.
 
	collection	50-150	NIS per ton	12-35	€/ton
	transfer when applicable	10-60	NIS per ton	2,50-14	€/ton
	sanitary landfill	30-33	NIS/ton	7-8	€/ton
	total costs	60-250	NIS/ton	14-60	€/ton
	SWM fee	12-30	NIS/hh.month	2,80-7	€/hh.month


Table 4 expenses(operational) and fees for waste management.
 
When taking into account an average household size of 4,8 persons and a waste production of 0,75 kg/person.day, an average family produces 1,3 tons of waste per year. Applying this production to the above operational expenses and fees leads to the conclusion that fees, established and imposed by the municipalities, must be able to cover all operational costs. In practice, the rate of actual fee-payments will be (much) lower than 100%. For example, Ramallah reported fee payments to be around 65%, leaving the municipality with a deficit of 35% to be paid from the municipal budget.
 
Assuming an average monthly family income of NIS 2500 it can be concluded that imposed fees consume around 1% of this family budget. This percentage aligns, in general, with international standards on the affordability of SWM fees.
 
One of the most important financial aspects for this feasibility study is the 30-33 NIS (€ 7-8) per ton that is now being payed for landfill treatment. This price will serve as a reference level for treatment alternatives like recycling.
 
 
 
 
 
 
 
 
 
2.3 Energy
 
 
Consumption, production and transmission
 
The electricity consumption in the West Bank in 2017 is estimated at around 4500 GWh with a peak demand at 930 MW. Although the currently available capacity is no more than 830 MW,  the West Bank enjoys an almost 24 hours of undisturbed power supply. E-consumption is however growing at a little under 3,5% per year, meaning an extra need for 150 GWh each year.
 
Some 98% of all electricity on the West Bank is supplied by the Israeli Electric Company IEC over the 161 kV Israeli owned high voltage grid, connecting to the Palestinian owned low and middle  11, 22 and 33 kV grid . The present system with hundreds of small connections is strengthened at this moment by adding 4 new substations connecting the 161 kV grid to the 33 kV grid (see graph 4). Jenin is completed and in operation, Nablus and Hebron are completed but not yet in operation. The purpose of the substations is that PETL (the Palestinian Energy Transmission Limited) can take over the control of all connection points. 
 
￼[image: image-8.png]

Graph 3. High voltage grid feed-in
 
The domestic production of electricity is still very low and limited to around 22 MW of photovoltaic power.  PV is nevertheless very promising due to the favourable circumstances mentioned under paragraph 2.1. Other advantages of PV are its scalability, its limited feed-in capacity needs, the absent need for cooling capacity and the fast decrease in needed investments and price per kWh. On the negative side are of course the need for backup and/or storage capacity.
 
This favourable situation is reflected in the vast number of projects under development and construction. The largest project at this moment is the Bani Na’im project in Hebron with a capacity of 30 MW on 6 ha, producing a yearly 50 GWh equalling 1% of Palestines yearly consumption.
 
Palestine targets at substantially increasing the production of renewable energy towards130 MW in 2020 and 500 MW in area’s A, B and C together in 2030. Also here PV is expected to deliver a substantial 80% of these targets whereas 10% is to be covered by wind and 10% by biomass and biogas. The latter percentage is the category where Waste-to-Energy fits in. It represents 10-15 MW to be delivered in 2020.
 
 
Organisation and value chain
 
The organisation of the Palestinian energy management has been substantially upgraded in the last years. The pursued system with main public authorities in this field is summarised in graph 3:
	PENRA, the Palestinian Energy and Natural Resources Agency acting as the ministry under the direct authority of the prime minister.

	PERC, the Palestinian Energy Regulatory Council in charge of pricing and regulations

	PETL, the Palestinian Energy Transmission Limited, in charge of purchase, wholesale and grid operations.

 
￼[image: image-9.png]

 Graph 4. schematic value chain of electricity supplies
 
Sales to households and other users on the West Bank is done by 5 private distribution companies (Disco’s) servicing some 440.000 customers. Still many municipalities today directly purchase from IEC.
 
Relevant with regard to this feasibility study is that actual electricity production is a privileged activity for private actors only. This means that public actors, as the municipalities and JSC’s, are allowed to perform all waste treatment operations accept for the last step; turning steam or gas into electricity.
 
 
Costs and prices
 
Cashflows in the pursued Palestinian electricity sector can be schematised as done in graph 49.
 
￼[image: image-10.png]

Graph 5. Cashflows related to the Palestinian energy sector.
 
An overview of the levelised costs of electricity on the West Bank is summarised in the graph below.
 
￼[image: image-11.png]

Graph 6. Levelised costs of most relevant E-productions
 
This summary shows that the dominant feed in of Israeli imported electricity is gradually going up to a price of 10 $cents per kWh. Any new feed-in alternative will have to, at least, match this price. But what’s more important is the interesting decrease of commercial solar prices which are expected to go below the price of Israeli imports already in 2022. This extrapolation will be the reference line for new entries. Alternatives will need to be able show a levelised costs of electricity of no more than 7 or 8 $cents, unless governmental policies accept a higher price for electricity from waste.
 
The World Bank holds high expectations of rooftop and utility scale PV electricity for the West Bank; mainly due to its low capex of $1300 per kW or €750 of capital expenses to produce 1 MWh/year. Biomass based alternatives are thought to be more capital-intensive, as illustrated in graph 6.
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Graph 7. Capital costs of renewable energy alternatives.
 
Table 5 provides an overview of retail turnovers for all DISCO’s. In 2015  22% of all power purchased for the West Bank was lost or never billed because of technical losses and illegal connections. A total sum of 1,5 bln NIS was billed to consumers of which 89% was collected.
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Table 5. DISCO financials for 2015
 
 
2.4 Implications for this study
 
The overview in this Chapter 2 provides a number of implications for this feasibility study. The most important are summarised below. They will serve as input for the calculations in this study.
 
	Land availability is low and is restricted by the complex political situation.

	There is no water body available that can be used to deliver cooling water. As a result a choice has to be made for dry cooling resulting in a 1% reduced electricity efficiency and 2% higher investments.

	There is no demand for the use of co-generated heat indicating an absent viability for CHP

	The West Bank is producing a quantity of 720.000 tons/year of municipal solid waste and this quantity will grow in 15 years towards 1.200.000 tons/year in 2032.

	It is reasonable to assume a near 100% coverage of waste collection with all collected waste reaching the two main landfills.

	The waste contains 50% of organics and the calculated calorific value is expected to be 9 MJ/kg.

	Waste treatment options will be in the hands of the JSC’s with the MoLG able to safeguard adequate scales of economy.

	The transfer stations already play a significant role in reducing transport costs by handling 65% of all collected waste. For this reason this study assumes that introducing a new WtE or any other waste treatment facility will have only minor effects on transport costs and transport emissions, provided the logistical system will be managed with a focus on lowest costs and emissions.

	Landfill capacity seems to be sufficient for the next 10 years.

	The price reference level for waste treatment (gate fee) will be 35 NIS or €8,50 per ton.

	The energy policies are in the hands of Penra. Their expectations with regard to energy derived from waste are  a power production capacity equalling 10-15 MW in 2020.

	At this moment there is no professional workforce available for the operation of complex energy production plants.

	Single feed-in capacities of electricity to the grid can not exceed 10 MW at this moment.

	The price reference level for feeding in electricity to the grid lies at 7-8 $cents per kWh.

 
 
 
 
 
 
 
3. Options for this study
 
3.1 Selection of options
 
 
As per the ToR of this study, the report will describe at least the following options:
 
	enhanced landfill gas extraction from landfills followed by electricity production

	direct incineration of waste followed by electricity production

 
A study on the WtE options for the West Bank would not be complete when not reviewing the production of methane through bio-treatment in a processing facility. Therefore the following option is added.
 
	anaerobic digestion of organic waste followed by using the gas for electricity production

 
There seems to be a firm commitment of the Palestine authorities towards producing energy from waste. This commitment may be logical when looking at the energy challenges the West Bank is faced with. Nevertheless it may be wise to prevent an “energy-only” bias. For this reason it is thought helpful to assess the situation in a slightly broader perspective by adding at least one other, non-energy, option for waste treatment. For this reason a fourth option is added.
 
	composting of organic waste into a compost fit for agricultural use.

 
Of course there are a number of other alternatives that would be interesting to assess in the Palestine situation. Below a few of them are listed and the reasons for not assessing them as options in this study are given.
 
	Gasification. This technology treats waste at very high temperatures (above 1300 0C) and restricted oxygen levels. It results in a syngas (mixture of CO and H2) that can be used for energy production or chemical synthesis. Due to its reduced input of air the exhaust gas has a smaller volume making it easier and cheaper to treat. It also produces an inert glass-slag that can be used as an aggregate in, for example, road construction. A number of technologies are available. All of them are very complex and expensive. Gasification is a proven technology for homogeneous, well defined, small particle inputs with a very narrow bandwidth of its specifications, such as coal. Other, more complex, inputs are making this technology extremely difficult to design and to operate under industrial conditions. Waste can be thought of as the most inhomogeneous and complex input, making gasification technologically impossible to apply.

	Pyrolysis. A technology that heats up its input to more moderate temperatures (300-900 0C) but in this case with the exclusion of oxygen. It produces a mixture of gases, liquids, tars, chars and inerts. Also here the output can be used for the production of energy and chemicals. Notwithstanding its more moderate temperatures, also here the conclusion must be that the technology is not fit for mixed waste. Although claimed otherwise, there are no proven processes and installations operating on mixed waste at an industrial scale.

	High efficiency incineration. A regular energy efficiency, with regard to the production of electricity, is 20%. There are technological options to raise this efficiency to 30%. These options are however not state-of-art and it would be somehow opportunistic to consider this hightech option for the West Bank.

	Biocell landfilling. This technology considers a landfill to be a bioreactor. It uses a specific cell in a landfill and fills it with waste with a high content of organics. The rationale for this technology is that investments and operations for gas extraction can be more dedicated for smaller cells with higher landfill gas outputs. Although one could expect feasible operations on the gas production side, managing an organics-only cell is complicated and not yet proven.

 
 
 
 
3.2 Description of options
 
 
This paragraph describes the four options in more detail and places them in the West Bank context.
 
 
Option 1 Enhanced landfill gas extraction.
 
Landfills produce gas and without measured to capture the methane it will be emitted into the air causing odour nuisances in the surrounding areas and fire-risks. Moreover methane is an important cause of global warming as  the emission of 1 ton of CH4 equals an emission of 21 tons of CO2.
 
The extraction of the gas should be started as soon as possible after starting up constructing the landfill body. This is illustrated in the graph below10. It starts with building up the waste body vertically to the designed end-height as fast as possible. As soon as a substantial final surface is available, extraction wells should be brought in and application of the final, water and gas-tight, cover of clay and/or HDPE starts.
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Graph 8. proceedings of a landfill gas extraction system
 
Capturing and treating landfill gas is a crucial ingredient of sanitary landfilling. It is obligatory even when not considering the use of extracted gas for energy production. In that case the extracted gas should be flared, resulting in a reduction of GHG emissions with a factor 20. For this reason, the investments and operational costs of the landfill coverage, gas extraction system and flare should not be part of the business case that evaluates the production of electricity from landfill gas. That business case should start at the point where the gas is delivered to the boundary limits of the electricity production unit.
 
After starting up landfill operations, the gas production will start gradually as shown in an example in graph 9. It is not possible to recover and use all produced gas. It all depends on the actual design and operation of a specific landfill site. In the first stage of operation methane emissions are inevitable. Capping the landfill is of utmost importance and in a situation with 100% capping, a good redundancy in gas wells and maintaining overall under-pressure, a capture of 80% of the gas may be feasible. 
 
The ability to use the gas for electricity production is influenced by the volume and CH4 contents. If not sufficient, flaring is the only option. Electricity production from landfill gas typically will include the removal of excess water and condensate, a booster producing suction capacity to enforce gas extraction and regulation and gas-engines supplied with generator-sets. Synchronisation, transformation and additional high voltage transport to connect to the high voltage grid completes the set up.
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Graph 9. typical gas production and recovery of a 5000 tons/day landfill
 
In 2013 a feasibility report was delivered by Integrated Skills, evaluating the potential and costs of electricity from  gas at the Zahret al Fenjan landfill site in Jenin11. The report is comprehensive and covers all relevant aspects of the opportunities at this site. It assumes that with the application of a final capping liner a collectable volume gas of around 1200 m3/hour can be collected in 2017 gradually decreasing to a situation in 2035 where gas collection will not suffice to maintain electricity production. The extracted gas will in that case be flared or treated by bio-filtering.
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Graph 10. Gas production at the Zahret al fenjan landfill
 
For this study we will assume that landfilling will be continued after completion of the present cells and will be￼[image: Cooperation and integration

Cooperation between the landfill sites can be very advantageous when it comes to sharing and exchanging gas-engines and gen-sets in order to install optimal  configurations as much as possible.
Landfills have a potential for installing PV capacity on their slopes. In that case integration of grid connections in to one system can reduce investments and costs considerably.] continued for at least 10 more years. For this situation we can assume a strong potential for at least 10 more years with the decrease starting in 2030. From 2020 until 2030 it can be assumed that the new landfill will have a similar gas production as the old one and for this reason both productions can be added as shown in table 6. All these assumptions are only applicable in a case of optimised capping and optimal management of both the old and new landfill cells with a focus on starting up and optimising gas production.
 
A similar projection of gas production and collection was provided by Al Menya12. The site has already started up installing gas extraction wells and is now preparing for its collection and treatment. The projection for this site assumes a recovery of 65%, supposedly based on delayed application, or even absence of a top cover. As stated above, the application of a top cover is priority number one, no matter whether the gas is reused or flared. For this reason these projections were translated to 80% recovery for capped landfills giving the gas collection volumes as stated in table 6.
 
	Gas collection in m3/hr	Zahret al Fenjan, Jenin	Al Menya, Bethlehem	Total gas collection	Potential for electricity production (kW)
	gas production in 2018	1200	500	1700	4072
	gas production in 2020	1300	700	2000	4790
	gas production in 2025	1600	1300	2900	6946
	gas production in 2030	1600	1700	3300	7904
	gas production in 2035	1300	2000	3300	7904
	gas production in 2040	800	1700	2500	5988
	gas production in 2045	400	1500	1900	4551
	 
	 
	 
	 
	 



Table 6. Gas collection projections and electricity potential for the two major landfill sites
 
This table illustrates the projection of potential electricity production, showing 4 to 8 MW at the two major landfill sites of the West Bank. The Yatta and Jericho landfills are not included in this table as they are not in the focus of this study. Yatta is reportedly producing 900 m3/hr at the moment; the production potential of Jericho is unknown so far. The potential can’t be “harvested” to its full extent because of two reasons: (i) flaring is always needed to some extend because investments in gas-engines and gen-sets are performed by installing multiple sets with distinct capacities of for example 0,5 or 1,0 MWe and (ii) installed sets need maintenance leading to operational availability of around 85%.
 
Typical data on capex and opex can be derived from the businesscase provided by Integrated Skills. For the purpose of this feasibility study the following financial inputs will be used.
 
	capex and opex	costs
	landfill capping (€/ha)	350.000
	investment in gas-collection and e-production (€/ha of capped landfill)	200.000
	opex per landfill (€/year)	300.000


Table 7. Typical capex and opex for capping, collection and e-production
 
Gas extraction from landfills has substantial effects with regard to reducing GHG emissions. The effect can be calculated for the two main landfills by taking their emissions for a situation with and without capping and with and without electrification of the gas. This calculation is summarised in annex 2. The effect of these calculations can be summarised as follows:
 
	Collection of the gas and flaring of the collected gas leads to a reduction of GHG of 68% when compared to a situation with absence of preventive measures.

	Turning the collected gas into electricity will lead to an additional reduction of 3%.

 
Extraction of landfill gas for energy purposes has no effect on the use of landfill capacity
 
 
Option 2 Direct incineration
 
One of the most common ways to extract the calorific value of waste is direct incineration, combined with steam production and electricity generation. Western Europe was leading the way in this field but China is taking over fast.The technology is complex, expensive and only feasible at a large scale. In general the main technologies are moving grate and circulating fluid bed with process schemes as presented in graph 12.
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graph 12. moving grate and circulating fluid bed technology
 
The flue gas heats up the steam but after this stage the gas needs extensive cleaning before being fit for emitting. Gas cleaning accounts for a major part of the investments.
 
Conventional moving grate installations range around 18% in electric efficiency as shown in graph 1313. Recent improvements in incinerator operations have raised this efficiency to above 20% but this is in situations with availability of cooling water and a hi-tech knowledge environment. In the West Bank situation this is not the case and for this reason overall efficiency will be no higher than 20%.
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graph 13. electrical efficiency of waste incineration
 
Waste incineration will lead to high investments and operational costs. Higher capacities will show an economy of scale as presented in a recent study14 and shown in graph 14. For this feasibility an adequate capacity needs to be set in order to be able to perform the assessment. This capacity will be fixed at 1.000 tons per day (300.000 tons/year), representing 40% of the West Bank waste production. A higher capacity may seem attractive but it may not be wise to make a larger part of the region’s waste management dependent on only one treatment facility. The other consideration is that sound waste management policies leave room for future developments on reducing, reusing and recycling waste.
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graph 14. capex and opex of direct incineration in Asia.
 
Graph 14 is related to Asian installations and most of them are constructed by Chinese contractors. They typically lead to an investment of $230 per installed year-ton. European installations show substantially higher investments with an average of almost $900 per installed year-ton. This huge price difference will of course reflect the performance and expected lifetime of the installations.
 
Just recently Ethiopia inaugurated the first incineration plant of Africa; the so-called Reppie project serving the city of Addis Abeba with a capacity of 420.000 tons per year and an investment of $130 mln. It was build by a consortium of UK and Chinese contractors according to EU emission standards. With this facility’s investment as a reference and bearing in mind the effects of economy of scale, the absence of cooling water and needed investments in a connection to the high voltage grid, the projected 1.000 tons per day facility for the West Bank would lead to an investment of around € 110 mln. This investment will be used in this study. Operational expenses will be held at €20 per ton and €1 mln per year will be added for needed major replacements.
 
Incineration produces CO2 but on the other hand it replaces CO2 emissions of other electricity productions. The below figures are derived from 15 .
 
	Life cycle CO2 emission	g/kWhe
	Coal	987
	Gas	446
	MSW	367


Table 8. co2 emissions from e-production with different fuels
 
Using these data would lead to a net reduction of 79 grams of CO2 per kWh when compared to producing electricity from gas. If incineration would be compared to the present situation in the West Bank of open landfilling, also the prevention of landfill-gas from this present situation should be added as a positive effect.
 
Waste incineration produces bottom and fly-ashes. Around 75% (m/m) of the input will be eliminated. The residues of 25% could partly be reused as construction material in case their leaching behaviour is sufficiently controlled. In this feasibility study it is assumed that the ashes will be landfilled. This leads to an overall reduction of the use of landfill capacity of 75% related to the input of 300.000 tons per year.
 
Waste incineration needs extensive preparations for design, contracting and permitting. Including the time needed for construction a period of at least 5 years is needed from the moment of deciding to start the process until finishing the commissioning period.
 
 
Option 3 Anaerobic digestion
 
Anaerobic digestion is a biological process in which oxygen is excluded providing favourable circumstances for the bacteria to turn organics into methane. In its essence the biological processes are the same as in landfill gas production, only this time it is done under well controlled industrial conditions. The remaining sludge (digestate) is then aerobically turned into compost, fit for agricultural use.
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For this study it is assumed that the input will consist of separately collected organic municipal waste. This makes the process less complex and it will safeguard that the compost can be put on the market. This connection to the implementation of separate collection may however lead to a period of 5 years needed for implementation. 
 
One ton of organic waste produces 70 m3 of biogas with 60% of methane. The biogas can be turned into electricity in the same way as landfill gas. Next to this, one ton of input produces 0,4 tons of compost.
 
Typical investments in modern anaerobic digestion installations can be calculated using €5-800 per installed ton per year. The above mentioned literature on Asian installations mentions investments of around €100 but because of lack of information on the performance of these installations this indication will be considered to low and an investment of €400 per installed ton per year will be used. When taking an installation with a year capacity of 50.000 tons, the investments will be € 20 mln and operational expenses around €20 per ton. Post treatment of the digestate by composting is not included in these figures. Costs for this additional step are highly dependant on the technology to be used. Simple windrow composting is very cheap (see next option). For this feasibility study an extra investment of € 3 mln will be included to treat the remaining 30.000 ton per year. Next to that extra operational expenses of € 7 per ton op organic waste input (or €10 per ton of digestate) will be included. Anaerobic digestion needs separate collection of organic waste. The extra costs of separate collection are fixed at €10 per ton of collected waste being € 20 per ton if attributed to separately collected organic waste only. Overall this leads to investments of €23 mln and opex of €47 per ton.
 
Anaerobic digestion of the organic fraction of MSW leads to less emissions of GHG and to a reduction of the use of landfill capacity.
 
 
 
Option 4. Composting
 
Composting is a simple technology, reducing the waste volume and mass by biological processes in an oxygen rich environment. The produced compost can be used in agriculture.
 
There are a number of technology alternatives, ranging from windrow composting in the open air, to controlled indoor composting in vessels, halls or tunnels.
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A typical capacity of 50.000 tons per year would need an investment of around € 2 mln in its simplest form and opex of around €10 per ton (see graph 15). For safety reasons investments will be raised to €3 mln, anticipating a need for some kind of forced aeration and control of humidity.
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graph 15. capex and opex in Asian composting facilities.
 
Also here the extra costs of separate collection of €10 per ton have to be included. Produced compost may have a good market value on the West Bank but because this value is unknown it is assumed that compost is brought to the market at zero value. Overall, investments of €4 mln and opex of €10 per ton can be expected.
 
Composting reduces the need for landfill capacity and reduces the emission of GHG on the landfills but, unlike the first three options, there will be no energy production.
 
When composting is connected to separate collection, the implementation period will be similar to anaerobic digestion. There is however an option that may make composting already applicable within one year. In this case composting will be used as a pre-treatment step before landfilling. the incoming waste will be separated in a wet and a dry fraction by using drum-sieving. The wet organic fraction will stabilised by composting, thus preventing the production of methane. The product will be usable for daily coverage which will lead to a reduced use of landfill capacity.
4. Assessment
 
 
4.1 Method
 
 
The assessment will be performed using a multi-criteria analyses. The criteria to be used are:
 
	Technical. With relevant aspects:

-Complexity. Qualitative. Increasing complexity is considered negative in general 
-Flexibility. Qualitative. Flexibility means that the option can be adopted more easily to changing circumstances.
-Needed scale. Quantitative. A higher needed minimum scale leaves less room to alternatives.
-Needed knowledge, experience and technological environment. Qualitative. Higher levels may lead to lower feasibility when these factors are not available.
-Required connections to network. Quantitative. A larger needed connection could make the technology not viable under present Palestine circumstances.
	Financial. With relevant aspects:

-Needed capital. Quantitative. In order to make the assessment comparable this aspect will be calculated for a case in which the option is maximally implemented on the West Bank
-Needed gate fee. Quantitative. This aspect will be evaluated by using a fixed energy price of €0,07/kWh to calculate the needed gate fee for achieving total cumulative cashflows of zero in 10 years.
	Landfill consequences. With relevant aspects:

-Reduction of use of landfill capacity. Quantitative. The assessment will calculate the effect on the use of landfill capacity as a percentage of the waste treated in the options.
	Environmental/social. With relevant aspects:

-Reduction of GHG emissions. Quantitative. The assessment will calculate the positive effect per year on the reduction of GHG emissions when all suited waste would be treated through the option. This will be compared to the present situation in which the waste at the landfills stays uncovered.
-Waste hierarchy effects. Quantitative. This aspect will be evaluate by providing the production of goods, other than energy, through the options.
-Public acceptance. Quantitative. This aspect will provide an indication of expected public acceptance in the neighbourhood of (future) sites where the activities will take place.
	Energy. With relevant aspects:

-Production potential. Quantitative. The aspect will be made quantitative by calculating the total potential energy production when all suited waste would be treated through the option.
-LCOE. Quantitative. The Levelised cost of electricity will be calculated by applying all costs and all electricity over a 15 year period with a discounting ratio of 8%.
	Other relevant aspects

-Planning. Qualitative. The time needed for implementation will be provided.
-Effect on institutions. Qualitative. Any effects on present organisational settings will be evaluated.
-Risks. Qualitative. Any other risks, not mentioned above, will be assessed here.
 
The financial aspects will be evaluated by using a simple cashflow analyses over a 15 year period after start up of operations with full financing at an interest rate of 8%. This analyses is only fit for comparison of the options in a more quantitative manner. Defining an adequate and usable businesscase would require a more dedicated analyses of all investments and financial parameters.  
 
An assessment like this will enable the use of multi criteria analyses needed for comparing the options. It may however look somehow clinical and abstracted from day-to-day felt needs for answers and solutions in an urgent setting. For this reason the assessment will be completed by considering in paragraph 4.3 some questions and answers that could lead to scenarios that may be helpful for decision-making.
 
 
4.2 Elaboration of assessment
 
 
Assessment option 1. Enhanced landfill gas extraction.
 
Landfill gas extraction without using the gas for electricity production is considered to be the basic option. The gas will be flared, turning the methane into carbon-dioxide. It will lead to a reduction of CO2 emissions of 87.000 tons per year for the West Bank as a whole. Option 1 is considered to extend this base case with electricity production instead of flaring and it will raise the emission reduction to 90.000 tons/year.  The actual situation will not be this ideal as there will always be parts of the landfills that will be uncovered and for this reason the assessment will be based on a reduction of 80.000 tons/year
 
The table below summarises the assessment of this option.
 
	Categorie	Aspects	Score	Explanation
	Technical	Complexity	low	Simple proven technology
	 
	Flexibility	very high	Using the collected gas for other purposes is easy
	 
	Minimum scale	n.a.	Not applicable. Can be applied at all scales. Scale is dictated by size of landfill.
	 
	Knowledge c.a.	low	Knowledge and experience readily available or easily trainable.
	 
	Connections	< 10 MW	Needed connection can be applied to existing network.
	Financial	Capital needed	€ 30 mln	For both major landfills in the West Bank. Including capital needed for capping
	 
	Gatefee	€ 0,50 per ton	Extra gatefee needed to achieve zero cumulative cashflow in 15 years
	Landfill	Prevention use	0%	No positive effect on reduction of landfill capacity.
	Environment/social	GHG emission	reduction of 80.000 tons of CO2 per year	If all waste would be landfilled and all landfill gas would be collected and turned into electricity it would mean that an emission of 3300 m3 of gas per hour would be dealt with. The reduction is the calculated prevention of CO2 per year using the equations of graph 11.
	 
	Waste hierarchy effect	no effect	No positive effect on prevention, recycling etc.
	 
	Public acceptance	high	Strong effect on reducing the odour nuisance of population in vicinity of landfill.
	Energy	Production potential	40 GWH/yr	For both major landfills in the West Bank. Around 1% of West Bank consumption.
	 
	LCOE	€ 69/MWh	At a discounting rate of 8%.
	Other	Planning	2 years	Mostly time needed for capping
	 
	Institutions	none	no institutional effects
	 
	Risks	none	no risks


Table 9. Summary of assessment for enhanced landfill gas extraction
 
From this table it can be concluded that landfill gas extraction has the potential to produce 40 GWH of electricity per year at an interesting LCOE. The LCOE includes the costs of capping the landfill. It could very well be argued that capping costs should not be included in which case the LCOE would drop to around €50/MWh.
 
If a fixed feed-in price of 7 eurocents per kWh is applied it can be concluded that only € 0,50 per ton of extra gatefee is needed to achieve zero cumulative cashflow after 15 years.
 
Notwithstanding these already positive results it should be concluded that capping the landfills and using the gas are unavoidable decisions considering the enormous reduction of 80.000 tons of carbondioxide that can be achieved.
 
Implementing this option would lead to a substantial decrease of odour nuisance caused by the landfills and will thus lead to increased public acceptance.
 
The separate businesscases for both landfills can be found in Annex 3.
 
 
Assessment option 2. Direct incineration.
 
The table below summarises the assessment of this option. 
 
	Categorie	Aspects	Score	Explanation
	Technical	Complexity	very complex	Complicated technology
	 
	Flexibility	no flexibility	This choice needs high investments in high capacities and will rule out the possibility to change directions for many years
	 
	Minimum scale	> 300.000 
tons/yr
	Strong economy of scale
	 
	Knowledge c.a.	high level	High level of knowledge, experience and technological environment needed.
	 
	Connections	> 10 MW	No easy connection to existing network.
	Financial	Capital needed	 € 300 mln	When implemented for nearly 100% of available waste. When implemented for 300.000 ton/yr, € 130 mln needed
	 
	Gatefee	€ 50 per ton	Gatefee needed to achieve zero cumulative cashflow in 15 years
	Landfill	Prevention use	75%	25% remains as ashes and slags.
	Environment/social	GHG emission	reduction of 110.000 tons of CO2 per year	This reduction is the combined effect of preventing landfill emissions and replacing gas fired electricity production by incineration of all available waste. It should be noted that here, CO2 emissions at existing landfills are not abated.
	 
	Waste hierarchy effect	negative	Big dilemma. Gatefee will urge towards prevention and recycling but investments will need certainty about waste volumes to be delivered.
	 
	Public acceptance	negative	Strong resistance may be expected.
	Energy	Production potential	350 GWH/yr	In case all waste would be used in this option. Around 8% of West Bank consumption.
	 
	LCOE	€ 150/MWh	At a discounting rate of 8%.
	Other	Planning	5 years	Time needed for preparation and construction
	 
	Institutions	strong effect	This technology would need the set up of a dedicated public utility company for performing this complex process. Because the West Bank and the Palestine authorities do not have the needed know how, a PPP with a private company would be an option. It would also be necessary to include a private party because the production of electricity is a legal privilege assigned to private operators.
	 
	Risks	higher risks	Water consumption may make this option unrealistic.
Dioxine emissions standards must be taken into account when considering this option.
A substantial part of e-production on the  West Bank would become dependant of one or two high tech waste treatment facilities.



Table 10. Summary of assessment for direct incineration
 
It shows that, in case all waste in the West Bank would be incinerated, this option would be able to provide 300 GWh/yr. It would need an investment of at least € 300 million and  would have a number of negative effects, uncertainties and risks.
 
The major downside is the LCOE of € 160 per MWh. However, also here it could be argued that it would be strange to assign all investments and operational costs to the energy production whereas also the treatment of waste would benefit from this investment. But even in the case in which the revenues from a gatefee of €10 per ton were to be distracted from the costs, the LCOE would still be € 140 per MWh.
 
Also in case the calculation would be reversed with an input of 7 eurocents as a fixed price per kWh, the operations would need a gatefee of € 55 per ton in order to reach zero cumulative cashflow in 15 years.
 
The reduction of CO2 emissions in this option would be even higher than in the case of option 1 because here the replacement of emissions from regular gas fired electricity production can be added on the positive side.
 
Implementing incineration normally leads to high resistance of the population in the region.
 
 
Assessment option 3. Anaerobic digestion.
 
The table below summarises the assessment of this option. 
 
	Categorie	Aspects	Score	Explanation
	Technical	Complexity	some complexity	Dedicated technology
	 
	Flexibility	some flexibility	Flexible because investments can be performed in smaller portions when compared to incineration
	 
	Minimum scale	> 30.000 
tons/yr
	Some economy of scale
	 
	Knowledge c.a.	certain level	Intermediate levels of knowledge, experience and technological environment needed.
	 
	Connections	< 10 MW	Needed connection can be applied to existing network.
	Financial	Capital needed	 € 150 mln	When implemented for nearly 100% of all available organic waste.on the West Bank. When implemented for only 50.000 ton/yr, € 23 mln needed
	 
	Gatefee	€ 105 per ton	Gatefee needed to achieve zero cumulative cashflow in 15 years when costs of separate collection are included. If these are excluded a gatefee of € 75 is needed
	Landfill	Prevention use	50%	50% of the waste is assumed to be usable for anaerobic digestion
	Environment/social	GHG emission	reduction of 90.000 tons of CO2 per year	The reduction is comparable to the one of option 1 although in this case there will still remain a need for capping of the landfill because the remaining waste that still has to be landfilled will still contain organic materials. This option will also not abate already existing emissions from the landfills.
	 
	Waste hierarchy effect	positive	Positive because, next to the production of energy, this option produces compost. And maybe more important: it introduces separate collection, opening up options for further recycling of plastics, paper etc.
	 
	Public acceptance	no effects	No resistance expected.
	Energy	Production potential	40 GWH/yr	In case all waste would be used in this option. Around 1% of West Bank consumption.
	 
	LCOE	€ 840/MWh	At a discounting rate of 8%. Costs of separate collection included. If these are excluded still an LCOE of € 670 per MWh would remain,
	Other	Planning	2-5 years	This is the time needed for preparation and construction.
	 
	Institutions	some effects	Can be performed by existing JSC’s but needs input of knowhow from a private operator. It would also be necessary to include a private party because the production of electricity is a legal privilege assigned to private operators.
	 
	Risks	some risks	No excessive risks expected


Table 11 Summary of assessment for anaerobic digestion
 
It turns out that anaerobic digestion is expensive, both when it comes to producing electricity and when it comes to the gate fee for incoming waste. In this option the separate collection of organic waste is taken into account at a cost of € 20 per ton of biowaste. This means that all costs of separate collection are allocated to only 50% of the waste being the waste entering the anaerobic digestion. In case these costs would be neglected the conclusion are only slightly more positive.
 
The other criteria are rather positive. Investing in AD is flexible, needs intermediate input levels of knowledge, does not disrupt present organisational setups and is not expected to cause any resistance nor risks. One other downside that has to be highlighted is the options dependency on the introduction of separate collection this may take up to 5 years in order to implement this waste collection to its full extent.
 
 
 
Assessment option 4. Composting.
 
Composting is the only non-energy option in this study. It will be used to illustrate whether there are other technologies that may be interesting and might protect the decision-making from to much focus on “energy-only” alternatives.
 
The table below summarises the assessment of this option. 
 
	Categorie	Aspects	Score	Explanation
	Technical	Complexity	very simple	Simple technology
	 
	Flexibility	very flexible	Flexible because investments are low and can be performed in smaller portions when compared to incineration
	 
	Minimum scale	> 30.000 
tons/yr
	Some economy of scale
	 
	Knowledge c.a.	low level	Low levels of knowledge, experience and technological environment needed.
	 
	Connections	n.a.	No needed connection to the network.
	Financial	Capital needed	 € 25 mln	When implemented for nearly 100% of all available organic waste.on the West Bank. When implemented for only 50.000 ton/yr, € 5 mln needed
	 
	Gatefee	€ 35 per ton	Gatefee needed to achieve zero cumulative cashflow in 15 years when costs of separate collection are included. If these are excluded a gatefee of € 15 is needed
	Landfill	Prevention use	50%	50% of the waste is assumed to be usable for composting
	Environment/social	GHG emission	reduction of 80.000 tons of CO2 per year	The reduction is comparable to the one of option 1 although in this case there will still remain a need for capping of the landfill because the remaining waste that still has to be landfilled will still contain organic materials. This option will also not abate already existing emissions from the landfills.
	 
	Waste hierarchy effect	positive	Positive because, next to the production of energy, this option produces compost. And maybe more important: it introduces separate collection, opening up options for further recycling of plastics, paper etc.
	 
	Public acceptance	no effects	No resistance expected.
	Energy	Production potential	0	 

	 
	LCOE	n.a.	 

	Other	Planning	1-5 years	Mostly time needed for preparation and construction
	 
	Institutions	no effects	Can be performed by existing JSC’s.
	 
	Risks	no risks	No risks expected


Table 11 Summary of assessment for composting
 
Compost produces no energy. Its strength lies in the reduction of landfilling at low investments and costs.
 
The positive aspects are comparable to that of anaerobic digestion and, also here, there is a downside that has to be highlighted. It is that also composting needs the introduction of separate collection which may take up to 5 years in order to implement this waste collection to its full extent.
 
 
Overall assessment
 
The table below provides an overview of the assessment results. 
 
In general, and without weighing the criteria, it can be concluded that option 1, comprising the extraction of landfill gas and electricity production from this collected gas, can be considered as a “no-regret” option. No matter what scenario will be chosen, this option should always be included because it is the only option that abates existing emissions from the landfills.
 
	Categorie	Aspects	landfill gas extraction	direct incineration	anaerobic digestion	composting
	Technical	Complexity	low	very complex	some complexity	very simple
	 
	Flexibility	very high	no flexibility	some flexibility	very flexible
	 
	Minimum scale	n.a.	> 300.000 
tons/yr
	> 30.000 
tons/yr
	> 30.000 
tons/yr

	 
	Knowledge c.a.	low	high level	certain level	low level
	 
	Connections	< 10 MW	> 10 MW	< 10 MW	n.a.
	Financial	Capital needed	€ 30 mln	 € 300 mln	 € 150 mln	 € 25 mln
	 
	Gatefee	€ 0,50 per ton	€ 50 per ton	€ 105 per ton	€ 35 per ton
	Landfill	Prevention use	0%	75%	50%	50%
	Environment/social	GHG emission	reduction of 80.000 tons of CO2 per year	reduction of 110.000 tons of CO2 per year	reduction of 90.000 tons of CO2 per year	reduction of 80.000 tons of CO2 per year
	 
	Waste hierarchy effect	no effect	negative	positive	positive
	 
	Public acceptance	high	negative	no effects	no effects
	Energy	Production potential	40 GWH/yr	350 GWH/yr	40 GWH/yr	0
	 
	LCOE	€ 69/MWh	€ 150/MWh	€ 840/MWh	n.a.
	Other	Planning	2 years	5 years	2-5 years	1-5 years
	 
	Institutions	no effects	strong effect	some effects	no effects
	 
	Risks	no effects	higher risks	some risks	no risks


Table 12. Assessment summary
 
The assessment of direct incineration is less uniform.  On the one hand it is the scenario with the highest potential for electricity production, prevention of GHG production and reduction of landfill use. On the other side it is clear that it will need either high gate-fees or a high feed-in tariff for produced electricity. Complexity, needed scale, institutional effects, planning and risks are important extra considerations in evaluating this scenario.
 
The financial effects of anaerobic digestion are less promising than those of incineration. The preparation and construction time needed for this option is shorter but the planning is linked to the needed introduction of separate collection. Separate collection can be introduced stepwise, starting with those municipalities and city-quarters that are thought to be most promising with regard to the participation of the population. For this reason a stepwise growth can be assumed with a first production capacity after within 3 years. Nevertheless this will not make up for the high gate-fees and electricity prices that are needed.
 
Although composting does not produce energy, its performance with regard to most other criteria makes it worth considering.
 
The necessity of separate collection for anaerobic digestion and composting has an upside. It enables the authorities to also consider other options of recycling of paper, plastics and glass.
 
 
 
 
 
 
4.3.  Q&A’s and scenarios
 
 
In this paragraph a number of questions will be answered in order to provide some more practical input for further decision making.
 
 
	What could be the effect of a combined landfill gas and composting scenario (options 1 and 4)?

 
Such a scenario would need immediate actions on landfill capping and gas extraction/reuse. A composting facility will have to be constructed and in the first years it would be used as a pre treatment before landfilling the waste. All the waste would be separated by sieving into a wet and dry fraction and the wet fraction would be composted in order to make a product that can be used for daily coverage of the remaining waste. The scenario  could be implemented within 1-2 years. Gradually separate collection will be introduced leading to a stepwise replacement of the production of coverage material by the production of reusable compost. It would lead to the following effects:
 
	Scenario	continuing the present situation	combining options 1 and 4
	effect  on landfill capacity	10 years	15-20 years
	effect on GHG emissions	no reduction	reduction of 80.000 tons CO2/year
	effect on energy production	no production	production of 30-35 GWh/year
	effect on overall waste management costs	no effect	extra costs €10-15 per ton gradually growing towards € 25 per ton when 100% is composted


Table 13. Effects of combining options 1 and 4
 
 
	What would be the effect for all options on the present landfill capacity?

 
At this moment the landfill capacity may serve to accommodate 10 more years of waste production on the West Bank. 
	The startup of an incineration capacity of 500.000 tons/year in 2023 would lead to 2-3 additional years. 

	The startup of 500.000 tons/year capacity of anaerobic digestion in 2022 would lead to 4-5 additional years.

	The startup of 500.000 tons/year of composting in 2020, as described under question 1, would lead to 6-7 additional years.

 
 
	How does direct incineration compare to PV energy?

 
When comparing direct incineration to PV the following aspects will be relevant:
 
	Aspect	Direct incineration	Photo Voltaic solar
	Capital expenses (€ per installed MWh/yr)	860	750
	LCOE (€ cents per kWh)	15	8,5
	Production prophile	continuous operation	only daytime production
	Implementation prophile	one large step	multiple small steps
	Land use	low	high


Table 14. Comparing Direct incineration and PV solar
 
Direct incineration comes in large steps with higher capital expenses and LCOE’s whereas PV needs storage capacities and faces high land use.
 
 
	What would be the effect if investments for incineration would be fully or partly granted by donors?

 
Capital expenses for incineration are high. If the € 110 mln needed for a 300.000 ton/year were granted, the LCOE for electricity produced through incineration would be € 105/MWh and € 55/MWh at 50% and 100% grant respectively. This last scenario would make incineration more attractive.
 
 
	Can we define a scenario in which we would not need to construct new landfill capacity?

 
No, that is not possible. Even with combining all options it would still be necessary to landfill, for example, the residues of incineration and other recycling options.
 
 
	What could be the effect of other options for recycling of waste?

 
An important option would be to consider a programmed approach for construction and demolition waste. In general it can be expected that the volume of this waste outnumbers that of municipal waste. Unfortunately there are no data available on this waste in the West Bank. It might be the case that a part of this waste is collected together with municipal waste and ends up on the two landfills. If so, it would be interesting to study this percentage and set up a program to divert it towards a recycling facility. 
The other option would be to treat the residual waste that remains after separate collection. Options would be to separate paper, plastics and glass for recycling.
 
 
	What other options might be available for combining waste and energy?

 
As already mentioned earlier in the report, the slopes of the landfills are fit for the construction of PV-solar parks. This can be done directly after the slopes are covered; there is no need to wait for the entire closure of the landfills.
Another option may lie in separately collecting wasted wood from several sources such as construction and demolition waste. The wood waste could then be shredded and fed into a small scale biomass incinerator.
 
 
	What are the most important institutional effects?

 
Institutional effects are relevant when adequately allocating responsibilities with regard to investments and operations. In general, municipalities can be seen as the authorities having the first responsibility for waste management services. In all scenario’s city cleaning and (separate) collection remain under their direct control. Because the municipalities do not always have the scale and knowledge needed for transfer, transport and landfill they can delegate these activities to the JSC’s as is done already in most municipalities. This delegation has another positive effect: it gives the opportunity to separate political and operational responsibilities. For the treatment options the optimal attribution of responsibilities would be:
	The JSC’s would of course be the party to invest and operate landfill gas extraction. Application of the capping, collection and engines would need to be procured by public tendering.

	The JSC’s knowhow and experience will also be suitable to accommodate investments and operations for composting. Outsourcing would be possible but is not needed. By doing it themselves the JSC’s are challenged to build up their own experiences in this field. Outsourcing or selling these activities to private parties may be considered in the future.

	For anaerobic digestion the JSC’s will lack the knowhow. It can be provided by setting up PPP’s with private companies or even 100% outsourcing of this type of treatment by tendering contracts. This would however require substantial external support of the JSC’s.

	For incineration the technological demands are even more challenging. A PPP or tendered longterm concession is needed. In this case the joint JSC’s have to set up an additional cooperation amongst each other in order to provide the needed scale for this concession.

 
The institutional effects can be summarised as follows.
 
	Responsibilities	landfill gas extraction and e-production	composting	anaerobic digestion	incineration
	financing	Financing will have to be performed by the JSC’s, possibly with the help of donors	Financing can be done by the JSC’s. 	Financing can be done by the JSC’s. 	Financing, design, construction and operation can and should be sourced out as long term concessions to international companies with sufficient references.
	design	To be outsourced by the JSC’s to specialised engineering firms.	Design can be done by the JSC’s. 	Design, construction and operation (and possibly also financing) should preferably be in the hands of private contractors/operators.
JSC’s could opt to take over installations and operations after 5 years or as soon as stable operations and adequate knowledge levels are reached.

	construction	To be outsourced to private (international) contractors with adequate references.	Construction can be procured based on JSC design.
	operation and maintenance	Operation and maintenance of e-production legally has to be in the hands of private players. Synergy requires that these operations are in the hand of one operator and for this reason it is advisable to source out gas extraction and e-production as one integrated package.	Operations can be performed by the JSC’s, similar to the landfills.
Full or partly outsourcing of financing, design, construction and operation can be considered but only when multiple, sufficiently experienced, private bidders are interested.



Table 15. Preferable allocation of responsibilities
 
 
	What are the best locations to invest in these options?

 
Looking at the four different options:
	With regard to landfill gas extraction there is of course no other option than to do this at the landfills.

	Composting can be done at the 2 landfill sites, especially in the first stages of a scenario as described under question 1. A third or fourth composting facility, aiming at the production of marketable compost, would preferably be operated more to the center of the West Bank, near Ramallah or Jericho. This would give the opportunity to optimise transports and to spread the burdens and nuisances of waste treatment plants over the region. If composting were to be located in Ramallah or Jericho it would, for example, mean that trucks with residual waste would drive from these municipalities to the landfills of Jenin or Bethlehem and on the way back they would take biowaste from these last municipalities to the composting facilities in Ramallah/Jericho (see graph 16.)

	Anaerobic digestion would need a similar approach as composting. 

	Incineration needs to be sited at locations with good access to water (for steam production) and to high voltage grids in order to be able to evacuate produced power.

 
￼[image: image-24.png]

Graph 16. transports of biowaste and residual waste
5. Evaluation and discussion
 
The conclusion of this assessment is that direct incineration has the highest potential with regard to production of electricity, prevention of GHG emissions and reduction of landfill use. At the same time this option has some serious drawbacks with regard to needed minimum scale, needed capital and resulting LCOE (levelised cost of electricity). 
 
Enhanced landfill gas extraction displays a lower potential but also needs less capital and gives an affordable LCOE. This is a no-regret option also because it has a high and cheap effect on GHG emissions and reduction of existing nuisances around the landfills.
 
Anaerobic digestion turns out to give a high LCOE combined with a number of other downsides.
 
The advise would be:
	Implement landfill gas extraction and electrification, irrespective of other scenarios to be chosen.

	Further weigh and discuss all aspects of direct incineration within the context of the West Bank situation.

	When choosing not to implement incineration, consider the stepwise introduction of separate collection and composting on the regional level.

	The two landfills on the West Bank still provide some capacity. It is strongly advised to install this capacity and use the created time to implement the above options.

 
Annex 1 Summary of meetings and visits
	program August 2018
	Day	Timing	Organisation and representatives
	Monday 6th	Morning	Meeting with the Netherlands Representative office, Mrs. Subha Ghannam
	 
	Afternoon	Meeting with Ministry of Local Government, Mr. Suleiman Abu Muferreh
	Tuesday 7th	Morning	Meeting  with Palestine Energy and Natural Resources Agency, Mr. Ayman Ismail, Basel Yaseen and Fabian Odeh
	 
	Morning	Meeting with Jica, Mrs Mariko Chiba
	 
	Afternoon	Meeting with Ramallah municipality, Mrs Malvina Aljamal, Mr. Ghazal and mayor Musa Hadid
	Wednesday 8th	Morning	Meeting with Joint Service Council Jenin, Mr Hani Sawanneh, Mr. Mohammed Al-Sadi
	 
	Afternoon	Visit to landfill
	Thursday 9th	Morning	Meeting with Joint Service Council Bethlehem/Hebron with Mr Suleiman Abu Muferreh, Majed Al Sari, Ahmad Sokar
	 
	Afternoon	Meeting with Environmental Quality Agency, Mr. Abu Thaher and Mr. Yaser Abu Shanab
	Friday 10th	Morning	Meeting with World Bank. Chris Pablo
	 
	Afternoon	Meeting with UNDP , Mrs. Rima Abumiddain and Mr. Husam Tubail

 
Annex 2. Calculation of equivalent CO2 emissions from landfills in different scenario’s
 
 
The equations below calculate the emission of equivalent CO2 tons for different landfill scenario’s. In these equations the effects of 85% availability of the gas-engine and 5% of in-house use of electricity for gas-suction are neglected.
 
The upper formula relates the total gas production to the tonnage of CO2 equivalents emitted in a situation without preventive measures. The only reduction comes from oxidation of the methane in the upper waste layers before the gas emits. The middle formula does the same but now in a situation with gas collection and flaring of the gas. The lower formula does the same but now in a situation with using the gas for electricity production.
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Annex 3. Businesscases landfill gas extraction for Jenin and Bethlehem
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Annex 4. Businesscase direct incineration
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Annex 5. Businesscase anaerobic biodigestion
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Annex 6. Businesscase composting
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Annex 7. Presentation Ramallah, November 14th, 2018￼[image: image-30.png][image: image-31.png][image: image-32.png][image: image-33.png][image: image-34.png][image: image-35.png]

1 Palestinian Bureau of Statistics (PCBS) http://www.pcbs.gov.ps

2 theodora.com/wfbcurrent/west_bank_economy.html

3 Worldbank, Palestine’s economic outlook, april 2018

4 Source map: wikipedia

5 JICA/MoLG, Data book SWM of Joint Services Councils West Bank 2016, November 2017 and JSC-today publications of JICA and MoLG

6 ISWA guidelines: Waste to Energy in Low and Middle Income Countries, 2013

7 GiZ Sweepnet Country report on the Solid Waste Management in Occupied Palestinian Territories, April 2014

8 National strategy for solid waste management in Palestine 2017-2022

9 Securing energy for development in West Bank and Gaza, World Bank Group, June 30, 2017

10 Illustrations provided by N.V. Afvalzorg, Dutch public landfill company, 2018

11 “Consulting services for electricity generation from MSW, Jenin”, Integrated skills, IDB report, October 2013

12 Projections provided by personal email through Majed Al-Sari, August 2018

13 World energy resources, Waste to Energy 2016, World energy council

14 Assessing the costs of municipal solid waste treatment technologies in developing Asian countries, Waste Management 69 (2017) 592-608, João Aleluia and Paulo Ferrão

15 ISWA guidelines: Waste to Energy in low and middle income countries, ISWA report of August 2013
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The organic fraction can then be degraded by composting.
The product can’t be used in agriculture but it is fit to
replace the soil that is used for daily coverage. This will
lead to a substantial reduction of landfilling of around 50%.
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Abatement of odour problems

The people living around the Zahret al Fenian landfill are
complaining about the odour nuisance. This nuisance is
caused by a to large tipping zone, inadequate daily

coverage, absence of covering the landfill with a gas tight
cover and absence of treatment facilities for the 100 m3 per
day of leachate. Of course measures will need investments
and higher operational expenses but these expenditures
will be much lower than developing a new landfill site.
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Masterplanning

Masterplanning is essential in order to acquire and improve
insight in needed infrastructure and services, their scale

and location, expected results, relations and integration,
timing and needed resources. It will typically lead to
scenario’s enabling the authorities to base political
decisions upon.
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