
International Journal of Applied Environmental Sciences 

ISSN 0973-6077 Volume 11, Number 6 (2016), pp. 1415-1425 

© Research India Publications 

http://www.ripublication.com 

 

 

 

Waste to Energy Technologies - Further Look into 

Plasma Gasification Implementation in Al-Ekaider 

Landfill, Jordan 
 

 

Khaleel Abushgair1*, Hesham Ahmad2 and Firas Karkar 
 

1Department of Mechanical Engineering, Faculty of Engineering Technology,  
Al-balqa Applied University, Amman, Jordan. 

 
2 Al-Zaytoonah University of Jordan, Department of Civil and Infrastructure 

Engineering, P.O. Box: 130, Amman 11733, Jordan. 
 

                           * Corresponding author 

 

 

Abstract 

 

The purpose of this paper is to present the importance of managing increasing 

amounts of solid waste generated in the north of Jordan by conducting a waste 

to energy strategy in Al-Ekaider landfill, mentioning the most innovative 

method for implementing it, its advantages, disadvantages and requirements. It 

was found that Plasma Arc Gasification is the most effective and the most 

environmentally superior method for doing so, whereas a synthetic gas 

predominantly comprising hydrogen and monoxide could be produced for 

multiple uses, such as making energy, liquid fuel synthesis or running fuel cells 

(in the future) with the production of economically valuable by-products like 

sulfur and construction aggregates. Other uses will be demonstrated within this 

paper. An estimated rated power of 75 MW could be extracted by such a method 

if the energy choice would be selected downstream. 

 

 

INTRODUCTION 

Jordan’s annual production rate of municipal solid waste (MSW) was estimated to reach 

2.5 million tons by the year 2015 through a visibility study conducted by The World 

Bank in 2004 with a generation rate of 0.9kg/capita/day [1]. Depending on this 

generation rate and considering the sudden inflation of Jordan’s population due to the 

Syrian crises, this estimation could be further calculated to be about 2.56 million tons 

per annum for 2015 depending on a population of 7.8 million citizens comprising 
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refugees and Jordanians. Regarding the north, solid waste management sector was a 

prime priority, in the areas that needed urgent assistance, according to UNDP Municipal 

Needs, Assessment Report 2014, recommendations section [2,3]. 

 

A brief of landfilling problems and health risks : 

Gases generated in landfills normally take the shortest or easiest route to the surface. 

Occasionally, the presence of fissures in or surrounding the filled land, possibly 

together with the presence of surface barrier, will cause the evolved gases to travel large 

distances horizontally. In some cases, these gases find their way into basements of 

houses and buildings and deaths and injuries have resulted from asphyxiation, 

poisoning or from detonation of explosions of air methane mixtures. Numerous 

incidents of fires and explosions due to lateral gas migration away from landfills have 

been reported in “M. Risk Assessment of the Skede Landfill in Liepaja, Lativa, 

Stockholm: 2001”. The concentrations of odorous constituents will vary with waste 

composition and age, decomposition stage and the rate of gas generation and the nature 

of microbial populations within the waste. Many odorous trace compounds may be 

toxic, but they have historically been perceived more as an environmental nuisance than 

as a direct health hazard [4]. 

 

 

AL-EKAIDER LANDFILL 

Al Ekaider landfill is located in the northern region of Jordan, near the main road to 

Mafraq Governorate. It is part of the Irbid and Mafraq Governorates, located in the 

boundaries of the Yarmouk Watershed with a Palestinian coordinate of 251° 22’ E and 

216° 33’ N. This site was chosen because of its low population density, low land cost 

and to minimize the leakage of contaminants into groundwater. Nowadays, the area 

near the landfill has become more populated and the impacts of the landfill on the public 

health and the surrounding environment should be investigated [5]. 

 

Al-Ekaider environmental and health risks : 

 Air emissions caused by decaying organic wastes releases greenhouse gases 

such methane. 

 Groundwater, aquifers and residual soil contamination caused by seepages, and 

during dumpsite usage and after its closure. 

 Flora and fauna ecological impacts. 

 Public hygiene (rats, flies… causing potential health problems to population 

residing in the vicinity of the dumpsite area). 

 Stability issues with regards to safety (e.g. scavengers buried under waste piles, 

potential life risk). 

 

Al-Ekaider now, region’s problem statement : 

The site is now estimated to be about 689,689 x 10^3 m2. It is currently owned and 

managed by the Joint Services Council (JSC) of Irbid Governorate which comprises 

several municipal councils. During its first (5) years of operation, the site received 

waste only from Irbid Municipality. However, from 1986, the site started receiving 
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waste from more northern areas, serving today 30 municipalities from four (4) different 

Governorates, with a total population of more than 1,712,000 people including the 

Syrian refugees. There is also a seasonal variation of about 15%.  

An increase in local population and upgraded lifestyles over the years functioned 

drastically with the Syrian refugee influx, resulting in a great increase of municipal 

solid waste tonnage, as refugees not only compounded pre-existing problems and 

challenges but exposed the tragic state of affairs, as well as the vulnerability of the 

municipal institutions and local governance. Feelings of resentment, unfairness and 

exclusion due to such growing conditions in the north, could easily in the medium and 

longer terms threaten social peace, stability and trigger wider adverse effects on Jordan 

as a whole. In view of these developments and state of affairs, the north should be 

granted proper environmental, economical and technical support in identifying an 

alternative revenue generating projects for handling the increased waste tonnage of 

1200-1400 (tpd), population rates and energy consumption, and thus, managing 

increased ecological impacts, while finding new, much needed job opportunities with 

reducing energy production costs. Figure 1 shows the site layout.  

 

 
 

Figure 1. Site (landfill) Layout. 

 

 

PLASMA ARC GASIFICATION 

Plasma Arc Gasification (Plasma Gasification) is a relatively new, advanced thermal 

treatment technology for useful waste disposal and conversion. In this technology, high 

temperature plasma-creating torches are used to provide the gasification process with 

temperatures that exceeds 5000º C. These temperatures are convenient for processing 
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and mixing any kind of feedstocks, varying between MSW, industrial waste, hazardous 

waste, tires waste or even biomass fuels such as wood waste. The main product out of 

such a technology is the rich syngas that would be used as a fuel after the appropriate 

gas cleaning phase, in combined cycles, reciprocating engines or (fuel cells in the 

future). This syngas is also applicable in a Fischer-Tropsch configuration downstream 

for producing bio-diesel. It is as well applicable in other configurations for producing 

liquid biofuels like Ethanol. It produces high operating temperatures (>1000°C) in 

conjunction with an oxygen starved environment, destroys any dioxins/furans that may 

be present in the feedstock, and eliminates the potential for the creation of 

dioxins/furans, while rapid syngas cooling via water quench in a midstream gas-

cleaning island prevents de-novo synthesis of dioxins and furans. 

This environmentally friendly technology can easily replace the choice of an 

incineration plant, by emissions of Nitrogen oxide, sulfur dioxide and mercury as low 

as 36 (ppmvd), 1.05 (ppmvd) and 1.4 (μg/dscm²) respectively, configuring appropriate 

gas cleaning systems similar to those used by Air Products’ Tees Valley Renewable 

Energy Facility. 

 

Integrated Plasma Gasification Combined Cycle (IPGCC); A simple brief : 

An Integrated Plasma Gasification Combined cycle is simply an integration of a plasma 

gasification vessel stage that combines the Plasma Torches, Feedstock/supplement-

steam inlet ports, syngas/by-products outlet ports, and a combined cycle power island 

stage that would comprise a gas turbine and a steam turbine, where between those two 

stages the syngas cleaning phase is located. The cleaned syngas that predominantly 

comprises H2 and CO serves as a fuel in the gas turbine which will drive the rest of the 

combined cycle power island. Such an integrated cycle could supply about 47MW of 

rated power by processing 1000 (tpd) depending basically on the feedstock calorific 

value, supplied tons per day and the efficiency of the whole cycle.   

 

 

IMPLEMENTING THE IPGCC TECHNOLOGY AS A PROPOSED 

SOLUTION IN AL-EKAIDER  
Concluding from the benefits mentioned before, considering an Integrated Plasma 
Gasification Combined Cycle (IPGCC) in Al-Ekaider would be a great solution for 

sustainably managing and recycling waste streams into power/by-products. 

 

Al-Ekaider’s solid waste properties and amounts: 

As referred to earlier, Al-Akeeder receives from 1200 to 1400 ton per day (tpd) of 

municipal solid waste. Its calorific value was found to be about 2680 [Kcal/Kg] 

according to a study done by MeHSIP-PPIF 2012. This value equals 11220.62 [KJ/Kg] 

i.e.; 11.2 [MJ/Kg], with moisture content (before igniting) 30.7%, volatile matter 65% 

and ash (after igniting) 34.2%. These data were acquired by igniting 1kg of a solid 

waste sample in a muffle furnace at 950 c°, using volatile combustible matter 

measurements [6]. The following two tables (4.1 and 4.2) show the ultimate physical 

and chemical solid waste analysis. Figures in the following tables were acquired from 

the MeHSIP-PPIF 2012 study.  
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Table 1: Physical Composition and Physical Data of SW at Al-Akeeder Site. 

 

Physical SW Data 

Type  weight% wet weight (gm) Dry Weight (gm) Moisture Content % 

Kitchen Waste 35% 350 124.93 72% 

Plastics 17% 170 163.86 3.60% 

Paper 13% 130 118 9% 

Cardboard 7% 70 63.22 9.70% 

Textile 7% 70 59.79 14.50% 

Glass 5% 50 48.18 0.60% 

Metal 3% 30 29.95 0.00% 

Yard Waste 4% 40 22.44 43.70% 

Wood 1% 10 9.2 8.40% 

composites 2% 20 18.9 5.50% 

Others: * 6%      

Unclassified incombustibles 3% 30     

unclassified combustibles 1% 10     

special MSW 1% 10     

components less than 20mm size 1% 10     

Total 100% 1000 639.57 30.70% 

*Referred classification type was not subjected in the moisture content analysis because its percentage rate in the 
solid waste stream is low and it is of very heterogeneous composition [6]. 
 

Table 2: Chemical Composition and Component Weights of SW at Al-Akeeder Site 

 

Chemical Composition 

    Type of waste Kitchen Waste   Plastics  Paper  Cardboard  Textile glass  Metal  Yard waste  wood  

weight % of 1Kg Sample 35% 17% 13% 7% 7% 5% 3% 4% 1% 

Element Weight (gm) 

Carbon 47.04 98.3 51.33 27.8 33 2.41 1.35 10.75 4.35 

Hydrogen 6.3 11.8 7.08 3.7 3.9 0.48 1.8 1.35 0.54 

Oxygen 63.8 37.36 52 28.2 18.6 0.19 1.3 8.55 3.9 

Nitrogen 2.5 0 0.35 0.19 2.7 0 0 0.7 0.18 

Sulphur 0.39 0 0.24 0.13 0.09 0 0 0.06 0.09 

Ash 4.9 16.4 7 3.2 1.5 45.1 25.5 1.03 0.14 

Total (Dry weight) [gm] 124.93 163.86 118 63.22 59.79 48.18 29.95 22.44 9.2 

 

 

Strategy of solution and power capacity : 

The calorific value of 11.2 [MJ/Kg] was rendered applicable in a plasma gasification 

technology according to the leading corporation in plasma gasification technologies, 

AlterNrg-Westinghouse Plasma Corporation (WPC), Thus, a strategy of solution was 

studied and a pre-feasibility study was conducted. 

 

Although Al-Akeeder receives from 1200-1400 (tpd) MSW, the strategy proposes a 

solution of processing 2000 (tpd), where from 1200-1400 (tpd) would be supplied from 
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every day’s MSW generation rates, and from 800-600 supplementary MSW fed from a 

waste mining technique.  

 

Power calculations were based on an estimated average value of 1500 (tpd) depending 

on an average mining value between 800-600 (tpd) and an average daily received rate 

between 1200-1400 (tpd).  

 

Plant rated power for processing 1500 (tpd) of MSW was calculated to be 75 MW 

depending on a combined cycle, burning syngas, and a Torches system with a 

Gasification Vessel from Westinghouse-Plasma Corp, while the maximum demand was 

estimated to be 73 MW, pertained to an estimated load factor of 0.95, thus, the average 

load was calculated to be 70 MW, whereby the calculated produced energy per day was 

1680 MWh and 613.2GWh per year. 

 

A tentative economic approach : 

A pre-feasibility study was done depending on costs of Torches and two G-65 

Gasification vessels, processing 1500(tpd) of MSW, acquired from WPC. Other 

equipment costs were estimated learning from Teesside Air Products Renewable 

Energy Facility. The rest of fixed costs and variable costs were estimated depending on 

the current construction costs in the Hashemite Kingdom of Jordan. Taxes, construction 

and operation were omitted from the referred pre-feasibility study for the sake of the 

innovative and sustainable solution that such a project can offer to the North’s lesion. 

 

Sensitivity analysis conclusion charts. 

An economic sensitivity analysis was carried out, concluding the charts that would 

follow. In some cases in the following charts, a tipping fee of 6 JOD per 1 ton of MSW 

was presumed. According to a generation rate of 0.85 Kg/capita/day, a household MSW 

generation rate was calculated to be one ton every 7.7 months on an average 5 

capita/house, whereas a fixed annual lump-sum fee (JOD 24, 15, or 8 per household 

depending on municipality class) [9] is paid in monthly installments, levied with the 

monthly electricity bill for waste services. This would mean that the actual fees per one 

ton is about 12.8 JOD/ton/household. On such a basis, the 6 JOD/ton value was taken 

to conduct this tentative economic approach. 
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Figure 2: Capital cost return year vs. different capital costs scenarios 

 

 

 
 

Figure 3: The effect of tipping fees on reducing breakeven years 
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Figure 4: Electricity price-effect on breakeven years 

 

 

 
 

Figure 5: Wanted breakeven years and electricity tariff possibility 
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CONCLUSIONS AND RECOMMENDATIONS (OPINIONS): 

In view of the previously mentioned developments and state of affairs in the north, it 

should be granted proper environmental, economical and technical support in 

identifying an alternative revenue generating project for handling increased waste 

tonnage, population rates and energy consumption, and thus, managing increased 

ecological impacts, while finding new, needed job opportunities with reducing energy 

production costs on Jordan’s budget, importing less oil quantities. 

Plasma Gasification Technology, unlike incineration and other advanced thermal 

treatment technologies, could be an economically viable technology in Al-Ekaider, but 

only if properly implemented and tipping fees are considered. Various byproducts 

mentioned earlier such as sulfur and vitrified slag are considered as generating sources 

of revenues.  

In addition, a plasma gasification facility could create 50 new job opportunities in the 

north while operation, and from 500-700 jobs during construction. Ecologically, plasma 

gasification is an attractive method for managing waste sustainably, as a landfill is not 

anymore a need and the dream of having a life without landfills is undoubtedly possible. 

In other words, significant groundwater contamination problems by leachate and 

infiltration recharge in Al-Ekaider, plus the volatile landfill gases, are eliminated 

gradually, by applying a landfill mining strategy and using the already-dumped waste 

for supplementary feeding the gasification process. Environmentally, this technology 

can easily replace the choice of an incineration plant, by emissions of nitrogen oxide, 

sulfur dioxide and mercury as low as 36 (ppmvd), 1.05 (ppmvd) and 1.4 (μg/dscm²) 

respectively, configuring appropriate gas cleaning systems similar to those used by Air 

Products’ Tees Valley Renewable Energy Facility. Economically, paramount devices 

like the torches system and the gasifier vessels are expensive and this is the only 

disadvantage of constructing an IPGCC. Thus, from this point, a clear recommendation 

would be forming a REM (Researching Engineering and Manufacturing) team for 

developing these essential parts in Jordan. Consequently, a significant reduction of 

equipment costs would be achieved and thus capital reductions. 

 

As a final comment, the previous tentative preliminarily economic approach should be 

considered as step 1, while step 2 needs to be more site-specific, generating economics 

with specific entities, willing firms and governmental legislative agencies, for attaining 

convenient tipping fee agreements, and accurate interest rate, depending on specific 

financial contracts.   
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