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Abstract 
 

The research deals with three categories of data to understand the energy 

recovery process from municipal solid waste (MSW) to obtain a reliable 

stream of low-cost fuel to make these plants financially viable in Baghdad 

city, the capital of Iraq. First, data concerning the composition of the MSW 

stream collected from six selected districts, considered as the study area 

during 2017. Second, the net calorific data value for each of the components 

in the MSW stream, which obtained from the best sources. Third, calculated 

the shares of energy contributed to the waste stream by biogenic and non-

biogenic elements, the total amount of energy theoretically recovered from 

MSW, and then the electric power generation potential. The theoretically 

predicted amount of energy generation from 5215.561 tons/day MSW (on a 

dry weight basis) from both thermal and biochemical recovery techniques 

were about 75.022 megawatts (MW). The total number of houses that can be 

powered by the quantity mentioned above of electricity is about 60,993. 

Furthermore, the entire amount of the district population, which can benefit 

from the power synthesized, is approximately 426,954. 

 
Keywords: Waste to energy, municipal solid waste, mass incineration 
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1 Introduction 
 

The sector of electricity in Iraq undergoes a sequence of instantaneous 

and compounding challenges that disable generating passable revenue to 

withstand itself or to enhance services for customers [1]. 

According to the final report from the Governance Strengthening Project 

(GPS/TAQADAM) [2], a predictable 31,000 tons/day of solid waste created 

for each capita waste generation between 0.8 and 1.4 kg/day. Baghdad city in 

excess produces about 1.5 million tons of solid waste annually. Speedy 

development in waste production joint with insufficient trash assortment 

services increased strain on nonoperational and mishandled infrastructure 

that deeply smashed by years of conflict. 

The 2011 Energy Information Administration (EIA) [3] reported that 

waste-to-energy power plants are generating capacity of 14 million 

megawatt-hours (MWh) of electricity from MSW. 

Waste-to-Energy (WtE) grouped into Thermal (direct combustion and 

incineration), Thermochemical, and Biochemical (composting, ethanol 

fermentation, and anaerobic digestion) techniques [4]. The technologies and 

their variety majorly depend on the waste source, capital, operational 

expenses, technical efficiency, coupled with the complexity of labor skill 

necessities and environmental localities of the plants [5]. 

Hossain et al. [6] have studied the WtE technologies and proposed the 

thermal process through incineration as a highly appropriate option for 

generating renewable energy in Bangladesh. Since the MSW with higher 

moisture content decreases the calorific value of MSW's incineration 

potential. Melikoglu [7] assessed the viability of electricity and suggested 

that the production of biogas from wet MSW is a suitable choice in Turkey. 

Ibrahem and Salih [8] indicated that the amount of electrical energy 

recovered from solid waste of Tikrit city in Iraq by incineration technique is 

equal to 309 MW/day, while 1.04 MW/day generated by anaerobic digestion 

technique. 

Therefore in this study, some of the Baghdad city electrical problems can 

be overcome through implement waste-to-energy (WtE) projects as a highly 

feasible option for energy recovery from MSW and successively reducing 

landfill space requirements [9]. 

 

2 Materials and Methods 

 

The research evaluated the potential of MSW to fuel power plants. The 

evaluation is divided into many stages, as follows:  

 Apply to the city of Baghdad as the region of the study; 

 



                                                                                                                  
 

 

 

 

 

 

 

Waste - to- Energy Conversion as a Sustainable Solution for Environmental and 

Energy Crisis in Baghdad City 1926 

 

 

 View the relation between the quantity of solid waste and economic 

growth 

 Rate the waste percentage by income levels; 

 Estimate the composition of the entire waste stream; 

 Apply the conversion technology to electric power; 

 Assume the net calorific value of the collected solid waste 

 Determine the energy and power generated for each technology. 

 

2.1 Regions of the Study 

 

According to the ArcGIS web map, Baghdad Capital of Iraq is located in 

the Middle East and lies between 33°20′00″ north latitudes and 44°26′00″ 

east longitudes. Baghdad city is divided by the Tigris river into two main 

areas, namely, Karkh and Rusafa [10]. Baghdad and its surrounding 

metropolitan area are as follows; Governorate, with 204.2 km2; Urban with 

500 km2 and Metro with 4,555 km2 [11]. Rusafa Side positioned on the east 

region of Baghdad, and it is protracted along from Adhamiya in the north-

west side to Al-Jadriya on the south-east side, whereas Al-Karkh is at the 

west part of Baghdad. According to the Humanitarian Information Centre for 

Iraq, Baghdad city has nine districts. These districts comprise a total of 89 

neighborhoods. The Mayoralty of Baghdad divided into 14 municipalities. 

 

2.2 Data Collection 
 

The purpose of data collection is to compute the quantity of produced 

waste and to distinguish their fractions composition, which afterward will aid 

in selecting waste-to-energy conversion machinery [12].  

We obtained the data from the Solid Waste and Environmental 

Department in the Mayoralty of Baghdad. The department used nine transfer 

waste stations for compacting garbage as presented in sampling points for 

each waste type and source from Al-Rusafa Side and Al-Karkah Side as 

characterized in Figure 1. In the study, six waste sources were considered, 

such as Residential, Commercial, Markets, Institutions, Street Sweepings, 

and Parks.  
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Figure 1: Solid Waste Transfer Station in Al- Sader2 District at Baghdad City. 

 

We have characterized sampling points for each waste type and source 

from Al-Rusafa Side and Al-Karkah Side into a high, medium, and low-

income level area. From all sources considered, we calculated waste amount 

to discharge ratio for the first quarter of the year 2017. The department has 

utilized the output method, known as load count analysis, for determining the 

waste generation rate [13]. The wastes organized and additionally separated 

by their weight along with the percentage composition, as explained by 

D5231-92 [14]. 

 

2.3 Municipal Solid Waste Characteristics 

 

Waste composition investigations stand for vital tools for MSW 

administration when recycling or energy recovery from combustion is the 

objective. There is little need to analyze the waste much further after 

collecting. In the lab, the samples are weighed, cleaned of contamination, and  
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air-dried. Hard-wearing substances like glass and plastic containers are 

emptied from their contents and washed before air drying [15]. Moreover,  

some of the waste characteristics that must be known to use it in a waste-to-

energy plant are as follows:  

 

 The composition of waste fractions; 

 The moisture content; 

 Heat calorific value 

 Biodegradability. 

 

3 Result and Discussions 

 

3.1 Waste Generation and Economic Growth 

 

Guangyu [16] pointed out that economic growth, improvement of living 

conditions, increase in the rate of consumption of materials, and increase of 

city population, all these results in the production of a massive amount of 

municipal solid waste. The waste generation level in Iraq is going to be 

increased owing to the expanded consumption configuration along with the 

people moving from the rural area to urban areas [17]. 

The daily amount of lifting garbage divided according to the area (such 

as agricultural, industrial, residential, economic activity, lifted rubble, and 

scrap). Cities and towns in Iraq have produced an estimated 17.551 million 

tons of solid waste that include waste, rubble, and metal scrape in the year 

2010. It reduced to about 13 million tons in 2011. It fluctuated during the 

following years until it reached 20.373 million tons for the year 2017, with a 

daily amount of waste 55,816.43 tons removed except the Kurdistan region 

[18]. 

 

3.2 Waste Composition 

 

The waste composition has a unique role in the choice of suitable waste 

administration technology [19]. Accordingly, six different foremost fractions 

of waste are isolated in the collected sample in the first quarter of the year 

2017 in this study (see Table 1). The overall quantity of generated solid 

waste [20] from the selected districts in this study was estimated based on the 

GR value (1.104 kg-capita/day) based on Equation 1. 
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                                                                                       (1) 

 

Where TSW is the overall quantity of solid waste (tons/day), GR is the 

waste generation rate (kg/capita/day), and P is the population. 

The selected district's population about 7,129,333 million, as observed in 

Table 1, that generates 7871 tons of domestic solid waste per day or 2.873 

million tons/year. 

Table 1 :Average Waste Generation Per Capita for Selected Districts. Data 

Collected in the 1st Quarter of the Year 2017.  

 

Municipality zone Waste Generation per capita  (kg/capita/day) 

Zone (A) 

High 

Zone (B)  

Medium 

Zone (C) Low Average 

AL -Rusafa Side 

Baghdad Al – Jedeeda 1.00 0.95 0.90 0.95 

Al –Sader 1 0.80 0.85 0.85 0.836 

Al – Sader 2 1.00 1.00 1.10 1.00 

Al-Ghadeer 0.76 1.00 0.76 0.84 

Al-Shab 1.50 1.38 0.42 1.14 

Al – Adhamiya 1.05 1.08 0.84 0.98 

Al – Risafa Centre 1.50 1.38 1.268 1.383 

Al Rusafa Side average  of waste generated per  capita 1.018 

Al -Karakh Side 

Al – Rasheed 1.1 1.2 1.60 1.30 

Al- Dora 1.0 1.2 1.30 1.16 

Al – Mansour 1.3 0.6 1.30 1.06 

Al-Shula 1.1 1.2 1.15 1.15 

Al – Karkh Centre 0.8 1.3 1.30 1.30 
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Al Karakh Side average  of waste generated per  capita 1.19 

Average  of waste generated per capita for selected districts 1.104 

Total population of selected districts 7,129,33 

 

The average waste weight percentages are in the order: Organic 54.9%,  

plastic 12.6%, paper 10.5%, metal 8.2%, glass 8.1%, and others 5.7 %, 

respectively, in Table 2. The most important one is organic waste that 

constitutes 54.9% of the total municipal solid waste since it shares a current 

lifestyle and eating habits. It seems that the usual moisture contents differ 

from about 58 % to 2.6 % reliant on the materials. 

 

Table 2 :Waste Components for Selected Districts. Data Collected in the First 

Quarter of the Year 2017. 

 

Component Wet weight fraction 

(%) 

Component Weight 

(Tons per day) 

Moisture content 

(%) 

Organic fraction 54.9 4321.179 57.95 

Plastic 12.6 991.746 4.1 

Paper 10.5 826.455 5.5 

Metals 8.2 645.422 2.6 

Glass 8.1 637.551 3.3 

Others 5.7 448.647 6.1 

Tons/day 100 7871  

 

 

3.4 Effect of Moisture Content 

 

Various wastes, especially when compressed by a collection truck, have 

different characteristics such as moisture content and specific weight. 

Therefore, the municipal solid waste expresses on a wet basis because their 

moisture content changes over time [21].  
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A laboratory waste drying sample was carried out in a furnace at 

temperature 77 °C for 24 hours to ensure complete dehydration of waste and 

avoid unnecessary fumigation of volatiles. Temperatures above this dissolved 

some synthetic material and created a mess [22]. In this study, as critical 

factors to determine the energy recovery, the composition of various solid 

waste was calculated due to the dry weight fraction of MSW [23].  

According to the Mrus and Prendergast [24], the percentages of moisture 

content and dry weight fraction of overall solid waste calculated using the 

following equations 2 and 3: 

      

                                                                                        (2) 

 

Where 𝑋 is the moisture fraction of MSW (%), 𝐴 is the preliminary 

weight of the sample, which belongs to a distinct class, and 𝐵 is the weight of 

a different type after drying. 

 

                                                                                   (3) 

 

Where WD is a dry weight fraction of MSW (%), 𝑌 is the wet weight 

fraction of MSW (%), and 𝑍 is content of moisture (%). 

Table 3 presents the percentage of generating reliable waste components 

based on wet weight (tons/day). The consequences of results in this table 

have been comparable to those perceived by Saeed et al. [25] in Kuala 

Lumpur, Malaysia. They found the resulting waste composition values: Food 

waste 57%, mixed paper 17%, mixed plastic 15 %, and other waste materials 

11%. 

According to the work of Abdalqader and Hamad  [26], the composition 

of the whole waste stream in the Gaza Strip was as the following: 52% 

organic waste, 13% plastics, 11% papers, 3% metals, 3% glass and 18% 

other waste. While in Erbil city in the north of Iraq [27], the typical weight 

rates of reliable waste components were: Food 79.34%, plastic 6.28%, paper 

5.9%, metals 3.6%, glass 3.42%, and cloth 1.45%. Mustafa et al. [28] 

concluded that the daily solid waste generation in Baghdad city was 5565 

tons, and the percentage composition of waste was 70% organic, 5.3% 

plastic, and 5.0% paper. 

 

 

 



                                                                                                                  
 

 

 

 

 

 

Waste - to- Energy Conversion as a Sustainable Solution for Environmental and 

Energy Crisis in Baghdad City 1932 

 

 

Table 3: Amount of Generating Solid Waste Components Based on Wet Weight 

(tons/day). Data Collected in the First Quarter of the Year 2017. 

 

Others 

(%) 

Metal (%) Glass 

(%) 

Paper (%) Plastic 

(%) 

Organi

c (%) 

District 

8.0 5.0 20 20 13 34 Karakh 

center 

8.0 11 6.0 13 10 52 Rasheed 

3.0 7.0 2.0 3.0 4.0 81 Doura 

10 10 10 10 10 50 Mansour 

5.0 5.0 20 20 20 30 Al-Shola 

4.0 2.0 2.0 8.0 10 74 Rusafa 

center 

4.0 8.0 5.0 8.0 20 55  Baghdad 

Al – 

Jedeeda 

7.0 15 5.0 5.0 13 55 Sader 2 

3.0 7.0 8.0 14 14 54 Ghadeer 

5.0 12 3.0 4.0 12 64 Al-Shab 

5.7 8.2 8.1 10.5 12.6 54.9 Average 

 

 

Table 4 confirms that MSW classified into dry and wet materials based 

on their moisture content. Based on a dry basis, the average percentage of 

solid waste is equal to 66.263%, while the total moisture content is equal to 

33.737%. Therefore, it is generally preferable to separate the wet from the 

dry components at the source. yet, they contaminate and complicate the 

transport and processing of the rest of the municipal solid waste [29]. 
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Table 4 :Amount of Generated Solid Waste Components Based onDry Weight 

(tons/day). Data Collected in the First Quarter of the Year 2017. 

 

Component Dry weight fraction (%) Dry weight (tons/day) 

Organic fraction 23.085 1817.020 

Paper 9.923 781.039 

Plastic 12.083 951.053 

Metals 7.987 628.657 

Glass 7.833 616.535 

Others 5.352 421.256 

Tons / day 66.263 5215.561 

 

 

3.5 Potential for Energy Recovery 

 

There are two main processes for WtE conversion. Waste with low 

moisture content fits for the thermochemical transformation, and garbage 

with higher moisture content provides for a biochemical approach [30]. 

Baghdad city, as a case study, the energy generated from waste fractions 

needs two different scenarios, the first scenario, mass incineration, and the 

other consist of anaerobic digestion with recycling through biochemical 

conversion way. A rough evaluation of the potential recovery of energy from 

MSW over diverse treatment approaches can be made based on the 

understanding of its calorific significance and an organic fraction [31]. 

 

3.5.1 Thermal Processing 

 

The mass incineration scenario has included the wide-ranging utilization 

of MSW (biodegradable in addition to non-biodegradable) for energy 

generation. In mass burning, the incoming wastes are fed into the furnace as 

it is received. No pre-treatment did throughout mass incineration [32].  

To calculate the energy recovery from MSW through incineration 

technology, we used the process efficiency of 25–30% from the previous 

work by Shahzad et al. [33]. The energy recovery potential (ERP) and power 

generation potential (PGP) [34] calculated by using Eq. 5 and 7, while the net 

power generation potential (NPGP) was calculated by equation 8: 

 

                                                                       (4) 



                                                                                                                  
 

 

 

 

 

 

 

 
Waste - to- Energy Conversion as a Sustainable Solution for Environmental and 

Energy Crisis in Baghdad City 1934 

 

 

 

                                                                (5) 

 

Where W is the total waste quantity (tones), and NCV is the net calorific 
value (kcal/kg).  

The average calorific value for waste as fuel in thermal conversion 

technology ( like incineration plant) must never fall below 6 MJ/kg (1434 

kcal/kg) throughout all seasons, as documented by World Bank [35].  

 

                                                      (6) 

 

                                                            (7) 

 

Since the typical waste-energy conversion efficiency is 25%, as 

mentioned in the previous reference [33], and NCV equals to 1500 kcal/kg 
according to reference [35], then 

 

                                                                          (8) 

 

Lastly, the first case, considering the dry solid waste without moisture 

content to evaluate the energy generation potential from the received solid 

waste. When the overall waste generated is 7871 tons, and the dry solid 

waste contributes to 66.263% of the total solid waste (see Table 4), then the 

complete waste is 5,215,561 kg, therefore 

 

NPGP = 98.880 MW from overall waste on a dry basis 

 

The second case, excluding the organic biodegradable waste from the 

general stream (remains an inorganic waste stream) involving 12.083% 

plastic, 9.923% paper, 7.833% glass, and 5.352% others. Net generation 

power gives as the following:  

 

                                                   (9) 

 

Where Ifraction is the inorganic fraction, Ofraction is the organic fraction, and 

Wtotaldry is the total waste on a dry basis. 

 

Ifraction = 66.263 % - 23.085 % = 43.178% 

Ifraction = 0.43178 x 7871(tons) x 1000 (kg/ton) = 3398540.38 kg 

https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Mohammad+Emran+Khan%22
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When using the equation 8, then 

NPGP = 61.174 MW from inorganic fraction 

 

3.5.2 Biochemical Processing 

The anaerobic digestion scenario used to treat wet organic municipal 

solid wastes. Usually, the produced biogas will be applied to meet part of the 

on-site electricity requirements or also in boilers and engine-driven blowers. 

Referring to Pinak [36], net calorific values are considered a more useful 

criterion by which to compare the energy contents of different fuels. The 

methane found in biogas burns with a blue flame with a standard net calorific 

value of 5000 kcal/m3.  

To calculate the energy recovery from MSW using bio methanation 

technology, Let's say that biochemical approach contributes only the 

biodegradable fraction of the MSW to the energy output.:  

Total waste quantity: W (tones) 

The total organic fraction or Volatile Solids (VS) = 50 % (assumption) 

The total biodegradable fraction is approximately 66% of VS, which is 

equal to 0.33 of total waste quantity (W), and the typical digestion efficiency 

is equal to 60 % [37], then. 

                                                                                  (10) 

Where B is the typical biogas yield (m
3
), and DVS is the destroyed VS (m

3
/ 

kg), then      

                                       (11) 

 

As mentioned before the NCV of biogas is 5000 kcal/m
3
 (typical), therefore 

 

                                                          (12) 

 

                                                         (13) 

 

                                                        (14) 

 

Typical Biochemical Conversion Efficiency = 30% 

 

                                                                 (15) 

 

Waste Organic Fraction = 1817.020 ton/day (Table 4). 

 



                                                                                                                  
 

 

 

 

 

 

Waste - to- Energy Conversion as a Sustainable Solution for Environmental and 

Energy Crisis in Baghdad City 1936 

 

 

NPGP = 13.846 MW for an organic fraction on the dry basis 

Lastly, equation 15 is a quick and accurate process to estimate the total 

energy amount of wet waste when considering the conversion efficiency to 

be 30%. Wet solid waste contributes to 23.085 % of the complete solid 

waste. The generated energy from 1817.020 tons of wet waste in the study 

area equals about 13.846 MW. 

As discussed in the above item (thermal processing), the total amount of 

energy generated from both dry and wet waste in selected districts is equal 

to: 

Total Energy Generated = 61.174 + 13.848 = 75.022 MW 

The theoretically predicted amount of energy generation from 5215.561 

tons/day MSW (on a dry weight basis) through both thermal and biochemical 

recovery techniques were about 75.022 MW. The amount of electricity 

generated by incineration is more significant than that produced by anaerobic 

biological treatment. The biochemical conversion processes, on the other 

hand, are preferred for wastes having a high percentage of organic bio-

degradable matter and a high level of moisture/ water content, which aids 

microbial activity. 

 

3.6 Energy Consumption   

 

The above study and analysis lead us to calculate the number of families 

who can benefit from the recovered energy from collected solid waste. 

According to the data taken from the website of the Iraqi Ministry of 

Electricity [38], the total energy consumed by household appliances is 

summarized in (Table 5). The resulting data based on equation 16, which 

includes its capacity (in watts) and the frequency of its use. 

 

                                                                                          (16) 

Where N is the number of kWh, H is the number of hours use, D is the 

number of days use, and C is the capacity of appliance expressed in watt.  
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Table 5 :Power consumption of household appliances. 

 

Device Number Duration 

(Hours) 

Total Power 

/Run (W) 

Total Consumption 

Watt (daily) 

Refrigerator 1 8 200 1600 

Deep freezer 1 8 350 2800 

Washing 

Machine 

1 1 200 200 

Water 1 6 3000 18000 

Fun 1 10 100 1000 

Iron 1 0.5 1250 625 

LCD TV 1 8 400 3200 

Low-energy 

light bulbs 

5 8 40 1600 

Glow bulbs 1 8 60 480 

Total    29.505 kWh /24 hours = 

1.23kw 

 

The electrical load of the house (a family with seven persons) equals the 

total power consumed per day by all the devices and electronics in the 

household, so the whole home powered by 1.23 kW. Furthermore, the total  

number of houses that are powered by 75.022 MW electricity will be 60,993 

houses, and the overall number of persons who are benefiting from power in 

the selected district will be 426,954. 

 

3.7 Cost of WtE Plant 

 

The goal of WtE is to convert the energy gained from municipal solid 

waste into electricity. The choice of technology based on the provided 

feedstock and utilization of generated products, such as power and possibly 

other energy carriers [46] [39].  

Since there is no reference point for any waste-to-energy technology in 

Iraq, so every newly developed facility should be compared with the price of 

approved WtE plant in the world. Biochemical and Thermochemical 

techniques have been proven effective in treating MSW for many years. 

Unfortunately, the old generation of incinerators is viewed unfavorably in  
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many countries due to their limited efficiencies of generating heat or 

electricity from wastes, significant production of air emissions, and the levels 

of ash produced [47] [40].  

Europe is the largest market for a new generation of WtE technologies; 

owing to the new regulations on emission control strategies, reducing the 

dioxin emissions by 99.9% combustion plants is no longer a significant 

source of particulate emissions[48] [41].  

China is a significant player in the Southeast Asia region, Waste-to-

energy plant plays an essential role in reaching China's energy conservation 

and emission reduction targets [49] [42]. China had 7.3 gigawatts of energy 

production across 339 power plants in 2017. It expected to grow to 10 

gigawatts and 600 plants by 2020 [50] [43].  

What is the price level of WtE, and how does it change with type and 

capacity? 

Tehrani and Haghi calculated the actual investment cost for a waste 

incineration plant depends on factors like the size of the plant, the lower 

heating value of the waste, land purchasing price, etc. [51] [44].  

Nordi et al. [52][45] were also considered a stand-alone incineration 

plant type and Biogas production with energy savings by a recovery of 

valuable materials. The results showed values for electricity for sale in the 

range of 6 to 13MW (and cost of electricity production of 60 to 

150(US$/MWh) for the evaluated cases from the hypotheses assumed. 

According to a study by Khoo et al. [47] [41], in Singapore, the running cost 

of a 3000 ton per day MSW incineration plant is 52 US$ / Ton. Most of the 

incineration has not yet found effective ways to deal with fly ashes, but slags 

used to make bricks for construction [53] [46]. The above WtE power plant 

costs compared with coal and natural gas power plants. United State 

Department of Energy report at 2013 that the estimates of power plant capital 

costs were as the following: Natural Gas Combined Cycle (NGCC) with 702 

(MW) nominal capacity is about 978 ($/kW), Ultra Supercritical Coal (USC) 

with 650 (MW) nominal capacity is approximately 3,636 ($/kW).  

 

 

4   Conclusion  

 

It is essential for the success of waste-to-energy plants in Baghdad must 

develop an understanding of the composition of municipal solid waste and 

couple with factors affecting the energy recovery of the waste stream. Two 

technologies, such as Mass Burn Incineration and Anaerobic Digestion with 

recycling, were examined for the assessment of electricity generation. 
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Glass, metals, and aluminum viewed as the principal recyclable materials 

under the recycling scenario. We not considered energy-saving from 

recycling in this study. Hence, we accepted that their products don't have any 

immediate connection to the energy savings in selected districts. We chose 

the mass-incineration scenario for MSW burning with the energy recovery 

system. More homogeneous fuel is resulting from MSW for the combustion 

process through the separation of combustibles with non-combustibles. The 

second scenario was anaerobic digestion, where a portion of the 

advantageous materials can be recycled. The total amount of energy 

theoretically recovered from both situations in selected districts is 

approximately 75.022 MW.  

 

References 
 

[1]R. A. Price, “Iraqi State Capabilities”, K4D Helpdesk Report, Brighton, 

UK: Institute of Development Studies, pp.1-18, 2018.  

[2]USAID, "Strengthening Project (Gsp/Taqadum) Final Report", United 

States Agency for International Development, Washington, Chemonics 

International Inc. Press, Vol. 8, pp. 32, 2017. 

[3]EIA, "Waste-to-Energy (from municipal solid waste)", Energy 

Information Administration (undated),2018.  

[4]A. Bosmans, I. Vanderreydt, D. Geysen, and L. Helsen, “The crucial role 

of Waste-to-Energy technologies in enhanced landfill mining a 

technology review”, Journal Clean Prod., Vol.55, pp.10–23, 2009.   

[5]O. K. M. Ouda, H. M. Cekirge, and S. A. R. Raza, “An assessment of the 

potential contribution from waste-to-energy facilities to electricity 

demand in Saudi Arabia”, Energy Conversion and Management, Vol.75, 

pp. 402–406, 2013. 

[6]H.M. Z Hossain, Q.H. Hossain, M.M. Monir, and M.T. Ahmed, 

“Municipal solid waste (MSW) as a source of renewable energy in  

      Bangladesh”, Revisited, Renewable Sustainable Energy Reviews, Vol. 

39, pp.35-41, 2014. 

[7]M. Melikoğlu, “Vision 2023: assessing the feasibility of electricity and 

biogas production from municipal solid waste in Turkey”, Renewable 

Sustainable Energy Reviews, Vol.19, pp. 52–63, 2013. 

[8]M. M. Ibrahem and K. A. Salih, “Using Solid Wastes of Tikrit City to 

Produce Electric Energy”, Modern Environmental Science and 

Engineering, Vol.1, pp. 39-48, 2015. 

 

 

 



                                                                                                                  
 

 

 

 

 

 

 

 

 
Waste - to- Energy Conversion as a Sustainable Solution for Environmental and 

Energy Crisis in Baghdad City 1940 

 

[9]D. Mutz, D. Hengevoss, C. Hugi, and T. Gross, “Waste-to-Energy 

Options in Municipal Solid Waste Management”,1st ed., Deutsche 

Gesell schaft für International Zusammenarbeit (GIZ) GmbH. Press, 

pp.1-12, 2017. 

[10]S. A. Amin, S. D. Alalgawi, and H. M. Hashim, “Indoor radon 

concentrations and effective dose estimation in Al-Karkh side of 

Baghdad dwellings”, Iranian Journal of Science & Technology (IJST), 

Vol.39, pp. 491-495, 2015. 

[11]H. Ilyas, S. Ilyas, S.R. Ahmad, and M.C.H. Nawaz, “Waste Generation 

Rate and Composition Analysis of Solid Waste in Gujranwala City 

Pakistan”, International Journal of Waste Resources, Vol.7, pp. 1-6, 

2017. 

[12]G. Tchobanoglous, H. Theisen, and S. Vigil, “Integrated Solid Waste 

Management: Engineering Principles and Management Issues”, In: 

Clark, J. and B.J. Morris (Eds.), Press, McGraw-Hill, Singapore, 1993. 

[13]ASTM Standard D5231–92-2008, “Standard Test Method for 

Determination of the Composition of Unprocessed Municipal Solid 

Waste”, American Society for Testing and Materials, 2016. 

[14]W.A. Worrell and A.P. Vesilind, “Solid waste engineering”, 2nd ed., 

Publisher: Australia; Stamford, CT: Cengage Learning Press, pp. 33-38, 

2012. 

[15]Y. Guangyu, “Amounts and Composition of Municipal Solid Wastes”, 

Point Sources of Pollution: Local Effects and Control, Vol. 1, pp.1-

442,2011  

[16]I.A. Khatib, “Municipal Soil Waste Management in Developing 

Countries: Future Challenges and Possible Opportunities”, Integrated 

Waste Management. Croatia: InTech Press, pp. 37-38, 2011.  

[17]AAS, “Annual Abstract of Statistic -2017”, Central Statistical 

Organization, Ministry of Planning, Republic of Iraq. (Undated), 2017.   

[18]W.A. Worrell and A.P. Vesilind, “Solid waste engineering”, CL-

Engineering Pub., pp. 33-38, 2012. 

[19]K. Miezah, K. Obiri-Danso, Z. Kádár,  B. Fei-Baffoe
,
 and M. Y. Mensah, 

“Municipal solid waste characterization and quantification as a measure 

towards effective waste management in Ghana”, Waste Management, 

Vol.46, pp. 15-27, 2015. 

 

 

 

 

 

https://www.sciencedirect.com/science/article/pii/S0956053X15301185?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0956053X15301185?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0956053X15301185?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0956053X15301185?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0956053X15301185?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0956053X15301185?via%3Dihub#!


                                                                                                                  
 

 

 

 

 

 

 

 
1941 Kifah A. Fayadh Alimarah et al 

 

[20]W.A. Worrell,  P.A. Vesilind, and C. Ludwig, “Solid Waste Engineering: 

A Global Perspective”, 3rd ed., Press Cengage Learning, USA, 2017. 

[21]C. Montejo, C. Costa, P. Ramos, M. del Carmen Marquez, “Analysis and 

comparison of municipal solid waste and reject fraction as fuels for 

incineration plants”, Applied Thermal Engineering, 2011. 

[22]K.M.N. Islam, “Municipal Solid Waste to Energy Generation in 

Bangladesh: Possible Scenarios to Generate Renewable Electricity in 

Dhaka and Chittagong City”, Journal of Renewable Energy, pp. 1-16, 

2016.  

[23]S. T. Mrus and C. A. Prendergast, “Heating value of refuse-derived 

fuel”, Resource Systems Group, Inc. Boston, Massachusetts, pp. 365-

372,1978.  

[24]M.O. Saeed, M.N. Hassan and M. Abdul Mujeebu, “Assessment of 

municipal solid waste generation and recyclable materials potential in 

Kuala Lumpur, Malaysia”, Waste Management, Vol. 29, pp. 2209–2213, 

2009. 

[25]AbdAlqader and J. Hamad, “Municipal Solid Waste Composition 

Determination Supporting the Integrated Solid Waste Management in 

Gaza Strip”, International Journal of Environmental Science and 

Development, Vol. 3, pp. 172-176, 2012. 

[26]S. Q. Aziz, H. Abdul Aziz, M.J.K. Bashir, and M. S. Yusoff, “Appraisal 

of domestic solid waste generation, components, and the feasibility of 

recycling in Erbil, Iraq”, Waste Management and Research, Vol. 29, pp.  

880–887, 2010. 

[27]A. S. Muatafa, A. A. Mohsin, L. N. Ali, “Management of Municipal 

Solid Waste in Baghdad, Iraq”, International journal of Environmental 

and Ecological Engineering., Vol. 11, 2017. 

[28]S. Zafar, " Waste to Energy Conversion Routes", BioEnergy Consult, 

2016.  

[29]H. Silvennoinen, “The effect of moisture in certain wastes and their 

recovery, processing, and recycling”, Bachelor’s thesis Degree 

Programme of Material Engineering, Mikkeli University of Applied 

Science, 2013.   

[30]Elena Cristina Rada, “Energy from municipal solid waste”, Energy 

Production and Management in the 21st Century, Vol. 2, pp. 945-957, 

2014.  

[31]O. K. M. Ouda, S. A. Raza, R. Al-Waked, J. F. Al-Asad, and A. S. 

Nizami,  “Waste-to-energy potential in the Western Province of Saudi 

Arabia”, Journal of King Saud University Engineering Sciences, Vol. 29, 

No. 3, pp. 212–220, 2017. 

[32]S. Shahzad, A. Butt1, S. Anwar, S. R. Ahmad, T. Sarwar and N. Asghar, 

“Municipal Solid Waste as a Renewable Source of Energy: An Overview  

https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22William+A.+Worrell%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22William+A.+Worrell%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22P.+Aarne+Vesilind%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22P.+Aarne+Vesilind%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22P.+Aarne+Vesilind%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Christian+Ludwig%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Christian+Ludwig%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Christian+Ludwig%22


                                                                                                                  
 

 

 

 

 

 

 

 
Waste - to- Energy Conversion as a Sustainable Solution for Environmental and 

Energy Crisis in Baghdad City 1942 

  

 from the Lahore District in Punjab, Pakistan”, Pol. J. Environ. Stud. Vol. 

26, no. 6, pp. 2721-2729, 2017 

[33]T. Ramachar, G. C. Rao, M. Umamahesh and D. Nagamouli,  “ 

Calcuation of energy recovery potential and power genaration potential 

from municipal solid waste of kurnool city, andhra pradesh, india”,  Int. 

J. Chem. Sci., Vol.12, No. 4, pp. 1345-1354,2014. 

[34]T. Rand, J.  Haukohl, U. Marxen, T. Rand, J. Haukohl, U. Marxen, 

“Municipal solid waste incineration: a decision maker's guide”, The 

World Ban, 2000.  

[35]B., R. Pinak, “Estimation of Power Generation from Solid Waste 

Generated in Sub Urban Area using Spatial Techniques A Case Study for 

Pune City, India”, International Journal of Geomatics and Geosciences, 

Vol. 9, pp. 179-187, 2011. 

[36]M. E. Khan, S. Agrawal, F. Z. Siddiqui and V. Rajaram, “ Solid And 

Liquid Waste Management Waste To Wealth”,. PHI Learning Pvt. Ltd., 

pp.1- 320, 2016.  

[37]GIZ, “Waste-to-Energy Options in Municipal Solid Waste Management: 

A Guide for Decision Makers in Developing and Emerging Countries”, 

Deutsche Gesellschaft für International Zusammenarbeit (GIZ) GmbH, 

pp.1-58, 2017. 

[38]H. H. Khoo, R. B. H. Tan, S. Salim & Y. M. Wu, “Life cycle evaluation 

and economic considerations of the pyrolysis-gasification of municipal 

solid waste in Singapore”, Environmental Economics and Investment 

Assessment, pp. 43-54, 2006. 

[39]Zhao, Xin-gang, Jiang, Gui-wu, Li, Ang,Wang, Ling, “Economic 

analysis of waste-to-energy industry in China”, Waste Management, Vol. 

48,  pp. 604-618, 2016 

[40]Courtney, Weatherby and Chinadialogue, “Waste-to-energy: A 

renewable opportunity for Southeast Asia?”, 2019. https://www.eco-

business.com/news/waste-to-energy-a-renewable-opportunity-for-

southeast-asia/ 

[41]F. B. Tehrani and E. Haghi, “Techno-economic assessment of municipal 

solid waste incineration plant-case study of Tehran, Iran”, The First 

Sustainable Development conference of Engineering Systems in Energy, 

water and Environment,pp.1-4. 2015. 

[42]G. H. Nordi, R. Palacios-Bereche, A. G. Gallego and S. A. Nebra, 

“Electricity production from municipal solid waste in Brazil”, Waste 

Management & Research, 2017.   

[43]K. L. Lin, “ Feasibility study of using brick made from municipal solid 

waste incinerator fly ash slag”,  Journal of Hazardous Materials, Vol.137, 

no. 3, pp. 1810-1816, 2006. 

https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Mohammad+Emran+Khan%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Sanjeev+Agrawal%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Faisal+Zia+Siddiqui%22
https://www.google.iq/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22Vasudevan+Rajaram%22
https://www.sciencedirect.com/science/journal/0956053X/48/supp/C
https://www.sciencedirect.com/science/journal/0956053X/48/supp/C
https://www.sciencedirect.com/science/journal/03043894/137/3
https://www.sciencedirect.com/science/journal/03043894/137/3


                                                                                                                  
 

 

 

 
 
 
 
1943 Kifah A. Fayadh Alimarah et al 

 
Biographies 
 

 

 

 

 

 

 

 

Kifah A. Fayadh Alimarah received her M.Sc. degree in Physical 

Chemistry Science from Al-Nahrain University, Iraq in the year 1992.  Her 

area of interests includes Renewable Energy, Bioenergy, Waste Management 

and Energy Solution. 

 

 

 

 

 

 

 

 

Wasan Zeki Mohammed received her M.Sc. degree in Urban Planning from 

AL-Khawaizmy Engineering /University of Baghdad, Iraq in the year 2009. 

Her area of interests includes Renewable Energy and Urban Planning. 

  

 

 

 

 

 

 

Taha Majeed received his B.Sc degree in Chemical Engineering from  

University of Baghdad, Iraq in the year 2002.  His area of interests includes 

Renewable Energy, Bioenergy, Waste Management and Energy Solution. 

  

 

 


