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Waste-to-Energy (WTE) is a viable option for Municipal Solid Waste (MSW) management and a renewable energy

source. MSW is a chronic problem in Libya and more specifically in Libya Urban areas. The MSW practices in Libya
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are simply done by collecting the waste and dumping it in open landfill sites. Libya is considering WTE as a potential
renewable energy source that can contribute to electricity demand. This research aims to assess potential
contribution of WTE facility to meet electricity demand in the Benghazi city and to provide an alternative solution

to landfills. Scenario for WTE utilization was developed: Mass Burn the analyses were completed for Benghazi city;
with current total population. The results show that Benghazi has the potential to produce about 19 MW of
electricity based on incineration scenario the year 2030. These values are based on theoretical ideals and help in
identifying the optimal WTE techniques for each city.
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1. INTRODUCTION

The municipal solid waste (MSW) is generated from household,
commercial, and institutional activities. MSW refers to a common waste
such as food scraps, paper, plastics, clothing, glass, metals, wood, street
sweepings, landscape and tree trimmings and general wastes from
recreational areas [1]. It does not include industrial, hazardous, and
construction wastes. In 2012, about 1.3 billion tons of solid waste was
generated worldwide, which is expected to double in 2025. Therefore, the
solid waste management (SWM) costs will increase from today’s annual
US $205.4 billion to about US $375.5 billion in 2025. In cities of developing
world, SWM is the city’s single largest budgetary item, where poor SWM
system is adversary affecting the health, environment, and economy [2].

Municipal solid waste (MSW) management system aims to handle health,
environment, aesthetic, land-use resources, and economic concerns
related to improper disposal of waste [3-5]. Population, urbanization
growth and the rise of standards of living have all dramatically accelerated
the MSW generation in developing countries [6,7]. Developing countries
are not able to cope with the MSW generation growth and open landfills
remain the dominant method of disposal [8, 9].

The population growth of an average 2.2% over the last four decades
coupled with an increase in the urbanization level from about 50% of the
total population at present; has resulted in substantial growth of MSW
generation in the country [10]. The current municipal solid waste
management system in the Libya is simple: collect and dispose of by
dumping it in open landfill sites. Most of the landfills are mature and are
expected to reach their capacities within a few years. The substantial
quantity generated by MSW and the high energy contents of its
composition demonstrates the significant potential for WTE facilities in
Libya. Even though several ways are widely used to treat waste in the
World, Libyan waste management has not applied any of the basic
techniques at any waste treatment level. In this paper, incineration
treatments model has been studied to apply it in Benghazi city. The results
show that the rate of waste in the city (kg/capita/ day) has been increased
fromin 2012 to 2030. In addition, our calculations show can be generating

energy from MSW.
2. MSW THERMAL TREATMENT
2.1 MSW thermal treatment processes

Incineration is used as a treatment for a very wide range of wastes.
Incineration itself is commonly only one part of a complex waste
treatment system that altogether, provides for the overall management of
the broad range of wastes that arise in society. Basically, waste
incineration is the oxidation of the combustible materials contained in the
waste. Waste is generally a highly heterogeneous material, consisting
essentially of organic substances, minerals, metals and water.
Temperature range of oxidation process is generally between 600 and
1450 °C.

The most common thermal treatment process for MSW is incineration by
mass-burn technology with temperature range between 600 and 800°C
[11]. Fluidized bed incineration and refuse derived fuel systems are less
common in municipal solid waste treatment. Aside from combustion,
other thermal processes exist, including paralysis, gasification, sintering,
verification and melting [11,12]. The incineration process itself requires
energy for its operations e.g. pumps and fans. The demand varies greatly
depending on the on the constructions of the plant. In some cases, the
demands can be met partially or entirely through heat exchange with the
hot incinerations gases [11,13].

2.2 Benghazi MSW input data

MSW data are collected from Benghazi city during the period of (2012 -
2030). In 2006, the percentage of MSW per capita was about 0.915 kg /
day, while in 2012 the proportion of the individual production of MSW was
0.98 kg per day [14]. The Municipal Solid Waste (MSW) generation in the
Middle East and North Africa is estimated about 0.16 to 5.7 kg
/person/day, with an average of 1.1 kg/capita/day [15]. Based on the
previous researches and our calculations the rate of 1.1-1.3 is used in this
study. The technical data for MSWI potential for Benghazi is shown in table
1.
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Table 1: Technical data for MSWI potential of BENGHAZI

Giti Waste Waste Waste Th lati t
Year IHZEns indicators quantity quantity < C“ml; " 1vte MOt
T [kg/pres/ day] [kg/pres/ day] [ton/year] OfWaste
2012 691,700 11 899,210 328,212 328,212
2015 760,870 1.1 989,131 361,033 689,245
2020 836,957 1.2 1,088044 397,136 1,086381
2025 920,652 1.3 1,196847 436,849 1,523230
2030 1,012,717 1.3 1,316532 480,534 2,003764

The forecasted MSW quantity per year for Benghazi city up to year 2030
is presented in Figure 1. The figure shows that by the year 2030, about 480
thousand tons of MSW. This is a huge quantity and should be managed
properly otherwise a severe environmental consequence can be

anticipated in the long-term. The Benghazi MSW composition includes
56.3% organic materials, 10.3% plastics, 13.5% paper, 10.8% textile, 2.6%
glass, 3.7% metals, 2.8% wood, and 3.7% other [10].
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Figure 1: Waste Generation Forecast for Benghazi City up to year 2030

e  Firing system: fluidized bed reactor
3. PROPOSED SOLUTION FOR MSW THERMAL TREATMENT OF
BENGHAZI e  Waste heat boiler
Considering the fact that the significant quantity of MSW produced in .
Benghazi are generated by the householders, the proper solution feasible
for this kind of waste are grate incinerators. Grate incinerators are widely

Flue-gas cleaning devices consisting of: Electrostatic precipitator,
three-stage wet scrubber,

applied for the incineration of mixed municipal wastes. In Europe e Catalyst for NOX removal and dioxin destruction
approximately 90 % of installations treating MSW use grates. Other wastes

commonly treated in grate incinerators, often as additions with MSW, e Multistage waste water treatment plant

include: commercial and industrial non-hazardous wastes, sewage sludge

and certain clinical wastes [11]. Grate incinerators usually have the e Steam turbine, generator and heat decoupling system.

following components:
Below figure 2 illustrates an example of a great incinerator with a heat

e  Waste bunker recovery boiler:
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Figure 2: Shows the general structure of the power station of waste incineration
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The energy outputs from this kind of waste incinerators are: electricity can
be easily calculated; the incineration process itself may use some of the
produced electricity. The heat released in the combustion process can be
recovered to feed industrial or domestic users. To electrical energy
recover from the steam produced by the boiler is mandatory to provide a
steam turbine (generator group). In situations where economic incentives
are provided to support the production of electrical energy from
incineration (a renewable source) there may be a price differential
between purchased and exported electricity. Plants may then choose (for
economic reasons) to export all of the electricity generated by the
incinerator, and import from the grid, that which is required to run the
incineration process itself. Where this is the case, the incineration plant
will often have distinct electricity flows for input and output [11].
Considering this fact and the Benghazi potential background, a suitable
solution for thermal treatment of MSW is the implementation of a great
incinerator with an energetic group that used a condensation steam
turbine.

4. RESULTS AND DISCUSSIONS

The possible efficiency of a waste incineration process is influenced to a
large extent by the output options for the energy produced. The highest
waste energy utilization efficiency can usually be obtained where the heat
recovered from the incineration process can be supplied continuously as
district heat, process steam etc., or in combination with electricity
generation the adoption of such systems is very dependent on plant
location. After a technical-economical study work is concluded that to fulfil
Benghazi MSW integrated management suitable for economical point of
view is needed: system of a great incinerator with a heat recovery boiler

of 64 t/h (55 bar, 400°C); power generation group of 19 MW, in
condensation with adjustable steam glad to 2 bars [4]. the figure 3 shows
that complete incineration scenario has the power generation capacity.
Additionally, the scenario provides a viable disposal option for MSW and
if implemented will alleviate the landfills problem in the area.
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Figure 3: Power Generation Potential (MW) for Benghazi City for the
years 2012-2030.

5. ECONOMICS AND COST
In this section, the costs of the energy system with the different scenarios

are presented. In the table 2, the costs used for the analysis are illustrated
[16,17].

Table 2: Comparison of selected WTE technologies with respect to capital cost, operational cost, and power generation.

Capital Net
cost, ton/y operational
cost/ton ($

processes Type of waste

DEVIVA TN
generation

Complexity

Geographic
location

General waste

Incineration 14.5-22 1.5-2.5 0.01-0.02 Low Low Urban 25
stream
General waste
Refused stream . .
derived fuel without 7.5-11.3 0.30-0.55 0.01-0.014 Intermediate High Urban and 18
high protein industrial
Anaerobic Organic 0.1-0.14 Minimal 0.015-0.02 Low Low Rural 25
digestion

6. ENVIRONMENTAL VALUES

Land(fills are major source of greenhouse gases, which contribute about
34% to 3.9% of global greenhouse gases emissions. During
decomposition, large quantities of methane and carbon dioxide are
produced, and released into the atmosphere. Methane is 21 times more
detrimental as greenhouse gases than is carbon dioxide figure 4 [18]. The
potential reduction in greenhouse gasses for processing of waste using the
Mass Burn with recycling and Mass Burn scenarios in comparison to
landfilling were calculated. The calculations were completed under the

consideration of the net greenhouse gases reduction potential for the
various components of MSW as presented in table 3 and the Benghazi
MSW composition. Table 4 presents the greenhouse gases reduction per
ton of Benghazi MSW. Two values of the greenhouse gases reductions per
ton of SW were calculated for the Mass Burn with Recycling scenario and
Mass Burn scenario. The results show the potential to reduce greenhouse
gases emissions based on Mass Burn with recycling scenario of about 0.49
metric tons carbon equivalent MTCE per ton of MSW material and about
0.2 MTCE per ton of MSW materials based on Mass Burn scenario.

Figure 4: Locations of landfilling in Benghazi city
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Table 3: Net greenhouse emission reduction in MTCE per ton of material [18].

Materials Recycling Combustion
versus versus

Landfilling Landfilling
Paper 1.01 0.34
Plastic 0.41 -0.26
Glass 0.50 0.43
Wood 0.54 0.08
Textiles 1.97 0.10
Organic 0.12 0.12
Others (Mixed MSW) 0.60 0.18

Table 4: Net greenhouse gases reduction in MTCE per ton of MSW material for the Two scenarios.

Mass Burn

. Waste Composition . ; Mass Burn
Materials with Recycling MTCE /ton of MSW MTCE/ton of MSW

Paper 13.5 0.13 0.04
Plastic 10.3 0.04 -0.02

Glass 2.6 0.01 0.01

Wood 2.8 0.01 0.00
Textiles 10.8 0.21 0.10
Organic 56.3 0.07 0.07
Others (Mixed MSW) 3.7 0.02 0.00

TOTAL (MTCE/ton of MSW) 0.49 0.2

The potential land saving in comparison to landfilling for Mass Burn with
Recycling and Mass Burn scenarios was calculated up to the year 2030 and
presented in Figure 5. The figure shows a need for about 9.6 hectare (ha)
per year of landfill area for complete landfilling of MSW in 2030. This will

add a tremendous pressure on Benghazi land resources. The
implementation of Mass Burn scenario will reduce the landfill area
requirement to about 0.96 ha while the Mass Burn with Recycling scenario
will reduce landfill area requirement to about 0.57 ha in 2030.
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Figure 5: Landfill area requirements complete landfilling and for the two scenarios.

7. CONCLUSION

The MSW practices in Libya are simply done by collecting waste and
disposing it off by dumping it in open landfill sites. This practice has
created a chronic MSW disposal problem in the Libya. WTE as a potential
renewable energy source that can contribute to electricity demand in the
Libya and alleviate the MSW disposal problem. This research has assessed
the potential contribution of WTE facility to meet electricity needs in the
Benghazi city and provided a solution to landfills sites problem. Scenario
for WTE were developed and analysed: Mass Burn. The scenarios were
forecasted up to year 2030. The research results show that Mass Burn
Scenario has the power generation capacity. Additionally, provide a viable
disposal option for MSW and, if implemented, will alleviate the landfills
problem in the area.

REFERENCES

[1] Nizami, A.S., Rehan, M., Ouda, 0.K.M., Shahzad, K, Sadef, Y., Igbal, T.
2015. An argument for developing waste-to-energy technologies in Saudi
Arabia. Chemical Engineering  Transactions, 45, 337-342.
doi:10.3303/CET1545057.

[2] Hoornweg, D., Bhada-Tata, P. 2012. What a waste: A global review of
solid waste management. Urban development and local government unit
knowledge papers No.15.

[3] Nemerow, N. 2009. Environmental Health and Safety for Municipal
Infrastructure, Land Use and Planning, and Industry, 6th Edition, Wiley,
Hoboken, N.J.

[4] Al-Waked, R., Ouda, 0.K.M,, Raza, S.A. 2014. Potential Value of Waste-
to- Energy facility in Riyadh city-Saudi Arabia, in: JIMEC.

[5] Ouda, 0.K.M.,, Cekirge, H.M. 2014. Potential Environmental Values of
Waste- to-Energy Facilities in Saudi Arabia. The Arabian Journal for
Science and Engineering (AJSE), 39 (2), 7525-7533.

[6] Minghau, Z., Xiumin, F., Rovetta, A, Qichang, H., Vicentini, F., Bingkai,
L., Giusti, A, Yi, L. 2009. Municipal solid waste management in Pudong New
Area, China. Journal of Waste Management, 29, 1227-1233.

[7] Guerrero, L., Mass, G., Hogland, W. 2013. Solid waste management
challenges for cities in development countries. Journal of Waste
Management, 33, 220-232.

Cite the article: Monaem Elmnifi, Moneer Alshelmany , Mabroka Alhammaly , Otman Imrayed (2018). Energy Recovery From Municipal Solid Waste Incinerati on Benghazi -
Case Study . Engineering Heritage Journal , 2(1) : 19-23.



Engineering Heritage Journal (GWK) 2(1) (2018) 19-23

23

[8] Ouda, O.K, Cekirge, H.M., Raza, S. 2013. An assessment of the potential
contribution from waste-to-energy facilities to electricity demand in Saudi
Arabia, Energy Conversion and Management, 75 (2), 402-406. doi:
10.1016/j.enconman.2013.06.056.
URLhttp://linkinghub.elsevier.com/retrieve /pii/ S0196890413003683.

[9] Ouda, 0.2013. Assessment of the Environmental 245 Values of Waste-
to-Energy in the Gaza Strip. Current World Environment, 8 (3), 335-364.

[10] Jalal, E. 2013. Municipal solid waste management and institutions in
Tripoli, Libya: applying the Environmentally Sound Technologies (ESTs)
concept [master thesis] University of Hull.

[11] European Commission. 2006. Integrated Prevention and Control.
Reference document on the Best Available Techniques for Waste
Incineration.

[12] ISPE Timisoara Subsidiary. 2012. Valorificarea energetica a
deseurilor municipale prin conceperea unei instalatii adecvate si interarea
acesteia in cadrul CET Sud Timisoara, Timisoara, Romania.

[13] Clarke, M.. 2002. Introduction to Municipal Solid Waste
Incineration, Air and Waste Management Association Annual Meeting,
Baltimore MD, USA, 2002.

[14] http://www.afedmag.com/web/default.aspx
[15] http://www.worldbank.org

[16] Ouda, 0.K.M,, Raza, S.A., Nizami, A.S., Rehan, M., Al-Waked, R,, Korres,
N.E. 2016. Waste to energy potential: a case study of Saudi Arabia.
Renewable & Sustainable Energy Reviews, 61, 328-340.

[17] World Energy Council (WEC). 2013. World Energy Perspective Cost
of Energy Technologies. ISBN: 9780946121304. Available from:
www.worldenergy.org

[18] Psomopoulos, C.S., Bourka, A., Themelis, N.J. 2009. Waste-to-energy:
A review of the status and benefits in USA. Waste Management, 29, 1718-
1724.

—— (T X (oD ———

Cite the article: Monaem Elmnifi, Moneer Alshelmany , Mabroka Alhammaly , Otman Imrayed (2018). Energy Recovery From Municipal Solid Waste Incineration Benghazi -

Case Study . Engineering Heritage Journal , 2(1) : 19-23.



