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ABSTRACT 

 

Municipal solid waste management has become a challenge in many cities in the developing 

countries due to the poor methods of waste disposal, which increase the risk of the spread of 

diseases, leach and increase the demand of land for waste disposal. Characterization study of 

waste samples from Arusha shows that the combustible fraction is about 87% and 

biodegradable is 80%. The Thermal gravimetric analyser and Bomb calorimeter show the 

energy value of about 12.5 MJ/kg and the degradation of about 85%. The study shows that the 

municipal solid waste disposal method can be thermal, biological or physical. However, 

thermal method by incineration process is the most preferred and convenient because it 

destroys pathogens and reduces waste volume in the fastest way. The waste flow analysis of 

Arusha city shows that the waste has the annual recoverable potential of 128GWh. The case 

study used an existing incinerator as showed the variation of effluents with operating 

conditions. The design optimization using computational fluid dynamic techniques to predict 

the performance of incinerator showed the deviation of input air by 14%, the mass flow rate 

by 26.5%, the mass fraction of carbon dioxide by 10.4% and slight deviation of nitrogen 

dioxide and carbon monoxide. The research suggested removing the ash during the 

incineration process by using a moving grate mechanism to minimize the possibility of 

formation of NOX. To feed the incinerator by using mechanical means without direct opening 

the door, it suggested to incorporating moving grate mechanism.  The operating conditions of 

the incinerator designed should have the optimum  values for input air one A1-1 as 0.036 39 

kg/s, the input air two A2-1 as 0.030 46 kg/s, the input air three A3-1 as 0.034 09 kg/s, the input 

fuel value as 19.6 kg/h and the maximum capacity of incinerator as 68 kg/h. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1  Costs Comparison 

From Table 3 shows the original total cost of pipes which is TZS 334 347 290 and Table 4   

shows the original cost of water treatment which is TZS 5 040 108.317. After solved the 

resulted optimization model by Lingo the cost of the pipes is reduced from TZS 334 347 290 

to TZS 322 664 634.4 which is equal to 3.5% of the total pipes cost. This cost reduction is for 

values of , , , and  since there are five type 

pipes in the network i.e. 300 mm, 250 mm, 200 mm, 160 mm and 70 mm. The percentage of 

the cost of pipes reduced after solve the resulted optimization model is given as  

                                                                                                            (52) 

where represent percentage pipe reduced cost,  pipe reduced cost,  total 

pipe cost. Therefore: 

                                                                                      (53) 

While the cost of treatment is reduced from TZS 5 040 108.317 to TZS 4 904 932.224 which 

is equivalent to 2.9% of the total treatment cost. This cost reduction is for values of   

, , and  . 

The percentage of the cost of water treatment reduced is given as in Equation (54). 

                                                                                                     (54) 

where  represent percentage water treatment reduced cost, ,  represent water 

treatment reduced cost and  represent the total cost of water treatment. Therefore: 

                                                                               (55) 

The total cost of distributing clean water is reduced from TZS 339 387 428.7 to TZS 327 558 

700 (Objective value) which is equivalent to 3.48% of the total cost of distributing clean 



PRC
PPRC = ×100%

TPC
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CHAPTER ONE 

 

GENERAL INTRODUCTION AND BACKGROUND 

 

1.1. Introduction 

 

1.1.1 Background Information 

The extensive migration of people to urban centres coincides with many things among them is 

the increase of the solid waste. It is estimated that the World waste production would reach 27 

billion tonnes per year by 2050 (Modak et al., 2010). The waste generation with inadequate 

waste collection, transportation and disposal system can negatively affect public health, 

environments and economy.    

 

Effective solid waste management (SWM) is the major problem in many local municipalities. 

Hence, for a sustainable municipal solid waste management, classification into domestic wastes 

and non-hazardous industrial wastes or waste management hierarchy is one of the dependable 

intervention (Sridevi et al., 2012). 

 

1.1.2 Municipal Solid Waste Generation  

The definition of municipal solid waste (MSW) depends on individual country, but generally 

MSW is defined as a household waste, recycling and composting waste dumped by 

householders, street sweeping, park and garden waste (Tarr, 1996; Igoni et al., 2008). The 

hazardous wastes from industries that include waste from factories, mills and mining operations 

are not classified as municipal solid waste (Rattanaoudom, 2005). The hazardous wastes from 

industries are separate from the non-hazardous waste and their treatment are different as the 

depend on the  activity of the industry (Bagchi, 2004).  

 

1.1.3 Waste Management Hierarchy 

Waste management hierarchy (WMH) is the waste management option in which it leads to the 

maximum production benefit of goods to generate a minimum quantity of waste. The benefit 

of WMH are such as prevention of the greenhouse gas emission, minimize pollution, conserve 

raw materials, resources, create employment and developing green technologies. 
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2013). Materials that can be recycled from municipal solid provide a cheaper source of raw 

materials for industries (Henry et al., 2006).  

 

iii) Composting 

About 87% of MSW are biodegradable, which converted to valuable compost materials. 

Composting is a natural way of decomposing biodegradable waste into new soil materials, 

which used as organic manure. The municipal solid waste is suitable for composting since it 

has high moisture and organic contents (Ahsan et al., 2014). The manure is used by plants for 

food (Senzige et al., 2014).  

 

1.1.4 Methods of Waste Disposal 

 

i) Incineration  

Incineration is a controlled combustion process for reducing solid, liquid, or gaseous 

combustible waste to carbon dioxide, water vapour, gaseous and relatively tiny non-

combustible particles processed in an environmentally acceptable standard. Benefits of 

incineration include the reduction of mass and volume of waste and energy recovery from waste 

(Seo et al., 2004). The utilization of municipal solid waste as source of energy is more 

favourable as this can replace other source of energy such as fossil fuels (Trvalo and Prostredia, 

2005).  

 

The major challenges of municipal solid waste incineration are nature of solid waste materials, 

the flue gases coming out during incineration, which are of concern on environmental pollution. 

The possibilities of waste reduction and recycling seem to be not economical. The resource 

recovery through heat and power generation seems to be more favourable (McKay, 2002). 

 

ii) Landfills 

Landfill is a simple, economical and most common method of waste disposal used globally for 

many years (Rawat and Ramanathan, 2011). The landfill involves the burial of waste to a pit, 

and 










































































































































































































































































