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Abstract: -This paper presents the assessment of the electrical power generation potential from municipal 

solid waste (MSW) in Rajshahi City Corporation (RCC), Bangladesh. RCC generates huge amount of solid 

waste (SW) which is left very poorly managed due to crisis in governance. About 80% of organic food wastes 

are the major constituents of SW generated in RCC in the year 2012. Electrical energy can be produced from 

SW generated in RCC as a sustainable commercial solution. The average calculated value of heat content of 

MSW of the year 2012 based on the data of MSW of 2005 (MSW: 2005) and MSW of 2012 (MSW: 2012) is 

7234.5 kJ/kg, which is sufficient to produce electricity. Integrated sustainable waste management (ISWM) has to 

be put into operation to harness energy from MSW. A 645.543 ton/day energy recovery Mass Burn Incinerator 

(MBI) system of 19.71% overall efficiency is to be used. It is found that potential of electrical energy generation 

from MSW in RCC during the years 2012 and 2025 is 5.336 MW and 10.568 MW respectively. 

 

Keywords: -Rajshahi City Corporation; Municipal Solid Waste; Renewable Energy; Integrated Sustainable 
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I. INTRODUCTION 

Fast rising population level, explosion of economic growth, rapid urbanization and the ascend in community 

living standards are the detrimental factors responsible for the accelerated rate of municipal solid waste (MSW) 

generation in developing countries [1, 2]. Solid waste management (SWM) appears to be a worldwide growing 

challenge in urban areas, especially in the rapidly rising towns and cities of the developing countries [3-6]. 

SWM reflects a foremost environmental and economic issue almost in all countries [7, 8].But municipal solid 

waste management (MSWM) is an extremely ignored spot mostly in urban cities of developing countries [9-15]. 

Due to progressive urbanization, the management of SW is appearing as a major threat to environment and 

public health in urban zones. But SWM is a vital environmental health service. It is a primary indispensable 

urban service. From the primitive era efforts have been made for safe disposal of SW. In those days habitations 

were scanty and land was abundant. With the rapidly growing urbanization a large number of people have 

started to flock in short spaces to hunt their livelihoods. As a result of the increase in density of population in the 

places of congregation, the waste generation per unit area has been also increased. Available land for waste 

disposal has been proportionately reduced. Disposal has been recognized as the most awkward functional 

element of SWM in developing countries. The factors causing the problems of SWM in developing countries are 

mainly technical and financial deficiencies [16, 17]. Other factors which hamper the effective SWM are 

institutional, economic and social ones [18]. 

In developing countries, the common problems associated with SWM are manifestation of irregular collection 

services and low collection coverage, poorly managed and illegal open dumping, burning without air, pollution 

of ground and surface water sources, breeding of vermin and flies and handling of informal waste picking or 

scavenging activities [84, 88]. Industrialization with rapid urbanization altered the distinctiveness of SW 

produced. It signifies the need of updating the solid waste management system (SWMS) to suit the waste 

quality, quantity and composition [15, 18, 19]. It may be noted that waste composition and characteristics varies 

from source to source [21]. 

Saving the space of disposal sites and reducing illegal open crude dumping and thereby cutting down on 

potential from SW can be achieved through minimizing waste generation by modifying the management 

practices at the source [17]. 
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Urbanization is now a worldwide trend, but its growth is rapid predominantly in developing countries. The 

world urban population is anticipated to double to more than 5 billion people in the next 35 years, having 90% 

of this growth in the developing world [20, 22]. Statistics reveals that the world population touched 6 billion in 

2001 with 46% of it dwelling in urban areas [23]. The SW generated globally was 0.49 billion tons, the 

estimated annual growth rate being 3.2-4.5% in developed nations and 2-3% in developing nations [24]. 

Every place from small house to large industry produces waste. The population and use of resources is higher in 

urban areas. Consequently, the waste generation rate in those areas is also high. Urban areas produce two to 

three times more SW than rural ones. According to the estimation of a report by World Bank, the SW generation 

in urban areas of East Asia alone will shift from 760,000 ton/day to 1.8 million ton/day within 25 years. 

Consequently, waste management costs will be approximately double from US $ 25 billion per year to US $ 47 

billion by 2025 [25, 26]. 

The awareness of the adverse impact of improper handling of MSW has leaded the developing nations to 

address this issue with increasing necessity [10, 27]. Usually, about 50% of the residents in urban areas of low 

and middle income countries do not get MSW collection services. This is, because, municipal authorities are 

either unwilling or unable to provide services to all residents. The openings for the development of a sustainable 

MSW system are inadequate for the limitation of government budgets. Proper disposal of SW is considered as 

something costly [28, 29]. Municipalities are mainly responsible for MSWM in the cities. It is too difficult for 

them to make available an effective and efficient SWMS to the residents. The issues they face in SWMS are 

legal, socio-cultural, environmental, political, economic, institutional, technical and available resources. These 

factors are interrelated which causes the MSWM multidimensional and complex [30-33]. All these issues 

require to be addressed properly to accomplish a sustainable solution for MSWM. Instead of environmental 

legislation itself, generally, what it counts is need of implementation and/or doable substitutes [34]. Integrated 

Sustainable Waste Management (ISWM) Model is the model which implements an integral method to study 

complex and multidimensional systems. WASTE advisers on urban environment and development [35] and 

partners or organizations working in developing countries in the mid-1980s developed this model. Collaborative 

Working Group (CWG) developed it further in mid-1990s [36]. The model recognizes the significance of three 

dimensions in analyzing, developing or changing waste management system (WMS). The dimensions are the 

stakeholders who have an interest in SWM, the elements or stages of the movement or flow of materials from 

the generation points towards treatment and final disposal and the facets through which the system is analyzed 

[37-44]. 

It is obvious that decreasing the amount of waste generated is the technique to evade the brunt on the 

environment. If it does not work, recycling or re-using the waste is the best option. When these alternatives are 

unbefitting, burning (incinerating) the waste to generate electricity with recent advantages of combustion 

technology, materials and recycling technology is attractive. Utilization of landfills is the last choice [45-47]. 

Studies have been reported on electrical energy recovery potential from MSW generated in different countries. 

A study in Jordan estimated the energy content of MSW generated on its physical composition. It shows that the 

MSW generated is 2150 ton/day by 4.3 million population of Jordan in 1996. It would yield electrical energy of 

1.77 MW/day [48].  

The ratio of total MSW incinerated electricity generation (2.616 X 109
9
 KWh) to total electricity production 

(1.738 X 10
11

 kWh) in Taiwan during the year of 2003 was about 1.51%. It signifies effective conversion of 

MSW-to-energy [49].  

An assessment of the electricity generation potential from MSW in Kuala Lumpur, Malaysia was conducted by 

Kathirvale et al.  They estimated the energy potential from an incineration plant operating on SW of 1500 

ton/day to be 640 kW/day [50]. 

In Bangladesh, Alam and Bole analyzed the possibility for the SW to electrical energy generation and its 

economic viability in Dhaka City. It is mentioned that the annual 1.28 million of MSW generation could 

produce 71 MW of electricity [51].  

A system dynamics model has been developed for investigating MSW produced in Dhaka city, Bangladesh and 

to estimate its potential to generate electricity. Electrical energy generation potential was 456,900 MWh in 

1995, which increases to 1,894,400 MW in 2025 [52]. Potential electrical energy generation was calculated in a 

similar way as performed by Alam and Bole [51] and Islam and Saifullah [53]. 

A comprehensive analysis of power production from MSW incineration plants in Taiwan since 2000 has been 

given by Tsai and Kuo. Waste-to-energy (WTE) power generated (i.e., 2967 GWh) in 2008 has been taken as 

the basis. Preliminarily calculation showed that the environmental benefit of mitigating CO2 emissions was 

around 1.9 x 106 tons and the economic benefit of selling electricity was US$ 1.5 x 10
8
[54]. 

MSW generation, collection and disposal data of Kampala City, Uganda was analyzed using Microsoft Excel 

and LandGEM model to find out the electrical energy generation potential at landfill. MSW collection of 

Kampala City has elevated from 7.76% in 1997 to 38.8% in 2007 of the calculated MSW generated. 70% of the 

MSW in the landfill is organic, enabling the landfill a high potential of methane generation [55]. 
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A novel WTE technology was implemented in Changchun MSW power plant, China. This technology applies 

co-firing of MSW with coal in a grate-circulating bed (CFB). Two 260 ton/day incinerators incinerated 137,325 

tons in 2006, which is nearly 1/6 of the MSW generated in Changchun. It saved landfill space of more than of 

0.2 million m
3
. In total, 46.2 KWh of electricity was generated, and emission of air pollutants was low [56]. 

Renewable power generation opportunity from MSW has been studied for Lagos Metropolis (Nigeria). The 

electrical energy generation potential from MSW through the route of thermo-chemical conversion has been 

remarkably discussed as an alternative step to landfilling and open dumping of waste commonly practiced in the 

metropolis. Around 442 MWe can be achieved for a population of over 16 million recorded in 2006 [57]. 

A mathematical model based on the composition of the waste in India has been investigated on the power 

generation from MSW.  Linear equations have been written to represent various flow paths of waste. Then the 

mass balance equations have been solved for minimum cost as the main objective [58]. 

The energy recovery potential from MSW in Chile has been evaluated by a proposed methodological approach 

on the basis of a techno-economic assessment. Electrical energy options considered are landfill gas-to-energy 

(LGTE), direct WTE and landfill gas recovery and upgrading to feed into the grid (LGU) [59]. 

Bangladesh is one of the densely populated (1,125 per sq km) Least Developed Asian Countries (LDACs). 

MSW is generated at a very high increasing rate in the urban areas of Bangladesh mainly due to rapid 

urbanization and population growth. 40 – 60% of MSW are not properly stored, collected or ultimately disposed 

in the designated sites. This unmanaged MSW appears as an environmental, social and professional threat to 

city dwellers, urban planners and other concerned stakeholders [60, 61]. This scenario is distinctly visible in all 

the city corporations of Bangladesh, namely, Barishal City Corporation, Chittagong City Corporation, Dhaka 

(North) City Corporation, Dhaka (South) City Corporation, Khulna City Corporation, Komilla City Corporation, 

Narayanganj City Corporation, Rajshahi City Corporation, Rangpur City Corporation, Sylhet City Corporation 

and Gazipur City Corporation. 

It is necessary to think and analyze whether waste is really waste, and if it is possible to manage MSW in such a 

way so that trash can be translated into cash. To find a sustainable commercial solution for MSW produced in 

RCC by generating electrical energy is the purpose of this paper. More specifically the objectives of the study 

are: 

(i) To implement ISWM. 

(ii) To estimate population till 2025. 

(iii) To estimate the amount of MSW produced per day till 2025 and estimate how suitable it is for 

energy production. 

(iv) To estimate the amount of energy produced by the MBI. 

(v) To ascertain the possibility whether it can be established as a power generation system as well 

as SWMS in RCC. 

The volume, the density and proportions of components of the MSW generated vary from city to city depending 

upon level of socio-economic development, weather and geographic location [103, 104]. Populated cities of 

developed countries generate more quantity of wastes and their quality, i.e., heating value is higher [62]. 

WTE policy not only ensures effective and efficient MSWM but also solve the problem of scarcity of electricity. 

This study encompasses (a) the heating values of all the components of MSW with different moisture contents, 

(b) the amount of energy produced for conversion into electricity and the total possible electrical energy 

generation and (c) the justification of the electricity generation from the MSW in RCC is feasible or not. 
 

II. METHODOLOGY 
2.1 MSW 

Garbage, refuse, trash and rubbish are the synonyms to SW. The term MSW implies to SW generated from 

houses, streets, public places, shops, offices, hospitals and industrial processes, which are mainly the 

responsibility of the municipal or other government authorities [63]. Domestic waste, commercial waste, 

institutional waste, industrial waste and street sweeping waste belong to MSW. 

Fossil fuel and other conventional energy sources supply 90% of the global energy needs, whereas other 10% 

comes from biomass. Excessive combustion of fossil fuel for energy generation results in serious environmental 

hazards such as global warming. Power generation from renewable energy sources is increasingly becoming 

popular for rational benefits. MSW is composed of both organic and inorganic components. Organic fraction of 

MSW (OFMSW) is its most useful part. OFMSW is biodegradable. MSW is generated on daily basis. MSW is 

considered as a new source of energy called renewable energy source as it is available in abundance and 

contains biomass in huge amount [64, 65]. 

 

2.2 Description of study area 

July 2006 estimation shows that Bangladesh is the seventh highest populated nation, having population of 

147.36 million [66]. Rapid urbanization is taking place in the densely populated country and a large quantity of 

people is moving from rural to urban regions each year [33, 67].  
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The annual increase of the total population of the country is about 1.4%, whereas the annual growth of its urban 

population is about 3.27%. The above comparison simply indicates rapid urbanization. The current urban 

population of Bangladesh is 40 million, which is about 28% of the total population of the country. It is expected 

that the urban population will be 116 million by 2040 which is but 50% of the total population [69]. It may be 

mentioned that estimated total urban population of Bangladesh was 32,765,516 in 2005 and total waste 

generation was 13,332.89 ton/day. In 2025, total urban population is estimated to be 78,440,000, which is 40 

percent of total population. The corresponding total urban waste generation will be 47,000 ton/day [70 - 72]. 

 

2.2.1 Rajshahi City Corporation (RCC) 

The head quarter of Rajshahi Division of Bangladesh is Rajshahi City. It stands on the north of the river Padma. 

Rajshahi Municiality earlier known as Rampur Boalia was formed a municipality in 1876. It was renamed as 

Rajshahi Pourashava and finally endowed the status of a City Corporation in 1991.  The minimum and the 

maximum temperature range between 10 to 27
0
C and 24 to 36

0
C respectively from year to year. Rajshahi 

experiences the highest temperature during April and May. The annual rainfall is around 1400 mm.The current 

population of RCC is 795,451. The male population and the literacy rate (more than 7 years old) are 53.63% and 

69.3% respectively as per 2001 census. RCC covers an area of 96.69 sq. km. The entire area is served by 384 

km metalled and 96 km unmetalled road networks. There are about 118 km brick-built and 162 km unbrick-built 

drains in the City Corporation. RCC is distributed in 30 wards. RCC generates MSW of about 292.323 ton/day. 

About 50% of MSW are collected and dumped in the open dumping ground. The rest of the MSW remain 

uncollected and gets littered around the city. 

The drains of Rajshahi City are typically uncovered and as such they collect a lot of MSW. Some of the smaller 

drains are lined but the main arteries are plain. These surface run-offs drains act as sewers and receive a large 

majority of the grey water in the city including domestic wastes and also wastes from commercial units, markets 

and small industries. A proportion of MSW ends up in the storm water drains which in turn flow to the field. 

There are facilities for door to door collection only in 13 wards. RCC possesses only one landfill (3.5 feet deep 

in 15.98 acre area) site located at Tikhor Vagar. Besides, there are 35 collection points and 1200 dustbins [73-

76]. 

Migration from rural to urban area is leading to unplanned urbanization and slum development. 

A huge amount of unmanageable SW is produced in these areas in all major cities of Bangladesh including 

Rajshahi city [68, 77]. This has given rise to a great increase in need for waste management facilities.  The issue 

of poor MSWM is detrimental to environment, public health and safety.  To ensure betterment of MSWM 

necessitates storage, collection and proper disposal of SW [78, 79]. The capacity of the city instruments has 

become inadequate to provide efficient and effective conservancy services to the rapid increase in urban 

population growth. About 50% of the refuse produced daily is left unattended in the six city corporations of 

Bangladesh. The crisis of the urban governance can be overcome by public-private partnerships for efficient 

MSWM [78, 80]. The MSW of RCC is only used as a material for landfilling and is a serious issue. Still rooms 

are there for further improvment to achieve an effective MSWM. 

The demand of electricity in Rajshahi is 65 MW, whereas Power Development Board supplies only 25 MW. No 

electricity generation unit has been set up yet. As a consequence, the city has to face acute load-shedding and 

unpredictable power supply quite so often. Mills and factories are experiencing slow down due to frequent load 

shedding. Instant power supply appliances have got their sale sharply elevated at the outskirts. In this situation, 

alternative source of electric power generation is an absolute necessity [81, 82]. 

 

2.3 Integrated Sustainable Waste Management (ISWM) 

MSWM is a crucial financial, environmental and social concern in the city lives of RCC. RCC cannot 

administer the increasing amount of waste generated. The reasons for the incapability of RCC to handle MSW 

are insufficient facilities, lacked environmental controls, inadequate institutional structure, poor understanding 

of complex systems and deficient sanitation, etc. [83-85]. 

A sustainable solution for SW produced in RCC is possible through ISWM. ISWM, defined by Tchobanoglous 

et al. as integrated solid waste management, is the choice and implementation of suitable technologies and 

management procedures for incorporating more environmental and economic friendly concepts to rationalize all 

the stages of SWM, i.e., the separation of source, gathering and haulage, transfer stations and material recovery, 

treatment and resource recovery and final disposal by legalizing the informal schemes, public participation and 

partial privatization. In industrialized nations, the general waste hierarchy is in the order: reduce, reuse, recycle, 

recover waste through physical, biological or chemical processes (e.g. composting, incineration) transformations 

and landfilling [21, 85, 86]. Thus far, Bangladesh has adapted a national strategy for ISWM solely based on the 

approach of 3R (reduce, reuse and recycle). 
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2.4 Disposal of MSW 

Disposal of MSW must be properly carried out to lessen degradation of land resources and environmental health 

impact. MSW is generally disposed of by transporting and releasing it in open dumps in LDCAs. This is 

environmentally insecure. Systematic disposal methods are as described below: 

 

2.4.1 Composting 

Composting is the controlled biological decomposition of organic waste such as plants or food by bacteria, 

fungi, worms and other organisms under aerobic conditions. It is applicable to organic waste only. It is a very 

slow process. It is one of the oldest methods of SWM [87]. 

 

2.4.2 Land Filling 

Land filling is one of the easiest and cheapest methods of SWM burn out mines. Dumping of SW is done in low 

level areas to level the ground for useful purpose. But land filling releases poisonous gases like methane causing 

environmental deterioration [87]. A few resource recovery plants are available in Bangladesh. Land filling is the 

only means in most cases of MSW disposal here [78].  

 

2.4.3 Waste to energy (WTE) plants 

The concept of biomass application for energy generation is of growing demand throughout the world. 

Exploitation of renewable energy resources specifically MSW is possible and it will aid to supply primary 

energy needs at households and for some commercial applications. Electric power can be harnessed from 

OFMSW. Power plants using MSW are also known as WTE plants. The technologies adopted are based on 

thermo-chemical and bio-chemical conversion. The three common WTE technologies are gasification, anaerobic 

digestion and combustion [28, 57]. Thermal treatment can reduce the volume of MSW by up to 90% and thus at 

a time deal with two problems: disposal of MSW and electricity generation [57, 89]. Besides, effective use of 

natural resources is a great step towards sustainable development [90]. 

 

2.4.3.1 Gasification of MSW 

Gasification of MSW to generate energy needs thermo-chemical conversion reactions. The process brings on 

production of various gases like carbon dioxide, methane, steam and other byproducts such as tar and ash at 

elevated temperature and low concentration of pure oxygen or air. Methane is the main product in this process. 

Undergoing through some cleaning processes it can be directly used to run an internal combustion (IC) engine to 

generate electricity [57]. Gasification may reduce the mass of MSW by 70-80% and volume by 80-90% while it 

preserves the land area for waste land filling [91, 92]. The process involves waste collection, transportation, 

sorting, and conversion process, then electricity generation via a generator. 

 

2.4.3.2 Anaerobic digestion 

Anaerobic digestion is entirely a process of bio-chemical conversion for production of energy-fuel in a well-

controlled enclosed space called digester. It is used to treat both dry and wet biomass resources. It implies 

microbial actions on bio-waste in absence of oxygen to produce biogas. The complete process is multifarious 

and involves a series of heterogeneous chemical reactions such as hydrolysis, acetogenesis and methanogenesis. 

These integrated processes degrade organic waste resulting in biogas and other energy-rich organic compounds 

[93, 94]. It is suitable for small scale electricity production in remote corners of developing countries. 

 

2.4.3.3 Incineration 

Incineration is another process of thermo-chemical conversion to generate energy from MSW either in the form 

of heat or electricity. WTE plants are fabricated for MSW disposal and electricity generation as a byproduct of 

the incineration. The most common WTE technology is mass burn of MSW as fuel. The MSW can be in 

unprocessed or minimally processed form [114, 116]. 

In a mass burn incinerator (MBI), incoming trucks carry the MSW into pits. The MSW is mixed by crane there 

and bulky or large un-combustible items are taken away. To prevent odors from being released to the 

environment, the MSW storage area is kept at pressure lower than atmospheric.  The cranes carry the MSW to 

the combustor charging hopper to feed the boiler. 

Heat of combustion is used to convert water into steam turning a turbine generator assembly. The steam is then 

condensed by traditional methods and taken back to the boiler. Residues are bottom ash, fly ash and residue 

from the flue gas cleaning system. 

Incineration converts heterogeneous wastes into more homogeneous residues. The most significant advantage of 

MSW incineration is the weight decrement by up to 75% and reduction of volume by up to 90%. This can be 

cost-effective if landfill space is scare [95-97]. 
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Waste incineration technology is composed of three basic components: incinerator, energy recovery unit and air 

pollution control system [68, 98]. Due to combustion MSW is converted into ash, flue gas (oxides of sulphur, 

carbon and nitrogen) and heat. Mostly the inorganic fraction of MSW forms the ash. The flue gases have to be 

cleaned of gaseous and particulate pollutants by incorporating a pollution control system in a complete set-up of 

MBI to avoid atmospheric pollution. The operating temperature range of a MBI is 800-1000
0
C [57, 87]. Air is 

continuously supplied during incineration to ascertain complete combustion of the components to stable and 

natural molecular forms. The solid residues can either be transferred to landfills or can be used off-site for 

specific construction purposes after cleaning up [116]. 

For a sustainable commercial solution of MSW generated in RCC, an energy recovery MBI system will be used 

which is the same as shown by Islam and Saifullah [53]. Figure 1 shows the energy recovery MBI system for 

MSW of RCC. 

 

2.5 Estimation 

The SW generated in RCC is mainly non-hazardous type. These are food wastes (vegetable trimming, part of 

food not taken, slough of onion, green pepper, garlic, etc.), papers, packages, plastic bags, polythene, animal and 

fish bones, weeds, ashes, broken glass, tin, worn cloth, casing, cover of pharmaceuticals and many other things. 

Industrial wastes are also there. Most of the times, the wastes are piling up on roads, junction of roads, 

buildings, shops, schools, colleges, etc. The wastes are generated from different sources and have various 

components. Figure 2 (a) shows typical components of SW in RCC in % by weight during the period 1991- 

2001. Figure 2 (b) shows different sources of SW generation in RCC in % by weight during the period 1991- 

2001 [53, 99]. 

Urbanization of RCC has been taking place through area expansion, population growth and rural to urban 

migration. Right from the independence of Bangladesh in 1971, the population growth of RCC has been rising 

at a high rate due to migration of a large number of people from different regions of Bangladesh to RCC for 

education, job and business opportunities. This has given rise the total population to be increased by about 10% 

due to floating population from 2005 and onward [70, 100].  It may be mentioned that low income countries are, 

especially, facing rapid urbanization. In 1985, the world population living in urban areas was 41%, and is 

expected to increase to 60% by 2015 [101, 102].  

The estimated total population of RCC in 1991 and 2001 was 294,056 and 388, 811 respectively. 

Due to lack of information, the amount of MSW generated in RCC in 1991 and 2001 was estimated to be 53 

ton/day and 113.33 ton/day [53, 99]. This estimation is based on empirical relation, i.e., the information of other 

cities and countries having similar socio-economic condition to that of RCC. Some simple practical procedures 

like counting trucks and containers were also employed to calculate MSW generation. These predictions for 

waste generation were, thus, not realistic [83, 21].  

Without any processing MSW of RCC contains about 60% moisture, and its average calorific value is 4.63 

MJ/kg. When dried in the air the moisture content of MSW reaches 5-8%, and its average calorific value then 

becomes 8.37 MJ/kg. And, drying MSW by flue gases makes its average calorific value stand 11.04 MJ/kg. 

Possible emission of SOX, NOX and CO during combustion of MSW is very low [53, 114].  

Considering mass-fired incinerator-boiler efficiency of 0.63 and steam turbine-generator system efficiency of 

0.29 the overall efficiency of the MBI energy recovery system becomes 0.183.With station service allowance of 

6% and unaccounted heat losses of 5% the net electric power export (NEPE) of the years 1991 and 2001 are 

evaluated to be 1.103 MW and 2.358 MW respectively. 

Later detailed survey was done for waste generation in both dry and wet seasons using primary and secondary 

data as well to estimate for 2005, 2010, 2015, 2020 and 2025 with respect to the estimated population projected 

for those years. Waste generation in wet season has an increase of 46% by weight is considered [70, 100]. 

Including 10% floating population, total population of RCC in the years 2005, 2010, 2012, 2015, 2020 and 2025 

are 468,378, 606,122, 661,219, 743,865, 881,609 and 1,019,352 respectively. The corresponding waste 

generation in these years in ton/day is 172.83, 282.14, 325.864, 391.45, 500.77 and 610.08. Figure 3(a) shows 

physical composition of SW of RCC in 2005 [100]. Figure 3 (b) shows SW generated daily in RCC from 

different sources in % by weight in 2005 [61]. Waste generation rate (WGR) in 2005 is 0.369 kg/capita/day. 

The energy content of MSW has been determined for the OFMSW only by the Modified Dulong Formula as 

given below [105]. 

 

                            Heat (kJ/kg) = 337C + 1428 (H – O/8) + 9S 

where 

               C = carbon (%) 

               H = hydrogen (%) 

               O = oxygen (%) 
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S = sulfur (%) 

The value of the percentage of moisture content of individual component of MSW and data on ultimate analysis 

of the combustible components of MSW have been used to get finally the overall chemical composition of 

MSW of RCC [20, 81, 105-108]. 

The heat content of MSW of RCC in 2005 is found to be 8.299 MJ/kg. 

In the MBI energy recovery (steam turbine – generator) plant using unprocessed MSW, 70% of heat energy is 

converted to steam energy. It may be mentioned that heat released from combustion of MSW is partly stored in 

the products of combustion (gases and ash) and partly transferred by conduction, convection and radiation to the 

incinerator walls and to the incoming waste. For the station or process power needs and unaccounted process 

heat losses allowance of 6% and 5% are considered respectively [105]. 

Energy available in MSW is found to be 16.601 MW and the NEPE is 3.269 MW for the year 2005. For the 

years 2010, 2012, 2015, 2020 and 2025 energy available in MSW are determined to be 27.100 MW, 31.300 

MW, 37.601 MW, 48.101 MW and 58.600 MW respectively. And, the NEPE in those years is 5.336 MW, 6.163 

MW, 7.403 MW, 9.471 MW and 11.538 MW respectively. Overall efficiency of the plant is found to be 

19.69%. 

Fig. 4 (a) shows physical composition of SW of RCC in % by weight in 2010 [81]. Figure 4 (b) shows SW 

generated daily in RCC from different sources in % by weight in 2010 [81]. Both primary and secondary data 

have been used collecting sample from different sources and in three main seasons: summer, monsoon and 

winter. In addition to domestic waste there are street sweeping, commercial including market waste, industrial 

waste, clinical waste and other source which includes packing materials, rags and other torn fabrics, garment 

materials andother trash [81, 109]. Including 10% increase for floating population, total population of RCC in 

2010 was 825000 [110, 111]. WGR was 0.401 kg/capita/day. Total waste generated in RCC in 2010 was 

330.825 ton/day. The heat content of MSW of RCC in 2010 is determined to be 7.673 MJ/kg. Energy available 

in MSW is estimated to be 29.38 MW and NEPE is 5.778 MW for the year 2010. Overall efficiency of the plant 

is found to be 19.666%. 

Fig. 5(a) shows physical composition of MSW of RCC at landfill site in % by weight in 2012 [69]. Figure 5 (b) 

shows MSW generated daily in RCC from different sources in % by weight in 2012 [69]. Table 1 shows 

population, growth rate and area of RCC [112, 113]. 

 

Table 1: Population, Growth Rate and Area of RCC 

 
 

For the decade (1991-2001) the annual population growth rate in RCC is 3.222%, which is considered as the 

low growth rate. The medium growth rate is the average annual growth rate 6.723% over the period (1981-

2001). The high growth rate is the annual growth rate 7.733% over the decade (1981-1991). 

Considering 2001 census population of 388,811 as the base population the projected total population including 

10% increase for floating people under medium growth rate for the years 2005, 2010, 2012, 2015, 2020 and 

2025 are found to be 554,851, 768,216, 874,996, 1,063,629, 1,472,640 and 2,038,936 respectively. Overall 

WGR in RCC in 2012 is 0.334 kg/capita/day. Total MSW generation in RCC is 292.323 ton/day in 2012. This 

study is mainly based on primary data. Survey was conducted during dry season only. Average weight of MSW 

generation has been determined considering increase of weight by 46% during wet season.  

The heat content of MSW of RCC in 2012 is determined to be 6.17 MJ/kg. Energy available in MSW is 

estimated to be 20.875 MW and the NEPE is 4.119 MW for the year 2012. The corresponding waste generation 

in the years 2005, 2010, 2015, 2020 and 2025 in ton/day is 185.320, 256.584, 355.252, 491.862 and 681.005 

respectively. For the years 2005, 2010, 2015, 2020 and 2025 energy available in MSW are determined to be 

13.234 MW, 18.323 MW, 25.369 MW, 35.125 MW and 48.632 MW respectively. And, the NEPE in those years 

is 2.611 MW, 3.616 MW, 5.006 MW, 6.931 MW and 9.597 MW respectively. Overall efficiency of the plant is 

found to be 19.73%. 

 Figure 6 shows population in RCC in 1991, 2001 and estimated population in 2005 to 2025 based on 

information with MSW: 2005, MSW: 2010 and MSW: 2012. Figure 7 shows MSW generation in RCC in 1991, 

2001 and estimated MSW generation in 2005 to 2025 based on information with MSW: 2005, MSW: 2010 and 
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MSW: 2012. Figure 8 shows the NEPE from MSW in RCC in 1991, 2001 and NEPE from MSW in RCC in 

2005 to 2025 based on information with MSW: 2005, MSW: 2010 and MSW: 2012. 

 

III. RESULTS AND DISCUSSION 

A study on the MSW generated in RCC shows that during the period 1991-2001 domestic waste is only 30% by 

weight, which stands the highest value of 77.2%, 61.5% and 68.246% by weight among all the sources of MSW: 

2005, MSW: 2010 and MSW: 2012 respectively. Food and vegetable waste is the dominating one among all the 

waste components and attains a value of 78.70%, 62.43%, 66.68% and 79.4% by weight in MSW: (1991-2001), 

MSW: 2005, MSW: 2010 and MSW: 2012 respectively. Grass/Leaves have a value of 10% by weight in MSW: 

(1991-2001) which gradually decreases to attain a value of 0.225% by weight in MSW: 2012. MSW: (1991-

2001) shows paper and packages content of 6% by weight, whereas paper itself only is 6.32% by weight in 

MSW: 2005 and gradually decreases in MSW: 2010 and MSW: 2012. MSW: (1991-2001) contains paper and 

polyethylene of 4.50% by weight whereas plastics itself is 7.99% by weight in MSW: 2005 and 0.425% and 

3.23% by weight in MSW: 2010 and MSW: 2012 respectively. Polyethylene is 4.50% by weight in MSW: 2010, 

and it has no trace in MSW: 2005 and MSW: 2012. Wood is 0%, 5.5%, 0.02% and 0.225% by weight in MSW: 

(1991-2001), MSW: 2005, MSW: 2010 and MSW: 2012 respectively. MSW: (1991-2001) contains clothes 1% 

by weight and jute/textile of 3.41, 1.11% and 2.2% by weight in MSW: 2005, MSW: 2010 and MSW: 2012 

respectively. Bones has been mentioned as 0.48% and 0.37% by weight in MSW: 2005 and MSW:2012 

respectively. MSW: 2010 contains bones and various other wastes of 2.05% by weight. 

The heat content of MSW: (1991-2001), MSW:2 005, MSW: 2010 and MSW: 2012 are 11.04 MJ/kg, 8.299 

MJ/kg, 7.673 MJ/kg and 6.17 MJ/kg respectively. It may be mentioned that percentage of waste component of 

MSW: 2012 is less as this MSW is landfill site and thus results in a comparatively lower value of heat content. 

Waste generation is 0.369, 0.401 and0.334 kg/capita/day for MSW: 2005 in 2005 MSW: 2010 in 2010 and 

MSW: 2012 in 2012 respectively. It is noted that total population in 2010 from the information of MSW: 2005, 

MSW: 2010 and MSW: 2012 are 606, 122, 825,000 and 768,216. 

The first two values resemble LGR and HGR respectively. The NEPE in 2005 for MSW: 2005, 2010 for MSW: 

2010 and 2012 for MSW: 2012 are 3.269, 5.778 and 4.119 MW respectively. The NEPE in 2010 for MSW: 

2005 is 5.336 MW. This value is identical to that of 2010 for MSW: 2010. The results based MSW: 2005 and 

MSW: 010 are more authenticas both primary and secondary data have been used directly for different seasons. 

The results of MSW: 2012 is based on primary data and data for wet season has been estimated from data of dry 

season. Moreover, the nature and quantity MSW has been changed depending on urbanization, development, 

industrialization and standard of living of the people with time. 

It is wise to take an average value of the results obtained for MSW: 2005 and MSW: 2012 for the required MBI 

energy recovery system. Figure 9 shows population in RCC in 1991, 2001 and average estimated population in 

2005 to 2025 for MSW: 2005 and MSW: 2012. Figure 10 shows MSW generation in RCC in 1991, 2001 and 

average estimated MSW generation in 2005 to 2025 for MSW: 2005 and MSW: 2012. Figure 11 shows the 

NEPE from MSW in RCC in 1991, 2001 and the average NEPE from MSW in RCC in 2005 to 2025 for  MSW: 

2005 and MSW: 2012. 

A 645.543 ton/day energy recovery system with an overall efficiency of 19.71% would generate 5.336, 6.205, 

8.201 and 10.568 MW NEPE in the years 2012, 2015, 2020 and 2025 respectively from MSW of RCC. The 

minimum heating value of MSW required for sustainable combustion is between 5.024 – 5.861 MJ/kg [115]. 

The heat content of MSW of RCC is 7234.5kJ/kg. A 12 MW MBI energy recovery powerplant may be installed 

depending on the quality and current generation of SW based on the quality and current generation of SW.  

It may be mentioned thatWTE plants minimize the transport of MSW to distant landfills, reduce emissions and 

shorten fuel consumption [117]. Extra fuel is needed to run the process of MBI, but electric power generation 

his higher. Associated with this method is the drying of MSW during monsoon season. This problem can be 

overcome by providing a shed in a large area and using additional fuel for heating. Other methods need MSW of 

low moisture content and dry land which is unavailable in this area.  

The main contributor to greenhouse gas (GHG) emissions during MSW incineration (MSWI) is CO2 emissions 

from the combustion of inherent fossil carbon in MSW. GHG emissions can be lessened by increasing the 

efficiency of electricity and heat recovery. This appears to be significantly effective to optimize the energy 

conversion strategies of MSWI plants in China [118]. In Asia, most of the WTE plants are incineration-based. 

Incineration is an established and simpler technology compared to others [119, 120]. The WTE technology is 

considered as one of the cleanest source of technology by the U.S. environmental Protection Agency (EPA) 

because of the gradually diminishing levels of dioxin, furan, mercury and other volatile metal emissions over the 

last 20 years [121]. 
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IV. CONCLUSIONS 
 Population of RCC in the years 2012, 2015, 2020 and 2025 are 768,108, 903,747, 1,177,125 and1,529,144 

and respective WGR are 309.094 ton/day, 373.351 ton/day, 496.316 ton/day and 645.543ton/day. 

 Heating  value of MSW of RCC is 7234.5 kJ/kg 

 Net power generation during the years is 5.336 MW, 6.205 MW, 8.201 MW and 10.568 MW 

respectively. 

 Capacity of the MBI to be used is 646 ton/day. 

 Overall efficiency of the energy –recovery plant is 19.71% 

 A 12 MW experimental power plant may be installed in RCC. 

 Substantial reduction of waste quantity and safe disposal of SW in a controlled manner. 

 Public health is ensured, environmental pollution is controlled and electric power is generated. 

 MSW can be used as a renewable source of energy. 

 Power generation by incineration of waste can reduce the costly fossil fuel utilization.  

 

REFERENCES 
[1]  Z. Minghua, F. Xiumin, A. Rovetta, H. Qichang, F. Vicentini, L. Binkai, A. Gusti, L. Yi, Municipal solid waste management in 

Pudong new area, China,  Waste Management 29 (2009) 1227-1233. 

[2]  L.A. Guerrero, G. Mass, W.Hogland, Solid waste management challenges for cities in developing countries, Waste Management 
33 (2013) 220-232. 

[3]  S. Seo, T. Aramaki, Y. Hwang, K. Hanaki, Environmental impact of solid waste treatment methods in Korea, Journal of 

Environmental Engineering Div., ASCE 130 (1) (2004) 81-89. 
[4]  I.A. Al-Khatib, M. Monou, A.S.F.A. Zahra, H.Q. Shaheen, D.Kassinos, Solid waste characterization, quantification and 

management practices in developing countries. A case study: Nablus district – Palestine, Journal of Environmental Management 

91 (2010) 1131-1138. 
[5]  T.S. Foo, Recycling of domestic waste: early experiences in Singapore, Habitat International 21 (1997) 277-289. 

[6]  L. A. Manaf, M. A. A. Samah, N. I. M. Jukki, Municipal solid waste management in Malaysia: Practices and challenges, Waste 

Management 29 (2009) 2902-2906. 
[7]  A. Demirbas, Waste management, waste resource facilities and waste conversion processes, Energy Conversion and 

Management 52 (2010) 1280-1287. 

[8]  Q. H. Bari, K. M.Hasan, R. Haque, Scenario of solid waste reuse in Khulna City of Bangladesh, Waste Management xxx (2012) 
xxx – xxx. 

[9] L. Zhen-shan, Y. Lei, Q. Xiao-Yan, S. Yu-mei, Municipal solid waste management in Beijing City, Waste Management 29 (10) 

(2009) 2618-2624. 
[10]  S.A. Batool, M.N. Chuadhry, Municipal solid waste management in Lahore city district, Pakistan, Waste Management 29 (2009) 

1971-1981. 

[11]  E. Metin, A. Erztürk, C. Neyim, Solid waste management practices and review of recovery and recycling operations in Turkey, 
Waste Management 23 (5) (2003) 425-432. 

[12]  M. Berkum, E. Aras, S. Nemlioglu, Disposal of solid waste in Istanbul and along the black sea coast of Turkey, Waste 

Management 25 (2005) 847-855. 
[13]  S.S. Chung, C.W.H. Lo, Local waste management constraints and waste administrators in China, Waste Management 28 (2) 

(2008) 272-281. 

[14]  A. Imam, B. Mohammed, D.C. Wilson, C.R. Cheeseman, Solid waste management in Abuja, Nigeria, Waste Management 28 (2) 
(2008) 468-472. 

[15]  S.A. Ahmed, M. Ali, Partnerships for solid waste management in developing countries: linking theories to realities, Habitat 
International 28 (2004) 467-479. 

[16]  M.E.Kasseva, S.E.Mbuligue, Ramifications of solid waste disposal site relocations in urban areas of developing countries: a case 

study in Tanzania, Resources, Conservation and Recycling 1999; 28 (2000) 147-161. 
[17] S.E. Mbuligwe, Institutional solid waste management practices in developing countries: a case study of three academic 

institutions in Tanzania, Resource, Conservation and Recycling 35 (2002) 131-146. 

[18]  H. Ogawa, Sustainable solid waste management in developing countries. In: 7th ISWA International Congress and Exhibition. 
World Health Organization. Kuala Lumpur, Malaysia. Online: http://www.eoc.titech.ac.jp/uem/waste/swm-fogawal.htm (29 July 

2000). 

[19]  D.C. Wilson, C. Velis, C.Cheeseman, Role of informal sector recycling in waste management in developing countries, Habitat 
International 30 (2006) 197-808. 

[20]  N.J. Themelis, Y.H. Kim, Material and energy balances in large-scale aerobic bioconversion cell, Waste Management and 

Research 20 (2002) 234 – 242. 
[21]  G. Tchobanoglous, H. Theisen, S.A. Vigil, Integrated solid waste management: Engineering principles and management issues. 

McGraw-Hill, Inc., New York, USA, 1993. 

[22]  World Resources institute, World resources report 1996-1997, Oxford University Press, New York, USA, 1997. 
[23]  HMGN, MoPE, 2003, Nepal population report 2060. Published by His Majesty‟s Government of Nepal (HMGN), Ministry of 

Poulation and Environment (MoPE) (in Nepali). 

[24]  D. Suochong, K.W. Tong, Y. Yuping, Municipal solid waste management in China: using commercial management to solve a 
growing problem, Utilities Policy 10 (2001) 7-11. 

[25]  What cities do with their waste, Urban Age 6 (1999) 32-33. 

[26]  World Bank, 1999,What a waste: solid waste management in Asia, urban development sector unit. East Asia and Pacific Region. 
The International Bank for Reconstruction and Development, Washington DC, USA. 

[27]  M. Sharholy, K. Ahmad, G. Mahmood, R.C. Trivedi, Municipal solid waste management in Indian cities – a review, Waste 

Management 28 (2) (2008) 459-467. 
[28] K. Parizeau, V. Maclaren and L. Chanthy, Waste characterization as an element of waste management planning: Lessons learned 

from a study in Siem Reap, Cambodia, Resources, Conservation and Recycling  49 (2) (2006) 110-128. 

http://www.google.com.bd/url?sa=t&rct=j&q=resour%20conserv%20recycl%20&source=web&cd=2&ved=0CDoQFjAB&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F09213449&ei=SJKKUaH1BYKrrAeqhoC4DA&usg=AFQjCNHshnDyz3G7v0PgLDRK2iW0T2Vi_A&bvm=bv.46226182,d.bmk&cad=rja
http://www.eoc.titech.ac.jp/uem/waste/swm-fogawal.htm%20(29


American Journal of Engineering Research (AJER) 2015 
 

 
w w w . a j e r . o r g  

 
Page 78 

[29]  E.A. McBean, E. Rosso, F.A. Rovers, Improvement in financing for sustainability in solid waste management,  Resources, 
Conservation and Recycling 43 (2005) 391-401. 

[30]  H.A A. Qdais, Techno-economic assessment of municipal solid waste management in Jordan, Waste Management 27 (11) (2007) 

1666-1672. 
[31]  V. Kum, A. Sharp, N. Harnpornchai, Improve the solid waste management in Phnom Penn  City: a strategic approach, Waste 

Management 25 (1) (2005) 101-109. 

[32]  S.J. Burntley, A reveiew of municipal solid waste composition in the United Kingdom,  Waste Management 27 (10) (2007) 
1274-1285. 

[33]  M. Sujauddin, S.M.S. Huda, A.T.M. Rafiqul Hoque, Household solid waste characteristics and management in Chittagong, 

Bangladesh, Waste Management 28 (2008) 1688-1695. 
[34]  A. Forie, Municipal solid waste management as a luxury item, Waste management 26 (2006) 801-802. 

[35]  WASTE 2004, Integrated sustainable waste management click on ISWM under “Approaches”. http://waste.nl. 

[36]  J. Anschütz, J. Ijgosse, A. Scheinberg, Putting ISWM to Practice, WASTE, Gouda, The Netherlands, 2004. 
[37]  L.F. Zuilen, Planning of an integrated solid waste management system in Suriname: a case study in Greater Paramaribo with 

focus on households, PhD Thesis, Ghent University, Belgium, 

[38]  C. Zurbrügg, S. Drescher, I. Rytz, M. Sinha, I. Enayetullah, Decentralized composting in Bangladesh, a win-win situation for all 
stakeholders, Resources, Conservation and Recycling 43 (2005) 281-292. 

[39]  D.C.Wilson, A. Araba, K. Chinwah, C.R. Cheeseman, Building recycling rates through the informal sectors, Waste Management 

29 (2009) 629-635. 
[40]  M.S. Müller, A. Sheinberg, Genderlinked livelihoods from modernizing the waste management recycling sector: a framework for 

analysis and decision making. Gender and waste economy. Vietnamese and international experiences. CIDA funded project, 

2002. 
[41]  M.S. Müller, A. Iyer, M. Keita, B. Sacko, D. Traore, Differing interpretations of community participation in waste management 

in Bamako and Bangalore: some methodological considerations, Environment and Urbanization 14 (2002) 241-258. 
[42]  A. Sheinburg, D.C. Wilson, L. Rodic, Solid waste management in the World‟s Cities, UN-Habitat‟s Third Global Report on the 

State of Water and Sanitation in the World‟s Cities, Earth Scan, Newcastle-upon-Tyne, UK, 2010. 

[43]  A. Sheinburg, S. Spies, M.H. Simpson, A.P.J. Mol, Assessing urban recycling in low-and-middle income countries: Building on 
modernized mixtures, Habitat International 35 (2011) 188-198. 

[44]  ISSOWAMA Consortium, Integrated sustainable solid waste management in Asia. In: Seventh Framework Programme, 

European Commission, 2009. 
[45]  A. Messino, D. Panno, Municipal waste management in Sicily: practices and challenges, Waste Management 28 (2008) 1201-

1208. 

[46]  Mohammad Osman Saeed, MohdNasir Hassan, M. Abdul Mujeebu, Assessment of municipal solid waste generation and 
recyclable materials potential in Kuala Lumpur, Malaysia, Waste Management 29 (2009) 2209-2213. 

[47]  B.A/K Abu-Hijleh, M. Mousa, R. Al-Dwairi, M. Al-Kumoos and S. Al-Tarazi, Feasibility Study of Municipality Solid Waste 

Incineration Plant in Jordan, Energy Conversion and Management 39(11) (1998) 1155-1159. 
[48]  M. Abu-Qudais, H.A. Abu-Qudais, Energy content of municipal solid waste in Jordan and its potential utilization, Energy 

Conversion and Management 41 (2000) 983 – 991. 

[49]  W.T. Tsai, Y.H. Chou, An overview of renewable energy utilization from municipal solid waste (MSW) incineration in Taiwan, 
Renewable and Sustainable Energy Reviews 10 (2006) 491-502. 

[50]  S. Kathirvale, M.N.M. Yunus, K. Sopian, A.H. Samsuddin, Energy potential from municipal solid waste in Malaysia, Renewable 

Energy 29 (2003) 559-567. 
[51]  M.J. Alam, B. Bole, Energy recovery from municipal solid waste in Dhaka city. In: Proceedings of the International Conference 

on Mechanical Engineering, Dhaka, 26-28 December 2001, pp. 125-130. 

[52]  M.A. Sufian, B.K. Bala, Modeling of electrical energy recovery from urban solid waste system: The case of Dhaka city, 
Renewable Energy 31 (2006) 1573-1580. 

[53]  M.D. Islam and A.Z.A. Saifullah, Solid waste and sugarcane baggasse – A renewable source of energy in Rajshahi City, 

Bangladesh. In: Proceedings of the 4th International Conference on Mechanical Engineering, Dhaka, Bangladesh, December 26-
28, 2001, pp. I 33-36. 

[54]  Wen-Tien Tsai, Kuan-Chi Kuo, An analysis of power generation from municipal solid waste (MSW) incineration plants in 

Taiwan, Energy 35 (2010) 4824-4830. 

[55]  A. Mwesigye, S.B. Kucel, A.Sebbit, Opportunities for Generating Electricity from Municipal Solid Waste: Case of Kampala City 

Council Landfill.News.mak.ac.ug/documents/Makfiles/act 2011/Mwesigye.pdf 

[56]  H. Cheng, Y. Zhang, A. Meng, and Q. Li, Municipal Solid Waste Fueled Power Generation in China: A Case Study of Waste-to-
Energy in Changchun City. www.aseanenvironment.info/Abstract/41016304.pdf 

[57]  M.Y. Suberu, A.S. Mokhtar, N. Bashir, Renewable Power Generation Opportunity from Municipal Solid Waste: A Case Study of 

Lagos Metropolis (Nigeria), Journal of Energy Technologies and Policy 2(2) (2012)1-14. www.iiste.org 
[58]  S.B. Karajgi, Udaykumar.R.Y, G.D. Kamalapur, Modelling of Power Generation using Municipal Solid Waste in India, I

 nternational Journal of Electrical and Computer Engineering (IJECE) 2 (2) (2012) 197-202. 

[59]  C. Bidart, M. Fröhling, F.Schultmann, Municipal solid waste and production of substitute natural gas and electricity as the 
energy alternatives, Applied Thermal Engineering 51 (2013) 1107-1115. 

[60]  A. Ahsan, M. Alamgir, R. Islam, K.H. Chowdhury, Initiatives of Non-Governmental Organizations in Solid Waste Management 

at Khulna City. Proc. 3rd Annual Paper Meet and Intl. Conf. on Civil Engineering, IEB, Dhaka, Bangladesh, March 9 – 11, 2005, 
pp. 185-196. 

[61]  M. Alamgir, A. Ahsan, Municipal solid waste and recovery potential: Bangladesh perspective, Iran. J. Environ. Health Sci. Eng. 

4(2)(2007) 67-76. 
[62]  C.S.Rao, Environmental pollution control engineering, Willy Eastern Limited, New Delhi, India, 1992, pp. 396-414. 

[63]  Chris Zurbrugg, SANDEC / EAWAG, Solid Waste Management in Developing Countries. 

 bscw.ihe.nl/pub/bscw.cgi/d1354352/basics_of_SWM.pdf 
[64]  Y. Hamzeh, A. Ashori, B.Mirzaei, A. Abdulkhani, M.Molaei, Current and potential capabilities of biomass for green energy in 

Iran, Renewable and Sustainable Energy Reviews 15 (9) (2011) 4934-4938. 

[65]  F.A.M. Lino, W.A. Bizzo, E.P. Da Silva, K.A.R. Ismail, Energy impact of waste recyclable in a Brazilian metropolitan, 
Resources, Conservation and recycling 54(1) (2010) 916-922. 

[66]  M.R. Alam, Environmental management in Bangladesh – A study on municipal solid management system in Chittagong, The 

Cost and Management May-June, (2008) 23-30. 

http://waste.nl/
http://www.iiste.org/


American Journal of Engineering Research (AJER) 2015 
 

 
w w w . a j e r . o r g  

 
Page 79 

[67]  M. Salequzzaman, Perceptions of vehicle air pollution in Khulna, Bangladesh. In: Proceedings of the Habitus 2000, Conference 
in Perth, Western Australia, September 05-09, 2000. 

[68]  Incineration of municipal solid waste. A state-of-the art, Pub. Works 121 (1990) 1-5. 

[69] Joint Venture (JV) of AQUA Consultant & Associates Ltd. (BD), Hifab International AB, Sweden, Resource Planning and 
Management Consultants Ltd. (BD) & Engineering & Planning Consultants Ltd. (BD), Study on Municipal Solid Waste 

Management, Final Report, Bangladesh Municipal Development Fund (BMDF)  June 21, 2012. 

[70]  I.Enayetullah, Q.S.I. Hashmi, Community based solid waste management through public-private-community partnerships: 
experience of Waste Concern in Bangladesh, 3R Asia Conference, Tokyo, Japan, October 30 to November 1, 2006. Web: 

www.wasteconcern.org 

[71]  A.I. Chowdhury, Instruments of local financial reform and their impact on service delivery, institutional and development 
concerns: Bangladesh Case Study,Dhaka: Center for Urban Studies, 2008 

[72]  S. Suryanarayanan, Sustainable Waste Management in Bangladesh, December, 2010. 

 http://www.strategicforesight.com/waste_management.htm 
[73]  A. Clemett, M.M. Amin, S. Ara, M.M.R. Akan, Background information for Rajshahi City, Bangladesh, WASPA Asia Project 

Report 2, 2006. 

[74]  en.wikipedia.org/wiki/Rajshahi 
[75]  A. Ali, Faulty Solid waste Management in Rajshahi City: Dumping in Open Spaces Poses Health Hazard to Dwellers, 2011. 

 http://www.bangladesh2day.com/newsfinance/2010/February/11/Faulty-solid-waste-management-in-Rajshahi-city.php 

[76]  N. Akter, M. Rahman& L. Sharmin, Medical waste management at Rajshahi City Corporation public-private partnership model 
development: A collaborative effort on medical waste management in Bangladesh (baseline and status report),Antocom Online 

Journal of Anthropology 6(2) (2010) 173-186. 

[77]  M. Salequzzaman, M. Awal, M.  Alam, Willingness to pay community based solid waste management and its sustainability in 
Bangladesh. In: Proceedings of the International Conference „The Future is Here‟, RMIT, Melbourne, Victoria, January 15-19, 

2001. 
[78]  S.H. Bhuiyan, A crisis in governance: Urban solid waste management in Bangladesh, Habitat International 34 (1) (2010) 125-

133. 

[79]  S.M. Kassim, M. Ali, Solid waste collection by the private sector: households‟ perspectives – findings from a study in Dar-es-
Salaam city, Tanzania, Habitat International, 30 (4) (2006) 769-780. 

[80]  S.H. Bhuiyan, Benefits of social capital: urban solid waste management in Bangladesh. Münster: LIT. 

[81]  M.A.Rouf, Prospect of Electric Energy from Solid Wastes of Rajshahi City Corporation: A Metropolitan City in Bangladesh, 
20112nd International Conference on Environmental Engineering and Applications, IPCBEE vol. 17 (2011) © (2011) IACSIT 

Press, Singapore. www.ipcbee.com/vol 17/9-L022.pdf 

[82]  NFB (news From Bangladesh. Business & Economy: Rajshahi People Facing Acute Load-Shedding. 2004 
 http://www.bangladesh-web.com/view.php?hidRecord=4484 

[83]  T.A. Chowdhury, S.R. Afza, Waste management in Dhaka City – A theoretical marketing model, BRAC University Journal  

III(2) (2006) 101-111. 
[84]  C. Furedy, Social aspects of solid waste recovery in Asian cities, Environmental Sanitation Reviews, No. 30, December, 1990. 

[85]  U. Glawe, C. Visvanathan, M. Alamgir, Solid waste management in least developed Asian countries -A comparative analysis. In: 

Proceedings of international conference on integrated solid waste management in Southeast Asian cities, 5-7 July, 2005, Siem 
Reap, Cambodia. 

[86]  M.A. Memon, Integrated solid waste management based on the 3R approach. 

http://www.springerlink.com/content/cmnu81374n412898/   4/29/2010 
[87]  A. Ojha, Abhishek C. Reuben, D. Sharma, Solid Waste Management in Developing Countries through Plasma Arc Gasification – 

An Alternative Approach, APCBEE Procedia 1 (2012) 193-198. 

[88]  M.M. Rahman, K.R. Sultana, M.A. Haque, Suitable sites for urban solid waste disposal using GIS approach in Khulna City, 
Bangladesh, In: Proc. Pakistan Acad. Sci. 45 (1) (2008) 11-22. 

[89]  C. Smith, K. Whitty, M. Quintero & B.S. Ozeda, Opportunities for Energy Production from Solid waste in The Mexicali Region, 

Annual Meeting of the American Institute of Chemical Engineers, November 2-5, 2007. 
[90] P.S. Phillips, R.M. Pratt & K. Pike, An analysis of UK waste minimization clubs: key requirements for future cost effective 

developments, Waste Management 21 (2001) 389-404. 

[91]  U. Arena, Process and technological aspects of municipal solid waste gasification. A review, Waste Management32 (2012) 625–

639. 

[92]  S .Consonni, M. Giugliano, M. Grosso, Alternative strategies for energy recovery from municipal solid waste Part A: Mass and 

energy balances, Waste Management 25(2) (2005) 123-135. 
[93]  K. Lata,  K.V. Rajeshwari, D.C. Pant,  V.V.N. Kishore, Volatile fatty acid production during anaerobic mesophilic digestion of 

tea and vegetable market wastes, World Journal of Microbiology and Biotechnology 18(6)(2002) 589-592. 

[94] G. Lastella, C. Testa, G. Cornacchia, M. Notornicola, F. Voltasio, V. K.  Sharma, Anaerobic digestion of semi-solid organic 
waste: biogas production and its purification, Energy Conversion and Management43 (1) (2002) 63–75. 

[95]  Electricity from municipal solid waste. http://www.powerscorecard.org/tech_detail.cfm?resource_id=10    4/20/2010 

[96]  Municipal solid waste power plants – waste to energy (WTE) & biomass in California. 
 http://www.energy.ca.gov/biomass/msw.html   4/24/2010 

[97]  Municipal solid waste management. http;//www.unep.or.jp/Ietc/estdir/pub/msw/sp/sp5/sp5_1.asp   4/25/2010 

[98]  K. C. Lee, K. C. M. Kwok, W. H. Cheung, G. McKay, Operation of a municipal solid waste co-combustion pilot plant, Asia-
Pacific Journal of Chemical Engineering 2(6)  (2007) 631-639. 

[99]  M.K. Huda, A.Z.A. Saifullah, Solid waste management in Rajshahi City Corporation of Bangladesh – A case study. In: 

Proceedings of the thirteenth international conference on solid waste technology and management, Vol 1, Philadelphia, PA 
U.S.A., November 16-19, 1997. 

[100]  I. Enayetullah, A.H.M.M. Sinha, S.S.A. Khan, Urban Solid waste Management Scenario of Bangladesh: Problems and Prospects, 

West Concern Technical Documentation, June 06, 2005. www.wasteconcern.org/Publication/Waste%20Survey-05.pdf 
[101]  R. Schertenleib, W. Meyer, Municipal Solid waste management in DC‟s: problems and issues; need for future research, IRCWD 

News, Duebendorf, Switzerland, No. 26, 1992. 

[102]  C. Zurbrügg, Urban solid waste management in low-income countries of Asia.How to cope with the garbage crisis. Presented for: 
Scientific committee on problems of the environment (SCOPE), Urban solid waste review session, Durban, South Africa, 

November 2002. 

http://www.wasteconcern.org/
http://www.strategicforesight.com/waste_management.htm
http://www.bangladesh2day.com/newsfinance/2010/February/11/Faulty-solid-waste-management-in-Rajshahi-city.php
http://www.ipcbee.com/vol%2017/9-L022.pdf
http://www.bangladesh-web.com/view.php?hidRecord=4484
http://www.springerlink.com/content/cmnu81374n412898/
http://www.ncbi.nlm.nih.gov/pubmed?term=Consonni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15737710
http://www.ncbi.nlm.nih.gov/pubmed?term=Giugliano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15737710
http://link.springer.com/search?facet-author=%22Kusum+Lata%22
http://link.springer.com/search?facet-author=%22K.V.+Rajeshwari%22
http://link.springer.com/search?facet-author=%22D.C.+Pant%22
http://link.springer.com/search?facet-author=%22V.V.N.+Kishore%22
http://link.springer.com/journal/11274
http://www.sciencedirect.com/science/article/pii/S0196890401000115
http://www.sciencedirect.com/science/article/pii/S0196890401000115
http://www.sciencedirect.com/science/article/pii/S0196890401000115
http://www.sciencedirect.com/science/article/pii/S0196890401000115
http://www.sciencedirect.com/science/article/pii/S0196890401000115
http://www.sciencedirect.com/science/article/pii/S0196890401000115
http://www.sciencedirect.com/science/journal/01968904
http://www.sciencedirect.com/science/journal/01968904
http://www.sciencedirect.com/science/journal/01968904
http://www.powerscorecard.org/tech_detail.cfm?resource_id=10
http://www.energy.ca.gov/biomass/msw.html
http://www.wasteconcern.org/Publication/Waste%20Survey-05.pdf


American Journal of Engineering Research (AJER) 2015 
 

 
w w w . a j e r . o r g  

 
Page 80 

[103]  T.B. Yousuf, M. Rahman, Monitoring quantity and characteristics of municipal solid waste in Dhaka City, Environ Monit 
Assess, 135(1-3) (2007) 3-11. 

[104]  EEA (European Environment Agency), Case studies on waste minimization practices in Europe. Copenhagen:EEA. (2002). 

[105]  H. S. Peavy, D. R. Rowe, G.Tchobanoglous, Environmental Engineering, McGraw Hill Book Company, International Edition, 
1985. 

[106]  www. weiku.com 

[107]  P. Phiraphynio, S.Taepakpurenat, P. Lakkanatinaporn, W. Suntornsuk and l.Suntornsuk, Physical and Chemical properties of fish 
and chicken bones as calcium source for mineral substances,Sonklanakarim J. Sci. Technol. 28 (2) (2006) 327-335. 

[108]  D. Okanović, M. Ristić, M. Popović, T. Tasić, P.Ikonić, J. Gubić, Biotechnology in Animal Husbandry 25 (5-6) (2009) 785-790. 

Publisher: Institute for Animal Husbandry, Belgrade – Zemun. www.istocar.bg.ac.rs/radovi8/2/23.engl.Dj.OkanicSR.pdf 
[109]         M.R. Alam & M.H. Sohel, Environmental management in Bangladesh – A study on municipal solid waste management in  

                 Chittagong. Chittagong: University of Chittagong, 2008.  

[110]  BBS (Bangladesh Bureau of Statistics). Census reports. Dhaka: BBS, 2001. 
[111] RCC (Rajshahi City Corporation).Rajshahi City Corporation Report – 2010.Rajshahi: RCC,2010. 

[112]  Bangladesh Bureau of Statistics (BBS). 1997. “Bangladesh Population Census 1991, Urban Area Report.” Dhaka: Statistics 

Division, Ministry of Planning, Government of Bangladesh. 
[113]  Bangladesh Bureau of Statistics (BBS). 2002. “Statistical Pocket Book of Bangladesh.” Dhaka: Statistical Division, Ministry of 

Planning, Government of Bangladesh. 

[114]  The PREGA National Technical Experts from Bangladesh Centre for Advanced Studies, Dhaka City solid waste to electrical 
energy project (A pre-feasibility study report), April 2005. 

[115]  P. J. Reddy, Municipal Solid Waste Management: Processing - Energy Recovery - Global Examples, BS Publications, pp. 120 

 books.google.com.bd/books?isbn=0415690366 
[116]  H. Cheng and Y. Hu, Municipal solid waste (MSW) as a renewable source of energy: Current and future practices in China, 

Biosource Technology 101 (2010) 3816-3824. 
[117]  P.O. Kaplan, J. DeCarolis and S. Thorneloe, Is it better to burn or bury waste for clean electricity generation? Environmental 

Science & Technology 43(6) (2009) 1711-1717. 

[118]  N. Yang,  H. Zhang,  M. Chen, L. Shao, P. He, Green House gas emissions from MSW incineration in China: Impacts of waste 
characteristics and energy recovery, Waste Management 32 (2012) 2552-2560. 

[119]  X. Xu and  J. Liu,  Status and development prospect on municipal solid waste incineration technology in our country, 

ZhongguoHuanbaoChanye 11 (2007) 24-29. 
[120]  K. Yuan,  H. Xiao and  X. Li, Development and application of municipal solid waste incineration in China, NengyuanGongcheng 

5 (2008) 43-46. 

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

 

FIGURES 

Figure 1:  Energy Recovery MBI System for MSW of RCC 
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Figure 2 (a):  Typical components of SW in RCC in % by weight during the period 1991- 2001 

 

 
Figure 2 (b): Various sources of SW generated in RCC in % by weight during the period 1991- 2001 

 
 

Figure 3 (a):  Physical composition of SW of RCC in % by weight in 2005 
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Figure 3 (b):  Various sources of SW generated daily in RCC in % by weight in 2005 

 
Figure 4 (a):  Physical composition of SW of RCC in % by weight in 2010 

 

 
 

Figure 4 (b):  Various sources of SW generated daily in RCC in % by dry weight in 2010 
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Figure 5 (a):  Physical composition of SW of RCC at landfill site in % by weight in 2012 

 

 
 

Figure 5 (b):  Various sources of SW generated daily in RCC in % by weight in 2012 

 

 
Figure 6:  Population in RCC in 1991, 2001 and estimated population in 2005 to 2025 based 

on information with MSW: 2005, MSW: 2010 and MSW: 2012 
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Figure 7: MSW generation in RCC in 1991, 2001 and estimated MSW generation in 2005 to 

2025 based on information with MSW: 2005, MSW: 2010 and MSW: 2012 

 

 
Figure 8:  The NEPE from MSW in RCC in 1991, 2001 and NEPE from MSW in RCC in 2005 to 

2025 based on information with MSW: 2005, MSW: 2010 and MSW: 2012 

 

 
Figure 9:  Population in RCC in 1991, 2001 and    average estimated population in 2005 to  2025 

for MSW: 2005 and MSW: 2012 
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Figure 10:   MSW generation in RCC in 1991, 2001 and average estimated MSW generation 

in 2005 to 2025 for MSW: 2005 and MSW: 2012 

 

 
Figure 11:  The NEPE from MSW in RCC in 1991, 2001 and the average NEPE from MSW in 

RCC in 2005 to 2025 for MSW: 2005 and MSW: 2012 

 

 

 

 

 

 

 


