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Abstract- The underprivileged management of MSW is a growing problem in most cities and small urban communities in
Bangladesh. Wsate collection effeciency of Rajshahi city of Bangladesh is not so significant and majority of waste is dumped
in the open space. Landfill gas is generated naturally due to the bacterial effect of organic material contained in MSW landfills.
Uncontrolled MSW landfills emit methane gas which 21 times potential than the CO, gas which is one of the major
contributors to the green house gas (GHG) and ozone layer depletion. In contrast of, if the MSW can mange in the systematic
way that could be a potential source of electricity generation in our country. This study investigates the generation,
characteristics, management of municipal solid waste in Rajshahi City and energy generation by landfill technique. The study
suggests that total 7549 ton of CH,4 per year generated from landfill. The energy potential from the landfill gas estimated

around 5.3MWe.
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1. Introduction

Rajshahi is one of the major divisional cities and well
known for its educational intuitions in Bangladesh having
population of 0.9 million in 2011 with density of population
is about 8700 per km?. The growth rate of urban population
is 3% whereas the rural population is about 0.5% [1-2].
Rapid urbanization brings a huge number of rural people to
urban areas each year [3-4].This causes unplanned
urbanization and slum development which is responsible for
producing a lot of unmanageable quantities of solid waste in
all major cities of Bangladesh [5]. Many cities of developed
and underdeveloped world faces severe waste management
problem due to rapid unplanned urbanization,
industrialization and population growth [6]. M. Suzauddin et
al. [7] investigate that solid waste management (SWM) is a
multidimensional challenge faced by urban authorities,
especially in developing countries like Bangladesh.

In Bangladesh, the standard dumping methods of
generated wastes have not been practiced till now. Here, land
filling is the main existing municipal solid waste (MSW)
disposal method. About 50-60% of the MSW is land-filled
and mostly open dumping and rest of the wastes are recycled

by informal sectors, self disposal around the residential areas
,on the roads, low lying areas and in drains [4]. In all cases
solid wastes are dumped in open air where GHG emissions
occur along with odors, public health and environmental
degradation. E. Friedrich et al. [8], predicts that the GHG
emissions from waste management in developing countries
increase exponentially. Khajuria et al.[9] reported that the
sanitary landfill has proved to be the most cost-effective and
satisfactory means for solid waste disposal. By converting
the open dumpsites in the urban areas of Bangladesh into the
sanitary one and capturing methane, a significant amount of
electricity could be produced.In this way, the garbage
become gold and revenue is generated as well as
significantly reduce the environmental emission.

In this study attempts has been made to estimate the
methane emission and potential of electricity generation from
disposed MSW in landfills of Rajshahi city. In addition,
reviews on the generation, characterization of MSW and
landfill management and processes is also discussed.
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2. Materials and Methods

Rajshahi is the fourth biggest city of Bangladesh which
is situated in the western part of the country. The
geographical location of this city is 24°22'N latitude and
88°36'E longitude. Its total area is 96.69 km? and is situated
on the northern banks of the river Padma. In this study, a
field investigation was carried out in different areas of
Rajshahi city to determine physical composition of solid
waste generated in different areas. The quantity of the
constituents was determined by weight in the taken sample.
Sampling is done for 2 months from August , 2013 to
October 2013 at various locations in RCC area such as
Talaimari, Kazla, Kadirgonj, Railway station, Lt. Selim Hall
(RUET), Vodra and Shaheb Bazaar. Moreover, density of
waste at the collection point was also determined. The
calorific value of solid waste is determined by using a bomb
calorimeter. Chemical compositions of the solid wastes are
identified by the determination of elemental contents in the
sample such as Carbon, Nitrogen, Sulfur and Hydrogen.
Dried sample of waste stream was taken to Bangladesh
Council of Scientific and Industrial Research (BCSIR),
Dhaka for the purpose.

Along with the primary data, secondary data were aslo
collected from the Rajshahi City Corporation (RCC), reports
and studies by Wastesafe, JICA, Waste concern and World
Bank as well as reviewed the reputed journal to achieve the
goal of this study. Population data have been collected from
population census by BBS (2011) and UN (2011) data for
projection in the year for 2015 and 2020. A simple and
clear-cut method called the Intergovernmental Panel on
Climate Change (IPCC, 1997) methodology has been used to
estimate the methane emission from the MSW.

3. MSW Generation in Rajshahi City

In general the amount of waste generation in the
developing countries is determined on the basis of per capita
waste generation factors and supported with some basic
studies. Waste generation rates are also related to economic
status of the country as well as population. In general,
economic developed and higher the proportion of urban
population, produces maximum amount of solid waste [10].
Developed nations are characterized by higher rates of waste
generation per capita; while developing nations generate less
waste and practice informal recycling that reduce the waste
per capita to be collected at the municipal level.
Richards,[11] and Mertins et al., [12] reported that the
population and wealth , icluding GDP per capita and energy
consumption [13] are largely responsible for waste
generation.The urban population has been increasing at a
very sharp rate and the growing population causes
involvement of a lot of human activities, which in turn leads
to enhance the waste generation [14].

According to BBS 2011 [1], the total population of
Bangladesh is around 152 million. Of them urban population
is 28.4% of the total population. This large urban population
produces hundreds of tons of waste that lies uncollected on
the streets every day and in absence of proper waste
management program exposes the city dwellers to greater

health risks and environmental hazards. There is a very few
reliable information available related to the quantity of
wastes generation in the urban areas of Bangladesh. Due to
lack of information, an estimation has been made to
determine the amount of waste generation. The urban area
of Bangladesh generates approximately 16,015 tons of waste
per day and 5.84 million tons annually [15]. Bangladesh
Department of Environment [16] reported 38 million urban
population generate 16384 tones per at the rate of 0.43
kg/capita/day. As per Waste concern [15] and JICA 2005,
[17] study reported that the per capita waste generation in
urban areas was 0.41 kg/day. Alamgir et al., [18] reported
that Rajshahi city corporation (RCC) generates 170 tons day/
MSW at the rate of 0.378 kg/capita/day whereas Waste
concern, ;15] reported 172 tons/day waste generation at 0.30
kg/capita’day in 2005. The total waste generation in Rajshahi
City according to per capita waste generation is presented in
Table 1. According to UN 2011 data, total population of
Rajshahi city in 2005 was around 0.769 million [2] and
taking into account per capita waste generation 0. 378 kg/day
[18], total MSW generation was 290 tons/day. While in
2010, total waste generation was around 450 tons/day at the
rate of 0.5 kg/capita/day [19]. Bernache-Perez et al. [20],
reported that solid waste generation rates range from 0.1 to
0.6 ton /capita/yr in low income countries whereas 0.3 to
>0.8 ton/capita/yr in the developed countries. The projection
of solid waste generation has been made taking into account
per capita solid waste of 0.6 kg/day and estimated MSW
generation in 2015 and 2020 are 560 tons/day and 644
tons/day respectively.

Table 1. Waste generation of Rajshahi City in Bangladesh

Year Population, | MSW Generation | Total MSW,
million Rate kg/capita'day tons/day
2005 0.769 0.378 290
2010 0.900 0.50 450
2015 0.932 0.60 560
2020 1.073 0.60 644

4. Characterization of MSW

The characterization of MSW is essential for choosing
the management option of waste and energy recovery
technique as well as the possible environmental effects of
MSW on the earth and its inhabitatnts [21-22]. Physical
characterization of solid wastes and their proximate analysis
and chemical characterization are done in this study. These
analyses indicate the compositional suitability of MSW for
energy extraction. The characteristics of MSW are directly
influenced by the socio-economic conditions, cultural
activities, seasonal and geographical conditions as well.The
physical composition of MSW of Rajshahi city is presented
in Figure 1. It is observed that the organic matter or
biodegradable fraction is usually the major component in the
waste stream due to the type and habit of fresh food
consumption. Its” socio-economic condition is also very
much responsible for the very high percentage of organic
component. The rapidly biodegradable portion is normally
very high compared to other portions, essentially due to the
use of fresh vegetables and fruits. In order to estimate the
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moisture content, 5 kg of sample was taken and weighted
before and after drying for seven days. The percentage of
moisture content of solid waste samples taken at different
point around the city. The moisture content varied from 50 to
75% in this study. High moisture content causes
biodegradable waste fractions to decompose more rapidly
than in dry conditions.
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Fig 1. Physical composition of MSW in Rajshahi city (%
weight)

A dried combustible sample was taken into the bomb to
determine the calorific value and the calorific value was
found 21MJ/kg. Chemical compositions of the solid wastes
are identified by the determination of elemental contents in
the sample such as Carbon, Nitrogen, Sulfur and Hydrogen.
Dried waste steam sample was taken to Bangladesh Council
of Scientific and Industrial Research (BCSIR), Dhaka for the
purpose. The result showed that Carbon 26.34%, Hydrogen
3.01%, Nitrogen 1.90%, Sulfur 0.03%, Oxygen, ash and
others 68.72%. Proximate analysis of solid wastes
composition is presented in Table 2 which gives the
information about the moisture, volatile matter, ash and fixed
carbon. The wastes contain high portions of volatile solids as
62 to around 90%, ash residue maximum around 23%.
Ultimate analysis is the percent of carbon, hydrogen, oxygen,
nitrogen, sulphur and ash. The detail elemental analysis of
waste components is shown in Table 3.

Table 2. Proximate analysis of solid waste components [23]

Table 3. Ultimate analysis of solid waste components [23]

MSW HHV, C, % H% | O,% N,% | S, %
Components | kj/kg, % | dry dry dry dry dry
dry basis basis | basis basis | basis
basis
Food waste 20009 4506 | 6.98 40.28 | 290 | 0.27
Paper 12548 34.96 | 4.60 4851 | 0.08 | 0.08
products
Wood 15684 4193 | 5.72 4440 | 070 | 0.10
Plastic 21876 62.50 | 4.76 32.00 | 0.03 | 0.09
Rubber 28948 4572 | 6.67 30.80 | 145 | 0.39
Textile 18774 52.54 | 5.69 40.71 | 044 | 0.21
Leaf 17258 4250 | 5.86 4299 | 098 | 0.39

MSW Volatile Fixed Moisture, Ash,
Components Matter, % Carbon,_% % d'ry % d_ry
dry basis dry basis basis basis
Food waste 72.52 14.49 8.48 451
Paper 75.13 6.68 6.42 5.4
products
Wood 66.64 17.39 8.8.2 7.15
Plastic 89.32 9.43 0.63 0.62
Rubber 74.84 2.23 0.01 2291
Textile 89.07 9.28 1.23 0.42
Leaf 62.27 19.67 10.78 7.28

5. Solid Waste Management Practice of Rajshahi City

In Bangladesh, the city authorities generally manage
MSW though its solid waste management system is not so
up-to-date and well organized. In Rajshahi city, there is no
separate department responsible for managing the municipal
solid waste. This condition is same as the other city
corporations and municipalities in Bangladesh. Conservancy
section of city corporation is responsible for maintanace and
manage the sanitary system. The chief conservancy officer or
the conservancy officer has to comunicate with the transport
department to collect the waste from the collection point and
bring them to the final disposal site. Some NGOs and private
organizations also work along with municipality authorities.
Source storage and separation are done in an informal and
uncontrolled means; hardly 30-40% of city dwellers
practiced it [18]. Recently, in some areas NGOs have taken
initiative to collect soild waste from door-to-door. NGOs and
city authorities collect wastes from generation sources by
door-to-door collection systems. Residents as well as NGOs,
city authorities are responsible for bringing their waste to
cities waste collection points where dustbins/containers are
located. Wastes, which are, dropped into the primary
disposal points, are carried to the secondary collection points
by vans. Wastes are finally transported from secondary point
to the final waste disposal point by trucks and tractors. As
there is no special department to handle the situation MSW
and conservancy section, in general is conducting this job
along with its other responsibilities such as street sweeping,
drain cleaning, street lighting etc. As a result, required
attention and efficient management could not be obtained
from the responsible department of city authority as required.

Around 0.9 million people live in Rajshahi metropolitan
area (92.93 km?. They produce about 450 metric ton
wastes/day. Conservancy Division of RCC is set to dispose
off and manage these wastes including the medical wastes.
Among the 30 wards under RCC, half of the wards are
covered by ‘door to door waste collection’ facilities. There
are 22 secondary collection points and one dumping site at
Terokhadia. Among the different collection points, hospitals,
railway station, and Shaheb Bazaar are covered by RCC
collection system [24]. Residents of Rajshahi city are
responsible for bringing their waste to the collection points
where dustbins/containers are located. Some portions of
waste however, recycled by the informal sectors or waste
pickers and rest of waste disposed onto the low lying areas
from the primary disposal points. Wastes, which are, dropped
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into the primary disposal points, are carried to the secondary
collection points by vans. For the secondary collection
system, about 213 vans are employed to carry these wastes to
22 secondary waste disposal points in the RCC area. Wastes
are finally transported from secondary point to the final
waste disposal point by trucks and tractors. About 12 tractors
or trucks are employed in order to transport these wastes, to
the final disposal point. Final disposal point is located in
Terokhadia, Rajshahi. Wastes are also recycled from the
secondary disposal points as well as the final disposal points
by the waste pickers. Bari et. al. [25] reported that around
8.25% of the daily waste are recyled in this cities. About 310
metric ton/day wastes are collected and disposed off in the
waste disposal area rest of wastes are recycled by waste
pickers , illegal dumping and are collected by the farmers for
making of compost for agricultural lands.

6. Solid Waste Disposal Site or Landfilling

Landfilling is one of the most common and comparable
environmentally friendly methods of municipal solid waste
(MSW) disposal. In cities waste is collected by respective
municipality’s authorities and transported to designated
disposal sites. The insanitary methods that adopted for
disposal of waste which causes serious health and other
associated environmental problems. There is no controlled or
sanitary landfill in Bangladesh. The unsanitary landfill sites
produce leachate which is responsible for the pollution of
ground water [26]. Further this also responsible for bad odors
and risks of fire of methane gas that can amass at the landfill
site [27]. Rouf et al.[28] shows that the huge amount of solid
generation by the human activities and its diversification and
the detrimental effects on the environment and the human
beings, have led to an growing awareness to promote
scientific methods for safe disposal of wastes. Batool et al.
[29] shows that the landfilling is the major contributor of
greenhouse gas emission to environment.

Waste collection rate in different urban areas in
Bangladesh in not up to mark and varies from 37% to 77%
with an average of 55% with the existing solid waste
management structure. The collection of rate of MSW in
Rajshahi city was around 56.67 % [4]. Uncollected waste,
high proportion of which is organic, deposited in open
spaces, where its accumulation contributes to foul odors,
rodents, and clogged storm water and sewer drains

6.1. Land Requirements of Solid Waste Disposal

The total land area requirements for dumping the solid
waste can be calculated by considering the depth of land
filling as 4m and with or without composting. Solid waste
density without compaction in the indian sub-continent has
been found as 1.1 ton/m® [30]. Land requirements for
landfilling without composting are calculated as follows:

Wsate generationx Collection efficiency

Landfilled area =
Waste density xdepth of landfilarea

Then the total landfill area could be calculated by
multiplying a factor of increase in additional area of roads,

border setback areas, control building and sanitary facilities,
maneuvering yard, etc. This is between 20 and 40% of the
area to be filled. Based on the waste collection rate as 80%
and a factor of 30%, the projected land requirement for a
year is presented in Fig. 2. It is observed that the landfill land
increased with the MSW generation in a step rate. In 2005,
total land required for land filling the waste was just over 6
acres; it is projected almost double in the year of 2015. This
estimates that with further generation of MSW in the
growing city, it would be necessary will lead to use much
large area for waste disposal. The additional land
requirement for waste disposal will lead to reduce the land
for crop production as well as the residential area. In this
way, in future it create crisis, due to scarcity of land space.
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Fig. 2. Estimation of projected landfill land requirements

7. Estimation of Landfill Gas and Energy Potential from
MSW in Rajshahi City

Landfill gas from MSW depends on the number of
factors. These factors include the composition of waste,
moisture content and temperature of the waste as well as the
age of the waste. Landfill gas which is CH, (50-55%) and
CO, (40-45%) by volume is produced from waste by
bacterial effect. On the other hand, landfills also emit other
compounds like honmethane organic compounds and volatile
organic compounds which have the detrimental effects on
environments and living beings around the landfill site.

The CH, emission from the various organic compounds
of waste has been estimated by the method proposed by
Intergovernmental Panel on Climate Change (IPCC, 1997)
[31].The following equation used to estimate the CH4
emission from landfill:

CH, emissions, tones = MSWt x MSW¢ x MCF x DOC x
DOCgx F x16/12----=-=------- Q)
Where, MSW-:= Total MSW generation (tones)
MSWe=Fractions of MSW disposed of to landfills
MCF= Methane correction factor
DOC= Fraction of degradable organic carbon
DOCk=fraction of total DOC that actually degrades,
F=Fraction of methane in LFG.

Under unmanaged conditions of the landfills, MCF
value could be taken as 0.6 [32]. According to IPCC, DOC
ranges from 0.08 to 0.21, considering the characteristics of
waste DOC value is taken as 0.17. Again, a default value of
0.77 of DOC:k should be considered because the degradation
of organic carbon is not tottaly occure over the period of
time. On the hand, the vaue of F was taken as 0.55 based on
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solid waste charatistics [33]. Using equation 1 total methane
generation of Rajshahi city from MSW is listed in table 4.

Table 4. Energy and environmental benefits from MSW in
Rajshahi City

Parameter 2005 2010 2015 2020
Estimated CH, 4865 | 7549 | 9394 | 10803
emission, tons /yr
Equivalent CO, 15156 | 158508 | 197279 | 226871
emission, tons/ yr
Electricity
oot Mwe | 343 | 830 | es1 | 76

It is a great challenge for developing world to develope
the innovative, low-cost but effective and sustainable
measures to reach a basic level of improved sanitation [34].
However, landfill CH,; emissions is decreasing in the
developing countries as more sanitary landfilling practices
are implemented. Capturing the CH, gas to generate
electricity or other thermal application could be a potential
soure of power in addition to sustanable ways to manage the
waste.

Total 6.61MWe electricity generation is achievable in
2015, taking calorific value of CH, as 55,530 kJ/ kg and
efficiency of the gas engine as 40% [35]. CH, emission is
considered as 21 times more global warming potential than
the CO, [35] and estimated around 7549 tons/yr. In this way
60-90% waste reduction is acheivable which is one of the
major advantages of recovery of energy from solid waste.
This will reduce the damand of land as well as the cost of
transportation and net reduction in environmental pollution.
Such types of project would be viable if environmental
management concern along with the energy (heat or
electricity) is seen as a bonus [36-37].

8. Conclusion

In 2015 and 2020, the MSW generation in Rajshahi City
was projected as 540, and 644 tons respectively. This
resulted in CH, emission 9394 tons in 2015 and 10803 tons
in 2020. Equivalent CO, emissions are 197279 tons in 2015
and 226878 tons in 2020. Landfill gas recovery projects
provide a highly effective means of reducing overall
greenhouse gas emissions from landfills and consequently
electricity generation from landfill gas. The electricity
generation potential from the landfill gas 6.61MWe in 2015,
projected estimation 7.6MWe in 2020. Sanitary Landfilling,
which is the controlled disposal of waste on the land, is well
suited to developing countries like Bangladesh as a means of
managing the disposal of wastes because of the flexibility
and relative simplicity of the technology. Government should
take initiative along with the NGOs and private body to
develop the existing landfill site to capture LFG to generate
electricity. This will help to reduce dependency of fossil fuel
based power plant to mitigate the current energy crisis as
well.
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