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A Glance at the World
Edited by Maria Cristina Lavagnolo

This column comprises notes and info not subjected to peer-review focusing on waste management issues in different corners of the world. Its aim
is to open a window onto the solid waste management situation in any given country, major city or significant geographic area that may be of
interest to the scientific and technical community.

Characterizing the solid waste of Magura
Municipality, Bangladesh

Magura municipality with an area of 47.31 sq.km has no proper
solid waste management system. Solid waste is one of the major
problems in Magura municipality. People face troubles due to
different types of contamination from solid wastes. Day by day
the amounts of solid wastes are increasing alongside the rapid
population growth, especially in the municipality area. Therefore,
solid waste creates a hazardous situation for waste management
in urban life and deteriorates the daily life of people with losses in-
curred by the economy and damage inflicted on the environment.
The present research will highlight the present situation of solid
waste generation, the composition and basic physico-chemical
characteristics and present solid waste management scenario of
Magura municipality of Bangladesh in order seek better manage-
ment options.

Materials and methods

Data for this study were collected by a researcher using face to
face interview schedule, and a laboratory test of solid waste from
January to May 2009. The necessary data required for the studies
are mainly of two types: (1) Primary data and (2) Secondary data.
Primary data were collected from a field survey via questionnaire
and from a laboratory experiment. Secondary data were collected
from different sources according to varying needs. Secondary infor-
mation such as statistical data, reports and maps have been col-
lected from various Governmental and Non-Governmental
organizations such as Magura municipality, the Bangladesh Bureau
of Statistics, Banglapedia and survey reports, etc. For questionnaire
surveys, the household is used as a sampling unit and a random
sampling procedure has been used to collect data. A total of 138
households, twenty five ‘Tokai’, fourteen ‘Street Hawkers’, six
‘Vangari dokans’ and three Wholesalers were surveyed. To obtain
information a questionnaire was prepared to deal with all the
aspects. A specific interviewing method was applied to collect
the information.

Solid waste was sampled from different randomly selected
sources on 3 occasions and was analyzed for estimating the gen-
eration rate of solid waste in the study area. To identify the
composition, solid waste samples were randomly collected both
from generation sources and secondary disposal sites in the

study areas and sorted into different categories. Subsequently,
the weight of each component was measured and samples from
each source were analyzed 3 times. Three solid waste samples
were collected from the randomly selected points of the study
area and tested in the laboratory to determine their physical
and chemical properties. For a physical and chemical character-
ization of those solid waste samples a number of sophisticated
instruments were used and standards methods were followed.
pH, Moisture content, Total solid content, Volatile solid content
and Ash residue are determined through a proximate analysis
in the laboratory. The bulk densities of waste are determined un-
der three conditions that are designated as loose, medium, and
compact by using a mold (container) and used in Standard Proc-
tor Test of soils for compaction. Particle sizes of constituent of
MSW are determined using a set of locally manufactured sieves.
The sieves have square openings, and the sizes of the opening
are 400, 300, 200, 100, 75, 38.2, 19.1, 9.52, 4.76 and 2.36 mm.
Organic carbon is determined by Walkley and Black’s wet oxida-
tion method. The organic matter of the solid waste sample is de-
termined by the equation of organic matter in solid waste
(%) = (%) organic carbon ! 1.724, where 1.724 is called the Van
Bemmelen factor. Nitrogen is determined by the Persulfate di-
gestion method and Phosphorus is determined by the Ascorbic
acid method. Potassium and Calcium of the collected samples
are determined using the Atomic absorption spectrophotometer
method (model: VARIAN AA240).

The amount of biogas (X) generated from MSW is calculated
from the relation: X (m3) = Amount of raw materials (solid waste,
Kg) ! Total solid contend (%) ! Gas generation rate per unit of solid
(m3/Kg) ( Source: Biswas and Lucas, 1996). The expected amount of
energy (E) from biogas is calculated from the relation: E (kJ) = X
(m3) ! (%) of methane ! lower heating value (kJ/m3) (Source:
Biswas and Lucas, 1996).

Generation rate of solid waste

The quantity of daily solid waste generation is estimated as
45.903 tons within Magura municipality. A major source of gener-
ated solid waste are residential areas, which amounts to 82.49% of
total generated solid waste, arriving at 12.18% in commercial areas,
1.38% in instititional areas, 2.22% in street sweeps and 1.75% in
other areas. The population of the municipality is 86,445 (BBS,
2004). Consequently, solid waste generation rate as estimated is
0.531 kg/capita/day.
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Composition of solid waste at sources

This study demonstrates that food and vegetable wastes are
76.32%, whereas paper and paper products are 9.79%, which is lar-
gely lower than food and vegetable waste in Magura municipality.
Plastics amount to 3.26%, indicating that packaging materials are
not closely related to daily life activities. The metal component is
only 1.25%, which is very low quantity, while the dust and ashes
are 4.77% resulting from the daily street, house and yard sweepings.

Composition of solid waste at secondary disposal sites

This research reveals that the average food and vegetable
wastes are 75.81%, with paper and paper products reaching 4.9%,
which is much lower than food and vegetable waste in secondary
disposal sites. Plastics reach a level of only 2.79%, meaning that
packaging materials do not play a significant part of daily life.
The metal component is only 1.71%, which is a very low quantity,
while dust and ashes amount to 1.32% resulting from the daily
street, house and yard sweepings.

Physical and chemical characteristics of municipal solid waste

The physical and chemical characteristics of MSW in Magura
Municipality are shown in Table 1.

Overview of the present solid waste management system in the study
area

Storage system of solid waste: The respondents mainly dispose of
their daily solid waste beside their homes, which amount to approxi-
mately 31% of the total households, and 26% of households dispose of
refuse in open dustbins and 22% of households dump refuse into a

hole. Households and commercial institutions dispose of refuse in
municipal fixed bins located on the footpaths at irregular intervals.

Collection system of solid waste: In some areas of Magura muni-
cipality, wastes are primary collected by door-to-door collection
systems and in other areas, house dwellers or servants carry
wastes to nearby community bins/ secondary sites of their own ac-
cord. Magura municipality has 58 dustbins, 12 vans for primary
waste collection with 114 conservancy staff, with a collection area
34.31 sq.km. About 46 tons of wastes are generated daily in the
Magura municipal area and only 37% of the total generated wastes
are collected by municipality workers, with the remaining (63%)
dumped irregularly.

Resource recovery from solid waste: At present it is estimated
that between 2646 to 5292 people are working in the informal sec-
tor activity relating to waste recycling in Magura municipality.
About 85% of total generated waste is made up of organic or
non-recycling materials. The informal sector deals only with inor-
ganic wastes. The informal sector is responsible for recycling 15%
(among this 5% iron, 4% paper and paper products, 3% plastic, 2%
glass and 1% others) of total generated solid waste in Magura mu-
nicipality. Another form of recycling is composting. There are no
developed composting plants and incineration plants in Magura
municipality. The area of the present disposal site in Magura mu-
nicipality covers about 4 acres.

Potential management options for solid waste

The average values of nutrients in MSW of Magura municipality
are organic carbons 22.27%, nitrogen 1.8%, phosphorous 0.403%,
potassium 1.494% and calcium 1.799%. These nutrient values are
suitable for the composting of solid waste because these values
are within or close to the nutrient concentrations of compost avail-
able in the international market and produced using the Indone-
sian Windrow Technique. The production potentiality of biogas
in Magura municipality is 3845.04 m3, with the expected amount
of energy from biogas in Magura municipality believed to be
47478.554 MJ. The total volume of space required per year for solid
waste disposal is about 6636 m3 in Magura municipality.

Final remarks

Magura municipality produces a significant amount of munici-
pal solid waste (45.903 tons per day) which is mostly organic with
a per capita generation rate of 0.531 kg. Only about 37% of total
MSW is collected by Magura Municipal authority with the rest of
the MSW remaining scattered in the municipality area. From the
result of physical and chemical analyses, it has been found that
the values of the MSW of Magura Municipality are suitable for
composting, biogas production and other potential management
options. Considering this situation, increasing financial support,
improving technology and building up awareness may be the best
strategies for improving the management system of municipal so-
lid waste in Magura municipality.
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Table 1
Physical and chemical characteristics of MSW in Magura municipality. Source: Lab
analysis, 2009.

Parameter S1 S2 S3 Average

Physical characteristics
pH 6.23 6.15 5.85 6.08
Moisture content (%) 67.74 49.62 62.13 59.83
Total solid content (%) 32.26 50.38 37.87 40.17
Volatile solid content (%) 74.98 58.84 52.50 62.11
Ash residue (%) 25.02 41.16 47.50 37.89
Bulk density (kg/m3)

Loose 578.32 492.56 4.73 514.63
Medium 633.12 504 738.39 625.17
Compacted 797.21 648.60 942.72 796.18

Percent finer sieve opening (mm)
200 100 100 100 100
100 91.67 79.17 87.5 86.11
75 79.17 62.5 71.67 71.12
38.2 70.83 50 55 58.61
19.1 54.17 41.67 44.17 46.67
9.52 41.67 30 31.67 34.45
4.76 33.33 21.67 21.65 25.55
2.36 16.67 11.67 13.33 13.89
pan 0 0 0 0

Chemical characteristics
Organic carbon (%) 24.96 22.46 19.39 22.27
Organic matter (%) 28.53 36.99 33.43 32.98
Nitrogen (%) 1.2 1.7 2.5 1.8
Organic carbon/nitrogen 20.8 13.21 7.76 13.92
Phosphorous (%) 0.391 0.48 0.339 0.403
Potassium (%) 1.693 1.94 0.848 1.494
Calcium (%) 1.678 2.004 1.714 1.799

Here, S1 = residential area, S2 = commercial area, S3 = dumping site.
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Use of cast seaweed and pectin production waste for anaerobic
digestion in Solrød Municipality, Denmark

Expanding the production of renewable energy has been high
on the national and local political agendas in Denmark in recent
years. In 2008, the Danish government assigned a working group
of experts from various fields called the ‘‘Danish Commission on
Climate Change Policy’’, to present a solution on how to phase
out the use of fossil fuels in coherence with the ambition of the
European Union to reduce green house gas emissions by 80–95%
by the year 2050 compared to 1990. The working group presented
their results in 2010, after which the Danish government presented
their ‘‘Energy Strategy 2050’’ based partly on the recommendations
made by the working group. The expansion of biomass use as a
source of renewable energy is suggested as being a key part of
transforming the energy supply in Denmark, and bringing it further
away from the use of fossil fuels.

The municipality of Solrød is situated 20 km south of Copenha-
gen, Denmark alongside the strait of Øresund. As a signatory of the
Covenant of Mayors (an EU initiative to support local governments
to reduce greenhouse gas emissions), the city council has passed a
‘‘Strategic Energy Action Plan’’, where concrete actions and their
projected effects are listed. The overall objective is to reduce total
green house gas emissions in the municipality by 50% in 2025 com-
pared to the baseline year 2007. One of the most important actions
listed has been the construction of a biogas plant using locally
available materials – including cast seaweed. The bay of Køge Bugt
is, like many other coastal waters in Denmark, nutrient rich. This
leads to a large amount of seaweed washing up on the shores of
the bay each year. A thick ‘‘blanket’’ of decomposing seaweed
sometimes extends 50 m into the bay. Due to bad odor, and since
the seaweed inhibits the recreational use of the sandy beaches, lo-
cal inhabitants have a strong wish to have the material removed
from the beach and water. This is now being done, causing several
thousands of tons of waste in need of treatment each year.

Project framework

A feasibility study was carried out in 2009–2010. The overall
aim was to develop a bioenergy concept in a region with a rela-
tively low concentration of livestock, by including alternative bio-
mass fractions such as cast seaweed and organic waste from the
production of pectin and carrageenan. Specific aims included: de-
termining the availability and suitability of organic materials for
anaerobic digestion; optimizing the collection and pretreatment
of organic materials; developing the optimal technological and
economical incorporation of energy production in the local energy
supply infrastructure, and assessing and evaluating on an environ-
mental level the possibilities of using degassed biomass.

The use of seaweed for energy production has been the subject
of several studies. Some of them have concerned both cast sea-
weed, which washes up on beaches, as in this study, or otherwi-
seon growing macro algae as an energy crop.

Hansen, 1982 studied macro algae species native to Scandina-
vian waters in fermentation studies. The measured methane po-
tentials were 350–480 ml CH4 g VS"1. In the batch experiments,
which were conducted at mesophilic temperature, the gas produc-
tion was rapid, and almost completed after 12–15 days. In a recent
study on the potential of methane production from cast seaweed in
southern Sweden, methane potentials of locally collected unspeci-
fied seaweed was measured as 120 ml CH4 g VS"1 (Nkemka and
Murto, 2010).

The reported measurements of methane potentials of pectin
waste are scarse. However, Bafrani, 2010 reported yields of

360 ml CH4 g VS"1 in batch experiments after 30 days of fermenta-
tion of citrus waste, which had undergone pectin recovery.

Evaluations performed for the pectin and carrageenan produc-
tion facility, which has participated in this study, concluded that
pectin waste is not usable as a mono-substrate for anaerobic diges-
tion. Pilot scale studies showed, however, that co-digestion with
manure is feasible. Since their waste materials have to be fed to
a biogas reactor as part of a mix, it has been decided that the pectin
and carrageenan production plant should not to proceed alone in
the energy utilization of the waste, despite its promising measured
methane potential.

Determination of availability of biomass fractions

A local entrepreneur has collected cast seaweed along the entire
3.7 km coastline in Solrød Municipality in recent years. According
to the entrepreneur, the amount collected in 2009 was 4000 t of
material corresponding to 1080 t km"1. Three sampling campaigns
were performed to assess the composition of cast seaweed with re-
gards to content of total solids, volatile solids as well as total nitro-
gen, phosphorous and potassium. One of these campaigns were
performed while the beach was being cleaned to evaluate the com-
position of material collected, according to usual practice in Solrød
at the time.

Interviewing the production manager at the local pectin and
carrageenan manufacturing company provided data on amounts
and compositions of pectin and carrageenan wastes, which were
available for anaerobic digestion.

The Danish Ministry of Food, Agriculture and Fisheries main-
tains a database on livestock covering every farm in Denmark. This
data is publicly available, and was used to determine the number
of pigs and cattle within a radius of 15 km of the proposed site
of the biogas plant. Multiplying the number of cattle and pigs re-
trieved from the database with data from the same authority on
average amounts of manure per animal, a potential for pig and cat-
tle manure for biogas production was found.

Environmental assessments

As part of the project, three biogas plant concepts were devel-
oped, which differed in type of energy utilization: Use for proces-
sing energy at the pectin and carrageenan production facility,
biogas upgrade, and supply to the natural gas grid and production
of electricity and heat in a gas engine, where the heat energy is
supplied to a local district heating grid.

To evaluate the effects on green house gas emissions of each of
the three plant concepts, the positive and negative effects were
quantified in view of constructing a biogas plant, and comparing
it to the present situation. Positive effects included in the calcula-
tions were the substitution of fossil fuel use, the substitution of fer-
tilizer with degassed biomass, and a reduction in methane
emissions caused by the anaerobic decay of seaweed and other bio-
mass fractions. Negative effects included electricity use at the bio-
gas plant, and the transport of biomass to and from the biogas
plant.

Biogas production

The amounts of locally available organic materials suitable for
anaerobic digestion were quantified. The available amounts were:
pectin waste (77,000 t year"1), carrageenan waste (2400 t year"1),
cast seaweed from Solrød and neighboring municipalities
(22,200 t year"1), manure from pigs and cattle (52,800 t year"1)
and horse manure and grass cuttings in lesser amounts. A chemical

A Glance at the World / Waste Management 32 (2012) 2185–2188 2187



analysis showed that the content of heavy metals and other com-
pounds would allow for the use of the degassed materials as ferti-
lizer. However, in one sample of cast seaweed, the content of
cadmium was above the allowed concentrations, which means that
not all collected seaweed can be used at the biogas plant. Methane
potentials were used to predict the biogas plant production of gas,
assuming that a 75% utilization of the methane potential would be
achieved.

Measured methane potentials were: Pectin waste: 370–460 ml
CH4 g VS"1, and cast seaweed (winter sample): 118 ml CH4 g VS"1.
The first test of pectin waste was perforemd at the mesophilic
temperature yielding 370 ml CH4 g VS"1, which is close to the
value reported by Bafrani, 2010. A second test, which was done
under the thermophilic temperature, yielded a somewhat higher
result: 460 ml CH4 g VS"1. To estimate the biogas production, the
average of the two values was used in the calculations.

The bulk of the biogas production, which was estimated to be
approximately 5.5 million Nm3 CH4 year"1, will be generated by
the digestion of pectin waste. This is due to a high methane poten-
tial, high material availability and a high content of volatile solids
(VS: 98–99%). An analysis of collected cast seaweed using this
method suggested that most of the dry matter was inorganic
(sand). In the calculations of predicted methane production it
was, therefore, assumed that a large fraction of the material was
sorted before anaerobic digestion, and the sand fraction was re-
turned to the beach. If the seaweed supplied to the biogas plant
is on average more recently washed on shore than the sample ana-
lyzed, which was collected previously in January, it may cause the
actual biogas production from seaweed to be higher.

Environmental benefits

Assessments of the net reduction of green house gas emissions
suggest that the production of electricity combined with the pro-
duction of heat for supply to the local district-heating grid will pro-
vide the best results. Two scenarios were analyzed with regards to
electricity production: In the first scenario it was assumed that
produced electricity substitutes production with the average asso-
ciated greenhouse gas emission at today’s levels. In the second sce-
nario it was assumed that electricity production substitutes coal
powered production, which corresponds to the Danish Energy
Strategy, whereby fossil fuel based energy sources are phased
out, and supplies of renewable energy such as biogas are increased.

The least favorable plant concept was the upgrade of biogas for
injection to the natural gas grid. This was partly due to a consider-
able electricity use in the upgrade process. Overall net reductions in
greenhouse gas emissions were 30,400 t CO2"eq year"1 (use of
biogas at pectin production facility), 25,300 t CO2"eq year"1 (biogas
upgrade and injection to natural gas grid), and 32,000 t CO2"eq
year"1 to 40,100 t CO2"eq year"1, depending on emission factors in-
volved (combined heat and electricity production).

The assessment showed that reduction of uncontrolled
methane emission results in approximately 30% of the net reduc-
tion of green house gas emissions. The calculations behind these
figures are, however, based partly on rough estimates.

A valuable environmental benefit is the removal of nutrients
from the coastal area caused by the removal of cast seaweed. From
an assessment of amounts and measured nutrient content of the
collected seaweed it was found that collection of seaweed from
Køge Bugt could remove 120 t N year"1. The entire input to Køge
Bugt of nitrogen including both natural and anthropogenic sources
is estimated to be 1800 t N year"1. An action plan to reduce the nu-
trient load to Køge Bugt is presently in the hearing process. The ac-
tion plan sets out initiatives that will reduce the nitrogen load to
Køge Bugt by app. 86 t N year"1 at a yearly cost of 5.7 million !.
The cost of collecting and pre-treating cast seaweed for the produc-
tion of biogas is estimated to be approximately 1/10 of that
amount, and furthermore will result in revenue due to energy
production.

Based on the findings of the preliminary study, the City Council
of Solrød has decided to proceed in the direction of constructing a
biogas plant based on the mentioned waste fractions. A formal
agreement between the municipality and the pectin and carragee-
nan production facility has been signed, ensuring that pectin waste
will be supplied to the biogas plant. The economic evaluation of the
concepts showed that a biogas plant using the described mix of or-
ganic material could be built and operated with sound economic
performance. The next steps towards the realization of the bioe-
nergy concept include testing the mix of materials in a pilot scale
digester, the preparation of a final, detailed plant design, securing
contracts with biomass suppliers and energy companies, obtaining
the necessary permits and establishing a bioenergy company re-
sponsible for building and operating the biogas facility scheduled
for completion in 2013.
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