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Abstract

Management of municipal solid waste (MSW) is a major concerned for Allahabad city as the city is growing with population and the
increase is 20.74 percent for the last 10 years. In this regard, MSW samples were collected from twenty wards and three dumpsites to
estimate composting, energy and gas generation potential for MSW Management. It was observed that the MSW is not suitable for
composting because C/N ratio was found to be less than 30:1. Existing gas generation model is modified and found a bioreactor
landfill with leachate recirculation would be the best method for the MSW management.
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1. INTRODUCTION

Waste disposal in open area or low lying area amg
practised by communities for more than five thousgears
[18]. Many Indian cities still considered open dungpas the
preferred means of disposing municipal solid wasI&W)
because it is generally the easiest and the cheamss of
dealing the refuse compared to other methods fikmération
and composting. But due to urbanization and ineess
population from 11% in 1901 to 26% in 2001 [8], tikes are
facing serious problems of managing its MSW. Altglo in
India, MSW (Management & Handling) Rules has comte i
effect in the year 2000 for collection, segregatistorage,
transportation, processing and disposal of municgmdid.
However, this rules are not being fully implementat
Allahabad city and disposal of MSW is still contasuthrough
open dumping [11]. This practice is not only causes
environmental hazard but also an ecological imlzatat
leads to land, water and air pollution [12]. Thejonaffects
that takes place in and around the dumping sitesrathane
emission, greenhouse effects, ozone depletion, redou
generation of leachate, settlement due to biodegjad and
water pollution [5; 6; 7].

The production of MSW was 509 ton/day with per tapi
generation rate 0.52 kg in 2005 for Allahabad cityd
expected to reach the generate rate 0.60 kg/cdajtah 2012
[15; 16]. MSW of the city contains 45.3% organictteaand
40% inert materials (bricks, fine dust, rubber, doteather,
etc.). The percentage of recyclable materials $glgmper
plastics, metals etc.) is very low. It is due tg mckers, who
collect and segregate recyclable materials fromectbn
point and disposal sites which are not in big numij&6].
There is no modern landfill available to manageM®&W and

the waste is dumped in a mixed form on open wastd br
low lying areas. These days, the most promisingrtelogies
for the MSW management are composting, incineratiod
landfilling. Composting of MSW is the most simplaedacost
effective technology for treating the organic frantof MSW
which can be determined from C/N ratio. Incinenatis an
efficient way to reduce the waste volume but resgliiheavy
investments with high operating costs and suitighdan be
determined from the calorific value of the MSW. Mod
landfilling with leachate recirculation and energgcovery
such as bioreactor landfill has also proved goaliltefor
MSW management [14].

In the present study various physico-chemical patars like
Carbon, Hydrogen, Oxygen, Nitrogen, Sulphur, alavith

moisture content and volatile matter (VM) for MSWens
analyzed and determined the energy, composting gasl
generation potential for the Allahabad city. Thecomes of
the analysis were used to suggest the best suitadiieod of
MSW management among energy recovery, compostidg
landfilling.

2. STUDY AREA

2.1 Study area

Allahabad, a major city of east Uttar Pradesh Sthtdia),
situated at 25.25 North latitude and 81.58 Eaggitades. The
population was 49, 36, 105 in 2001 and has reatth&@, 59,
798 in 2011 [10]. This shows that city is growingthw

population and there is an increase in 20.74 pesiroe 2001.

The total area under Allahabad district is abo815&q km.
Allahabad Municipal Corporation is responsible fire
management of the MSW generated in the city. Tl isi
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having 80 wards divided into four zones (N, S, & &) and
six dumpsites. Out of 80 wards and six dumpsit@swards
and 3 dumpsites were selected for sample colleetsoshown
in Figure 1. Samplings were carried out during rienths of
July, 2009 to June 2010 as per international stan@g Total
five numbers of sampling were carried out during mhention
period with equal interval of time. The selectidrtiee source
of MSW was predetermined randomly to accommodalte al
types of sources (i.e. high, medium and low regiden
households, institutional, commercial and otherrces). To
carry out the analysis a number of items of equigtnii&e
hand protective plastic gloves for handling, scalagable of
weighing up to 10kg, smaller range scales for tertanalysis,
10 mm thick plastic sheets to cover the floor, fitabag for
collection and sorting of solid wastes, trash bagcbllection
of already processed wastes, and field observatee used.

2.2. MSW sample preparation

Samples collected from different locations were
heterogeneous mixtures. The collected samples were
segregated on the basis of visual inspection. Ohe¢he
fractions obtained in the segregation process wasaire of
kitchen/ food waste, plants, and other biodegradabhtter
referred as compostable matter in this study. Tordigns of

the waste were not taken for the analysis includetals, glass,
rubber, plastics, bones, textiles etc. Polythergs lveere used

for the collection of wastes. Polythene bags weseenair
tight to prevent the moisture losses.

&=

Figurel. MSW Sampling Site

The collected samples were transferred to the &bor on
the day of sampling. It is not possible to removke tlae
unwanted substances (metals, glass, plastics eio) the
sample on the spot therefore the sample was regaigd in
to the laboratory to remove these substances. Epape
homogeneous mixture of the MSW, samples were then
properly mixed with the help of mixer. A properlyixad
sample from mixer of 50 g was taken and oven dite@
constant temperature of 105 °C for an hour. Grigdihoven
dried samples was done with the help of small sibeer to
convert it in the powdered form.

3. METHODOLOGY
3.1 Energy Content

The chemical compositions of the organic matteMBW
such as the percentage of the C , H, O, N and % wer
determine by using CHNS analyzer (Model-Elementéayio
MICRO) as per ASTM E 777-87 & ASTM778-87 [3].
Calorific value of the MSW was then determined tsing
Mott and Spooner Model shown [13] as,

Energy Content (kcal/kg)

=80.3C + 338.9H - 3.470 + 22.49S Q)
Where C = Carbon in Percent, H = Hydrogen in Pdrderr
Oxygen in Percent, S = Sulfur Percent

Again, on the basis of volatile organic matter (Vihd
moisture content (W) the energy content can beimddaby
Bento’s model [1] as

Energy Content (kcal/kg)
= 44.75VM - 5.85W + 21.2 2

3.2 Gasgeneration

Landfill gas generation can be modelled using fioster
kinetic empirical model to estimate methane gad2;by Eq.
3.

G =WkKL, exp(-kt) (3)

Where, G is the rate of methane generation*/§rear), W is
mass of solid waste deposited (ton/ye&n,is the methane
generation potential (ffton), andk is the first order kinetic
decay constant (1/yeat)js time interested for gas generation
(year).

US EPA Land GEM model [17] is modified incorporatigas
generation with depth (z) as shown in Eq. (4).

n Z

G=) > Wkl exp(kt;;)

i=1 j=1

(4)
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where, j is the starting time period of waste désgpz is the
total number of years for waste disposal (yearhwliépth, i is
the post closure landfill starting period, n is fest closure
gas generation period, Wj is mass of solid wasteosited
(ton/year), , and k is the first order kinetic dgaonstant
(1/year).

4. RESULTSAND ANALYSIS

The moisture content in the MSW varies maximum agson
all the compositions ranging from 21.3% to 39.08%hvan
average percentage 27.33% as depicted in Tablé Wad
observed that the dumpsites and the sites having lo
collection frequency generally have lower value tbie
moisture content. The moisture content of the wastkected
from commercial areas were observed higher valmeesi
regular collection of waste takes place from thassas and
also the waste contains high amount of food wéiteilarly,
Oxygen content varies from 12.22 to 22.25% and @arb
varies from 7.33% to 13.74% with an average va2&4 %.
Solid waste contains less percentage of Hydrogétmodén
and Sulphur and estimated value is less than 1%litoogen
and sulphur; however hydrogen varies from 0.81.6® Ivith
an average value 1.33% as shown in Table 1.

4.1 C/N Ratio

The carbon to nitrogen ratio (C: N ratio) is thdatiee
percentage of carbon to that of nitrogen in variooganic
materials. C/N ratio is a critical parameter in tihesign of
composting system and should ideally lie betweemrb 50,
the optimum value being 25:1 [4]. In present stitdwas
observed that the C/N ratio of wastes is not vaghhC/N
ratio in the MSW varies from 16.00 to 24.55% asicten in
Figure 2 with an average percentage 19.72%. The rafid
can be adjusted by blending of waste of high C/ibrée.g.
saw dust, paper) with the waste of low C/N ratiay(g/ard
waste, raw activated sludge).
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Figure 2 C/N Ratio for all sites

4.2 Energy content

The percentage of calorific value present for h# sites is
shown in Figure 3. The calorific value of the waist@ot very
high because of lower percentage of the carbon hagider
oxygen content in the waste. It was estimated gneogtent
varies in the range of 2495.60 to 2972.02 kcalkigg Eq. (1);
however, Eq.(2) estimated using volatile organiotent and
moisture content lesser energy content and averalge was
observed as 811.05 kcal/kg. This shows that MSWhak
suitable for incineration as minimum recommendeldiesdor
incineration is 1433 kcal/kg for any season [19pbwdver
with dried condition, it is possible to use forimeration.
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Figure 3 Energy content for all sites

4.3 Gas generation

It is assumed twenty years for the closure of #gralfill with
all the waste generated dumped in landfills. Th@agament
of solid waste for Indian condition suggested thatan be
made controlled sanitary landfill or bioreactordéits [14].

The model parametér is taken as 170 #ton andk as 0.05
year® for controlled sanitary landfill while 0.15 fordreactor
landfill with leachate recirculation respectivel9].] W was
calculated 16.33 ton/year for the Allahabad cityetiane
production rates estimated using Eq. (2) is shawRigure 4
for controlled and bioreactor landfill with leachat
recirculation. It depicts that the gas generat®higher at the
initial and during closure of landfill i.e. at tlead of 20 years
for bioreactor landfills with leachate recirculatioompared to
controlled sanitary landfills. After 40 years ofetlclosure of
landfills, there would be no gas generation forrééator
landfills whereas gas generation would continueohdy90
years for controlled sanitary landfills. This showtkat
bioreactor landfills with leachate recirculation wid be
beneficial for Allahabad city because it will natlp generate
energy but also possible to use landfill after 830 years of
closure.
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CONCLUSIONS

Table 1. Measured values of C, H, N, S, O, VM and W (%\dgjght)

SiteNo. | C H N S VM w

1 9.22 0.95 0.56 0.20 36.10 15.64 29.09
2 10.25 1.08 0.48 0.21 35.18 15.47 29.33
3 7.33 0.81 0.46 0.19 31.82 14.65 24.09
4 12.95 1.50 0.65 0.23 43.34 20.49 35.20
5 9.55 1.07 0.54 0.19 44.66 16.97 36.42
6 13.74 1.60 0.69 0.18 43.96 22.18 34.68
7 12.67 1.25 0.52 0.21 43.03 19.33 35.46
8 10.97 1.23 0.62 0.19 43.97 17.79 36.39
9 11.78 1.28 0.65 0.20 35.42 18.37 28.44
10 11.19 1.28 0.61 0.18 42.68 18.53 34.63
11 11.31 1.23 0.57 0.20 43.72 18.71 35.37
12 11.26 1.26 0.57 0.21 36.65 19.27 27.54
13 9.65 1.15 0.50 0.20 42.05 15.97 35.03
14 7.68 0.96 0.45 0.20 32.65 13.20 26.60
15 11.63 1.38 0.56 0.25 31.86 18.36 24.57
16 11.34 1.23 0.62 0.20 41.38 18.02 33.96
17 10.25 1.19 0.43 0.19 30.83 18.12 22.82
18 12.23 1.44 0.62 0.23 45.30 18.07 39.08
19 10.53 1.16 0.53 0.18 29.47 16.82 22.54
20 12.93 1.55 0.70 0.26 34.94 20.82 26.68
21 10.55 1.22 0.54 0.24 29.92 18.33 21.30
22 13.47 1.34 0.58 0.20 41.92 22.25 32.08
23 13.19 1.40 0.56 0.22 36.47 21.37 27.71
AVG 11.12 1.24 0.57 0.21 38.14 18.21 30.39

Energy, composting and gas generation potentiaé werdied
to suggest the best sustainable method for MSW geanent.
It was observed that MSW for Allahabad city is saitable

for composting because of low C/N ratio. Howeveis i

possible to accomplish incineration in dried formdadding
high calorific value material such as plastic. Theesent
scenario suggested that best suitable technique tHer

sustainable MSW management would be bioreactorfiland

with leachate recirculation. Further research candbne to
suggest best composting methods by the process of
segregation and blending of waste.
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Figure 4 Estimated Methane productions
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