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Abstract

Solid waste management is a serious issue in big urban areas due to large amounts of waste being
generated. For example, in Lahore 5000 tons of solid waste is generated daily. Out of which only 70% is
collected and disposed in unmonitored dumping sites, which is a cause of severe environmental impacts.
Huge amount of money is involved in the collection and disposal of this solid waste. Present study is an
effort to find a technique for reducing the amount of solid waste being collected and dumped. For this
purpose kitchen waste composting was studied. Windrow composting was carried out from the kitchen
waste in three different windrows with varying amounts of kitchen waste. One out of the three windrows
was supplemented with sewage and animal manure to observe change in quality and reduction in
composting period. The prepared composts and a compost sample from existing Municipal Solid Waste
Composting facility, Lahore Compost (PVT) Ltd, were analyzed in the laboratory for quality. The results
of the study demonstrated that the compost prepared from kitchen waste was better in terms of organic
content (44.25% as compared to 26.24%) and C/N ratio (10.67:1 as compared to 6.77:1). Moreover, it
was also concluded that the composting period is reduced from 3 months to 1 month by the use of
sewage. If composting of kitchen waste is carried out in backyards of homes then the amount of solid
waste entering the system in Lahore can be reduced by 30%, which is a substantial reduction.

1. Introduction Table 1: Composition of Waste Generated in
The management of Municipal Solid Waste Lahore
(MSW) is a highly neglected area of the overall
environmental management in  most developing Component %age

countries. Developing nations are now seriously
concerned with the consequences of improper
handling of MSW [1]. In Pakistan, MSW management
generally comprises primary and secondary collection
and open dumping of more than 90% of the collected Wood, bones and straw 24.6%
waste. Of the total solid waste generated, only 60% is

Metals 0.5%

Food, Vegetable and Putrescible 30.7%

. o . 9
actually collected in most cities, while the uncollected Paper and cardboard 2.71%
waste lies in topographic depressions, vacant plots, Plastic and rubber 6%
along streets, roads and railway lines, drains, storm -
drains and open sewers within overall urban limits [2]. Textile and rags 7.5%
Glass and ceramics 1%

In Lahore, about 5,000 tons of the solid waste is
generated per day (0.5 - 0.65 kg per capita per day) Misc. inert and debris 27%
[2]. The composition of generated waste in Lahore is
as follows [3-7].

Total 100%
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Only 76% of generated waste (3800 tons/day) in
Lahore is collected [3-7] and sent to the dumping sites
at: (a) Mehmood Booti; (b) Saggian; and (c)
Baggarian. Waste is being dumped without proper
treatment at these sites. This causes critical impacts to
ground and underground water system and soil. The
remaining 24% uncollected waste remains on streets,
roads and open spaces. It is widely accepted that
uncontrolled dumping either in landfills or in open
spaces may cause serious threats to soil and
underground water and threaten human health directly
or indirectly [8-12].

These risks can be reduced considerably by
reducing the amount of waste that is dumped or left
uncollected. This can be achieved by following onsite
composting of kitchen waste. The composting of
kitchen waste not only reduces the amount of waste
entering the waste management system but it also
provides a beneficial end product (compost — a
fertilizer) free of cost. More than 30% of the waste
generated in Lahore is kitchen waste. Therefore, a
30% reduction of waste in the overall waste
management system can be achieved by the practice
of Kitchen waste composting.

At present a MSW composting plant (Lahore
Compost (PVT) Ltd. (LCL)) is operational at
Mehmood Booti. It utilizes a portion of the MSW
entering the Mehmood Booti landfill site for the
preparation of compost therefore it does not take care
of the waste that is uncollected and dumped in open
spaces. Moreover, the quality of compost prepared
from MSW and Kitchen waste may differ from each
other due to the difference in the source of the two
wastes. The present study was conducted to compare
the quality of kitchen waste compost with compost
prepared at LCL from MSW and investigate the
conditions for the preparation of better quality
compost.

2. Materials and Methods
2.1 Raw Material for Composting

Composting requires the presence of two types of
materials a) Nitrogenous (material rich in nitrogen)
and b) Carbonaceous (material rich in carbon)
materials in a proportion. This proportion of
carbonaceous or nitrogenous materials depends upon
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the quality of required compost. A ratio near 1:1 is
usually preferred. [13-15].

For this study kitchen waste was used to meet the
requirements of nitrogen while carbon requirement
was met by the use of dry garden waste. The kitchen
waste for the study was collected in nylon bags on
daily basis from the hostels of “University of
Engineering & Technology” by the staff of the
hostels. This practice was followed for one week for
each composting pile. The kitchen waste consisted of
vegetable and fruit peelings which are rich in nitrogen.

The dry garden waste was collected by the
garden staff from the open spaces in “University of
Engineering & Technology” in nylon bags. The
collection was done only once for each composting
pile because of the large amount of dry garden waste
present during the autumn season in the open spaces
of the University.

Along with carbon and nitrogen, moisture and
oxygen are also required for the microorganisms to
decompose the waste into compost. A moisture
content of 60% is usually maintained during the
composting period for efficient operation of the
microorganisms. For this purpose water was added to
the windrows. For the uniform distribution of water
for moisture content and for the provision of oxygen
to the windrow, regular turning of the pile was done.
[13-15]

2.2 Lay Out of Windrows

Windrow composting was  selected as
composting technique for this study. Therefore, an
area 8ft long and 8ft wide was acquired in the
“University of Engineering and Technology”. The
area was cleared and three composting pads were
prepared for three windrows. These windrows were
desingnated as W1, W2 and W3. The layout of the
windrows is shown in Figure 1.

In W1 and W2, water was used to add moisture
contents while in W3, sewage was used in place of
water. The size of W3 was kept smaller as compared
to W1 and W2 because it was difficult to obtain
sewage which was used for replenishing the moisture
content in W3. The height of all the three windrows
was 0.5ft.



Pak. J. Engg. & Appl. Sci. Vol. 8, Jan., 2011

< 8 ft >
A
N N
fr g
< > W o)
2 - —
- Vv
(v
—>
P W <> W 1.67 ft 8 ft
< " 2 -
Vv
LT ~LeTr v
Figure 1: Layout of Windrows

2.2 Amount of Waste Added to Windrows
and Moisture Contents.

After the preparation of the composting pads,
windrows were constructed by adding varying
amounts of shredded waste in the 3 composting pads.
In case of W3; 0.25 kg dry shredded cow dung was
also added. The amount of waste added to each
windrow is shown in Table 2.

Table 2: Quantities of Waste added in Windrows

Kitchen Garden
Windrow Waste Waste Ratio
(k) (kg)
w1 7.52 13.97 0.54:1
W2 7.71 12.47 0.62:1
W3 0.47 0.72 0.65:1

The amount of kitchen waste and garden waste
mixed was kept different in all the windrows. This
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was done to find a mixing ratio between kitchen
and garden waste at which better quality compost is
achieved. As shown by the ratios the highest quantity
of kitchen waste as compared to garden waste was
added in W3. In addition, 0.15 kg of dry shredded
animal manure was also mixed in W3.

The moisture content of the windrows W1 and
W?2 for this study was maintained by the use of plain
tap water. The characteristics of the tap water used are
shown in table 3.

Table 3: Characteristics of Water Used

Parameters Value
pH 7.8
Total dissolved solids (TDS) mg/L 206
Hardness (as CaCO3; mg/L) 192
Chlorides (mg/L) 14
Iron (mg/L) 0.5
Total Coli form (/100 mL) 2-7
Fecal Coli form (/100 mL) 0-0
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In case of W3 sewage was applied for
replenishing the moisture content. The characteristics
of the used sewage are shown in Table 4.

Table 4: Characteristics of Sewage Used

Parameters Value

pH 7

Total Suspended Solids (mg/L) 200
Settleable Solids (mi/I) 10
Total BOD (mg/L) 210
Total COD (mg/L) 400
Phosphorus (mg/L) 6

Total Kjehdel Nitrogen (mg/L) 40

A sample of compost prepared from MSW at
LCL was also collected so that a comparison between
MSW compost and compost prepared from kitchen
waste during this research work could be made.

After the construction of windrows, a sample was
collected from each windrow for measuring the initial
moisture content. By using the value of initial
moisture content the amount of water required to be
added to the windrows to maintain a moisture content
of 60% was calculated by the following formula.

Moisture Content (%) = (—— — 22y % 100
w.\l’ﬂ.’i‘
Where,
Wyps = Weight of non- dry sample i.e. wet
weight of sample
Wps = Weight of dry sample i.e. dry weight of

sample

The calculated amount of water was applied to
the Wland W2 whereas; instead of water sewage was
applied to W3. Similar calculations were performed at
regular intervals and if the amount of moisture content
fell below 60% water and sewage was added to the
respective windrows.

29

Along with maintaining the moisture content of
the windrows, regular turning of the windrows was
also done for uniform provision of heat, oxygen and
moisture. The turning of the windrows was done twice
a week regularly up to the curing period. The turning
was done manually by hands.

2.2 Tests Conducted

Samples from W1, W2, W3 were analyzed in the
laboratory for moisture content (MC), pH, organic
substance, carbon content (C), nitrogen content (N),
phosphorus. The C /N ratio was found out by using
the values of carbon content and nitrogen content.
These values were compared with the results of
similar tests on the sample from LCL. All the tests
were carried out as per standard procedures laid down
[16-18].

3. Results and Discussion

The initial moisture content (MC) of the compost
raw material was measured. The purpose was to
evaluate the quantity of water to be added to achieve
the desired MC of 60%. The results are shown in
Table 5 below.

Table 5: Initial Moisture Content and Amount of
Water Added to Raise MC to 60%

Windrow Initial MC Amount of
(%) Water Added
(Liters)
W1 28 23
W2 31 20
W3 25 1

After a period of 3 months for W1 and W2 and 1
month for W3, brown humus material as shown in
Figure 2 appeared. This brown humus material
indicated that the composting process had finished and
curing period had started. So, no more measurement
of moisture content or addition of water was done.
During the 1 month curing period only turning of the
windrows was carried out to ensure proper provision
of oxygen. After the curing period the compost was
sieved through a sieve of 25mm to achieve the final
product as shown in Figure 3.
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Figure 2: Brown Humus Product

Figure 3: Final Product

During the composting period a 70% reduction in
the volume of the waste was observed. This is because
the microorganisms decompose the waste into new
cells, compost and CO,. Therefore, the amount of
waste which is converted into new cells and CO, does
not appear in the final product. As, a significant
reduction in the volume is achieved so, this technique
can be used for the reduction of waste volumes.

The analysis of the compost samples for different
parameters yielded the following results.
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3.1 pH

The pH values of the compost of the windrow
W1, W2 and W3 are shown in Table 6. It can be seen
in Table 6 that the pH of all the samples lies in the
alkaline range with a little variation. The alkaline
nature of compost is also reported in the literature
[13]; A little variation can be observed in the pH. This
variation is because of the characteristics of the feed
stock. Incase of sample from LCL the pH is the lowest
because the feed stock is MSW and it may contain
certain amount of material which is acidic in nature.

Table 6: pH
Sample pH Typical Range
w1 7.95
W2 8.26
6-84
W3 8.41
LCL 7.7

3.2 Moisture Content (MC)

The MC of different compost sample has been
shown in Table 7. The moisture content of all the
samples is approximately equal to the typical value as
shown by Table 7. The moisture content of W3 is
lowest because animal manure in dry form was added
in the feed stock. Thus it can be deduced that the
moisture content is a function of the feed stock.

Table 7: Moisture Content

Sample| Moisture Content (%) | Typical Value
w1 25.69
W2 26.44
26 %
W3 24.04
LCL 26.36

3.3 Organic Contents

The organic contents of different compost
samples are shown in Table 8. The organic content of
a compost sample dictates the quality of the prepared
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compost. It depends upon the type of waste used as a
feed stock. Higher the organic content of the feed
stock higher is the organic content of the final product
and better is the quality of compost. The organic
content of sample from LCL is low because the feed
stock is MSW which is lower in organic content as
compared to kitchen waste. The organic content of
W3 is highest because the amount of kitchen waste
added in W3 as compared to W1 and W2 was more.
Moreover, sewage was used to replenish the moisture
content so it also added to the organic content of W3.
There was a very little difference in the amounts of
kitchen waste added in W2 and W1 so; the organic
content also differs very little.

Table 8: Organic Content

Sample|Organic Content (%)| Typical Range
w1 35.92
W2 36.75
16.7-90.7%
W3 44.25
LCL 26.24

3.4 Carbon Content

The carbon contents of different compost
samples have been shown in Table 9. There is no
specific value for carbon but it is accepted that carbon
content of a compost sample is 40% of organic
content [18]. Therefore, higher the organic content
higher is the carbon content. As the organic content of
W3 was highest therefore, the carbon content of W3 is
the highest. Due to lower organic content of the
sample from LCL, its carbon content is also low.

Individually, carbon content is of no use. It is

used to find the C/N ratio of compost which is the
most important parameter.

Table 9: Carbon Content

Sample | Carbon Content (%) | Typical Range
w1 16.88
W2 17.27
W3 20.80 )
LCL 12.33
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3.5 Nitrogen Content

The nitrogen contents of different compost
samples are shown in Table 10. The nitrogen contents
for the compost prepared during this study varied
between 1.8% and 1.95% while it was 1.82% for the
LCL.

Table 10: Nitrogen Content

Sample| Nitrogen Content (%) | Typical Range
w1 1.80

W2 1.85

W3 1.95 )

LCL 1.82

Similar to carbon content, nitrogen content alone
does not depict anything. Actually, it is used for
finding the C/N ratio. The nitrogen content depends
upon the amount of nitrogenous materials in the feed
stock. As, kitchen waste is nitrogen rich so with the
increase in the amount of kitchen waste in the
windrows the nitrogen content also went high. Incase
of W3 the nitrogen contents are the highest. It was
perhaps due to the additional nitrogen added by the
sewage, which was used to raise the moisture contents
of the compost raw material.

3.6 C/N Ratio

The C/N of different compost samples have been
shown in Table 11.

Table 11: C/N Ration of Compost Samples

Sample C/N Ratio Typical Range
W1 9.33:1
W2 9.37:1
5:1-30: 1
W3 10.67:1
LCL 6.77:1

Within the limits, the higher is the value of C/N
better is the quality of compost. As shown by Table
11, the C/N ratio of the compost prepared from
kitchen waste is higher than that prepared from MSW.
So the quality of compost prepared from kitchen waste
is better. The amount of kitchen waste used for the
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production of compost dictate the C/N ratio and
ultimately the quality of the compost. As the amount
of kitchen waste used in W3 as compared to W1 and
W2 is higher so the quality of W3 is better. Therefore,
it can be deduced that higher the amount of kitchen
waste better is the quality of compost but within
certain limits.

At very high quantity of kitchen wastes the
nitrogenous materials increase thus the reducing the
C/N ratio and causing the release of nitrogen as
ammonia. Whereas, at very low quantities of kitchen
waste the C/N ratio increases to a very high value
which reduces the speed of the decomposition process
during composting period [8].

The results show that the waste being composted
at LCL contains a large percentage of nitrogenous
materials as the C/N ratio is very low. This gives the
justification for odours at the windrows in LCL.

3.6 Time for Composting

Another important observation during this
research work was the difference in the time of
composting of W1, W2 and W3. It was observed that
W1 and W2, in which water was used to raise the
moisture contents, took 4 months for the production of
final compost. On the other hand in W3, in which
sewage was used to raise the moisture contents, final
compost product was achieved in only 2 months.

LCL prepares its compost within 20 days by the
use of compost activators. Sewage serves the same
purpose as compost activators but is less efficient.

4. Conclusions

Waste volume reduction around 70% is achieved
by the use of composting.

The organic content and C/N ratio of compost
prepared from kitchen and garden waste is 44.25%
and 10.67:1, respectively. While that prepared from
MSW is only 26.24% and 6.77:1, respectively. Thus,
the compost prepared from kitchen waste is better in
quality than that prepared from MSW.

The quality of compost becomes better with the
use of sewage and animal manure.

The time for the completion of composting
process including curing period can be reduced from
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four months to two months by the use of animal
manure and sewage,

All materials required for composting are easily
available so, it can be practiced at homes in the
backyards with very little cost. The practice of
backyard composting has two benefits: (a) It reduces
the load on the overall solid waste management
system and (b) introduces on site recycling of the
waste.

More than 30% of the waste stream of Lahore
consists of kitchen waste. This amount of waste can be
prevented from entering the SWM system by
following kitchen waste composting in backyards.

5. Recommendations

There should be certain arrangement from the
City District Local Government to separate the
organic waste (food waste) from the municipal waste
during the collection phase so that better quality
compost is prepared at LCL. This can be achieved by
training the localities about the 2 bin and 3 bin
systems and then implementing it.

Composting plants can be setup at all the landfill
sites in Lahore. These plants can help reduce the load
on the landfill sites and thus reduce their impacts on
the environment.

An awareness raising campaign regarding the use
of compost and its benefits can be initiated so that the
amount of waste composted in the backyards
increases.
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