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Abstract: Municipal Solid Waste management is becoming a critical problem in most of the megacities of the
world as waste volume continues to rise, which leads to the loss of resources and increased environmental risks.
Municipal Solid Waste consists of more than 40 percent of organic waste, so composting most of this waste
would be the best way to reduce the quantity to one fourth resulting in nutrient rich soil amendment.
Composting is an age old practice for the biological conversion of organic waste to humus like substance which
can enhance physical, chemical and biological soil properties. For the assurance of an effective solid waste
management, implementations of appropriate solid waste treatment strategies are vital. This can be enhanced
through the utilization of technologies that are most economically efficient, sustainable and ecofriendly.
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. Introduction

Waste is the outcome of human activity which is produced since humans started living in smaller and
larger societies. In modern times, the size of the town and cities are increasing at a very fast rate and therefore
solid waste generated daily has a very high magnitude and therefore its collection and disposal is necessary, to
maintain good hygienic condition in the society. Waste, in general is a derogatory term which implies something
unwanted, useless, pejorative and filthy. The term waste is very complicated to define, as concepts, views or
attitudes towards waste are usually very subjective and often exceedingly distinctive and conflicting.

Solid Waste Management (SWM) systems exist in most of the urban centre’s since last few decades.
However, these systems have yet to emerge as a well-organized practice. Although, the solid waste
characteristics in different urban centers vary significantly, there is a meager effort to tailor the system
configuration to the waste characteristics [1].

Waste management has become a critical area of practice and research due to the increasing concerns
of environmental pollution and resources shortage [2]. Most of solid waste management professionals recognize
that there is no single, simple solution to solid waste problems. Instead an integrated approach, combining the
elements of multiple techniques, is used in an increasing number of cases [3, 4].

Municipal solid waste (MSW) is largely made-up of kitchen and yard waste, and its composting has
been adopted by many municipalities [5]. Composting MSW is seen as a method of diverting organic waste
materials from landfills while creating a product, at relatively low cost that is suitable for agricultural purposes
[6, 7]. This trend may be attributed to economic and environmental factors, such as municipal landfill capacity;
costs associated with landfilling and transportation of materials; adoption of legislation to protect the
environment; decreasing the use of commercial fertilizers; increasing the capacity for household waste recycling
and improved quality of compost products [5, 8, 9, 10]. Composting MSW reduces the volume of the waste,
kills pathogens that may be present, decreases germination of weeds in agricultural fields, and destroys
malodorous compounds [11].With rising interest in organic agriculture, the production of organic-grade MSW
compost for agriculture is also gaining popularity because of its positive effect on biological, physical, and
chemical soil properties [12]. In many countries, a large proportion of municipal waste is not disposed properly
posing a potential environmental threat due to presence of pathogens and toxic pollutants [13, 14]. In
Ahmedabad about 3500 metric tons of solid waste is generated on a daily basis. Currently more than 1600
metric tons of waste is collected under the “Door or Gate to dump project” and transported to processing
plant/landfield.

The solid waste expresses highly diversified nature at physicochemical and biological aspects which is
highly influenced by socioeconomic localities. The microbial diversity studies are important in order to
understand the microbial ecology in the ecosystem. The microbial community remains one of the most difficult
to characterize because of their immense phenotypic and genotypic diversity. The term “diversity” as used
today, spans from a molecular to a global level of biological organization and defined as “the variety of species
in ecosystems, as well as the genetic variability within each species” and it is therefore the range of significantly
different kinds of organisms and their relative abundance in natural assemblage and habitat. The biodiversity
can be regarded as the amount and distribution of individual species information in a natural community and
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thus a representative estimate of microbial biodiversity is a prerequisite for understanding the functional activity
of microorganisms in ecosystem [15].

Currently, more than 130 million tons of waste per year is incinerated at over 600 plants [16]. Thermal
processes with advanced emission controls are proven technology but more costly than controlled landfilling
with landfill gas recovery; however, thermal processes may become more viable as energy prices increase.
Because landfills produce CH, for decades, incineration, composting and other strategies that reduce landfilled
waste are complementary mitigation measures [16].Composting has become a preferred method for
municipalities and industries to recycle a variety of organic byproducts in order to apply them as soil
conditioners and amendments [17].

Problems due to solid waste in urban areas

Solid waste causes lots of health and noise pollution problems in urban areas. The major problems of solid waste

in urban areas are as follows:

= The biggest threat to a locality is the fact that the waste is a breeding ground for flies, insects, bacteria,
fungus and many such microorganisms which could spread diseases which become worse during the rainy
season and the contamination might end up in the drinking water.

= Bad odor is created around all garbage areas, making an unbearable environment.

= Poor waste pickers pose a serious threat to public health.

= Animals like cats, dogs, goats and cow come to the garbage in search of food and end up spreading the
garbage around the bins.

= The economical factor is also affected as the market value of a particular area decreases if there is a badly
maintained waste area nearby as this is aesthetically bad.

= Overall waste leaves a bad impression and poses a threat to the environment in the form of epidemic
diseases such as cholera, malaria, etc. [18].

Classification of Municipal Solid Waste
MSW can be broadly categorized into five broad categories
(a) Biodegradable waste:
Food and kitchen waste, green waste (vegetables, flowers, leaves fruits), paper (can also be recycled).
(b) Recyclable material:
Paper, glass, bottles, cans, metals, certain plastics, etc
(c) Inert waste:
Construction and demolition waste, dirt, rocks, debris.
(d) Composite waste:
Waste clothing, tetra packs, and waste plastic such as toys.
(e) Domestic hazardous waste (also called “household hazardous waste”) & toxic waste:
Medication, e-waste, paints, chemicals, light bulbs, fluorescent tubes, spray cans, fertilizer and pesticide
containers, shoe polish.

Waste Management Techniques

Waste management includes collection, transportation, processing, treatment, recycling or disposal of
waste materials to reduce their adverse effects on human health or amenities. The type of waste management
techniques that should be applied for proper management of waste depend on the composition of waste.
Although composting is the appropriate for all organic wastes: wastes such as plastic metals and glasses are
better handled through recycling. Waste management technique take place in many ways viz., landfill,
incineration, pyrolysis and gasification, composting and anaerobic digestion [19].

Landfilling

In many metropolitan cities, open, uncontrolled and poorly managed dumping is commonly practiced,
giving rise to serious environmental degradation. More than 90% of MSW in cities and towns are directly
disposed of on land in an unsatisfactory manner. Such dumping activity in many coastal towns has led to heavy
metals rapidly leaching into the coastal waters. [20, 21, 22, 23, 24, 25, 26, 27]. In the majority of urban centers,
MSW is disposed of by depositing it in low-lying areas outside the city without following the principles of
sanitary landfilling. Compaction and leveling of waste and final covering by earth are rarely observed practices
at most disposal sites, and these low-lying disposal sites are devoid of a leachate collection system or landfill
gas monitoring and collection equipment [23, 28]. As no segregation of MSW at the source takes place, all of
the wastes including infectious waste from hospitals generally find its way to the disposal site. Quite often,
industrial waste is also deposited at the landfill sites meant for domestic waste [29].
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Thermal treatment techniques of MSW
The destruction of MSW using heat energy is called thermal treatment. Although there are many
thermal processes, incineration is the most widely used at present.

Incineration

Incineration of waste (with energy recovery) can reduce the volume of disposed waste by up to 90%.
These high volume reductions are seen only in waste streams with very high amounts of packaging materials,
paper, cardboard, plastics and horticultural waste. Recovering the energy value embedded in waste prior to final
disposal is considered preferable to direct landfilling assuming pollution control requirements and costs are
adequately addressed. Typically, incineration without energy recovery (or non-autogenic combustion, the need
to regularly add fuel) is not a preferred option due to costs and pollution. Open-burning of waste is particularly
discouraged due to severe air pollution associated with low temperature combustion.

Pyrolysis and gasification

These are methods for managing wastes by heating under controlled conditions to produce low to
medium heating fuel gases, tars, char and ash; under a high temperature with limited oxygen [30]. Usually, the
process takes place in a sealed vessel under a high pressure. Whereas pyrolysis converts the solid wastes into
solid, liquid and gas products, gasification converts organic materials into a syngas (CO and H,). The effect of
pyrolysis to the environment is loss of biodiversity, desertification and emission of acid and green-house gases.
Generally, the use of pyrolysis and gasification for waste management is uncommon in developing
countries because of the expense of equipment. Another reason why pyrolysis and gasification may not be
sustainable is the emission of green house gases during thermal treatment.

Il. Composting

Composting is seen as a key process in the waste hierarchy and has an important role in reducing the
volume of biodegradable municipal solid waste going to landfill. Composting is a biological process which
converts heterogeneous organic wastes into humus like substances by mixed microbial population under
controlled optimum conditions of moisture, temperature and aeration (Fig. 1). It is the aspect of control that
separates composting from natural rotting or decomposition processes which occur in an open dump, sanitary
landfill, or unmanaged waste pile [31]. In composting, microorganisms convert organic materials such as
manure, sludge, leaves, fruits, vegetables and food wastes into product like soil humus [32, 33]. Through
composting organic waste materials are decomposed and stabilized into a product that can be used as soil
conditioner and/or organic fertilizer [34]. Decomposers include bacteria, actinomycetes and fungi that are
widespread in nature. These are indigenous to soil, dust, fruit and vegetable matter and waste of all sorts, so
special organisms are not required [35]. Controlled decomposition occurs as a result of activities of these
naturally occurring microorganisms.

, . Water
Carbon dioxide Heat
Humus +— Composting process 4— Organic Waste
{Compost)
O:ugen/ Microorganisms
Water

Fig. 1: Composting Process

Composting can be considered as microbial farming, so they need energy, food, and habitat. These
microorganisms require carbon as energy source and nitrogen to build proteins. Bacteria produce enzymes to
break down complex carbohydrates into simpler forms [36], and use them as food. Composting process
continues until the remaining nutrients are consumed by the last microorganisms and most of the carbon is
converted into carbon dioxide and water [32]. The nutrients that become available during decomposition remain
in the compost within the bodies of dead microorganisms and in humus.
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There are two fundamental types of composting aerobic and anaerobic:
Aerobic

Composting is the decomposition of organic wastes in the presence of oxygen, products from this
process include CO,, NH3, water and heat. This can be used to treat any type of organic waste but, effective
composting requires the right blend of ingredients and conditions. These include moisture contents of around
40-60% and carbon to nitrogen ratios (C/N) of 25-30:1. Any significant variation inhibits the degradation
process. Generally wood and paper provide a significant source of carbon while sewage sludge and food waste
provide nitrogen. To ensure an adequate supply of oxygen throughout, ventilation of the waste, either forced or
passive is essential. [37].

Anaerobic

Composting is the decomposition of organic wastes in the absence of oxygen, the products being
methane (CH,), CO,, NH; and trace amounts of other gases and organic acids. Anaerobic composting was
traditionally used to compost animal manure and human sewage sludge, but recently is has become more
common for some municipal solid waste (MSW) and green waste to be treated in this way [37].

2.1 Stages of Composting

A large variety of mesophilic, thermotolerant and thermophilic aerobic microorganisms predominantly
bacteria, actinomycetes, yeasts and fungi are involved in the specialized biodegradation process [38].
The process of biocomposting occurs into three phase. (a) the mesophilic phase, (b) the thermophilic phase,
which can last from a few days to several months (c) the cooling and maturation phase which lasts for several
month. The length of the composting phases depends on the nature of the organic matter being composted and
the efficiency of the process, which is determined by the degree of aeration and agitation. At the start of
composting the mass is at its ambient temperature and usually slightly acidic. Soluble and easily degradable
carbon sources, monosaccharides, starch and lipids are utilized by microorganisms in the early stage of
composting. The pH decreases because organic acids are formed from these compounds during degradation. In
the next stage microorganisms start to degrade proteins, resulting in the liberation of ammonia and increase in
the pH. As the temperature increases, thermophilic microbes develop. These consist of only a few genera of
bacteria e.g. Bacillus subtilis, fungi e.g. Aspergillus fumigatus, and actinomycetes e.g. Streptomyces spp. [39].
After the easily degradable carbon sources have been consumed, more resistant compounds such as cellulose,
hemicellulose and lignin are degraded and transformed into humic acid, fulvic acid and phenolic intermediate
metabolites [40]. The humified substances are divided into following groups: humin (not soluble in water at any
pH), humic acids (soluble in water under alkaline conditions) and fulvic acids (soluble in water under all pH
conditions) [41]. The humification of biocompost is a result of complex symbiotic and synergetic microbial
interaction finally resulted into humifying earthy fragrances to an ideally compost.

2.2 Composting Systems
2.2.1 Open Windrows

This is the least sophisticated technique which involves placing a mixture of organic waste materials
into long, narrow piles approximately six feet high by twelve feet wide and as long as it is necessary. The
composting process depends upon a good supply of oxygen, therefore air must be able to move through the
windrow. This will depend upon the size and shape of the windrow, the porosity of the material, and its water
content. Feedstock material is usually shredded to ensure the correct porosity. A windrow constructed of low
density materials such as leaves can be much larger than a windrow constructed of wet dense manure.
Anaerobic areas can occur near the centre of the windrow if it is too large, too dense or too wet, and these areas
will release odors when the windrow is turned. On the other hand, small windrows lose heat quickly and may
not achieve high enough temperatures to kill pathogens and weed seeds. Turning releases trapped heat, water
vapour and gases and also mixes the materials, breaks up large particles and restores the pore spaces eliminated
by decomposition and settling. Turning also exchanges the material from the outside of the windrow with that
from the interior. This helps to ensure that all material receives equal exposure to the air at the surface and to the
high temperatures inside the windrow thereby providing a uniform treatment process. The compost process may
take 4 to 6 weeks and finally the compost is ready to use as a fertilizer.

2.2.2 Aerated static pile

This system involves supply of ambient air through mechanical means and requires no turning of the
organic mixture once the pile is formed. By controlling air mechanically, this process allows the use of larger
piles. For composting under this method, an air plenum is constructed and the organic mixture is placed in piles
on top of the air plenum. Piles are built as high as the equipment allows, normally it is kept eight to twelve feet
high. Aerated static piles can be constructed individually or in extended piles. Individual piles, constructed all at

DOI: 10.9790/2402-09512029 www.iosrjournals.org 23 | Page



A Review on Composting of Municipal Solid Waste

once, allow the composting to occur in batches. Extended piles consist of a series of cells created over the
course of many days and stacked against each other to form one long rectangular pile. A temperature sensor
placed within the pile works in conjunction with the blower to control temperature and oxygen concentration
within the pile.

2.2.3 In-vessel composting

It involves confining the compost process to a variety of containers or vessels. Different in-vessel
systems use a variety of methods to accelerate the composting process. These systems usually include
provisions for aeration, mixing, temperature control, and containment of odors. In-vessel, systems generally are
the most costly of the three major technologies because of its high construction costs. Most of these are
proprietary systems that also require greater operation and maintenance expenses and a higher skill level to
operate. Once a recipe has been established, the mixture will be incorporated into the compost technology
chosen; either windrow, aerated static pile, or in-vessel composting. These technologies are designed to
accelerate the decomposition process of organic materials. The management levels of these processes will either
speed up or slow down the decomposition process, ultimately influencing the quality and cost of the product.

2.2.4 Controlled Microbial Composting (CMC) (covered windrow)

The Controlled Microbial Composting® (or CMC®) process was developed by the Luebke family in
Austria and involves the production of compost in covered windrows (1.2 x 1.8 m approx. X any length) over a
6-8 week period [42]. The feedstocks are carefully chosen to include a balance of well structured materials and
should have a C/N ratio of around 30. They are mixed, water is added if necessary and covered with a
waterproof, breathable membrane. The windrows are monitored daily for CO,, moisture levels and temperature
and the windrows are turned with a purpose-built compost turner every time the temperature exceeds 60 °C. This
often means that the windrows are turned daily at the start of the process. Compost maturity is estimated by
measuring temperature and CO, emission from the windrows.

2.2.5 Vermicomposting

Vermicomposting is the result of combined activity of microorganisms and earthworms. Earthworms
will break down sewage sludge and other organic wastes [43]. The ‘tiger’ or ‘brandling” worm Eisenia foetida
has received most attention, and work at Rothamsted showed that it could grow well in a wide range of wastes
including pig and cattle solid and slurries, horse manure and potato waste [44]. Worms are useful in converting
agricultural wastes into useful soil conditioners, but also the worms can be harvested and processed into a
nutritious protein feed supplement for fish, poultry and pigs. E. foetida prefers a pH of 5, temperatures <35 °C,
and it will not enter poultry waste with high ammonia content. Batch systems treating up to 2 tons of waste in
worm beds to a depth of one meter have been tested, but are labour intensive. The amount of soluble P, K and
Mg appears to be increased, and worm-processed animal wastes have been shown to be suitable as plant
growing media. Vermicomposting has been used in Hyderabad, Bangalore, Mumbai and Faridabad.
Experiments on developing household vermicomposting kits have also been conducted. However, the area
required is larger, when compared to dry composting [23, 27, 45, 46, 47, 48, 49].

2.2.6 Biominearlization

The plant requires major and minor nutrients in form of soluble minerals for their growth and
development which are absorbed by root system from fertile well mineralized compost soil. In ecosystem
various mineral biocycles are conducted by natural biodegradation processes. The plant contributes various
waste products to soil environment in form of carbohydrates, celluloses, hemicelluloses, lignins, pectins, lipids
and immobilized minerals. Similarly an animal contributes various waste products to ecosystem in form of
carbohydrates, proteins, lipids, chitins, carotenes and insolubilized minerals.

The natural biomineralization of various animal and plant products and byproducts for compost humus
formation is a complicated and long term process to contribute excellent manurization and to develop soil
fertility.

Biomineralizer is the fermentative product developed under the latest scientific concept of
biotechnology for the enrichment of multi-inoculant of potent microbial community for the biodegradation and
biomineralization of insoluble bio-waste products to generate plant accessible macro and micro nutrients under
highly diversified natural ecosystem within shortest time duration.

2.3 Factors affecting the composting process
The rate of microbial activity or degradation in the composting mass depends on certain important
physical and chemical factors which should be considered in the design and operation of a composting process.
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2.3.1 Microorganisms

Microorganisms decompose or oxidize the organic compounds to simple, stabilized end products, with
the production of heat. During the process oxygen is consumed and carbon dioxide, water and often ammonia
are released. The heat energy is partially used for cell synthesis of the microorganisms. However, the heat
production is sufficient to raise the temperature up to the thermophilic range. It should be noted that different
parts of the composting mass may, at the same time, achieve either mesophilic or thermophilic temperatures and
the duration of these phases also may be different. The shape of the temperature curve depends on the initial
waste materials being composted and the composting methods [50]. However, in a controlled reactor system the
variation in temperature distribution can be improved.

Biological waste materials contain a large number of many different types of bacteria, fungi, mould and
other living organisms. High-temperature compost appears to be a promising source for isolation of new
thermopbhilic organisms as well as heat-stable enzymes of industrial value [51].

Gotaas (1956) concluded that more species of bacteria are involved in aerobic decomposition than in
anaerobic fermentation. The main microorganisms responsible for biological degradation in composting are
bacteria, actinomycetes and fungi of mesophilic and thermophilic groups.

Nakasaki et al., (1985) observed that the rate of composting sewage sludge was mainly controlled by
the degradability of solid substrates and not by the kinds of microorganisms inhabiting the compost. However,
inoculants are needed for special kinds of waste such as wool waste and hazardous waste.

The most commonly used microorganisms for MSW composting is illustrated in Table 1.

Table 1. Types of microorganisms used in MSW composting
Types Species Reference
Bacillus casei,
Lactobacillus buchneri
Candida rugopelliculosa [54]
Fungi Trichoderma

White-rot fungi
Pseudomonas

Bacteria Azotobacter

Azospirillum Micrococcus
Streptomyces

Actinomyces

Trichoderma

Fungi Alternaria

Penicillium and Aspergillus

Bacteria

Actinomycetes [55]

2.3.2 Aeration

Composting systems are distinguished on the basis of oxygen usage (aerobic vs. anaerobic). Aerobic
decomposition, in contrast to anaerobic types, is quicker, progresses at higher temperatures, and does not
produce foul odors. While anaerobic decomposition may be conducted with minimal operator attention and the
operation may be sealed from the environment. However, the most modern composting operations attempt to
maintain an aerobic environment [31]. Mixing the compost pile at intervals aerates it, but it is often difficult to
determine the exact periods to turn the pile. Aeration conducted in excess is usually not harmful to the
composting process, except that an optimum temperature is harder to maintain and excessive evaporation may
cause moisture to become a limiting factor. An oxygen level from 10 to 30% has been reported optimum by
Willson, (1989) and Gaur, (1997).

The air supply needs for temperature and moisture control typically are ten or more times greater than
those for biological decomposition, so that when these needs are met, biological oxygen demands also will be
safely satisfied [58]. Several systems have been applied to provide aeration for composting. The main systems
are mechanical turning and forced aeration via air blower or fan. Forced aeration composting is usually applied
to static windrow, static pile and to most of the reactor systems.

Mohee et al., (1998) investigated composting of bagasse and found that maximum degradation rates
were obtained for airflow rates of 0.12 kg dry air/kg dry compost, while keeping temperatures below 50°C.
Wiley, (1957), studied the effect of different aeration rates in continuously mixed reactors containing
approximately 16 kg of garbage mixture with a moisture content of 52-58 percent. The effect of aeration was
evaluated from the temperature curve during composting.

To control the aeration rate a number of strategies have been designed and practiced for the composting
process. These range from simple manual control systems to more sophisticated computer control system using
temperature, oxygen or carbon dioxide feedback as the controlling variables and air supply as the manipulated
variable [61]. However, the control system should be able to satisfy peak, average and minimum aeration
requirements [62].
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2.3.3 C/N Ratio

The carbon to nitrogen (C/N) ratio is one of the important factors affecting the composting process as
well as the properties of the end product. A C/N ratio between 25 and 30 is usually considered as the optimum
ratio for composting. However, recent studies have shown that composting can be carried out effectively at a
lower C/N of 15 [63]. Composting at low C/N ratios will reduce the requirement of bulking agent for adjusting
the initial C/N ratio of a food waste composting mixture. Different initial mix ratios will ensure different C/N
ratios to obtain optimum mix ratio for composting. During composting microorganisms utilize the C as a source
of energy and the N for building cell structure. Microorganisms utilize C and N at a ratio of about 30:1.

The mineralizable solid carbon of each solid waste component was assumed to comprise the readily,
the moderately and the slowly (or refractory) hydrolysable carbons, each hydrolyzing at different rates to
aqueous (water soluble) carbon. Aqueous carbon mineralizes to CO, at rapid rates that are not rate-limiting to
the process [64].

Most of the nitrogen in compostable materials is readily available. However, some of the carbon may
be bound up in compounds that are very resistant to biological degradation, such as lignin. As not all of their
carbon will be readily available, a higher initial C/N ratio than 30:1 can often be adopted [65].

Turan and Ergun, (2008), recommended the use of natural zeolite together with expanded perlite in
municipal solid waste composting processes that produced mature and stable compost.

High or low C/N ratios can be adjusted by adding high nitrogen or carbon rich wastes, respectively.
Sawdust, wheat straw, grass clippings, dry leaves, etc. are examples of carbon-rich materials, whereas poultry
manure, slaughterhouse waste, sewage sludge, etc. are nitrogen-rich. The C/N ratio decreases during the
composting process as carbon is lost in the form of carbon dioxide. A C/N ratio of 20 has been widely accepted
as optimum for composting [52].

Singh, (1987), reported that the decomposition of organic waste increased considerably when the C/N
ratio was narrowed down to 30 through the addition of urea-N. Witter and Real, (1987), observed excessive loss
of N during the composting of manure at a lower C/N ratio.

2.3.4 Temperature

High temperature maintained during composting serves to promote efficiency and effectiveness of
compost by accelerating the process and by destroying pathogenic microorganisms. High temperature of
compost pile, in conjunction with satisfactory levels of other important composting factors, indicates the
likelihood of successful composting. While low temperatures retard composting, and may even halt the process.
Low temperatures are indicative of reduced microbial activity and could indicate a lack of oxygen or inadequate
moisture conditions. The critical temperature, which limits composting, has yet to be defined [31]. However,
Gaur, (1997) suggested that a temperature of 55 to 60 °C should be maintained up to three days for efficient
composting.

The onset of temperature rise in the first stage of composting was almost independent of the process
conditions [69]. High temperatures (above 50°C) are essential for the destruction of pathogenic organisms and
undesirable weed seeds. The preponderance of information on the effects of temperature on composting
suggests that optimum decomposition takes place between 55°C and 60°C.

Although there is some variation in the optimum temperature range due to variations in waste materials
and operational practices, in most of the cases it is reported as 55°C to 60°C. But, according to Gotaas, (1956),
the optimum temperature range is 50-70°C, around 60°C usually being the most satisfactory for successful
composting. To avoid temperatures greater than 60°C which weaken the microbial mass suppressing
decomposition, heat output and moisture removal, an enhanced heat removal in a controlled fashion (e.g.
feedback control) is necessary [70]. During the initial stages of composting the active microbial population
grows exponentially until the available substrate or other factors limit growth [71].

McKinley and Vestal, (1984), concluded that temperature seems to be the dominant physicochemical
parameter which controls the microbial activity during the composting process and the decomposition ceases or
extremely reduced at temperatures exceeding 60°C.

2.3.5pH

Beulah Gnana Ananthi and Partheeban, (2001), stated that the composting municipal solid waste
involves managing conditions to accelerate the biological decomposition of some of its organic components.
The report stated that the conditions for efficient biological decomposition of organic waste depend on optimum
pH (6.0-7.5).

Metabolic activities affect the pH of compost under process. Deamination of protein rapidly increases
the pH due to ammonia. Conversely, production of organic acids during the decomposition of carbohydrates and
lipids decrease the pH. On average, pH of inputs is somewhat acidic while finished compost is neutral.
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Considerable changes in pH value occur during the composting process. In the beginning, the
formation of organic acids and carbon dioxide lower the pH value to approximately 5.0 or less, whereas as the
process progress the pH value reaches up to 8.0 to 8.5 [74]. The pH of compostable material influences the type
of organisms involved in the composting process. Fungi tolerate a wider pH range than bacteria do. The
optimum pH range for most bacteria is between 6.0 and 7.5, whereas for fungi it can be between 5.5 and 8.0.
Most of the waste materials available for composting are within the above pH range and hence pose no problem
of pH control. The pH level desired for microbial activity is between 5.0 and 7.0. However, for composting an
optimum pH of 5.5 to 8.5, with little variation, is recommended in most of the literature.

2.3.6 Moisture

Moisture content is very important for composting and it may become the limiting factor if not
monitored. Excess water interferes oxygen accessibility, while too little hinders diffusion of soluble molecules
and microbial activity, slowing down the rate of composting. Moisture content of 40 to 60 percent has been
found optimum for good composting process [56, 57]. While a moist mixture is necessary to sustain the
biological decomposition vital to the composting process, dry compost is easier to manipulate and store without
causing a nuisance. Only after composting has been completed, drying could be considered as a necessary
prerequisite for storage or sale [31].

In aerobic composting, high moisture content must be avoided because water displaces air from the
interstices between the particles and gives rise to anaerobic conditions. On the other hand too low moisture
content deprives the organisms of the water needed for their metabolism and inhibits their activity.

Excessive moisture can have several adverse effects on the subsequent processes after the final
decomposition phase. Finstein and Miller, (1985), stated that the final compost should be dry, since it decreases
weight and bulk, improves materials handling, processing operation, storage and transport.

2.3.7 Particles size

Particles size affects oxygen movement into the pile, as well as microbial and enzymatic access to the
substrate. Smaller size particles of organic material increase the surface area available for microbial attack.
However, very small particles pack tightly together; preventing movement of air into the composting heap and
movement of carbon dioxide out of the heap. Large size particles reduce surface area for microbial attack which
slows down or may stop composting process altogether [76]. Bulky organic materials should be chopped or
shredded to reduce particle size to the range of 1-5 cm. On the other hand if too small, the organic materials
should be mixed with a bulking agent like wood chips or tree bark. A particle size of 5 cm is appropriate for
heaps employed to natural air flow, while 10 mm size is suitable for the composting systems having forced air

supply [57].

I11. Effect Of MSW Compost On Soil Microbial Biomass
Compost is rich in organic matter and is an important source for plants nutrient [77]. Nutrients present
in compost are also used by the soil microbial biomass. Incorporation of organic materials, such as MSW
compost, in soil promotes soil microbiological activity. Consequently, compost promotes directly or indirectly
changes in soil biological properties. Several studies have been conducted to evaluate the effect of MSW
compost on soil microbial biomass. Soil microbial biomass is very closely related to the soil organic matter
content in many arable agricultural soils [78].

V. Conclusion

In order to meet the challenges of municipal solid waste management there is a need to develop a better
technology or method through which the waste can be converted into useful material. The biodegradable organic
waste can be processed into ecofriendly organic manure. Organic manure nourishes the soil fertility, increases
the soil aeration and also minimizes environmental pollution. Now, it has been realized throughout the world
that the use of chemical fertilizers and other chemicals is harmful to soil productivity and also a cause of water
and air pollution. Municipal solid waste is suitable for composting because of the presence of high percentage of
biodegradable organic matter, acceptable moisture content and C/N ratio in the waste. Composting has a lot of
benefits like: reduce landfill space, reduce surface and groundwater contamination, reduce methane emissions,
reduce transportation costs , reduce air pollution from burning waste, provide more flexible overall waste
management, enhance recycling of materials and can be carried out with little capital and operating costs. It is
an environmental friendly, wealth creating and sustainable method rather than directly dumped into earth and is
useful to convert organic waste to useful products.
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