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OVERVIEW
In Unit 6, we discussed source reduction to reduce the volume and/or toxicity of solid wastes. In that context, we explained recycling of waste and its significance, which is the most widely recognised form of source reduction. We also discussed some of the commonly recycled materials (such as paper, glass, metals, plastics and tyres) and their processing techniques. One of the environmentally sound and beneficial means of recycling organic materials is composting, and this we will discuss in Unit 7. 

Composting is the biochemical degradation of the organic fraction of solid waste material having a humus-like final product that could be used primarily for soil conditioning. 

We will begin the Unit by discussing the physical, chemical and biological processes in composting along with their advantages. We will then touch upon the stages involved in composting, and subsequently, we will explain such composting technologies as windrow, aerated static pile, in-vessel and anaerobic composting. We will also discuss energy recovery through biogasification and deal with the factors affecting biogasification along with the types of digesters. We will close the Unit by discussing the environmental implications of composting and biogasification for land, water and air. 

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· discuss the processes and stages involved in composting, and use appropriate composting technologies;

· explain biogasification, identify its advantages and select appropriate digesters for biogasification;

· assess the environmental effects of composting and biogasification.

· develop and operate a composting programme.


7.1
COMPOSTING

Biodegradation is a natural, ongoing biological process that is a common occurrence in both human-made and natural environments. In the broadest sense, any organic material that can be biologically decomposed is compostable. In fact, human beings have used this naturally occurring process for centuries to stabilise and recycle agricultural and human wastes. Today, however, composting is a diverse practice that includes a variety of approaches, depending on the type of organic materials being composted and the desired properties of the final product. 

To derive the maximum benefit from the natural, but typically slow decomposition process (e.g., grass clippings left in the lawn or food scraps rotting in dustbins, etc.), it is necessary to control the environmental conditions during the composting process. The overall composting process can be explained as follows:

Organic matter + O2 + aerobic bacteria ( CO2 + NH3 + H2O + other end products + energy 

Compost is the end product of the composting process. The by-products of this process are carbon dioxide and water. Compost is peaty humus, dark in colour and has a crumbly texture, an earthy odour, and resembles rich topsoil. Composts will not have any resemblance in the physical form to the original waste from which it was derived. High-quality compost is devoid of weed seeds and organisms that may be pathogenic to humans, animals, or plants. Cured compost is also relatively stable and resistant to further decomposition by microorganisms. 

A complete composting process is shown in Figure 7.1: 

Figure 7.1

The Composting Process
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As mentioned earlier, the composting process is an environmentally sound and beneficial means of recycling organic materials and not a means of waste disposal. And, it is important to view compostable materials as usable and not as waste requiring disposal. Before we discuss the composting process in detail, let us talk about the benefits of composting.

7.1.1 
Benefits 

Composting is one of the important components of solid waste management (SWM). It is a form of source reduction or waste prevention, as the materials are completely diverted from the disposal facilities and require no management or transportation. Community-yard trimming composting programme, source-separated organic composting and mixed municipal solid waste (MSW) composting constitute the various recycling processes.  A major portion of municipal solid wastes in India contain up to 70% by weight of organic materials. In addition, certain industrial by-products – those from food processing, agricultural and paper industries – are mostly composed of organic materials. 

Composting, being an organic material, can significantly reduce waste stream volume. Diverting such materials from the waste stream frees up landfill space needed for materials that cannot be composted. Composting owes its current popularity to several factors, including increased landfill tipping fees, shortage of landfill capacity and increasingly restrictive measures imposed by regulatory agencies. In addition, recycling mandates indirectly encourage composting, as they consider it an acceptable strategy for achieving mandatory goals. 

Composting may also offer an attractive economic advantage for communities where the costs of using other options are high. However, it is considered a viable option only when the compost can be marketed. In some cases, nevertheless, the benefits of reducing disposal needs through composting may be adequate to justify choosing this option, even if the compost is only used as a landfill cover. Compost, because of its high organic matter content, makes a valuable soil amendment and is used to provide nutrients for plants. When mixed with soil, compost promotes a proper balance between air and water in the resulting mixture, helps reduce soil erosion and serves as a slow-release fertiliser.




7.1.2
Processes

Several factors contribute to the success of composting (see Figure 7.1), including physical, chemical, and biological processes (EPA, 1989 and 1995).  Understanding these processes, therefore, is necessary for making informed decisions, when developing and operating a composting programme. 
Biological processes

Microorganisms such as bacteria, fungi and actinomycetes as well as larger organisms such as insects and earthworms play an active role in decomposing the organic materials. As microorganisms begin to decompose the organic material, they break down organic matter and produce carbon dioxide, water, heat and humus (the relatively stable organic end product).  This humus end product is compost. 

Microorganisms consume some of the carbon to form new microbial cells, as they increase their population. They have, however, preferences on the type of organic material they consume. When the organic molecules they require are not available, they may become dormant or die.  The chain of succession of different types of microbes continues, until there is little decomposable organic material left. At this point, the organic material that is remaining is termed compost. It is largely made up of microbial cells, microbial skeletons and by-products of microbial decomposition, and undecomposed particles of organic and inorganic origin. Decomposition may proceed slowly at first because of smaller microbial populations, but as populations grow in the first few hours or days, they rapidly consume the organic materials present in the feedstock. The number and kind of microorganisms are generally not a limiting environmental factor in composting non-toxic agricultural materials, yard trimmings, or municipal solid wastes, all of which usually contain an adequate diversity of microorganisms. 

Under optimal conditions, composting proceeds through the following four phases (http://www.weblife.org/humanure/
Chapture3_9.html)

(i)
Mesophilic, or moderate-temperature phase: Compost bacteria combine carbon with oxygen to produce carbon dioxide and energy. The microorganisms for reproduction and growth use some of the energy and the rest is generated as heat. When a pile of organic refuse begins to undergo the composting process, mesophilic bacteria proliferate, raising the temperature of the composting mass up to 44°C. This is the first stage of the composting process. These mesophilic bacteria can include E. coli and other bacteria from the human intestinal tract, but these soon become increasingly inhibited by the temperature, as the thermophilic bacteria take over in the transition range of 44°C – 52°C. 

(ii)
Thermophilic, or high-temperature phase: In the second stage of the process, the thermophilic microorganisms are very active and produce heat. This stage can continue up to about 70°C, although such high temperatures are neither common nor desirable in compost. This heating stage takes place rather quickly and may last only a few days, weeks, or months. It tends to remain localised in the upper portion of a compost pile where the fresh material is being added, whereas in batch compost, the entire composting mass may be thermophilic all at once. After the thermophilic heating period, the manure will appear to have been digested, but the coarser organic material will not be digested. This is when the third stage of composting, i.e., the cooling phase, takes place.
(iii)
Cooling phase: During this phase, the microorganisms that were replaced by the thermophiles migrate back into the compost and digest the more resistant organic materials. Fungi and macroorganisms such as earthworms and sow bugs that break the coarser elements down into humus also move back in.
(iv)
Maturation or curing phase:  The final stage of the composting process is called curing, ageing, or maturing stage, and is a long and important one. A long curing period (e.g., a year after the thermophilic stage) adds a safety net for pathogen destruction. Many pathogens have a limited period of viability in the soil, and the longer they are subjected to the microbiological competition of the compost pile the more likely they will die a swift death. Immature compost can be harmful to plants. Uncured compost can, for example, produce phytotoxins (i.e., substances toxic to plants), robbing the soil of oxygen and nitrogen and contain high levels of organic acids.
Different communities of microorganisms predominate during the various composting phases. Initial decomposition is carried out by mesophilic microorganisms, which rapidly break down the soluble, readily degradable compounds. The heat they produce causes the compost temperature to rise rapidly. As the temperature rises above 40°C, the mesophilic microorganisms become less competitive and are replaced by thermophilic (heat loving) ones. At temperatures of 55°C and above, many microorganisms that are pathogenic to humans or plants are destroyed. Temperatures above 65°C kill many forms of microbes and limit the rate of decomposition. Compost managers use aeration and mixing to keep the temperature below this point. During the thermophilic phase, high temperatures accelerate the breakdown of proteins, fats, and complex carbohydrates like cellulose and hemicellulose, the major structural molecules in plants. As the supply of these high-energy compounds become exhausted, the compost temperature gradually decreases and mesophilic microorganisms once again take over the final phase of curing or maturation of the remaining organic matter.

The composting process, therefore, should cater to the needs of the microorganisms and promote conditions that will lead to rapid stabilisation of the organic materials. While several microorganisms are beneficial to the composting process and may be present in the final product, some microbes are potential pathogens to animals, plants or humans. These pathogenic organisms must be destroyed in the composting process before the compost is distributed in the market place. Most of this destruction takes place by controlling the temperature of composting operations. 

Chemical processes

Several factors determine the chemical environment for composting. These include the presence of an adequate carbon food/energy source, a balanced amount of nutrients, the correct amount of water, adequate oxygen, appropriate pH and the absence of toxic constituents that could inhibit microbial activity (EPA, 1989 and 1995). Let us now describe each of these factors below: 

(i)
Carbon/energy source: For their carbon/energy source, microorganisms in the composting process rely on carbon in the organic material, unlike higher plants that rely on carbon dioxide and sunlight. The carbon contained in natural or human-based organic materials may or may not be biodegradable. The relative ease with which a material is biodegraded depends on the genetic makeup of the microorganisms present and the organic molecules that the organism decomposes. 

Since most municipal and agricultural organics and yard trimmings contain an adequate amount of biodegradable forms of carbon, it is not a limiting factor in the composting process. As more easily degradable forms of carbon are decomposed, a small portion of the carbon is converted into microbial cells, and a significant portion is converted to carbon dioxide and lost to the atmosphere. As the composting process progresses, the loss of carbon results in a decrease in weight and volume of the feedstock. The less-easily decomposed forms of carbon will form the matrix for the physical structure of the final product. 

(ii)
Nutrients:  Among the plant nutrients (i.e., nitrogen, phosphorus, and potassium), nitrogen is of greatest concern, because it is lacking in some plant materials. The carbon-nitrogen ratio, which is established on the basis of available carbon rather than total carbon, is considered critical in determining the rate of decomposition. Leaves, for example, are a good source for carbon, and fresh grass, manure and slaughterhouse waste are the sources for nitrogen. To aid the decomposition process, the bulk of the organic matter should be carbon with just enough nitrogen. In general, an initial ratio of 30:1 (C: N or Carbon: Nitrogen) is considered ideal. Higher ratios tend to retard the process of decomposition, while ratios below 25:1 may result in odour problems. As the composting process proceeds and carbon is lost to the atmosphere, this ratio decreases. 

Finished compost should have ratios of 15 to 20:1. Adding 3 – 4 kg of nitrogen material for every 100 kg of carbon should be satisfactory for efficient and rapid composting. To lower the carbon to nitrogen ratios, nitrogen-rich materials such as yard trimmings, animal manures, or bio-solids are often added. Adding partially decomposed or composted materials (with a lower carbon: nitrogen ratio) as inoculums may also lower the ratio. As the temperature in the compost pile rises and carbon: nitrogen ratio falls below 25:1, the nitrogen in the fertiliser is lost as gas (ammonia) to the atmosphere. The composting process slows, if there is not enough nitrogen, and too much nitrogen may cause the generation of ammonia gas, which can create unpleasant odours.

(iii)
Moisture: Water is an essential part of all forms of life, and the microorganisms living in a compost pile are no exception. Since most compostable materials have lower than ideal water content, i.e., 50 to 60% of total weight, the composting process may be slower than desired, if water is not added. However, it should not be high enough to create excessive free flow of water and movement caused by gravity. Excessive moisture and flowing water form leachate, which creates potential liquid management problems including water and air pollution (e.g., odour).  For example, excess moisture impedes oxygen transfer to the microbial cells, can increase the possibility of developing anaerobic conditions and may lead to rotting and obnoxious odours. Microbial processes contribute moisture to the compost pile during decomposition. Although moisture is added, it is also being lost through evaporation. Since the amount of water evaporated usually exceeds the input of moisture from the decomposition processes, there is generally a net loss of moisture from the compost pile. In such cases, adding moisture may be necessary to keep the composting process performing at its peak. 

Controlling the size of piles can minimise evaporation from compost piles, as piles with larger volumes have less evaporating surface/unit volume than smaller piles. The water added must be thoroughly mixed so that the organic fraction in the bulk of the material is uniformly wetted and composted under ideal conditions. Properly wetted compost has the consistency of a wet sponge. Systems that facilitate the uniform addition of water at any point in the composting process are preferable.

(iv)
Oxygen: Composting is considered an aerobic process.  Decomposition can occur under both aerobic (requiring oxygen) and anaerobic (lacking oxygen) conditions. The compost pile should have enough void space to allow free air movement so that oxygen from the atmosphere can enter the pile and the carbon dioxide and other gases emitted can be exhausted to the atmosphere.  To maintain aerobic conditions, in which decomposition occurs at a fast rate, the compost pile is mechanically aerated or turned frequently to expose the microbes to the atmosphere and to create more air spaces by fluffing up the pile. 

A 10 to 15% oxygen concentration is considered adequate, although a concentration as low as 5% may be sufficient for leaves. While higher concentrations of oxygen will not negatively affect the composting process, circulation of an excessive amount of air can cause problems. For example, excess air removes heat, which cools the pile and also promotes excess evaporation. In other words, excess air slows down the rate of composting. Excess aeration is also an added expense that increases production costs.

(v)
pH: The pH factor affects the amount of nutrients available  for the microorganisms, the solubility of heavy metals and the overall metabolic activity of the microorganisms. A pH between 6 and 8 is considered optimum, and it can be adjusted upward by the addition of lime, or downward with sulphur, although such additions are normally not necessary. The composting process itself produces carbon dioxide, which, when combined with water, produces carbonic acid, which could lower the pH of the compost. As the composting process progresses, the final pH varies, depending on the specific type of feedstock used and operating conditions. Wide swings in pH are unusual, since organic materials are naturally well buffered with respect to pH changes. Note that down swings in pH during composting usually do not occur.

What the foregoing discussion informs us is that the composition of material to be composted largely determines the chemical environment. In addition, several modifications can be made during the composting process to create an ideal chemical environment for the rapid decomposition of organic materials.

Physical processes

The physical environment in the compost process includes factors such as temperature, particle size, mixing and pile size (EPA, 1989 and 1995). Each of these is essential for the composting process to proceed in an efficient manner as described below:

(i)
Particle size: As composting progresses, there is a natural process of size reduction and the particle size of the material being composted is critical. Because smaller particles usually have more surface area per unit weight, they facilitate more microbial activity on their surfaces, which leads to rapid decomposition. The optimum particle size has enough surface area for rapid microbial activity and also enough void space to allow air to circulate for microbial respiration. The feedstock composition can be manipulated to create the desired mix of particle size and void space. For instance, through particle size reduction, we can increase the desired combination of void space and surface area for garden trimmings or municipal solid wastes. To improve the aesthetic appeal of finished composts, we can carry out particle size reduction, after the composting process is completed. 

(ii)
Temperature: Composting can occur at a range of temperatures, and the optimum temperature range is between 32° and 60° C. Temperatures above 65° C are not ideal for composting as thermal destruction of cell proteins kill the organisms. Similarly, temperatures below the minimum required for a group of organisms affect the metabolic activity (i.e., regulatory machinery) of the cells. Temperatures can be lowered, if required, by either increasing the frequency of mechanical agitation or using airflow throttling, temperature feedback control or blowers controlled with timers. Mixing or mechanical aeration also provides air for the microbes.

When compost is at a temperature greater than 55° C for at least three days, pathogen destruction occurs. It is important that all portions of the compost material are exposed to such temperatures to ensure pathogen destruction throughout the compost. At these temperatures, weed seeds are also destroyed. After the complete pathogen destruction, temperatures may be lowered and maintained at slightly lower levels (51° to 55° C). Attaining and maintaining 55° C for three days is not difficult for in-vessel composting systems (see Subsection 7.1.4). However, to achieve pathogen destruction with windrow composting systems (see Subsection 7.1.4), the 55° C temperature level must be maintained for a minimum of 15 days, during which time the windrows must be turned at least five times. The longer duration and increased turning are necessary to achieve a uniform pathogen destruction in the entire pile. Care should be taken to avoid contact between materials that have achieved these minimum temperatures and materials that have not.

(iii)
Mixing: Mixing of feedstock, water and inoculants is important and is done by turning or mixing the piles after composting has begun. Mixing and agitation distribute moisture and air evenly, and promote the breakdown of compost clumps. Excessive agitation of open vessels or piles, however, can cool them and retard microbial activity.















7.1.3 
Stages  

There are five basic stages involved in all composting practices, namely preparation, digestion, curing, screening or finishing, and storage or disposal. However, you must note that differences (among various composting processes) may occur in the method of digestion or in the amount of preparation and the finishing required. In choosing the type of process to be used and the amount of sophistication required, a number of criteria must be considered (Pavoni, et al., 1975). In what follows in this Subsection, we will study some of these criteria. 

Preparation

This preparation phase of composting involves several steps, and these depend upon the sophistication of the plant and the amount of resource recovery practised. A typical preparation process, however, may include such activities as the sorting of recyclable materials, the removal of non-combustibles, the shredding, pulping, grinding and the adding of water sludge. Most plants utilise receiving equipment, which provides a steady flow of solid waste throughout the operation. Consistency of flow is accomplished by the use of storage hoppers and regulated conveyor system. After the solid wastes leave the receiving area, the bulky items, which could damage the grinders, are removed by hand. The separation of other non-compostable recyclable materials like glass, metal, rag, plastic, rubber and paper may be accomplished before or after comminution (i.e., reduction to small pieces or particles by pounding or abrading) by either hand or mechanical means. Those non-compostables, which are not salvaged, must be ultimately disposed of in a sanitary landfill. 

After initial separation, most composting processes require the solid waste material to be reduced in particle size to facilitate handling, digestion and mixing of the product to provide more homogenous compost. The three major methods of comminution, which have been utilised in composting processes, include hammer mill, rasper/shredder and wet pulper, and the various equipment required are scales, receiving bins, conveyors, grinders and screens (see Unit 5 for details on equipment).

Since the refuse characteristics vary from one load to the next, a final step in the preparation phase of composting may be to adjust the moisture and nitrogen content of the solid waste to be composted. The optimum moisture content ranges from 45 to 55% of wet weight, while the optimum carbon to nitrogen ratio should be below 30%. The moisture and nutrient adjustments can be accomplished most efficiently through the addition of raw wastewater sludge. This increases the volume of composted material by 6 to 10%, in addition to accelerating the composting operation and producing a better final product in terms of nutrient contents.

Digestion

Digestion techniques are the most unique feature of the various composting processes and may vary from the backyard composting process to the highly controlled mechanical digester. Composting systems fall into the following two categories: 

(i)
windrow composting in open windrows;

(ii)
mechanical composting in enclosed digestion chambers. 

(See Subsection 7.1.4 for a discussion of the composting technologies.)

Curing

Organic materials, remaining after the first (rapid) phase of composting, decompose slowly, despite ideal environmental conditions. The second phase, which is usually carried out in windrows, typically takes from a few weeks to six months, depending on the outdoor temperatures, intensity of management and market specifications for maturity. With some system configurations, a screening step may precede the curing operation. During curing, the compost becomes biologically stable, with microbial activity occurring at a slower rate than that during actual composting. Curing piles may be either force-aerated or passive aerated with occasional turning. As the pile cures, the microorganisms generate less heat and the pile begins to cool. 

Note that the cooling of piles does not always mean that the curing is complete. Cooling is merely a sign of reduced microbial activity, which can result from lack of moisture, inadequate oxygen within the pile, nutrient imbalance or the completion of the composting process. Curing may take from a few days to several months to complete. The cured compost is then marketed.

Screening or finishing

Compost is screened or finished to meet the market specifications. Sometimes, this processing is done before the compost is cured. One or two screening steps and additional grindings are used to prepare the compost for markets. During the composting operation, the compostable fraction separated from the non-compostable fraction, through screens, undergoes a significant size reduction. The non-compostable fraction retained on the coarse screen is sent to the landfill, while the compostable materials retained on finer screens may be returned to the beginning of the composting process to allow further composting. The screened compost may contain inert particles such as glass or plastic that may have passed through the screen. The amount of such inert materials depends on feedstock processing before composting and the composting technology used.

To successfully remove the foreign matter and recover the maximum compost by screening, the moisture content should be below 50%. Drying should be allowed only after the compost has sufficiently cured. If screening takes place before curing is complete, moisture addition may be necessary to cure the compost. The screen size used is determined by market specifications of particle size.

Storage or disposal

In the final analysis, regardless of the efficiency of the composting process, the success or failure of the operation depends upon the method of disposal. Even when a good market for compost exists, provision must be still made for storage. Storage is necessary because the use of composting is seasonal, with greatest demand during spring and winter. Therefore, a composting plant must have a 6-month storage area. For a 300 tonne per day plant, this will require about 6 hectares of storage area. Many composting operations combine their curing period with the storage period. The price at which compost can be sold depends on the benefit to be obtained from its use and the customers who are willing to make use of such benefits. Compost may be sold in bulk, finished or unfinished, as well as fortified with chemical fertilisers.


During our discussion of the stages in the composting process, we frequently referred to various technologies used in the composting process. We will discuss four general categories of composting technologies in Subsection 7.1.4. 

7.1.4
Technologies

The composting technologies – windrow, aerated static pile, in-vessel composting and anaerobic processing (EPA, 1989 and 1995) – vary in the method of air supply, temperature control, mixing/turning of the material, time required for composting, and capital and operating costs. Besides these general categories of composting technologies, there are also some supporting technologies, which include sorting, screening, and curing. 

Let us discuss the four general categories of composting technologies, next. 

Windrow composting 

The windrow system is the least expensive and most common approach. Windrows are defined as regularly turned elongated piles, shaped like a haystack in cross section and up to a hundred meters or more in length. The cross-sectional dimensions vary with feedstock and turning equipment, but most municipal solid waste (MSW) windrows are 1.5 to 3 meters high and 3 to 6 meters wide as shown in Figure 7.2 below: 

Figure 7.2

Windrow Composting
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Windrows composed of MSW are usually required to be located on an impermeable surface, which greatly improves equipment handling under inclement weather conditions. The optimum size and shape of the windrow depends on particle size, moisture content, pore space and decomposition rate – all of which affect the movement of oxygen towards the centre of the pile. 

Process control is normally through pile management, although forced aeration can also be used.  Turning the pile re-introduces air into the pile and increases porosity so that efficient passive aeration from atmospheric air continues at all times. The windrow dimensions should allow conservation of the heat generated during the composting process and also allow air to diffuse to the deeper portions of the pile. 

As mentioned earlier, windrows must be placed on a firm surface to turn the piles with ease. They may be turned as frequently as once per week, but more frequent turning may be necessary, if high proportions of bio-solids are present in the feedstock. Turning the piles also moves the materials from the pile surface to the core of the windrow, where they can undergo composting. Machines equipped with augers, paddles or tines are used for turning the piles. Some windrow turners can supplement piles with water, if necessary. When piles are turned, heat is released as steam to the atmosphere. If inner portions of the pile have low levels of oxygen, odours may result when this portion of the pile is exposed to the atmosphere. Piles with initial moisture content within the optimum range have a reduced potential for producing leachate. The addition of moisture from precipitation, however, increases this potential. 

Any leachate or runoff created must be collected and treated or added to a batch of incoming feedstock to increase its moisture content. To avoid problems with leachate or runoff, piles can be placed under a roof, but doing so adds to the initial costs of the operation.

Aerated static pile composting

Aerated static pile composting is a non-proprietary technology that requires the composting mixture (i.e., a mixture of pre-processed materials and liquids) to be placed in piles that are mechanically aerated. The piles are placed over a network of pipes connected to a blower, as in Figure 7.3, which supplies the air for composting:

 Figure 7.3

Aerated Static Pile Composting
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Air can be supplied under positive or negative pressure. That is to say, the air supply blower either forces air into the pile or draws air out of it. Forcing the air into the pile generates a positive pressure system, while drawing air out of the pile creates a negative pressure. When the composting process is nearly complete, the piles are broken up for the first time since their construction. The compost is then taken through a series of post-processing steps. A timer or a temperature feedback system similar to a home thermostat controls the blowers. 

Air circulation in the compost piles provides the needed oxygen for the composting microbes and prevents excessive heat build-up in the pile. Removing excess heat and water vapour cools the pile to maintain optimum temperature for microbial activity. A controlled air supply enables construction of large piles, which decreases the need for land. Odours from the exhaust air could be substantial, but traps or filters can be used to control them. The temperatures in the inner portion of a pile are usually adequate to destroy a significant number of the pathogens and weed seeds present. The surface of piles, however, may not reach the desired temperatures for destruction of pathogens because piles are not turned in the aerated static pile technology. This problem can be overcome by placing a layer of finished compost of 15 to 30 cms thick over the compost pile. The outer layer of finished compost acts as an insulating blanket and helps maintain the desired temperature for destruction of pathogens and weed seeds throughout the entire pile. 

Aerated static pile composting systems have been used successfully for MSW, yard trimmings, bio-solids and industrial composting. Aerated static pile composting can also be done under a roof or in the open. Producing compost using this technology usually takes about 6 to 12 weeks. The land requirements for this method are lower than that of windrow composting.

In-vessel composting system 

In-vessel composting systems enclose the feedstock in a chamber or vessel that provides adequate mixing, aeration and moisture. Drums, digester bins and tunnels are some of the common in-vessel type systems. In-vessel systems vary in their requirements for pre-processing materials. For example, some require minimal pre-processing, while others require extensive MSW pre-processing. These vessels can be single- or multi-compartment units. In some cases, the vessel rotates, and in others, it is stationary and a mixing/agitating mechanism moves the material around. Most in-vessel systems are continuous-feed systems, although some operate in a batch mode. All in-vessel systems require further composting (curing) after the material has been discharged from the vessel. 

A major advantage of in-vessel systems is that all environmental conditions can be carefully controlled to allow rapid composting. The material to be composted is frequently turned and mixed to homogenise the compost and promote rapid oxygen transfer. Retention times range from less than one week to as long as four weeks. These systems, if properly operated, produce minimal odours and little or no leachate. In-vessel systems enable exhaust gases from the vessel to be captured and are subjected to odour control and treatment. Some of the commonly used in-vessel systems are as follows (http://www.adeq.state.ar.us/solwaste/):

· Vertical composting reactor:  It is generally over 4 meters high as illustrated in Figure 7.4,  and can be housed in silos or other large structures: 

Figure 7.4

Vertical Composting Reactor
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Organic material, typically fed into the reactor at the top through a distribution mechanism, moves by gravity to an unloading mechanism at the bottom. Process control is usually by pressure-induced aeration, where the airflow is opposite to the downward materials flow. The height of these reactors makes process control difficult due to the high rates of airflow required per unit of distribution surface area. Neither temperature nor oxygen can be maintained at optimal levels throughout the reactors, leading to zones of non-optimal activity. As with static pile composting, a stable porous structure is important in vertical reactors, which usually lack internal mixing. Tall vertical reactors have been successfully used in the sludge composting industry where uniform feedstock and porous amendments can minimise these difficulties in process control, but are rarely used for heterogeneous materials like MSW.

· Horizontal composting reactors: These avoid high temperature, oxygen and moisture gradients of vertical reactors by maintaining a short airflow pathway. They come in a wide range of configurations, including static and agitated, pressure and/or vacuum-induced aeration. Agitated systems generally use the turning process to move the material through the system in a continuous mode, while static systems require a loading and unloading mechanism. Material handling equipment may also shred to a certain degree, exposing new surfaces for decomposition, but excessive shredding may also reduce porosity. Aeration systems are usually set in the floor of the reactor and may use temperature and/or oxygen as control variables. Figure 7.5 illustrates a horizontal composting reactor: 

Figure 7.5

Horizontal Composting Reactor
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Systems with agitation and bed depths less than two to three meters appear effective in dealing with the heterogeneity of MSW.

· Rotating drum: Rotating drum reactors (see Figure 7.6) take the trade-off between reactor cost and compost residence time to an even further extreme than the horizontal or vertical in-vessel systems. These reactors, also known as digesters, retain the material for only a few hours or days: 

Figure 7.6

Rotating drum
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While the tumbling action can help homogenise and shred materials, the short residence time usually means the processing is more physical than biological. While rotating drums can play an important role in MSW composting, they are normally followed by other biological processing, which may include in-vessel, static pile and/or windrow systems. 
Anaerobic composting

In anaerobic processes, facultative bacteria break down the organic materials in the absence of oxygen and produce methane and carbon dioxide. Anaerobic systems, if configured efficiently, will generate sufficient energy in the form of methane to operate the process and have enough surpluses to either market as gas or convert to electricity. Conventional composting systems, on the other hand, need significant electrical or mechanical energy inputs to aerate or turn the piles. Several approaches are available for anaerobic digestion of feedstock. 

Single-stage digesters contain the entire process in one airtight container. In this system, the feedstock is first shredded, and before being placed in the container, water and possibly nutrients are added to the previously shredded material. A single-stage digester may contain agitation equipment, which continuously stirs the liquefied material. The amount of water added and the presence or absence of agitation equipment depend on the particular research demonstration or proprietary process employed.

The two-stage digestion involves circulating a liquid supernatant from a first stage digester, containing the materials, to a second-stage digester. This circulation eliminates the need for agitation equipment and provides the system operator with more opportunity to carefully control the biological process.  Figure 7.7 schematically illustrates an anaerobic digester with an aerobic compost curing: 

Figure 7.7

Anaerobic Digester with Aerobic Compost Curing
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As digestion progresses, a mixture of methane and carbon dioxide is produced. These gases are continuously removed from both first- and second-stage digesters and are either combusted on-site or directed to off-site gas consumers. A portion of the recovered gas may be converted to thermal energy by combustion, which is then used to heat the digester. A stabilised residue remains, when the digestion process is completed. The residue is either removed from the digester with the mechanical equipment or pumped out as a liquid. It is chemically similar to compost, but contains more moisture. Conventional dewatering equipment can reduce the moisture content enough to handle the residue as a solid. The digested residue may require further curing by windrow or static pile composting. We will explain the process of anaerobic digestion and energy production through it in Section 7.2. But, first let us work out Learning Activity 7.4. 
















The Indian scenario

The first significant development in composting as a systemised process took place in India in 1925, when a process involving the anaerobic degradation of leaves, refuse, animal manure and sewerage were placed in pits. The materials were placed in layers and the pit wall conserved some of the heat of degradation, resulting in high temperature than when composting was carried out in the open. This process (often referred as Indore process) took approximately six months to produce usable compost. Following this, the Indian Council of Agricultural Research (ICAR) improved the method by laying down alternate layers of waste and sewage and this system (referred to as the Bangalore process) is still being used in India. In India, the high humid degradation that occurs in the land requires a large amount of humus for maintaining soil-fertility, and for that reason, composting is an ideal method for recycling organic wastes.


7.2
BIOGASIFICATION

Biogas is a mixture of gases composed of methane (CH4) 40 – 70 vol.%, carbon dioxide (CO2) 30 – 60 vol.%, other gases 1 – 5 vol.% including, hydrogen (H2) 0 – 1 vol.% and hydrogen sulphide (H2S) 0 – 3 vol.%. It originates from bacteria in the process of bio-degradation of organic material under anaerobic (without air) conditions. The natural generation of biogas is an important part of the biogeochemical carbon cycle. 

Methanogens (methane producing bacteria) are the last link in a chain of microorganisms, which degrade organic material and return the decomposition products to the environment. In this process, biogas is generated, which is a source of renewable energy. As is the case with any pure gas, the characteristic properties of biogas are pressure and temperature dependency. It is also affected by moisture content. Well-functioning biogas systems can yield a whole range of benefits for their users, the society and the environment in general. Some of the important benefits are as follows:

· production of energy (heat, light, electricity);

· transformation of organic waste into high quality fertiliser;

· improvement of hygienic conditions through reduction of pathogens, worm eggs and flies;

· reduction of workload in firewood collection and cooking;

· environmental advantages through protection of soil, water, air and woody vegetation;

· micro-economical benefits through energy and fertiliser substitution, additional income  generation and increasing yields of animal husbandry and agriculture;

· macro-economic benefits through decentralised energy generation, import substitution and environmental protection.

What we can deduce from the list above, is that biogas technology can substantially contribute to energy conservation and development, if the economic viability and social acceptance of biogas technology are favourable. In Subsections 7.2.1 to 7.2.3, we will discuss the various processes, environmental requirements and digesters associated with biogasification (http://www3.gtz.de/gate/).

7.2.1 
Anaerobic processing

Anaerobic processing of organic material is a two-stage process, where large organic polymers are fermented into short-chain volatile fatty acids. These acids are then converted into methane and carbon dioxide. The metabolic stages in biogasification are illustrated in Figure 7.8. 

Figure 7.8

Biogasification of Organic Waste: Metabolic Stages  
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Note that both the organic polymers fermentation process and acid conversion occur at the same time, in a single-phase system. And, the separation of the acid-producing (acidogenic) bacteria from the methane producing (methanogenic) bacteria results in a two-phase system (McDougall, et. al., 2001). 

The main feature of anaerobic treatment is the concurrent waste stabilisation and production of methane gas, which is an energy source.  The retention time for solid material in an anaerobic process can range from a few days to several weeks, depending upon the chemical characteristics of solid material and the design of the biogasification system (e.g., single stage, two stage, multi- stage, wet or dry, temperature and pH control). 

In the absence of oxygen, anaerobic bacteria decompose organic matter as follows: 

Organic matter + anaerobic bacteria ( CH4 + CO2 + H2S + NH3 + other end products + energy 

The conditions for biogasification need to be anaerobic, for which a totally enclosed process vessel is required. Although this necessitates a higher level of technology than compared to composting, it allows a greater control over the process itself and the emission of noxious odours. Greater process control, especially of temperature, allows a reduction in treatment time, when compared to composting. Since a biogas plant is usually vertical, it also requires less area than a composting plant.

Biogasification is particularly suitable for wet substrates, such as sludges or food waste, which present difficulties in composting, as the lack of structural material restricts air circulation. The anaerobic process is used sometimes to digest sewage sludge, and this has been extended to fractions of household solid waste. 

In contrast to aerobic processes (i.e., composting), biogasification is mildly exothermic. Thus, the heat needs to be supplied to maintain the process temperature, especially for thermophilic processes. The advantage of high temperature is that the reaction will occur at a faster rate, and so a shorter residence time is required in the reactor vessel. 

According to the solid content of the material digested and the temperature at which the process operates, the various biogasification processes can be classified as under: 

· Dry anaerobic digestion: In dry anaerobic digestion, semi-solid wastes are digested to produce biogas in a single stage, either as a batch process or a continuous process. It takes place at a total solid concentration of over 25%, and below this level of solid, the process is described as wet digestion. With regard to temperature, the processes are either described as mesophilic (operating between 30 and 40(C) or thermophilic (operating between 50 and 65(C), and anaerobic microorganisms have optimum growth rates within these temperature ranges. The dry fermentation process means that only little process water has to be added or heated, which favours thermophilic operation. No mixing equipment is necessary, and crust formation is not possible due to the relatively solid nature of the digester contents. This anaerobic process usually takes between 12 and 18 days, followed by several days in post-digestion for residue stabilisation and maturation.  

· Wet anaerobic digestion: In its simplest form, this process consists of a single stage in a completely mixed mesophilic digester, operating at a total solid content of around 3 –  8%. To produce this level of dilution, a considerable amount of water has to be added and heated, and then removed after the digestion process. This method is routinely used to digest sewage sludge, and animal and household wastes. The single-stage wet process can suffer from several practical problems such as the formation of a hard scum layer in the digester and difficulty in keeping the content completely mixed. 

The major problem with the single-stage process is that the different reactions in the process cannot be separately optimised. The acidogenic microorganisms grow fast and lower the pH of the reaction mixture, whereas the methanogens, which grow slowly, have a pH optimum around 7.0. The development of the two-stage digestion process solves this problem as hydrolysis and acidification occur in the first reactor vessel, kept at a pH of around 6.0 and methanogenesis occurs in the second vessel, operated at a pH of 7.5 – 8.2.  The whole process can run with a retention time of 5 to 8 days. (We will discuss single-stage and two-stage digesters in Subsection 7.2.2.) 

Maturing or refining 

The residues of both wet and dry biogasification processes require extensive maturing under aerobic conditions. However, we can considerably reduce this period through effective aeration. The maturation processes facilitate the release of entrapped methane, elimination of phytotoxins (i.e., substances that are harmful for plant growth, such as volatile organic acids) and reduce the moisture content to an acceptable level. These residues contain a high level of water – even the dry process residue contains around 65% water. 

Filtering or pressing can reduce excess water, and further drying can be achieved using waste heat from the gas engine, if the biogas is burnt onsite to produce electricity. The digested residue, initially anaerobic, will also contain many volatile organic acids and reduced organic materials. These need to be matured aerobically to oxidise and stabilise the compounds, in the process similar to the maturation of aerobic compost, prior to sale as compost or disposal as residue. Odour production is measured as the total amount of volatile organics produced per tonne of bio-waste during composting and the final aerobic maturation after anaerobic digestion.

Factors affecting biogasification

As with composting, a number of environmental factors (Phelps, et al., 1995) influence biogasification, some of which are listed below:

· Temperature: A temperature range of about 25 – 40(C (mesophilic) is generally optimal.  It can be achieved without additional heating, thus being very economical.  In some cases, additional energy input is provided to increase temperature to 50( – 60(C (thermophilic range) for greater gas production.  Often digesters are constructed below ground to conserve heat.
· pH and alkalinity:  pH close to neutral, i.e., 7, is optimum.  At lower pH values (below 5.5), some bacteria carrying out the process are inhibited.  Excess loading and presence of toxic materials will lower pH levels to below 6.5 and can cause difficulties.  When pH levels are too low, stopping the loading of the digester and/or use of time is recommended.  The presence of alkalinity between 2500 and 5000 mg/L will provide good buffering against excessive pH changes.
· Nutrient concentration: An ideal C: N ratio of 25:1 is to be maintained in any digester. It is an important parameter, as anaerobic bacteria need nitrogen compound to grow and multiply. Too much nitrogen, however, can inhibit methanogenic activity. If the C: N ratio is high, then gas production can be enhanced by adding nitrogen, and if the C: N ratio is low, it can be increased by adding carbon, i.e., adding chicken manure, etc., which reduces the possibility of toxicity. Anaerobic digestion not only breaks down plant materials into biogas, but also releases plant nutrients, such as nitrogen (N), potassium (K) and phosphorous (P), and converts them into a form that can be easily absorbed by plants.

· Loading: When any digester is designed, the main variable to be defined is the internal volume. The digester volume is related to, as Fulford (1998) shows, two other parameters, and these are feed rate (Q, measured in m3/day) and hydraulic loading or retention time (R, measured in days). The feed rate (Q) is given by the mass of total solid (m, kg) fed daily, divided by the proportion of total solid (TS) in the mixed slurry (as summing the density of feed is 1000 kg/m3).  
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The retention time (R) of any digester is given by the volume of the digester pit (V, m3), divided by the volume of the daily feed (Q, m3/day).
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The loading rate, r (kg. VS/m3/day) of a digester is defined as the mass of volatile solids added each day per unit volume of digester. This is related to mass feed rate:
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The typical values for the loading rate are between 0.2 and 2.0 kg VS/m3/day.

· Effect of toxins: The main cause of biogas plants receiving flak is the presence of toxic substance. Chlorinated hydrocarbons, such as chloroforms and other organic solvents, are particularly toxic to biogas digestion. If the digester has been badly poisoned, it may be difficult to remove the toxins without removing most of the bacteria. In that case, the digester must be emptied, cleaned with plenty of water and refilled with fresh slurry.

7.2.2 
Types of digesters

In the anaerobic digestion process, the organic matter in mixtures of sludges is converted biologically, under anaerobic conditions, to a variety of products including methane (CH4) and carbon dioxide (CO2). The process is carried out in an airtight reactor, where wastes in the form of sludges are introduced continuously or intermittently and retained in the reactor for varying periods. The microbiology of anaerobic digestion and the optimum environmental considerations for the microorganisms can be achieved by selecting the proper type of digester. 

Against this background, we explain below the operation and physical facilities for anaerobic digestion in single-stage digester (standard rate and high rate) and two-stage digester (Tchobanoglous and Burton, 1996), which generally operate in a mesophilic range, i.e., between 30 and 38(C:

(i)
Standard rate single-stage digester: In a single stage digester, the untreated waste sludge is directly added to the zone, where the sludge is actively digested and the gas is being released. The sludge is heated by means of an external heat exchanger.

As the gas rises to the surface, it lifts sludge particles and other minerals such as grease oil and fats, ultimately giving rise to the formation of scum layer. As a result of digestion, the sludges stratify by forming a supernatant layer above the digesting sludge and become more mineralised, i.e., the percentage of fixed solid increases. Due to stratification and lack of mixing, the standard rate process is used principally for small installations. Detention time for standard rate processes vary from 30 to 60 days.

Figure 7.9 illustrates a single-stage digester:

Figure 7.9

Standard Rate Single-Stage Digester
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(ii)
High rate single-stage digester:  The single-stage high rate digester differs from the single-stage standard rate digester in that the solid-loading rate is much greater. The sludge is mixed intimately by gas recirculation, mechanical mixing, pumping or draft tube mixer and heated to achieve optimum digestion rates. 

With the exception of higher loading rates and improved mixing, there are only a few differences between standard rate and high rate digester. The mixing equipment should have a greater capacity and should reach the bottom of the tank, which should be deeper to aid the mixing process. Digestion tank may have fixed roof or floating covers along with gasholder facility, which provide extra gas storage capacity. The required detention time for a high rate digestion is typically 15 days or less.

Figure 7.10 illustrates a high rate single-stage digester.

Figure 7.10

High Rate Single-Stage Digester
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(iii)
Two-stage digester:  The combination of the two digesters, mentioned above, is known as a two-stage digester. The first stage digester is a high rate complete mix digester used for digestion, mixing and heating of waste sludge, while the primary function of a second stage is to separate the digested solid from the supernatant liquor, and in the process, additional digestion and gas production may occur. The tanks are made identical, in which case either one may be the primary digester. They may have fixed roofs or floating covers along with gasholder facility. Figure 7.11 below illustrates a two-stage digester:

Figure 7.11

Two-Stage Digester
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7.2.3
Biogas plants in India

In India, the dissemination of large-scale biogas plants began in the mid-seventies, and the process has become consolidated with the advent of the National Project on Biogas Development (NPBD), initiated by the Ministry of Non-Conventional Energy Sources (http://mnes.nic.in) in 1981, which has been continuing since, with the following objectives:

· to provide fuel for cooking purposes and organic manure to rural households through biogas plants;

· to mitigate the drudgery of rural women, reduce pressure on forest and accentuate social benefits; 

· to improve sanitation in villages by linking toilets with biogas plants.

Against the estimated potential of 12 million biogas plants, 2.9 million families, and 2700 communities, institutional and night soil-based biogas plants were set up by December 1999 (http://www.teriin.org/renew/tech/biogas/).  This is estimated to have helped in saving 3 million tonnes of fuel wood per year and manure containing nitrogen equivalent to 0.7 million tonnes of urea. There are various biogas plant models approved by NPDB for implementation. All these models are based on the basic designs available: floating metal drum type, fixed masonry dome type, and FLEXI, a portable model made of rubberised nylon fabric, which has been approved for promotion in hilly and other terrains. Some of the NPDB approved models are as follows:

· KVIC floating drum: Based on Gramalakshmi III, the first workable prototype of a biogas plant – created by Jashbhai Patel, a Gandhian worker in the early 1950s – Khadi and Village Industries Commission (KVIC) developed this model in the early 1960s. This model has an underground cylindrical digester with inlet and outlet connections at the bottom on either side of a masonry wall. An inverted metal drum, which serves as the gasholder, rests on a wedge type support on top of the digester and, as the gas begins to accumulate, the drum starts rising in height. The weight of the drum applies pressure on the gas to make it pass through the pipeline to the point of use. As the gas flows out, the drum gradually moves down. Due to this smooth two-way motion, the gas remains at constant pressure, which ensures efficient use of gas. Though KVIC has been a very popular model since the beginning, it has two major drawbacks: the plant cost is very high and the metal gasholder has to be painted regularly for protecting it against corrosion, which means high running cost.

· Deenbandhu: Action for Food Production (AFPRO), a voluntary organisation based in New Delhi developed this model in 1984. Deenbandhu has probably been the most significant development in the entire biogas programme of India, as the cost of the plant was nearly 50% less than that of the KVIC plant, and this brought the biogas technology within the reach of even the poorer sections of the population. The cost reduction was achieved by minimising the surface area through joining the segments of two spheres of different diameters at their bases. This structure acts as a digester, and pressure is exerted on the slurry, which is pushed into a displacement chamber. Once the gas is drawn from the outlet, the slurry again enters the digester. The brick masonry dome, which is fixed, requires skilled workmanship and quality material to ensure no leakage.

· Pragati: The United Socio-Economic Development and Research Programme (UNDARP), a Pune-based NGO (non-government organisation) developed this model, which is a combination of KVIC and Deenbandhu designs. In this model, the lower part of the digester is semi-spherical in shape with a conical bottom. However, instead of a fixed dome, it has a floating drum acting as gas storage chamber. The spread of Pragati model has been confined mainly to the state of Maharashtra.

· KVIC plant with ferro-cement digester: The Structural Engineering Research Centre, Ghaziabad, has developed the ferro-cement digester design in order to overcome the problems encountered in construction of traditional models of biogas plants. In this digester, layers of thin steel wire mesh, distributed throughout, are impregnated with rich mortar. Ferro-cement (i.e., concrete made of welded mesh, sand and cement) as a building material offers several advantages like 10 to 15% reduction in cost over KVIC digesters, usage of locally available material, less labour and little or no maintenance. The only limitation though is ferro-cement is vulnerable to damage due to the impact of pointed loads, which, however, can be easily repaired. 

· KVIC plant with fiber reinforced plastic (FRP) gasholder: FRP is used in place of metal in the floating drum gasholder. Contact Moulding Process, a technique of moulding without the application of external pressure, is adopted to manufacture the FRP. It employs one of the less expensive types of moulds, resulting in lower cost of the plant. The major advantage of FRP is its resistance to corrosion, which saves the recurring expenditure on painting the drum.

· FLEXI: Developed by Swastik Rubber Products Ltd., Pune, this is a portable model in which the digester is made of rubberised nylon fabric. The model is particularly suitable for hilly areas, where high transportation cost of construction materials, such as cement and bricks substantially increases the cost of installing the regular type of biogas plants.

Components of biogas plant

A typical biogas plant has the following components:

· a digester in which the slurry (e.g., dung mixed with water) is fermented;
· an inlet tank used to mix the feed and let it into the digester;
· a gas holder/dome in which the generated gas is collected;
· an outlet tank to remove the spent slurry; 
· distribution pipeline(s) to carry the gas into the kitchen; 
· a manure pit, where the spent slurry is stored.


So far, we studied the importance and benefits of composting and biogasification. In Section 7.3, we will examine the effects they may have on the environment. 


7.3
COMPOSTING AND BIOGASIFICATION:  

ENVIRONMENTAL EFFECTS

The compost produced and slurry from biogas plants is often used as a soil amendment in a variety of applications, after ascertaining the quality of the product. Since the product is used for a variety of purposes, contaminants in the compost could be detrimental to the environment (EPA, 1989 and 1995). This is particularly true when one considers that the environmental pollutants are easily minimised through simple treatment procedures (i.e., waste segregation, proper turning and sufficient composting time). In the main, composting facilities of solid waste with manure, sewage sludge and residue from processing create some significant environmental considerations including the following:

(i)
Water impacts: Water runoff from garden waste composting facilities could contain large concentration of nutrients (i.e., nitrates and phosphorous), volatile organics and metals that cause algal blooms in the nearby surface water. Retention basins may be used at facilities to limit water runoff. Water impacts are not generally expected to be serious at yard waste composting facilities. Municipal waste composting, sludge composting and co-composting involve a large amount of potential contaminants, and water impact could be greater at these facilities. Leachate from MSW compost facilities can contain high concentration of nutrients (e.g., nitrate and phosphorous), volatile organics and metals. Leachate could affect both surface and ground water. 

(ii)
Land impacts: At garden waste composting facilities, soil may become more acidic, due to the presence of certain leaves and pine needles in the compost pile. Nitrogen depletion may also occur, which can be limited by proper turning. MSW and co-composting facilities carry the potentially harmful impacts of acids, and organic and metal contamination.  Again careful pre-processing to divert much of the potentially hazardous materials from the compost facility is an important quality control procedure.

(iii)
Odour pollution: Odour is one of the most frequent problems at composting facilities. Frequent turning of compost piles has proven to be effective in limiting odour problems. When in-vessel systems are used, odour control devices (e.g., air scrubber, etc.) can minimise the problem.

(iv)
Health impact: The primary public health concerns associated with composting operation result from:

· drinking contaminated water; 

· toxins in the finished product (applied on land); 

· pathogens.

Nitrate contamination of drinking water can affect the oxygen-carrying capacity of the blood in infants, e.g., blue baby syndrome (methemoglobinemia) and in elderly, but again under proper composting conditions, this risk can be minimised. Insects and vermin can spread pathogens. Note that because of the high temperature achieved during the normal composting operations, pathogens found in manure, sewage sludge or municipal waste are usually destroyed. There are risks to workers as well (e.g., aggravation of respiratory problem). However, proper training and health monitoring as well as proper apparel and equipment can minimise these risks. 



















SUMMARY

In this Unit, we discussed the benefits and environmental effects of composting, a biochemical degradation of the organic fraction of solid waste material having humus-like final product that could be used primarily for soil conditioning, and biogas. We began the Unit by describing some of the benefits of composting. We then explained the physical, chemical and biological processes in composting. In that context, we said that while the mesophilic, thermophilic, cooling and curing phases are involved in the biological processes, the carbon/energy content, nutrients, oxygen, moisture and pH influence the chemical process and particle size, temperature and mixing affect the physical process. We also discussed the stages (preparation, digestion, curing or finishing and storage and disposal) and the technologies (windrow, aerated static pile, in-vessel and anaerobic) of composting processes. Following this discussion, we described biogasification, another process for recovery of biological conversion, and anaerobic processing, including the factors affecting biogasification, types of digesters and the biogas plants in India. Finally, we closed the Unit by examining the impact of composting and biogasification on the environment. 
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Unit 7


Model Answers to Learning Activities
LEARNING ACTIVITY 7.1
Composting is the transformation of organic material (e.g., plant matter) through decomposition into a soil-like material called compost. Invertebrates (e.g., insects and earthworms) and microorganisms (e.g., bacteria and fungi) help in transforming the material into compost. Composting is a natural form of recycling, which continually occurs in nature. Decomposition occurs naturally wherever plants grow. Creating ideal conditions can encourage this natural decomposition. The microorganisms and invertebrates fundamental to the composting process require oxygen and water to successfully decompose the material. The end products of the process are soil-enriching compost, carbon dioxide, water and heat. For example, composting of organic wastes such as vegetable wastes produce an organic manure, which is good for garden plants.

LEARNING ACTIVITY 7.2
There are 3 processes of composting, viz., biological, chemical and physical. In biological processes, microorganisms such as bacteria, fungi and actinomycetes break down the organic matter present in the waste. As microorganisms begin to decompose the organic material, the carbon in it is converted to by-products like carbon dioxide and water and a humic end product called compost. Inoculum is added in case of a lack of microbial organisms. If all conditions are ideal for a given microbial population to perform at its maximum potential, composting will occur rapidly. The chemical environment is largely determined by the composition of material to be composted. Several factors determine the chemical environment for composting: carbon energy source, the correct amount of water, adequate oxygen, appropriate pH and the absence of toxic constituents that could inhibit microbial activity. A physical environment is essential for the composting process to proceed efficiently. This includes factors such as temperature, particle size, mixing and pile size. Smaller particle size is preferred, as it has more surface per unit weight, and therefore, facilitates more microbial activity, which leads to rapid decomposition. The optimum temperature range is between 320C and 600C. Temperature above 650C is not ideal for composting. Mixing is done to distribute moisture and air evenly and promote the breakdown of compost clumps.

LEARNING ACTIVITY 7.3
There are 5 basic stages involved in all composting practices, namely, preparation, digestion, curing, screening and finishing and storage or disposal. Preparation consists of sorting the recyclables, removal of non-combustibles, shredding, pulping, grinding and the addition of water sludge. There are 5 techniques of digestion, viz., windrow, aerated, static pile, in-vessel composting and anaerobic processing.  These techniques vary in the method of air supply, temperature control, mixing/turning of the material, time required for composting and capital and operating costs. The amount of curing necessary at the initial stabilisation depends on the proposed use of the composted material. If the compost is to be pelletised and/or bagged, it must be completely stable before being finished. The amount of finishing required is also dependent on the final marketing of the compost. Regrinding and rescreening is done, so as to make the compost uniform in size. The efficiency of the composting process, i.e., the success or failure of the operation, depends on the method of disposal. Even where a good compost market exists, provisions must still be made for storage because the use of composting is seasonal, with greatest demand during the spring and fall.
LEARNING ACTIVITY 7.4
 In the anaerobic composting process, facultative bacteria break down the organic materials in the absence of oxygen and produce methane and carbon dioxide. Single-stage digesters contain the entire process in one airtight container. The feedstock is first shredded, and before being placed in the container, water and possible nutrients are added to the previously shredded material. The single-stage digester may contain agitation equipment, which continuously stirs the liquefied material. As digestion progresses, a mixture of methane and carbon dioxide is produced. These gases are continuously removed from both first- and second-stage digesters and are either combusted on-site or directed to off-site gas consumers. A stabilised residue remains, when the digestion process is completed, which can be removed either by mechanical equipment or pumped out as a liquid. The digested residue may require further curing by windrow or static pile composting.
LEARNING ACTIVITY 7.5
Yes, I suggest biogasification of municipal solid waste. Biogasification is an effective way of recovery of waste in the form of biogas, which is a source of renewable energy. The benefits that can be accrued from biogas are production of energy, transformation of organic waste into high quality fertiliser, improvement of hygienic conditions through reduction of pathogens, worm eggs and flies, environmental advantages through protection of soil, water, air and woody vegetation, etc. Also, biogas is much more convenient to use than traditional fuels such as firewood, dried dung and even kerosene. Biogasification is particularly suitable for wet substrates, such as sludges or food waste, which present difficulties in composting.
LEARNING ACTIVITY 7.6
Although compost has been used for a variety of purposes, contaminants in the compost could be detrimental to the environment and public health as they affect the water (i.e., eutrophication and leaching to surface and groundwater), the land (i.e., acidic soil, nitrogen depletion in soil, impacts of acids, organic and metal contamination), the air (i.e., odour) and health (i.e., drinking of contaminated water, toxins in the finished product and pathogens).












(LEARNING ACTIVITY 7.5





Do you suggest biogasification approach for MSW? Give reasons.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.











(LEARNING ACTIVITY 7.4





Explain anaerobic composting process.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 7.3





Discuss briefly the basic steps involved in the composting practice.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 7.2





Explain the significance of various processes in composting.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.

















(LEARNING ACTIVITY 7.6





List the environmental implications of composting.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 7.1





Explain composting with examples.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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