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Preface


Our cities are full of stinking garbage in spite of huge expensive garbage disposal department,  systems and structures. Besides, there are politics in the urban waste management department. It is a big money spinning business and hence everyone is more interested in making money rather than doing the work of getting rid of the garbage. Simple reasons like strike by workers, failure of electricity, machine  failure, rain, flood etc. stop the work partially or fully. The net result is that the common people suffer for no fault of their own. The more dependent on the administration, technology, power, personnel the more they suffer. Can we reduce the dependency of the people on such matter achieve the goal? This booklet is trying to discuss this point and achieve the goal of safe disposal of urban wastage. 
Dr. K. T. Chandy, Agriculture and Environment Education

I. Introduction

The urban waste can be managed easily by the public itself. Decomposition of waste is a natural process and there is no need for any machine, electrical power, departments, machineries etc. Each residential area can manage its own waste. Such methods and administrative set up are discussed in this booklet. Self sufficiency is the corner stone of the empowerment of people. 

Urban bio-degradable waste is an asset and if it is properly used it can generate enough vegetable and fruits for the same people who generate the waste. Recycling of organic and inorganic waste is key to waste management. Biologically every animal  produces enough waste or manure both solid and liquid to produce enough food items back to itself. Humans are not exception to it. Why not use this principle and capitalize on it.  It is a pity that most of the waste produced by humans is not recycled.

Application of this principle drastically will change the whole urban system itself. There should be clusters of urban settlements rather a continuous stretch of mega-city. Each cluster consists of residential buildings surrounded by or attached with an agricultural land  which will produce enough vegetables, herbs, spices and fruits. Between the residential area and the farm will be the waste management plats both liquid and solid waste management units. Both the solid bio-degradable waste and liquid/sewage waste will be treated using the natural anaerobic methods. The non-degradable could be accumulated and sold to people who deal with them or there may be a plant to recycle all of them. Thus the so called mega cities should be converted into clusters of green self sufficient city units. Each unit will manage its own affairs and the waste recycling. The purpose of this booklet is to generate enough thinking leading to public opinion and collective action.
II. The Principle of Waste Recycling

One of the characteristics of ecosystem or nature is the continuous cycling and recycling of organic matter and water. About the “Organic Matter Cycle in the Eco-system”  a detailed description is given in Booklet No.338 and similar description is given on “Water cycle in the Eco-system” in Booklet No. 334. For convenience of the readers of this booklet, excerpts on organic matter cycle from booklet No. 338  and excerpts of on water cycle from Booklet No. 334 are given as follows.
III. Levels of Organic Matter Cycles

Organic matter is cycled and recycled at various levels such as molecular level, cellular level, micro-organism level, plant kingdom level, animal kingdom level and at human beings level. They are briefly explained here.

A. Molecular level.

The elements that usually form part of the organic matter are primarily part of a molecule of carbohydrate, fat, oil, protein, vitamins or enzymes. Such molecules combine to form simpler or complex compounds. The organic matter is cycled and recycled in the molecular form through process of combination and decomposition.

B. Cellular level

As we know, all cells whether plants or animal consists of various parts such as cell wall, protoplasm, nucleus, nucleoli, chromosomes, DNA, RNA, genes, golgi bodies, chloroplasts etc. The cell also contain various enzymes and hormones. The organic matter is received by each cell and expelled in the same or different form. Carbohydrate compounds are broken down at the cellular level to provide energy while CO2 and H2O are released as waste. Similarly protein is used for repair and maintenance and in the process compounds like uric acid produced. Each cell is microcosm in which organic matter is cycled. Organic matter cycle in unicellular organisms such as bacteria and virus are also classified under this.

C. Micro organisms level

Micro-organisms may be unicellular or multi-cellular. Organic matter cycling in the unicellular level is similar to the cycling of organic matter at the cellular level explained above. Here multi-cellular organisms are considered under micro- organisms. Multi-cellular organisms are either belonging to plants or animals. However they are considered separately for the study of organic matter cycle. These organisms are performing functions such as absorption of elements and com- pounds for their growth and development and for reproduction. They are digested in their body to release energy for performing various bodily functions. The waste product are excreted. Finally when they are dead they decay and become one with soil, water or air and thus the organic matter cycle is completed.

D. Plants level

In the eco-system or nature, plants are able to manufacture their own food through the process called photosynthesis. This very process itself is the beginning of the organic matter cycle. However, the whole cyclic process takes a turn in the plant kingdom. It is the plant kingdom that converts inorganic matter into organic matter. Plants absorb CO2 and H2O and in the presence of sunlight prepare carbohydrates. Besides these three elements they absorb from the soil about 14 more essential nutrients to prepare various types of amino acids, proteins, vitamins, hormones and enzymes. Therefore, organic matter cycle in nature begins with plants. When the plants die and decay the end product is called humus.

E. Animal level

Animals in general depends on plants for their nourishments. They are called consumers of plant organic matter which is digested and absorbed into animal body for their growth and development. Part of the absorbed materials are converted into energy. Whatever waste is generated in the process IS excreted.

Finally like all other organisms when they die and decompose all the organic matter is released into the soil, water or atmosphere. The elements and compounds released as a result of the decomposition are absorbed by the micro organisms and plants which are again consumed by animals which again die and decompose. Thus the organic matter cycle takes place.

F. Human level

All that is described in the case of animals is also applicable to human beings. They consumed food of both plants and animals origin. The same process of absorption, growth and development, reproduction, energy conversion and excretion are regularly performed. Finally they too die and decay. Thus the organic matter cycle is completed.

From the above brief description on the various levels at which organic matter is cycled it clear that there exists a food chain cycle.

G. Food Chain Cycle 

The whole organic matter cycle is nothing but food chain, cycle. The Organic matter produced by the plant kingdom is consumed by the animals and human beings consume both plants and animals. Thus a chain of producers and consumers is seen in the biotic sphere. Finally plants animals and human beings all die and decay in the soil due to the action of micro organisms. Again the same matter reappear in plants, animals and human beings; This food chain cycle is diagrammatically depicted in Fig. 7. The whole eco-system or nature is myriads of producer-consumer criss-cross relation ships are inter-mingled to form a complex food web.
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H.  Characteristics of Organic Matter Cycle

Certain fundamental principles. and characteristic are inherent In the whole system of organic matter cycle. 

I. Organic-inorganic balance

Organic matter cycle is linked with or is a continuation of the inorganic matter cycle that was already and is still taking place in the eco-system. There seems to be a balance between the organic matter cycle and the inorganic matter cycle. However no quantitative studies has been done to substantiate it.

This balance has two dimensions. (i) the balance between total matter in inorganic cycle alone and the total matter in organic cycle alone, (ii) balance between amount of matter cycling between inorganic state and organic state.

J. Biotic balance

There is a definite range of proportion between the matter being cycled at the various levels of livings micro-organism, plants, animals and human beings at any given. In other words there is quantitative and qualitative balance between the matter involved at the various biotic levels micro-organism level, at the levels of plants, animals and human being. Such balance can be tilted by the intervention of human beings.

K. Physical status

Matter as we all know exists in three states; solids, liquids and gaseous stage. This is a balance between the total matter existing in these three stages: solid; liquid and gaseous stage. Matter moves from solid to liquid and to gaseous stage. This is part of the ecological balance.

L. Basis of production 

Organic matter cycle is the basis for all the economic production in the ecosystem. All the basic requirements for animals and human beings such as food, fuel, fodder, fibre, fabricates, medicine, manures etc are produced as a result of  organic matter cycle. Obviously this production process is  part of the food chain web.

M. Basis of soil fertility 

Organic matter is soul of the soil. The vigour and the fertility of the soil depends directly on the amount of organic matter present in the soil. Because it influences positively the soil temperature, moisture, texture, drainage, moisture retention capacity, cation-anion exchange capacity, soil pH, in short all the physical and chemical properties of the soil are r positively influenced by the organic matter. Therefore it is highly recommended that organic matter cycling should be practiced by any farmer in his field if he really wants to maintain the soil fertility. This practice in short consists in incorporating all the organic matter generated in his field back into the soil directly or through intermediaries such as domestic animals and human beings in the form of faeces and other wastes. Nothing should be burned in the field because by burning all the organic matter is lost for ever. 

IV. Water Cycles in the Ecosystem

Water as an important ecological factor is in constant circulation at various levels in the ecosystem which is in a broad sense called as. Water cycle. The water go through a continuous cyclic process of going in and coming out of almost all the living and nonliving beings in the ecosystem such as soil, air, microorganisms, plants, animals and human beings. Through this process all the living beings receive and give out water. Through the incoming of the water into their body they receive the nutrients and water and by the outgoing of the water from their body they give away the waste that is formed in their body.

Between the ingestion and the excretion of the water by the organisms there is a period of holding the water in the body of the organism. During this period a number of functions such as thermoregulation, maintenance of water balance and osmotic pressure in the body, transport of nutrients to different organs of the body, production of enzymes and hormones for digestion and absorption, respiration, cell division, reproduction and other physico-chemical changes in the body.

The water cycle in the body of any organism is taking place in a continuous manner. This means that the organisms are receiving and giving out water either periodically or continuously. However there are a lot of variations in this regard between one organism to another and one species to another. It also varies with the situations under which the organisms live. Fishes in fresh water will be constantly in the condition of receiving .water from outside whereas the fishes in the sea is a constant situation of losing water from their body. Most of the terrestrial animals ingest and excrete water periodically and hence they have some sort of storage place of water or body waste in their body. For example in the higher animals they have large intestine for retaining solid waste and urinary bladder for retaining liquid waste till they are excreted.

Similar water cycles are taking place at the levels of plants and micro organisms. Plants absorb water from the soil and atmosphere for their needs and transfer it into the atmosphere. In plants the ingestion and excretion of water is mostly taking place in a continuous manner unlike the terrestrial animals.

Water cycle is also taking place in a great way through the nonliving components of the ecosystem such as soil and air. Soil is the biggest vessel in which water is stored, cycled and recycled. Similarly the air also contains a lot of water which is cycled and recycled continuously. Probably the greatest mass of water cycle is taking place in the ecosystem between air and soil through the process of evaporation of water from the land (vegetation included) and ocean into-the air and by condensation of water-vapour in the air into rain, snow, dew and hailstones to fall again onto the land from where again it is evaporated into the atmosphere. This greatest ecological water cycle is the basis and source of all other water cycles that are taking place in numerous living beings (micro and macro organisms included) in the ecosystem or the nature.

In the soil the water is constantly in the movement on the surface in the form of streams, rivers and surface run. off. Whereas within the soil the water is moving in the form of seepage, percolation, streams ,and channels. There are under- ground currents flowing in all directions within the earth. The geologists tell us that there are even rivers flowing underneath the dry land or even across a desert.

In the soil based on the force of adhesion and cohesion there are different types of water: gravitational water, capillary water, hygroscopic water, bound water and water vapour. The gravitational water is that part of the water in the soil which is under the influence of the gravitational force of the earth. The water under percolation movements and mass flow to the lower levels from the higher. levels are examples of the gravitational water. The capillary water is that which is maintained in the capillary pores of the soil and which is capable of resisting the gravitational force. The water that is mostly absorbed by the plants is this form of water. However the capillary water is retained at forces varying from one atmosphere to 15 atmospheres depending on the type of capillaries micro or macro. Water held at high force to the soil particles cannot be absorbed by the plants and hence it is unavailable to the plants. The bound or combined water is that which is existing as part of a compound as part of the clay particle which can be seen only through an electron microscope.  They can be separated only by bringing about chemical or structural changes of the compound. The gaseous form of water or the water vapour is a free water which is not under the influence of any force and is capable of free movement as long as it is in the gaseous state. All these types of water are in constant motion performing millions and millions of water cycles at the micro level in the soil.

V. Combination of OM & Water Cycle

In the nature both the organic matter cycle and water cycle are taking place together; they are complementary to each other and one does not take place without the other whether it is in the soil, plants, animals, humans, atmosphere etc. This is true also in any geographical area whether it is homestead, farmland, village, town, or city. In all these pieces of eco-systems the organic matter and water cycle are taking place together. 


Organic matter cycle consists of regeneration and degeneration; new biological organisms are growing (regenerating) while the old ones are dying (degenerating) to become dead organic matter from which again the new living organic matter is regenerating. 
It is in this process of regeneration and degeneration in the organic matter cycle that all the human needs like food, fuel, fodder, fibre, fabricates, fertilizers (organic manure) etc. are produced. But the bio-degradable materials when they are in the dead and decomposition stage are  considered waste and are really the source of so much pollution and disease causing. 
Also people are in a habit of throwing everything anywhere and do not care for even a simple direction like depositing the waste into proper place. In certain cultures in the world cleaning the waste is done by people at the lowest strata of the society. In India they are called “Shudras” who called upon to all kinds of works with soil, animals, plants and their living and dead matters. The upper cast people dirty the place and the lower cast people are supposed to clean them. The same culture is prevalent in many parts of the country and what we see in the urban areas is the extension and expression of this sort of behaviour. The waste can be categorized into solid and liquid; the solid wastes may be two types: degradable and non-degradables. But we must remember that it is the bio-degradable wastes that goes into the organic matter cycle in the nature mainly and go through the process of regeneration and degeneration. The liquid waste may be also organic and inorganic or chemical. All the bio-degradable organic solid and liquid wastes should be recycled into wealth in the form of organic manure and from organic manure into food, fibre, fuel, fodder, fabricate etc. Similarly. People whether living in the city or villages, rich or poor, educated or uneducated all depend on this organic matter cycle for the availability of all the requirements in life. 
Therefore all the urban organic wastes whether solid or liquid  should be also be treated like wealth from which most of their needs can be met. Such schemes should be undertaken by the people themselves and not the municipality or government. 
VI. Silo Method of Anaerobic Recycling of Solid Bio-degradables

Silo is a storage structure built upward which has facilities to put things from the top and to take the same from bottom. It can be built cylindrical or square. The technology is already explained in booklet No 617.  Though there can be two types of silos: permanent and temporary, for the urban use permanent type of silos are better. The general structure of the silo is given in Figure 1. Under manually operated conditions the maximum recommended size of the silo is 8x8x24 ft. If the volume of the waste is more construct more such silos instead of building a single silo. The silos will function effectively if they are between 4 and 8 ft in base dimension. Note the slope inside the silo towards the opening and the slab projecting inside up to one-forth of the width of the silo. Note also the drainage outlet at the beginning of the receiving chamber. The structure inside will facilitate proper and easy movement of the degrading materials and to come out slowly through the opening as we put more and more waste on the top. The movement of the content is initiated by its own weight. But it can be controlled by closing the opening  with suitable mechanics like  arranging bricks criss-cross or fitting an iron or wooden door.  
No biomass from the urban areas should be burned but should be decomposed. Filling of the silo is done from the top; just dump all and any type of bio-degradables including fish and meat wastes or even dead animals. Do not put long branches without cutting into small pieces. Do not put plastics, metal, glass pieces, wood, stone and any other non-degradable materials. Place all the waste in layers in a spread out manner throughout the surface area. After placing the waste spread some soil taken from top layer of any field. Soil naturally contains all types of decomposing micro-organisms. To make deposition of soil easy always have a heap of soil near the silo. 
To facilitate the decomposition sufficient moisture should be in the contents of the silo. Hence there should be a water tap fixed at the top of the silo from which water can be sprinkled easily whenever needed. Go on dumping the waste as it is generated every day and as the waste is decomposed its volume decreases drastically and goes down to the bottom of the silo.
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 Till one year the opening is kept closed. By the time of one year the materials placed at the bottom of the silo will be completely decomposed into organic manure and also the silo may have been filled or nearly filled. The organic manure is taken out from the bottom only after one year. The closing of the opening is removed and pull out the decomposed content or allow it to slide down out into the receiving chamber. If the material is still to be decomposed allow it to be decomposed in the receiving chamber itself and only then the content should be taken out. The content is sieved and the bigger and undigested particles are separated from the finer particles. The former is put back into the silo to recycle once more and the finer particle is excellent for organic farming.

Large quantities of organic manure is required for agriculture purposes. Even if one needs to use chemical fertilizers it necessary that we need to use 10 to 30 tonnes of organic manure in the field every time we sow a new crop for the seasonal crops and once or twice year for perennial crops. This amounts to 1 to 3 kg per square metre area. This will facilitate the production of organic products of which the world is talking about. Everyone is talking about the need for organic products especially in the food production and the main problems in organic production is lack of enough organic manure. The main reason why people chemical fertilizers is also lack of sufficient organic manure. This problem can be easily solved by decomposing all the urban waste into organic manure. 

Each city or town should have  a sufficient and supportive agriculture land adjacent to it. The organic manure produced should be used in this field to generate all or most of the food requirements, at least the vegetable and fruits requirements. People also should be encouraged to grow vegetables on terrace gardens, balcony and window gardens. Anybody can grow vegetables like tomato, brinjal, ladies finger, onion, garlic, radish, beet root, turnip, knolkhol, spinach and other leafy vegetables even in the pots. Papaya and pinaple, straw berries also can be grown  by families who have only a house plot or no land.. Though it may look very simple from the point of view of nutrition and health it is highly advantageous to produces at least some of the food requirements. But if one is not able to use the manure sell it to people who can use them and get back in terms of vegetables or fruits.
VII. Sewage Management

Sewage or waste water management was dealt in detail in Booklet no. 645  in which the details of plant structure  is given. An urban area can have one or two such plants depending on the quantity of waste water generated per day. The treated water is used for fisheries and aqua-culture and finally for agriculture. For the convenience of the reader excerpts from booklet No 645 is given as follows.

Fig 2 is a simple design of a multi-chamber anaerobic sewage treatment plant which requires no energy or machinery to run. If follows the process of anaerobic decomposition taking place in the nature. Observe carefully the structure of the plant. There is an inlet of the sewage at one end and there is an out let and between them there are a number of anaerobic chambers. The number of chambers depends on the quantity of the sewage to be treated. The duration taken for the sewage to get in and to get out should be at least two to three months. Therefore the volume of the anaerobic area/volume of the plant should be estimated with at least 10-15% extra for any seasonal fluctuation that may happen. 
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The structure of a single chamber needs special attention; each chamber has an inlet at the top; but this inlet is guided by a wall reaching up to the top but has several openings for the sewage to enter into the greater part of the chamber. In the design it looks like a hanging wall but actually it is supported by pillars placed at 4 ft apart. That means there are several windows at the bottom of the wall joining the roof of the plant; the size of one window should be such that a person should be able crawl in and out and the narrow space between the walls should be at least three to four feet for a person to move freely. These specifications are recommended in order for the people to do the construction work properly. The volume of the plant can be increased by increasing the area or depth of the plant and also by increasing the number of anaerobic chambers.  Places where you have abundant land space increase of area at manageable depth would provide enough volume. In places where space is scarce make the plant as deep as possible. Depth is the best parameter to increase the volume and depth should be more exploited than the area even if land is available in plenty. The area will be needed for the future use. 

Construction details need to be paid more attention. The whole plant should be constructed with high quality brick, cement and sand with a solid foundation as required for the size of the plant and the type of the soil. The walls and floors  should be plastered smooth with high quality cement and cured properly and make it non corrodible. All the corners should be made round and smooth; all the joints should be made leak proof and air tight. There will be biogas production which will be accumulated over each anaerobic chamber and it can be taped as fuel as shown in the figure 2.  

From the outlet chamber depending on the quality of water it can be used in  to  the field for agricultural purpose or have it impounded in a big pond or series of ponds  to have aerobic decomposition; depending on the quality of water these ponds can be used for growing various kinds of water plants and air breathing fishes or any other suitable fishes or rearing of ducks, frogs, etc. The out let from these ponds can be used, depending on the quality of water, for various agricultural purposes like fodder, vegetable, fruits, medicinal plant cultivation. 
Provision for repair and maintenance can also be installed along with the plant. This consists of a big enough pipe line or a covered channel which has facilities for inlet and out let into each chamber; these outlets can be controlled by operating suitable valves. This channel will run by the side of the plant either or both sides according to the convenience of the place and construction. Of course the plant should be constructed very strong and durable and resistant to any kind of possible corrosion. Still there may be some need for the repair and maintenance of one or other chambers. The pipe line or channel is to allow shutting down of one or other chamber for the repair and maintenance without disrupting the plant work. 
VIII. Conclusion

In my opinion every town or city should have a plant of the type as described above (Figure 2) in its out skirts; and the water that comes out of it should be used for fisheries and aqua-culture and further the overflow should be used for vegetable and fruit cultivation which should be supplied to the town itself. The gas produced also can be used for any suitable purpose. Thus every village, town, city should have similar plants with aquaculture, horticulture and energy systems attached to it. Thus we can turn all waste into wealth. The Chinese are doing similar things. Every house,  instead of having a safety tank, is having  bio-gas plant from which they get gas into the kitchen for the cooking and excellent liquid manure for their garden. The author of this booklet himself has seen many houses in China when he was invited by the Chinese Government itself for a month long stay in china.  
In the rural areas and in all the homes we must have such facilities in each family. If all families can follow this method we then the whole problem will be solved. Similarly in all villages also can be done. There are villages in China where the whole villages has executed this programme and are using the liquid manure for growing vegetables and fruits which are the main food items among the Chinese. They eat very little rice only; their main meal is mixed vegetable cooked with some meat or fish. Thus the above mentioned urban waste management system calls for a change of food habits and production pattern.
Cities and towns planned in this manner will themselves be complete eco-systems in the organic matter and water cycle will be taking place continuously and production and utilization processes take place side by side. This should be coupled with rain water harvesting and utilization; only the water cycle will be complete. In order to facilitate precipitation and reduce air pollution and to reduce carbon dioxide in the atmosphere 50 per cent of the city complex and sewage water treatment area and 100 per cent of the agriculture area should be under trees and other greeneries. This will be a complete balanced eco-system.
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