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Background

Human and animal habitations generate large quantities of organic wastes. In modern urban environment these wastes accumulate in our neighborhood and endanger health of our lifelines – the soil, water and air.


Traditionally organics have always been returned to soil. However, urbanization phenomenon of the last 100 years, these practices have fallen into disuse in many areas. Understanding the role of soil-plant ecosystem in waste conversion processes would help us recognize the importance of building connectivity among ecosystem elements. This way restoration of health of our lifelines could be facilitated. In this work we demonstrate value addition to environmental capital via engineered ecosystems as technology for waste conversion wherein we build synergy between photosynthesis and respiration.

Conventional WasteTreatment Processes: 

Carbohydrates, Cellulose, Proteins, fats and oils constitute the organic fraction in waste, which are removed in conventional waste treatment processes. 


In several natural waste conversion processes of dumping grounds high carbon to nitrogen prevails and oxygen limitation occurs; under such conditions biomethanation takes place.  However, it is known that uncontrolled anaerobic environment of waste dumps are source of pathogens and leads to public health hazards; the occurrence of ammonia and hydrogen sulfide could be viewed as bioindicators of abnormality


Biomethanation typically converts carbohydrates, cellulose of the feed as CO2 and CH4 to the extent of 20 – 70 percent depending on design and nature of feed. Consequent to this loss of biocarbon the fertilizer so produced in biomethanation from animal house residues has less bioenergy for nitrogen fixation and phosphate solubilization during soil applications, even though nitrogen to carbon ratio of fertilizer is higher than starting material. It is therefore incorrect to say that biomethanation produces enriched fertilizer as byproduct.


 There are several aerobic processes of waste conversion. Solid state composting of organic solid wastes, activated sludge and extended aeration of wastewater are such examples. 


The solid state composting process operates at 60–70 C. The process is brought about by thermophilic biology not normal to healthy mesophilic ecosystems. The process produces CO2 and minerals of organics get solubilized. The process is considered complete when CO2 evolution stops. So the net available bioenergy in the product is small. These processes achieve mineralization of inorganics; the bioenergy is not channeled into nitrogen fixation pathways but is dissipated. The final product typically retains 20 – 30 percent of biocarbon in the final product. Activated Sludge and Extended Aeration processes also achieve dissipation of bioenergy via uncontrolled oxidation. Overall destruction of bioenergy seem to be central objective of these technologies (Bhawalkar et. al, 1997)

Waste Processing for Bioenergy Recovery:

A variant of the conventional treatment would be to achieve synergy between photosynthesis, respiration and nitrogen fixation during waste processing. Then problems of conventional processes can be overcome. 

          Such waste processing to obtain synergy between photosynthesis and respiration is perhaps best achieved in a farm or in an engineered ecosystem so that bioenergy of wastes are fully channeled into food for dependent population. The above scheme is possible in semi urban areas where agriculture is not far away from source of waste generation. In urban areas it is perhaps useful to combine organics with soil and rock minerals, dry the mixture and transport the mixture for use in soil applications. This way bioenergy is conserved and whatever biocarbon oxidation occurs goes towards solubilisation of nutrients from rock mineral matter, which is then held by soil matrix for future utilization.

Engineered Ecosystem for Solid waste Processing – Operating Experience:

Engineered ecosystems variably known as Vermiculture Ecosystem bring about the synergy between phtosynthesis and respiration during waste processing. Eqn 6, 7, 8, 9 capture the chemistry at work. Here, soil serves as reservoir of organisms, bacteria serves as the primary work force, earthworms select bacteria, plants consume metabolites, rock addition regulates pH & supply nutrients, moisture maintains mesophilic temperature 25 – 35 C, pests bioindicate and bioremediate overload.

As shown in Fig 4, earthworm occupies the moisture – pH regime most suitable for microbial activity. From eco energetic data it can be inferred that earthworm farm bacteria and graze on surplus microbial biomass (Lavelle, 1974). This predation keeps the bacteria population young and active while culling undesirable organisms such as pathogens, fungi, anaerobic bacteria, protozoa, algae and nematodes. Earthworms also speed up topsoil production through grinding of organics and rock particles added to the process. Bacteria produce acidity during bioconversion of organics. Soil and rock particles provide the environment for this acidity control.


The ecosystem reveals self-regulation; pests as bioindicators and bioremediators are such examples. Litter animals such as redworms, flies, mosquitoes, cockroaches, ants and rats etc. bioindicate overloaded ecosystem. These organisms assimilate the overload into their bodies and scatter the overload and thus effect natural bioremediation. This prevents nitrate or heavy metal toxicity in soil, groundwater and in the plant produce. Of these organisms, fly larvae are associated with high protein organics and have an alkaline niche due to large evolution of ammonia. Other litter animals have an acidic niche.


In an engineered process the litter respiration is arrested by proper distribution of organic loading and rock addition. 

The development of this technology was facilitated through initial support of the Department of Biotechnology, New Delhi in 1989. 

Rejuvenating Agriculture

The data presented thus far indicate that the quality, reliability and productivity of food production system depend on a) health of ecosystem; b) availability of bio-energy and insoluble mineral nutrition, and c) moisture for solubilisation and transportation of nutrients.


The strategy for rapidly increasing food production is to address the above three requirements. Health is achieved by recognizing the connectivities in the life processes of soil and enabling the soil to build its components. Soil nutrition is delivered by ensuing adequate bio-energy availability and source of insoluble mineral nutrition (such as rock powder) so that soil processes can achieve the necessary solubilisation for their uptake.

Engineered Ecosystem for Liquid Waste – Principle and operating experience:


Engineered soil filtration system also known as Cultured Soil Filter Technology (CSFT) consists of impervious containment typically 1.0 - 1.5m below ground and incorporates soil, filtration media, soil organisms like earthworms and plants. The purification takes place by adsorption and filtration.


Earthworms speed up the soil process by combining rock particles, organics and soil bacterial workforce and producing fresh biomedium which has better hydraulic conductivity than parent soil, prevents soil erosion and maintain a steady active bacterial population. 


The power requirement for the process is only for distributing the sewage. The specific consumption was found to be 0.1 – 0.2 kWH/m3. No sludge production is a unique feature of this technology.


The unique feature of this process is that BOD, COD, SS, N, color, odor, bacteria removal is carried out in a single unit. No sludge production unlike the conventional units is another unique feature.


Engineered Ecosystem provide wide range of new possibilities 1) Bacteria and odor removal for drinking water purification 2) Non chemical swimming pool water purification 3) Retrofitting of existing COD removal facilities for effluent compatibility with fish life.

Economics of Engineered Ecosystem is Superior

Conclusions:


Urban landscapes can be restored to pristine health through Engineered Ecosystems as the technology for processing the solid and liquid emissions.
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