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Treatment of waste water (sewage) is a growing problem for any developing country. In India the magnitude of problems in urban areas is severe due to uncontrolled inflow of people, growing slums,  and  lack of required space for centralised system of waste water treatment. Moreover, the operation and maintenance costs of conventional system of centralised waste water treatment are prohibitive. Waste water collection system is expensive and practically  unaffordable. That could be the reason that out of about 4700 towns/cities in India, hardly 230 towns have sewer system that too partial. Untreated or semi-treated sewage finally leads to adjoining river or water bodies of city/town, causing severe problems to aquatic lives, community health & hygiene and environment. Many important rivers in India are getting practically converted into drain to carry sewage of the town.


Majority (about 80%) of the pollution load of waste water is due to human excreta as it has high BOD ( Bio-chemical Oxygen Demand) content, pathogenic count etc. The technology of generation and utilisation of biogas from public toilet linked biogas plant is an important landmark of the Ministry of Non-conventional Energy Sources, Govt. of India. The system in addition to providing bioenergy for different uses, also helps decrease in pollution load of waste water (biogas plant effluent), that is also being used for agricultural purposes with due precaution due to presence of pathogens. Although there is a remarkable decrease (80-90%) in pollution load of waste water (biogas plant effluent), it is still higher than the permissible limit of discharge in any water body particularly due to its high BOD and pathogen contents. Since human excreta contains a lot of pathogens even after 98-99% reduction, its absolute bacterial count is much higher. Further its yellowish colour, odour and psychological taboo prohibits its reuse. It has good percentage of nitrogen, potash and phosphate, but due to pathogenic content, precautionary measure is required to handle it.
   To make complete recycling and safe reuse of biogas plant effluent without health risk, a low cost sustainable technology has been developed. The paper describes about such technology. It will further help increase social acceptance and disseminate the technology of biogas.
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Sulabh Public toilet and biogas
Sulabh is the pioneering organization in India in operation and maintenance of public toilets  on pay & use basis since 1974. It has constructed over 6,000 such toilets in slums, and public places like bus stands, railway stations, market places etc. The system has helped a lot to municipality in maintaining sanitation, providing employment to local people and delivery Quality services. Based on the system there are several other NGOs / CBOs engaged in such activities in different states of the country.

The system has helped people to defecate with dignity in public toilets who were used to defecate in open particularly in slums where people generally don’t have space as well as affordability for household toilets. But practically it is not feasible either for local bodies or implementing agencies to take care of human excreta from public toilets properly due to higher operational and maintenance cost of the system. Generally, human excreta from public toilets flows in the open drains or in the septic tanks whose effluent is discharged into drains that finally leads to nearby water body causing severe water pollution. 
      Majority (about 80%) of the pollution load of waste water is due to human excreta as it has high BOD ( Bio-chemical Oxygen Demand) content, pathogenic count etc. One import method to reduce such pollution risk as developed by Sulabh is the generation of biogas through anaerobic digestion of human wastes in underground digester. The technology developed by the R & D efforts of the organization is approved by the Ministry of Non-conventional Energy Sources, Government of India, for implementation by its state nodal agencies. The system does not require manual handling of human excreta as it flows into digester under gravity. Sulabh has so far constructed 118 large size biogas plant whose per day gas production ranges from 35 cubic meter to 60 cubic meter. One cubic foot biogas is produced from the human excreta of per person per day. Human excreta based biogas contains 65-66% methane, 32-34% carbon dioxide and rest hydrogen sulphide and other gases in traces.


Biogas is utilized for cooking, lighting through mantle lamps, electricity generation and body warming during winter. Cooking is the most efficient use of biogas. Biogas burners are available in a wide range of capacity ranging from 8 cft to 100-cft biogas consumption per hour. Biogas mantle lamp consumes 2-3 cft per hour having illumination capacity equivalent to 40 W electric bulbs at 220 volt. Motive power can be generated by using biogas in dual fuel internal combustion (IC) engine. Air mixed with biogas is aspirated into the engine and mixture is then compressed, raising its temperature to about 3500C, which is self-ignition temperature of diesel. Biogas has high (6000C) ignition temperature. Therefore, in order to initiate combustion of the charge, a small quantity of diesel is injected into the cylinder just before the end of compression. The charge is thus ignited and the process is continued smoothly. At optimum condition only 20% diesel is required, rest (80%) is substituted by biogas. Biogas consumption by engine is 15 cft/BHP/hour.  A public convenience visited by about 2000 persons per day would produce approximately 60 cum of biogas which can run a 10 KVA genset for 8 hours a day, producing 65 units of power.   
       Besides, use of biogas, effluent from biogas plants can be used as plant nutrient as it contains nitrogen, potash, phosphate and several micronutrients. Although there is a remarkable decrease (80-90%) in pollution load of waste water (biogas plant effluent), it is still higher than the permissible limit of discharge in any water body particularly due to its high BOD and pathogen contents. Since human excreta contains a lot of pathogens even after 98-99% reduction, its absolute bacterial count is much higher. Further its yellowish colour, odour and psychological taboo prohibits its reuse. It has good percentage of nitrogen, potash and phosphate, but due to pathogenic content, precautionary measure is required to handle it.


 Sulabh Effluent Treatment
     To make such effluent recyclable and reusable, Sulabh has developed a simple and convenient  method called Sulabh Effluent Treatment ( SET) system  wherein effluent of human excreta based biogas plant after a short sedimentation time ( 2-3 hrs.) is passed through activated charcoal followed by U-V ( ultra-violet) exposure, that results into colourless, odourless and pathogen free effluent having BOD <10 mg /l - ,suitable for reuse in agriculture or discharge into any water body. The treated effluent can be used for cleaning of public toilets in drought prone areas where cleaning of public toilets is a major challenge, due to scarcity of water. It’s operational and maintenance costs are low and affordable that can be met easily from the fund received from users of public toilets. It can be operated by semi skilled caretakers of a  toilet complex. It is sustainable and will definitely help improve health & hygiene of community and environment in Indian socio-economic conditions.

     Since energy requirement in the system is very low (.06 kWh), it can easily be met with solar energy, particularly in areas having no electric supply.  In India no such earlier attempt has been done by any body.  
Advantages of Sulabh Biogas plant with SET system  

· No manual handing of human excreta is required.

· Aesthetically and socially accepted

· Technically appropriate and financially affordable

· Operational & Maintenance cost very low

· Biogas is used for different purposes.

· Treated effluent is safe to reuse or discharge into any water body.

· In draught prone areas treated effluent can be used for cleaning of floor of public toilets.

· Direct economic return by using effluent in agriculture and aquaculture
Sustainability of the technology

Sustainability of the proposed system can be discussed in terms of environment & health, operation & maintenance and economic aspects (cost benefit analysis).


So far environment & health aspect is concern, the system of recycling and reuse of human excreta for biogas generation is sustainable without any doubt. In a developing country like ours, more than 80% sickness is due to human excreta borne diseases. In slum areas people don't have their own toilets due to lack of space and/resources. Only option left is to use public toilets. Similarly at public places, this type of toilet is a boon for maintaining health & hygiene and good environment. The system of septic tank has some basic drawbacks - there is no use of excreta, rather it has to be kept in a trenching ground or drained in an open drain after the septic tank is emptied. Since there is seldom availability of vacuum cleaner in semi-urban areas, cleaning of tank is manual.


Sewerage system is practically unaffordable due to high cost of collection of sewage. Centralised system of treatment of sewage is quite uneconomical due to high operational cost, energy input and specialised man power. Wherever the sewerage system is available, it treats only a small part of total sewage. Quality of treatment seldom meets the norms of the Central Pollution Control Board, resulting into untreated/semi-treated sewage flowing into adjoining river or water body of the city/ towns resulting into severe water pollution, health hazards. This causes water unfit for bathing or even for agricultural purposes. Under such circumstance decentralised system of waste water treatment with affordable operational and maintenance costs is most suitable and sustainable method to combat the problem.  The generation of biogas from human excreta, its utilisation in different forms and further effective treatment of effluent to use it for different economic purposes without health risk or discharge into any water body without causing water pollution is perhaps best way to get rid of health hazard and environmental pollution out of human wastes. The system will provide economic return by direct selling treated water for horticultural purposes like rose gardens etc. It will help save money when used for cleaning of floors of public toilets especially in those areas where water is purchased to maintain the toilets clean. When it will be discharged into water body, its water quality will improve as its BOD and pathogen content will be much lower than the permissible limit of discharge. It will help improve community health & hygiene and maintain quality of water bodies that can’t be evaluated in terms of money.


The operation and maintenance costs of the proposed system will be very low. It can be operated by any semi skilled person. A caretaker of the public toilet complex can handle the whole system in addition to his/her normal duty to maintain public toilet complex. Therefore, no additional manpower will require. Energy required can be met with solar energy without recurring expenditure. The cost of replacement of charcoal depends upon BOD load and quantity of waste water treatment per day. However, it is not expected to be high and can be met from the users charges from the concern public toilet.

PAGE  
3

