Solid Waste Management in Nagpur, India: the bin-free city
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Nagpur is the largest city in the state of Maharashtra and is at the centre of India. The population is estimated to be ~2.4 million and it has high population density. It is a rapidly growing city, because the surrounding region is rich in minerals and it has good  links to other major cities.
The Nagpur Municipal Corporation (NMC) is responsible for managing MSW and the stated aim is for Nagpur to be a “Zero Waste City”. The emergence of a large informal sector, a lack of skilled manpower and the attitude of the local people towards waste, combined with the poor finances of Urban Local Bodies (ULB) has made waste management a critical issue affecting the local environment and public health. 
Nagpur generates 900 to 1000 tonnes per day of MSW. This contains high levels of biodegradable waste, significant construction and demolition waste, and healthcare waste (NMC, 2014). Average waste generation per person is ~0.49 kg/day. The biodegradable fraction constitutes up to 44% (by weight), 42% is inert, 12% is classified as miscellaneous and 2% is potentially recyclable paper, plastics, glass and metals (NMC, 2014). The population increase means waste generation in Nagpur is expected to increase by 50% between 2021 and 2041. 
901 swachata doot, 182 lifiting labourers, 218 drivers, 38 mechanic/helpers, 46 supervisors, 11 staff and 14 incharges manage MSW from collection to disposal (Ambade et al., 2014). This includes street sweeping, door to door collection, waste transportation, disposal at the Bhandewadi landfill site. 
	Swatchata Doot Aplyadari denotes a‘Sanitary worker at your doorstep’ and has been identified as good practice by “UN HABITAT” (NMC, 2014). The Swachta Doot previously worked under unhygienic conditions but are now part of an orgainsed formal waste management sector. The scheme covers all aspects of solid waste management, from waste collection to waste processing and final disposal. The Swachta Doot undertake daily door to door waste collection, waste segregation at source, waste collection and transportation, employment generation, maintenance of a neat and clean city and awareness building.
The NMC has introduced a systematic street sweeping management plan for the city, in which every employee sweeps a fixed road length. The total road length covered is ~3400km and every sweeper cleans between 500 and 900 metres with ~7,500 sweepers employed. 
The concept of a Bin-Free city has been a target for Nagpur and the number bins has steadily reduced from 700 in 2008 to 170 in 2010 (NMC, 2014). The NMC now achieves 100% door to door collection. There is no segregation at source and waste contains household, commercial, market wastes, construction and demolition waste and bio-medical/hospital waste (Ambade et al., 2014). Segregation is undertaken by labourers engaged in house-to-house collection who separate plastics, ferrous metals and  paper, which are sold as scrap. The NMC has authorized contractors to carry out the segragtion process. Proper segregation of the waste before it is transported to the landfill is estimated to save the NMC about Rs. 10 lakh per month on 60 TPD of waste. 	Waste collection starts at 6:30 in the morning. The waste is collected from residential areas, slums and congested localities, markets and commercial areas.
Waste disposal is at Bhadewadi village in the eastern suburbs and ~10km from the city centre. This area is reserved in the City Development Plan for MSW disposal and has been used since 1969. It is an area of 54 acres, contains concrete linking roads with street lighting and is enclosd by a 2m high wall. It is estimated that ~600,000 metric tonnes of solid waste was disposed at the site between 1969 and 2008.
The waste processing and disposal facility has been operated in two phases through a build, own, operate, transfer (BOOT) arrangement. In the first phase, waste was compacted and consolidated in the north-eastern part. The second phase involved commissioning a MSW disposal facility. This was completed in 2010 and currently processes ~800 tonnes/day of MSW at the site. The contract for processing of MSW was awarded to M/s Hanjer Bio-Tech Energies Pvt. Ltd., who are responsible for all aspects of the site including managing and compaction of the waste, developing plans for vegetation, infrastructural development of the site and collecting the tipping fees.
Nagpur has a well organized, collection treatment and disposal system for BMW. The Government of Maharshtra has a 30 years lease for BMW management that started in 2004. The NMC receives Rs. 23, 50,000 yearly with a 10% increase after every three years to ensure proper treatment and disposal of BMW in Nagpur. The project has been taken on BOOT basis. NMC has allotted 0.25acre of land to a private agency at Bhandewadi, Nagpur and this receives BMW from hospitals, dental clinics, dispensaries, blood banks, pathology laboratories, private ayurvedic and homeopathic colleges. Nagpur also has a BMW waste treatment facility at Bhandewadi run by Superb Hygienic Disposals under authorization of MPCB. Nagpur does not have a formal system for segregation of waste electrical and electronic equipment. 
	The attitude of people towards waste and the failure to properly monitor MSW collection has resulted in widespread littering, particularly by plastic waste (Bhuyar and Shahare, 2013), with open drains clogged by plastic waste, causing damage to the environment and public health. The door to door collection system does not reach every ward of the zones and waste transportation routes have not been properly optimized. The lack of waste segregation means that MSW contains wet, dry, sanitary, first-aid treatment waste, medical waste, expired medicines, electronic wastes and sharp objects. 
Local communities close to the Bhandewadi landfill are very concerned about odour and air pollution problems associated with the site. There is no doubt that waste dumped at Bhandewadi is causing significant adverse effects on the environment and public health. The site does not have a landfill liner system or leachate collection system and as a result leachate is polluting ground water (Akolkar et. al., 2008). The leachate from the Bhandewadi landfill is reported to migrate through fractures which underlie the topsoil cover to the aquifer (Pujari et al., 2007). Management at the site needs to be improved. The waste filling is not properly planned and the waste is not compacted on site. Daily cover is not used and as a result vector nuisance problems and fire hazards increase (Akolkar et. al., 2008). There is a need to increase waste segregation to separate hazardous waste from MSW. The issues associated with MSW in Nagpur are complex and there is a need to create awareness of the most appropriate waste managment practices, reduce the waste going to landfill and create a more circular economy.
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[bookmark: _GoBack]Nagpur City in central India has made significant progress towards reducing the impact of waste on public health and the environment through the introduction of the Swatchata Doot Aplyadari or ‘sanitary worker at your doorstep’ scheme. This provides employment for workers, most of whom previously worked in the informal sector. They are supplied with personal protection equipment and a vehicle, normally a modified bicycle. Collection is daily, with the waste deposited in containers for transporting to landfill. Nagpur has an extensive street sweeping system. Recycling rates in Nagpur are low and the landfill contains recyclable materials. The main landfill has adverse impacts on public health and the environment. Workers at the landfill exhibit increased levels of fungal infections, skin diseases, dysentery and cholera. Fires are causing air pollution and dumped waste is clogging drains and polluting rivers. 
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