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1,  Waste Management, Then and Now

Rural India wasted nothing, which led to its fabled prosperity. Since ancient times, its domestic wastes were  composted for return to the soil.  Even today, cooked food is rarely wasted. It is given away or fed to domestic birds or livestock.  What remains is either worked into the soil around coconut trees  or collected year-round in  backyard pits  along with straw bedding from cattle-sheds.  Here it decomposes naturally over many  months into compost that is fully used in the fields every planting season.  When packaging was leaf and paper, this ancient practice of returning nutrients to the soil was sustainable, profitable and nuisance-free.

These sustainable practices continued till the nineteen-sixties, with surrounding farmers bringing their produce to town and returning with city waste, for composting on their farms.  What was drawn from the soil went back to the soil, until the Green Revolution and massive subsidies for synthetic fertilizers like urea drove out unsubsidised organic manures and ruined long-term yields.  
India’s current annual fertilizer subsidy bill is around Rs 14,000 crore, on account of (2001-2 figures) subsidies of Rs 10,250 per ton of N (nitrogen), Rs 7,306 per ton of P (phosphorus) and concessions of Rs 5,147 per ton of K (potash). On this basis, natural manures, containing say 1% each of N P and K, would be entitled to a subsidy of Rs 227 per ton, but in fact receive nothing.  So composting even in rural areas is suffering neglect.

2,  Waste as a problem

The problem of waste originally began as villages grew larger and dumped their waste in compost-heaps away from their homes, on the outskirts of the village, generally beside the footpaths for ease of disposal and of collecting before planting.  Archaeologists and anthropologists today excavate such ancient “middens” for clues to what early man grew, hunted, ate and threw away. As villages grew into towns and cities, these habits led to our streets being used not just for traffic, but also as a place to dump waste at all hours, and, if and when it is collected, being thrown just outside the city limits, into the backyard of villages near by.  

Before the age of plastics and packaging and industrialization, when farmers took home urban waste, specific waste-disposal sites were not needed. Today farmers still value organic matter, of which there is such a shortage that in most cities, waste-transport drivers are bribed to dump reasonably biodegradable vegetable-market waste onto farmers’ fields.  

The advent of plastics 20 years ago dealt the final blow to rural use of urban waste. Thin-film carry-bags block germination and the entry of rain-water into the soil, Today India’s mixed waste is useless for composting, because  debris and non-biodegradables are now also collected along with food wastes.  Most city-dwellers neither know nor care what eventually happens to their garbage.  So cities  open-dump their waste  outside city limits along all radial roads and nearby open spaces, where these discarded piles become no-man’s land. Worse still, misguided by the term “land-fill”, urban waste is deliberately open-dumped into every unused quarry or low-lying area, the worst possible choice of sites since these are the very places where ground-water recharge takes place and leachate most easily enters the ground-water during the monsoon rains.

Uncovered and rotting, these useless heaps of mixed waste breed rats and insects which carry diseases, and stray dogs which not only carry rabies and rickettsia but form feral (semi-wild) hunting-packs that kill nearby livestock at night and cause dog-bites and traffic accidents by day.  The stench of large rotting piles affects everyone, or the smoke from their burning.  Mosquitoes breed in waste coconut shells and bottles. Wind-blown plastics render the land less fertile or even uncultivable. Flies riding on the backs of home-going cattle have carried gasto-enteritis epidemics into villages as far as 3 km from waste dumps near their grazing grounds.

Surprisingly, there is little official protest.  Village leaders feel powerless to defend their territory from  “official” ravaging by the larger  “government” of the city next door.  When the problem becomes huge and encroaches on private village lands, it leads to conflicts: stone throwing and tire slashing of vehicles that bring out such waste from the city.  Then untransported  waste is thrown into the city’s open gutters and storm-water drains, which become mostly open sewers because of administrative apathy.  

3,  Surat’s 1994 “Plague” and the Clean India Campaigns

Garbage is what caused the “plague” in Surat in September 1994:  choked storm-drains and heavy rains during high tide in this West Coast city flooded rat burrows, and the rodents came up and out into the population. Very few people died, but migrant workers fled the city, which suffered huge economic losses.  It was a wake-up call for India. 
In Bangalore, Capt J S Velu was then promoting the concepts of Chennai’s EXNORA (EXcellent, NOvel, RAdical ideas) for a clean city: mobilizing street residents to contribute monthly for doorstep collection of waste to eliminate overflowing bins in their area. I was meanwhile exploring hygienic ecofriendly alternatives to the open roadside dumping that was ruining our lovely village habitat outside Bangalore.

Right after the “plague”, three of us drove to Delhi and back, 30 cities in 30 days via Surat, to spread the message of hygienic end-to-end waste management : doorstep collection of segregated food wastes for composting, and recyclables to the informal sector.  During this Clean India Campaign, we learned of many good practices to share along the way. Our visits to municipal offices were so well received (“Where have you been all our lives?  The media only highlights problems, no solutions”) that Capt Velu undertook a second Campaign in 1995 from Kashmir to Cape Comorin, 17,000 km in 4 ½ months, to cover 100 cities in all.     

4.  What we found in 1994 and 1995 :

We found some good examples (like the Best Practices described below), including the success of S. R. Rao in Surat, a dedicated Municipal Commissioner who built a team of motivated and efficient city officials and sweepers to transform India’s dirtiest city into its cleanest in eighteen months.  His motto was: “A city is only as clean as its dirtiest areas”, so that is where he began his work.  

We found once-filthy Calcutta being quietly and steadily cleaned up by Commissioner Asim Barman, whose motto was:  “The best way to keep streets clean is not to dirty them in the first place”.  He used the city’s regular cleaning staff and their usual wheelbarrows to collect waste door-to-door and remove the street dustbins that were magnets for filth.

But we also found everywhere the enormous problem of cities across India without proper dumpsites, and the disastrous environmental consequences for their surrounding peri-urban areas.  We found that end-point waste processing and disposal is not appropriate within city limits, which are designed for high-density urban populations. Suitable waste-processing land outside the city lies within the limits of some village adjoining the city, either as village commons, or “revenue” (State-owned) land or forest-department land.  Hence it is clearly the responsibility of every State (Provincial) Government to make land available to its cities, which do not have powers of land acquisition.  This dual responsibility, ultimately fulfilled by neither State nor city, has led to the current horrendous situation of indiscriminate open dumping.

5,  Public Interest Litigation in the Supreme Court 1997
This all-India experience led to my filing of a PIL (Public Interest Litigation) No. WP 888/96 in the Supreme Court with all 28 States and 6 Union Territories among the Respondents, asking them to follow hygienic eco-friendly practices for waste-management, processing and disposal. 

In 1998 the Court appointed a committee of eight, including four of the country’s best city managers, 3 Central Govt officials and myself, under the Ministry of Urban Development.  Our interim report was presented for discussion at  four one-day workshops to which a total of 400 city officials from our 300 cities of over 100,000 population were invited for comments.

6,  Supreme Court Committee Report 1999
The feedback from these workshops was included in the March 1999 Report of the Committee Constituted by the Hon. Supreme Court of India, titled “Solid Waste Management in Class 1 Cities in India”  which has become a widely-accepted “bible” of waste-management practices in the country. The Supreme Court had this Report circulated to all 300 Class 1 cities  and it was widely endorsed.  This great success was because it was a report written by city managers for city managers, not by consultants or academics or outside “subject experts”.

The 100-page Report covered, in 13 Chapters, not just the technical aspects of managing various types of wastes, but also administrative and institutional aspects and capacity building, management information systems, financial, health and legal aspects, public awareness, the need for a Technology Mission, and time-bound recommendations for cities, State and Central Governments on all these inter-related aspects.  

This paper will deal only with the basic principles recommended for waste management, and describe some successful strategies.  

7,  Waste Management Rules 2000

At the same time, India’s Central Pollution Control Board (CPCB) prepared waste-management rules based on this Report and discussions with our Committee.  At the Court’s direction, these were issued by the Government of India’s Ministry of Environment as the country’s first “Municipal Solid Waste (Management and Handling) Rules 2000”, issued under our Environment Protection Act 1986.  These Rules are now a mandatory  blueprint for action by all urban local bodies having populations of 20,000 and over. Once citizens realize its potential, this is a powerful weapon in the hands of the public to enforce compliance, hygienic waste management, and responsible behaviour on the part of both elected and appointed city managers.  However this also puts a responsibility on the public that generates the waste in the first place.

(Copies of both the Supreme Court Committee Report and MSW Rules are available from the author).

8,  Waste Management Policy

Broadly, both the Report and the Rules recommend, as an ideal goal, the keeping of source separated waste indoors until a fixed time for daily doorstep collection of “wet” food wastes.  “Dry” recyclables are to be left to the existing informal sector. Doorstep collection is to be done without further manual handling of waste, either in 4-6-bucket carts which are emptied directly into trucks, or directly from households into collecting vehicles. Biodegradable waste is to be composted, and only compost rejects and inert (construction) wastes are to be land filled.

India’s cities are still a long way from achieving  this goal everywhere, but there are efforts in most places to try and comply. At least three have become dustbin-free “Zero-Garbage Towns” and more may follow.  Many others have become models of one Best Practice or another.  

9,  India’s Best Practices for Waste Management

9.1,  Waste separation at Source is vital but difficult.  Bangalore has opted for this as its official city policy.  The entire sweeper force has been trained and sufficient 4-bucket handcarts have been donated by the corporate sector.  After intensive publicity, there was 60% compliance, but this faltered as residents saw both the wet and dry waste buckets being  emptied together into the same truck, which is wrong.    An unintended fallout of municipal collection of separated wastes is that  city sweepers keep the best recyclables for themselves, leaving less for traditional rag- pickers.  However the resulting waste minimization is worth while.

Suryapet, a “Zero-garbage Town” selected by Habitat for its Best Practices, has succeeded almost totally in segregated collection because its tractor-trailers have a clearly demarcated high weld-mesh section near the front for the “dry” recyclable waste, with “wet” food waste at the rear, and a totally different collection time and route for all inerts like debris and drain silt.  This is because, unlike other cities, it has taken ultimate responsibility also for composting the “wet” waste and sorting and selling the “dry waste”, hence realizes the importance of source separation.

Source separation works best when dry waste is collected at a different time and method from the daily wet-waste collection. Members of SEWA’s ragpicker cooperative at Ahmedabad  visit homes weekly to collect the dry recyclables directly. Its  hotline ensures punctual collection and solves absenteeism and crises.  No money is paid or asked for.  The waste-pickers get their earnings from the higher-value clean and unmixed waste.    

Doorstep collection of both dry and wet wastes is done for a fee at Pune, by a 5,000 member rag pickers’ union.  They keep the dry waste for sale and dump the wet waste into municipal bins or into a nearby composting site if available.  The rag pickers there do not seem interested in learning composting skills and trying out an additional source of income. 

9.2,  Primary Collection:  
In Calcutta, 80% of  house-to-house collection has been achieved in residential areas  (but only 60% in commercial areas) at no extra cost to citizens, using only existing Municipal sweepers since 1995.  They cover two “beats” by moving in pairs with a wheelbarrow.  One pushes the cart and blows a whistle at each gate at a fixed time daily, while the other empties waste-bins into it, and they exchange duties on alternate days.  Streets are thus so much cleaner that sweeping is not needed daily.  However, waste is not yet being segregated, and the wheelbarrows are still emptied onto the street for subsequent manual loading.

In many cities now, the door-to-door push-carts or cycle rickshaws have a  frame that holds four to six 25-litre containers or larger, which can be directly emptied, when full, into waiting trucks or dumper placers.  This  avoids manual handling of waste which was formerly lifted off the street and into trucks, and collection of wet and dry waste separately is easier.
Doorstep collection on payment has evolved spontaneously in most cities. Rs 15-50 (US $0.30 to $1.00) per month per household is collected for this service. NGOs in at least six South Asian countries have found this to be a very successful method.  In a very few cases, it has become an income-generating enterprise, as in Lucknow.  When other services are offered, like night-patrolling for security, or bill-payment services for power and water and telephone, residents are willing to pay far more, even up to Rs 200 per month (US $ 4.00). 

9.3, Waste Collection in Slums :
9.3.1 Doorstep collection is most successful in slums.  Most cities mistakenly think that rich or upper-middle areas will not feel the pinch of  small monthly collections. But they are always the most unwilling to pay, so such attempts often fail and municipalities get discouraged.  Slum-dwellers, neglected everywhere, understand and appreciate the monetary value of cleanliness and are most willing to cooperate and pay willingly.   

9.3.2  Temporary take-away bins work well in extremely crowded slums where handcarts cannot move through the lanes.  At Mumbai’s Prem Nagar slum, stackable plastic bins are placed from 8.00-10.00 am at every gully corner and inner-lane crossing. From 10.00-11.00 am, these are emptied into waiting Municipal trucks, then stacked in a central place till next morning.  Nobody minds a dustbin nearby for just 2 hours a day, and they are used in a very disciplined way.  Residents pay Rs 1 per head per month, or at most Rs 5 per household per month (US $0.10), to support the local cleaning boys, who are paid Rs 1500 per month (US $30) for 4 hours’ work. Cooperation by slum-dwellers was 50% from the first month. 

9.3.3  Whistle-stop collection  is successful in a Bangalore slum where the truck and driver wait a while at the entrance while his helper walks through the slum area with a whistle to inform them of its arrival.  This system eliminated the foul overflowing collection point near their entrance. 

9.3.4  On-site Composting  is a beautiful concept of Waste concern at Dhaka.  Five-six slum families share a perforated drum with compost at the bottom, to which they daily add layers of food waste only.  The resulting compost, when ready and of suitable quality, is purchased by Waste Concern for about 5 US cents per kg, so residents are demanding this service and zealously protect their bins from having mixed waste dumped into them.  

9.4,  Secondary collection

Nasik is a dustbin-free city where its trucks move from one street corner to another, directly receiving waste from each household at fixed times.  Loaders receive waste bins from residents, or fetch them from outside the homes of working people (on some unofficial payment). This suits the residents and is cost effective for the city, but results in a lot of fuel wastage and pollution if trucks with defective starters keep their engines idling for 7-10 minutes while waiting at each road crossing.  

This eliminates street dustbins and dumper-placers and the huge permanent area of filth that surrounds them in almost every Indian city.  
Only Surat has spotless dumper placers and surroundings because of “pin-point beats”, where sweepers take personal responsibility for the cleanliness of their stretch of road and any dustbins or dumper placers in their stretch.  These rest on paved areas, slightly higher than the road, and slope towards an underground drain-opening nearby.  This system works only because of the extreme dedication of Commissioner S.R. Rao and the fine work ethic he initiated.  It survives on new-found civic pride.
10, Management of Special Wastes

10.1 Garden Waste: Calcutta has a separate charge of Rs 20 (US $ 0.45) per handcart of debris or of garden waste to be collected from households.  The handcarts circulate after the regular morning door-to-door round, and the city has separately designated places for disposal of their contents.

10.2  Street Food Waste Management : Surat ensures that every small shop has a wastebasket and uses it. Every mobile food cart has a shelf, basket or canvas slung beneath it to collect the wastes it generates. Push-cart owners take their wastes out of the area daily to a designated spot.

10.3  Tender coconut shells are collected in Bangalore in cycle rickshaws (when not in use for school children), and delivered to Police Quarters to be dried for heating water.  Rs 10 per day is collected from the coconut-vendor as well as the police families.  We need laws requiring vendors to dispose of opened coconut-shells only after cutting them into four parts, otherwise mosquitoes breed in their hollows after rains.
10.4  Sugarcane juice waste, bagasse, is purchased on Saturdays by the poorest, for heating their Sunday bath water.  Where stalls are licensed by the city, they can be required to store their bagasse within their wooden box-stands until collected by a separate waste-collection service for transport to a paper recycler or to slums needing fuel.  The license fee should can cover the cost of this dedicated waste-collection.

10.5  Hotel Food Waste: Pig farmers in Bangalore and parts of Mumbai pay nominal or even significant sums to hotels for the right to collect their food wastes.  Non-vegetarian food waste is preferred. Tea leaves, coffee grounds and citrus peels should be kept out of waste intended for pigs, to get better prices for the waste.

10.6  Food Banks: At Vijayawada, leftover hotel food goes to a charity night shelter.  This helps to bring in street children for baths and a little education.  Twice daily, three empty stainless-steel containers replace three filled with separately disposed mixed-vegetable leftovers, mixed rice and all mixed liquids (dal, rasam, sambhar, yoghurt, curry).   These are picked up in a pushcart by one of the children and kept in a fridge until the next mealtime.  Children gladly pay Rs 1 per meal for such good nutrition.  
In Delhi, 12 five star hotels give their surplus buffet and room food to a refrigerated van for transport to the needy in orphanages / old-age homes.

10.7  Market Waste: In Calcutta, every truck bringing produce into the market area has to pay a clean-up fee. It is collected from the drivers / owners as they wait in a queue to enter the market. Trucks must unload goods in the market and also bring out any straw, baskets, boxes and packaging to be put in waiting tractor-trailers at the exit.  Only consumable produce is left behind in the market for sale.

Stall-to-stall waste collection keeps Pune markets clean.  Every stall owner must keep a small basket handy for damaged fruit or vegetables or onion peels etc.  Hourly, a sweeper with a handcart moves along the stall lanes, emptying their little waste-collection baskets into it and taking it to a large container outside, which can be auctioned to local goat breeders or dairies.  Dry packaging waste is not allowed to be put into the same wastebaskets.  It is collected separately, once a day. Straw is stuffed into take-away sacks, which are replaced daily with empties, for use in stables.
At Ranchi, the leafy market waste is collected frequently from stall-holders’ little baskets and sent to a charitable cattle-shelter nearby as cattle-feed. 

10.8  Commercial Street Wastes :  Public cooperation is the most difficult from this affluent sector, but succeeds wherever it is privately managed.  It is advisable to introduce User Charges (which large cities are beginning to do) for collection of all trade waste, generated in the course of making business profits, on Polluter-Pays principle.  Since private collection is cheaper than paying for equivalent city services, it can encourage commercial groups to behave more responsibly.  Bangalore’s Hardware Merchants’ Association pays an NGO of women slum-dwellers an monthly fee (recovered annually with membership fees) for keeping their busy street litter free.  Streets are swept twice daily, 7 days a week.

It is very important to reschedule the street cleaning timings in cooperation with shop-owners’ associations, so that it is after opening time but before traffic builds up, or at night after closing time.  The normal 6-8am street-sweeping is meaningless here.

11,  Managing Debris and Inerts

India is the worst among all Asian countries studied, for the very high amount of inerts in all its municipal waste: between 30-45%, going up to even 55% in towns where cattle or pigs have access to waste piles before they are lifted.  Such high levels of inerts cannot be separated out later. This results in compost of sub-optimal quality, but is absolutely disastrous for any waste-to-energy options, as we shall see later.  This is solely because of bad waste-collection practices over decades. 
Cities think that collection of all waste mixed in one vehicle trip per locality is cost-effective. This penny-wise pound-foolish idea is a result of the total unaccountability by cities to date for the ultimate processing and disposal of their own wastes, as open-dumping has cost them nothing till now.  

A separate collection route, preferably in the second shift,  for debris, drain silt and road dust sweepings, is perhaps the single most important improvement necessary in our waste management practices, even more important than keeping food wastes separate from recyclables.  This can and should be implemented at once by efficient city managers.

What is more difficult countrywide, and requires good law enforcement, is the clandestine dumping by builders of their demolition waste and construction wastes on the nearest vacant sites at night.  A few cities have succeeded by collecting advance debris charges on new constructions and removing it themselves, while empowering citizens to report sources of unauthorized dumping and acting on such feedback, or by charging higher taxes for unfenced vacant sites. 

12,  Using mixed-plastic Wastes 

Rigid plastics are readily collected by waste-pickers for recycling, but there is little or no market for mixed road waste. Thin-film carry-bags blown about by wind end up choking drains and cause flooding during rains. In response to this problem, national Rules insist on the use of minimum 20-micron colourless carrybags for food items, on the assumption that they would be collected in greater numbers by rag-pickers.  In practice, it has only doubled the usage of virgin polymers.  (It is significant that only virgin polymer-granule producers were on the committees framing these Rules).  A ban on the use of thin-film plastic carry-bags has been attempted in some towns (Leh, Shimla), districts (Nilgiris, Sundarbans), States (Sikkim) and countries (Bangla Desh). There is visible improvement wherever effective enforcement of the ban continues even after the routine transfer of strict and motivated officials. But it does not solve the problem of plastic bread-wrappers, or thin-film packaging of grains, vegetables and fruits in supermarkets, or of multi-film packs of snack foods and tiny sachets containing 5-10 grams of shampoos, etc sold at every smallest shack. So far these were unrecyclable, but now there is an elegant solution. 
Shredded mixed plastics, when incorporated in bitumen roads, greatly improves road life and wet penetration results and resistance to stripping and potholes. Thereby roads need less frequent maintenance, especially in heavy rainfall areas or those with extreme hot or cold climates.  Patents have been applied for for two such processes, where in both cases very uniform dispersion of the plastic is the key to success.  
In Bangalore, pre-sorted and graded shredded plastic is introduced into molten bitumen in centralized computerized hot-mix plants. So far 40 km of such roads have been laid in Bangalore, plus 270 km more this year.

Twelve hundred kilometers of rural roads were laid, covering every District of Tamil Nadu State in 2003-4, based on a patented process developed in Madurai by Prof Vasudevan.  Here, in portable mini-hot-mix plants, hot stone aggregates are pre-coated with shredded plastic before adding bitumen.  This also helped the State’s Clean Village Campaign, as this plastic road-waste was collected and shredded by village self-help womens’ groups who were given grants for the shredding machines. Their output was  purchased at a price comparable to the cost of the bitumen it replaces.  This process can accept all types of thin-film plastics including multi-films and polystyrene, but not PET which has a higher melting-point. 

13,  Collecting schemes for thin-film plastics

Waste carry-bags and multi-film sachets etc are so light and voluminous that collection by waste-pickers is uneconomical. So in compost plants, after expensive sieving of the bio-stabilised waste, the volume of such plastics (at right, in photo below) exceeds the volume of saleable compost produced (at left), even though plastics are only 7-9% by weight.  
[image: image1.jpg]



This sieved-out compost-coated plastic waste is not yet suitable for use in asphalt roads, so its separate collection before it enters the waste stream is most important. Doing this through schools has proved most successful. Clean plastic is received from homes and kept out of the waste stream.

13.1  Individual reward was used in a Salem school, by giving one free pencil (worth one rupee) for one kg of plastic waste brought from home, or a free notebook (worth five rupees) for five kg of such thin-film plastics.  1.5 tons was collected in three weeks!

13.2  Collective reward was used in the district-wide Clean Kodagu Campaign of CEE, an NGO which arranged for waste-buyers to visit all schools weekly to purchase, class-wise, their pooled collections of recyclable wastes.  These funds were used at the end of the term by each class for its eco-club activity or outing.  Thus they learnt what wastes are recyclable, their value, and some environmental knowledge in the bargain.

13.3   A non-monetary model is said to be practiced in Mussoorie District, by 163 convent schools, where children need to bring plastic wastes to school to be awarded grades for their mandatory SUPW (Socially Useful and Productive Work).  The plastic collected is given free to a waste-picker, whose regularity is ensured by admitting one of her children to the school for free.
14, Promoting  Waste Recycling
Collection, sorting and recycling of “dry” wastes is said to employ upto 1% of a large city’s population, often the poorest women and children. The street waste pickers and those on the open dumps are usually loyal to a particular waste buyer, who provides 10-20 of them with sorting space and protection from police harassment. Their loyalty is ensured by high-interest loans which make payback long and arduous. In large cities, there are 2-3 tiers of waste buyers, all very well organized and specializing in specific wastes.  Some, in Bombay, keep a pay phone near their shop so that members of the public can phone for pick-up of bulky or party wastes. Waste-picking and trading is far less common in smaller cities, which in fact suffer from a lack of recycling facilities in their vicinity.  

Unrecycled waste quantities in developing countries are increasing exponentially. Calling a material “recyclable” is meaningless unless recycling is actually done. So there is a great need for official support to this unappreciated activity which saves cities 10-15% of their transportation costs daily, adding up to millions of rupees a year. Several policies have proved helpful: start a dialogue to find out the needs of this sector; issue ID badges to street waste pickers on request (through NGOs, to prevent police harassment); provide sorting and storage space in a low area such as below a flyover as a few cities have done; and provide a weekly pickup service for post-sorting rejects to be taken away from waste-pickers’ homes or waste-buyer’s yards, so that these do not end up clogging the storm-drains.   

At the macro-level, State-wise or nationally, it is worth mapping the location of major recyclers of specific wastes to encourage the filling of perceived gaps.  We need policies to help the recycling industry to become legitimate, to reduce both waste and its pollution. We need  designated recycling eco-parks, lowl power rates and no sales taxes.  
We need to identify clean, low cost recycling technologies and promote them as village industries.  Banks need to advance loans against such raw-material stocks.  There is a need to provide storage spaces for recyclables, and insure such stocks against fire like anything else.  Interrupted and/or fluctuating-voltage power is a major reason for closure of once-flourishing plastic recyclers. India has many NGOs working to help recyclers at the lowest levels, but they are not active such policy levels.

15,  Waste Minimisation Policies

Mandatory take-back schemes, waste-minimisation and landfill-avoidance targets have worked wonders in North America and Europe.  India sadly lacks such official policies, although we have had such unofficial practices for almost a century. Payment is made for return of empty glass bottles for soda or beer, which are charged for if not exchanged for full ones. 
The most urgent need in India today is for such a bottle-tax on PET bottles which are rapidly replacing reusable glass containers for soft and hard drinks and mineral water. Uncollected PET bottles clog drains and cause floods.  A take-back policy at the time of purchase is also vital at least for household hazardous wastes such as insecticide spray-cans, pesticide-containers, and mercury-containing fluorescents which are major injury hazards to a city’s waste handlers and informal waste-collectors.  Our only official take-back policy, for automotive lead-acid batteries, is a failure for want of monitoring and tallying the supply and take-back chain.  

16, Failure of Waste-To-Energy 

India’s one million tonnes a day of urban solid waste, especially its 100,000 tonnes a day in our 50 largest cities, are a magnet for promoters of Municipal Waste-To-Energy (MWTE) who claim it is a solution to the problem of waste disposal.  India has many successful Waste-To-Energy plants for bagasse and cowdung, and one or two for sewage sludge  and slaughter-house wastes. Sadly, MWTE for urban wastes is being promoted merely on principle, expecting similar successes, without understanding the special problems of inhomogeneous municipal waste. Efforts by MNES (Ministry of Non-Conventional Energy) to harness energy from Municipal Solid Waste (MSW) remain an ongoing mirage.   

16.1  Performance to date : MNES funded 33 feasibility reports for MWTE from 1993.  Of 18 MoUs signed  to date, all but 2 withdrew after 3 to 7 years, leaving cities without waste-management solutions and leading to numerous scams, 5 bankruptcies and 2 convictions to date.  Reasons for the failure in India of all possible MWTE options are discussed below.

16.2  Landfill Gas:  Methane collection is unviable in tropical countries where decomposition rates are so high that it escapes rapidly, leaving too little for economic harvesting. Even state-of-the-art landfills cannot capture all of this greenhouse gas, so this option is not permitted under our Rules.

16.3  Incineration, Pyrolysis, Plasma : There is tremendous  foreign aid pressure on SAARC countries to go for such “burn” technologies, which  are becoming unviable in the West. Control of deadly dioxins costs 35-50% of the capital cost of waste to energy production, so there have been no new plants in Canada since 1988, and none in the US since 1995.  Despite the notorious failure of a Danish incinerator in Delhi costing Rs 410 million (US$ 9 million) that ran for just six days in 1985 because of “unsuitable waste”, India attracts foreign “burn technology” promoters because it had no dioxin-testing equipment at all until last year : just one imported unit for our hundreds of bio-medical and haz-waste incinerators. 
“Burn” Technologies are being opposed worldwide now by the GAIA network, including strenuously in India, which has a vigorous environmental movement and more NGOs (Non-Govt Organisations) than any other Asian country. Also, PVC in our mixed wastes is a major hazard.
16.4  Biomethanation is most suitable for homogeneous wet finely-divided wastes like sewage sludge.  Thousands of small rural cowdung bio-digesters yield 37 cubic meters of biogas per ton of feedstock.  With a calorific value of 5400 kcal, equal to a half kg of LPG cooking gas costing which costs Rs 20 today, it is cost-effective and ideal for on-site use of Heat Energy. After conversion to electricity (costing ~ Rs 3.90 per kwh), at maximum 30% conversion efficiency, its value becomes only Rs 6.  At Kanpur, NEDA’s very successful 20-seater public toilet with 7- meter diameter bio-digester burns biogas to run a dual-fuel pump providing 24-hour borewell water to a nearby slum.  Bangalore’s BEL factory employing 40,000 workers uses biogas from its canteen waste for on-site cooking.  

Large-scale biomethanation is a failure for municipal solid waste (MSW),most recently at Lucknow, where an Austrian-backed plant costing Rs 840 million (US$ 18.7 million) to produce 5 MW power from 300 tons a day garbage, simply shut its doors in December 2004 and literally ran away, leaving workmen clamouring for wages outside the gates.  Over the past year it struggled to collect barely 50 tons a day of “suitable” waste, while the city drowned in 1550 tons a day of unused garbage.  The main cause of failure was the high level of inerts, which indifferent city managers felt no responsibility to reduce by collecting it separately.

16.4 Refuse-Derived-Fuel (RDF) plants by two different promoters at Hyderabad and Vijaywada claim to be successful, but are in fact burning 70-90% paddy-husk for power generation, using almost-free inner-city land intended for waste-management which is not actually done.  
Indian city waste has over 60% moisture, 40-50% biodegradables, about 45% inerts and only 7-10% combustibles by wet weight, after rag-pickers have accessed the waste, so it is highly unsuitable for incineration or pelletising.  In the West, the reverse is true: their waste has 16-24% bio-degradables and the rest is mostly combustibles. High inerts not only provide no calories, but actually absorb heat energy through needless heating up. Without appreciating these vital differences, foreign firms persistently and aggressively pursue such unviable “Burn” technologies. 
16.5 Energy Balance, Mass Balance and Water Balance calculations are not  done, or very superficially, as MWTE is blindly encouraged in India.   Our mixed wastes with high moisture and inerts contain  only about 1000 kcal energy per kg of waste.  If only 60% of its carbon can be converted to methane and only 30% of methane’s heat energy can be converted to electricity, how is can anyone produce 5 MW from just 2-300 tpd of waste?

16.6 “Tipping Fees” are very common in the West. MWTE is not viable without dependence on  fees paid to a site operator to accept waste.  In urban India, only 50 % of a large city’s population pays property taxes;  the rest are slum-dwellers who pay none (as they get no services). So tipping fee payments by a city to a private operator are not a viable idea. 

16.7  Massive subsidies are still being offered for MWTE despite its exorbitant cost and economic unviability. It makes no economic sense at all to subsidise MWTE plants which cost four times more to install than conventional thermal or hydel power.  The Rs 150 million (US$ 3.3 million) subsidy for Lucknow’s 5 MW plant could have funded proven conventional power plants with no risk instead. In fact, such heavy subsidies are actually preventing good cost-effective solutions from evolving in this area. 
16.8  No Cost-Benefit Analyses of  MWTE
The MNES has done no Cost-Benefit analyses of any of the numerous Municipal Waste-To-Energy schemes it has been strenuously promoting,   not even for Lucknow’s Rs 130-170 (US$ 18.6 million) per MW.  This is  astonishing for a country which has world-class development economists.

16.9  Hidden Costs to Society

The inherent stand-alone unviability of MWTE has led MNES to specify exorbitant power-purchase buy-back rates, of Rs 2.48 per kwh in 1997 + 5% escalations annually, thus doubling power costs in 14 years, In Malaysia, power rate escalations of 5% are allowed only every 3 years,  dependent on actual performance, hence rates double only after 44 years.

It is every power-consuming citizen who has to bear this hidden cost of 50% costlier power to ensure profits to an MWTE entrepreneur. 

16.10  Comparative Waste-Management Cost of MWTE vs Compost

For 300 tons per day of waste, the capital cost for a compost plant is Rs 45 -60 million (US$ 1 to 1.33 million)
For the same 300 tpd waste, the capital cost of the biomethanation plant was Rs 840 million (US$ 18.6 million).  This is just the cost of extracting methane, as the slurry is then composted and matured in aerobic wind-rows, just as raw garbage would be.  RDF is claimed to cost half of this.

There is no two-for-one power-plus-waste-management benefit either.

MWTE power costs Rs 80 to 170 million per installed MW capacity, (US$ 1.8 to 3.8 million) vs Rs 40 to 50 million (US$ 1 million ) per MW for thermal or hydel power.
17,  Benefits of Composting

Composting of domestic wastes is uniformly practiced in rural India.  Farmers clearly recognize the value of organic manure, of which there is such a shortage that in most cities now, waste-transport drivers are bribed to dump reasonably biodegradable raw garbage onto farmers’ fields.

Our Planning Commission estimates a shortfall of 6 million tons a year of organic manures.  City Compost can easily fill this need.  India’s 35 largest cities alone can provide 5.7 million tons a year of organic manures if its biodegradable waste is composted and returned to the soil.  

Composting of city wastes is extremely cost-beneficial.  Our current fertilizer subsidy is Rs 14,000 crores (US$ 3 billion), annually.  Just  12% of this can fund the one-time capital cost of compost plants for all of our 300 largest cities, at Rs 10 million (US$ 0.22 million) per 100,000 population.   Unfortunately, although Pakistan, Bangla Desh and Sri Lanka have all successfully rolled back their fertiliser subsidies to near-zero, India lacks the political will to do this. Every opposition party calls subsidy reductions an “anti-farmer” measure, though our fertilizer subsidies go mainly to fertilizer companies, not directly to farmers.
Because of this, city compost suffers from price resistance, saying it contains “only 1%” of N, P and K. Few would say the same of farmyard manures which have the similar levels of NPK but a host of remarkable  and well-known benefits from its rich microbial count. City compost use also drastically reduces weeding costs. The high temperatures within properly-inoculated and turned wind-rows makes weed seeds unviable.  This temperature “pasteurization” effect also kills pathogens and worm eggs, making city compost more hygienic than farmyard manures.

There is also apathy, inertia and resistance to new ideas and products, and the mental block of city compost being bulky and hence too expensive to transport and spread, compared to a quickie application of urea. 
So we need creative solutions to compost availability and distribution, such as co-marketing and decentralized stock-piles near point of use. 

City compost contains all required micro-nutrients, derived from the biodegradable food wastes they are produced from.  So their use can counter our galloping depletion of micro-nutrients in Indian soils ever since heavy chemical-fertiliser use was promoted for intensive cultivation.

City compost, like farmyard manure and composted agro-wastes, contains tremendously useful soil microbes and humus, which helps to aerate the soil, improves water retention and resistance to both drought and water-logging, and reduces irrigation requirements and conflicts over water. 
Compost can also restore saline and alkaline soils to fertility.  India has 21.7 million hectares of natural and man-made barrens, awaiting rescue.
City compost can reduce agricultural pollution. Synthetic fertilizers, used alone, pollute the groundwater with nitrates, because only 20-50% of the N P and K in synthetic fertilizers is absorbed by plants.  The rest runs off into the soil, wells and water sources.  Addition of compost is cost-effective, reducing wastage and nitrate pollution. Its humus acts like a slow-release sponge, retains nitrates for plant use and increases uptake and efficiency of the chemical fertilizers it is used with.  City compost also strengthens plant root systems and thus reduces the need for pesticides.

City compost is not toxic.  Samples regularly meet quality standards except for lead, which comes from road dust collected along with the  garbage.  Current use of unleaded fuels will reduce this problem. In fact, heavy-metal levels will come down when city compost replaces Single Super-Phosphate and Rock Phosphate, which contain twice as much lead and 9 – 15 times more cadmium than the standards now specified for city composts.  There are no heavy-metal standards for chemical fertilizers.

18,  Integrated Plant Nutrient Management (IPNM)

India’s Green Revolution rescued our nation from famines and built up huge surplus stocks of food-grains, but at the cost of over 11.6 million hectares of low-productivity nutrient-depleted soils, ruined by unbalanced and excessive use of synthetic fertilizers and no organic manures or micronutrients. The economic loss of these man-made barren lands has been estimated at Rs 1 to 3 Billions (US$ 22 to 66 million) annually.

The solution to this paradox is Integrated Plant Nutrient Management, (IPNM) where the use of synthetic fertilizers is combined with organic manures rich in humus and soil microbes, which provide essential micro-nutrients and help plants to fully absorb the applied NPK (Nitrogen, Phosphorus, Potash) of chemical fertilizers.  
IPNM is a wise move that has yet to gather momentum and realize its full potential.  Using city compost along with synthetic fertilizers can generate enormous national savings for the prosperity of India’s farmers as well as the cleaning of urban India.  Scarcely any other national programme can bring such huge benefits to both urban and rural sectors.
Field results have been excellent wherever synthetic fertilizers have been reduced by 50% and an equivalent amount spent on city compost.  When rains are erratic or insufficient, one sowing has sufficed while farmers without compost had to go for one or even two more repeat sowings.  Protective irrigation per crop reduced from 6-7 to 4-5 waterings. At the same input cost, IPNM fields have shown 15-30% higher yields.  Unfortunately, much useful data reported all over is still largely qualitative, subjective  and uncompiled. 

19,  Planning for clean cities

Designated waste-sorting areas and eco-parks for recyclers are necessary to bring them into the industrial mainstream. They need uninterrupted, quality power, plus  soft loans to install  pollution-control equipment.

We need to urgently declare the mandatory Buffer Zones of No-New-Development around existing and new waste-processing-and-disposal sites.  Otherwise homes, schools and industries spring up around such  once - ideal sites, and protests for shifting  of  a compost plant begin even  before  it can come up, supported by  the  unplanned-builder  lobby.  

Waste - processing and disposal sites lie mostly outside urban limits and always face  NIMBY resistance (Not In My Back Yard). So there must always be advance involvement of local residents in an advisory committee, plus ‘Polluter Pays’ compensation to the host village by the city  or State, preferably by way of better infrastructure or facilities.
A city must never start open-dumping of  waste  in  a  ‘proposed’ waste - processing  site ! No matter how desperate the need for space,  it should be done correctly or not at all.  Ground - water  can  be  polluted  in  one

downpour on open dumps, and  take 15 years to clean up.

20,  Administrative changes needed for clean cities

Running a city efficiently and keeping it clean every day needs exceptional skills, commitment and dedication at all levels.  Administrative reforms can help create an improved working climate. City  Managers appointed on 2-3-year contracts would ensure  peak  results, as ‘frequent transfers’ at whim play havoc with effective long-term planning, execution, costs and morale.  Cities, like companies, need a Perform-or-Perish work culture.

We need to replace a culture of mistrust with a culture of faith. Each person assigned any responsibility should automatically  have  some  financial authority  to go with it. Delegation  of  fiscal  powers  greatly improves grievance redressal, on-road efficiency, productivity  and costs.

We need to train  tomorrow’s City Managers  today, using the skills of our best-performing City Managers as trainers in Public  Service Commission academies. Their curricula need full courses on waste management, plus training programs in SWM issues and policy for newly-elected Councillors.

Public Works Dept codes and specifications need to be flexible enough to allow for beneficial new technologies like waste-plastic-modified bitumen roads and fly-ash use in bricks, roads and embankments. 

City finances must be strengthened by indexing  all  items of  city income  annually to the cost-of-living index, and allowing cities autonomy to raise resources in their respective ways without requiring State Govt  assent.

Cities must recognize that hygienic waste processing and disposal is a social cost, easily met by cost savings through more disciplined waste-collection that excludes inerts.  They must avoid unrealistic demands on private  waste-processors to bear waste-transport costs or pay royalties. 

21, Business Opportunities in SWM

Businesses are probably enthused by the immense opportunities in urban solid waste management.  Here are some sobering thoughts:

21.1  Primary Collection

With 300 million urban Indians needing 1 sweeper for 500 persons, there is an employment potential of 600,000 persons to keep our cities clean.  In practice, we have far fewer, as most States have frozen new recruitment of permanent employees. The existing work-force is aging, and many are used for non-cleaning postings in elected members’ homes and offices. There is a crying need for efficient man-management in this field, but India’s Contract Labour Act is a major deterrent for improvement, as it prohibits the hiring of non-permanent workers or staff in non-seasonal occupations which have permanent employees doing a given task. 

21.2  Street Sweeping Equipment
Sophisticated street sweeping equipment has failed because of our chaotic street parking habits. India has good small equipment for cleaning factory floors, airports and railways etc, so there is not much scope for outside entrants in this field.

21.3  Waste Handling Equipment
Aid agencies have presented Indian cities with umpteen versions of dumper-placers, compactors, take-away containers etc.  All of these ultimately fail because no aid funds are set aside for a corpus to cover the cost of driver, fuel, maintenance and replacement.  So these have proved to be very short-term and unviable solutions.  

Only one city, Chennai, has obtained Presidential exemption from the Contract Labour Act to permit a 5-year contract to Onyx-CES (a Veolia subsidiary) for waste collection and secondary transport in their specialized equipment.  Even they have decided to alter their strategy to move away from this sector, which incidentally brings them in direct conflict with the existing corruption of the “transport mafia”.

21.4   Secondary Transport

India has very well-developed capability for all types of earth-moving and earth-transport equipment.  But these are expensive to buy and maintain.  So this sector offers scope for really affordable mini-solutions like tipper three-or-four wheelers for small towns using slow-moving tractor-trailers.

21.5  Waste Sanitising

Until sufficient compost plants are put up everywhere, and compost demand grows to meet supply, simple stabilization of waste is going to become mandatory very soon.  This will require inoculation with composting biocultures either within  the collecting-bin or secondary collection truck, or at transfer stations, or as soon as waste is unloaded  at its final destination for wind-rowing.  
Hence there is an unbelievable business opportunity for supply of LOW-COST affordable bio-cultures and sanitizing services to all urban local bodies. But cultures will need to be produced within India using indigenous microbes as far as possible, because of phyto-sanitary restrictions.

21.6  Composting

Composting methods depending on Pre-Sorting of mixed waste before composting, have repeatedly failed in the Indian context and should not even be contemplated.  Wind-rowing of mixed waste and Post-Sorting after the waste is free-flowing and stabilized, is the only proven method which has given composting a new lease of life.

In-vessel composting is meaningless in the tropics where there are no cost-benefits to protecting the waste from climatic conditions.  At least three such units are lying defunct and bankrupt today. 

Marketing of compost is currently the biggest problem, because of its highly seasonal demand and farmers’ unfamiliarity with this new product.  So large firms with good distribution strengths in the agriculture and horticulture fields can explore this new business opportunity for growth.

Firms specializing in eco-friendly mining and revegetation of mining over-burdens can use the coarser fraction of compost (4 or 6 mm to 25 mm), available at very low prices, as an ideal “bio-earth” for rapid revegetation.

Investment in stand-alone compost plants yields low returns and a long pay-back period of 7 years or so.  But compost plants owned by large chemical fertiliser producers would be in their long-term interest. The capital cost is collectively less than one-ten-thousandth of the capital cost of fertilizer plants. Their vast, possibly surplus, manpower resources and in-house technical expertise could help them to rapidly set up such compost plants for most larger cities. They can claim 100% tax-free profits for five years, plus 100% depreciation on the plant cost for city pollution abatement.  They can also claim State subsidies for soil conditioners if they use their compost for reclamation of degraded and saline soils.

Co-marketing of compost with urea will be a good long-term strategy to increase acreage and customers for their products. The benefits of IPNM will increase the yields, prosperity and purchasing power of their existing customers and acreage. Co-marketing needs negligible additional cost as all fertilizer companies already have an excellent sales and distribution network countrywide.  Increasing their market size and share is especially important today in the current liberalised and globalised scenario.
21.7  Landfilling

Currently, the preparation of engineered landfills to the specifications (borrowed from current US practices) that have been laid down in India’s MSW Rules 2000, is very costly, and quite unaffordable for smaller towns.

(India has 4,378 urban local bodies (ULBs) of which 35 are metros of over 10 million. 400 have populations over 1 million. The rest are predominantly towns with populations between 50,000 and 500,000.) So there is a great need for low-cost landfill solutions to prevent leachate percolation.  
Bentonite quilts (sandwiched between kraft paper) would be the ideal solution, requiring simple overlapping placement.  India’s Ashapura Minechem is one of the world’s largest suppliers of bentonite, so a tie-up to produce these ready-to-lay bentonite barrier materials would be very very successful, with export opportunities too, at very competitive rates.
