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Abstract

Lack of raw materids is generaly considered one of the main constraints to a comprehensive

recycling industry in developing countries. This paper examines the possibilities for increasing waste

recovery in the South. Firg aliterature study provides a general introduction to the problems of solid

waste management in developing country cities. Based on field surveys in the informa recovery
sector and the literature on formal waste collection, a ssmulation modd for the solid waste flows in

Bombay is developed. Two policy options under varying degrees of public responsiveness are
considered:  the encouragement of the existing informal recovery sector and the introduction of a
Western style recovery system. Extrapolations of four effects are provided for the period to 2010:

formal and informa employment, environmental impact, public expenditure and income distribution.

Results demonstrate that policy makers in developing country cities should be reluctant to introduce a
Western style waste collection system. Promoting informal recovery does seem to be a cost effective
and an environmentally optimal policy measure, although this does result in adverse consegquences for

income distribution.

Resumen

La falta de materia prima se considera como uno de los factores mas importantes para la creacion de
una industria completa de reciclgeen € sur. Este trabgo examina las posbilidades que existen para
incrementar la recuperacion de desechos reciclables en los paises en vias de desarrollo, centrandose
en Bombay, India. En primer lugar, un revison de la literatura sobre este tema servird como
introduccion general a los problemas relacionados con los desechos sdlidosy su recuperacion en las
ciudades. Se desarrollaen este articulo un modelo que representa € movimiento de desechos sdlidos
en Bombay basado en estudios de campo en € sector informa de la recuperacion de basura, y en la
literatura sobre la recuperacion en e sector formal. Se estudian aqui dos opciones de las practicas a
seguir, seguin las diversas actitudes del publico: € fomento ddl ya establecido sector informal de
recuperacion, y la introduccién de un sistema de recuperacion de desechos a edtilo de los que ya
existen en los paises de Occidente. Se presentan extragpolaciones de cuatro efectos distintos,
cubriendo € periodo hasta d 2010: d empleo forma y informal, € impacto medioambientd, € gasto
publico, y la distribucion de ingresos. El fomento de la recuperacion informa parece ser la mas
econémicay una medida de politica medioambiental dptima: los requisitos, en lo que se refiere a la
inversion, son minimos, y, alavez, los gastos de los vertederos se ven reducidos; los efectos sobre el
empleo también son positivos debido a la cantidad de mano de obra necesaria para d desempefio de la
recuperacion informal de basura. Sin embargo, € impacto sobre la digtribucion de ingresos es peor
gue en las politicas de reciclge de Occidente.

Abrégé

On considére que I'absence de matiéres premiéres représente une des principaes limitations imposées
aune indugtrie globade du recyclage dans le Sud. Analysant le cas de Bombay, en Inde, ce document
examine les possbilités d'accroissement de la récupération des déchets recyclables dans les pays en
développement. A titre dintroduction générale aux problémes que posent, dans les villes de ces pays,
les déchets solides et leur récupération, les auteurs éudient la littérature existante a ce sujet. Sur la
base d'enquétes de terrain menées dans le secteur informel de la récupération et de la littérature
traitant de la collecte formelle des déchets, un modde smulant les flux des déchets solides dans
Bombay est éaboré. Deux options politiques, formulées selon différents degrés de réaction du public,
sont envisagées. encourager |'actuel secteur informel de récupération ou introduire un systéme de
récupération de style occidental. Les extrapolations de leurs effets sur quatre domaines différents sont
présentées pour la période dlant jusqua2010: effets sur I'emploi formel et informel, impacts sur
I'environnement, conséquences en termes de dépenses publiques et effets sur la répartition des
revenus. La promation de la récupération informelle apparait comme une mesure politique ala fois
dune plus grande efficacité-colt et optimae du point de vue de I'environnement: ses exigences en
termes dinvestissement sont minimales alors que le colt des décharges s'en trouve réduit; ses effets



sur I'emploi sont eux aussi favorables acause du caractére fortement intensf en main d'aavre de la
récupération informelle des déchets. Cependant, son impact sur la répartition des revenus est pire que
dans le cadre d'une politique de style occidentd.
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| ntroduction

International trade and local recovery of waste paper seem to be two separate issues, yet both
activities are closaly linked through the price of waste pagper. This implies that changes in the
recovery of waste paper in one country can have a sgnificant impact on the recovery of waste
paper in another. A perfect example of this reationship was demonstrated in the late 1980s and
early 1990s when the German government introduced various policy measures to increase the
recovery of waste paper in Germany. From 1989 to 1993 collection in Germany increased by
amog 50%. This sudden increase in supply resulted in a negative price for low grade waste
paper on the internationa market (Hagen 1994). Many neighbouring countries encountered
condderable problems in maintaining the local collection sysem and subsidies had to be
provided to waste paper collectors to prevent bankruptcy.

The option to establish subsidies is not aways available to developing countries governments
who face tighter budgetary condraints, in addition, the recovery sector in developing countries
is much more market-driven than in the North. The impact of price fluctuations can, therefore,
be more severe in the South.

In this paper, waste recovery in developing countries will be described. In order to assess the
possible impact of internationd price fluctuations on the local recovery of waste paper, a case
study will be presented on the recovery sector in Bombay, India As well as focusing on the
economic effects, including developments in vaue added and public codts, the socid impacts,
such as employment and income distribution as well as the environmenta effects, are dso
congdered. Note that the impacts of the recycling process are ignored in this paper. Based on
this assessment, recommendations may be made for improving the recovery sector in Bombay.

The paper is dructured as follows. First, a generd introduction to waste recovery and waste
management in developing countries is described. A theoretica framework for the problem is
then developed The issue is then narrowed down to waste paper in Bombay. The sources of
waste paper and the actors involved in collecting the waste are described in the following
section, followed by an assessment of the waste paper trade sector. A smulation modd is
developed in order to determine the overdl economic, environmental and socid impact for
different scenarios of waste management. Findly, conclusions are drawn.
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Solid Waste M anagement and Recycling
in Developing Countries

Developing countries have been recovering and using recyclable materids from municipd solid
wade for many years. Moreover, recycling activities in the South are expanding rapidly
(Savage and Diaz 1995, Bennis et al. 1996). Two factors underlie this development. Firs,
loca indudtries have increasingly recognised the advantages of recycling, such as lower energy
consumption and therefore they have increased demand for recyclable materids.  Secondly,
consumers and collectors have become more aware of the economic vaue of recyclable waste
and therefore have improved separation techniques and expanded the supply of secondary
materids. In this section, the last factor will be discussed and andysed. As literature on this
subject is rather scarce, most conclusions are based on a survey undertaken for the waste paper
collection sector in Bombay. Fird a literature overview on recyclable waste collection in
developing countriesis presented.

State-of-the-art of Solid Waste Management (SWM) in developing countries

According to the World Bank (1995), the share of population living in cities in developing
countries rgpidly increased from 28% in 1970 to 38% in 1993. Projections for future
developments show that this tendency will continue a an even fagter rate. This trend towards
urbanisation coincides with economic development, leading to higher income and consumption
levels. As aresult, municipd solid waste will become a mgor problem for many cities in the
South. The well-known waste management hierarchy which sems from SWM in indudtridised
countries - waste prevention, reuse, recycle, energy recovery, disposd - is aso in force in
developing countries (Schal 1995). However, though the order of the options is smilar to the
industridised world, the configuration of these options differs. For example, waste prevention is
paticulaly reevant for countries with high consumption levels. Unnecessary packaging
materids or extravagant consumer behaviour is generdly less common in developing countries,
and therefore the possibilities to reduce waste production at the source are dso less.

Disposd options in developing countries differ from the North. At present, up to 50% of
municipa budgets in developing countries is spent on solid waste management.  Yet, waste
officids are not able to manage this problem efficiently. Due to the lack of funds, on average
only 50% is collected in developing cities Cointreau 1991). But even when budgets are
adequate for collection, safe digposal remains a problem. Overdl, ingppropriate solid waste
management leads to a number of societd problems, such as increased risk for epidemics, air-
pollution caused by illegd waste burning and pollution of groundwater. The limited resources
for SWM by the municipdities in developing countries increases the need for cog-effective
options for urban solid waste management.

Most developing cities are serviced by an informa sector which exigts in pardld with the forma
waste collection authorities. This sector is manly guided by market forces. The role of
governments in recovering secondary materias is smal. Thisinforma sector is essentid for the
environment as wdl as the locd economies in urban centres: firgt, by collecting waste materids
the informal sector takes over a part of the burden of the municipalities. Second, since the waste
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collection is labour intensve and involves no specid kills or transaction cogts, it provides a
livelihood to many new immigrants and marginaised people in big cities in developing countries.

Edtimates show that these activities account for an estimated 1-2% of the workforce in large

cities (Cointreau 1989). Waas and Diop (1991) estimate that in Dakar around 200,000 people

are employed by the informa recycling sector. Third, informa collection avoids environmenta

costs and reduces capacity problems at dumpsites.

It is difficult to quantify the total contribution of the informal sector to urban waste management.
The informa characterigtic of this sector however, means there is a lack of officid datistics on
this economic activity. Quantification of the informa recovery sector is therefore rather scarce
and uncertain. For Mexico, waste pickers are estimated to remove 10% of the municipa waste
(Bartone 1991). In Bangdore (India), the informa sector is clamed to prevent 15% of the
municipad waste going to the dumpste (Baud and Schenk 1994). In Karachi, the informal
sector reduces municipa waste collection by 10% (Ali et al. 1993). For specific materias,
such as waste paper, more specific estimates can be derived. In figure 1, the dow increase of
the recovery rate in developing countries is depicted. The African and Asa paticularly,
recovery rates have increased. However, the increase in Africa may dso be the result of
decreased consumption levels.

Figure 1. Waste paper recovery ratesin developing countries (1984-1994)*
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Theoretical framework for waste management and recycling

Three features are typicd in the waste management Situation in developing cities.  Firdt, the
municipdities in developing countries have insufficient means to manage the growing burden of
solid waste. Second, the informa sector plays an important role in recovering large quantities of
solid waste & a zero cost to the public. Third, despite the efforts of the forma and informal
sectors, dgnificant quantities of waste remain uncollected. To illudtrate the current waste
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management Stuation in developing cities, asmplified illugtration is presented in figure 2. Prices
for each type of recovered materia are assumed to remain congant. From this economic
framework, the optima waste management options (landfill and recovery) can be derived. On
the verticd axis, direct costs and revenues are depicted of both options. The horizonta axis
shows the quantities of the respectively recovered (recycled) waste and disposed (andfilled)
waste. Thetotal amount of generated waste OW remains constant.

The waste has three possible dedtinations: informa recovery for recycling, forma collection for
landfilling, and, in the worst case, the waste will be left uncollected. These management options
are expressed in the cost curves which depict the net margina cost or benefits of each additiona
unit of waste for that particular management option. The net margind cost curve for informa
recovery sarts above the horizonta axis because recycling initialy generates net revenues. The
margina revenue decreases with increased collection because the remaining recyclable waste at
the source becomes more scarce and the quality deteriorates. Relatively more effort is required
to recover it. Recycling is cost-effective until the quantity R., which depicts the optima quantity
of recovered waste under free market conditions. Recovery of waste beyond R is not cost-
effective. Recovery in developing countries will not exceed R because the informa sector is not
compensated for the resulting additiona costs.

Figure 2. Current and optimal recovery and disposal configuration

net marginal revenue
of recovery

revenue per tonne

0% recovery W 100% recovery
100% disposal “|= = = = o o o £ 0% disposal

net marginal cost of
disposal / landfill

costs per tonne

source: based on Bertolini 1994

The net margind cost curve of digposd/landfill should be read from the right to the left. Waste
collection starts a W and will move gradudly towards the left as long as the municipa budget
holds. This curve garts below the horizontal axes because forma collection does not generate
net benefits. Therefore, this curve never intersects with the horizontal axes. As opposed to the
net margind curve of informa recovery, an increase in formal waste collection decreases its net
margind cogs. These economies of scae are illugtrated by the more than proportiond decline
of the margind codt line, garting at the right hand side.  Because municipdlities in developing
countries generdly have insufficient budgets to collect dl the disposed waste, formad waste
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collection usudly does not accomplish the desired quantity of WR. In figure 2 thisis indicated
by the amount WD which is the actud formd collection and landfill. This leaves an amount of
RD as uncollected waste. Yet a R, the margind cods of recovery are ill lower than the
margind cos of digposd. Therefore, from the perspective of the municipdity, it is till chesper
to recover waste instead of collecting it for landfilling. At the intersection of both margind costs
curves Q, recycling is no longer preferred above landfilling. Beyond Q disposing of wadte is
cheaper than recovery. This leaves a quantity of QW of waste to be disposed. A quantity of
RD remains uncollected.

In indudtridised countries where municipa budgets do not form a condraint, the most cost
effective solution is to first increase the recovery for recycling purposes (from R to Q). Beyond
Q, it is chegper to collect the waste for digposal and thus follow the net margina cost curve
(DQ). For developing country, budgets are more limited which prevents the totd formd
collection of waste. Second, government involvement with the informa recovery sector is
absent.  Therefore, the municipdity is not in a pogtion to exploit the chegper option of
recovering RQ for recyding.

Wha is the mogt efficient solution to solving the problem of uncollected waste in developing
cities, given the limited budget of municipdities and the limited involvement of governments with
recycling? In the above theoretical framework, two options prevail. Firgt, the waste collection
of the municipdity can be improved by increasing the efficiency of solid waste management.
Officd solid wagte collection systems are often very inefficient: generaly, second-hand vehicles
are operated which are extremely polluting and not suitable for locd conditions. As a result,
maintenance costs are very high Pearce and Turner 1994). Improvement to solid waste
management will alow more waste to be collected for a smilar SWM budget (shift D to D).
Thisprogressis depicted in figure 2 by a shift of the net margina costs curve to theright.

The second option for reducing the uncollected solid waste is to encourage the recovery of
recyclable waste by the informa sector. This can be achieved through the reduction or
elimination of sales tax on loca wagte trade or through the promotion of waste separation at
source. Another option which is often considered is the replacement of the informa sector by a
Western syle recovery sysem. Whether this dterndive is feasible will be discussed in the
coming sections. An improvement of the informa collection sector is depicted in figure 2 by a
shift of the net margind revenue curve to the right. This implies that the amount of recyclable
waste collected cogt-effectively will increase from Rto R, In the new Situation, the uncollected
solid waste has decreased fron RD to R D'
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The Waste Paper Collection Sector in India

General Structure

In order to determine the economic, socid and environmenta impacts of different policies
directed at the local collection of waste paper in India, it is necessary to understand the complex
sysem of entrepreneurs and processes which are linked to this sector. Ignoring these
complexities would lead to an underestimation of the socid dimensions of the paper chan,
because it is manly the underprivileged who play an important role in this sector. The
boundaries which will be consgdered in this partid life-cycle run from paper consumption to the
disposa or recovery of paper products. Impacts from the actud utilisation of local waste paper
are excluded. These upstream effects are consdered in Beukering and Duraigppah (1996). The
various routes of paper in the recovery sector are depicted by the flow-diagram in figure 3.

Processes

Unlike the processes which take place before consumption, the processes in this phase are
extremdy labour intengve and involve only a limited input of capital. The following processes
will be conddered. Firgt, the consumption process is of mgor importance. Mogt studies on
the paper cycle only look at the consumption of paper products which is either supplied by loca
manufacturers or by foreign producers. The fact that part of the consumption aso involves re-
use of waste paper without reprocessing taking place, is generdly ignored. Y, particularly in
developing countries, re-use is an important aternative destination for waste paper and thereby
may have a negative impact on the supply of secondary fibre to the recycling industry.
Therefore, re-use is incdluded in this sudy. This has two implications. Firg, the totd leve of
consumption in this analyss will be higher than the formd level of consumption. The actud
consumption will therefore be extended by a certain amount of re-used waste paper. Second,
as re-use has a negdtive effect on the quality of the waste paper, it is assumed that paper which
is reused can no longer be avalable for recycling. This implies that the quantity of
unrecoverable waste paper for disposa will increase if more waste paper is re-used.
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Figure 3. Flow-diagram of the local paper consumption and post-consumer
destinations of waste paper
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After consumption part of the paper diverts from the cycle through ether long term storage
such as libraries, and through structura losses such as sewage. The waste paper can adso be
burned in order to reduce the disposal burden. The remaining paper is either landfilled a the
dumpsite or it isrecovered and supplied to the trade sector through different entrepreneurs. In
the case of landfilling, the waste paper can ill be recovered by entrepreneurs who operate at
the dumpsites. Eventudly, the trade sector will supply the waste to the paper indusiry or offer
part of the merchandise for re-use to the consumers.

Entrepreneurs
The entrepreneurs who operate in this field can be broadly categorised into two groups: the

forma and the informa sector. Generaly, the Waste Management Department of the Municipa
Corporetion in cities in India are the only forma stakeholders in the post-consumption waste
paper chain. The municipdity is responsble for the collection, remova and disposa of garbage
and sweepings from public roads, streets, foot-paths and lanes, and maintenance of dumping
grounds (Hadker, 1995). Often, in developing countries, dumping or incineration is performed
in an uncontrolled manner, resulting in high municipa cogts. Recycling is rarely considered by the
formal sector. The informa sector, which according to the International Labour Organisation
(ILO) refers to those employers classified as own-account workers, unpaid family workers and
those “not classfiable by satus’, collects and trades mostly unregistered waste materias
(World Bank 1995). Various entrepreneurs play arolein theloca supply of waste paper.

The main source of wagte paper is households. They save their own waste paper which is
dther sold to the buyer or to the Itinerant Waste Buyer (IBW). As this manly involves
newspapers and magazines, the households are dso the main source for re-use.  In addition
ingtitutions and factories participate in the informa paper cycde This group includes
government departments, private companies and shops.  Office boys or caretakers gather the
waste paper which is generated in the offices, and they <l it off to IWBs or buyers. The
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collection of waste paper is performed by ether waste pickers or IWBs. The waste pickers, the
magority of whom are unskilled migrants, roam the streets and dumpsites to collect any type of
materid which they can sl to the buyer. The IWB is dso mobile, but instead of picking waste
from bins or dumpsites, goes from door to door by bicycle to buy the waste from households or
shops. Since his materids have not yet been mixed with disposable waste, the qudity is much
higher than the waste paper gathered by the waste pickers (Ali et al. 1993); thisimplies that the
IWB isamgor supplier of re-usable paper.

Findly, the waste enters the trade sector, which despite the fixed location may ill be
condgdered an informa activity because the traded materids are mainly unregistered and the
labourers sorting out the waste belong to the non-wage employment. The buyers man role in
the paper cycle is to purchase from the above sources, sort out the waste, bundle it and sdll it
off to the wholesdler. The role of the wholesaler is to accumulate the purchased materid until
the quantity is sufficient for transportation to the recycling plant. The main difference between
the wholesdler and the buyer is that the former is specidised in one specific type of materid,
wheress the buyer generadly buys any type of waste which is offered. Also, the quantities dedlt
with by the wholesders are much larger than the buyers trade volumes. Occasondly,
quantities are even sufficient for wholesalers to set up their own reprocessing factories.

A case study on the waste collection sector of Bombay

The collection of waste paper in India, mainly takes place in urban centres for obvious reasons.
the amount of waste generated increases with increasing incomes and increasing population.
Also the "throw-away" consumer behaviour is more manifest in cities. In addition, collection of
waste is eader in cities as the population dengty is higher. Y, this rdation does not dways
hold. Traffic jams and high rise buildings can hamper the recovery and collection of waste.
Also booming red estate prices makes it more difficult for wadte traders to remain in the city
aress. In this case study, Bombay was selected because it is representative of other megacities
in developing countries.  Since rdiable information on loca waste recovery in developing
countries is lacking, severd surveys were conducted in Bombay. A summary of the most
important findings of these three surveys is given in the following sections.  Information on the
other stakeholders in the waste paper collection cycle is retrieved from literature or other
aurveys. The man objective of the surveys is to determine the relative contribution of the
various entrepreneurs in the waste paper collection sector, and to analyse the performance of
the entrepreneurs so that suggestions for improvement of the waste management in developing
citiesmay be made. These datawill be combined in the smulation modd in alater section.

CREED Working Paper SeriesNo 5 8



The Source and Collection of Waste Paper

The waste picker

Waste pickers contribute to solid waste management and to the supply of the recycling industry
through the collection, sorting and sdlling of recyclable waste materials to buyers Huisman
1994). The individuas operating as waste pickers originate from various groups, such as run-
away children, migrant women or unemployed labourers. Research on waste pickers is rather
scarce. In 1988, Gilhuis emphasised the role of waste pickersin Curitiba (Brazil). For Bogota
(Colombia) it was estimated that 30,000-50,000 people earn from collecting recyclable waste
(Hardoy et al. 1992). Huisman (1994) focused particularly on the postion of femde waste
pickersin Bangalore (India). Furedy (1990, 1994) contributes by giving an overview of the
socid context of waste pickersin various Asan cities. The generd conclusion of these sudiesis
that waste pickers play a sgnificant role in the management of waste in developing country
cities.

A survey among waste pickers was conducted in order to facilitate quantification of their
contribution.  In other words, how much of the supply of waste to the recycling industry
depends on wagte pickers activities and how much landfilling is avoided? In order to represent
the variaions in areas worked, 60 waste pickers were interviewed casualy?, in four types of
aeas. adump dte, aresdentia area, an indudtrid area, and a commercia area. Additiondly, 7
group discussions” were held to enable the respondents to talk more fregly about their activities
and the socid conditions. The outcome of these surveys will be used in the flow modd which is
explained in the coming sections. In addition, the possibilities for improving their performance
are consdered. For this reason, a quditative assessment is made.

Profile of the waste picker

Of the total number of 60 waste pickers interviewed, 23 were mae and 37 were femae. Since
respondents were selected a random, we can infer that the waste picking workforce is not
equaly divided between maes and femdes. Since waste picking is a trandtory occupation
requiring no skills and resorted to by new immigrants to the city, it is seen as suitable for females
and boys. This accounts for the bias in favour of femaes. Huisman (1994) confirms this
finding.

The frequency distribution in figure 4 shows that 60% of the respondents were 25 years old or
younger. Of this young workforce dmost 17% of the sample were children of 15 years or less.
The drop-out rate from the workforce, particularly for males is pronounced after the age of 35.
Agan this outcome coincides with Huisman's study (1994) as well as NEERI (1995). An
explanation for this phenomenon is that men find waste picking too inferior. Another reason
could be that, although both boys and girls enter the trade at an early age, boys "graduate" into

! Casual selection impliesthat the interviewer operatesin a specific area and randomly sel ects recognised waste
pickersfor aninterview.

2 The group discussions were held among waste pickers who were already interviewed and waste pickers who
joined their friends.
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other occupations, while women tend to stay on. WWomen perceive the advantages of bringing
their children dong with them and the freedom to decide upon their own hours of work.

Figure 4. Number of male & female waste pickersaccording to sex and age
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Practicdly al the respondents were migrants. Almost 52% originated from Maharashstra State,
of which Bombay is the State capital. 38% of the interviewed waste pickers came from Tamil
Nadu. Haf of the respondents were originaly from rura aress, while only 7% came from other
large cities. The illiteracy rate among the respondents was 75%. Only 10 waste pickers had
had some kind of forma schooling, between Classes 4 and 9. Clearly, waste picking is a
trangtory occupation of new migrants who have little chance of finding other occupations.
Anacther important finding was the dominance of Hindus in wasgte picking. Only one Mudim and
one Buddhist worker were registered in the survey. However , Mudims were more prevaent in
the buyers and the wholesalers surveys. This indicates that it is not necessarily the prescription
of the Idamic rdigion which prevents Mudims from working with waste. A more likey
explanation could be the stronger back-up of the underprivileged in the Mudim community,
which makes resorting to waste picking unnecessary. Also the reluctance of Mudim women to
go around in public places might be an additiona explanation.

The socid profile of the respondents was diverse. However, some patterns in socia conditions
were discernible A large mgority of the waste pickers lived with their families and contributed
to household income. It was observed that in waste picking families, young children
accompanied their mothers from an early age. Only the mae workers complained about police
harassment. This particular vulnerability could also explain the lack of older mae waste pickers.
Common forms of harassment included extortion, verba and physical abuse, fase accusation in
cases which occasiondly led to imprisonment.

The femae wadte pickers did not complain of any harassment by the police. Although they did
not confess to taking drugs, group discussons showed that a maority of the older male waste
pickers and afew femae waste pickers were addicted to drugs and alcohol. The women waste
pickers complained about their husbands being addicted to acohol. The common hedlth
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hazards that waste pickers faced were directly related to the unheglthy conditions in which they
worked and the unhygienic and sometimes hazardous materias which they handled. Common
alments included vira infections, respiratory disorders, and skin infections. Cuts and wounds
due to sharp objectsin the waste handled were common.

Performance of the waste picker

All the respondents operated regularly in a particular territory. Trepassing into territories of
others rarely occurred. A new arrival relied on a"senior” waste picker to whom he or she was
attached for some time before operating individualy. All the waste pickers said they sorted the
materias before selling them. The sorting usudly took place near the buyers shop, just before
the transaction.

The tota average quantity of waste materias collected by the waste pickers per day was dmost
13 kgs. The average compodition of this bulk is depicted in figure 5. Clearly, paper and plastics
form the mgor materids with respectively 38% and 43%. The category “others’ mainly
conssts of wood and thermocol. The collected metals are tin, iron and duminium. Within the
category paper, brown kraft paper and duplex account for more than 70%. Thisis likdy as the
more expensive paper types are not disposed of in waste bins. It should be noted that the
seasondl variaion in waste paper collection by waste pickersis larger than for plastics because
of the impact of the monsoons.

Figure>5. Compositions of quantity of waste and earnings by Waste Pickers
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The average daily income of the waste picker in Bombay was Rs. 37. However, if the reported
quantities are exposed to prevailing market prices of waste, their average income should be
higher (Rs.57). This may be explained as either an underestimation of the respondents or as a
genera tendency of the waste buyers to pay less than the market prices. It was dso found that
male waste pickers (Rs47) generaly earned more than female waste pickers (Rs.28). Findly it
should be noted that waste pickers adso gathered materids which were not sold, but used for
persond use such asfirewood. This category is not included in the earnings assessment. Figure
5 dso depicts the average contribution of the collected materias by waste pickers in terms of
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earnings. Whereas paper was important in terms of volume, the earnings derived from paper
were not sgnificant. Because of the generally lower price of waste paper and low quality of the
waste paper collected from the bins, paper only contributed 14% to the income of the waste
picker. Plastic on the other hand contributed 58% of the total income. Typicdly, metds which
only accounted for 7% of the collected materids in terms of volume, generated 25% of income.
This explains the habit of waste pickers to burn waste at the dumpsites to recover the metals
from the ashes.

Various correlation tests were performed in order to find variables which determined the income
of the waste picker. In view of the unskilled nature of the work, it was expected that there
would be a corrdation between hours of work and earnings. However, the test rgected this
notion. Also the correaion between age and earnings was negligible. Even the area of
operaion did not have an impact on the income levels. This suggests that waste picking is an
activity which requires no particular skills and which is conddered to be a survival Srategy:
waste pickers work until enough income is generated to buy the basc commodities. This is
supported by the fact that only 7% of the waste pickers saved an gppreciable amount of their
incomes.

Almost 72% of the respondents reported seasond variation in the quantity as well as the qudity
of waste collected. During the monsoons less waste was collected; moreover it was of a lower
quaity. Because lower qudity means lower quantity, traders anticipated this dack period by
stocking material and hence lower prices were gpparent during the monsoons.

The respondents were aso asked how they reacted to price changes. In the case of increased
prices of waste materids, only one third of the waste pickers behaved predictably by
maximising income. Mogt of the remaining waste pickers were not price-sensitive and collected
uniform quantities. Only one respondent claimed to collect less with higher prices. More than
71% of the waste pickers had regular transactions with one buyer while 29% of the waste
pickers sold materials to 23 buyers. This is a strong indication that there exidts a large
dependency on a particular buyer. The buyer atempts to enlarge his raively smdl margin by
keeping the prices as low as possble. In times of inflation, risng prices, poor weether and
competition the waste pickers have to suffer the consequences of the decline in their income.
The buyer binds them for longer periods of time through loans and other facilities.

Made respondents particularly consdered waste picking as a temporary occupation. They
preferred to switch to other manua labour such as congtruction work or street vending, if
opportunities arose. The mgority of the femae workers preferred waste picking because of the
independent nature of the work. Also, they claimed that waste picking was more rewarding.
Coolies and congtruction workers earned respectively Rs.20 and Rs.25 per day (Huisman
1994). This difference in attitude between male and femae is supported in part by the number
of years the respondents had worked in waste picking. While maes had an average experience
of 7 years, females had 9 years experience.

Before the contribution of waste pickers to the SWM in Bombay and the supply to the paper
cycle in India may be andysed by integrating the findings in the materid flow modd, severd
coefficients need to be defined. Firg, it is necessary to know how many waste pickers are
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required to collect a specific quantity of waste paper. According to the survey, one waste
picker collected approximately 1,400 kgs of waste paper per year if the negative impact of the
monsoon is taken into account. This means that for the supply of 1,000 tonnes of waste paper
derived from the street bins and the dumpsite, 714 waste pickers need to work for one year.
The value added of this activity is completely determined by the weighted average of prices of
the waste paper which is supplied by the waste picker. Because of the low quality of this waste
paper, the average price is only Rs.1,610 per tonne. The contribution to the SWM in Bombay
goes beyond the collection of waste paper - plastics, metals and other recyclable waste need to
be taken into account in this respect. The findings showed that a waste picker collected
approximately 4,000 kgs of waste per annum. It is assumed that the mgor share of this waste
is collected from street bins.

One important socid aspect of the survey was the number of children working in this type of
activity. Child labour is a complex issue. Often, poor households have no choice but to send
ther children to work. Also, children who work in waste picking often have no families. The
survey reveded that it is often boys who survive without families, while most girls accompanied
their mothers and thereby supported the family income. Overdl, 18% of the respondents were
15 years of age or younge.

A find egtimation, required for the modd is the number of waste pickers operating in Bombay.
No officid figures on the totd numbers are known. Attempts to estimae numbers were
performed in Bangalore (25,000 waste pickers from a population of 4.5 million) Huisman
1994), and in Karachi (20,000 waste pickers from a population of 9 million) (Ali et al. 1993).
Thisimplies aratio of one waste picker to between 200 and 450 citizens. Based on this rtio,
Bombay would have about 25,000 to 50,000 waste pickers. However, the religbility of such an
extrgpolation is limited. Based on the surveys, it could be estimated that Bombay employs
around 35,000 waste pickers. In terms of volume, 38% (13,300 waste pickers) of their efforts
is concentrated on waste paper.

Other stakeholdersin the supply and collection of waste

The remaining stakeholders of the group of suppliersto the waste trade sector will be described

in this section. Given the diversty of this group, no survey was underteken. Being the
consumer of newly produced and re-usable paper and the only source of local waste paper,

households, factories and indtitutions performed an equa role in the paper cycle in Bombay.

Therefore, these stakeholders will be discussed smultaneoudy. IWBSs, however, perform a
different role and therefore they will be discussed separatedly.

Households, factories and inditutions

The officia per capita consumption of paper in Indiais4 kg per year (Rao 1995). To obtain an
idea of the volume of the waste paper flow in Bombay, this officid figure must be adjusted.
Firg, it does not provide a redigtic representation of the true consumption in Bombay because it
is the average per capita consumption of paper for India The rurad population, which ill
accounts for dmogt three quarters of the population, is predominantly illiterate (World
Development Report 1995).  Second, the amount of re-used paper is ignored in this estimate
because the trade of waste paper for re-use is not registered. Finaly, data on volume and
composition of the waste in Bombay demongtrates that the per capita disposal of paper is at
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least 13 kgs per year (Hadker 1995). This figure excludes the waste paper which is recovered
for the purpose of reuse. On the bass of these facts, it is edtimated that the average
consumption of newly produced paper in Bombay is 18 kgs. Also, it is assumed that per capita
re-use of waste paper for each Bombay citizen is gpproximately 2 kg. Thetotd “informa” per
capita consumption is therefore determined at 20 kg per year.

The post-consumption stage of paper in households and ingtitutions can be divided into three
categories. Thefirgt category is the paper that is diverted from the paper cycle for other reasons
than disposad, such as sanitary paper and long term storage.  Obvioudy, sanitary paper
consumption is more important in the North than in the South. Therefore, sanitary losses are
ignored in Bombay. Storage, on the other hand, is an important leak in the paper cycle. Given
the conservative attitude towards disposing of books, magazines and reports, this ratio is
ggnificant in India. The second category includes the waste paper which is directly or indirectly
supplied to the waste trade sector by households and ingtitutions. From the buyers survey it was
estimated that the buyer purchased gpproximately 50% of the traded materids from households,
inditutions, and factories. The IWB is fully dependent on households and indtitutions. The third
category is the waste paper which, together with the other waste, is disposed in the street bins.
Before this waste eventudly ends up a the dumpsite, waste pickers will sdect out various
vduable materids. This reduces the volume and changes the compostion of the waste.
Eventualy 1.67 million tonnes of indtitutional and household waste paper were landfilled by the
municipdity in Bombay in 1992-93 Hadker 1995). Given the average per capita waste
generation of 0.5 kg per day which aggregates to 1.96 million tonnes for Bombay, and an
gpproximation of 35,000 waste pickers in Bombay, it can be assumed that 8% of the post-
consumer waste is recovered by waste pickers and 7% of the post-consumption waste is
burned or remains uncollected. Although this figure is rather uncertain, more accurate estimates
could not be derived from the available data.

Finally, the question remains of how to increased household waste separation. There have been
a number of studies by behaviourd psychologigts to examine the motivation of participants in
recycling schemes and the effects of different kinds of incentives on the rate of participation.
Urban citizens in the US were found to participate mainly for persond satisfaction associated
with environmentaly responsible behaviour. Y e, financid incentives such as direct charges for
waste management services were adso found to be necessry to motivate the less
environmentaly motivated citizens (Gandy 1994). Given culturd and economic dissmilarities,
differences in mativation of ctizens in developing and indudridised countries seem to be
rational. A survey conducted among households in Bangaore reveded that the reasons for
separating and sdling waste were not purdy economic (Furedy 1994). Most households
replied that it was a tradition or habit. Nevertheless, 76% of the respondents aso mentioned
that “wadte trading was important to their household, since the money they derived from sdling
the materials was useful”. 1t should be taken into account that it is generdly not the head of the
household who takes care of the waste but the servant. For this group, the economic criteria
are more important than for middle or higher class families who consume the paper. The may
can be sad for office-boys and caretakers working for ingitutions. 1t may be concluded that,
dthough it is difficult to quantify, households and inditutions make a significant contribution to
the paper cycle in supplying waste paper
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Although waste separation a the source is atradition in most families and offices, efficiency can
gill be improved through environmenta awareness campaigns. It should be redised, however,
that overdl economic development may aso have counteractive effects on waste recovery. The
danger exigs that growing urbanisation will force the buyers to move from the residentia centres
to theindudtrid suburbs. As distances increase, the motivation of the households and indtitutions
to separate and sl the waste diminishes. This trend may have a negdtive impact on the
recovery rate (Furedy 1990).

IWBSs

IWBSs form an important part of the waste recycling system in Indian cities. They go around the
city on hicycles or even on foot buying recyclable waste from houses, indtitutions, offices and
other sources. The collected recyclable waste, mainly consisting of paper, plastic, glass bottles,
and metd scrap, is purchased from households and ingtitutions and sold to buyers. The IWBs
are important for the paper cycle as they obtain waste at source before it is mixed, damaged or
contaminated. Because the IWBs cover a different segment of the waste recovery sector, they
are not in competition with waste pickers (Ali et al. 1996). Mogst of them are independent
operators, while some are employees of the buyers on whom they are dependent for financia
assstance. The IWB collects about 40 kgs of recyclable waste per day which generates adally
income of Rs.50-60 (Furedy 1994). Although the IWBs are common in most Indian cities,
their presence in Bombay is minima. Whereas their contribution to the supply of waste paper in
Bangal ore accounted for 19% (Beukering 1994), the fild survey indicated a contribution of less
than 4% by the IWBs in the Bombay waste paper supply. This can be explained by the fact
that, due to the high rise housing in Bombay, it may be very difficult for the IWBs to access the
resdential and commercid areas and for door-to-door collection. Also the heavy traffic
impedes the performance of the IWBs.

The munidpdi
The Solid Waste Management (SWM) in Bombay is undertaken by the Municipal Corporation
of Greater Bombay (MCGB). The annua growth in waste generation in Bombay of 6.2% is
amog four times as large as the population growth of 1.6%. Because of this exponentid
increase in solid wadte, the total budget spent on SWM is smultaneoudy growing. At present
7% of the MCGBs budget is spent on SWM (Hadker 1995).

The solid waste department of MCGB employs 26,239 people. This implies that MCGB
requires more than 9 employees to process 1,000 tonnes in a year. The totd wage hill is
around Rs.992 million, thus for labour only, SWM costs Rs.348 per tonne of garbage. Also
transport is costly: assuming that about 780 trucks operate each day, covering adistance of 100
kms, the total daily consumption of diesdl exceeds 2,600 litres. This aone costs around Rs.93
million per year. The overdl budget of the SWM department in Bombay was Rs1,273 million
in 1992-93, which means that the total costs of managing one tonne of garbage is Rs.447.
Budgets of solid waste departments in developing cities rardly reflect full costs (Cointreau,
1996). One may condder this estimate to be dightly undervaued as the 170 hectares of land
used for dumpstes in Bombay could be priced a Rs15 hillion (Hadker 1995). These
opportunity costs are ignored. Also indirect costs such as related staff in other departments are
not taken into account. As opposed to the entrepreneurs in the informa sector, the economic
potential of solid waste is rardly exploited by municipdities. Obvioudy, the mogt vauable
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materids have dready been harvested before it waste reaches the dumpsite. Attempts in India
to convert solid waste into compost have not been very successful until recently. Too often
"Wegtern technologies' are applied which are not suitable for Indian conditions (Baud &
Schenk 1994). Although experiments are conducted to develop decentralised composting and
energy recovery of solid waste, these new methods have not been gpplied on alarge scae.
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Table 1. Waste volume and composition for different stages in Bombay 1993 (in
Kilo Tonnes, KT)

Material | disposed (bin) recover ed burn/uncollecte | collected MCGB
d
in KT % in KT % in KT % in KT %

organics 1136 58 2 2 1130 68
dust 292 15 0 0 292 18
paper 197 10 61 38 51 38 85 5
plagtic 210 11 69 43 57 43 83 5
glass 58 3 11 7 10 7 38 2
metal 41 2 16 10 13 10 12 1
others 27 1 0 0 0 0 27 2
Total 1961 100 160 100 134 100 1667 100

source: compiled from Ali et a.1993, NEERI 1994 and Hadker 1995

The volume and the composition of the waste changes during the process of collection and
disposa. Waste pickers scour the street bins to extract vauable materid. Table 1 demonstrates
how much of each materid is recovered from the bins in Bombay and how the compostion
dters accordingly. This change in volume and compodtion is an important eement when
evauating environmental impacts, but aso to verify the contribution of waste pickers to the solid
waste management system. According to the table, it can be concluded that waste pickers play
an important role in the further reduction of the post-consumption waste.

The wagte which is eventudly |eft will be @ther landfilled or burned. Waste burning is carried
out both by the formd and informd sector. The main reason for the municipdity to burn waste
isto reduce the volume, particularly for the uncollected waste. Sometimes waste burning is dso
performed by waste pickersin order to select the metals which are left in the ashes. Obvioudy,
this activity is very damaging to the environment. An air-pollution sudy in Manila indicated that
refuse burning was the second mgor cause of hedth damage through ar pollution Larssen et
al. 1996). Energy recovery does occur a a household level. Sometimes note books and
magazines are used to heat traditiond boilers. With continuous uncontrolled waste dumping and
landfilling, the qudity of the land deteriorates. As a result, underground water will become
polluted through leaching of hazardous substances (Hadker 1995).
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The Waste Paper Trade

Thebuyers

Buyers differ from the suppliers since they operate from a fixed location. They dso trade dl
recyclable materid. Ther knowledge of materias and related prices is condderable. This
knowledge ensures profitability snce the margin between buying and sdlling price is generdly
low. In order to understand the performance of the buyer a survey was undertaken across 37
traders. As in the previous sections, the profile, the performance and the coefficients for the
model are described.

Profile of the buyer

The mgority of the buyers interviewed owned a compound of operations. 40 % of the
respondents operated from rented units.  The rdigious representation differed from the waste
pickers survey: the compostion of 65% Hindus, 19% Mudims and 13,5% Jains was more in
line with the average didribution of the Indian population. The buyers were dso better
educated than the waste pickers. Of the 73% of the buyers that had some sort of education,
63% had enjoyed education until the primary level, 26% up to the secondary levd, while 7%
were educated up to undergraduate level. Half of the respondents entered the waste trading
business because it was dready a family activity. Compared to the wholesders, buyers entered
the cycle quite recently: 35% of the units started business after 1985 and 27% of the units were
established between 1976 and 1985. The remainder of the units were set up before 1976.

The most important suppliers of waste to the buyers were waste pickers (47%) and households
(42%). Smadler amounts were supplied by itinerant waste buyers (4%), factories (4%) and
indtitutions (3%). An essentid difference between buyers and wholesders was their locationd
preference. While most wholesders were located in commercia or industrid aress, buyers
preferred (68%) residentid areas, probably to minimise the distance to their suppliers; 13 units
were located randomly. The reasons given by the respondents for a certain location were
proximity to resdence, suppliers and cusomers, as well as good facilities and no interference
from the governmen.

The scale of the area of operation was rdatively smdl, consisting of 230 sguare feet (59 ft) on
average with a range of between 50 and 1200 s ft. This feature indicates tha the average
buyer dis not have much space to keep stocks. The average stock kept by a buyer was 1.34
tonnes per week. The mgority of the buyers worked 9 to 12 hours a day and operated 6 days
aweek.

Performance of the buyer

The average buyer traded 39 tonnes of recyclable waste every month, with a dack period
during the monsoons between June and September.  The waste traded mainly conssted of
paper, plagtic, metd and glass. The compostion in volume and vaue termsisillugtrated in figure
6. Although waste paper is the most notable commodity in terms of volume (53%), in vaue
terms plagtic is more important. The seasona impact is taken into account, as these are annua
averages.
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Figure®. Composition of the quantity and gross profits of the buyer
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The average totd turnover of a buyer was about Rs.100.000 per month, with an average
turnover of Rs.32,000 per month for waste paper. For paper, plastic and meta the gross profit
per tonne was respectively Rs.1,390, Rs.1,767 and Rs.6,684. The average gross profit was
Rs.22,500 per month of which Rs.7,290 gross was from paper. In order to determine the net
profits, other costs are estimated. For employment costs, it was found that the average buyer
unit employed 1.2 workers, excluding the owner. The average wage bill of a buyer unit, with an
average wage of Rs.775 per month per employee, was Rs.900 per month. The average
eectricity bill and water bill only accounted for Rs167 and Rs.27 per month respectively.
Some entrepreneurs aso indicated that they paid a certain amount of “hafta’ - these are
informal cogts paid to the authorities to obtain permisson to maintain a busness. Only 5% of
the respondents paid taxes. This cumulates to a limited amount of variable costs of about
Rs.1,100 per month (excluding tax and hafta). Thus varigble costs seem not to be very
important for the performance of the buyer.

Price fluctuations of recyclable waste, on the other hand, had a mgor impact on the buyer's
performance. It should be noted, however, that the cost of the property is not taken into
account. Given the high land value in Bombay, this may have a consderable impact. Despite
the relatively high gross profit rates, there was fierce competition between buyers. 86% of the
buyers experienced the competition from other buyers as a mgor threat to their performance.
The mgority of the buyer units (62%) were located in areas with a high concentration of other
buyer units. Asaresult, severa buyers (18%) consulted other traders in order to fix prices and
negotiate on territories.

To mode of the collection sector in Bombay, severd parameters need to be determined. In
order to make a clear assessment of the tota impact of the buyers of waste in Bombay,
knowledge of the number of buyers operating in Bombay is crucid. Based on the average
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quantity of waste paper traded by a buyer in the paper cycle and the totd volume of waste
paper traded, it was estimated that approximately 360 buyers operated in Bombay. It is
assumed that buyers themselves do not supply to factories, but to wholesders only.

Thewholesalers

The digtinctive features of the wholesalers were that they traded one type of waste, operated on
alarger scale than buyers, and supplied directly to the paper mills. This section is based on data
collected during a survey among 37 waste paper wholesders,

Profile of the wholesalers

The mgority of the respondents owned their company and the place of operation, while 35%
operated from a rented location. This group comprised a reatively high representation of
Mudims 51 % Hindu, 43% Mudim and 3% Jan. The educationa background of the
wholesders was generdly higher than that of the buyers with 35 % enjoying primary level, 27 %
secondary leve, 14% undergraduate level and 3% graduated. The remaning 19% were
exposed to some sort of informa education. More than hdf of the respondents entered the
trade because it was traditiondly practised by the family, while 32% clamed to have entered the
waste trade for economic reasons. 11% of the wholesaers were former buyers and had
expanded their businesses. The mgjority of the companies were established before 1985 (92%)
of which 26% were established before 1965. There were not many recent entries to the sector.

The most important suppliers of waste to the wholesalers were buyers (39%), waste pickers
(20%), factories (11%), indtitutions (23%), IWBs (5%) and households (2%). The location of
the companies was generdly (41%) in a commercid area, while indudtrid areas (24%),
resdentia areas (24%) and mixed areas (11%) were less popular  The reasons given by the
respondents for these locations were the short distances to customers and suppliers, living in the
area themsdves and the existence of good facilities in the neighbourhood. Mogt of the
wholesders (78%) were located in an area where other wholesalers were active, including those
gpecidisng in plagtics, glass and metds. The surface of the operating area varied from 50 to
400 sg. metres, with most wholesaers (62%) working from a surface area of less than 100 sg.
metres.

Performance of the wholesders

The average wholesdler had a monthly turnover of Rs.767,737. The monthly amount of waste
traded by an average wholesaler was 382 tonnes, making the scae of a wholesdler unit much
larger than the average buyer unit. The same gpplies to the gross profit which totalled
Rs.170,076 a month, representing 22% of average turnover. Figure 7 illudtrates the
composition of the average waste paper wholesale trade. Most wholesalers traded in limited
amounts of waste plagtic. Middle grade waste paper condtituted the mgjor commodity for the
wholesaler, the source for which was generdly from households and indtitutions. The high grade
paper, mainly comprised of white cuttings, originated from factories or printers. As can be seen
from the digtribution of gross profit this category provides larger profit margins. For example,
the gross profit on white cuttingsis Rs.3,025 per tonne while newspaper only generates a profit
of Rs.850 per tonne for the wholesder.
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Figure?7. Composition of quantity and ear nings of the waste paper wholesaler

Quantity Gross Profit
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1 low grade waste paper includeskraft paper, mixed waste paper and corrugated paper;
- middle grade waste paper includes note books, , magazines and newspaper;
- high grade waste paper includes white cuttings, share forms, and office records.

As in the case of the buyers, the mgority of the wholesalers claimed to experience a ‘dack’
period between June and September, when the monsoons influenced business. The mgority of
the units (65%) were open 7 days aweek, while the remainder were active 5 or 6 days. In 3%
of the units, employees worked up to 8 hours a day , in 68% 9 to 12 hours was the average
working day, with longer hours in 19 % All these wholesder activities provided work for an
average of 7 employees per unit. The average sdary of the employees in awholesaer unit was
goproximatey Rs.1,235 per month - higher than the wages in a buyers unit. The workers were
paid on a monthly bass, again implying a more stable employer-employee relation than for the
buyers. On average, the wage and eectricity bill were respectively Rs.11,531 and Rs.386.

As opposed to the buyers, 86% of the wholesders claimed to pay taxes which included sdes
tax and income tax. The percentage of sdes tax varied from 4% to 6%, depending on the
quantity traded, which would result in an average payment of Rs52,885 per month. Hafta is
aso acommon phenomenon in the wholesdle trade. Wholesders were generaly well organised:
more than 50% of the respondents had contracts with their suppliers in order to help prevent
fluctuations.

Unfortunately the survey did not provide enough information to cdculate the cods of
transportation. The expectation is that transportation costs would cause a reduction in the profit
margin of afew percentage points. The overal calculation (excluding transportation costs) leads
to a net monthly profit of Rs.104,931, which corresponds with a profit margin of 14% on
average.

In contrast to the buyers, competition was not mentioned as a trade constraint. 1nstead, power
cuts, government interference and communication problems were cited as trade congtraints by
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the wholesdlers.  16% of the wholesders reported frequent contact with competitors for
territory and price fixing. This suggests that there exigts oligopolistic power among certain
wholesdlers. Thetotd number of wholesders can be estimated by dividing the tota volume of
waste paper traded by the average trade of a waste paper wholesaler. According to this
gpproach Bombay appears to have around 67 wholesalers, implying a ratio of 7 buyers for

every wholesalers. Estimates in Bangaore have reveded a dightly higher ratio (1:10) (Furedy
1994).
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The Networ k Flow Modedl for the
Waste Paper Supply in Bombay

To dructure the waste paper flow of Bombay, a ssimulation model is developed. The main
purpose of the modd isto asses the current Stuation for economic, socid and environmenta
characterigtics and to analyse the impacts of changed circumstances or policy measures. Three
main scenarios are presented: a baseline scenario, a scenario with the introduction of a Western
recycling sysem, and a scenario in which the current informa system is improved. These
scenarios are elaborated in the following sections. Crucid to the success of a particular
management option is the willingness of the Bombay public to separate waste. Because this
information is not avalable, a range (5) of exogenoudy determined public responses are
smulated. Based on this exercisg, it is possble to identify the optima management measures
under varying responses from the public. Including the basdline, 11 scenarios are assessed.

The time span of the analyss runs from 1993 to 2010. This period is sufficiently long to
demondrate the short and mid term effects of certain policy measures. Extengion to the time
horizon would be inappropriate because extensive societal changes would negate the underlying
assumptions.  The results of the analysis will first be presented of each individua year. Given
the uncertainties regarding the data on the informa recovery sector and the performance of the
formad waste management, the reliability of the modd is limited. Reative price changes or
technologica developments are not taken into account. Therefore, the outcomes of this model
should be soldly interpreted as an illugtration of the possible effects of the amulated policies.

Findly, the outputs of the smulaion modd will be evduaed by application of multicriteria
framework. No attempt is made to interndise the intangible effects. Economic vauation of
these effects lies beyond the scope of this studly.

The smulation modd

A graphic representation of the modd and its boundaries is given in figure 3. Note that the
industrid recycling process of waste paper is ignored in this modd. The evauation criteria of
the smulation mode respectively represent employment (ye), environmenta impact (y;), income
inequdity (yp) and public costs (yy) within the waste paper cycle. These criteria are driven by
the physica alocation of waste paper after consumption. The configuration of this dlocation is

specified by:
yﬂ = fn (X) :fn(XS1 Xb! X|1 XUa Xi! XW)1 n = e! i1 p1 y
The variable x is the vector of six types of physica dlocations of waste paper: storage s),

burning (), landfill (x), re-use (x,), informa recyding (x) and Western-style recyding (X,). In
the smulation the waste paper dlocations are congtrained within:

A = {Xs, Xo, Xi, Xu, Xi, X}

CREED Working Paper SeriesNo 5 23



where
"xT AXT S={00OXxOX; X+ X+ X + X+ % + Xy =X}

A represents the congtraint set for the number of scenarios which are smulated. S represents the

congtraint set of the waste paper cycle. These congtraint sets are described in the coming sections.

A specification of the modd is presented in gopendix 1. The four evduation criteria provide a
generd understanding of the economic, socid and environmenta aspects of the waste paper

recovery cycle.

Total employment: Employment is expressed in labour-years. The dlocation of waste paper
determines the composition of the actors involved in the waste paper recovery cycle. These actors
include households, inditutions, factories, waste pickers, IWBs, buyers, wholesalers, municipa
disposa workers, and municipa recyclers, households, inditutions and factories are excluded from
the workforce because collection of waste paper forms a negligible part of their productive time.
Because the modd is limited to the waste paper cycle, the employees of the waste management
department of the Bombay municipdity (MCGB) are included only for the amount of waste paper
which they collect. Similarly, waste pickers, buyers and wholesalers are included in the employment
caculation for the part of their time they spend on the collection of waste paper. 1t should be kept in
mind that the tota group of people that depends on waste collection is much larger than the
employment figure caculated in the modd because the other waste flows are ignored. Formdly the
“employment” criteriais:

Y. =& €. )

where e,; denotes the number of persons employed in a certain type of work a in period t. A
detailed description of the employment function is given in appendix 1.

Environmental impact: The environmenta impact of the recovery sector derives from trangport of
collected or disposed waste paper, burning of waste paper and the landfilling of solid waste. Note
that burning is different from incineration: it is only practised to reduce volume, no energy is
recovered. As mentioned, the indirect effects of waste paper recovery such as savings on industria
energy and preventing deforedtation, are excluded. To caculate the environmental impact,
environmenta indices are caculated based on the methodology presented in Weaver et al. (1995)
(see gppendix 2). Firgt, the emissions generated by the processesin the waste paper recovery cycle
are trandated into Sx environmenta problems (globa warming, human toxicity, ecologicd toxicity,
photochemica oxidation, acidification, nitrification and solid waste). Next, assuming equd
importance of the Sx environmenta problems, environmenta indices are designed for each process.
Theseindices on a per unit bases are presented in table 2. Consequently, for each scenario in the
waste paper cycle an environmentad score is generated. Formaly, the environmentd” criteriais

y = ai, ®)
i

wherei;; denotes the environmenta impact of a processj in period t. A detailed description of the
environmenta function is given in gppendix 1.
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Table2. Environmental indices for the processes in the waste paper recovery sector

in Bombay
unit eco-index
transport by truck per kg/km 0.0285
waste paper burning per kg 10.7270
landfilling per kg 7.6930

source; based on Virtanen and Nilsson 1993

Income inequality: In order to use the variable income distribution as a socid indicator, the Gini-
concentretion ratio is caculated which is a numericad measure of overdl income inequdity (see
appendix 5) Gillis et al. 1987). The theoreticd range of the Gini ratio is from zero (perfect
equdity) to one (perfect inequdity). The group which is conddered in this context excludes
households and indtitutions. Included in the cdculation of the Gini ratio is the group of people that
loose their jobs. Formally the “income didtribution” criteriais:

y, = () 3
where g denotes the Gini-coefficient of a certain alocation of waste paper in period t. A detailed
description of the income inequdity function is given in gppendix 1.

Public costs: Public costs for MCGB for the collection waste paper includes the wages of the civil
servants, the codts of petrol and depreciation costs of the SWM equipment. In the case of the
introduction of a Wedtern waste paper collection system, the public costs will increase
proportionaly with the amount of collected waste paper by the municipaity. Formdly, the “public
cods’ criteriais

y,=ac, @
]

where ¢; denotes the public costs of a certain policy option j in period t. A detailed description of
the public cogt function is given in gppendix 1.

Congtraints

Consumption: Consumption is conddered to grow with income and populaion. As explained,
paper and paperboard consumption in Bombay is considered to be 20.4 kg per capita in the first
period. The annua combined growth rate of populaion and income is estimated to be 5.91%
(NEERI 1994). It is assumed that the sum of the post-consumption alocations (Sx;) in period t is
equd to the total consumption in Bombay over the period in Bombay. The definition function of the
growth path of the total consumption and the sum of the post-consumption is:

X = 20.4 x(1.0591)" (5)
where X; denotes the total consumption of paper in Bombay in period t.

Recovery: For reasons of long term storage, sanitary losses and technicd limitations, the maximum
recovery rate is 90% of the total consumption (Virtanen & Nilsson 1993).
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(Xut + Xt + Xwt) <0.9 X, (6)
where X, ; denotes waste paper recovery for re-use, x.; denotes informa waste paper recovery
for recycling, and x,,; denoted formal recovery for recycling in period t.

Reuse: With growing income, reuse of waste paper declines. Quality demands of society
increase 0 that, for instance, newspapers are no longer considered hygienic packaging materid.
Therefore, the share of waste paper which is diverted for reuse is assumed to halve over the
period from 1993 to 2010. Thisimpliesthe total volume of re-used waste paper (X,;) will grow
proportiondly less (1.67%) than the volume of paper consumption (5.91%) each year. Thisis
denoted as:

Xt = Xur1 * 1.0167 @)

Responsiveness: A key fedture in the andyss of the management dterndives is the
effectiveness of a paticular policy meassure. Because an important ingrument is the
encouragement of consumers to separate the waste, success largely depends on societa
response to recycling campaigns. A case study in Hong Kong demondtrated that despite a
generdly podgitive atitude in terms of willingness to improve recycling behaviour, in practise the
success of arecycling campaign cannot be guaranteed (Chung and Poon 1994). Therefore, five
different levels of responsveness are exogenoudy defined to smulate the different degrees of
success of the recycling campaigns. The responsiveness modifies the growth rate of the tota
waste paper recovery.

Rrt = Rr1 X(1+ @) (8)

where Rg; denotes the overdl recovery rate, which is the sum of the reuse rate §;), the
informa recyding rate (r;) and the forma recycling rate () in period t. The & represents the
reponse of society. A responsveness parameter of a=0.05 implies that a particular
management effort would lead to an annud growth of the recovery rate of 5%. Figure 8
illugtrates the impact of the different degrees of responsiveness of the public to policy measures
on the overd| recovery rate.
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Figure8. Recovery rate developments with varying responses (1993-2010)
0.700 D/e]
0.650

0.600
/D/D/ / —&— Basdline
0.550

[
g O. (0.00)
> _/D/D/ / —o— Response 2
@ 0.500 X (0.01)
§ /D/D// —A— Response 3
) (0.02)
14 0.450 —+— Response 4
o 0= (0.03)
0.400 - —O— Response 5
(0.04)
0.350 L ———0—0—0—0—0—0—0—0—0—0—0—0
0.300 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
™ To) N~ o — ™ To) ~ o
o) o) o) o) o o o o S
® o) » o)) e =) e =] =)
— - - - Y Y N Y I\

Policy measures and public costs Ignoring the economies of scae, the standard municipa
costs on labour, capita and fud for collection of solid waste, are considered constant at Rs.998
per tonne (NEERI 1994). A Western waste paper collection system requires a significant
darting investment to eg distribute waste paper containers and set up a specia department for
co-ordinating these activities. Therefore, an annua fixed costs component of Rs.146 million is
assumed with an additional cost component of Rs.1,079 per tonne. The net costs will decrease
with increasing success of the policy because the collected materias generate revenues as these
are 0ld a market prices. It is assumed that for the first two years, government agencies are
encouraged to comply with the new system. As aresult the paper collected by the new system
increases in the firgt two years to 10% of the total waste paper consumption. After this, the
“Western” recovery rate will grow depending on the responsiveness of the public.

The annud fixed cods of the informa policy mainly comprises an intensve media campagn
targeted at consumers and is estimated at Rs.20 million. Because the benefits of this policy will
accrue to the informal sector, no direct income is generated for the public sector. Y et, the costs
avoided for collecting digposed waste can create an indirect reduction of overdl public costs.
In a Situation where the response of the public is asent, the public costs will increase with the
budget spent on the public campaign. Saes tax payments of the waste paper traders are ignored
as available data are unrdligble.

Smulation results

The smulation modd is mainly for illudrative purposes. The coefficientsin the modd have been
caculated from the field survey and therefore represent sample averages. Other coefficients are
derived from literature or expert opinions and thus do not necessarily reflect population
averages. Y, asthe fidld samples are drawn randomly and the applied literature is religble, no
systemdtic errors are expected. Therefore, it may be assumed that the model sufficiently meets
the purpose of demongrating the possible effects that derive from policies amed a increasing
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the recovery of waste paper in Bombay. These economic, socid and environmenta effects are
discussed separately. The outcomes are presented graphicaly. For reasons of convenience,
only those development paths are illusrated which generate a maximum or a minimum resuilt.
Unless presented otherwise, the basdine coincides with the “informa policy without public
response’ path (INF 1).

Employment

Figure 9 illugtrates the outcomes of tota employment in the local waste paper collection cyclein
Bombay. One should redlise that employment for overdl waste collection is much larger. Not
aurprigngly, each development path eventudly leads to higher levels of employment. Thisisthe
logica result of increasing levels of waste generation in Bombay. More people will get involved
in the recovery or landfill of waste paper. Two interesting feetures arise. Firg, in the Western
dyle scenario the leve of employment drops immediately after the introduction of the new
collection sysem. This is caused by the autonomous increase in waste paper supply by
government agencies to the forma collection sysem which otherwise would have crested
employment in the informd sector. In the beginning labour intengty in the informd sector is
higher than in the forma collection sector. In other words, in the short term crowding out of the
informa sector will occur which will sgnificantly reduce employment.

Figure9. Total employment in the waste paper collection cycle (1993-2010)
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Second, it may be seen that in the long term it is not clear which policy option creates more
employment; in the short run, the informa sector benefits most. More buyers and wholesders,
who in turn employ labourers, can operate in the waste paper market. In the longer term,
however, this effect is offset by the fact that waste pickers and disposa workers will find less
waste to collect because households and ingtitutions start to separate their waste instead of
digposng it. This effect can dearly be seen in the curve of the informd policy with maximum
public response in figure 9. Relative employment will eventudly decline because higher leves of
separation result in less employment for the waste pickers and disposa workers. Efficiency
improvement reduces employment in the collection sector. Therefore, employment is at its
maximum in the scenario with informal policy measures and low public response.  In gppendix
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4, the changes in the configuration of employment of respectively the basdine scenario, the
informa scenario and Western style scenario with maximum public response, are presented for
the period 1993-2010.

Environment

Figure 10 presents the environmenta effects of the various scenarios in the paper collection
cycle. Clearly, environmental quality decreases in time because more consumption leads to
higher levels of waste generation. In turn the waste is collected and landfilled, which has
additional negative environmenta implications. This is demonstrated by the upward dopes of
the devdopment path, indicating increasng environmentad impact over time. For the
environment, the basdine scenario is dmost the worst development path.  In other words, a
recovery policy is required to prevent environmental damage. Only in the case of a Western
collection system and no response of the public does the environment deteriorate more than
without policy measures.  This is the result of the autonomous supply of waste paper by
governmental agencies to forma recyclers which have a more fud-intensve collection practise
than the informa sector.

Figure 10 Environmental quality in the waste paper collection cycle with varying
public responses (1993-2010)
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All the other scenarios are more dedirable than the basdline scenario.  In absolute figures,
landfilling is congdered the mgor environmenta effect in the cyde (see gppendix 3). Public
response therefore plays an important role: the more paper is diverted from landfilling the better.
On a per unit basis, waste paper burning is the worst practise in the cycle (see table 2). Note,
however, that in this sudy waste paper burning is assumed to remain congtant over time a a
rate of 10% of the totd waste paper generation. Interactions between policy measures and
burning are thus ignored. Y et, even at this low rate, waste paper burning contributes significantly
to environmental damage. Also trangportation activities cause problems. In the Western style
scenarios in particular, damage from trangport is important. In appendix 3, the changes in the
configuration of causes of environmenta problems for the period 1993-2010 are illustrated for
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respectively the basdine scenario, the informa scenario and Western style scenario with
maximum public response.

Income inequdity

Figure 11 illustrates the developments in income didtribution in the waste paper collection cycle
with varying public responses for the period 1993 till 2010. The foregone income by the waste
pickers who loose their jobs as a result of a particular policy are taken into account. Also the
income of the forma recovery worker who enters the sector in a Western collection system is
included in the analysis. The most unequa income distribution is noted by the vaue 0.843 and
the most equd digtribution has a vaue of 0.760.

Figure 11. Income inequality in the waste paper collection sector with varying
public responses (1993-2010)
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The informa policy scenarios are characterised by increasing inequdity of income distribution.
This is the caused by the relatively decreasng employment of the waste pickers while the
wesdlthy traders become more important. For the Western style policy, income distribution
moves in the opposite direction. The sudden decrease of these digtribution curves is typicdl.
This marks the entering in the labour market of the forma collection workers. Compared to the
wadte pickers, these workers are rlatively wel paid. Therefore the development path of the
Western policy lies below the basdine scenario which indicates less income inequdity. In
gppendix 5, an explanation is given for the Gini concentration retio.

Public costs

Figure 12 illugtrates the developments in public costs in the waste paper collection cycle with
varying public responses for the period 1993 till 2010. The scenario with the least public costs
is indicated by a score of Rs.7.6 million and the most codtly Stuation implies public cogts of
Rs.32.6 million in 2010. The basdline scenario curve indicates that without policy, public costs
will increase continuoudy in the future. These codts are caused by greater waste collection and
landfilling efforts.  Yet, a few scenarios lead to higher public cods than the basdine
development. These cases are characterised by low public response.  Although efforts are
made to reduce the amount of disposed waste, no Sgnificant reduction is fdt in terms of
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landfilling. Nor does the Western collection sysem generate sufficient income from collected
waste paper.

Figure 12. Public costs in the waste paper collection sector with varying public
responses (1993-2010)
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Another griking feature in figure 12 is the sudden increase in public costs with the introduction
of aWestern collection system in 1993/94. Obvioudy, theinitid investment is much higher than
for the informa policy where efforts are mainly focused on campaigns to encourage separation.
A complex and voluminous infrastructure must be set up and maintained. The formd policy can
therefore only be successful under conditions of maximum public response. Thisisillustrated by
the curve “West 5" which reaches a public cost level of Rs.7.6 million in the year 2010. One
should redise however that the informa policy reeches its bresk even point in a much earlier
stage, under the condition of a public response parameter @) exceeds zero. Thus, the net
present value of the informa policy is higher than the forma policy, despite the fact that with
maximum response the formal policy scores better in 2010. If the mode accounts for the
potentid tax payments by the informal sector, this policy turns out to be more favourable than a
Wegtern collection system.

The evaluation moddl

The main purpose of the evauation modd is to seect one dternative on the bass of its overal
vaue score. This “weighed additive vaue function gpproach” involves severd steps (Keeney
1992). Fird, the separate evaluation criteria need to be aggregated over time. Second, vaue
functions are applied which associate a value between 0 and 1 with each criteria score in the
range. The 0 and 1 values represent respectively the worst and best Situations considered. This
normdisation step facilitates comparison between the different discounted evauation criteria
Findly, hypothetica weights are attached to combine the separate evauation values into asingle
score. The outcome of this andlysis is shown in table 3, and an explanation of thistable is given
below.
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Table 3. Discounted scor es of the separate and combined criteria

Public Costs Total Environmental Income Average Overall
Employment effect distribution  value rank

Basdine 0.82 0.83 0.06 0.68 0.599 6
INF1 0.66 0.83 0.06 0.68 0.557 7
INF2 0.73 1.00 0.26 0.52 0.627 5
INF3 0.81 0.90 048 0.34 0.632 4
INF4 0.90 0.85 0.72 0.16 0.659 3
INF5 1.00 0.78 1.00 0.00 0.694 1
WEST1 0.00 0.05 0.00 0.92 0.243 11
WEST?2 0.07 0.00 0.08 0.95 0.275 10
WEST3 0.22 0.23 0.39 0.99 0.457

WEST4 031 0.35 0.60 0.98 0.560

WEST5 0.45 0.45 0.86 1.00 0.688 2

" equal weighsfor criteria

For the aggregation of the evauation criteria over time different gpproaches are followed,
ranging from discounting to Smple summation. Because of its monetary nature it is legitimate to
discount the public costs over the period 1993-2010. Using a 10% discount rate (Hadker et
al. 1995), the lowest present value is reported for the scenario “Inf 5”. In this scenario, the
additiona public invesments for increasing recovery are limited while a the same time the
avoided cogts for the municipdity are a a maximum as aresult of the high recovery of waste by
the public. Sengtivity analyss shows that the “public cost” ranking order is not very receptive
for the discount rate selected. Only with a discount rate smaller than 2% “West 5” dominates
the result of “Inf 17, because the former scenario generates dgnificant revenues in the future.
The conclusion for public codts criteria is therefore that the introduction of Western recycling
system is by no means a costs saving solution.  With the informa recovery policy, public cost
reduction will dready be achieved if the societd response leads to an annua recovery rate
growth (a) of more than 1%. Such conditions are not ambiguous in most large citiesin India

For employment, the employment levels over the period are aggregated. From the ranking two
conclusons can be drawn. Firg, it is clear that the Western policy generates much less
employment than theinformd policy. Thisismainly caused by crowding out the informa sector.
Yet, if the response of the public is positive forma employment will gradudly increase because
the labour intengity of Western recovery is higher than landfilling. As areault, in scenario “West
5" the level of employment eventudly exceeds the level of scenario “Inf 5°. For the informal
policy an adverse reation between employment and response exists. The more successful the
recycling campaign, the less employment is generated. More and more waste pickers will loose
their employment as households start separating their waste and sdll it directly to the informa
traders. Recyclable materids become harder to find in the municipa waste. Typicaly, scenarios
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“Inf 2, 3and 4” score better averages than the baseline because the extra employment gained in
wadte trade exceeds the employment lost in landfilling and waste picking.

Environmental impact is ranked based on annua averages. The relaionship between response
and environmentd impect is very dsrong. Regardiess of the type of policy, higher public
response leads to lower environmental impact. Therefore, forma and informa policies score
dternately in the environmentd impact criteria  The best score is registered for the informa
policy because this scenario is less trangport intensive than a Western style policy.

Income didribution is ranked on annud averages. Smilar to the employment anayss, the
response rate has an adverse impact on income distribution for respectively the formd and the
informa policy. For the latter policy, a high response leads to higher income inequdity because
the income of the rdatively wedthy traders will increase additiondly. Note that the waste
pickers become unemployed as aresult of a successful campaign. The Western recycling policy
generates more forma employment if the response is high, while a the same time the informa
traders are by-passed. Therefore, scenario “West 5" scores best for income distribution.

In order to determine which scenario or policy dternaive has the best overdl score, the
objectives of the decison maker are specified by attaching weights to each of the separate
evauation criteria Beinaut 1996). These weights represent the relative importance of one
criteria compared to the other. By incorporating weights, the utility function can be written as.

U(Y) = WeU(Ye) +w; UCY)) +w, UCY) + Wy U(Y,)

whereweights areindicated by wy, X = €, i, p, y, and are normdised to add up to 1. Generdly,
welights can be determined from opinion polls and/or expert judgements. This is beyond the
scope of thisproject. Therefore, for illustrative purposes, a combined score is composed based
on equa weights of the various evauation criteria The results are presented in the last two
columns of table 3. Obvioudy, this illugration provides an ingppropriate representation of the
preferences of policy makers from Indian cities. In most cases, public costs will be a more
important criteria than, for example, income didribution.  Also employment may probably be
consdered more important than the environmenta impact of the different scenarios. A survey
among policy makers who make waste management decisions could reved the correct weights.
Nevertheless, the column “overdl ranking” is hepful in demondrating that there is not one
particular policy which dominates the others. “West 5’ owes its second rank to its beneficia
income digtribution and the environmental characteristics.  However, in generd the informal
policy option scores better.

Therefore, policy makers in developing cities should be reluctant to introduce a Western
collection system unless they are sure about a sgnificant postive response of the public. The
change that the public in developing countries is anxious to voluntarily separate their waste
without financiad compensation is probably smal. Therefore, it seems to better to do nothing
(basdline) than to initiate a Western recovery system. Promoting informa recovery does seem
to be a cost-effective policy in most cases. Unfortunately, thisis rardly performed in developing
cities.
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Conclusions

With growing urbanisation and increasing per cagpita consumption, waste is becoming an urgent
socid problem in many developing country cities. Given the composition of the digoosed wadte,
the solution to this issue will mainly lie in the choice between recyding and landfilling. So far,
developing country efforts for improvement have mainly focused on the latter. However, asis
theoreticdly illudirated in previous sections , the potentia for solving the waste problem through
enhancing recovery activities certainly deserves more atention. The locad governments can play
an important role in this process by initiating appropriate recovery policies. In this paper, the
question is addressed whether these activities should follow the Western approach of recycling
or whether an dternative “informa” policy would be more appropriate. For this purpose, case
study research was undertaken on waste paper collection in Bombay, taking into account both
the formd and informa sector. Indirectly, this andys's can adso be applied to the problem of
crowding out the informa sector through an increase in imported waste paper. In this section,
conclusons are drawn with regard to the economic, socid and environmental dimensions of
these research questions.

Recovery of recyclable wastein Bombay isan activity which at present is mainly performed by
the informa sector, with minima participation by government agencies. The largest group in the

informal sector is the waste pickers. Partly as a result of increased atention of the media, this

group is generaly seen as the figure-head of recycling in developing countries. Therefore, one

would think that what is good for the waste picker is aso good for the recycling sector. This

notion is not completely true. Waste pickers are dependent on the recyclable waste which is

disposed of by households and indtitutions. Policies amed at improving waste recovery a the

source will therefore have a negative impact on the waste pickers activities. This dependency
implies a trade-off between socid costs on the one hand and economic and environmenta gains

a the other. Waste pickers are dependent on inefficiencies of society. Yet advantages for

society occur with improved recovery of waste. Increased unemployment among waste pickers
may be compensated by the growth in the demand for Iabour from the expanding waste trading

network and recycling industries. Another socia advantage would be that waste pickers would

not have to perform low satus and unheadlthy work , dthough obvioudy having no job is a
worse dternative. The most important lesson from this digtinctive relaionship isthat NGOs and

policy makers should not redtrict their views to the well-being and functioning of the waste
pickers, but obvioudy not ignore their present role elther.

Another important group is the generators of recyclable waste, such as households, indtitutions
and factories. The earlier the separation of recyclable materids from the main waste stream
occurs, the better. This will prevent unnecessary contamination and damaging of vauable
secondary resources. Also, with separation at source, socia benefits can be achieved as it is
often the poorer servants and caretakers who gain from this process. Obvioudy this results in
positive environmenta impacts due to diminished entropy of resources, and less wagte is
landfilled or burned. In fact, source separation also facilitates a higher degree of re-use, which
is certainly placed high in the waste management hierarchy, and helps to upgrade the low qudity
of waste paper for the paper industry. The main question is how separation at the source should
be promoted and how the public would respond to such policies.
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A link in theinforma recovery sector which receives only limited atention is the buyers and the
wholesaers of recyclable waste. This trade network forms a solid foundation for improving the
recovery rate. Replacement of this informa network with a Western collection system may
have devadtating effects. Fortunately, examples of such government interventions are scarce.
Stll, some municipdities in developing cities serioudy congder the incorporation of expengve
source separation systems.  Given current levels of poverty, such Western systems which
depend heavily on “consumer volunteerism” are bound to fal. Neverthdess, the municipa
atitudes towards the informa recycling are discouraging. “The municipa officers support the
concept of recyding, but ther plans are a the levd of ingtdling composting plants and
generating energy fromwaste” (Ali et al. 1993).

The smulation and evauation modds which were developed for the waste paper collection
sector in Bombay enabled the evauation of the introduction of two types of policies. a Western
callection sysem and an “informa” policy scenario. Also an explanation is provided for the
development path without policy intervention. The wide range of public response to the policies
illugtrates the importance of this parameter which is generadly not taken into account sufficiently
in waste management policy decisons. In most scenarios, the “informa” policy of encouraging
the public to separate their waste and market it personaly to the informa network, appears to
be the better option. The Western collection system can only be successful if voluntarism is
large in developing cities. Given the relatively high leve of poverty in most urban aress, it can
be expected that would consumers prefer to sell their waste to the informa network instead of
supplying it for free to the forma collectors. Other policy options such as securing waste prices,
or subsdisng the informa sector were not andysed because of the impossibility of enforcing
such palicies in an unregistered sector.

Findly, the effects of increased importation of recyclable ~ on the informd waste collection
sector are assessed.  The disadvantage of a market driven sector is the vulnerability to price
fluctuations. Most loca wadte traders have sufficient margins in their trade to survive a
recesson. The most vulnerable groups in the informa sector are the waste pickers and the
IWB who operate at subsstence level. Given the importance of these actors in the current
system, a decrease in the price of waste might lead to significant damage in the recovery rate of
recyclable waste. Not only can this result in a shortage of raw materias for the recycling
indudtry, it aso increases the solid waste burden in developing cities. This is another argument
for improving the current system and reducing its vulneraility to price fluctuations. Encouraging
consumers to sdl their waste directly to the informa waste sector is a way of achieving this.
Consumers will not be as sengtive to price fluctuations as waste pickers because their total
livelihoods do not depend on it. The main issue, however, is whether waste imports will have an
effect on the price of loca wagte. This question is addressed in Ramaswamy et al. 1996.

This paper focused predominantly on policies which directly address recovery of recyclable
waste in developing countries. It is concluded that loca governments can improve this process
provided their policies build on the exiting trade-networks and take into account the prevailing
market forces. Only than can recovery rates increase which subsequently reduce landfill costs.
Y et, besides policies which directly focus a the supply of recyclable waste, indirect policies
gimulating loca demand for secondary materids can be regarded as important tools. These
demand poalicies, such as providing financid incentives to indudtries to use more recyclables or
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designing government procurement specification to dlow recyclable content, can have smilar
positive effects on recovery rates as direct supply-oriented policies.
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Appendix 1

SET OF EQUATIONS

l. TheBasic Model
Xt: éj Xj’t

Xi = Xt (1 + l.l)

Mo = X0/ Xt

lst+ Mot + Mt =Rt
lut + e + Tt = Reye

Rt+Rsi=1

Rrt = Rrp1 (1 +8)
st = 0.1

bt = 0.1

ru,t = ru,t-l (1 + 6)
rW‘t = rW’t (l + é.)

. Employment
E = B + By
Ei=a:+ ey

Einit = Guptt Bwbtt Goet T Buet + Gout T Bunit
€t = Oat /84

€t = 1.2t + 7.3 Buny

Ot=Xt

COwst = X t

Owpt = Swpt Kut + %)

Giwb,t = Siwb,t Kut + X))

Orest,t = Srestt Kut + Xe)

qbu,t = SXbu,t (qu,t + qiwb,t + qrest,t)
Gt = Swht (Gupt + Gwbt + Orest.t)
SzWp,t + SZiwb,t + Szrest,t = 1

s(bu,t +_wah,t = 1

ga,t = gat-l (1 + ha)

[11.  Environment
le = ot + ¢ + g

ot = f pXot

e =11 %,

It = T o (Kot + Xe ol + X 08wt + X 06k o)
di=gr1(1+b)

V. Public Cogts
Ci=Cit + Cirt + Cry
Gt =998 X

Cintt = Cinta(1 + U)

j=s b luw,r

X1 =204,000; p = 0.0591

determinesr, ¢

Rk.1 = 0.35; for & see below

r,t =0.10; 6 =-0.04
fort>2,r,,=0.05;r,,=0.10

a=1,w, wp, iwb, bu, wh
e=he, we

S = 0.41
Sziwb,l =0.03
Freq1 = 0.56
beu,;L =0.24
un1=0.76

a=l,w,wp,iwb,buwh,rest; for h, see below

du,1:15; dr,]_: 50, dWle 75, d|y1: 20

ji=urwl; b =0.021

Cin1 = 20,000; U =0.02
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Gyt = 145,660 - 1080 Xy

V. Income Distribution
g =®A/¢A+B)
A =¢A+B) - B
9 al
B =3 € {a Yor+0.5%a
al ez

9 9
qA+B) = 0.5% q €. ’Q Yat}

&l al
Yat = €4t YW,

for A and B see below

a=eu,wp,iwb,we,l,w,bu,wu
b = eu,wp,iwb,we,l,w,bu,wu

a=eu,wp,iwb,we,l,w,bu,wu

a= eu,wp,iwb,we,l,w,bu,wu

Table 4. Parametersvalues for different scenarios

Base- Informal Policy Formal Policy

line

Infl

Inf2

Inf3

Inf4 | Inf5 |Westl

West2

West3

West4

West5

0.00

0.00

0.01

0.02

0.03 0.04 0.00

0.01

0.02

0.03

0.04

0.00000

0.00000

-0.00140

-0.02190

-0.03760| 0.05270]-0.00750

-0.00750

-0.00750

-0.00750

-0.00750

0.00000

0.00000

0.01000

0.01750

0.02500] 0.03000] 0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.01000

0.01750

0.02500] 0.03000] 0.00500

0.00500

0.00500

0.00500

0.00500

0.00580

-1-0.00580

0.00000

0.00530

0.01020| 0.01470]-0.01230

-0.01960

-0.02790

-0.03770

-0.04950

0.00173

0.00173

0.00000

-0.00178

-0.00359(-0.00546] 0.00343

0.00510

0.00673

0.00833

0.00991

hwh

*%

SYMBOL DEFINITIONS

Meaning of Variables

X4

Rt j=RL

fit j=s,b,l,uw,r

Xt j=s,b,l,uw,r

E

Ej,t j=inf.f

€t a=l,w,wp,iwb,be,we,bu,wh
Cat a=l,w,wp,iwb,be,we,bu,wh
éa a=l,w,wp,iwb,be,we,bu,wh
SS&u a=l,w,wp,iwb,bu,wh; s=z,x
It

.t j=b,l tr

dit j=u,rw,l

C

Gt j=r,inf.f

G

a isthe annual growth rate of the overall recovery rate
h,isthe annual growth rate of the share of actor ain the supply or trade of waste paper

total paper consumption

process categories

process rates

process quantities

totd employment

employment per worker group

employment per sub-worker group

quantity of waste paper per sub-worker group
productivity per worker in sub-worker group
share of sub-worker group in worker process s
totd environmenta impact

environmental impact of processes

distance of related to process

total public costs

public cost of palicies

Gini codfficient
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Vat a=ue,|,w,wp,iwb,be,we,bu,wh income of work group

Yot b=ue,|,w,wp,iwb,be,we,bu,wh income of work group
€t a=ue,|,w,wp,iwb,be,we,bu,wh labour years of work group
W, a=ue,l,w,wp,iwb,be,we,bu,wh wages of the actorsin the work group

Meaning of Indices
time
“diverted from cycle’
recovered
dorage
burning
landfilling
re-use
forma “Western” recycling
informd recyding
formd
informda
landfill
forma recovery
waste pickers
iwb:  itinerant waste buyers
bu: buyers
wh:  wholesders
rest.  households, inditutions, factories
source separation
waste paper trade
burning
tr: transport
I landfilling
Palicy (c) I regular landfilling
inf promote informa recovery
f: promote formal recovery
e unemployed workers
wp:  wadte pickers
be: employees of the buyers
iwb:  itinerant waste buyers
we: employees of the wholesalers

Categories (R)

Processes (x,r)

Worker group (E)

Th s E ST ge oo

= 3
-

Sub-worker group (€)

s =
© o

Worker process (9)

N

o X

Process activity (i)

Income actors (y,€)

c

I: landfill
W: forma recovery
bu: buyers

wh: wholesders
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Appendix 2

Environmental Indices

The environmentd impact of each processis expressed by an index. The following steps should

be followed:

The firgt step is to build an eco-balance for each relevant process (e.g., trangport, burning,
landfilling) basad upon an inventory of environmentaly-relevant inputs (e.g., energy) and outputs
(eg., ar emissons, solid wagte). The fue usein landfilling comes from the bulldozer operations.
Table 5 depicts the inputs/outputs, related to the relevant processes linked to 1 tonne of waste

paper.
Tableb. Eco-Balances
Trangport by Diesdl Truck in India (per km/ton waste paper)
Input unit Output Unit
Energy MJ 1.3379 Particles kg 0.001259
CO; kg 0.116476
CcoO kg 0.000626
HC kg 0.000313
NOx kg 0.001566
Fud oil (light) | kg 0.03148 SO, kg 0.001259
Burning Waste Paper (per ton waste paper)
Input unit Output Unit
Waste paper kg 1,000 Solid Waste | kg 55.87609
CO; kg 939.624
CO kg 1.39999
VOC kg 0.299334
NOx kg 1.500028
SO, kg 1.300009
Landfilling of Waste Paper in India (per ton waste paper)
Input unit Output Unit
Waste paper kg 1,000 Particles kg 0.0012592
Energy MJ 1.3379 | CO; kg 142.35658
CH, kg | 51767331
NOx kg 0.00156613
HC kg 0.00031323
SO; kg 1.300009
CcoO kg 0.00062645
vVOC kg 0.299334
Organic matter | kg 751.22513
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| Fud oil (light) | kg | 003148 | Solidwaste | kg | 55.87600 |
source: compiled from Weaver et al. 1995, Virtanen and Nilsson 1993

The second step is to prepare an eco-profile from the eco-balances. The significance of the
different inputs and outputs depends upon their contribution to environmental damage. There are
seven environmenta problems which are relevant to the pulp and paper industry: globa
warming, photochemical oxidetion, acidification, nutrification, and solid waste. The Centre of
Environmentad Studies in Leiden provides a scoring matrix which indicates the redive
contribution of different emissons to each of these environmenta problems (CML, 1992). This
provides the bads for deriving an effect-score for each process in respect to each problem.
Effect scores are normalized over globd levels of emissons (Guinee, 1995) to provide an eco-
profile for the process. The normdisation process converts the emissions into reative
contributions to environmenta problems by dividing the effect scores by the totd extent of the
relevant effect scores for a certain area and a certain period of time. The tota extent of the
relevant effect scores are gpplied on agloba scae and are derived from Weaver et al. 1995.

The third step is to assign weights to the different kinds of problems to reflect their differing
importance to society. Weaver et al. atach equa weights to the various problems. Whether the
same weights should be applied for the Bombay waste paper cycle is not clear. From the
perspective of the municipality, the weight for climate change is probably lower than for instance
solid wagte. Yet, from a nationa perspective this weight configuration is likely to be different.
Since dl processes are described in unit terms (e.g., per tonne of product), the environmental
index is aso a unit-based index. The metric is dimensionless and consstent so that the index
can be used to develop an environmenta objective function. The results of the eco-profile and
normdization are given in table 6 for the various environmental problems.

Table6. Eco-profilesand indices

Environmental Globa  |Human [Ecologic |Photochemic|Acidificatio |Nutrificatio |Solid Average env.

impacts normalised |Warming|Tox. a Tox. |al Oxydation|n n Waste [index

with world score for

KT*(1.0 E-9)

3.80E+1 |5.80E+1 |1.10E+1 3.70E+11] 2.90E+11] 7.50E+10|1.60E+1 |(equal weights)

3] 1 4 2

Transport 0.00307] 0.00906] 0.00000 0.17679] 0.00812] 0.00271} 0.00000 0.02850

Burning 24.7269 | 4.73586] 0.00000 0.00000] 8.10345]  2.60000)34.9225 10.72700
6 5

Landfilling 18.7315 | 0.00906] 0.00000 0.17679] 0.00812] 0.00271)34.9225 7.69300
1 5

source: compiled from Weaver et al. 1995, Nilsson and Virtanen 1993, Rao 1989.
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Appendix 3

Figure 13.

Environmental |mpact in Baseline Scenario
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Figure 14.

Environmental Impact with Informal Policy and high Public Response
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Figure 15.

Environmental I mpact with Western Policy and high Public Response
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Appendix 4

Table7. Labour digribution in the “basdine’, the “informal”, and the Western
policy scenario with maximum public response in 2010.
Basdine West 5 Informal 5
number | share | number | share | number share
unemployed waste pickers 0 0.000 974 0.039] 5233 0.180
waste pickers 18462 0.708] 17487 | 0.708] 13229 0.454
buyer employees 965 0.037] 542 0.0221 2714 0.093
IWBs 364 0.014f 205 0.008] 1694 0.058
wholesaler employees 1291 0.050] 1631 0.066] 2515 0.086
disposal workers 3993 0.153] 1195 0.048] 1049 0.036
formal recovery workers 0 0.000] 1981 0.080 0 0.000
buyers 830 0.032] 466 0.019] 2336 0.080
wholesalers 182 0.007] 230 0.009 355 0.012
Total 26088 1.000] 24711 | 1.000] 29126 1.000
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Appendix 5

Gini-coefficient

The most common method for calculating income didribution is the Lorenz curve, which is
illugtrated in figure 16. To draw a Lorenz curve, income Recipients are ranked from the lowest
income to the highest dong the horizonta axis The Lorenz itsdf shows the percentage of
income accounted for by any cumulative percentage of recipients. The shagpe of this curve
indicates the degree of inequdity in the income didribution (Gillis et al. 1987). The curve must
by definition touch the 45° line at the lower left corner (zero percent of recipients must receive
zero percent of income) and a the upper right corner (100 percent of recipients must receive
100 percent income). If dl recipients had the same income, the Lorenz curve would lie dong the
45° line (perfect equality). The inequality of the distribution curve is greater the further it bends
away from the 45° line of perfect equality (the greater the shaded area A, the grester is
inequdity). The Gini concentration ratio isthe value of area A divided by A plus B in figure 16.

Figure 16. Lorenz curvefor the Western policy with high public response
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