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Abstract

There have been increasing pressures by some governments and non-governmental organisations to
regtrict the internationd trade in waste on the premise that each nation should manage its own waste
production. Focusing on the Indian waste paper industry, we develop a Materid Bdance Flow
Modd to invedtigate if free trade in non-toxic waste can contribute to economic development and
amultaneoudy reduce environmentad degradation. The modd is formulated as a non-linear
programming mode with an objective function which minimises environmental and economic costs.
The mode in principle describes the life cycle of Indian paper. Prdiminary results suggest thet trade
in waste paper is both economicadly and environmentaly advantageous. The results also show that
domestic and imported waste paper are complementary and that the import of waste paper does not
“crowd out” the domestic waste paper sector.

Abrégé

Quelques gouvernements et ONG exercent depuis un certain temps une pression croissante pour la
restriction du commerce internationa des déchets, ayant la conviction quil revient a chaque pays de
résoudre ses propres problémes d'dimination des déchets. Nous établissons dans ce document un
Modéle de Flux & Equilibre Physique afin déudier |a possibilité gu'un libre commerce des déchets
norn-toxiques puisse contribuer au développement économique tout en réduisant Smultanément la
dégradation de I'environnement. 1l sagit dun modée de programmation non-linéaire doté d'une
fonction objective qui minimise les coltts environnementaux et économiques. Le modéde décrit, en
principe, le cycle de vie du papier en Inde. Les réaultats prdiminaires semblent indiquer que le
commerce du papier de récupération et avantageux auss bien économiquement qu'au plan de
I'environnement. 1ls font auss apparaitre la complémentarité du papier de récupération domestique
et importé et montrent que les importations de papier de récupération «n'éouffent» pas le secteur
domestique de larécupération de papier.

Resumen

A partir de la creencia de que cada pais debe responsabilizarse por sus propios problemas de
eliminacion de desechos, existe una presidn creciente por parte de gobiernos'y de organizaciones no
gubernamentdes para restringir  comercio internaciond de los mismos.  En este ensayo
desarrollamos un “Modelo de flujo de equilibrio materid” para investigar S d libre comercio de
desechos no toxicos puede contribuir d desarrollo econdmico y reducir d mismo tiempo €
deterioro ambiental. El modelo esta concebido como un modelo de programacion no lined cuya
funcién objetiva busca minimizar los costos ambientdes y econdbmicos.  En principio d modelo
describe € ciclo de vida dd paped en la India Los resultados preliminares muestran que €
comercio de desechos de pape es beneficioso tanto ambiental como econdmicamente.  Los
resultados también sugieren que |os desechos domeésticos e importados de papel se complementan y
gue laimportacién de desechos no imina de la competencia a la produccion domeéstica
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| ntroduction

Recycling may generally be consdered as a key Strategy for dleviating the pressures of society on
the environment. A variety of environmentd judtifications for recycling exist: recycding processes
reduce demand for energy and finite resources, result in less water pollution and air emissons and
mitigate the problem of solid waste disposd. In particular, recycling paper reduces the pressure on
natural resources such asforests. Moreover, recycling may be consdered economicaly beneficid in
developing countries.  Firg, it provides sgnificant employment opportunities to a large informa
sector.  The high degree of labour intensty of certain reclamation processes enables numerous
people to accrue some kind of income. Second, recycling can reduce the cogts for raw materidsin
the production process and thereby may result in an increase in the supply of cheaper products.
Third, it can reduce dependence on foreign resources and thereby saves on expenditure on imports
in devdoping countries.  Findly, in Aga paticularly, the anticipated high growth in GDP will
ggnificantly increase the waste digposa burden in most metropolitan areas. Besides generating
negdtive impacts on the environment, the increasng economic costs of solid waste digposa will
absorb a substantiad amount of the municipa budgets. Recyding will reduce the quantity of solid
waste.

Is recycling in the South any different from recycling in the North? To answer this question it is
important to dearly understand the different features of recycling. In common vocabulary, recycling
isused as agenerd term for al activities related to the reclamation of waste. However, adistinction
should be made between the recovery of solid waste and the utilisation of secondary materidsin
the production process. The technical and economic aspects of the actua utilisation process do not
differ dgnificantly from production in industridised and developing countries. Y et, the motivation to
recover differs subgtantidly. Recovery in most developing countries is mainly a market driven
phenomenon with a comprehensive domestic trade system. It is expanding and developing rapidly
without any governmental support. In contrast, recovery in the industridised world is manly
environmentaly motivated and public participation and government involvement play a much more
important role (Beukering 1994).

Besides this regiond difference in the motivations for recycdling, differences occur between the
configuration of demand and supply in recyclable waste. Given the high levels of per capita waste
generdion, the supply of secondary waste materids is generdly abundant in the North; with
governments promoting the separation of waste a source, this has led to an over-supply of
secondary materids. In developing countries, conditions are different; relatively low levels of waste
generation and the long life gpan of products depress the quantity and qudity of the supply of
secondary materias.
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Tablel Direction of Global Trade Flowsin the Paper Cycle (1991)

Direction Wood Fibre  Wood Pulp Paper and Waste Paper
Paperboard

North-North 825% 77.0% 73.9 % 511%

North-South 24% 14.3 % 16.7 % 39.8%

South-North 12.8 % 6.6 % 2.6 % 0.3%

South-South 2.3% 21 % 6.8 % 8.8%

source: |1ED 1995, PPI 1994

These didtinctive features of the supply of waste in the North and demand for waste in the South
emphadse the potentid for internationd trade in secondary materias. Empiricd findings confirm this
rationde. A recent sudy has shown that a not inggnificant part of internationa trade flows consists
of secondary materials (Jackson et al. 1996). Further investigation reved s that, whereas most other
materials and products are transferred between countries in the North, a more than proportional
share of secondary materias move from the North to the South. For waste paper this is illustrated
intable 1. Infact, the share of recyclable waste which is exported to the South isincreasing in time.

In theory, internationd trade can perform much the same function in the secondary materias sector
as it does with virgin maerids by maching variaions in supply in indudtridised countries with
demand in developing countries.  Through a more efficient dlocation, both regions can move to
higher levels of socid wedfare than they otherwise would attain. Neverthdess, the atitude of
international  organisations, national governments and NGOs towards internationa trade of
secondary materids is far from uniform.  Two contragting ideologies underlie the disagreement.
Fird, trade liberdisation is recognised as a desirable process which facilitates a more efficient globa
alocation of goods and services. In this view, secondary materias are conddered no different from
other intermediary or find goods. The counter argument to this ideology is that secondary meaterids
cannot be considered as norma raw materid but as waste which requires appropriate processing.
Waste should be taken care of by the polluters themselves, which in this context are the countries or
gates which generate the waste. International waste trade in this context is consdered a cheagp and
easy way for countries to dump their waste. Both ideologies tend to overamplify the issue by
generalisng across a broad spectrum of secondary materids. It may very well be true that for
certain secondary materids, trade liberdisation can produce a more efficient global alocation of
resources but it could aso be true for other secondary materids that internationd trade would only
facilitate waste dumping by the developed countries.

Severd other arguments exist which further confuse the issue of trade liberdisation in secondary
materids.  Fird, the precise socio-economic impacts of the increase in recyclable waste are
unknown. If imported secondary materids totally substitute domestic recyclable waste materids, the
locd recovery sector may suffer from free waste trade causing employment and disposa problems.
Second, the environmental implications are unknown. For example, it is not clear whether the
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environmenta damage resulting from increased transportation outweighs the environmental gains
from an increase in overdl recyding.

To address and resolve the arguments raised by the two ideologies, this study focuses on waste
paper as the secondary materid. Waste paper is sdected because of its long tradition a the
internationa market.  Moreover it is increasingly being collected in both industridised and
developing countries. India is sdlected for severd reasons. Fird, India is a large country with a
growing demand for raw materias in the rgpidly developing domestic indudtries. Also, India has
severd metropolitan cities where comprehensive recycling networks aready exist and are growing.
Thirdly, importing waste paper is not new and a present many paper indudries in India are
switching from virgin materids to imported waste pgper. The man objective of this Sudy is to
address the economic and environmenta challenges and threets to India which arise from increased
international trade in waste paper. The outcome of this project will be particularly rdevant to
inditutions and governments in developing countries to ensure thet their internationad waste trade
policies generate the desired impact on the locd economy and the domestic recycling sector in
paticular. Similarly, the results can support industriadlised countries in their decision to prohibit or
encourage the trade in waste paper.

The paper is structured as follows. In Section 2 the current Indian paper cycle is described in terms
of production, consumption, waste management and international trade. Economic and
environmenta parameters will be explained and technica coefficients will be st. In Section 3 the
materia balance flow modd is introduced. The economic and environmental assumptions under
which optimdisation will occur are eaborated on. The results of the economic and environmenta
optimaisation are presented in Section 4. Findly, genera conclusons and policy implications are
provided in Section 5.
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The Indian Paper Cycle

The paper industry in Indiais more than a century old. Commercia production of paper darted as
early as 1879. Limitations with respect to forest-based raw materiads forced the Indian paper
industry, in these early stages of the development, to utilise non-conventiond materials. India was
the first country in the world to have a paper mill which relied entirely on bamboo as its primary
fibre. Following this example, various other non-conventional raw materids were introduced such
as straw, bagasse, textile and waste paper.  Throughout the century, this development was strongly
supported by the Indian government (Rao 1989).

At present, severd developments and problems prevail in the Indian paper cycle. Firdt, with the
prospect of growing urbanisation, increasing literacy rates and generd increasing economic growth,
the consumption of paper and paperboard products is expected to grow considerably in the coming
years. The Indian citizen on average consumes approximately 3 kg of paper each year. Although
low compared to the annua per capita consumption of paper in Japan and the United States which
is respectively 234 kg and 298 kg, this figure is expected to increase over the coming decades
(FAO 1993). Moreover, it should be redlised that the officia gatistics do not account for the
consumption of re-used paper. Therefore, the actud per capita paper consumption in India is
dightly higher.

Second, the lack of foreign currency has forced the Indian government to drive for self-sufficiency in
paper production. Throughout the years, dependency on imports of most types of paper and pulp
has decreased. Today, only newsprint is sill being imported on a subgtantia scale. On the one
hand, this was achieved by imposing import congraints on final paper products as wel as raw
materids. On the other hand, various incentives were provided to the paper industry to increase
production. As aresult of these developments, India, after China, accounts for the largest number of
paper mills in the world. Paper is produced at dl scaes, varying from handmade paper units to
large scde integrated mills. However, despite government support, the overdl performance of the
industry is low with a constant decrease in cgpacity utilistion. In the last decade the Indian
government adopted a number of measures to improve efficiency. Not only were foreign producers
dlowed to enter the Indian consumers market, they were actudly alowed to become established in
India itself. Also, various import congraints are now being lifted such as the decrease in import
tariffs for pulps, paper and paper board.

Third, the Indian paper indudry is traditiondly suffering from alack of raw materiads. Forest is not
an abundant natura resource in India. In 1993 only 19.5% of the total land surface was covered
with forest (FAO 1993a). Due to dternative land-uses such as crop production and hydrodlectric
projects, the forest in Indiais declining rapidly a an annua rate of 0.6% (World Resources Inditute
1994). Another factor which limits the indigenous supply of wood-fibre is the low productivity of
the Indian forest. While forests in Europe and the US increase approximately by 2.5 nt per hectare
each year, the Indian forests grow no more than 0.5 N per hectare (Rao 1989). This shortage has
promoted the utilisation of non-conventional raw materials. The share of wood-pulp based paper
has declined from 65 per cent in 1985 to 49 per cent in 1992, while the share of agro- pulp based
paper increased from 22 per cent to 29 per cent during the same period. The sharpest rise has taken
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place in the share of waste paper production which has risen from 13 per cent to 22 per cent over
the same period (Khanolkar 1995).

Fourth, the environmentd profile of the Indian paper industry is not very postive. Energy
consumption is relatively higher than the internationd standard, due to interruptions in production, the
poor qudity of fud and equipment, and the relatively low rate of waste paper utilisation in the
production. Even more important is the environmenta impact of water pollution and consumption.
Pollutant emissons in the waste water are generdly higher than the internationd average and water
recycling sysems are only dowly making their entry in the Indian paper industry. Similar conclusons
can be drawn for ar emissons and solid waste. The Indian government recognises the significant
pressure of the paper industry on the environment and has intendfied the enforcement of
environmenta regulations. This has forced many paper mills to switch from the polluting agro-based
raw materids to waste pgper which causes much less pollution.  Alternatively, effluent trestment
plants have been inddled. Neverthdess, especidly the smdl-scale units lack the funds to improve
their environmenta performance and therefore are threatened with closure.

Fifth, not only are conventiond raw materids becoming increesngly scarce in India, waste paper
and agro-residues are dso in limited supply. The yield percentage of agro-residues fibres is rather
low (33% for bagasse and 38% for straw). The low productivity has to be weighted againgt the
transportation element of this commodity. It is reported that the economic distance for hauling the
graw is 50 kilometres from the mill athough examples of a radius of 100 km are not uncommon
(Roberts 1995). In the case of waste paper, the intensive use and re-use of paper in India often
decreasesits quality which makesit less suitable for recycling. Asareault, internationd supply in the
Indian paper cycle is proving to be more important. While in 1975, only 4% of the Indian paper
originated from imported waste paper, this rate had increased to 12% in 1994 (Beukering et al.
19964).

Findly, an important development in the Indian paper cycle is the rapidly increesing problem of
waste. Rapid urbanisation and economic growth increase waste and at the same time reduce the
available landfill space.  Although paper is less important in waste in developing cities than in
industridised countries, it dill comprises a Sgnificant part of the volume. Because of inefficiencies
and limited municipa budgets, a large share of the waste remains uncollected causng sewerage
blockage and visud and odour pollution. Ingppropriate waste management leads to a number of
societd problems, such as increased risks of epidemics, air pollution caused by illega waste burning
and pollution of groundwater. These problems emphasise the importance of the informa waste
recovery sector which operates in most Indian cities. In Bangdore, a growing urban centre, it has
been edtimated that 15% of the municipad wagte is diverted from dumpstes because of recycling
activities (Baud and Schenk 1994). Despite these podtive contributions to urban waste
management, waste recovery recaives little atention from most municipdities (Beukering et al.
1996h). This may be explained possbly by the lack of indght into the socio-economic and
environmenta benefits of recycling throughout the life cycle of different materids. The development
of amaterid flow mode of a secondary materia can serve to improve this understanding.
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M ethodology

A sectoral mode is developed to andyse the economic and environmenta effects of international
trade in waste paper for the paper sector in India A mathematica description is provided in the
gopendix. Sectord modds have been extensvely used in the design and planning of indudiria
sectors (Kendrick and Stoutjedijk 1978). However, the early models were primarily formulated as
economic planning modes did not focus on environmental impacts. As the importance of
environmentd issues has grown over the last decade, it has became imperative to look not just at the
economics of sectora planning but dso at the environmental agpects. The model formulated for this
paper isin response to this increasing need.

The sectord modd formulated for this study captures in essence the life cycle of paper at each sage
of the process, from harvesting the forest to the disposal of the waste paper. By incorporéting alife
cycle within a sectoral model framework, we are able to: (1) keep track of the use and production
of the various materids (life cycle andyss); and to (2) evauate the trade-offs that occur between
economic and environmenta impacts a each dage of the paper cycle (sectord anayss).
Moreover, the paper industry is characterised by multi-processes and multi-products at each stage.
Therefore, to ensure that these processes and products are captured by the model, the single
product mode is extended to a multi-process, multi-product life cycle sectoral modd. Furthermore,
to facilitate comparisons between different objectives which can be adopted by the decison maker,
the mode is developed as a static optimisation modd.

Asthe focus of this paper is on the Indian paper cycle, we smplify the analyss by assuming the rest
of the world as exogenous and reduce its role to a supplier of waste paper, pulp and finished paper.
It is beyond the scope of this paper to investigate the globa economic and environmenta impacts of
the liberdisation of trade in waste paper. Figure 1 provides a schematic illustration of the Indian
paper cyce. Asshown in this figure, we have included the environmenta impacts caused by energy
use in the paper industry. However, unlike many of the existing studies (Weaver 1995, Virtanen and
Nilsson 1993), we dlow the decison maker to choose the optima mix of fuels which are
complementary to his objective. We have aso included the surplus energy property of some pulping
processes. For example, the unbleached sulfate pulping process produces wood residue which is a
by-product of the pulping process, which in turn can be used to produce dectricity and steam. The
environmenta impacts of each energy producing process is tabulated to the cumulative pollutant
emisson for the paper industry. In this manner, in the optimising process, depending on the
objective, an analyss of trade-off can be made with respect to the cost of the fud versus the
environmental impacts caused by the particular fud. For example, brown cod may be a rdatively
abundant and chegp source of fue but is consdered environmentaly unfriendly whereas naturd gas
may be ardaivey scare fue with high import costs but is consdered environmentdly friendly.

We have included the sx main pulping processes which are presently relevant in India bleached
aulfite, unbleached sulfate, unbleached locad waste paper, unbleached imported waste paper,
bleached sulfate, and bleached agro. These six processes may be categorised basicdly into three
man methods. The fird method uses wood fibre as the main input, while the second uses
agricultural residue and the third relies on waste paper. The three processes (bleached sulfite,
unbleached sulfate, bleached sulfate) within the wood fibre category are in turn differentiated by
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chemicd use and intendity, energy intendgity, and findly the pollutant emission intensity. Each of these
three processes produces a unique type of pulp which isthen used in the final paper making process.
In the agro based category, only one process is identified. The third category which uses waste
paper has two processes, one using local waste paper while the other uses imported waste paper.

As in the case of choice of energy source, the choice of pulping processes is dependent on the
objective. Once an objective has been specified, the optima choice selection process undergoes a
rigorous andysis of trade-offs. However, unlike in the energy selection process, the andysis of
trade-offs at this age is a more complex and involves two layers. At the firt layer of andyss, the
economic costs of pulp production have to be weighted againgt the environmenta costs caused by
the respective pulping processes. In the case of imported waste paper pulping process, the
environmental costs accruing from trangportation are included in the analyss. The second layer of
andysis takes into condderation the economic and environmental costs and benefits which are
derived from some of the pulping processes which produce surplus energy.
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Figurel Material Flow Balance of the Indian Paper Cycle
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We now turn our atention to the paper making stage. Within the paper category, we identified four
main types of paper, differentiated primarily by quaity which in turn are characterised by a certain
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mix of pulps. We formulated the input-output coefficient for this age as an endogenous varible
which is determined by the optimisation process. We modd the process in the following way. We
begin by fixing the total amount of pulp which is required for each paper type. Next, we specify a
pulp combination possibility matrix which in essence specifies the maximum percentage (an upper
limit) a particular pulp can be used in the production of a particular paper type. For example, given
the quality characteristics, waste paper can only be used to a limited extent for the production of
writing paper. It is then left to the optimisation process to choose the optima mix of the different

pulps to make the respective paper types.

The digposa stage is characterised by four different options. First, waste paper collection includes
certain economic and environmenta costs. Once collected, the waste paper can be ether burned,
landfilled, used as waste paper in the pulping process or reused to meet find demand of the lowest
qudity paper. The options are not mutudly exclusve. Each option is characterised by its unique
economic and environmental properties.

Weidentified five mgor environmental impeacts, regiona aswell as globd, for this study:

Globa Warming Potentid
Human Toxicity

Water Pollution
Acidification

Solid Waste.

The mapping from production to environmenta impact was undertaken in the following manner.
Each stage of production is characterised by a technologicd input-output matrix. From these
technologicad matrices, we are able to tabulate the emissons of al the pollutants from every activity.
The emissons are then added and a find emisson leve for each pollutant is determined. The next
stage involves mapping the pollutant emissions to the five environmental impacts. We do this with
the hdp of an environmentd impact matrix which, smilar to an input-output matrix, ligs the
contribution a unit of each pollutant makes to each of the five environmenta impacts. The data for
this environmenta impact matrix was largely developed from Lim and Lindemeyer (1994) and the
IPCC (1996).

At this point, we have two options of modding the environmenta factor in the model. We could
either monetize the eco-profiles or specify eco-profile congraints explicitly in the modd. We chose
the former as this method would adlow us to conduct an extended cogt-benefit andysis while the
latter would dlow only a partid cogt-benefit andyss. The decison was further prompted by the
existence of, adbeit crude, damage estimates for the five environmental impact causes. The second
method would involve the specification of congraints for each of the five environmentd impacts. This
method would require us firgt to identify the upper bounds for each environmental impact at the
nationd or internationd levd, after which we would need to dlocate a certain portion of that
congraint to the paper industry. We fdt that a complete cost-benefit andlys's, even with crude cost
estimates, would provide more ingght into the problem than a partiad cost-benefit andyss with
exogenoudy specified environmenta condraints. However, the modd sructure may eedily be
modified to include the condraints a alater Sage if necessary.
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The economic vauetion of the five environmentd effects was based on exigting literature. Because
the main objective of this paper does not specificaly address valuation aspects of externdities we
only briefly explain this gep in the anadyds. To cdculate the effect scores the “impact equivaency
assessment” is used.  This gpproach derives scores by aggregating emissons to their potentia
effects without any exposure anadyss (Guinee 1995). The scores are derived by multiplying the
aggregated emission leves by the equivalency factors. For example in the case of globa warming,
which is expressed in terms of “Globd Warming Potentids’ (GWP), carbon dioxide has an
equivaency factor of 1 while the same unit of methane contributes 6 times more to globa warming.
In this manner, effect scores for the five environmentd effects are caculated.

Next, for each of these effects, a per unit cost-price per effect score is derived from existing Sudies.
For global warming, Fankhauser (1996) provides a damage estimate of 0.0055 dollar per GWP.
From the World Bank study URBAIR, which estimated the hedth impact of ar pollution in
Bombay, a damage estimate was retrieved of 0.0065 dollar per unit of Human Toxicity (Larssen et
al. 1996). The Sustainable Paper Cycle study (IIED 1996) mentions a mitigation cost of 0.004
dollar per unit of water emisson. In a sudy by Markandya (1994), acidification was vaued in
terms of damage to forest ecosystems at 0.016 dollar per acidification unit. Findly, we adopted a
damage egtimate from a hedonic price gpproach for solid waste by Powell et al. (1995) of 0.010
dollar per unit of solid waste. Although this vauation gpproach can be improved in many ways, for
ingtance by incorporating exposure andysis or paying more atention to the valuation issue of benefit
trandfer, it dill s;emsto be the most feasible option in this sudy to interndise the externd effects.

As trade is an import dement in this study, we dlow for the possbility of imports a a number of
dages. At the pulping stage, the decison maker may choose between producing pulp domesticaly
or importing it. We dlow the imports of dl pulp except agro-resdue asit is highly unlikely that there
will be any internationd trade of this commodity. Asthereisexisting capacity in the different pulping
making processes, the decison to import would imply an additiond cost in terms of unused capitd.
Similarly, the import of waste paper is aso alowed. The same treatment is applied to the paper
production stage. However, the import of find goods is congrained by an import limit which
dipulates that only 20% of fina demand can be met by imports.

There are two sets of prices which are exogenoudy determined in the modd. Domestic prices for
primary inputs sourced in India The modd is formulated in a manner whereby the prices of the
primary or “raw” commodities matter. The price of intermediate and find goods which are
produced in India do not have to be declared as the cost of producing these goods are computed as
they are produced using the “raw” commodities. Therefore, intermediate goods like pulp, dectricity
and find goods like paper do not have domestic prices. Internationd prices are for dl commodities
which are sourced from outside India. In the moded, these would be al imports irrespective if they
are primary, intermediate or find goods.

This brings us to the end of the modd description. We next turn our attention to the results from
some smulations runs done on the modd.
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Results

The objective function is the driving factor behind an optimization modd. To understand the trade-
offs we make between environmenta and economic goas, we need to analyse modd results when
different objectives are specified. For this paper, we identified three drategies with the following
objectives.

1. The economic strategy which implies the traditiond sectora modding objective of economic
cost minimisation;

2. the environmental strategy representing the strong environmentalist position where only
environmenta codts are minimised,

3. thesustainable strategy which implies minimisation of total cogts indluding both economic and
environmenta codts, and is coterminous with sustainable managemen.

The purpose of this mode is to andyse the outcome under different trade regimes. Therefore, the
above drategies are andysed under three different scenarios. As aresult, nine (3 strategies times 3
trade regimes) smulations are performed.

1. Thefirg st of the Smulations describes a Stuation in which no trade in waste paper is dlowed
but trade in wood pulp is dlowed;

2. In the second s, a Stuation is Smulated in which trade in waste paper and wood pulp is
allowed;

3. Inthethird set of smulations waste paper trade is alowed but an import constraint on wood
pulps is introduced.

Let us begin by looking a the first set of amulation results in which no trade in wagte paper is
dlowed. As figure 2 below illudrates, in the economic strategy, the real cost (the total cost or
socid cogt) is sgnificantly higher than the economic cost.  This is because the environmenta costs
are high under this gtrategy and is primarily caused by the adoption of the chegp but polluting agro-
resdue pulping manufacturing process. Under the environmental strategy, economic costs are
higher than in the economic drategy but, as expected, the environmenta cods are sgnificantly
reduced. We observe that the decrease in environmental costs is much larger than the increase in
economic cogts, thus giving the environmenta Strategy an edge in terms of totd codts. In the
sustainable strategy, the find results are smilar to the environmental strategy but with economic
costs being reduced further.
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Figure2 Cost Comparisonswith No Import of Waste Paper (Ban)
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We now turn our attention to the set of smulations in which free trade in imported waste paper is
dlowed. As figure 3 beow illugtrates, a smilar trend as in figure 2 is observed but with more
sgnificant differences between the environmenta and sustainable srategy.

Figure3 Cost Comparisonswith Import of Waste Paper Allowed
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As observed in the case with no imports, the economic strategy chooses the chegp but dirty agro-
resdue pulping manufacturing process while the environmental strategy does not. The drop in
environmenta costs caused by adopting the environmentad strategy is 2.8 hillion dollars while the
margind increase in economic costs is 1.28 hillion dollars. It is clearly evident that in both cases,
with and without imports, a reduction in environmental costs can be achieved a ardatively low codt.

In comparison with the sustainable drategy, the economic costs are further reduced vis a vis the
environmenta drategy but with environmenta costs showing a dight increase. The economic costs
decrease by 0.67 hillion dollars while the environmenta cogts increase by 0.03 billion dollars,
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leaving tota codts to decrease by 0.64 billion dollars. The primary factor causing the decrease in
economic cods is the import of waste paper. In the case of the environmenta strategy in which
economic costs are of no concern, there is a tendency to resort to the import of pulps to reduce the
environmenta impacts. However, when economic costs are aso included in the objective, a search
is made for chegper dternatives to imported pulps and this leads the loca paper sector to use both
locd and imported waste paper pulping processes. However, the adoption of these processes
causes the environmental costs to increase by the 0.03 billion dollars observed above.

We next compare dl the strategies from the firgt two sets of experiments done above. As figure 4
below illudrates, the strategy with the lowest tota codts is the sustainable strategy in which imports
of waste paper is alowed.

An unexpected result is the higher economic codsts that are observed in the sustainable strategy with
imports as compared to the smulation without imports under the sustaingble drategy. This is
explained by the higher import cost. However, the higher economic cost of 0.08 billion dollarsis far
outweighed by the decrease in environmenta costs of 0.9 hillion dollars.

Figure4 Costs Comparisons across all strategies
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We next ran a third set of experiments in which we alowed the import of waste paper but with an
additiona condraint which prevents the Indian paper sector from importing more than 50% of its
pulp input requirements from foreign markets. The primary reason for this exercise was to observe
how a restricted access to imported pulp will change the behaviour of the paper sector in India As
we mentioned in the earlier paragraphs, in many instances, the sector had resorted to imported pulp
to reduce the environmenta impacts. As shown in Figure 5 no differences were observed in the
economic strategy with and without an import congtraint on pulp.
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Figure5 Cogt Comparisonswith and without pulp import congtraint
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However, in the case of the environmental strategy in which we had observed in the earlier runs a
shift to imported pulps to reduce environmenta costs, environmental codts are higher in the case
when an import congtraint on pulps is enforced. Totd codt is lower with a pulp import congtraint
because the import cost component of economic costs which had been prevented is higher than the
environmental costs caused by domestic production. In the case of the sustainable dtrategy an
interesting result arises. Let us assume that we have a pulp import condraint in place to sart with
and contrast the results when this congtraint is removed. T he modd results indicate that a 0.09
billion dollar increase in economic costs (primarily import cost) is observed but with a drop of 0.27
billion dollars in environmental cogt.  This then leads to the find observation that totd cost in the
sugtainable drategy with no import condraint is lower than in the case with an import condraint.
Another way of interpreting this result is that the import cost is lower than the environmental cost
caused by the domestic production of pulps. The main pulp which was imported in the no import
scenario was bleached mechanica pulp which logicaly was the chegpest pulp. 1n the case when an
import congtraint was placed, the imported mechanica pulp was substituted with locally produced
unbleached sulfate pulp. The environmenta cost produced by the domestic production of this pulp is
higher than theimport cost of mechanica pulp.

We next turn our attention to employment effects. As we do not interndise the cost of
unemployment in the modd, it would be useful to know if the first best solution identified above aso
gives the best employment figures. We limit our comparison of drategies to the sustainable
drategies with and without imports of waste paper under regimes with and without a pulp import
condraint. We observe from Figure 6 that the best employment figures are given under scenarios
without import of waste paper while the worgt Stuation is found in the firgt best solution identified
(the sugtainable drategy with import of waste paper under a regime without a pulp import
congraint).
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Figure 6 Employment figures under various strategies
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Under the trade regime “with waste paper imports’, the main pulping processes in operation are the
waste paper based technologies (domestic and imported waste paper). These processes are
relatively less labour intensve than the wood and agro based pulping processes, over the whole life
cycde This is the reason why the employment figures are higher under the “no import of waste
paper” scenarios where the wood and agro based processes are dominant. It may be an important
policy result which dictates future investment policiesin paper based pulping processes. The caseis
further strengthened when a pulp import congraint is imposed. In this case, the use of domestic
pulping processes is forced by the import congtraint and therefore creates employment. These
results are important at the nationd level where the socid cost of unemployment is an important
factor. We should highlight here that there is alimited production capacity in the waste paper based
pulping processes. The employment figures improve consderably when these condraints are
relaxed.

The find dement of interest is the pulp mix used under the various strategies in the find manufacture
of paper. We differentiate the find pulp use into three categories: (1) wood fibre pulp (WB); (2)
agro-resdue pulp (AB); and (3) waste paper pulp (WPB). We limit our analys's to the sustainable
drategies with and without waste paper imports under a regime with no wood pulp import
congraints, indicated respectively by ITC and NITC.

As Figure 7 illudrates, in the case when no import of waste paper is dlowed, the find pulp mix is
comprised of al three pulp types. wood, waste paper and agro. However, in the case where import
of waste paper is dlowed, substitution occurs from imported wood pulp and domestic agro pulp to
domestically produced pulp using imported waste paper. The waste recovery sector in India has
long argued againgt the import of waste paper in fear of losing the demand for loca waste paper by
the paper industry. The prdiminary results from the modd seem to refute these arguments. The
model results do not show a crowding out effect on local waste paper taking place.
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Figure7
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The reader should be aware that the results discussed above are to a certain extent determined by

the data used for the modeling exercise. The model developed for this exercise used exogenous
prices for many of the inputs. This specification prevents us from investigeting price effects on
decison making. However, this weakness can and was mitigated by the use of sengtivity anadyss
on the prices of inputs which were identified as crucid to the modd. This was aso true for the cost
parameters which we used for the various eco-profiles. We should like to sress that the actua
figures given by the modd should not be used as forecast vaues if certan draegies ae
implemented. The results however, do provide an indication of how and what would happen if

certain policies are adopted. This we believe is the strength of this mode!.
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Conclusions

Does the trade in waste paper provide environmenta and economic benefits to the Indian paper
sector? The prdiminary results from the sectord modd we devel oped suggests that the answer to
the question depends on the objective of the decison maker. If the prime objective is based on
environmenta criteria, then trade in waste paper is not the best solution. However, if the sole
objective is economic, then trade in waste paper is beneficid but only partly. However, if the
reduction of both environmenta and economic costs is the prime objective, the trade in waste paper
is crucid in the sector design process. In other words, if the paper sector isforced to internalise its
environmenta externdities, then the trade in waste paper becomes a crucid variable in industrid and
environmenta policies.

A particular problem raised by our smulations is the question of employment. It was shown that
with imports of waste paper, the employment Stuation in the paper sector in India deteriorates.
However, this is primarily caused by the limited existing capacity in the paper based pulping
processes, the results highlight a crucid bottleneck in the industry which needs to be addressed if the
trade in waste paper is to be maximised for the Indian paper sector.

The last point highlighted in our smulations is the pulp mix and the degree of subgtitutability between
domestic waste paper and imported waste paper. The results show that there is no competition and
that no crowding out effect takes place. The subgtitution occurs with agro and wood based pulp
which is advantageous in many ways. A reduction in the demand for wood based pulp reduces the
pressure on forest reserves. The reduction in demand for agro-residue highlights an area for future
technologica development. At present, agro-resdue is chegp but extremely detrimenta to the
environment. The option is to find methods and technologies for reducing the environmenta impact
of thisresource. In the long run, advances in technology in this area will further reduce the pressure
on forests and would cregte an environment in which the use of waste paper as well as agro, can be
maximised.

Before we end the paper we should like to point out that the model developed in this paper is il in
its infancy and many of the linkages are represented in a smplistic manner.  However, the main
engine has been formulated and modifications to the existing modd can be achieved with rdatively
little cost. Themode has demongtrated the unique strength of incorporating a life cycle anadysis with
the option of choosng the optimd life cycle configuration for a particular sector.
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1. Appendix
THE MATHEMATICAL MODEL

List of symbols used in the modél

Variables

z Process level

b: Endogenous input-output
Vi Import level

ru: Reuse leve

w: Wadste level

u Domestic purchase leve
ep: Emissonsleve

epf:  Environmentd profile
€C: Environmenta costs

rc. Raw materia costs

itc: Domestic waste paper costs
imc.  Import costs

itc: Transportation costs

wdc:  Waste disposal costs

tc: Totd costs

Parameters
a | nput-output coefficients
p: Prices

Upper bound on pulp mixture

Find demand

O 7w

Upper bound on purchase of specified raw materids

Pulping and paper making capacity condraints
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Middle didtillate used in import of per unit of commodities

Contribution of each unit of pollutant to each eco-profile

Cost per unit of eco-profile

o LR

Set
C: Set of commodities
P: Processes

1. Maeid Badance Condraint on Raw Materids

Totd demand of raw materids by al processes must be less than the amount purchased
domestically. We do not dlow for the import of raw commodities in this verson of the modd. The
processes are (PE: dectricity production; PS. steam production; PU: pulping; PP. paper
manufacturing and PX: Collection of waste paper, logging and agro-residue harvesting).

2. Materid Baance Condraint for Fibre and Non-Fibre Materids

O O -
The demand for wood and agro residue by secondary eectric and steam production processes must
be less than the supply of the fibres by the respective pulping processes which produce these fibres

as a by-product. PRE: set of dectric and steam production processes which use wood and agro
residue fibre asinputs. PU: set of pulping processes.

3. Mateid Baancefor Electricity
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The supply of dectricity by primary production methods as well as secondary processes must be
greater than the demand for eectricity by the pulping, paper manufacturing and other processes. PO:
st of chemicd producing processes which need dectricity.

4. Materia baance for Steam

0o O
dq¢

The demand for seam must be less than the supply of steam.

5. Materid Bdance for Intermediate Tradable Commodities (Pulp)

o
P ©

The demand for each pulp type by dl the paper making processes must be less than the tota amount
of the particular pulp produced by dl the pulping processes plus imports. The b varigble is the
endogenous input-output coefficient for pulp making.

6. Materid Baancefor Firs Stage I ntermediate Commodities

00 -

AN A

BB B

The demand for logs and agricultural resdue by steam production processes as well as the pulping
processes must be less than the supply from forest and agriculturd residue harvesting activities plus
imports. In the modd, the import of agriculturd resdue is fixed to be zero. The v variable sands for
imports.

7. Materiad Balance for Waste Paper
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AN ~

B/ X

The total use of domestic waste paper must be equa to the total amount collected. Waste paper can
be ether recycled, burned, land filled, or reused. The PDW process set conssts of burning and
land filling while the ru varigble is for the amount reused. The PX process set has collection activities.

8. Materiad Baance for Imported Waste Paper
é’ Gwe

The import of waste paper is determined by the demand for imported waste paper by the pulping
rocesses.

9. Paper Manufacturing |nput-Output Coefficient Condition

g
The summation of the different types of pulp used by each paper making process must equa to an
exogenoudy specified amount.

10. Paper Manufacturing | nput-Output Probability Matrix

The proportion of each type of pulp in each paper making process must be equal or less than an

exogenoudy specified upper bound. For example, the proportion of bleached sulfite pulp in making
writing paper must be equa or less than 40%.

11. Pulp and Paper Manufacturing Capacity Condtraint
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P

The activity levd for each pulping and paper making process is congrained by existing capacity.

12. Materia balance for Non-Tradable | ntermediate Goods

0O O ~
ggd
i P

The supply of chemicas must be greater than the demand for these chemicals by the pulping and
paper making processes.

13. Materia Bdance for Find Non-Reusable Goods

P

The total production level of each paper type by al paper making processes together with imports
must meet find demand. This equation is for paper types which cannot be supplemented by the
reuse of waste paper.
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14. Materiad Baance for Find Reusable Goods

YY)
P

The total production level of each paper type by al paper making processes together with imports
and the reuse of waste paper must meet fina demand. This congtraint is for paper types which can
be supplemented by the reuse of waste paper.

15. Total Waste Paper Generation

o_

wadl.

~

¢ET

Total waste paper generated is equa to the recovery rate @) multiplied by the totd amount of
paper used (the final demand).

16. Materid Baance for Waste Paper

o

A

~

X

The amount of waste paper collected must be equa to the waste generated. We make a distinction
between equation 16 and 7 because a certain amount of 1oss in mass occurs between total mass of
waste paper generated and the total mass of waste paper collected. The difference is accounted as
an increase in solid waste materid which in turn will be captured in the emission equations.

17. Reuse Leve

The tota amount of waste paper which can be reused to meet find demand of a certain type of
paper isless than 30% of the total waste paper generated.

18. Raw Materid Congraint
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An exogenoudy specified upper bound is imposed on the purchase of a sub-set of raw materids.
The raw materids are trees for logs and agricultura waste for agricultura residue.

19. Find Good Import Condtraint

@) o
ad
& &

The total import of al paper types must be less than 20% of find demand. In other words, a the
minimum, 80% of find demand must be met by loca supply.
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20. Middle Didtillate Used in Transport

The totd amount of middle distillate is equa to the amount used by domestic processes plus amount
used in transportation for imported goods.

21. Emissons from Trangport

AN

Thetotd emissons of various pollutants caused by transportation.

22. Emissons from Paper Production

(o) ~
The total emissions of various pollutants accruing from al domestic production processes.
23. Eco-Profile
3
The total contribution by al the pollutants from the trangport and production processes towards

each environmenta problem.

24. Environmental Cogts

Thetotd costs caused by dl the environmental problems.

25. Raw Materia Costs
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rc:é;j
dan
Totd costs of raw materias.

26. Domestic Waste Paper Costs

Totad costs of buying waste paper for pulping processes. We distinguish wastepaper from raw
materids asit is asecondary good. prices used are domestic prices.
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27. Import Costs

. O .
5 & |

Ll

Totd codts of dl imports which include waste paper, pulp, logs, and find paper types. Prices used
are internaiond prices.

28. Transportation Costs

Tota codts of transport of fina goods, waste paper collection, and waste paper disposal.

29. Waste Disposal Costs

g%
PRV
Totd cogsincurred for burning or land filling of waste paper.

30. Totd Costs

tc =ttc+ wdc+imc+itc+rc+ec
Find tota cods for the sector is the summation of al cods.
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