H.5.2

Collection and Transportation of Municipal SW

oo

1In accordance with the Organic Constitutional Law of Municipalities (Ley Organica
Constitucional de Municipalidades) and according to the relevant stipulations of the
Sanitary Code (Codigo Sanitario), municipalities are responsible for everything related
to the cleaning of the comunas and specifically for the activities of collection,
transportation and final disposat of garbage, domestic waste and others that have
similar characteristics. -

For that end, each municipality has a Cleaning and Embellishment Department in
charge of administering and carrying out the activities related to the comuna’s
cleantiness. :

In the Metropolitan Region, up to the year 1985, the greatest part of the collection and
transportation of domestic waste (66%) was carrted out by private companies, sub-
contracted by the municipalities, which was a result of a privatizing process begun
between 1981 and 1982,

Currently, approximately 90% of the waste is collected by private companies and only
the remaining 10% is collected directly by the municipal system. The municipal service
is carried out directly by the Cleaning and Embellishment Department of the respective
municipality, '

For the service of third parties, the municipality establishes a contract with the
company that provides the service. In the colleclion and transportation contract the
type of service that will be provided by the contracted company is clearly established,
such as the frequency, coverage, type of waste to be collected, volumes, sanctions for
non-fulfilment of agreements, etc.. The contracis are carried out by one or several
companies. There are different kinds of contracts and experiences have been varied.
Some of them are indicated below: '

- In the Municipality of Providencia, up until December 31, 1991, the waste
coilection service was municipal. As of January 2, 1992, the comuna’s
collection and transportation service was given out, on a very small scale,

- to a private company which mainly serviced hospitals, television channels
and building complexes. In 1994, another authorization was given out for
the purposes of carrying out collection services in certain areas.

- In the Municipality of Santiago, a mixed collection and transportation
service is offered. This case is specta! because it is in the center of the
city, where apart from the permanent residents there is a floating
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population of more than 2,400,000 inhabitants. The cleaning area is
subdivided inte 5 parts; cleaning is carried out by municipal personnel,
supported by a fleet of 36 collecting trucks, and 6 cistern trucks for street
washing. The sweeping of streets in the central perimeter of the capital is
in the hands of a private company, with 70 workers.

- In the Municipality of San Migue), collection and transporiation is enfirely
carried out by one private company. The municipality also has municipal
trucks that perform cleaning operations within the comuna, especially the
removal of pruning waste, debris, clandestine waste and the cleaning of
public thoroughfares.

In this way, contracts have three different forms according to the function that needs

to be fulfilled: collection of domestic solid waste contracts; road sweeping contracts

and contracts for cleaning places occupied by street markets.

In turn, the domestic solid waste collection and transportation contracls have three
basic forms, which can be combined with each other. In the first place there is garbage
with transportation to the final disposal site. Secondly, the contract includes collection,
transportation and final disposal administered by the same company. Thirdly, the
contract can be wider in scope and may include waste collection, the sweeping of
streets, and transportation to the final disposal site.

The number of days in the week in which the collection service is carried out (fo be
established in a contract) depends on the weather, as well as the rate of waste
generation, and the socio-economic sector (residential, commercial, industrial) to be
cleaned. According to these conditions different frequency systems are established
(daily, even weekly). The cost of the system is obviously dependent on the periodicity
established in the contract, on the population density, on the type of sector and on
other factors.

One of the most relevant aspects for the design of a collection system is the
sectorization of the area and collection routes. An adequate design allows for an

efficient system which significantly decreases dead time, that is time not used for

collection, which minimizes costs.
For the Metropolitan Region the collection frequencies are generally 2 to 3 times a
week, an amount that increases in special sectors of greater density, which is the case

of the center of the comunas where collection frequencies are sometimes daily.

The trucks that carry out collection are compactors, with a capacity of 10 to 15 m®,
. A driver and three labourers that carry out the collection travel in them. Generally
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each truck makes between two and three trips daily, and the time of the cycle between
the gravity center of the comuna and the sanitary landfill goes from 165 to 330
minules.

The collection and transportation costs represent the greatest incidence in the total
costs of domestic waste management in the Metropolitan Region. In average the costs
go from 15 to 25 US$/ton and in many contracts an additional rate for ton/km has been
considered, contemplating a possible change in the location of the final disposal site
given that the capacities of the curcent landfills are reaching their limits.

Street Sweeping and Public Areas Cleansing

Just as the municipality is responsible for the collection, transportation and final
disposal of domestic waste, it is also responsible for the sweeping and cleaning of
public areas, without the participation of any other authority.

The main problem with cleaning publid thoroughfares lies in low efficiency, which

- makes service costly. Currently many municipatities include, as part of the collection

and transportation contract, sweeping and public area cleaning. This aims at giving
attention to the main roads of each comuna, specially to the centric sectors.

In the municipalities with high socio-economic levels, sweeping is mechanized and
inctudes a high percentage of the public thoroughfare. Services decrease in quality
with lower socio-economic levels, and that is why, in the municipalities with the lowest
incomes, sweeping is generally manual and coverage is minimal.

Another way to carry out the cleaning of public areas is through operations that take
place once a month, generally carried out directly by the municipality {utilizing

- equipment, vehicles and its own personnel) and which aim at cleaning specific areas,

gardens or others, specially in what pestains to the removal of debris. Thesc operations
inctude those that correspond to the removal of rubbish left behind by pruning,
maintenance of gardens, public squares, green areas, ete..
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11.5.4

Treatnient and Final Disposal

a. General

Once municipal waste is collected, it is taken directly to the places of final disposal,
without any type of intermediate treatment.

In Chile since the 1980s sanitary landfills are in operation. This system had been
recommended by various international organizations, especially the World Health
Organization, because it involved smaller investments and because it is a system used
with good results in developed as well as developing countries. The first and most
important evaluations on the topic were carried out by the University of Chile and
confirmed the relevance of implementing the technique, given the conditions of the
Chilean case. This tendency continues today. ' ‘

The sanitary landfill consists basically of depositing the garbage in fayerss, distributing
and compacting it with heavy equipment and covering it with a fayer of soil at the end
of the working day. These soils must fulfill technical specifications that ensure that the
migration of gases is avoided, that minimize the entrance of rainwater and avoid the
profiferation of sanitary vectors. Before placing the waste it is necessary to carry out
a series of works to keep the waste confined and to stap it, or the subproducts that are
generated as a result of decomposition, from contaminating the environment or causing
problems in nearby communities. .

Among these works are included waterproofing and drainages for the botiom of the
landfill to stop leachate from migrating and possibly contaminating subterranean
watercourses. In many cases, given the great quantity of organic matter and humidity
that our wastes possess, and as a result of the anaerobic decomposition of waste, gases
with a high content of methane (CH,) and carbon dioxide (CO,) are generated inside
the landfill. These gases must be ventilated and their accumulation within the mass of
the waste must be impeded. This must be done because of the high risks that are
involved (methane is combustible and explosive) and to avoid migration towards
neighboring areas, where contamination of soils or others could be produced. This
ventilation is carried out by means of the construction of vertical drainages that cover
all the depth of the waste and maintain their continuity from the base of the landfill,
The percolated liquids that get out of the garbage cells are taken to accumulation
deposits from where they are introduced again to the mass of waste, which allows the
production of biogas to be increased and maintains liquids inside the landfill. Surface
water andfor precipitation water is intercepted before it enters the landfill, thus
stopping it from coming into contact with waste or with percolated liquids. To avoid
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the entry of people alien to disposal activities and of animals, the whole perimeter of
the site must be closed, in addition to the construction of access and interior roads that
allow waste’ collecting vehicles to circulate. With the purpose of verifying the
efliciency of control measures, wells and/or monitoring points are constructed which
allow the quality of waters, soils and the air to be known as well as if these natural
resources have been affected by the landfili’s activity.

Once the landfill reaches its final quota it is necessary to construct a covering layer that
protects the garbage cells from different erosion processes; it is alse recommended that
the renewal of the vegetation cover that existed before the project begun is considered.

Regardless that final disposal in the country is carried out by means of sanitary landfills,
it must be made clear that not all have the same level of operation and many are only
controlled rbbish dumps. A series of problems have been caused as a result of the
inadequale implenientation and bad management of final disposal sites. Arnong these
problems is the contamination of superficial and/or subterranean watercourses because
of their coming in contact with waste or leachate; the proliferation of sanitary vectors,
because of inadequate covering of waste, which transmit diseases to neighboring

- poputations; contamination of the air because of spontancous combustion of waste or

the migration of biogas; generation of foul smells because of inadequate operation of
the fandfills; recuperation of goods contained in the waste without any type of control
which transforms people that work in this activity info sanitary vectors; destruction of
the landscape and devaluation of tand adjacent to landfills.

- With regard to the situation in Greater Santiago, 100% of the waste generated is

deposited in three sanitary fandfilfs, which have the authorization of the Health Service
{Servicio de Salud) to operate. These correspond to:

b,  Lepanto Sanitary Landfill

LEPANTO SANITARY LANDFILL: Located to the southwest of Greater Santiago,
in the comuna of San Bérnardo, close to the Locality of Nos, near the sroad kaown as
Los Morros, to the East of Cerro Negro.

It has been operating since the year 1979 and it currently receives the waste that is
generated in the comunas of San Bernardo, Puente Alto, Buin, Pirque, Paine, Calera
de Tango and part of the waste of the El Bosque and La Pintana municipalities. All

this amounts to 16,000 tons of waste per month.

Some waste supplied by private individuals and which can be assimilated with urban
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waste ar¢ disposed of together with municipal waste. Waste coming from industries
is also received and it is deposited in other areas without any kind of conditioning or
~ protection, without the keeping of records, statistics or backgrounds with regard to
their entry and origin.

This landfil] is Jocated above an old sand extraction pit which was privately owned.
The waste is deposited direcily on the natural terrain which is made vp primarily of
permeable soils. There are no superficial water courses and subterranean water is
located approximately 8¢ meters below the landfills’s foundations.

Waste is deposited and compacted by means of machinery, and it is usually covered at
the end of the working day. The gases that are generated are collected and
commercialized for industrial use. There exists no treatment or adequate management
of the leachate that is generated, which caunses strong smells in the sector and increases
the possibilities of soils or watercourses being contaminated. -

At present, there is not a monitoring program for water, soil, air, biogas migration, etc.
and a recovery program for the area once the project is concluded has not been
considered. This is why an increase in the production of liquids, foul smells, uncovered
garbage, etc. can be expected, as erosive processes continue to affect the covering of
the waste cells, because they lack a protection cover.

Within the site where the landfill is located, there are sectors that are being operated
for the extraction of sand. This has been generating huge perforations which in future
could eventually be used for the disposal of urban waste or construction waste. That
is, only if engineering projects are designed which ensure that no environmental
damage will be produced.

The plots adjacent to the Lepanto tersain are primarily for agncultural use together
with some small ones for development.

As far as the operational aspect, the Lepanto landfill has a deficient management, which
- is why it could be considered simply as a controlled garbage-dump.

The landfill is administered direcily by a private individual (owner of the land), who
offers the service to the municipaliiies and establishes a rate per tor of deposited waste.

~ The aclivity does not undergo through any type of contro] by the municipalities that

use the site, and a system to comrol the weight of the waste that enters the fandfill is
also missing.
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- ¢ Cerros de Renca Sanitary Landfill

CERROS DE RENCA SANITARY LANDFILL: Located in the northwest sector
of Greater Santiago, in the comuna of Quilicura, adjacent to Av. Americo Vespucio,
This landfitl began operating in April 1978, and it takes in 30% of the waste produced

- in Greater Santiago. Currently it receives the totality of the waste produced in the

municipalities of Las Condes, Lo Bamnechea, Vitacura, Conchali, Huechuraba, Quinta
Normal, Renca, Quilicura, Colina, Lampa, Pudahuel, Lo Prado, Cerro Navia and part
of the waste generated in the comunas of Santiago, Independencia and Recoleta. The
total waste that enters monthly amounts to approximately 56,000 tons.

Waste from collections made directly to generating groups by private companies also
enter the landfill. Among them there are wastes that can be assimilated with urban
wasles, and which signify a monthly inflow of around 9,000 tons. .

This sanitary landfill is the only one authorized to receive hazardous industrial waste
because it is located in an area of approxintately 1 ha. This area does not have any
kind of conditioning and the wastes are deposited directly on the ground. At the site,
large pools that contain a variety of industrial products can be seen but their
characteristics are unksiown. The most worrisoine situation is the mixing of wastes of
different nature, which causes an additional management problem and a risk, because
there exist great volumes of final wastes with a variety of highly toxic components.
This area set aside for industrial wastes is generally used by the Environmental Health
Service to send wastes that have been abandoned in public thoroughfares by generators
or for wastes that are generated in special circumstances.

This landfill was built between hills, which has allowed the activity within the site to
be partly hidden. Wastes are deposited directly onto the natural soil, which is formed
by a mixtusre of clayey and loamy soils, Because it is found between hills, during the

- rainfall season the area of the landfill receives all the waters that run down the slopes,

which considerably increases the amount of water on the surface. This situation is

- produced because there are no works that allow water to be intercepted and led

outside the area of the site. Bad management of the landfi, together with the inflow
of rainwater and inadequate covering of the waste cells, have allowed great quantities
of leachate to be generated in different parts of the landfill, contaminating the covering

- layer. For the storage of liquids there are great degosits, for the most part uncovered,

which prodiice strong odours. This situation has meant the rejection of the project on
the part of the community.

-The type of landfill that has been developed is the one kaown as AREA, where wastes
‘are deposited above the terrain, distributed in layers and compacted with heavy
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machinery, gencrally D-8 bulldozers. The wastes are covered at the end of the
working day, with soils extracted from the same site. For the ventilation of gases
vertical drainages were built, known as chimneys and located at a distance of 25 meters
between each other. At a first stage, the gas is aired out into the atmosphere or burnt
and later it is extracted and sold, This biogas forms part of the gas that is sold in
Santiago as pipeline gas. The volume of biogas extracted monthly is of around
1,500,000 m®, which means a total of 5900 x 10° Kcal.

The liquids that are generated in the landfill do not undergo any kind of treatment and
are only kept in accumulation deposits. :

Just as in the case of the Lepanto fandfill, Cerros de Renca does not have any
monitoring program which would allow the performance of the landfili to be checked
and to find out if contamination of the environment exists.

The sectors of the landfilt that have reached their final quotas do not have any type of
protection or vegetation cover to impede the detesioration of the waste cells. To date
there is no closure program that permits the control of waste disposat effects in said
sectors.

The areas adjoining the landfill correspond to plots of land used for agricultural or
industrial activities. When the activities of the sanitary landfill began, the site was
totally removed from households or settlements, but due to an inadequate protection
policy for the facility, the construction of houscholds very close to the limits of the site
was permiitted. The new inhabitants complained about the construction of the landfiil,
which has forced propossls to close the site even though it has enough terrain to
continue working, '

In the future the latter will mean a strong increase in the cost of managing the sotid
waste of municipalities which curcently deposit waste in Cerros de Renca. The reason
for this is that the next landfill will be located 60 km away from the present one
(Montenegro sector), and it will have to operate with transfer stations. It is estimated
that the future operation will mean an increase of about US$ 8 per ton. .

-In general, the landfill has had operational defects, especiaily with regard to the
manageinent of teachate. In addition, in the last couple of years there has been an
increase in the number of people who reclaim objects found in the garbage, even

~ though it is an activity which is totally forbidden by the sanitary authorities.

This landfill is administered by a Council of Mayors, which subcontract the operation
of the landfill to a private company.  To verify the correct consteuction of the landfill
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. and the fulfillment of sanitary norms, the council subcontracts another private company

to carry out technical inspection activities of the facility.-

d¢. Lo Errazuriz Sanitary Landfill

- LO ERRAZURIZ SANITARY LANDEILL: Located in the westen sector of

Greater Santiago, in the comuna of Estacién Central, at one side of the Zanjon de la

- Aguada.

It has been operating since September 1984 and currently receives the waste generated
in the municipalities of San Joaquin, Isla de Maipo, Pedro Aguirre Cerda, Lo Espejo,
Cerrillos, San Miguel, Nufioa, La Cisterna, Providencia, Maipth, La Granja, La Reina,
La Florida, San Ramon, Macul, Peilalolen, Estacion Central, Talagante, Pefiaflor, and
also part of the waste from the comunas of Santiago, El Bosque, La Pintana,
Independencia and Recoleta. The total amount of waste that it reccives monthly is
approximately 90,000 tons. :

Just like the other landfills, it too receives waste collected by private companies which
can be assimilated with urban waste in a monthly total of 17,000 tons. It is strictly
forbidden by the sanitary authority to receive hazardous wastes given its neamess to
households, but it is nonetheless impossible to be sure that such wastes do not enter
together with other wastes.

This Jandfiil was constructed in an old sand extraction pit, and it is the first sanitary
landfill that began operation with an enginecring project that took the waterproofing
of the bottom and of the walls into consideration, in order to avoid the migration of
contaminating elements.

However, and in spite of the security measures adopted since the beginning of the
landfill’s operation, the earthquake of March 1985 produced an accident in the
construction of waterproofing for the walls, specifically the failure of the waterproof

. geomembrane, a fact which in turn caused a series of problems in which both

inhabitants and authorities were involved, The breaking of the waterproofing plate
caused a lateral migration of gas towards the houses near the North walt of the pit.

- This situation was controlled by perforating a barsier of 10 deep wells, which allowed

the leak to be intercepted and the problem to be controlled.

Due to the situation described above, the Lo Errazusiz sanitary landfill project was

- revised and re-designed. The new project was approved in September 1986 by the

Ministry of Health and the Metropolitan Intendencia.
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The new deéign of the sanitary landfill established a special waterproofing system for
the North wall of the pit as a way to prevent any possibility of accidents in the future.
At that time, a wall of 1.0 meter wide gabions was placed above the polyethylene plate
that rests on the wall. The gabions, which are of uniform size and filled with round
stones, were covered on the inside with a 5 cm thick layer of mortar {(water and
cement). On top of the gabions and resting on the fayer of mortar, a second plate of
polyethylene was placed. Tubes with stits were left inside the gabions, these having the
thickness of the whole waste deposit, so that continuous monitoring could be carried
out and biogas migration could be detected.

This waterproofing was joined to the one already designed for the bottom (a highly
compacted 60 cm layer of clay with a permeability of k=10 cm/sec.), and the one for
the South wall {a 1.5 mm thick high density polyethylene plate).

Once the 1985 gas migration was overcome, and after the waterproofing was modified,
there have been no new biogas migrations, a fact which is demonstrated by the
monitorings that take place daily both inside the landfill and in adjoining areas. The
project also foresees the monitoring of underground water, through water samples
taken in 10 deep wells located downstream and upstream of the landfill. These samples
are subject to physical-chemical and bacteriological analyses. The resulis of these
analyses are compared to standard data obtained when waters were characterized
before waste was deposited. To date there are no records of aquifer contamination.

The wastes are deposited on top of the bottom waterproofing, distributed in
compacted layers and covered with natural soils at the ead of the working day. The
covering material is extracted from outside sources. The leachate is stored in an
accumulation deposit from where it is recirculated to older parts of the landfill to
increase the production of methane and to stop them from leaving the fandfil.

At a first stage, when the gas that is generated has a low content of methane, it is |

ventilated through vertical drainages, located some 25 m from each other, or burnt.
Once the quality of the biogas improves, it is captured and sent to a cooling plant from
where it is taken to accumulation tanks and later mixed with fossil fuets and sold as
pipeline gas for domestic use. Currently, some 4,000,000 m* of biogas are extracted
sonthly which have a calorific power superior to 4,700 kcal/m® and 2 methane content
of about 54%. a ‘ |

The total surface of the sanitary landfill project is of 40 ha, of which 11 ha have already

been finished, and above the final covering, green areas have been buift. This forms
part of the recovery program of the sector which considers the construction of a park.
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- The lands adjoining the landfill on the North side are completely inhabited. The ones

located on the South and West sectors are occupied by iltegal waste dumps, where a
farge amount of waste of industrial origin is currently deposited.

Initially this sanitary landfill was administered by a Council of Mayors, but due to
operational problems on the part of the private company in charge of building the
landfill during 1985, the Council of Mayors formed an enterprise of limited
responsibility, whose objectives were the study, development, administration and
operation of the appropriate systems for solid waste disposal of the 15 municipatities
that formed part of the society.

This company currently undertakes the construction of the sanitary landfill, and
subcontracts specific equipment and services to contractor companies.

Given the different works that this project involves, the rate is higher in comparison

- with the other two landfills of the Metropolitan Region, and reaches today a cost of

US$ 5 per ton.

The end of the useful life of this landfill was estimated for December 31, 1994.
However, due to various problems in decision-making with regard to future final
disposal sites, the closure date has had to be posiponed. This situation has created
negative conditions for the project because in order to receive a greater volume of
waste it was necessary to increase the height of the landfill. This has caused an
increase in the incidence of leachate with the subsequent problem of foul odours and
contamination risks. There has also been a delay in the execution of the final covering,
which has increased the migration of gases to the atmosphere, and therefore damages
to the environment, - This incréase in height has also meant greater inconveniences for
the managenient of rainwater,

- Up untit now, because of lack of another landfill where municipalities, especially those
- {ocated in the South sector, could dispose of their waste, an emergency solution has

been considered which consists in moving over 50% of the wastes that are disposed
in Lo Errdzuriz to the Lepanto sanitary landfill. This situation will create severe
inconveniences to the final disposal system because the Lepanto fand6lf is not prepared
1o receive greater volumes of waste, especially because of its awful level of operation,
the tack of appropriate access routes, the lack of protections to aveid contamination,
or of any engineering project to carry out constructions or to monitor the works.

On the other hand, the wastes originating from the comunas located in the North

sector, will be taken to the sanitary landfill which is projected for Montenegro and
which in turn will receive the wastes of the municipalities that deposit in Cerros de
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Renca. In this case, the wastes will first need to be taken to a transfer station and from
there to the landfill, given that the distance to the final disposal site will increase in
more than 70 km. '

For this last case, it is expected that the rate for final disposal will be above USS$ 12 per
ton, including transfer costs.

Recycling in the Metropelitan Region

a. General

According to what is established in the Organic Constitutional Law of Municipalities
and in the Sanitary Code, any activity that takes place during the management of solid
urban waste is of exclusive responsibility of the Municipalities and it is their duty to
authorize, administer and operate, directly or through third parties, any recycling
process.

To date, some comunas have carried out pilot experiences in the Reld of recycling.
None have truly prospered, especially due to an unstable market for recovered
products, which makes it necessary to subsidize the sysiem.

The prevailing conception of the operation of a sanitary landfill makes it incompatible
with recycling in the site, which leaves open two alternatives: either recycling is
organized from a first selection and classification in the home, before {ransportation
begins, or separation centers are created in the sanitary land£ill facilities themselves.

On the other hand, one of the main reasons for the existence of recycling in Chile is the
level of poverty in which some sectors of the population live. People living in poverty
and who barely have education necessarily see in waste collection a means of income.
This activity has been sponsored by different entities and they have been successful in
making recycling a viable way to make a living for these people.

- From the above we can infer that, up until now, there exists a level of recycling which

is not controlled; that is to say, it takes place without any kind of organization. This
kind of recycling is really an illegal activity which is carried out by different people
known as carioneras or cachureros (scavengers) who take away different elements
from garbage bags at the doors of-households, before they are removed by the
municipal collection secvice.
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The majority of scavengers are men (80%), with an average age of 29 years, and an

average schooling of 6th grade. They come from low income comunas, the majority
have vehicles to work with (76.7% use tricycles) and they do so preferably alone. In

“halfthe cases, they are the only member of the family that is dedicated to the activity

and on average have been dedicated to this kind of labour for 9 years.

Cardboard represents 50% of their income and their working day is of approximately
10 hours, preferably working at night because of social rejection towards their work.
In an average run of 30 km their average product is 100 kg each day. They have a
monthly income of $ 100,000 working 5 days a week.

Among the elements that are recycled are: plastics, paper and cardboard, glass and

crystals, ferrous and non-fetrous metais.

b. Plastics

As a way to make recycling easier, ASIPLA, the Association of Plastic Industrialists,
has published a codification system for plastic containers, making special references to

- ensure that recycled plastic materials under no circumstance are re-used or re-

processed to manufacture containers.that will later contain products for human
consumption.

The junk collectors separate polyethylene bags and the larger containers such as
bottles, buckets and drums, but not the smaller containers for milk products,
margarine, oils and others. The value for re-selling such items is calculated according
to cleanliness, quality, humidity, colour and printing.

Currently, recycled plastic products are:

. Low and high density polyethylene (then‘noplasllc)
. = Polypropylene

- Expanded polystyrene (thermoformed)

- Acrytic (thermoformed)

It is estimated that in Chite the instalied capacity is approximately 1,000 tons/month
in thermoplastics, the recovery productivity is approximately 5.4 tons/person per
month and the percentage of waste or losses is 3%, which occurs mainly in the
extraction of matenal.
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¢.  Paper and Cardboard

This material is without a doubt the product most commonly recycled in all the world.
It is an element and raw material of great density and consumpticn because of its global
use as a basis for communication, information, packaging, hygienic services, etc.

The main characteristics for its acquisition in Greater Santiago are:

- Cleanliness: free of contaminating substances and foreign substances
(plastics, staples, wire, talc, etc.).

- Humidity: a small percentage is accepted, between 10 and 13%. Above
this level penallies are applied and above 20% the product is rejected.

- Conservation state: for example, a better price is given for new unread
newspapers than for read newspapers.

The total re-processing capacity for papers and cardboard in the country must be near
20,000 tons/month, of which 75% is being re-used, mainly in Greater Santiago. The
material is recycled for the production of corrugated paper, tollet paper, egg boxes,
fruit boxes, packages, cardboard, tissue, etc..

The most dangerous factor in this activity would be a decrease in the international price
of paper.

d.  Glass and Crystal

This is another product that is commonly recycled and in which 100% of the collected
material is used, the source of which is primarily glass from containers and fat glass.

This material is bought whenever clean of foreign substances, espemally resins or
chemical residues. '

The recycling of glass for containers is a closed circuit because it is used time and again
for the same end. The importance of this form of recycling is that for every ton of re-
utilized glass, a ton of natural resources is spared. This process also reduces
contamination produced in obtaining natural resources b)r 15%, and 30% less energy
is required. SR
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&  Fervous Metals

It is not possible to estimate the quantity of material that is recycled but it is clear that
a very small amount comes from domestic waste. In general the largest percentage is
obtained from waste coming from demolitions or constructions.

f. Non-Ferrous Metals

These materials come mainly from industrial wastes and scraps and the theft of
electrical and telephone installations. What comes from domestic waste is not very
significant and it originates mainly from aerosol containers, knobs and metalfic wraps.

g Present Problems

Even though, at a first glance, recycling may appear attractive, there exists a variable
which is not usually considered in the evaluation of projects of this nature. It pertains
to the fact that the work conditions of the people that obtain the products constitute
a serious social problem. In fact, one of the gravest problems that the local authorities
face today is related to the so-called cartoneros. In the Metropolitan Region their

-number is estimated at 30,000 people, coming from the poorest sectors of the city, who

are dedicated to this activity as a source of income. One of the ways to face this social
problem is through the creation of FOSIS projects to form micro-enterprises of
associated workers, thus incorporating them to the labour system. One of these
projects was carried out in the comuna of Estacion Central, with the aim of parily
eliminating the problem of the junk collectors that illegally éntered into the Lo
Errézuriz sanitary landfill to recover objects from the garbage.- This project, however,
did not prosper especially because of the increase in costs that operating the systen in
an organized and sanitary manner entailed (one that does not represeat dangers to
human health). The permanence of these projects in time generally requires subsidies
because they are not profitable on their own. In view of this, and before developing
any recycling project, it is necessary to establish the amount of recycled resources that
municipalities want to have recovered so that this sector is incorporated into the
workforce with certain minimal conditions of any paid work.

In summary, recycling can only be viable under certain market conditions which

generally are hard to maintain in developing countries, which is why it does not appear
to be a clear policy to be recommended in all casés.
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H.5.6

Administration and Organization

According to Law No, 18,695 of the Organic Constitutional Law of Municipalities
(1988), article 3, letter d), and according to the Sanitary Code, article 11, letter d),
municipalities have the attribution and sanitary obligation to collect, transport and
eliminate all garbage, waste and refuse that is deposited or produced in urban areas.

In tumn, the ability to charge for the extraction of domestic waste is established by this

- same Organic Constitutional Law in article 5, letter d), which states that municipalities

may charge rights for the services they offer.  The specifications for charging are
contained in Law of Municipal Revenues No. 3063, of 1979, and the corresponding
Regultation for fixing how much to charge for the extraction service is set in Supreme
Decree No. 261 of the Ministry of the Interior (D.0. 25.03.80).

Law No. 19,388, published in the Official Bulletin (Diario Oficial) of Tuesday May 30,
1995, introduces alterations to Law No. 18,695, Organic Constitutiona! Law of
Municipalities, specifically in article 12 related to the Common Municipal Fund,

- increasing ifs resources and thus enabling befter financing for Municipalities of fower

incomes.

It also introduces alterations to Law Decree No. 3063, Law of Municipal Revenues,
among which it allows the charging of differentiated rates, and establishes that rates,
just like the necessary conditions for their total or partial exemption, will be fixed in the
respeclive municipal decrees. - It also establishes an exemption that operates
automatically, without the express need for the respective municipal decree because
it is fixed by the Law itself, which favours homes or living units with a valuation equal
or inferior to 25 tax units monthly (Unidades Tributarias Mensuales). It establishes
alterations in that municipalities have to decide with regard to the extraction and
transportalion of waste coming from factonies and workshops. On the other hand, it
eliminates the general system of charging cleaning rates together with territorial
contributions, and obliges the owner or occupant of any property, whether the person
be an usufructuary, tenant or mere keeper, to pay for the service, without detriment of
the responsibility that affects the owner. .

A summary of the most important Laws and Dispositions in what pertains to the
collection, transportation and finat disposal of urban wastes is presented below.
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"FACULTIES - ORGANISM - LEGAL DISPOSITIONS
Esscutial attribution of cstablishing rights | Municipatities | Law No. 18,695 (1988, reformed by Law
for the services offered, among them, for 19,130, 1992), Organic Coristitutional
the garbage exlraction service that the Law of Municipalities, art. 3, letter d), art.
municipality has as exclusive function. 5, letter ¢), and ant. 20, letter b). Reformed
L o by Law No. 19,388, 1995, art. 12
The function and obligation of collecting, | Municipalities . | Decree with Strength of Law No. 745
transporting and ¢liminating, with .. - . {1968, Ministry of Justice). Sanitary Code
methods considered adequate by the art.11, letter b).
National Health Service, the garbage that
is deposited or produced inurban
thoroughfares. B _ _
Minimal Sanitary norms with regard to the | Municipalities | Supreme Decree No. 4740 (D.O.
classification, collection, transportation, 09.10.1947) of the Ministry of Health,
disposal, exploitation, deposition, and Regulation that fixes the minimal sanitary
hygienization of garbage. norms to protect public health with regard
_ o to garbage. Paragraph 1.
Minimal sanitary norms for the operation Resolution No, 02444 (31.07.1980) of the
of garbage dumps, with régard to the Ministry of Health which establishes
requirements of the site, ils stafT, ils minimal sanitary norms for the operation
operation and legal responsibitities. of gasbage dumps.
Payment for the right to ciean and extract | Municipalities | Law No, 3063 {1979, of the Ministry of
wasies coming from domeslic services, the Interior) of Municipal Revenues art. 6, 7,
sweeping of homes, factories or 8 and 9. Reformed by Law 19,388 of
businesses. 1695, art. 7,8 and 9,
The rate is established for a volume of
200 titers of daily waste. Forthe
exlraction of wastes that exceed said
quantity or the exlraction of slag or wasle
from factories or workshops, a
differentiated rate may be established.
This right is paid together with the
contribution for real estate, or by owners
of commercial establishments and
businesses, along with the commercial
patent. o
Setting of the rate for garbage extraction | Municipalitics | Supreme Decree No. 261 (D.0.: 25.3.80

services, specifying tolal speading to be
considered; methodology forrate
calculation and procedure for charging -
said rales.

of the Minisley of Interior). Regulation for
the charging of municipal cleaning.
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To fulfill their responsibitities with regard to the management of domestic solid waste,
municipalities have Cleaning and Embeltishment Departments, which are in charge of
administering and carrying out, directly or through third pariies, the activities necessary
to ensure a correct colfection, transportation and final disposal of solid waste.

The Cleaning Department regulates its activity in this field through the dictation of the
Cleaning Decrees. These decrees contain norms relative to the cleaning of public
thoroughfares, collection of garbage, evacuation of domestic wastes and sanctions for
violators of the decrees.

When analyzing the above-mentioned legal dispositions, a key problem jumps to sight
and it is hoped that with the alterations established in Law No. 19,388, it can be
overcome. This problem sefers to the mechanism chosen for the payment of municipal

cleaning, which is to say the relation of the payment with the territorial tax. This
~ mechanism for yearé has allowed the users of the cleaning service that are exempt from
this tax to not pay the rate corresponding to the use of the cleaning service. This has
as direct consequence that, on a national fevel, only 32% of the costs that are disbursed
by the municipalities to fulfill their function of domestic cleaning, are collected.

In summary, the present management of solid waste in economic terms is characterized
by the following elements:

- A. deficient charging system which causes only 30% of the total costs for
managing waste at a national level to be covered.

- Service spending for the community, which includes cleaning costs, makes
up about 25 to 27% of municipatities’ spending in the Metropolitan Area.
It should be noted that this cost has increased wnthm the mumclpal budget
from 18% in 1985 to 27% in 1991.

- The generation of solid waste increases annually and it has been found that
social seginents of fewer resources generate a smaller amount of waste
with a larger content of organic matter. |

- There is lack of information in the municipalities with regard to the
cleaning services that are offered. This reflects weak organization and
administration, and also lack of human and financial resources.

- No economic incentives in the cleamng rate policy exist when tho real cost
of service is spread out evenly among users. L :

- - In view of the above mentioned problem, the rate system for cleaning
services does not comply with the principle that “those who contamlnale

- pay” o

- There is deficient regulation in relation to mdusmal waste coltection,

transportation and final disposal.
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Just as it is the responsibility of the municipalities to manage domestic waste, it is the
responsibility of the Ministry of Health to inspect and penalize said management.

The cufrent Sanitary Code, established by Ministry of Health Supreme Decree No. 725
of December 11, 1967, and which modified Decree with Strength of Law No. 226 of
May 15, 1931, clearly defines the obligations and attributions of the Sanitary Authority.

In the specific field of solid waste, the Sanitary Code establishes in Title II, “Of
Hygiene and Eavironmental Safety”, Paragraph I, “Of Refuse and Garbage”, Articles
78 to 81, the conditions under which the accumulation, selection, industrialization,
commerce or final disposal of solid waste should take place:

ARTICLE 78:

ARTICLE 80:

ARTICLE 81:

The Regulation will set the sanitary and security conditions relative
to the accumulation, selection, industrialization, commerce or fina!
disposal of garbage and waste.

Previous to proceeding with the construction, reparation, alteration
or enlargement of any waste or garbage treatment plant of any kind,
the approval of the project by the National Health Service will be
necessary.

It is the National Health Service's duty to authorize the installation
and oversee the operation of all places destined for the
accumulation, selection, industrialization, commerce or final
disposal of garbage or waste of any kind.

When granting this authorization, the National Health Service will
determine the sanitary and security conditions that must be fulfilled
to avoid inconveniences or dangers to the health of the community
or the staft that work in these activities.

Those vehicles and transport systems for material which, to the
judgement of the National Health Service, may represent a danger
or an inconvenience to the population, as well as all transportation
of waste or garbage of any nature, should fulfill the requirements
that said Service indicates. This entity will also administer sanitary
supervision over them.

In the Metropolitan Area, the entity in charge of directly supervising

all the activities related to the management of solid waste is the
Metropolitan Environmental Health Service.
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Where the operation of the current supervision system is concemned,
it cannot prevent illegal disposal of solid waste, due to the low
values of the fines (1 to 3 tax units), and to the lack of resources and
administrative procedures. -
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ANNEX T INDUSTRIAL AND MEDICAL SW GENERATION

L1

‘Illll

Present ISW Generation

Previous Studies on ISW Generation -

a. D&M’s RISPEL Study

A study of generation ratios of ISWs was not carried out, therefore the ISW generation
amounts of the year 1992 were eslimated according to the CIIU Code by using the
INVENT model and WHO model. The summary of estimation is shown below.

aa. By INVENT model

The amounts of ISW were estimated according to the type of industry based on the
number of employees and the total amount of generation is shown below.

- Total generation amount of ISW: 659,228 ton/month
- HW amount of the total ISW generation: 855 tor/month

ab. By WHO model
The amounis of ISW were estimated according to the type of industry based on the
data of their production, however the estimation was failed to be accurate because the

substantial data were not obtained

- Total generation amount of ISW: 28,641 ton/month

b. EWI’s RINSOR Study

ba. Present discharge amouat of ISW
Based on the survey result of 265 factories and the data of the number of employees
in the MR, the total discharge amount of ISW (No Aprovechados: Not Recycled

Wastes) from the MR in 1994 was estimated as follows.

- Recyclables (Aprovechables): 9,269 ton/month
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- Not Recyclables (No Aprovechables): ' 16,836 ton/month
- Total: 26,105 ton/month

bb. Future generation antount of ISW

The future generation amount of ISW was not estimated by using the INVENT mode},
the WINVENT model and the WHO model because the report of CEPAL concluded
that the future estimation of the ISW amount in the South America region based on the
three models were quite different respectively. Therefore, the study of the EWI
basically used the data of the number of employees and the growth of GNP for the
estimation of the future ISW amount. The followmg assumptions were set up for the
eshmallon

- = The future technology of production will be no difterence from the
existing ones.
- The future environmental regulation for air emission and waste water
discharge will be the same as the existing ones.
- = The future balance of deinand and supply of employment will be the same
as the present one. -

The amount of ISW was assumed to be influenced by the following index. %
- The variation of the number of employees according to the CIIU Code.
- The future amount of production and sale will change in accordance with

the trend observed between 1983 and 1991,

The discharge amount of ISW (No Approvechados) in the year 2004 estimated based
on the above said assumptions are shown below.

- Recyclables (Aprovechables): 19,920 ton/month
- Not Recyctables (No Aprovechables): 35,742 ton/month

- Total: 55,662 ton/month



I.ll2

Classification of ISW

a.  Classification of ISW related with the Study
aa, Classification related with the Study

Various investigations in relation with the Study have been carried out and various
classifications of ISW, as listed below, were introduced:

- HW classification in the D&M’s RISPEL study,

- ISW classification employed in the declaration system,

- ISW classification proposed in the EWI’s RISNOR study,

- ISW classification the Team employed for their investigation,

- HW classification drafted by MS, and

- HW classification in the ISWM manual produced jointly by the Ministry
of Economy Promotion and Reconstruction, and CONAMA by TESAM
SA.

Among various classifications mentioned above, the classification applied to the CDSI
data base is the most relevant for the Study.

ab. Present statns and future adjustment to CDSI system
aba. Present database system

In July 1994, the private consultant Dames & Moore presented the Final Report of the
Study on “Houschold and Industrial {Toxic and Hazardous) Solid Waste Management;
Design and Implementation of a Hazardous Solid Waste Management Control System
in the Metropolitan Region”. This seport included a “Scheme for the Identification and
Classification of Hazardous Solid Waste”, which is presented in Figures 1.1.2a and
1.1.2b. The scheme would enable to both 1dentafy hazardous solid waste and determine
the degree of harmf’ulness on the basis of their chemical constituents. However, such
classtfication procedure implies the need to implement chemical analysis and, therefore,
the existence of certain analytical capability, not yet aitained in Chile. For this reason,
the proposal presented by the consultants was not for immediate implementation but
rather midterm in nature, that is, in anticipation of the fisture existence of adequate
facifities and infrastructure.



SOLID
WASTE

The waste is YES

explicilly considerod _
gon hazM

lno

is the waste included
in any of the 4 lists

of hazardous waste?

The waste, or waste mixiure,

shows any of the following NO

characteristics: inflammable,
corrosive, reactive or toxic

YES

The wasle is hazardous The waste Is non haza‘doﬂ g

Figure 1.1.2a Identification and Classification System for Hazardous Solid Waste

(Phase 1)

I-4



Hazardous waste

Is the wasle YES
included in lists
Porlu?
Is the waste YES

The wasle is classified as
highly hazardous

(level 1}

included in
lists F or K?

NO

The wasté is classified as

moderately hazardous
(level 2)

The waste is classified infevels 1, 2 or 3,
accorging to the criteria indicated in Table E.7

Figlre 1L1.2b" Identification and Classification System for Hazardous Solid Waste

(Phase 2)
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The short term proposal established by the report was the implementation of a
declaration system where both producers and destinations of waste should declare (by
means of completing and submitting the declaration documents) the amounts generated
and received respectively. One of the main results of the study was the design of the
CDSI database (ISW Control System), created to store all the information received
from producers and final receivers of waste.

The initial computer system included 25 categories of waste for classifying the different
types of residues generated and declared by the industries. The list of the original waste

categories is presented in Table 1.1.2a below.

Table1.1.2a Original Waste Classification by Dames & Moore

fcATEGORY DESCRIPTION i
X Adhesives
}Eﬂ Glass I
3 Ashes
l 4, Dust '
5. Sand and clay
6. Slag
7 Stene and rubble I
8 Ceramics
9. Cement and plaster
10. Asphalt and tar
1L Asbestos
12, Filtering materials
I3. Chemical products in containers
14. Discarded raw materials
15. Laboratory waste
16. Fats and oils | 1 '
17. Organic matter I
18. Vegetal material
19. Paper and cardboard
20, Plastic and rubber
$21. Wood and saw dust
22. Leather, fabrics and fibers
23, Paints, inks and solvents
24, Metals
iL2s. Pelroleum and by-products

However, during the first 4 montbs of independent operation by PROCEFF (sub-
ordinate to SSMA -Environmental Sanitary Service- responsible for operating the
system}, the number of categories was increased to 50 on the basis of the new types
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of waste that were being declared. The new waste classification is listed in Tabte

1.1.2b below.

Table 1.1.2b Present Waste Classification
CODE DESCRIPTION
0001 Adhesives
_‘ 0005 Dust "
4 [ cot0 Ashes
“ 0015 Sand and clay
loms Sand and rubble
0020 Slag
0025 Rubble I
0026 Rubble, dust, paper, wood H
0030 Asbestos
0035 Asphalt and tar Jl
il 0040 Ceramics, cement and plaster
041 Fiber cemenl waste
0045 Batteries
0050 Iron, steel and brorze scrap
| 0051 Metal drums _
8 _ { 0052 Metal wools ] "
§: _ 0053 Metal, paper, cardboard and tin plate drums |
-~ Jooss Tannety spoilage (leather)
0060 Fabrics and fibers
l 0061 Cotton wasle . |
0065 Discards from chemical/reactive products (expired producis)
0070 Empty containers for reactive chemical products
0075 Paint, ink and pigment containcrs
|| 0076 Solvents S
0080 Filters/earth
[fooss Trisodium Phosphate - I
0050 Gum and mbber
0095 Plastics (Polyethylenc, PVC)
0096 Plastics/paper/cardboard/wood/fabrics
g;’ 0097 Plastic drums
b 0098 Plastic wool (foam)
0100 Sludge '
‘ 0101 Contaminated pasles - L _
0105 Wood and saw dust {impregnaled with chemical products) {
0110 .Organic matter in general . ||
, “01_11 | Fatsandoils |
. |lori2 Tomt | | i
- Jlons Paper andcardboard |
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o1té Paperfglassiplastic

0117 Paper/plastic/scrap/eardboard

0120 Petroleum and by-products

0125 Glass

2139 Dormestic waste

0131 Domestic waste and unclassified waste
€135 Production waste '

0140 Unclassified

0150 Metal dust

At present, the computer system is still operating under the mentioned conditions,
which result in the following shortcomings:

The number of categories is deficient to provide a realistic description of
the wastes generated. For instance, groupings such as those under
categories 0116 or 0117 imply a significant loss in accuracy, both in
quantitative and qualitative terms. |

If different wastes generated by the same industry are to be input
separately, the system requires individual records, which means loss of
efficiency for the typist (PROCEFF is understaffed).

Since there is no scheduled list of residues, inconsistency is found
regarding waste description by the industries. Such an anﬁbiguous system
atso leads to incompetent recording of data. :

abb. Improvement plan

EWT's Study on “Diagnosis and Identification of Technologies and Strategies for Non
Hazardous Solid Waste”, Final Report (March 1995), proposed an improﬁemént plan
for the declaration system and the CDSI database. It must be noted that the proposal
did not arise from judging the deficiency in view of computer system operation, but
from the need to adjust to the inherent situation and to the wastes that were being
dectared. The plan can be summarized as follows:

A new scheduled list of residues with 333 categories was compiled to be
used in the CDSI system. Each waste was assigned a code which will be
used at the time of completing the documents and recording the data in
the computer system. Therefore, the system will gain eﬂicxency in spite of
the dramatic increase in the number of waste categories. ©

This general list of residues was used to compile a specific list titled
“Types of Waste for Industrial Sector”, where each mdustnal activity
{ISIC code) was associated wuh all the dlfferent types of waste it is
predisposed to generate, '
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= - Both of these lists will be sent to the industries and will become the new
- guidetine for filling out the declaration documents and also for recording
the information in the database. :

- The computer system will generate a specific list corresponding to each
industry for each individual company in order to individualize the
monitoring activities. : :

<.~ Finally, the data base will retain the capability of upgrading both lists if
new information is reccived {e.g. adding new waste to the general list,
assigning an existing waste a new ISIC code, etc.).

It is expected that these adjustments will provide a more accurate contro! over the
industries, as well as a quantitative diagnosis regarding the need for treatment/disposal
facilities. It is PROCEFF’s intention to begin implementing the new system by January
1996. '

b. ISW classification employed in the Team’s Investigation

Categorization methods vary in the context of ISW classification and HW
classification. Each country adopts their own classification of ISW and/or HW with
varying circumstances. In other words there is no internationally accepted or
recognized ISW or HW classification, Therefore, it is necessary for the related Chilean
authorities to confer when contemplating other countries’ and international
organizations’ trends in waste classification to consider Chilean intrinsic situation and
conditions prior to establishing the most suited waste classifications to be adopted in
Chile. ' '

As mentioned above, several similar studies for ISWM were conducted prior to the
Study and several ISW classification were examined and proposed. Among those ISW
classifications proposed, it may be judged that the “333 classification” proposed in the
EWT’s RISNOR study and the one which SESMA-PROCEEF plans to adopt officially
for their ISW monitoring and management (i.e. CDSI s'ysterh) should be currently most
suited to the present state of industries in the region.

As proved in the EWD’s RISNOR study, the 333 classification is most suited for
management of the declaration (and is advantageous especially in view that both waste
generator and authority could identify ISW), however, diversity in the 333
classification is of great disadvantage and imposes a huge resiraint when estimaling
total waste generation amount in the MR and for planning treatment/disposal plans
based upon the estimated value. Therefore, for the formulation of the Master Plan as
the Study requires, it is indispensable that the 333 classification should be divided into
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categories of wastes, similar in nature. Consequently, the Team proposed 24 ISW
classification, as shown in Table 1.1.2¢, to be used for the Study that is compatible
with and is a calibrated version of the 333 classification. The Team produced the
matrix-table, as shown in Table 1.1.2d in order to maintain compatibility of 24
classification and 333 classification. The matrix-table is determined for the Study in
order to estimate ISW gencration amount and formulate ISW treatment/disposal plans,
finally after full and detailed examination of its compatibility by both the Team and the
counterpart.

Table I.1.2¢ Proposed 24 ISW Classification

Code Type of Waste
C-1 Ash including from incinerator
C-2 Dust and APC products
C3 Inorganic studge
C-4 Organic sludge

1C-5 . ] Asbestos
C-6 Acids
C-7 Alkalis
C-3 Solvents
C-9 Oily waste
C-10 Inorganic chemical residues
C-11 Organic chemical residues

1 C-12 Other liquid waste
C-13 Waste from food production
C-14 Glass and ceramics
C-15 Metal and scrap
C-16 Paper and cardboard
C-17 Plastics I
C-18 Rubber _
C-19 Textile and leather
C-20 Waste simifar to domestic waste
c-21 Wood |
C-22 Slag from melting
C-23 Constiuction waste
C-24 Other solid waste
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¢.  Proposed Classification of Hazardous Waste

The classification of HW drafted by the MS in the document is basically corresponding
to that sanctioned by the Bazel Convention. It is fairly understandable that a
developing country employs it for his adniinistration of HW. The concept of the
classification of HW adopted by the Bazel Convention is basically:

HW are defined as those:

i which are identified in specific “waste streams” (Y2 - Y18), and/or
.  waste “having as constiluents”, and
iii.  which indicate “hazardous characteristics”.

Therefore, in order to identify and control HW, establishment of “analysis methods and
permissible limits” for HW and consolidation of analytical capability in industries are
essential.

At present, consolidation of laboratory analysis (nationally) is deemed poor and
authorities face problems of lacking analytical capacity as well as having limitations in
cost recruitment. Therefore for the time being, it may be practical to assume that waste
produced by industries without proof of their safety is hazardous, and should be
ireated as HW. Hence industsies (waste generators) shall bear the burden of proving
that their waste generated (HW or liquid waste defined by the SESMA-PROCEFF
waste classification) are within the permissible limits; e g. indusiries themselves shall,
at their own cost, carry out laboratory analyses (which MS defines) venifying that their
waste is non-hazardous. In this context, problems may not arise even though 2
different classification of HW(i.e. SESMA-PROCEFF and MS) exist. Periodical
reviews and revisions of the PROCEFF waste classification are necessary in reflecting
the outcome continuously compiled through these laboratory analysis. It is
indispensable for the forimulation of an efficacious HWM plan to make the SESMA-
PROCEFF classification and MS classification compatible. -

It is necessary to spend quite a long time for the formulation of the compélibilily

between two classifications since it requires practical analysns works Thjs issue will
be explained in detail in the following section. :

-1-18



d. 24 classification proposcd by the Team and 44 classification drafted by MS

Responding to the request of the Chilean side to the Study Team that the waste
classification being applied to the Study shall be compatible with the one which the MS
is going to adopt for hazardous wastes, expressed at the Discussion Meeling on the
Progréss Report held from 10th to 14th March 1995, the Team summarizes their
opinions and proposals as below. For better understanding of the opinions and
proposals, those are illustrated in Figure 1.1.2¢.
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i.  Matrix-table between 24 classification and MS classification

Waste in each of the 24 classification proposed by the Team may falls into
multiple sections of the MS’s 44 classifications, that is, “one-to-one
correspondence between generated waste and the classification (e.g. 24
classification of the Team and 333. classification of EWI’s RISNOR study,
although some exceptions remain)” can not be followed in this 44 classification.
Therefore, the Team shall not produce a matrix-table (as the one produced
between the 24 classification and 333 classification).

ii. . Estimation of [ISW generation and treatment/disposal planning

As EWFP's RISNOR study proved that “estimation of ISW generation amount”
and “planning of treatment/disposal based upon the generation estimation” in
relation to the 333 classification are hardly possible in view of the “time
allowed™ and “‘available computer capacity” at present, in this regard, the Team
proposed the 24 classification in order that ISW can be identifiable visually and

~ the compatibility of waste classification with 333 classification can be

maintained. Therefore, it is necessary for “estimation of ISW generation
amount” and “planning of treatment/disposal based upon it” to adopt the 24
classification that the Team proposed.

iii. SESMA-PROCEFF 333 classification and MS 44 classification

While the HW classification MS proposed is for the purpose of identifying and
controlling HW, it is indispensable to provide standard analysis methods for
identification and to facilitate specialized analysis for HW. Under the present
situation where analytical abilities are not gained, it is very difficult for industries

to declare their wasté through the declaration system according to the

classification that MS proposed. On the conlrary, the 333 classification of ISW
has the list for HW identification and thus may be deemed as an effective toot
to be employed for the declaration system and the management of HW, under

- the present situation of lacking provisions of standard analysis methods and
- specialized analysis facitities for HW. Therefore, as the Team's conclusion of

ISW classifications, both classifications of SESMA-PROCEFF being adopted
and MS drafted should co-exist. - '

iv.  Coordination of two classifications

In order to formulate an efticacious HWM plan in Chile, coordination of both

' classification. of :SESMA-PROCEFE and MS- (drafted) ‘is indispensable.

[.21



However, formulation (coordination) requires empirical support of analysis
works, which shall take some time.

v.  Coordination work required

In order to formulate a compatible system between the 333 classification (being
adopted for the declaration system) and the classification MS drafted, the Team
proposes the following steps to be adopted by the Chitean side:

- For the time being, for those industries which are deemed to
generate {hazardous and liquid state) waste listed in the PROCEFF
classification, (control system) unless the factory proves their waste
is non-hazardous, the waste shall be deemed hazardous (i.e. the
industry carries out the required analytical tests of their generated
waste based upon the criteria of MS spemﬁed in the draft
regulations.)

- At the same time, data of HW and LW should be continuously
collected and compiled in accordance with the 333 classifications of
PROCEFF as well as the 44 categories of MS.

- Factory inspections should be carried out in conjunction with
laboratory analyses for processing the compiled data to make it
more accurate and reliable.

- Along with the data compilation, the risk of ISW in accordance
with the definition by MS should be easily :denhﬁed by the data
given in the declaration system.

vi.  Estimation of HW guantity

Based on the matrix table between the PROCEFF’s 333 and the JICA’s 24
classifications, the hazardousness of ISW can be identified to the extent as
described below: ' ' Co

- The waste categosized as C-5 (Asbestos) is hazardous,

- The wastes calegorized as C-13, -14, -15, -16, -17, -18, -19, -20,

' =21, -23, are all non-hazardous, - '

- Some postions (soine betweén 0 and 100%) of the wastes
categorized as C-1, -2, -3, -4, -6, -7, -8, -9, -10, -11, -12, -22, -24
may be hazardous. S : o

In addition, based on the comparison of the available waste generation data by
the 333 classifications, from the EWI’s RISNOR Study, with the results of the
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factory survey by the Study Team, the portion of hazardous and liquid wastes
for each of C-1, -2, -3, -4, -6, -7, -8, -9, -10, -11, -12, -22, -24 can be assumed
because “one-to-one cosrespondence” (with a few exceptions) are maintained
between the 24 classification and 333 classification.

Accordingly, the ISW treatment/disposal master plan is to be proposed based on
the estimation of HW/LW generation with the method mentioned above.
However, the Chilcan experts may also refer and review the ISW based on the
amount of HW generation in accordance with the 44 classification of MS as its
compatibility with the PROCEFF’s 333 classification is known to the Chilean
side. ‘

vii.  Priority in HIWM

Main HWM issues for the time being are: monitoring and controlling of “Highty
Potential Industries” which may be liable to produce LW and HW for the ISW
List (namely the 333 classification of PROCEFF). Factories are classified with
their (high, medium, or low) liability of generating HW as shown in the Table
1.1.2¢ on the next page. Monitoring and controlling by regulation should be first
reinforced and practiced toward those “high potential industries”.
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Table I.1.2¢ Classification of factories in accordance -with the potential of
generating hazardous wastes . '

Potential CHU Code Industrial Category * Type of Indu
i 2 3 4
Ihighly 354 3511 |Crganic and inorganiz industrial chemicals X
Potential 351 2{Fertilizers, Insavticides and the tikes X
Industries . 3513 |Resins, plastics, and chernical fibres . . x
514 |Muulactured chamical products X
152 3521|Paints, Vamishes, lacquers, enamels, and the likes x
3522 |Madicines (Pharmaceutical products) X
33521 |S0aps, detergents, shampoos, cosmetics, and the likes : X
3529 0ther non-<classified chemical products ] x X
354 - 3540011 and coal products : X
356 3560 [Other nea-classified plastic products X

371 3710 ]lron and steel induslrics

LYY 3721 {Basic copper industry
37221 Copper products and slloys
3129|Basic non-fecrous metsl industries (exe, copper)

LA N R

35l 3811 | Metal cutlery, hand teols and other general hardware
3812 Mctal fumiture and fiture

3813 Metal structuses, tanks, shanties, doors and windows
I814 [ Metal packages, tools, and household utensils

IR S [ Wires, non-isolated cables and by-products

3819] Other meta) products

E B

ifighly Potentisl Total

Potential 3211 2211 Testile procéssing nd materials manufacturing

Industrics 3231 3231 | Leather lanning and finishing

nn 3232 | Fur dressing, dyeing and other fur and skin articles

3319 3319 ]Other non-classified wooden products

341 3411[Papec and puip
3412 [ Paper contsiners and boxes
3419 | Onther paper and pulp products

3420 3420 Printing, pholoengraving, publishing and the likes

335 3551 Tires, tutes, rims and the likes
3559 |Other pon-classified rubber products

362 3620]Glass and glass products

3699 3695 | Other non-mxetaltic mineral products

382 3822 | Agricvitural machinery

3823 | Wocd and metal working machinery

3824 [Other industriat machinery

3825 [Ofice machinevy and equipment (inc.computers)
3829 |Other non-classified machinery

k1X] 3811 Indolors, generatoss, transformers and the {ikes

3832 (Radio, TV, X-ray retated machinery and equipment
3833 | Electric heating machinecy and equipment

3833 [Other eleclic machinery

3gd 3341 }Ship and boalyards, marine engincs and their paris
3842 [Railroad machinery and equipment

3843 | Vehicle pasts and engines

3844 [Motorcycles and bicycles

3845 | Alrplancs and their components

3849 [Other transport equipmient

385 1851 [Measurement, controlting and medical machinery
3832 |Optical and photechemical machinery (inc.lens)

390 3901 lewellery and silverwase

3902 IMusical instruments

3503 [Sporting, sthletic and camping goods

3208 | Other non-classified manuTachuring industries

628 6153 [Gasoline hilling stalion

9352 9520 ]| Laundrics and dry cleaners

Potential Hazardous Tolal

Hazardous Telal

124



ClIU Code

Industrial Category

* Type of tndus

Less
Potentie]
Industries

3

X
N
KX PR
M
s
k131
anz
g

Livestock slaughtering and meal production

Dairy producis

Fruits, vegetables, and their products

Fish and other marine foods

Animal and vegetable oils

Cereal focxds

Bakery, biscuits, cakes, pastas and the likes

Cocoa and Chocolate powder and sugar confectioneries

i

un
un

Other noa-classified tood manufacturing
Arimal feeds

31

313
n
3
3134

Alcoholic distiting

Wine, ciders and other formented beverages
Malt, beer and malt liquors

Non-aleoholic beversges

EIL

3149

Crgaretles, cigars and tebacco .

nz-3219

a2
313
ni4
s
29

Cloth manufacturing and related processing
Sotks, stecking and knit products

Carpets and rugs

Ropes, cables, cordage, nets and the likes
Other non-classified textile industries

m

320

Garment industrizs

3213

3233

Leather products (exc foolwears)

3

3140

Leather footwears

3311 -3315

nBn
312

Wood processing 2nd wooden producls manufactering
Woeden and cane cortainers manulacturing

KXY

3320

Fumiture, Gxture and the likes

361

3610

Potteries and ceramic produds

3631 - 3656

3691
3692
3693
3693
3696

Bricks, Letiices, walis and relf actory materials
Cements, lime, and plasters

Cement building materials

Fibre cement products

Plaster building materisls

410

4101

Generation, transmission and distribution of eledisic energy

Less Potential Total

Total

NOTE : *Type of Industiy
1. primary metal industry, )
3. posticides and explosives industry, 4. eleciroplating and surface finishing industry

2.organic chemical industry

5. inorganic chemical industry
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Present ISW Generation

a.  Calculation of Generation-Ratio

Estimation of the present ISW generation amount is carried out by referring to the
outcome of the Team’s factory survey (189 factories due to 10 factories among 199

did not reply
(265 factori

their number of employees) plus the data from the EWI’s RISNOR study
es) converted to the 24 waste classifications proposed by the Team.

Generation-Ratio (GR) is calculated from the following formula.

GR =(TA(J) + TA(E)- OA ) / (NE - NE(OA) )

GA = (GR x NE(INE) )/ 1,000

GR Generation-Ratio (kg/employee/year)

GA Waste Gerieration Amount (ton/year)

TA()) Total Amount of Generation obtained by the Team’s survey

TA(E) : Total Amount of Generation obtained by the EWI’s RISNOR
study

OA Overlap Amount of generation between Team’s survey and
EWT’s RISNOR study

NE Number of Employees in total for all factories surveyed by

: the Team and EWI’s RISNOR study
NE(QA) Number of employees overlapped in the two studies
NE(NE) Total number of employees in the Metropolitan Region from

INE data

b.  Numbers of Factories and Employees in the Metropolitan Region

Statistics available with regard to the industries and their employees are the data
corpiled by INE (Instituto Nacional de Estadisticas). The INE data regarding the
industries in the MR shows only ranges of number of employees for respective
industries as shown in Table 1.1.3a. The following assumptions are, therefore, made
for the calculation of Industrial SW generation:

Data (numbers of factories and employees) of industries with less than 10
employees are not included in this estimation, since relevant data was not
available and its overall contribution towards the total number of
employees in the industries within the MR is marginal. '
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il.  Number of employees referred in the calculation of GR is the total
cmployees including employees in indirect/administrative sections.

iti,  Number of employees (in industries with 10 or more employees) used in
the calculation of the ISW amount generated are shown in the table
below.

Table I.1.3a Assumption for the Estimation of Waste Generation from Factories
' with 10 or more Employees

l Range of Eﬁlployeés Nuniber Assumed Employées Number 1
10-19 1 - 15 I
20 -49 ' 35 !
50-99 _ 75
100 - 199 150
200 - 499 350
500 - 999 750 l
l > 1,000 1,500 I

¢ Present industrial SW generation amount

A comparison table of EW1’s RISNOR study and the JICA Team’s survey is prepared
as shown in Tables 1.3.b and I.1.3¢. As clearly presented in the table, there is very little
difference between generation ratio of EWI’s RISNOR (4,254.49 kg/annual/employee)
and that of the JICA survey (3,473.71 kg/annualemployee). However, the generation
ratio as well as amount of HW and LW in the JICA survey was much higher than in
EWF’'s RISNOR study, because the JICA survey targeted to investigate industries
which may generate more HW and LW than those industries targeted by EWI’s
RISNOR study. It is found by the tables that the two studies covers 84,380 employees
in total which is equivalent to 30% of total employees of targeted industries in the MR.
JICA study sclected much larger industries than EWID's. (Average number of
employees for JICA is 340 while that of the EWI’s is 76.}

Present ISW generation amount in the MR is estimated in relation to 36 industrial
group-wise classification and the 24 ISW classification. The outcome is summarized
as shown in Tables I.1.3d and 1.1.3¢ below. As for the mining industries {CIIU code
21001 to 29090), there are several in the MR and they produce considerable amount
of ISW. However, all of the generated ISW in the mining industries are disposed of at
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their own landfills at present and in future (i.e. closed system). Thercfore, ISW
generated in mining industries are excluded from this table to avoid confusion due to
the huge amount of slag from the industry, ISW Generation amount (in 1995) in total
is about 939 thousand tons per year. The largest generation (amounts) of ISW and
industry are C-13 Waste from Food Production (219,911 tonfyear) and ClIU Code
311 Food Manufacturing (154,850 ton/year) respectively. Detailed outcomes are
presented in Tables 1.1.3f, 1.1.3g and 1.1.3h.

As for the ISW generation by the waste categories of non-HW, HW and LW, ISW
generation amount in 1995 is calculated based on the EWI's RISNOR Study and
JICA’s Survey and summarized in Table I.1.3i. Detailed outcome is presented in Table
1.1.3j. As clearly shown in the table present generations of HW and LW are very few
due to mainly limited generation of sludge (C-3 and C-4) and dust (C-2).
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8

Table 1.1.3d

Summary of ISW Generation Amount in 1995 by 24 ISW

Categories
Unit: ton/year
Code Type of Waste ISV Generation

C-1 Ash including from incinerator 10,973
C-2 Dust and APC products 5,078
C-3 Inorganic sludge 47,035
C-4 Organic studge 43,518
C-5 Asbestos 259
C-6 Acids 16,911 }f
C-7 Alkalis 2,435
C-8 Solvents 485
C-9 Oily waste 3,824
C-10 Inorganic chemical residues 24,479
C-1i Organic chemical residucs 7,927
C-12 Other tiquid waste 4,044 '
C-13 Waste from food production 219,911
C-14 Glass and ceramics 129,240
C-15 Metal and scrap 55,028
C-16 Paper and cardboard 00,602
C-17 Plastics 24,858
C-138 Rubber 14,306
Cc-19 Textile and leather 10,158
C-20 Waste similar to domestic waste 47 984
C-21 Wood 117,359
Cc-22 Slag from melting 10,898
C-23 Construction waste 6,577
C-24 Other solid wasle 45,209

Total 939,138
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Table 1.1.3i ISW Generation Amount in 1995 by Non-HW, HW and LW
Unit: ton/year

ISW Category Generation Amount Rate (%)
Non- Hazardous Waste 868,000 924
Hazardous Waste 26,000 28
Liquid Waste 45,000 48
Total 939,000 100.0
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I.1.4

Present ISV Flow

a.  Outcome of the Survey Resulis

aa. Factories’ Survey by JICA

The survey by the Team carried out following investigations regarding waste

generation, treatment/disposal by réspeclive factories, in order to assume “present ISW

flow™:

it.

fii.
iv.

Vi,

viii.

Transport and final disposal at municipal landfill by own means of
transportation;

Transport and final disposal at municipal landfill by cons:gnment of private
contractor,

Final disposal at factory’s compound and/or its propesty 1and
Long-time storage at factory’s compound awailing external
treatment/disposal;

Discharge {0 Sewer o Walercourse;

Disposal consigned to private conteactor - treatment and disposal is not
known;

Reutilization by other parties, e.g. use at other factory as raw materials;
and

Others.

The outcome is shown in Table 1.1.4a. Destination of 1,282 ton/month, which count
for about 7% of the total generation amount (18,632 tor/month), was not known
(Others and No Answer in the Table).

ab. EWJD’s RISNOR Study

Although it is not presented in the report of EWI’s RISNOR Study, the study carried
out following investigalion regardmg ISW generatson and lreatmentldlsposal at
respeclive factories:

il.
il
iv.

Transportation by a third paty for sale;
Transportation by a third party for landfill;
Transportation by a third party for fee of charge;
Municipal collection

" Own transportation for sale;
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vi.  Own transportation for landfill;
vii.  Own transportation free of charge; and
viii, Without transportation.

The Team analyzed the outcome and sumimarized in Table 1.1.4b,

b.  Analysis of the Outcome

- ba, Summary of Qutcome

Although surveyed items of JICA Team and EWI's RISNOR regarding waste
generation and treatment/disposal were different, both studies reached the same
conclusion that the percentage of “recycling” of ISW is quite high. Bearing this in
mind, ISW are classified principally into “recycled” and “not-recycled”and summarized
in Table 1.1.4c foltowing the manner EWI employed.

~ bh. Rate of ISW recycled and not-recycled

Proportion of “ISW recycled” and “ISW not-recycled”is given as:

- 56.2% and 43.8% in JICA Teant’s survey, and
- 54.1% and 45.9% in EWI’s RISNOR study.

Outcome of both studies showed approximate values. In this regard, i.t might be
assumed that the values are reliable.

be.  Amount of On-site Intermediate Treatment

Outcome of Team’s survey on “on-site intermediate treatment”are shown in Table
1.1.44. According to the table, 1,366 ton/month, which counts for about 7% of the
tolal generation amount of factories surveyed {18,632 ton/month) are internally treated
on-site,

On the other hand, values of “others” plus “no answers” in Table I.1.4a reaches 1,282
ton/month and it is approximate to the value 1,366 ton/month. Judging from the
questionnaire format employed in the sugvey, it might be assumed that on-site
intermediate treatment are realized in the range of this value (i.e. 7%) in the MR,
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Table §.1.4a Disposal Methods in Factory Surveyed by JICA Team

Unit: ton/month
[ Dispozal Methods
Industrizl Category 1 2 3 4 5 6 7 4 | No Answer [Grand Totsl
Highly 351 R 10.5 -l -l o1l woa 1096  01] 0.1 1209
Potential is2 0.0 T44| 03] 01| 994 29 425.3] 200 10.7 631.5
Industries  |354 03 12.8 - - - - - 0.2 - 133
156 392 43.6 - -1 00| 10 372 20 25 125.5
n 2040 7139 -1 400] 13010 - - 240 1,2829
312 LS - - s - 182 - 19.0 114.5
1l 219 3298] 13.0] 152{ 417.6] B37 655.6] 3454 9.9 },898.0
Total Highly Potentisl Industries 2| 268.91.1,260.5]°:13.2| 7 55.3]:818.9]-393.6]" 1,246,411 368.6] .- - 1 66.2] 0.5 4, 1886
Patential 3211 1.4 534 0.7 - 10] 320 14.0 34 0.2 105.8
Industries  |3231 18] 1482 - o T 49.0 - - 198.0
3319 - - - - - . 308 - - 50.8
M1 5.0 14372 - - - - 964.3 - 61.0 24676
3420 S ese] T S 03| eS| 2m2f 14 106 1,4303
355 254.0 05 05 - - - 4.0 - - 259.0
362 - 3544 -| 900 - - 40.0 3.7 91.7 589.8
3659 - 200 - - - - - - 0.6 20.6
382 40 512 - - - - 834 - 0.8 145.5
383 10.0 104.8 - - 24 23 3038.3 8.0 300.0 1359
384 - 9.2 - - - - 531 - - 623
385 s L A o - 0030] a0 - 1,058.9
390 - - A I a6 - - 4.6
625 - - - - 08f 02 - 20
952 - -] 40 - -1 0.1 - 305
[Total Potential Industifes = CHL2E90.0)-7.6]:130,2) 03,852 4] 20.8] 20 0 464.9] ¢ 207,162
1ess 1 - -l 00| 624] 13,4571 - 233 1,750.1
Polential 313 - -] 29240 - 3,827.2) 190 85 4,535.7
Industries 322 - . 74 - 59.3 - - 103.3
324 - - - - -| 200 - -1 26.1 46.1
1691 - 3696 - =] 520 - - - -| 2843 - 8083
410 - - - - - - 37.5 - - 3135
[Total Less Fotential Industeles 0 | 220 2.9]71:630.0] 8240} -~ 1.299.5] 82.4] 77863811 303.3):: 7.9 2,181
Grand Totsl 2027720 7001 8482] 4,209.4] 538.4] 14531 826.0] 606.1] 10,479.8] 69261 0 18,631.81
Note: 1. Transport and final disposal at municipal landfill by own means of transpriation.

2. Transport and Oinal disposal et municipal land il by consignmeat of private conltractor.
3. Final disposal a1 factory’s compound and'or its praperty land,

4. Long-time storage at factory’s compound awaiting external treatment/disposal.

5. Discharge to sewer of walercourse

6. Disposal consigned to private contractor - treatment and disposal is ot known.

7. Reutitization by other parties, £.g. uss al other faclory b5 raw matenial.

8. Others.
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Table 1.1 .4¢

Comparison of JICA Survey and EWI’s RISNOR Study Resulis

Category of survey | JICA Survey EWT’s RISNOR Study
ISW amount | Answer _ Rate ISwW Answer Rate
Dispasal Method code amoutt | %
on/month | No. (%) { ton/month | No, (%)
1. Generation 118632 1000 | 10,386 100.0
2. Recycled 10,480 7 562 | 5614 54.1
- Onsite NA 2,143 8 206
- Ovtside NA 3,471 13457 | 334
3. NotRecycled 8,152 438 | 472 45.9
3.1 Storage 145 4 08 21 8 0.2
Is.z Disposal 6,125 36.1 | 4751 2346 | 457
Dispossl at 4,755 12 255 [NA
municipal landfills
On-site disposal | 538 3 29 |NA .
Discharge to 826 5 44 NA -
sewet, efe.
Unknown disposal | 606 6 i3 NA -
3.3 Others 1,282 gandno |69 |NA
ANSWETS
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Table 1.1.4d Intemal Treatment Method in Factories by JICA Survey
Treatment Method Amount (ton/month) . Share (%)
Dewatering 148 1.1
Drying and/or evaporation 3218 23.6
Neutratization 5153 37.7
Deoxidization 0.1 0.0
Incineration LS 0.1
Crushing 20.7 1.5
Sorting 328.7 24.1
Oil Separation 0.1 0.0
Solidification 10.0 0.7
Others 153.4 112
Total 1.366.4 1000

¢ Present ISW Flow

ISW flow identified in the siudy is shown in the Table I.1.4e.

Table1.1.4¢

ISW Flow obtain by JICA Survey

Amount {ton/month) | Share (%)
1. Generation 18,632 | 100
2. Recycling 10,480 56|
3.  Treatment 1,282 7
4. Storage 145 1
5. Final Disposal
5-1 Disposal at municipal landfilts 4,755 26
5-2  On-site disposal 538 3
5-3  Discharge to sewer, etc. 826 4
5-4  Unknown disposal 606 3
[ Final Disposal Total 6,725 36
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The “Present ISW Flow” in the MR shown in Table I.1.4f is calculated from:

- “present ISW generation amount” multiplied by the “shares (%) obtained
in Table I.1.4¢".

Which is presented in a diagram of Figure 1.1.4a.

The flow indicates that more than 50% of ISW generated are recycled. However,
“Survey on private SWM Enterprises”by JICA Team and EWI’s VIRS study pointed
out that considerable amounts of ISW collected by recycling agents are treated and/or
disposed inappropriately. Attention should be drawa to that residues of recycling
works are illegally dumped in many occasions.

Table 1.1.4f  Present ISW Flow in the MR

I Share (%) | Amount (ton/year)
l 1. Generation | 100 939,139
I 2. Recycling 56 525,918
3.  Treatment 7 - 65,740
4. Storage o 1 _ 9,391

5. Final Disposal

5-1 Disposal at municipal landfills 26 244,176
5-2  On-site disposal 3 28,174
5-3 Discharge to sewer, €tc. 4 37,566
5-4  Unknown disposal 3 28,174
Final Disposal Total 36 .338,090
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1.2

1.2.1

Forecast of Future ISW Generation
Forecast of Future Socio-Economic Conditions

a.  Basic indicators adopted

The main objective of this section is to provide fundamental socio-economic data
required for the forecast of industriat/medical SW generation. Different methods were
applied for the forecast of industrial and medical SW generation. Regarding the
amount of medical SW generation, the forecast was conducted by estimating the
number of patients which is based on the projection of population growth up to 2010
The amount of industrial SW, on the other hand, is to be carsied out on the basis of the
estimated ISW generation per employee and number of empfoyees in 2010. Therefore,
the basic socio-economic indicators to be forecasted below are selected based on the
methods described above.

aa. Population growth

The result of the forecast of population growth in the MR is to be used for the forecast
of medical SW generation. -

ab. GNP growth

Although the result of the projeclion is not directly used for the forecast of
industrial/medical SW generation, growth of GNP is estimated as an indicator to
evaluate the validity of forecasted industrial/medical SW generation, |

ac.  Growth in the number of employees
(28 sub-sectors of Manufacturing Industry)

The most essential factor for the forecast of ISW generation is growth in the number
of employees. Since the per employee ISW generation is given for each of 33 sub-
sectors of manufacturing industries and 3 additional industries, the forecast of the
number of employees are also carried out for each of them. The table 1.2. 12 below
shows the specified 36 (33 sub-sectors of manufacturing industries + 3 additional
industries) industries in accordance with the potential hazardousness of the waste
generated.
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Table12.1a 36 Industries Subject to the Forecast of ISW Generation
Potential CHu (ISICy Industrial Catcgosy
Hazardousness | Code
of Wastes
Highly 351 Manufacture of industrial chemical preducts
Potential 352 Manufacture of other chemical products
Industries 354 3540 | Oit & coal producls _
356 3560 | Other non-classified plastic products
37 3710 | Iron and steel industries
B 312 Basic mctal industries
381 Manufaciure of metal products cxcept machinca & cquipment
Potential 321 3211 | Textile processing and materals manufacturing
Industries 323 3231 { Leather tanning and finishing
3232 { Fur dressing, dyeing and other fur and skin articles
331 3319 | Other non-ciassified wooden products
341 Papee and polp industries
342 3420 | Printing, pi;o—locngraving. publishing and the likes
- 355 . Manufacture of rubber products
362 3620 | Glass and glass products i
369 3699 | Other non.-melallic mineral products -
382 Maaufacture of non-clectrical machinery li
383 Maaufacture of electrical machinery
384 Manufacture of transport machinery!equibmenl
385 Manufacture of science, measuring, con[ro!ling and optic equipment
390 Oiher manufzcturing industries
625 6253 | Gasoline filling station
- 952 9520 | Laundrics and dry cleaness
Less 3 Food manufacturing
Potential 312 Other food manufacturing
Industrics 313 Bevéragc industries
314 3140 | Cipaceties, cigars and (obacco industries
321 | 3212 | Tetite industies
e ‘ '
322 3220 | Garment industries o H
323 | 3223 | Leather products {excluding footwear) i
324 3246 | Leather footwear ‘
331 | 33}- | Wood and cork indusiry
3315
332 { 3320 | Fumitue, fixture and the likes
3611 3610 | Potteries and ceramic broducls
369 | 3691- | Manufacture of non-metallic mineral products
.| 3696 S S '
410 4101 Téene_ralion. transmission and distribution of electric energy
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b. Methods and results of the forecast -
ba. Population growth

The National Institute for Statistics (INE) has just completed the population projection
up fo the Year 2025. This projection is conducted by applying the DUCHESNER
method, in which population projection is carried out by assuming the natural change
of population from avaitable data on of birth and mortality rate, and also by assurmng
social changes mainly brought about by migration.

Following this population projection, we set up the population of the MR for 2010 as
approximately 6,930 thousand. The average annual growth rate of population in the
MRS duting 1990-2010 is about 1.5%.

bb. Growth of GNP

According to the government statement on the future outlook of macro-economy in
Chile, economic growth will be maintained at 6% per annum in the mid-term. Based
on this, it is assumed that the average annual economic growth would be kept at 6%
up until the year 2000. After the year 2000, we adopted the growth rate given in the
long-term plan of Central Macro Zone (MZC). Thus, the annual average growth rate
was set up at 5% for the period of 2000-2005 and 4% for 2005-2010. The Gross
National Product in the year 2010 will be, based on these assumption, about 114,900
million US dollars (1994 prices). Average annual growth rate during 1994-2010 shalt
be 5.1%. -

be.  Growth of the Number of Employees

The forecast of the number of employees here is conducted on the basis of the
estimates of industrial production growth and labor productivity increase. The details
of the forecast are given on a step by step manner below.

Step 11 Forecast of industrial production growth

Based on the available data on the trend of industrial indices during 1982-1994
for 28 sub-sectors of manufacturing industry, the future industrial production
growth was forecasted by making a linear regression analysis with least square
method". As the data on industrial indices is available only by each of sub-
sectors classified with 3 digits of ISIC Code, the Study selected 28 sub-sectors
that totally cover 33 sub-seciors of manufacturing industries. The correlation
- between 28 and 33 sub-sectors is given in Table 1.2.1b. The estimated rates of
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industrial production growth for each of 28 sub-sectors are applied to 33 sub-
sectors in accordance with this table. Regarding the additional 3 industries,
different methods of forecast, that are separately mentioned in Section bd., are
applied so as to take into account their different activity types and data
availabitity.

*I;  Liner Regression by Least Square Method

Linear Regression by Least Square Method is a typical method of linear regression analysis.
With this method, the future trend of industrial growth is estimatad by extrapolating its past
trend which is given in a Yinear equation. In this case, the basic equation is given as
follows:

y=AHAX (1)
y: indusirial index
X: year

Ideally, all the given data (in this case, past data on industrial index) satisfics the equation
(1), but normally thete is an ermos between the actual data and the equation. Therefore, the
equation is modified as follows for each actual given data.

y=A+AX+3 (i=1,234, 1) @

l : This equation is called “Linear Regression Model”, and 8, is given as an expected error.
A, and A, of the liner equation above is determined by minimizing the sum of the squared
values of the expecled erross. This is the methed called “Least Squars”. The future growth
of industrial index is calculated in accordance with the linear equation given above.

Additionally, the Study do not consider any irrégular factors that may change the future

tread of industrial development such as relocation of factories between the MR and outside
the MR, establishment of new lypes of industries, and so forth,

Table 1.2.1¢ shows the result of projection on the growth rate of industrial production
during 1994-2010 for each of 28 sub-sectors of manufacturing industries.

149



Table1.2.1b -~ Matrix Table of 28 and 33 Categories of Manufacturing Industries
28 Categorits 33 Categories 1
LEade Industrlial Categorles ‘ Code Industrial Categories Il
3114312 | Food manufacturing 311t | Food manufacturing
312 | Othec food manufacturing
313 | Beverage industries 313 | Beverage induslrics o
314 | Tobacco industrics ) 3140 | Cigareties, cigars and tobacco %
321 | Textile industrics T 3211 | Textite processing and matetials |
manufacturing
' 3212- | Textile industsies
' 3219 4 .
~ 322 | Clothing manufacturing 3220 | Garment industrics
323 | Leather industries 3231 | Leather tanning and finishing o
3232 | Fur dressing, dyeing and other fur and
: skin articles
3233 | Leather products fexe, footwear) T
324 | Leather foolwear manufacturing 3240 | Leather footwear
" 331 | Wood & cork industries. "3311- | Wood and cork industry
3315 ;
: 3319 | Other non-¢lassificd wooden products
332 | Wooden fumiture & fixture 3320 | Fumiture, fixture and the fikes
341 | Pulp & paper manufacturing _ 341 | Paper & pulp industries
342 } Printing & publishing © 3420 | Printing, pho!oer;graving. publishing l
and the likes
"7 351 {Industrial chemical products 351 | Manufacture of industrial chemical
. products
352 | Other chemical producis - 352 | Manufacture of other chemical products
353 | Petoleum refineries o NA
354 | Petroteum & coal products 3340 ] Oil & coal products
355 | Rubber products manufacturing 355 | Manufaclure of rubber products
356 | Plastic products manulacturing 3560 | Other ror-classified plastic products
361 | Ceramics, tiles and other clays 3610 | Potterics and ceramic producis
362 | Glass products manufacturing 3620 | Glass and glass producis
T 369 Non-metallic mineral products ‘ 3691- | Manufactute of non-metallic mineral |
) 3696 | products
3699 | Other non-inetallic min.eral products
371 | Iron & steel industries ) 3710 | Iron and steel industries 1
372 | Non-fercous metal products 372 | Basic metal industries a
7381 | Metat products ) 381 | Manufacture of metal products except
machinery & equipment
382 | Non-electrical machinery 382 | Manufacture of non-elecirical machinery
383 | Electrical machinery 383 | Manufaciuce of eleclrical machirery
384 | Transport equipment 384 | Manufacture of transport machinery /
. equipmenl.
385 | Professional, scientific, measuring, 385 | Manufacture of science, measuvring,
controbling and optic equipment controtling and oplic equipment
390 | Other manufacturing 390 | Other manufacturing industries
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Table 1.2.1¢ Projected Growth Rate of Industrial Production by 28 Sub-Sectors
of Manufacturing Indusicy
cliu Sub-settor o Growth cuau - Sub-sector Growth rate
(SIC) reteduring  § (ISIC) during
Code 19942010 § Code 1994-2010
)] %)
[31 1312 | Food Manufacturing 46.7 354 | Petroleum & Coal Products 42
I 313 | Beversge Industrics 711 355 | Rubber Products Manufacturing 948
l 314 | Tobacco Industries 506 356 | Plastic Products Manuf: seforing 413
321 } Textile Industrics 613 | 36! | Ceramics, Tiles and Other Clays 123.7
322 | Clothing Manuvfacturing 698 352 | Glass Producls Manufacturing 100.9 j
323 | Leather Industries 10.% 369 | Non-Metallic Minecal Prdducls 699
324 Leather Footwear . 589 371 | Iron & Steel Industries 514
_ manufacturing :
331 | Wood & Cork Industries -14.1 372 1 Non-Ferrous Metal Products 274
332 | Wooden Fumiture & F'uchzre | & 1157 381 Mctal Products Manufacturing 7713
l 341 | Pulp & Paper Manufacturing 585 382 | Non-Electsical Machidery 81.5
342 | Printing and Publishing 1228 383 | Efectrical Machinery 1214
351 | Industrial Chemical Products 619 384 | Trensport Equipment 49.5
I 352 | Other Chemical Products 630 ‘l 385 | Professional, Scienti fic, Optics 1062
L 353 | Peloleum Refineries 743 390 { Other Manufactuﬁni Industries 383
Step2:  Assumption on productivity increase in manufacturing

industry

Since the unemployment rate reached 4% in 1995 and it is considered that the
labor market is almost saturated, the imminent production growth is assumed to
be mainly influenced by productivity increase ; i.e. the increase of employees is
to be less than that of production, contrary to the period between 1984 and
1992. Therefore, in order to forecast the number of employees, the Iabor
productivity factor needs to be estimated. As for the tabor productivity factor,
because it can not be extrapotated from past labor-intensive production trends

- in Chilg, the Study adopted to assume it by estimating the elasticily between the

increase rate of production and aumber of employees by each 28 sub-sector of
manuficturing industry for the period of high economic growth in Japan during
1970-1985, Table 1.1.2d shows the estimated elasticity for 28 sub-sectors.
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Table 1.2.1d Elasticity between the increase rate of production and number of
employees in Japan during 1970-1985

cnu Sub-sector . Flastcity f§ cmu | . Sub-sector Elasticity

(isIC) g (8IC)
Code g Code

311-212 | Food Manufacturing 068 354 | Petroleum & Coal Products 0.64

313 | Beverage Indusiries 042 355 | Rubber Products Manufacturing 0.52

314 | Tobacco Industrics _ . 042 356 Pias!ic Products Manufacturing 0.18

321 | Textle Industrics L 049 361 | Ceramics, Tifes &ndKOthcr Clays 037

322 | Clothing Manufz-icmring 0.64 362 | Glass Products Manufacturing 033

323 | Lesther Industries 091 369 | Non-Metallic Mineral Products 038

324 | Leather Footwear '- 081 § 371 | lIron & Steel Industries 033

manufacturing

331 | Wood & Cork Industries 0.60 372 | Non-Ferrou s.Mctal Products 036

332 | Wooden Fumiture & Fixture .70 381 | Metal Products Manufacturing 035

341 | Pulp & Paper Manufactur'uig 036 382 | Non-Electrical Machinery 0.45

I 342 | Printing and Publishing 078 383 | Electricsl Machirery ' 0.27

351 | Industrial Chemical Products 6.54 3 384 | Transport Equipment 0.3t

352 | Other Chemicsl Products 0.30 385 | Professional, Scientific, Optics 0.8

353 |} Petroleum Refineries 050 R _ 390 ] Other Manufacmﬁiginduslﬂes 0.35

Step3:  Forecast of the number of employees

Based on the forecasted increase rate of production and fabor productivity factor
(elasticity), the future number of employees is given by the following equation:

FE = (PIR *LPF)* NE

FE Future number of employees in 2010

PIR Production increase rate during 1994-2010
LPF : Labor Productivity factor (elasticity)

NE Number of employees in 1994

bd. Growth of the Number of Employees in 3 Additional Industries
bda. Gasoline filling stations (6253) and laundries/dry eleaners (9520)
Since production indices could not be obtained for the above two sectors, the Study

forecasted the number of employees by directly extrapolating the growth trend of
number of employees duting 1985-1992.
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bdb, Electricity supply industry (4101)

There is only one coal-fired power plant which is mainly used for peak demand in MR.
Because electricity demand in MR is mainly covered by hydropower plants that are
Jocated outside MR and it is estimated that additional power demand in the future will
also be covered by the plants outside MR, the Study assumed that there will be no
additional development of power plant in MR up to 2010. Based on this assumption,
the number of employee in electricity supply industry is determined not to change up
to 2010.

The result of the forecast of number of employees for 33 sub -sectors of manufacturing
industry and 3 additional industries is shown in Figure 1.2.1a, 1b, 1c and 1d and in

Table 1.2.1e,
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Forecast of the Number of Employees by Sub~-Sector of Industry (0 to 1000)

Figure 1.2.1a
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