HAUER féﬁli_ﬂi’.'i—‘.'f | ' S ‘,qﬁ:é:'
JAPAN INTERNATIONAL COOPERATION AGENCY()ICA)

NATIONAL COMMISSION FOR THE ENVIRONMENT (CONAMA)
THE REPUBLIC OF CHILE

THE MASTER PLAN STUDY
ON o
INDUSTRIAL SOLID WASTE MANAGEMENT
IN
THE METROPOLITAN REGION
-
THE REPUBLIC OF CHILE

~ FINAL REPORT
VOLUMEI
EXECUTIVE SUMMARY

. SS88
EX. Corporation CSR o
56018

KOKUSAT KOGYO Co., Ltd. Eﬂj






JAPAN INTERNATIONAL COOPERATION AGENCY({JICA)

NATIONAL COMBMISSION FOR THE ENVIRONMENT(CONADMA)
TIHE REPUBLIC OF CHILE

THE MASTER PLAN STUDY
ON
INDUSTRIAL SOLID WASTE MANAGEMENT
IN
THE METROPOLITAN REGION
or
THE REPUBLIC OF CHILE

FINAL REPORT
YOLUME I
EXECUTIVE SUMMARY

MARCH 1996

KOKUSAI KOGYO Co., Ltd.
'EX. Corporation



LT

112629014

In this report, project cost is estimated at October 1995 pri '
' price and at an exch
1 US$ = 102.4 Japanese yen = 416.2 Chilean pesos. xchange rate of



PREFACE

In response to a request from the Government of the Republic of Chile, the Government of Japan
decided to conduct a master plan study on Industrial Solid Waste Management in the
Metropolitan Region of the Republic of Chile and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA sent to Chile a study team headed by Mr. Susumu Shimura, KOKUSAI KOGYO Co., Lid.
and composed of members from KOKUSATKOGYO Co.,, Ltd. and EX. Corporation three times
between January 1995 and December 1995,

The team held discussions with the officials concemned of the Governiment of Chile, and conducted
field surveys at the study area. Afler the team retorned to Japan, further studies were made and
the present report was prepared.

I hope that this report will contribute to the proniotion of the project and to the enhancement of
fiiendly relations between our two countries, ‘

I wish to express my sincere appreciation to the officials concerned of the Government of the
Republic of Chile for their close cooperation extended to the team.

March 1996
%c 3 k,C ég/%-/«——m

7 7
Kimio Fujita

President
Japan International Cooperation Agency



March 1996
M. Kimio Fujita
President
Japan International Cooperation Agency
Tokyo, Japan

Dear Mr. Fujita,

LETTER OF TRANSMITTAL

We are pleased to submit to you the study report on the Master Plan Study on Industrial Solid
Waste Management in the Metropolitan Region of the Republic of Chile. This study contains the
master plan for Industrial and Medical Solid Waste Management (SWM) until 2010.

The Industrial/Medical SWM master plan was formulated for the Meiropolltan Region based on
the field investigation of 200 factories and 90 medical institutions.

The master plan comprises: forecast of future Industrial/Medical SW generation, planning
framework with phased goals/targets/sirategies, technical systems, institutional systems and
estimation of the magnitude of Industrial/Medical SWM business in 2010.

We wish to take this opportunily to express our sincere gratitude to your Agency, the Ministry
of Foreign Affairs and Ministry of Health and Welfare. And from the Chilean side we also wish
to express our deep gratitude to the National Commission for the Environment {(CONAMA),
CONAMA-Melcopolitan Region, the Ministry of Health, the Metropotitan Region Environmental
Health Service (SESMA), SESMA-PROCEFF (Stationary Emission Source Control Program),
Ministry of Planning-SERPLAC, Superintendent of Sanitary Service (SISS), the Embassy of
Japan in the Republic of Chile, and the JICA office in the Republic of Chile.

Finally, we hope that this repoit will be effectively used for the implementation of the master plan.

Respectfully,

SFY 3.

Susumu Shimura

Team Leader .

The Master Plan Study on ,
Industrial Solid Waste
Management in the Metropolitan
Region of the Repubtic of Chile




The Master Plan Study on Industrial Solid Waste Management
in
the Metropolitan Region

BRIEF SUMMARY

I, Present Situation of Industrial and Medical SWM (Solid Waste Management)
1.1 Issues and Problems

Illegal dumping sites in the order of one hundred exist in the MR (Metropolitan Region). It is
strongly anticipated that the illegal dumping causes detrimental environmental pollution in the
surroundings. Recycle activities presently receive 56% of ISW (Industrial Solid Waste) generated
in the MR. Considerable number of recyclers deploy their activities near illegal dumping sites and
after recovery of reusable materials from the ISW received the rest being dumped in those illegal
dump sites.

Those which should theoretically be generated as HW (Hazardous Waste) and/or LW (Liquid

~ Waste) are currently dispersed into aquatic and atmospheric environment in the form of waste

water discharge and exhaust gas emission. In the course of tightening of environmental
regulations, these ISW (HW and LW) are increasingly being generated. Destination of a huge
amount of ISW, namely intermediate treatment and final disposal facilities are not established yet
at this moment,

On the other hand as for medical SW, incineration at hospitals or sanitary landfill disposal are
partially carried out. No clear legislative criteria are established for treatment and/or disposal of
medical SW. Appropriate management is not done for the whole medical SW. The Medical
Institutions’ Survey supports the impression that the present medical SWM generally receives
tittle attention from the management of the medical institutions.

1.2 Present Industrial and Medical SW Generation

Estimation of the present ISW generation amount is carried out by referring to the outcome of
the Team’s factory survey plus the data from the EWI’s RISNOR study converted to the 24 waste
classifications proposed by the Team. Based on the generation data of these 425 factories in total,
generation ratios of 24 ISW classifications were calculated. The ISW generation amount is
calculated multiplying the ratios by the present number of employees for each category of
industries. :



As a result, the Team’s Study verified that ISW generation in the MR at present {1995) is of the
order of 939,000 tonfyear, which comprises 26,000 ton/year of HW, 45,000 ton/year of LW and
the rest being non-HW according to the 1SW classification being applied in the CDSI systera. HW
and LW which are subject to utmost attention and control in view of ISWM count for only 7.6%
of total ISW generation. Namely great majority of ISW is non-HW at present.

The present medical SW generation was estimated based on the Medical Institutions Survey by
the Team, comparing the data of the EWI’s RESHOS Study and data from other countries. As
aresult, the Team’s Study verified that Medical SW generation in the MR at present (1995) is of
the order of 23,600 ton/year. Infectious medical SW that are subject to special attention in
medical S\WM counts for 7,300 ton/year (i.e. 31% of the total).

2. The ISWM Master Plan
2.1 Forecast of Future ISW Generation

Based on the estimated amount of present ISW generation, a forecast of fulure ISW generation
in 2010 was conducted by applying the Standard Unit Method (SUM). Based upon data obtained
from the Team’s factory survey and EWI's RISNOR study except for sludge and dust, the ISW
generation in the year 2010 was the product of “generation ratio in 1995" and “forecasted
employee number in 2010” for 36 respective industres’ classification, The forecast of sludge and
dust generation, on the other hand, was conducted assuming the present installation rate of PCF
(Pollution Control Facilities) (2.1 % for air PCF and 48.9 % for on-site water PCF) wilt become
100 % in 2010. '

Generation of ISW highly depends on the assumed water content of sludge. ISW generation in
2010 is forecasted both in the cases of without dehydration at generation sources and with
dehydration on-site. In the case of without dehydration at the generation (on-site), i.e. the water
contents of C-3: Inorganic Sludge and C-4: Organic Sludge are assumed 90 % and 99 %
respectively, an estimated amount of total ISW generation in year 2010 is 8.5 times more than that
in 1995 and 8.00 million ton/year. "Organic studge” generation amount in 2010 is forecasted to
be 6.59 million ton/year, which counts for 82 % of the value estimated above. '

In the case of with dehydration on-site in order to be received at a final disposal site, an estimated
amount of total ISW generated (atter on-site dehydration) in 2010 is only 22 % of the above .
estimation, which is 1.9 times than that in 1995 and 1.76 million ton/year. In this case, organic
sludge counts for only 25 % of the total generation. However, increases in dust and sludge (which
should be subject to be controlled as HW) generations from 1995 to 2010 are remarkable, Those
generations in 2010 are estimated 687,000 ton/year and will count for 39% of the total ISW
generation.




Therefore it should be reminded in planning and formulating a proper management system of
ISV that ISW generation in the MR in the future will be quite different from that of today both
in quantity and quality.

2.2 Qutline of the Master Plan

2.2.1 Goals and Strategies

The principal goal of the ISWM Master Plan is to establish a proper
management system of ISW 1ill the target year 2010 in the Metropolitan
Region. Whereas establishment of the proper ISWM system is essential for “preservation
of the environment and public health, and sound development of the
city” and “promotion of growth of Chilean industries in gaining the
international competitiveness required for compliances with issues of
Joining the International Market and ISO’s stricter standards for
environent”.

In order 1o achieve the principal goal, the Master Plan proposed to comply the two requirements
(i.e., Establishment of Appropriate On-site ISWM and Formwlation of ISWM. market
mechanism ) in accomplishing “targets” and deploying “strategies”. Namely, based on PPP
(potluter pays principle), an ontline of ISWM that treatment and disposal of ISW be carried out
by private sectors should be formulated. Hence, the authorities should prepare systems of
legislation, guidelines, monitoring and guidance that promote said formulation. In piaciice, the
Master Plan period was divided into four phases toward the target year 2010, Strategies in
respective stages wete presented.

2.2.2 Outline of the Master Plan

There is a wide variety of features and characteristics of ISW generated. Consequently technical
systems to be applied for the management of ISW have a wide variety in their applications and
background technologies. At present, a technical system for ISW in the MR is not established yet.
Based on the above-mientioned strategies, as a technical system of ISWM in future, the Study
examines and présents appropriate treatment/disposat flows for 24 ISW categories proposed by
the Study Team for the authorilies’ proper management system of ISW. The appropriate
treatment/disposal flows will contribute to establish authorities’ proper management of ISW in
éecking effective and efficient monitoring and guidaice to be placed to private sectors activities
related with ISWM. '

Meanwlile, waste genierators could compare costs of collection, intermediate treatment and final
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disposal referring to the proper ISW flow, and could select their ISW treatment/disposal flow
(technical systemn) being the most cost-effective and legally appropriate. And ISW handling agents
will provide an appropriate technical system, in view of respective treatment demands,
legislatively required compliances, facilities site availability, technologies available and manageable
and profitability. Namely, the technical system for ISWM in future is to be formulated based upon
“econoinic activilies and market mechanisms” of waste generators and handling agents.

As for the institutional system, based on the principle that the technical system shall be formwulated
by the private sector, the plans of the following items are examined and proposed in view of that
the authorties should prepare the institutional system to guide the private sectors for the
establishment of a proper ISWM technical system: '

- basic principle of legal system;

- institutional and organizational development piahs;

- strategy for the short-term administration of ISW,;

- human resources development plans;

- executing bodies of the Master Plan;

- pracedure to obtain neighborhood consensus;

- appropriate system to promote private sectors related to ISWM;

- monitoring and information system; and

- permission procedures for localization of ISWM facilities and license for ISWM
business.

23 Evaluation of the Master Plan

One of the principal targets of the Study is to estimate the magnitude of ISWM business in 2010.
It is necessary for the estimation to assume the outline of technical system (storage, collection,
transportation, tfreatment and disposal) in 2010, and set up the amount of ISW and unit costs of
treatment/disposal in the system. Therefore, the Team, judging from present industries features
and economic trends, quanlity and quality of ISW, and natural conditions and so on in the MR,
assumed intermediate treatment and disposal flows corresponding to 24 ISW and accordingly
calculated a rough estimate of ISWM handling cost for the amount forecasted of ISW to be
treated and disposed in the year 2010,

As a result, the total ISW handling business market in the MR in the year 2010 is estimated to be
around 41.7 million US dollars (October 1995 price} based on handling price. It covers about
0.036% of the forecasted GNP of 114.9 biltion dollars in 2010 or 0.067% of GNP in 1995
(62,500 million US dollars). Final disposal business forms the biggest market which is about 62%
of the total ISW handling business market. The remaining market is covered by collection and
transport (33%) and intermediate treatment {5%6).
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Based on the ISW handling cost in 2010, “Reasonability of the Cost of Public Administcation and
Generators for Implementing the Master Plan” and “Benefits of the Master Plan for the Future
Chifean Economy” are examined as an economic evaluation. Secondly, “Administrative Measures
to be Applied” and “Technical Capability” for the implementation of the Master Plan are studicd
as a technical evaluation. Finally, as for the environmental evaluation, “Environmental Risks of
Improper Flue Gas and Waste Water Treatment in Factory” and “Environmental Risks of
Improper Management of ISW” are examined.

As the result of the evaluations, the implementation of the Master Plan is concluded to be feasible
from economical, technical and environmental viewpoinis.

3. The Medical S\WWM Master Plan

For the Master Plan it is proposed to predict the future medical SW generation based on the
development of the population (linear projection) combined with an assumption of an annual
increase of the waste quantity of 1% for the expected impact of improved hospital hygiene and
the assumed wider use of disposable equipment. As a result, it is estimated that infectious waste
in year 2010 be generated 28.5 ton/day (namely 10,400 ton/year).

The medical SWM Master Plan is formulated with the following planning frames:

- improvement of medical SWM facilities and practices at medical institutions in
the MR;

- establishment of a standardized labeling and packaging system for infectious
medicat SW;

- setting up of a low-cost final disposal option based on safe disposal of infectious

' medical SW at a controtled landfill for municipal SW; and

- in time, establishment of thermal treatment of infectious medical SW, possibly
as co-freatment with ISW.

The medical SW handling market is estimated to be about 2.02 million US dollars in 20190, which
is as much as 4.8% of the total ISW handling market in 2010,

As the result of the economic, technical and environmental evalualions on the medical SWM

Master Plan, the implementation of the Master Plan is concluded to be feasible from economical,
technical and environmental viewpoints.
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4, Recommendations
41 Unified Classification of ISW to be Established Earlier

The Team understands that the 24 ISW classification proposed for the Study is effective and
efficient in “identifying the actual situation of ISW generation (quantity, on-going
tecatment/disposal)” and “programming intermediate treatment and final disposal plans”. On the
other hand, ISW classification of CDSI (i.e. 333 classification) is practically being used in
SESMA-PROCEFF’s monitoring and control and in addition, MS regulations recently drafted
requires diffusion of analytical identification of HW in employing its 44 classification.

Inter-ministries coordination should be improved with regard to ISW classification in Chile. The
situation should draw utmost attention in establishing a proper management system of ISW.

It is recommended in this regard that:

- authorities’ monitoring and control of ISW should be pursued with CDSI
ctassification for the time being,

- with regard to HW, as soon as when laboratorial analytical identification become
practiced and prevalent, coordination between CDSI classification and MS
classification should be placed as the basis of formulating unified ISW
classification earlier.

4.2 Treatment (Prior to Discharge and Emit) to be Obligated

In order to substantiate counter measures for pollution of HW and LW (which draw special
aitentions in practices of ISWM), inter-relation with “air and water pollution prevention
measures” is indispensable to effect HW/LW pollution prevention. A great majority of HW which
should be subject to these preventive measures are currently released to the sewer, public water
courses or to the air. It should be reminded that treatment (prior to discharge to the sewer,
superficial courses or emit to the air) and enforcement of refated monitoring is the first step to
realize HW pollution prevention.

4.3 Local Authorities to be Strengthened and Adminisirative Measures to be Legally
Fmpowered

Atthough cstablishment of the proper management system of ISW should, in principle, be
promoted through private sectors aclivitics, on the other hand strengthening of relative local
authorities’ organization (which is responsible for monitoring and guidance over the private
sectors) is essential for the promotion. For that purpose, legal authorization of authorities’
administrative measures should be enforced. A program for the consistent management from the

S-6




waste generation to final disposal and its realization should be associated with the permit bouwnd
to the obtainment or renewal of the municipal patent.

4.4 Waste Generators’ Organizations to be Strengthened

A proper on-site management of ISW is required to be promoted inter-relating with on-site air
and water pollution prevention measures and contro! of hazardous physico-chemical substances.
In addition, alteration of production processes are necessitated for pursning management. To
formulate industries’ organization (including assignment of qualified technical staff) to fulfill these
requirements is a crucial issue to be solved, where it considerably requires industries’ intentional
efforts for reform. The Government policies for IS\WM should also, considering the importance
of the issues mentioned, place higher priorities in promotion of wasle generators’ organizational
reinforcement in this regard.

45 Human Resources to be Developed

Human sesource development both in authorities and waste generators, and also in ISW handling
agents is in urgent need of solution. Whereas laboratorial analysis, which is fundamentals for HW
managemenit, should be disseminated and practiced, training opportunities for acquiring faboratory
analysis technologies should be provided, e.g. through the CENMA project. 'The CENMA project
should be utilized in initial stages as a “reference laboratory” for identifying HW and followingly
training courses of technical skills and practices should be included to the project. In addition,
the role of the Instituto de Salud Pablica (Public Health Institute) be reinforced throughout a
study with regard to its use as “reference laboratory” and with regard to the need of coordination
with the CENMA project.

Human resource training plays an important role in establishing the proper management
system of ISW. ' '

4.6 HW Landfill for che MR to be Realized Soon

In order to formulate an appropriate management system for HW, a final disposal site for HW
should be prepared as soon as possible. It is necessary that construclion and operation of a HW
final disposal site is promoted and realized soon. In order for the realization of abovementioned
situation, immediate actions for establishing following standards and systems are required:

- standards for structure and O&M of ISW final disposal site;
- system for neighborhood consensus (including EIA procedure and public
participation); and
- system for localization and operation permission of ISW final disposal site (e.g.
requiremen_is/regulaiion for siting to be clarified).
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In particular, the public opirion survey revealed that neighbors tend to be distrustful to authorities
and promoting sectors through what they experienced in occasions of present landfill operations
and tocalization of new landfills, The communication of the authorities and the promoting sector
with the public should be direct and honest.

4.7 Legislative and Institutional System to be Improved Step-wise

Establishment of a proper management system of ISW in the MR requires improvement in telated
legislative system. It is anticipated that a whole required legistative system to be formulated and
improved immediately. However, it is anticipated that several issues, that related authorities can
not cope with for the time being, and/or impediments for consensus may delay the formation of
required legislative system. In this regard, step-wise manner (e.g, basic obligation o
industries/handling agents and authorization of monitoring/guidance be stipulated in earlier stages,
penalty against illegal conduct and/or administrative measures be put into practice in later stages)
should be employed in improving legistative and institutional system.

4.8 Present Siluation to be Identificd and Database to be Established

The most fundamental principle of SWM is precise identification of the present situation (of ISW
generation and ISWM on-site and outside). Fortunately, the Manifest System is already in
operation by SESMA-PROCEFF. The present situation of total 425 was identified. Starting with
said identification, it is necessary to elaborate for estabtishment of the database for a proper
management system of 1ISW by accumutating data/information through further factory visit, on-
site inspection and report collection. In order to establish the database through information
collection, the corresponding norms and regulations that require such information should be set

up.

ISW generation in future is forecasted based on the data obtained by Team's Factories Survey and
EWT's RISNOR study both of which were conducted only one time and almost at the same time.
Therefore, especially for the forecast of dust and sludge (which are to be managed as HW)
generation, various assumptions were made. It should be understood that the forecast is
conditional. In order to make the forecast reliable, it is recommended that Chilean authorities
conduct periodical factories' survey {in Japan it is conducted every five years.). |

4.9 Code of Practice for Medical S\WM to be Prepared Scon

The Master Plan for medical SWM, apart from the Master Plan of ISWM, is produced. Among
the issues proposed in it, preparation of a Code of Practice of medical SWM should be recognized
as the issue to receive high priosily in taking urgent actions. Based on the outcome of the Team’s '
investigation, immediate action for the preparation of a Code of Practice should be initiated.




4.10 Disposal System for Infectious Waste to be Improved Step-wise

Itis necesséry that technical system for infectious wastes be established (i.e., each type of medical
SW be separated at generation sources, exclusive collection/transportation and treatment/disposal
for infectious waste be practiced.). Thermic treatment by individual small-scale incinerators has
problems in air potlution control and O&M features. Meanwhile a centralized incinerator project
should overcome problems of inefficient scale and cost recovery. In this consequence, it is
proposed that an exclusive section in a municipal landfill site should be allocated for a samtary
landfill for medical SW for the time being. Secparate and isolated landfill operation should be
employed there. In the future, medical SW should be sent to and incinerated at an incineration
ptant for HW. When centralized incineration plant is in operation, strict gas emission regulation
may possibly start to be imposed on existing individual small-scale medical incinerators.
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Lo Frrazuriz Final Disposal Sitg (1)

There are 3 aathorized municipat SW
fand{il sites. Lo Errazuriz landfill sife,
the largest one among them, achicves
considerably high level of the landfill
management. The line covered by black
sheets is leachate collection ditch.
Leachate collected are returned io
landfilled laycrs by puniping.

bl
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Lo Ersazuriz Final Disposal Site (2)

Lo Errazuriz land il site, covering total
40 hectare, is planned to be closed in
December 1995, The piclure shows an
area where land(ill operalion was
completed and vegetation for park was
preparcd. The park seives as a public

P
fadiiy

recreational arca for the suirrounding
communitics.

Cerros de Renca Final Disposal Site (1)

Cerros de Renca landfill site, second
largest among 3 landfill sites, is lecaled
in the noith of Samtiage wrban arca.
Although they also employ measurcs of
daily coverage of waste disposed and
biogas recovery, their quality of land[ill
management is inferior to that of Lo
Errazuriz.

Platc 1 Present ISWM: Authorized Landfills (1)



Cerros de Renea Final Disposal Site (2)

Neither intermediate treatment facilitics
nor final disposal sites for industrial
solid waste {exclusively) do exist in the
Mectropolitan  Region.  Duaps  of
industrial liquid waste arc found in a
coraer of Cerros de Renca silc.

Lepanto Final Disposal Site (1)

Lepanto site, the smallest among them,
is lacated in the south of Santiago urban
arca. Although the landfill management
of Lepanto is inferior to other 2 sifcs,
daity coverage of waste disposed and
biogas tecavery arc taintained in their
practice.

Lepauto Final Dispasal Site (2}

Tipping fec at Lepanto is comparatively
cheap and various industrial solid
wastes are reecived 1here.

Plate 2 Present ISWM: Authorized Landfills (2)



Unanthorized Destinations (1)

Apart from the 3 authorized landfills,
there are several unauthorized landfill
sites and many illcgal dumps in the
Mctropolitan Region. The picture shows
the largest illegal dump next to Lo
Errazuriz site. Various types of solid
waste are illcgally dumped at ex-
gravelfsand  extraction  pits.  Great
majority damped arc construction solid
waste.

Unauthorized Destinations (2)

Quilc a few scavengers are found in the
illegal dump next to Lo Errazuriz site,
alihough scavenging is not allowed in
the Lo Errazuriz sile.

Unauthorized Destinations (3)

There are many ex-gravel/sand/clay
extraction pils in the Metropolitan
Region and many of them are subject to
illegal dumping. The picture shows an
existing extraction pit, which welcomes
construction waste disposal. ‘the pit is
registered as an unauthorized land[ills in
the CDSI system of SESMA-
PROCLVE.

Platc 3 Present ISWM: Unauthorized Destinations (1)



Unanthorized Destinations (4)

It is estimated that more than 50% of
industrial solid wastc is currenily
reeycled in the region. However,
inappropriate practices of recycling arc
obscrved in many occasions. The
picturc  shows open  buming  of
discarded drums with  exirancous
matters for recycling of drums.

Unauthorized Destinations (3)

Many of inappropriate recycling sites
are located adjacenl o unauthorized
landfills, Residues from recycling are
finally disposed of at hose unawthorized
landfills.

Unauthorized Pestinations (6)

Small- or micra-scale recyclers recover
valuable materials from solid waste (hey
collected. Majority of residues from
solid wastc afler the material recovery
are itlegally dumped. The picture shows
illgal dumping of residucs from
reeycling activities al Rio Mapocho.

Plate 4 Present ISWM: Unauthorized Destinations (2)
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Plate 5 Pield Survey (1)

IPactoty Survey (1}

It was obscrved in the Teany’s survey
that working environment in factories in
gencral are well put in order and kept
clean. However, it was found that on-
sitc management of indusirial solid
waste are not welt established in
factorics,

Faclory Survey (2)

As for the mining industrics, there are
several ore-dressing in the MR and they
produce considerable amount of
tailings. However, all of ailings
generated in the mining industrics are
disposed of at their own landfills at
present and in future (ic. closed
system). The picture shows tailings
disposat site whose capacity is for 100
yeats of tailings to be generated.

Jeachate Qualily Survey

The Study carried out the leachats
quality survey for 3 avthorized Jandfills.
The picture shows sampling of leachate
at Cerros de Renea site.
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Plate 6 Field Survey (2)

Candidate Sitc of HW Landfili (1)

The Study carricd oul comparalive
cnvironmental  cvalvation  for 14
candidate sites (sclected by the
comnterpart)  for  hazardous wasic
disposal. The picture shows the
candidate site at Cerro Camncros.

Candidate Sitc of HW Landfill (2)

I'he picture shows the candidale site at
Quilapilin.

Field_Sutvey on  IndustaliMicdical
Solid Waste Management in Biazil

In order to refer the Brazilian
industrial/medical solid  wasle
management for the study, Team
investigated actual situation of said
manageinent in Brazil. The picture
shows the hazardous industcial solid
waste final disposal site at Sad Jose dcs
Campos in Sad Paulo state.
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Platc 7 Present Medical SWM

Inlectious Solid Waste Scparation af
Source

Infections  solid waste are to be
separated at source as shown in the
picture. Somie of said waste are
incincrated at individual incincrator at
medical instifutions.

Individual Incinerator at a flospifal

There are 42 hospitals in  the
Melropolitan Region. 12 hospifals have
individual incincrator for infectious
solid waste in their premsises,

A Mcdical Solid Wasfe Handling Agent

A company exicnds the scrvice of
collection and incineration of infeclious
medical wasic in the Metropolitan

- Region since end of 1994,
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CHAPTER1 INTRODUCTION

1.1

Background

A rapid growth of economic and industrial activities in Chile brought about serious
environmental problems such as air and water pollution and solid wastes, especially in
the Metropolitan Regions of Santiago.

In view of the municipal SWM (Solid Waste Management), collection services are
realized for most citizens. On the other hand, for ISWM (Industrial Solid Waste
Management), the declaration (manifest) system of solid waste generators is
completed. Based o that declaration system administrative guidance to each generator
has been executed since May 1993 and prelinminary researches carried out. However,
no substantial measures are planned nor executed regarding treatment and/or disposal
of the ISW. Hence, ISW inctuding hazardous waste are transported into the municipal
SW disposal sites and iflegal dumping is brought about. Consequently this process
immensely aggravates the urban environment, As for medical SW, incineration at
hospitals or sanitary landfill disposal are partially caried out. No clear legislative
criteria are established for treatment and/or disposal of medical SW. Appropriate
management is not done for the whole medical SW.

Related with the more stringent enforcement of the environmental regulations over air
and water pottution in the future, polluting substances, which are currently dispersed
into the atmospheric and aquatic environment, are to be dust and studge through
{reatment and will eminently emerge as mass waste. Furthermore, in accordance with
further industriatizalion and urbanization, issues of treatment and disposal of
industrial/medical SW will have to be dealt with the first priosity to the solution. In this
regard integrated industrial/medical SWM including waste minimization at the
production stages and consistent management from waste generation to final disposal
need to be programmed and actualized.

Under such circumstances, the Government of Chile offictally requested to the
Government of Japan to implement the Master Plan Study of Industrial Solid Waste
Management in the Metropolitan Region in the Republic of Chile.

- In response to the request of the Government of Chile, the Japan International

Cooperation Agency (JICA), the official agency responsible for the implementation of
the technical cooperation programs of the Government of Japan, concluded tlie Scope
of Work of the Study with CONAMA of the Government of Chile. Kokusai Kogyo

1



1.2

Co., Ltd. and EX Corporation careicd out the Study.

Scope of the Study

a.  Objective of the Siudy
The objectives of the Study are:

- to formulate a master plan for the proper management of industrial and
medical waste in the Metropolitan Region with the target year of 2010;
and

- to identify priority projects for feasibility studies.

b.  Study Area

The study area shall cover the Metropolitan Region as in Figure 1.2a.



Study Area

Figure 1.2a
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1.3

¢, Study Wastes -

The wastes to be studied in this study shall cover industrial and medical solid wastes.
Construction and agricultural wastes are excluded from the study.

Basic Policy of the Study

For the successful execution of the Study, the Study Team established the basic policy
regarding the following points:

a,  Joint Study

Due to the rapid change of the socio-economic situation in Chile as well as her policies

_on environment, it would be very important to identify the present situation and future

change of the institutional system on industrial/medical SWM and to make an
appropriate institutional development plan. This task, however, is not an ¢asy task for
foreign professionals without the appropriate support from Chilean counterpart and
professidnais. :

With this reason, the Study Team proposed that the Study should be imptemented as

a joint study and asked for ¢ooperation and active participation of the Chilean side.

b.  Workable Plar and Appropriate Technofogy

Upon careful consideration of the characteristics of the Study, the most workable and
implementable industrial/medical SWM master plan shall be formulated for the Metro-
politan Region in close cooperation with the Chilean counterpart. Furthermore, the
Study Team should develop the most appropriate technology both for technical and
institutional systems for industrial/medical SWM in the area. Especially, the proposed
plan should present and support a seff-sustainable industrial/medical SWM for the
Metropolitan Region.

¢.  Multi-media Approach

An ISWM Master Plan is formulated based on future waste generation. The future
ISW generation is expected to increase according to the reinforcement of air and water



pollution control. At the same time, it is also important to consider the degree of waste
minimization including source reduction, separation and recycling which depend on
legislation and its enforcement, environmental policy, promotion system for
environmental protection facilities, consciousness of enterprises and citizens, etc.. It
was, therefore, necessary to take a Multi-media approach on environment (integrated
environmental management) in the process of the master plan formulation.

Key Assumptions

Key assumptions used in this study area are as follows:

a. Socio-economic Conditions

I . ' + Items Unit < Descriptions
1. Population
- Projected Population of the_Study Area thousand | 1995 2000 ) 2010
' : persons | 5,642 6,100 6,930
- Annusl Growth Rate Ylyear | 1.5 -
2. Economy )
|- GDP bilLUsS$ .| 625 in1995
: - 1149 in 2010
§ - Annual Increase Rale of GDP in Real Term % 5.1
- Currency Exchange Rate 1USD ~ =4162 Peso
‘ =102.4 Yen




Waste Generation

Inofganic and organic
shudge

Water content Category .Inorganic Sludge Organic studge
' Before Dedydration : 20% 59%
After Dehydsation 0 8% 85%

Items Descriptions
Classification of Industry | CIIU (Infernational Standatd [ndustrial Classification)
Targeted Industries CIIU code: :
' o - Manufacturing Industries (CHU code 31111 - 39059 i
- Generation, transmission and distribution of electric energy (CIIU |
cods 41011}
- Gasoline filling stations (CIIU code 62536)
- Lavndiies and cleaners (CITH code 95201)
Seale of Industries:
Industriés with 10 or more employees
Classification of ISW 24 Categories compatible with SESMA-PROCEFF 333 1SW categorics H
Data used for the Isw gt;ncraﬁon data: :
calcolation of present - 236 factorics surveyed by EWI’s RISNGR Study
generation - 189 faclories surveyed by JICA Study Team :
Data source on industries: INE
Forecast of ISW
. Generation _
Method applied Standard Unit Method
Population figure for | Number of employees
the forecast ' :
Forceast of the number | Linear Regression by Least Square Method combined with some variation
ofemployess factors ‘ :
Instaltation rate of PCF | Air PCF: C o 100%in 2010
" (Pollution Centrol On-site Water PCEF: - 100% in 2010
- Facilities) - .
Generation Rate :
Dust and APC products | Generation ratio of similar categories of industries abtained by the Team’s

supvey are applied to dust generation in 2010
“BON/SS concentration data for respective group-wise industrics of Japan™
minus “maximum limits of BOD/SS concentration defined in Neh2280".
The sludge gencrated from the removal of dissolved inorganic substances
through physicalchemicsl treatment is not projected. :




C. Cost Estimation

Items Descriptions
I, Prnciple For the estimation of the magnitude of ISWM busin'w_s in 2010,

outline of technical system (storage, collection, transportation,
treatiment and disposal) in 2010 are assumed. Amount of ISW and
unit costs of treatment/disposal in the system are set up based on the
system. :

Storage _

On-site Excluded from the estimation.

At Treatment Facilities

| Included in the tipping fees of treatment facilities,

Collection and

i
2.
21
|22

3.
Transpoitation nunicipal SW.
4.  Intermediate Treatment
4.1 Service life of facitities 15 years.
4.2 Loan conditions 15 years of payback period and 6% interest rate in real term.
4.3 Tipping fees Including profits and insurance costs for accidents.
5. Recyeling Recycling ratios of ISW in 2010 are estimated, with réfcrcnoe to
empirical data in Japan and results of the Team’s factories survey.
6.  Final Disposal Tipping fee including profit, insurance cost, etc. of SCL and CL for

ISW are estimated referving to the present tipping fee of municipal

Prepared by referring current collection/transportation costs for I

1.5 Work Processes of the Study

landfills in the MR and the fees employed in said landfills in Brazi),

The study commenced in January 1995 based onthe Scope of Work signed between the Chilean
Government and JICA in August 1994, and will end in February 1996.

The study consisted of the following three phases;

Phase 1 :  Evaluation of the Present Industriat/Medica! Solid Waste Management
Phase2: Establishment of a Planning Framework
Phase 3 : Formulation of a Master Pian



1,6  Members of the Study Team -

The JICA Study Team consisted of the member listed below.

Name

. Title

§ Susumu SHIMURA

Team Leader! ISWM Plan

José Felicio HADDAD

Organization and Institution Plan (1)

Satoshi SUGIMOTO

Economic Policy/ Financial Plan |

Koichi HIRAMATSU

Waste Minimization Plan

Hiroshi KATO

Intermediaté Treatment/ Final Disposal Plan

Shunsuke AOYAMA

Environmental Policy (1)

José ARELLANO V.

Organization and Insiitution Plan (2)/
Environmental Policy (2)

Nits KRISTENSEN

Medical/ Hazardous Waste Disposal Plan

Tadaya YAMAMOTO

Environmental Study (Social Aspects)/
Cost Estimation

jens Kjems TOUDAL

Environmental Study (Technical Aspects})

Ferran MACIPE C.

Administrative Coordinator
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Profile of the Study Avea

a.  Natural Coﬁditions

The Metrépolitan Region of Santiago covers an area of approximately 15 300 km?,
which counts for 2% of the total land surface of the Republic of Chile. Most of the MR
falls in the Rio Malpo basin. :

The MR area is in a large valley basin and has small precipitation (i.e. 3060mm to 600
mm annual), Meanwhile Rio Maipo has its origin in melt snow in mountains and has
affluent flows. Wide and fertile agricultural land extends down stream.

b. Environment

The MR forms a valley basift surrounded by mountains, thus air pollution atinibuted to
exhaust gas from automobiles and factories is aggravated. Consequently respiratory
problems and ilinesses (attributable to air pollution) are increasing and poses serious
threats. ' '

As for aquatic contaminafion in the region, since measures of waste water treatment
are not substantiated in most factories, these are discharged together with domestic
sewage direcily into the Rio Maipo river system. However, water pollution by
industrial waste water discharge does not become tangible. The reasons could be:

- major water polluting industries are not located many in the MR,
- affluent flow in the rivers where waste water are discharged; and
- rapid flow in the rivers directly runs into the Pacific Ocean.

. Land tse

The MR of Santiago comprises 6 provinces. More than 90% of its population and -
industrial/commercial activities is concentrated in Santiago Province; its area is about
2,000 kn®. INE estimated that utban migration and poputation growth of the MR will -
continue and its population of about 5.3 million in 1992 will expand to 6.9 million by
the year 2010. According to the Metropolitan Regulatory Plan of Santiago, Santiago




and Corditlera Provinces mainly comprises:

- commercial and old residential areas in the urban district,

- industrial area in its circumference,

- new residential area expanding in the outer area,

- agricultural fand use (such as orchard and grainfield) is predominant along
the major two rivers i.e. Rio Maipo and Rio Mapocho, and

- area of restriction {by geographical risk and environmental protection) to
the urban expansion.

d.  Socio-economic and Industrial Situation

The national economy in the Republic of Chile is making fairly steady growth in
comparison with all other worldwide economies. Especially the MR is continuously
achieving its GDP growth of approximately 16% higher than the Republic’s average
growth for the past decade. It counts for about 47% of the GDP in Chile.

Industries with 10 or more employees counts for approximately 3,400 companies in the
MR, (about 3,000 companies are located in Santiago Province} whose total employees
counts for about 280,000 people. Industries in the MR mainly comprise:

- food and beverage production (20% of factories with 10 or more
employees) which aie commonly found in urban area in all countries,

- textile and clothing industsies (27%; as above); -

- chemicals, fertilizers, pharmaceuticals production (15%; as above), and

- metal and mechanic manufacturing (19%; as above).

Whereas material industiies such as mining, pulp, steel makers are found less frequent
in the MR.

~ In view of ISW generation, large-scale ISW waste generators (e.g. material industries)

are not found in the MR. Constituents of current industries in the MR indicate that

'1SW, in wide variety, are gencrated including LW (Liquid Waste) and HW (Hazardous

Waste). ISWM corresponding to this trend of industrialization is required.
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2.2

Field Surveys

a.  Factories’ Survey

a1l  Objectives of the Survey

- The objectives of the survey are:

- to identify the present generation and disposat of ISW on-site ;
- tounderstand the actual conditions of environmental managemcnt system
in factories ; and o
- to gain an insight into the possible behawor and consciousness on
- environmental protection of generators.

. a2 .Scope of Industries for the Study

The following industries were included for the study following the discussion with the
counterpart personnel: - ‘

- manufacturing industeies (C1IU code 31111 to 39099);
- mining industries (CIIU code 21001 to 29090});

- electricity generators (CHU code 41011);

- fuel stations (CILU code 62536); and

- laundries and dry cleaners (CIIU code 95201).

The tist of the industries for the Study can be found in section C.2 of the Annex.
a3 Classification of ISW

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 EWI's
RISNOR study and the one which SESMA-PROCEFF plans to adopt officially for
their ISW monitoring and management (i.e. CDSI system) should be currently most
suited to the present state of industries in the region.

As proved in the EWL’s RISNOR study, the 333 classification is most suited for
management of the declaration (and is ad\'vantageou's especially in view that both waste
generator and authority could identify ISW), however, the diversity of this
classification is of great disadvantage and imposes a hugé restraint when estimating

11



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

categories of wastes, simitar in pature. Consequently, the Team proposed the 24 ISW
classification, as shown in Table 2.2a, 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 Annex I in order to maintain compatibitity of 24
classification and 333 classification. The matrix-table was determined for the Study in
order to estimate ISW generation amount and formulate ISW treatment/disposal plans,
finally after full and detailed examination of its compatibility by both the Team and the
counterpart. - g : ‘ -

Table 2.2a ISW Classification (24 Categories) Used for Factories’ Survey

ISW Code ' ISW category
C-1 Ash including from incinerator
C-2 Dust and APC products
C3 Inorganic studge
C-4 Organic studge -

C-5 Asbestos
C-6 Acids
C-7 Alkatis
C-8 Solvents

“C-9 | Oily waste :
C-10 Inorganic chemical residues
C-11 . Organic chemical residues
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
C-18 Rubber _
Cc-19 Textile and leather
C-20 Waste similar to domestic waste
Cc-21 Wood
: C-22 . | Stag from melting
- C-23 Construction waste =

C-24 Other solid waste

a4 Selection of Factories for the Sunjrey

For the selection of factories for the survey, manufacturing industries were classified
into "industries with high potentiality of generating hazardous waste " and "industries

12



with low potentiality of generating hazardous waste”. Since data of the fatter is
available by the EWI’s RISNOR 'study, the Team’s survey concentrated on collecting
data of the former. Thus, indusirics with high potentiality of hazardous waste
generation were mainly selected, while information from EWI's "non-hazardous
industrial waste” was usefully incorporated. '

a5 Outcome and Findings
a.5.1 Database

Data obtained from questionnaires (both the Team’s Factory Survey and EWI's
RISNOR study) and processed in this Study are compiled in a “database”. The
“database” contains data from a total of 425 factories {189 out of 199 factories
surveyed by the Team, and 236 out of 265 factories surveyed by EWI’s RISNOR
study.). This “database” is submitted to the Chilean counterpart in form of a floppy
disk. ‘ :

“Identification of present SW generation amount” and “estimation of future SW
~ generation amount” is indispensable to initiate planning of SWM (either municipal,
industeial or medical) and to revise the plan based on its monitoring.

The Team strongly wishes that the Chilean side fully utifizes the database submitted for
their reviewing current ISW generation in cestain intervals, subsequently it would like
" to enable the Chilean authoritics to review the Master Plan periodically and revise and
refine their policies regarding the ISWM. :

a2.5.2 Outcome

The outcome of the survey are presented in the main report, annex and data book in
accordance with the information required. The contents of the outcome are listed
below. | '

- General data on industries; i.e. name, address, main producis, share
capital, number of employees, annual sales, etc.; ' :

- Production process and niaterials flow, ie. use of raw. matenals
production process, pollution contro! facitities and water/energy demands;

- Waste gencration and treatment and disposal methods in the fac{ones

- Hazardous substances and their storage;

- Present HW management; and

- Future HW mahagement.

13




Based on the outcome, the findings on the following aspects are presented in the
respective sections in this report :

- ISWM on-site

- ISWM outside {factories)
- Present ISW generation

- Present ISW flow

b.  Puablic Opinion Survey
b.l  Objective of the Survey
The objective of the public opinion survey (POS) is to identify the awareness and '
intention of citizens on environmental protection, and the awareness and possible

reaction of citizens to the constniction of treatment and disposal facilities for
industria/medical solid waste,

b.2  Selection of the Samples for POS
Since the mass can not answer questionnaires to be prepared for the objectives
mentioned above, the targel citizens and areas for the POS were selected as shown in

Table 2.2b. 308 citizens in total were interviewed.

‘Table 2.2b Samples for POS

ﬁ Category of Sample Number of Samples
Home Lo Errazunz | 31
Cerros de Renca 31
Lepanto 31
Batuco o 30
Rungue 31
" Sub Total ' ' 154 H
Institutions | NGOs 30
Students 30
Central Gov. 31
Local Gov. 30
Politicians 33
Sub Total 154
TOTAL _308 J
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b.3 Findings of the POS

In general, people in the MR are very conscious and codperative on environmental
protection as indicated by the reply that 96.5% of those interviewed would cooperate
in segregating of their waste if a municipality would introduce a separate collection
system. Co

On the other hand, it is concluded that people are opposed the construction of waste
treatment/disposal facilities in their residential area, because they are very aware of the
negative influences, these places have in the life quality. This is supported by the fact
that the people with a strong rejection to the facilities were asked, under what
conditions they would accept the construction of facitities and that a very high number
(49.1% to total and 61.3% in the homes) insisted that they would never accept the
facilities.

b.4 Follow-up Research of the POS
b.4.1 Objectives and Methodologies

In order to investigate and understand “true reasons” deeply-rooted in the people’s,
“strong rejection without exception” and in order to seek keys to the solution (i.e.
prerequisite for neighborhood consensus), the “Follow-up Research of the POS” was
programmed. ' '

A sociological approach was employed in the following researches to seck “true
reasons” of the objecuons i.e., free discussion of more or less 8 persons who strongly
objected in the questionnaire, moderated by a neutral chalrperson

Session-1: Assemblies for “people living near the present landﬁ!ls (Lo E-
- rrazuriz, Renca, Lepanto)”

Session-2:  Assemblies for “people living near the candidate fandfitls (Runge,
Batuco)” -

b.4.2 Conclusions

As for keys for solutions with regard to “neighborhood consensus”, POS and Follow-
up Research at least suggested that following three aspects (namely: improvement of
communication, sufficient envivonmental protection and fulfillment of the
agreement (exchanged between prontoting sector and neighbor) to be s'fécured by
authorities) should be taken into consideration both for private sectors’ preparing
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- projects and for authorities’ permission procedures.
i.  Improvement of communication

Poor communication in the past of both public authorities and SWM promoting
sectors towards neighborhood community (such as, lack of public hearing,
project implementation without notification, broken promises’, information
concealment, etc.) worsened the situation and induced stronger objections by

sieighbors. -

- Meanwhile, since neither information were disclosed nor advance campaigns

were not conducted, there are quite a few objections which are mainly based

- upon their prejudice and mis-conception. It is found that most objections against

“incineration facilities” were based upon the prejudice that “incineration means

source of smog”. Therefore, it is observed that sufficient campaigns and

education by promoting sectors are indispensable for establishing “neighborhood
consensus” for construction of SWM facilities. -

- -Since the reason why they make “objection without exception and/or strong
3 © objection” are considerably attributable to poor and insuflicient communication
in the past; it is needless to say that improvement of communication is
indispensable as one of main prerequisites for the formulation of neighborhood
CONSENSUS.

it.  Sufficient environmental protection
Although communication is substantially improved, people’s fear and anxiety

regarding environmental deterioration to be caused by SWM facilities can not be
- eliminated. In this regard:

authorities, at the time of a project EIA appraisal, should examine
at length whether environmental protection measures proposed in a
_ project is sufficient or not; :
ia - a promoting sector should be obligated to hold public hearings,
explain their environmental protection measures to the public fully,
and review and/or improve their protection measures reflecting
neighbor’s opinions;
~-. . authorities, in case where necessary, should call an advisory
committee of independent and aeutral experts to further examine
sufticiency of environmental protection measures; and
- as preconditions of ISWM facilities’ siting permission and operation

16



permission, the promoting sector should be obfigated to reach an
agreement with neighbors regarding environmental protection
measures promised by them.

iti.  Fulfillmeat of the agreement (exchanged by promoting sector and
neighbors) to be secured by authorities.

Although sufficient environmental protection measures are presented in the
planning stage by a promoting sector, neighbors are doubtful and worried
whether actual ISWM facilities to be constructed fully comply with what was
proposed at the planning stage and whether protection measures will actually be
taken place or not. Neighborhood consensus can not be realized without

_ temoving neighbors’ doubt and worries. For this purpose, the authority should
establish a.system to ensure that promoting sector complies with the
environmental protection measures proposed. Namely, the authority needs to
strengthen monitoring and administrative guidance capabilities including on-site
inspections to secure the agreement.

It is suggested in practices of authorities’ administrative measures that it should
be obligated that the promoting sector contract environmental risk insurances
and/or funds to provide for contingencies such as accidents. -

¢.  Survey to Private SWM Enterprises

¢.1  Objectives of the Survey

In order to understand the actual status of ISWM, a survey was conducted to the
private SWM enterprises that are presently registered in the manifest system data base.
Upon examining the data presently available regarding the waste amount discharged
by the 510 factories, several equivocal points were observed. The survey aimed at
clearing the questions and at providing further ms:ght into the actual waste flow after
generahon at the industries. :

¢.2  Number of Samples

A total of 59 samples were surveyed. The survey samples were distributed in the
following manner among the three types of private entcrpnses registered in the

manifest system:

- teansporters: 21 samples .-
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-

landfill sites; - 12 samples
recyclers: 25 samples

¢.3 Major Findings

The following opinions and facts were obtained through the interview/reconnaissance

5%“ SUTVEYS.

i.

ii.

iv.

The subject of illegal dumping was inevitably addresscd and the following
were proposed as means to prevent its occurrence:

- implement . a more stringent enforcement over waste
- generators; - .

- devote more human resources towards controlling final
- disposal practices (both inspectors and police). -

. The most noteworthy figure is the long-standing existence of most

unauthorized sites, ranging from 5 to 21 years into the past. The

- establishment of some of this sites, therefore, dates back to a period where

no authorized landfills existed.

From the visils to all landfills registered in the CDS! system a critical piece
of data was obtained. As a result of the closing down of two of these

fandfills, an increase in final disposal fees is envisaged in the near future
- due to the distant location of the new landfill. The implications of this are

of key importance as industries will then have a renewed incentive for
engaging in illegal dumping. -

The expected future scenario acquires even further relevance when we
consider the present situation regarding unauthorized tandfils: in many
cases their existence was due to the unwillingness or inability to bear the
disposal costs of the authorized landfills.

Upon the visits (o the unauthorized landfills it was observed that almost
50% of them entailed some kind of recycling activity. This provided a
valuable insight regarding the informal conditions under which many
recycling activities are still carried out.

Although a Jarge number of individual collectors exist, they are expected
to become marginal participants in the waste recycling flow. On the other

. hand, large size middlemen are fulfilling important tasks such as education
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campaigas and human resources mvestmenls to obtain uncontaminated
recyclable materials. :

d.  Other Field Surveys

Several field surveys were conducted other than the above mentioned 3 surveys. Those
are briefly described below.

d.1 Field Survey on Industrial/medical SWM in Brazil

- Since Brazil is one of the most industrialized countries in Latin America, certain
advanced industrial/medical SWM have been established. In order to examine the
- applicability of their management and/or systems to Chile, a field survey on
industrial/miedical SWM in Brazil was conducted.

d.Z Regulations on Localization of Facilities for SW Treatment/disposal

Of special interest for the Study are the provisions included in the Metropolitan
Regulatory Plan regarding “Sanitary Infrastructure” (Title 7, Chapter 2}, and
specifically those regarding “Finat Disposal of Solid Waste”. These provisions require
that final disposal facilities of ISW include, within their premises, a minimum buffer
zone of 600m to the neighboring fand. In view of such siringent requirement, the
Counterpart requested the Study Team to provide information on similar regulations
in other countries {e.g. Japan and Denmark). ' In response to the request, the Team
prepared the report of regulations on localization of facilities for SW
treatment/disposal in Japan and Denmark.

4.3 Leachate Quality Survey

Responding to the request of the Chilean side to the Study Team to examine whether
hazardous materials are disposed of in the municipal landfills or not, the Team
conducted “The Leachate Quality Survey” in June 1995,

d.4 - Comments on the Regulations for the Samtary Management of Hazardous
Solld Waste (I‘lrst Workmg Draft) '

“Regulations for the Samtary Management of Ha.zardous Solid Waste - First Working
Draft” was produced by the Department for Environmental Programs, Health
Programs Division, Ministry of Health, Republic of Chile. Responding to the Chilean
© counterpait’s request for comments for this document, the Team summarized his
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2.3

comments and opinions through integrating Team member’s pational/international
experiences and comments from the JICA Advisory Commiltee. -

Present Situation of ISWM Technical System

a. On-site ISWM

It was observed in the Team’s factories’ survey that the working environment in
factories in general are orderly and kept ctean, However, it was found that ISWM on-
site is poorly established in factories.

First of all, attention should be drawn to: waste water from production process is
directly discharged into sewer or watercourse without any treatmient in most cases; and
exhauvst gas from combustion facilities of factories in majority is dispersed into the
almosphere without significant treatment. According to the Team’s factories’ survey,
installation ratios of water- and air- pollution control facilities are 16% and 38%
respectively. S

Secondly, where a high recycling ratio (i.e. more than 56%) of ISW in the MR was
observed, the majority of recycling activities are handled by independent recyclers. It

~was found on many occasions that inappropriate treatment. prevails in recyclers

activities.. On-site intermediate treatment is scarcely realized (7.3%), technical system
found in the MR is only limited to “neutratization (2.8%)”, “sorting (1.8%)” and
“drying and evaporation (1.7%)”. On the other hand, long time storage of HW on-site
are scarcely observed (0.8%).

“Thirdly, although the Team’s survey targeted to investigate potential industries

generating HW (i.e. more than 50% of targeted factories are estimated to use
hazardous substances), only 8 out of 199 interviewed replied they generate HW. On
the other hand, some interviewees answered without hesitation that they dispose of
asbestos directly at municipal landfil site and some others answered that they

- discharge waste acid, wasle alkali, and waste organic solvents directly into the sewage
.- line. - It clearly indicates that factories consciousness regarding HW are very poor.

Finaily, as for interviews regarding the organization of on-site management of
hazardous substances and HW, a great majority (80%) answered that they allocate a
manager responsible for the control and they maintain distinct isolation (from other
materials/ISW), marking and storage. On the other hand, 74% of factones mtemewed

- answered that they do not have facilities on-site to treat HW.
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With regard to problems of current HW conirol on-site, 49% of factories interviewed
mentioned that they are in want of knowledge and information for identifying HW
from the ISW generated. 45% mentioned that segulations and norms which specify
what measures be taken for the control of HW are facking for the present situation.

As implied above, for both waste generators and administrative authorities, on-site
management of HW in the MR are just at the preliminary stages of their practices.

b.  External ISWM (ouiside of the factories)
b.1 Storage

Source segregation is well established in general. Basically, wastes are separated in
accordance with the following categories:

- waste to be recycted in the factory;

= waste to be reutilized outside the factory;

- ISW to be disposed of at municipal landfill;

- 1SW to be consigned to pnvate contractors; and
- - municipal waste.

Generally, factories are well maintained with frequent cleaning. The wastes cleared up
are transported from generation places to storage by carts and/or vehicles.

b.2  Collection and Transportation : -

" Due to the difference of the questionnaire used in the two studies (i.e. JICA Factories’
Survey and EWI’s RISNOR Study) the rate of collection/transportation obtained by
the studies is quite different. However, it is concluded that more than 25% of ISW
generated, i.e. 240,000 ton/year, are collected, transported and disposed of at the
municipal landfills. -

It can be said, based on survey to the transporters registered in the CDSI systems, that
business magnitude of collection/transportation of ISW represents only 1/$S of
municipal SW. This figure (20% of municipal SW) is considered quite small and the
business of ISW collection/transportation is not well established.

b3 Treatment

There arc no treatment facitities for ISW in the MR and at present ISW generated in

21




2.4

factories is either recycled or disposed of at landfills including authorized ones.
bd Recycling -
JICA Team's survey and EWI’s RISNOR study reached the same conclusions that the

percentage of ISW “recycling” is quite high. The proporiion of “ISW recycled” are
56.2% in JICA Teamt’s survey, and 54.1% in EWI’s RISNOR study. The outcome of

‘both studies showed approximate values. In this regard, it might be assumed that the

values are reliable. Although the rate of ISW recycled is quite high, considerable
amounts of ISW collected by recycling agents are treated andfor disposed
inappropsiately. Attention should be drawn that residues of recyeling works are
iltegally dumped in many occasions. - |

b.5 Final Disposa}

It is concluded that more than 20,000 ton/month of ISW are disposed of at present
landfills including unauthorized ones. However, soine of ISW consigned to the private
ISW collectors and supposed to be disposed of at the 3 authorized landfills are in
practice disposed of at unauthorized landfills, It can be said that most of ISW are
disposed of at the two authorized municipal landfills, i.e. Cerros de Renca and
Lepanto, and the biggest authorized municipal landfill in the MR, Lo Errazuriz,
receives very little. :

b.6 Ilegal Dumping

According to the EWI's VIRS study, 101 illegal dumping sites with a total accumulated
volume of about 10 miflion m® of waste have been identified in the Metropolitan
Region. Approximate 45-50 of the sites receive ISW. The majority of the dumping
grounds are situated in residential areas (50%), while 18% are located in industrial
areas and 32% in remote areas. The surface area covered is approximate 7.2 million
m’. . Construction waste is the most abundant type of illegally dumped waste. ISW is
deerned to cover only 2.2% or 224 thousand m’.

ISWM Institutional System

a. ° Environmental Policy

“Free market economy” is thoroughly adopted and promoted as the national policy in

Chile. The same policy is to be applied for the ISWM. Namely, based upon PPP
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(polluter pays principle), it is basically intended that public sector will be least

concerned in operation of ISWM. The Environmiental Basic Law published in 1994

comprises 3 basic principles: “establishment of environmental standards category-

wise”, “requirements of EIA (Environmental Impact Study)” and “PPP (polluter pays

principle)”. These basic principles are to be recognized as prerequisites in promoting
ISWM. .

Urban air poflution attributed mainly to automobile exhaust gas is worsening in the
MR. With aims of reducing the gross quantity of emissions of SOx, in 1992 it started
to apply the D.S.N°I85 of the Mining Ministry, specifying the emission rate of tradable
SOx {for facilities and factories related to the mining activity). Where industrial air
pollution prevention measures take place in accordance with the emission rate
stipulated in the Ordinance 185, dust from exhaust gas emission control facilities will
be increasingly generated as ISW. ‘ |

Regulations for industrial waste water discharge are prepared to be enacted
nationwide, corresponding to the worsening situation of water pollution.

In parallet with national enforcement of related regulations, it is planned that individual
factories that do not comply with the norms should conduct pre-treatment to comply
with the permissible discharge level of sewage. Public sewage trealment plants should
cope with domeslic waste water and the industrial waste water discharged after
complying with the level stipulated.

In this regard, it is estimated that a large amount of “organic and inorganic sludge
from individual industries” and “organic Rludge from pubhc sewage treatment planis”
are generated.

It is envisaged that generation of sludge and dust contaminated with hazardous
substances will be rapidly increased as air- and water- pollution prevention measures
are enforced. The employment of exclusive treaiment and disposal becomes an
important issue for the dust and sludge together with other HW, in separation from
non-hazardous ISW. In general, control over hazardous substances from factories
comprises: “control over hazardous materials”, “control of waste water and gas
emission”, and “control of HW”, :

However, most industries in the MR are not ready to practice appropriate control over
them so far. Therefore, ISWM in the MR should be planned in full refation with
measures of air- and water- pollution prevention and hazardous material control.

Substantial functioning of EIA system in Chile started voluntarily in 1994 and it will
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become obligatory when it is enforced in the corresponding regulation, probably in

1996. The EIA system in the MR is: a promoling sector should casry cut an EIA which

- shoutd be submitted to CONAMA-RM, meanwhile the project should be made public

and opportunily of public paricipation is given. Approval/disapproval of the
assessment should be agreed by COREMA-RM within a certain period. EIA is
obtigated to a promoting sector for a locallzatlon of SW ireatmentldlsposal facilities
as weli.

- The Metropolitan Regulatory Pldn permits localization of transfer stations, recycling

facitities and incineration plants in the urban area. On the other hand it states that SW

~ disposal sites should be located outside of the urban area. It is assumed that the

regulatory plan will have a sirong influence in developing the system for the ISW

© treatment/disposal in respect of facilities locahzatron

The Ministry of Agriculture had established 8 categories indicating the land use

- capacity. SW disposal in areas other than categories 1V (Land with marginal aptitude
 for agricultural use with some degreée of suitability for livestock raising), V1 ( Land for

livestock raising and forestry), and VII(Land suited for forestry and wildlife) is
prohibited. The instailation of sanitary landfills is forbidden in the categories I, II and
111,

b.  Administration and Organization
b.! Organizations Related to Environmental Policy

Historically, cach Ministry regulates its own specific activities that could have an
impact on the environment or that have the puspose of protéciing it. The Ministey of
Health (MS: Ministerio de Salud) is responsible for all matters related to health and
cnvironmental aspects, Most recently, the National Environmental Committee
{CONAMA: Comision Nacional de Medio Ambiente) was created under the Ministcy
of National Properties (Ministerio de Bienes Nacionales). Now CONAMA has been
transferred to the General Secretary of the Presidency (Sccretaria Nacional de Ia
Presidencia). Composed by representatives of Ministries and other bodies, CONAMA
should be the supreme council to dictate principles and policies for the cnvironment,
In the Metropolitan Arca of Santiago and further in each Region, a Regional

* CONAMA oonstitules a bridge between CONAMA and local eavironmental bodics,
- and promotes and supplies needs to their activitics, CONAMA shall evaluate or
~-coordinate the Environmental lmpact Asscssment cnforccd by Law N® 19.300-

'Gencral Basss for the annronmem :
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Ministerio de Salud (MS} is the principal exccutive and normative body throughout

- asystem of 13 regional componcnts (SEREMU) of national health services (Servicios
Nacionales de Salud), and the regulation departments (Depto. de Programas
Ambicntales). SEREMI Santiago includes 4 health services and the Metropoitan
Health Service for the Environment (SESMA). :

b.2 Organizations Related to Industrial and Medical SWM

Many other governmental and local bodics are presently involved in environmental
administration. Presently, the most important ones arc the Health Services (Servicios
de Salud (SS)) which belong 1o the Ministry of Health (Ministerio de Salud). The SS
have a medical and an envirenmental branch and are usually located in the main
hospital of the region. The environmental branch of the SS is presently in charge of
issuing environmentat authorizations.

In the metropolitan area the environmental branch of the SS is named separately and
is known as the Metropolitan Health Service for the Environment (Servicio de Salud
Metropolitano del Ambiente (SESMA)). SESMA has under its jurisdiction several
offices in charge of different environmental issues.

SESMA is a very dynamic body, working in function of programs supported by a
small permanent structuse, composed by four technical depaitments. Each program
has a coordinator, a technical team and a small Administrative Staff.

¢,  Legal System
¢l Legislation

The following is a brief desceiption of the legislation related to the environment which
is presently in force:

i.  Basic Environmental Act

An environmental act was passed through Parliament in 1994; ¢ the Environment

- Basic Law” {Ley de Bases del Medio Ambiente), law numbér 19,300. The act
is in its form and content, to a large extent, directed towards regulating
enterprises. It defines the conditions for and the contents of Environmental

. kmpact Studies (Estudios de Impacto Ambiental (EIA)) and of Environmental
Impact Statements {Declaraciones de Impacto Ambiental (DIA)}. However, in
order that the system of Environmental Impact Study becomes obligatory,
establishment of the regulation which regulateé it is necessary.
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c.2

i - Act 5081793 from SESMA

This act establishes a declaration and monitoring system for ISW generated in
the MR, : - -

iii.  Law 3.133/16 and its Regulation from Decree 351/92

Decree 351 defines the concepts and the industrial activities affected (identified
by CIIU code), whose effluents may not be discharged to any aquatic
environment, whether natural or artificial, below or above ground level, without
authorization. Such authorization is ahways required when the effluent is harmful
to the water for both irrigation and drinking purposes. The requirement is
extended to discharges into the sewerage system that may damage the collection
or treatment systems, or that infiinge the quality standards in force.

iv.  Sanitary Code

- The Sanitary Code contains several aiticles related to ISWM. Among these

articles, it is important to mention the one indicating that any project related to

_ the construction of facilities intended for the discharge, treatment or disposal of
_industrial and mining waste (regardless of the type) must be approved by the

Health Service (Servicio de Salud).

v. - Supreme Decree 745 in 1992 by the Ministry of Health

" This decree contains the regulations for Basic Sanitary and Envircnmental
" -Conditions at the Workplace. It makes some reference to industrial waste and

establishies criteria for the on-site storage, treatment and disposal of waste within
the industrial site.

Permit for ISWM Facilities

-+ As mentioned earlier, the Environment Basic Law (“Ley de Bases del Medio
;. Ambiente”), ' indicates which projects, related with hazardous ISWM and
- treatment/disposal of ISW; must clear an EIA. The acceptance of the project will then

be accompanied by the environmental permits or notification that the government
bodies are able to issue at the time.

The following permits or notification will be necessary:

- Change in land use issued by the Agriculture and Livestock Service
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(Servicio Agricola y Ganadero, SAG), which falls under the Ministry of
Agriculture.

- Approval by SESMA, under the Ministry of Health;

- Patent obtained at the corresponding municipality where the activities are
to be developed.

- Permit from the municipality for the construction of civil works for the
facility; and

- Authorization by SESMA for beginning of activities.

Present Problems and Keys for Solution

a. . Problems regarding the Present ISWM -
a.f  Non-HW (Non-Hazardous Waste)

Municipal landfills in the MR, where non-hazardous ISW are presently disposed,
comply with high level standards of landfill management. Small precipitation enables
leachate treatment by recycling in the region. As long as the ISW received in those
municipal landfills are non-hazardous and subject to special handling within the
landfills, no problems are foreseen technically. '

Municipal landfill disposal sites to which these industrial non-HW are disposed will in
short complete their service life. Since future municipal landfill sites will tend to be in
remote areas, it is envisaged that solid waste disposal cost may considerably be raised
as a consequence. Furthermore, disposing of ' non-hazardous ISW into municipal
landfill sites may not be allowed for long. If planning lacks consideration of establishing
ISW final disposal facilitics through utilization of private seetors, existing final disposal
facilitics would be in the near fiture congested and overloaded, resulting in facilities
unable to contend with the waste influx. '

Although the disposal fee being 3 to 6 US$/ton of present municipal landfill sites and
their location being near the urban area, there are quite a lot of illegal dumping sites
including locations nearby municipal landfill sites, environmental detesioration
including underground water contamination is envisaged. If final disposal sites are to
be constructed in remole places and disposal fees are raised, it may easily lead to a
rapid increase in illegal dumping,
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a.2  HW (Hazardous Waste) and LW (Liquid Waste)

- Problems in relation to non-HW are comparatively simple as mentioned previously,

thus countermeasures to be proposed might also be rather easy. However, problems
foreseen in "HW and LW" are complicated and serious.

Generation of HW (26,000 ton/year) and LW {45,000 ton/year) in comparison to that
of non-HW (868,000 ton!year) are small at present. It is understood from its
background that since standards for discharged water quality have not yet been
enforced and regulations and guidelines for air pollution have just been introduced in
Chile, the majosity of industries have not commenced airfwater pollution protection
measures. Under such circumstances, many hazardous substances, not enlerging as
ISW, are dispersed into the air and water environment.

As for ISW in general, majority of hazardous substances are mainly emitted as
contaminants in dust, ash, sludge or liquid waste. However, at present most old, small
and medium size factories are indifferent to paricular movement of hazardous
substances and therefore waste water, exhaust gas and ISW are uniformly disposed
without making any distinclive segregation from other solid waste.

Even under such circumstances, problems are not tangible nor eminent. Meanwhile, it
is reported that vegetables (such as lettuce) in those river basins are not edible
uncooked, since they are contaminated with municipal sewage water. Which implies
that soit contamination by heavy metals discharged from industrial sewage and
consequently contamination of agricultural products are grave,

However, it is evident that when air and water pollution prevention standards are put
into practice in future, generation of HW and LW, which is curreatly minimal, will
rapidly increase and thus problems of ISW shall become more apparent.

b, - Keys for Selutien

In order to solve the problems foreseen above, the following keys for a solution may
have to be considered.

i.  Clarification of responsibitity
It is necessary to clarify that waste generators are responsible for control and

disposal of ISW. Meanwhile, the scope and division of administration (among
. national, local authorities, etc.) regarding ISWM should clearly be stipulated and
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operated within a legistative framework.

ii.  Formulation of ISWM framework in refation with air and water pollution
regulation '

In order to establish management system of ISW at generation, it is essential that
ISWM framework closely connected with air and water pollution prevention
should be established. It especially is indispensable to practice waste water
regulations (i.e., pre-treatment before discharging into sewage).

iii.  Identification of the status-quo of the ISWM and estabtishment of an
information management system

Itis the basic principle and the first step of ISWM to identify precisely the status-
quo of individual waste gencrators’ management, to understand current global
situation of ISWM in the MR, and to establish an information management
system in this regard. The Manifest System is already in operation by SESMA-
PROCEFF. The Team's surveys further contribute to accumulation of data and
information regarding the present situation of generation, control and treat-
ment/disposal. It is necessary, in order to understand the status-quo, to establish
a framework of information management system by starting with accumulation
of data through factory visit surveys by SESMA-PROCEFF and reports
submitted by factories.

iv.  Establishment of administrative framework to promote ISWM policies

It is necessary to establish an integrated administrative system to formulate
national level ISWM policies, and an organization (especially in local authorities)
in charge of monitoring and guidance of ISW. Relative to this, legislative
support should be realized (e.g. “report collection”, “on-site investigation”
should be allowed, and “illegal operations” should be prevented with
empowerment of administrative orders and measures.). At the same time, in view
of indusiries’ air- and water- poliution control, on-site ISWM and control of
hazardous materials being inter-linked, cooperation and coflaboration among
respective authorities related are indispensable. Furthermore, officers capable of
monitoring and placing guidance should be trained.

v.  Establishment of on-site ISWM

One of the basic principle of ISWM is that induslries (as primary waste
generators) should establish a system that copes with on-site ISW contro! and
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treatment, and entrusted disposal, In-house management and technology system
responsible for ISWM should be established. Therefore industries need to
allocate an engineer/manager capable of supetvising water and air polhstion
control, as well as control of hazardous materials and ISW. Meanwhile, it is
expected for authoritics to take such actions that relative human resource
development be promoted {system of training program and/or allocation of
technical manager be obligated to industries.).

vi.  Establishment of ISW treatment/disposal facilities

Majority of ISW is presently diéposed at municipal landfills. It is envisaged that
municipal fandfills currently in operation will in short complete their service life

-and new ones will be located in remote areas. Whereas generation of ISW

(especially HW) is estimated to increase rapidly in future. Consequently, it is
judged that intermediate treatment and final disposal facilities for ISW are
urgently needed. Especially among others, establishment of final disposal
facitities for HW is an essential issue in formulating ISWM in the MR.

vii. Other [ssues

In order to establish an appropriate conirol system for ISWM in the MR, it is
necessary to formulate a system which enables:

- establishment of appropriate on-site ISWM by generators;

- formulation of market mechanism where generators can entrust
treatment, disposal and resource recovery of ISW to agents; and

- elimination of illegal treatment/disposal and dumping. -

In this context, in addition to the above, issues in variety mentioned betow need to be
solved:

- technical standards and guidelines which promote appropriate on-site
ISWM by generators,

- permission procedure for siting of ISWM facilities,

- EIA system regarding facilities siting,

- promotion of laboratory analysis sectors and ISWM facilities
manufacturers who are indispensable io realize analytical identification and
monitoring of HW, etc.
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2.6

 Present ISW Generation

a.  Previous Studies on ISW Generation

In order to plan and establish a proper SWM system (irrespective of municipal,
industrial or medical), “identification of present SW generation” and “estimation of
future SW generation” are indispensable.

However, intrinsic difficulties related with ISW such as those listed betow should be
taken into consideration and be overcome in establishing a proper management
system of ISW': '

i.  extreme variety in kind of industries generating ISW,

ii.  wide diversity in types of ISW generated, and in addition, qualitative and
quantitative features are quite different even within the same category of
industries due to differences in production process, materials and
technotogies employed; and

iii. integrated and unified classification of ISW is not available at present,
various waste classification methods exist.

In the D&M’s RISPEL Study, the ISW generation amounts of the year 1992 were
estimated by using the INVENT and WHO models. There was quite a large difference
between the total generation amount of ISW estimated by INVENT model and by
WIIO model; i.e. 659,228 ton/month and 28,641 tonvmonth respectively.

In the EWD’s RINSOR Study, based on the survey result of 265 factories, the iotal
discharge amounts of ISW (No Apmvechédos: Not Recycled Wastes) from the MR
in 1994 and 2004 were estimated at 313,260 ton/year and 667,944 ton/year
respectively. o - '

b. Classification of ISW

While the IW 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
waste through the declaration system according to the classification that MS proposed.
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On the contrary, the 333 classification of ISW has the list for HW identification and
thus may be deemed as an effective tool to be employed for the declaration system and
the management of HW, under the present sitvation of lacking provisions of standard
analysis methods and specialized analysis facilities for HW. Therefore, as the Team’s
conclusion of ISW classifications, both classifications of SESMA-PROCEEF being
adopted and MS (drafted) should co-exist. -

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

classification of SESMA-PROCEFF and MS {drafled) is indispensable. However,
formulation (coordination) reqguires empmca! support of analysis works, which shall
take some time.

For the formulation, the Team proposes the followmg steps to be adopted by the
Chilean snde

- main HWM issues for the time being shall be: monitoring and controlling
‘of “Highly Potential Industries” which may be liable to produce LW and
HW for the ISW List (namely the 333 classification of PROCEFF).

- in addition, for those industries which are deemed to generate HW and
LW 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 requircd analytical tests of their
generated waste based upon the criteria of MS specified 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 wnth laboratory
analyses for processing the compﬂed 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 identified by the data given in the
declaration system,

¢.  Present ISW Generation
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 their number of employces) plus the data from the EWI’s RISNOR study

(236 factories: duc to 28 factories among 265 factories overlapped in the iwo studies)
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converted to the 24 waste classifications proposed by the Team. Based on the
generation data of these 425 factories in total, generation ratios (GR) of 24 ISW
classifications were calculated.

Statistics available with regard to the industries and their employees in the MR are the
data compiled 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 2.6a. The following assumptions were, therefore, made
for the calculation of ISW generation amount:

i.  Data (numbers of factories and employees) of industries with less than 10
employees were not included in this estimation, since relevant data was not
avaifable and its overall contribution towards the total number of
employees in the industries within the MR is marginal.

ii. Number of employees referred in the calculation of GR was the total
employees including employees in indirect/administrative sections.

iii. 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 2.6a Assumption on Numbers of Employees for the Estimation of Waste

Generation
Range of Employees Number Assumed Employees Number “
- 10-19 L 15
20-49 | - ‘ 35
50 -99 75
100 - 199 150
200 - 499 ' 350
500- 999 :  750
> 1,000 1,500

Present ISW generation amount in the MR is estimated in refation to 36 industrial
group-wise classification and the 24 1SW classification. The outcome is summarized
as shown in Tables 2.6¢ and 4.1d. 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 their own
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landfills at present and in future (i.e. closed system). Therefore, ISW generated in
mining industries are excluded from this table to avoid confusion due to the huge
amount of slags from the industry. ISW Generation amount (in 1995) ia 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 ton/year) and CHIU Code 311 Food
Manufacturing (154,850 tonfyear).

As for the ISW generation by the waste categories of non-HW, HW and LW, ISW
generation amount in 1995 is calculated in the table below. As clearly shown in the

~ table present generations of HW and LW are very small (7.6% in total) due to mainly

limited generation of sludge (C-3 and C-4) and dust (C-2),

Table 2.6b ISW Generation Amount in 1995 by Non-HW, HW and LW
' ~ Unit: tonfyear |

g - ISW Category - Generation Amount Rate (%) i
| Non- Hazardous Waste 863,000 9.4 I
Hazardous Waste 26,000 28
Liquid Waste _ 45,000 4.3
hTotal B 939,000 100.0}
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d. Present ISV Flow

1n order to identify the cutrent ISW flow, the results of both factories’ surveys by the
Team and EWI's RISNOR Study were compared as shown in Table 2.6d. According
to the table, proportion of “ISW recycled” and “ISW not-recycled”in both studies
showed approximate values, In this regard, it might be assumed that the values are
reliable. Based on the rates shown in the table, the current ISW flow is presented in
Figure 2.63.

- Table 2.6d Comparison of JICA Survey and EWD’s RISNOR Study Results

Category of survey | JICA Survey EWD’s RISNOR Study
ISWamount | = Rate ISW amount Rate
Disposal Method ton/month %) ton/month W)
1. Generation 18.632 100.0 10,386
2. Recycled 10480 | 562 5,614
- Onsite NA - 2,143
- Outside NA - 3,47
3. NotRecycled 8,152 438 4,772
3.1 Storsge 145 038 21
3.2 Disposal 6,725 361 4751 |
Disposal at 4755 255 Na |
municipal landfills g
On-site disposal 538 29 NA -
Discharge to 826 4.4 NA -
SEwer, ele.
Unknown disposal 606 313 NA -
3.3 Others 1,282 69| NA -

The flow indicates that more than 50% of ISW generated are recycled. However,

~ “Survey on private SWM Enterprises”by JICA Team and EWP’s VIRS study pointed

out that considerable amounts of ISW collected by recycling agents are treated and/or
disposed inappropriately. Atiention should be drawn that residues of recycling works

_ are illegally dumped on many occasions.
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CHAPTER 3 PRESENT MEDICAL SOLID WASTE MANAGEMENT

3.1

3.2

Medical Institutions Survey

‘The objective of the questionnaire survey conducted by the JICA Study Team was to
provide detailed information on the present medical SWM (routines and equipment,
etc.) and to provide information on the perception of the future management system.
The survey covered 90 medical institutions in the Metropolitan Region, including all
42 private and public hospitals and a statistical representative sample of 31 clinics.

Present Medical Solid Waste Management

- The medical institutions in the MR is presented in Table 3.2a.

Table 3.2a Medical Institutions in the MR

Category Number | Number | Number of medical
of of institutions surveyed
institutions | beds | by JICA
Hospitals | | 37| 11,508 | 37
Hospitals belonging to institutions | 5 1,340 5
Clinics | 471 1,381 31
Maternity clinics L - 6] 198 . -
Rural health centers 47 -l 12
Rural and urban centers of 117 - -
praclitioners
* (laboratories surveyed by JICA) - - SI
Total | 259 | 14,517 %l

The medical system in Chile is partly privatized and it is reported to be the intention
to further develop the private health sector in the future. In general, private medical
institutions have more financiat resources available. Thus, better conditions for proper
medical SWM exist. However, this is not the general siluation and large disparities in

* the handling can be observed within public institutions as well as within private medical
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3.3

institutions. The typical technical system for medical SWM at the hospitals includes:

- Sorting (classification) of waste at the source of generation.

- Direct disposal of liquid waste types to the sewer (also hazardous waste
types in many cases).

- Storage of medical SW at internal central collection pomt(-s) many of
them in insanitary conditions.

- . Disposal of infectious waste in small hospital incinerators. .

- Collection of waste similar to municipal SW by the municipal collection
service and disposal at a municipal SW landfill.

Issues aud Problems

The Medical Institutions’ Survey supports the impression that the present medical
SWM generally receives little attention from the management of the medical
institutions. Little attention in the sense of provision of basic equipment, maintenance
of existing technical systems and implementation/enforcement of internal instructions
and guidelines. In many cases considerable improvements could be introduced for little
or no extra costs. A typical example is collection of sharps, where applicable hard
receptacles often is employed, but due to missing lids, the receptactes are not being
properly secured before disposal and the sharps may cause accidents during the
subsequent handling.

The survey reveals that incinerators at the hospitals in general are inadequately
equipped and poorly operated in terms of minimization of air pollution, burning out of
ashes etc. This is a general problem of small incineratoss, however, being magnified
when incinerators are old and no modifications have been made to updaté the equip-
ment and the operational parameters. Thus, for upgrading of the present medical SWM
in the MR of Santiago, the following requirements can be su.mmarized: N

- Thereis anurgent need for preparation of a Code of Practice to establish

unified medical SWM procedures. : -
- A boosting of the awareness of the hospitals' management is reqmred to
ensure maximum atienlion to proper waste management procedures. A
~ boosting of the awareness among the staff employed in waste handling is

also required to strengthen the routines and the awareness.

. Sorting - and wherever possible,- the final packaging of medicat SW,
should take place at the place of production in order to ensure correct
classification and to avoid later mistakes and négligenc_e in the handling.
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Correct packaging of medical SW requires that suitable receptacles
(including a standard labeling system) are introduced.

- The internal collection points need improvements to obey basic hygiene
demands. Fencing is one necessary improvement and another typical
improvement would be application of haul-up containers to prevent waste
being mixed during storage and to avoid manual loading.

- Enforcement of a strict air pollution standard is likely to require significant
investments at many existing incinerators. Furthermore, investments will
be required at some incinerators for necessary major renewal works due
to former negligence of maintenance. This may lead to closing down of
hospital incinerators and this makes it necessary to develop a least-cost
disposal alternative based on safe landfilling to avoid uncontrolled disposal
of medical SW due to high costs of upgraded internal or external
incineration.

Present Medical Solid Waste Generation

ADIMARK's RESHOS Study registered a higher waste generation than reported in
EWT's RESHOS Study. The difference is due to the survey methods and due to the fact
that ADIMARK's survey included all waste types, also liquid waste, Table 5.4a (Main
Report) presents waste generation data obfained by both studies. In Annex I, the
generation data from the two studies are compared with data from other countries. It
appears that data from ADIMARK's RESHOS Study conform best with the
international experience, however, the generation ratio is among the highest of those
countries. The obsetrved generation ratio is higher than what would be expected based
on the previous investigations conducted by EWI and what would be cxpected based
on the conparison with other countries (the level of the generation ratio is simifar to
of countries with more developed health sector budgets than in Chile). The latter
assumies that higher budgets will lead to higher consumption of disposable equipment
and, thus, a higher generation of waste. This assumption is generaily valid, however,
with exceptions and with limitations when it comes to countries where waste
minimization is emphasized as part of a strict government policy for waste
minimization. '

It is recommended to reduce the waste generation ration observed by ADIMARK in
order to account for the uncertainty of the investigation and the possible over-
estimation of quantities. A reduction of 25% (which leads almosi average ratio of EWI
and ADIMARK studies, see Table 1.3.2b in Annex 1) is recommended in order to
prevent exltra capacily of the handling system caused by the uncertainty.
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The pfesent medical SW generation was estimated based on the Medical Institutions
Survey by HCA, comparing the data of the EWF's RESHOS Study and data from other
countries. Table 3.4a presents the total medical SW generation estimate for the MR.
Concerning the composition of medical SW of infectious waste types from hospitals
and clinics, the composition in Table 3.4b is assumed.
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