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PREFACE

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

JICA sent to Paraguay a study team headed by Mr. Takao Yoshida, Kokusai
Kogyo Co., Ltd. four times between June 1993 and June 1994.

The team held discussion with the officials concemed of the Government of
Paraguay, and conducted’ ficld surveys at the study area. After the tcam returned to
Japan, further studics were made and the present report was preparced.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countrics.

1 wish to express my sincere appreciation o the officials concerned of the
Government of the Republic of Paraguay for their close cooperation extended to the

tcam.

August 1994

Kimio Fujita
President
Japan International Cooperation Agency



August 1994
Mr. 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 Solid Waste Management
for Metropolitan Area of Asuncion, Paraguay. This study contains the master plans until
2006 and the feasibility studies on the first priority projects.

The MSWM master plans were formulated for 15 municipalities in the study area
based on their individual targets and the optimum technical systems which mainly comprise
of inter~municipal sanitary landfill sites.

The feasibility studies were executed for the three first priority projects which
consisted of collection system improvement for 15 municipalities, construction of the Chaco-i
inter—municipal disposal site and the transfer station. This study concluded that the
implementation of the first priority piojects by the proposed cxccuting agency, AMUAM,
supported by soft loan or grant aid was appropriate.

We wish to take this opportunity to express our sincere gratitude to your Agency,
the Ministry of Foreign Affairs, and the Ministry of Health and Welfare. And from the
Paraguayan side we also wish to cxpress our deep gratitude to the Ministry of Public Health
and Social Welfarc, AMUAM, 15 municipalitics of the Study Area, the Embassy of Japan in
the Republic of Paraguay, and the JICA office in the Republic of Paraguay.

Finally, we hope that this report will be effectively used for the implementation of
the project.

Respectfully,

Takao Yoshida

Team Leader

The Study on the Solid Waste Manage-
ment for Metropolitan Area of Asuncion
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1.2

The Study on the Solid Waste Management
Jor

Metropolitan Area of Asuncion
BRIEF SUMMARY
M.SWM Master Plan

Goal

The goal of MSWM Master Plan is "Development and Realization of a Beautiful
and Clean Living Environment in the Asuncion Metropolitan Area towards the

21st Century". This will be achlcvcd through Citizens' Partcupanon and
Establishment of Selfﬂsusramable Solid Waste Management.

- Present MSWM and Priority of Ihlprevement Projects

Based on the study on the present MSWM (Municipal Solid Waste Management)
in 15 municipalities, the following conclusions were made regarding the priority
of improvement on MSWM:

- In 'ev_er_y aspect, the present MSWM of the 14 municipalitics other than

Asuncion, are very weak and there are some municipatities which do not have
any cleansing service. Therefore, the first priority of the improvement of
MSWM should be on the éstablishment of the basic MSWM technical system
which consists of colicc_tion,_ street sweeping -and final disposal scrvices.

- ‘The second pnont; s,hould be on the acquisition of a futmc landfllt for
Asuncion and F.Mora mummpahtlcs in their jurisdiction, which it is very
difficult to secure, except for the river channel arca of the Paraguay River, an
_international river, -

- Since the introduction of a reeycling andfor resource recovery . plant will
require a financial burden on the local governments, reduction and resource
recovery of solid wastcs by it shall be done after the establishment of the
above-mentioned basic MSWM technical system.
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1.4

Targets

Bascd on the above~mentioned premisses, targets of collection, street sweeping and
final disposal services for 15 municipalitics are set up as follows:

Services Colleciion Coverage Street Sweeping Sanitary Landfill
Rutio(4s) Distance{knt) Level
Municipality
1994 2000 | 2006 § 1994 | 2000 | 2006 1994 -} 2000 2006
LHighly Urbanlzed M. . s ’
1-1 Asurcion 83 100 100 264 300 300 | Tevel 1§ level 3 | Level 3
1-2 FMora 64 85 100 2 20 40 | Level 1 | Level 3 Level 3
2.Urhanized M. 7
2-1 Lambare 61 8| 100 6 17 25 | Level 1 | Level'2 | Level3
2-2 Ban Lorenzo 16 45 70 6 2 32 | Level 1 ievel 2 Level 3
2-3 Capiata 15 45 70 0 6 12 | Open level 2 | Level 3
2-4 Lugue 23 45 70 28 40 60 | Level'l | Level 2 | Level 3
2-5 M.R.Alonso 16 45 70 0 6 10 { Open Level 3 Level 3
2--6 Villa Elisa a6 63 85 0 9 20 | Open Level 2 | Level 3
3.Less Urbantzed M.
3-1 Nemby : 7 45 70 0 3 12 | Open .} Levet:2 { Level 3
3-2 LA.Saldivar 0 25 50 0 1 2 | Nonc Tevet2 | Level 3
3-3 la 18 45 70 6 10 15 | Open Tevel 2 | Level 3
3-4 Aregua ’ 0 25 0 2 5 10 | None Level 2 | Level 3
3-5 Limpio 1 5 30 1 3 § | None Level 3 | Tevel 3
3-6 Villa Hayes 10 45 70 0 5 -9 | Open Level 3 | Level 3
3-7 Aceval 0 25 50 ] 6 11 | None Level 3 | Level 3

The Master Plan

The ficld surveys on 13 potential inter—municipal disposal sites presented by the
Paraguayan side were conducted and their suitability as the inter—municipal landfill
was examined regarding technical, environmental and social points of view. From
the results, 11 potential sites other than 2 sites in Chaco (Northern part of the
Study area) were concluded unsuitable due to the unccﬂaiﬁty on obtaining
neighborhood conscnsus, etc.. As for the municipalitics in the southern part of the
Study arca, although the potential sites were not identified, intcrm'municipal landfills
15 km away from their urbsn center were proposed as alternatives for their final
disposal sites,

In total, 62 technical system altcrnatives for MSWM in 15 municipalitics were
carefully examined. The following alternatives were concluded to be the optimum
technical systems.
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~  For Asuncion and F.Mora Municipalitics:
Inter-municipal disposal at the Chaco-i sanitary landfill with a
transfer station. '

- For M.R. Alonso, Limpio, Villa Hayes and B. Aceval Municipalities:
Inter-municipal disposal at the Chaco-i saniiary landfill withont a
transfer station.

~  For Lambare, San Lorenzo, Capiata, Luque, Villa Elisa, Nemby, J.A.
Saldivar, Ita and Arcgua Municipalities: _
Inter—municipal disposal at sanitary landfills (unidentified) 15 km
away from the center of the urban area of each municipality.

Selection of the First Priority Projects

With the discussion of the Paraguayan side regarding the proposed Master Plan, the

following projcct's were concluded as the first priority projects to be implemented
by 2000.

~ Improvement of collection systems for 15 municipalitics;

~  Construction of the Chaco-i inter~municipal disposal site; and

- Construction of AML (Madame Lynch Avenuc) transfer station.



First Priority Projeets

The contents and investment costs of the First Priority Projects arc presented in the

table below.

Project Executing

Bodies

Descri‘pﬁon

Total
Anmount
mill.Gs

Local

~ Portion

mill.Gs

Foreign

Portion
1,600
UsD

Collection -
Improvemest

Municipality
of Asuncion

Project Amouit

Contents

~ Procurement of waste collection tnicks,
coptainers and machineries for 1he ex=
isting workshop

8,585

303

4,565

AMUAM

Total Project Amouvnt

20,798

2,997

9,466

[Collection Improvement]

Project Amounl

Contents )

- Procurement of wiste collection trucks,
containers

11,51

6,325

[Workshop}

Project Amount

Contenls

~ Land acquisition: 1 ha:

~ Conslruction of a \\otkshop bulldmg
. Floor area: 800 m*

. Procurement of equipment for the

workshop

1,781

- 813

515

{Un—-identified Disposal Site]

Project Amocunt

Contents

- Land acquisition: 104 ba

- Constructjon of a final disposad site
. Capacity: 800,000 oy’
. Design lilc year for Phase 1 4 years
. Avea of landbll: approximately 25 ha
. Target opecation level: Level 2
. Facilities: Officg, warchouse,

ireckhiouse, fence, gate, parking, etc.

~ Procurement of equipment for landfill

operation

7,116

2,179

2,626

Transfer amd AMUAM

‘Transpost

Project Amounl
Contenls
~ Costruction of a wansler slation
. RO structure, two-stored building
. Capacity and transfer system
Diteet re~-toading system: 15
ton/houy
[ndicect re-loading systen: 110
tosr/honr
- Procurement of open and closed tgailers

9,824

2411

3.942

Chaco-i
Disposal Site

AMUAM

Project Amount
Comtents .
- Land acquisition: 200 ha
- Construction of a final disposal site
. Capacity: 1,600,000 w®
. Desipn life vear for Phase 10 4 vears
. Arca of site development: approxi-
mately 100 ha
. 'Target opecation level: Level 3
. Facilities: Office, warchouse,
truckhouse, fence, pate, parking, etc.
- Procugement of equipment for Tandfitt
aperation

10,270

2,931

Total Project Amount

49,477

21,872
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Financial and Economic Evaluation of the Fivst Priovity Project

Financial Evaluation

Financial evaluation was conducted by taking into consideration the whole
operation, that is, revenues and expenses for solid wastes collection improvement,
transfer station and final disposal (Sanitary Landfill), assuming AMUAM and
Asuncion as the two implementing agencies.. In addition, the financial viability of
the transfer station and the final disposal were tested separately.

The resulting financial internal rates of return (FIRR) were as follows: AMUAM
10.67%, Asuncion 56.95%, the transfer station 5.10%, and the final disposal
14.23%. The above FIRR values show the viability of AMUAM and Asuncion as
implementing agencies, as well as the financial viability of the transfer station and
the final disposal, in accordance with the assumed viability criteria for public
utilitics of FIRR greater than 3%.

In Asuncion, user charges and population density arc higher than those in the rest
of the metropolitan area, resulting in higher values of FIRR than those for
AMUAM. Another contributing factor to the high FIRR in Asuncion was the
attempt to keep AMUAM cxpenses low, at real costs plus administrative cxpenses,
which lowered the rental and tipping fees to be paid by the Asuncion Municipality
to AMUAM. However, sensitivity analysis shows Asuncion to be highly sensitive
to fluctuations in revenues and expenses, thercby justifying the seemingly high
FIRR.

AMUAM, although showing lower values of FIRR, is less scnsitive to fluctuations

in revenues and expenses.

Economic Evaluation

Economic cvaluation was quantified only for the Transfer Station, by comparing
the two situations consisting of "with" and "without" the transfer station. The
resulting economic rate of return (EIRR) was 18.0%.

The Solid Wastes Collection Improvement and the Final Disposal were evaluated
qualitatively as cnvironmental improvement, and the concomitant beneficial effects
it brings about in public health and rclated aspects.
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Overall Evaluation

Implementation of the Project is to directly bencfit the urban population in the
Asuncion Metropolitan Arca, which accounted for nearly 30 % of the total
population of the country in 1992 and is estimated to approach 1.5 million persons
in the target year 2000. The institutional development of AMUAM can serve as a
model for -regional institutions, which can undertake social and cconomic
development projects in different arcas of the country. -

Recommendations

Recommendation for Each Municipality

The 14 municipalitics other than Asuncion shall establish a Department or Section,
managed by a selected professional with clear duties, powers and responsibilitics
over the management of solid wastes in each city. ‘
Recommendation for AMUAM

Competence and function of the AMUAM on MSWM in the Metropolitan arca
shall be developed. It is recommended that the AMUAM shall provide the

following services for sound MSWM as the inter—municipal institution of the
Moctropolitan area.

-~ provision of the transfer and disposal operation services for the municipalitics

of the study arca.

~  provision of the maintenance services for the vehicles and equipments of the
I4 municipalities other than Asuncion:

~ establishiment of a training program for the officials of all the municipalitics
in the study arca, in collaboration with SENASA, so that it can benefit other

Paraguayan municipalitics.

Consequently, AMUAM is requested to employ qualified managers and cngincers
who have a thorough knowledge of MSWM. o

S-6
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4.5

Legislation

An appropriate legistation dealing with Solid Waste Management shall be prepared
and issued, although the first step required presently is the approval of the Sanitary
Code.

Executing Bodies

Upon consideration of the very weak financial and technical capabilities of the 14
municipalities other than Asuncion, AMUAM shall be the executing body of the
First Priority Project and take the responsibility of fund raising, repayment,
construction of facilities, procurement of equipment and operation of AML transfer
station and inter—municipal landfills, excluding the collection and strect sweeping
improvement projects in Asuncion.

Financial Source

The financial analyses implies that AMUAM requires donations to finance initial
investments during the take—-off period of thc MSWM, but subsequently can
replace facilitics and cquipment with internally generated funds by rental and
tipping fees, thereby ensuring continuity of the MSWM. As such, AMUAM, in
cooperation with SENASA and 15 municipalitics, shall make ecvery effort to
acquire such assistance in order to successfully implement the projects.

The cost of MSWM in each municipality shall be recovered through the user fee
in principal for establishing sclf-sustainable MSWM. The income shortfall was
assumed to be covered by property tax (70%) from each municipality and bus
ticket tax (30%) {rom AMUAM.
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Plate 1: Image of Transfer Station



Plate 2: Image of Final Disposal Site
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Cateura Final
Disposal Site

Workshop of Asuncion
Municipality

Street Sweeping Work
in San Lorenzo

3

Present

MSWM in

the Study Area



Weighing waste
amount discharged by
houses

Mixing and reducing
waste sample collected
for waste composition
analysis

Sorting waste saimple
by waste categories

Plate 4: Joint Survey (1), Waste Amount and Composition
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Truck Scale Inspection
Building constructed
by Asuncion
Municipality and JICA
in Cateura Landfill
Site

Inside View of the
Inspection Building of
Truck Scale.

One set of Computer
is installed

Water Sampling for
Water Quality Analysis
at Lambare Landfill
Site

Plate

Joint Survey (2)



View of the leachate
circulation pond

Installing horizontal
gas removal facility

Constructing drain by
banking soil fo
intercept sewage and
rain water to the
disposal area

Plate 6:

Experiment of Sanitary Landfill Operation
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Lecture on solid waste
given to the primary
school students by the
Study Team

Lecture on solid waste
given by SENASA staff

Pupils are watching
solid waste educational
video made by the
Study Team

Plate 7: Experiment of Solid Waste Education
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1.1

1.2

INTRODUCTION

Background

The rapid pace of socio—economic development in Paraguay has brought about an
increasing complexity in the management- of solid waste. Solid waste collection
and disposal has become a social and public health problem of great magnitude.
As in the casc of manjr citics with large populations, the management of solid
waste in the Asuncion mctropolitan area has-become a critical - problem.

To overcome the problems and to improve the situation in a systematic manner the
National Scrvice of Environmental Sanitation (SENASA) in' cooperation with the
Asuncion Municipal Government and the other 14 municipalitics in the Metropoli~
tan Area wished to carry out the "Solid Waste Management Study in the
Moetropolitan Area of Asuncion”.

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

Cooperation Agency (JICA), the official -agency responsible for the implementation
of the technical cooperation programs of the Government of Japan, concluded the
Scope of ‘Work of the Study with the Ministry of Public Health and Social Welfare
of the Government of Paraguay. Kokusai Kogyo Co., Ltd. carried out the Study.

Scope of the Study

a.  Objective of the Study

The objectives of the Study are:

- to formulate a master plan for the improvement of the Solid Waste Manage—
ment of the Asuncion Metropolitan Area up to the target ycar of 2006; and

~  to conduct a feasibility study for the first priority project based on the master
plan.

b,  Study Area

The study ‘arca was the whole area under the jurisdiction of the Metropolitan Area
of Asuncion, and was limited to the urbanized arcas of the municipalities. The
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Study arca is shown in the Location Map.

¢.  Study Wastes

The wastes studicd were houschold waste, market waste, commercial waste, street
sweeping waste and institutional waste. As for the medical and. industrial solid
wastes, a quick diagnosis study was carried out based on the cxisting information
and data resulting in the proposal of general recommendations for the improvement
of medical and industrial solid waste management in the Metropolitan Area.
Agricultural waste and animal husbandry waste were excluded from the study.

Policy of the Study

a. Utilization of Local Consultants

Considering the eminent characteristics of an MSWM study, it was very important
to pursuc technology transfer to not only Paragnayan counterpart personnel but also
local consultants in the course of the Study. Especially, the works which nced to
be done continuously even after the Study should be conducted by local consultants
under the supervision of the Study Team; i.c. WACS, environmental impact studics
of SWM facilities, development of an operation system of a truck scale, etc..
Thercfore, Paraguayan consultants and professionals were utilized to successfully
conduct the Study within a limited period , to make a master plan compatible with
local conditions and to pursue technological transfer.

b.  Joint Study

In order to conduct the Study successfully, the Study Team proposed the joint
implementation of the Study and asked cooperation and active participation of the
Paraguayan side. Especiaily, to smoothly conduct the Study, the Paraguayan side
was requested to make political and administrative  decisions regarding  the
following aspects:

-~ localization of future intcr—mun'icipal disposal sitc(s);

~-  sclection of the optinmm'tcchnical systems;

- sclection of the first priority project; and

- determination of the executing body for the first priority project.
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¢.  Workable Plan and Appropriate Technology

The Study Team formulated the most workable and implementable MSWM plan
for the Metropolitan Area in close cooperation with the Paraguayan counterpaits.
Furthermore, in light of the financial limitation of the Metropolitan Area, the Study
Team developed the most appropriate technology for both technical and institution-
al systems for MSWM in the area. The study and the plan were formulated ,
especially, to present and support a self-sustainable MSWM for the Metropolitan
Arca.
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Key Assumptions

Key assumptions used in this study area are as follows:

a. . Socio-economic Conditions

[tens

Unit Descriptions
1. Population . _
- Projected Urban Population 1992 2000 2006
of the Whole Study Areca persons 1,163,595 1,537,600 1,940,700
- Annual Growth Rate % 3728/ year
2. Economy
-~ GDP hillLUSD 4.95 in 2000
' 6.06 in 2006
- Annual Increase Rate of % 1994 - 2006 3.5%
GDP in Real Term
- Future Budget Scale of the The budget in 1994 will increase in
15 Municipalities accordance wilth GDP increase rate in
real femm.
- Income Level of the Citi- The income will increase according
Ze1S to the GDP increase rate in real
temy/population  growth rate.
- Currency Exchange Rate 1 USDh = L,880.50 Gs
= 106.41 Yen
- Inflation Rate

20% in 1994

20% 1995 — 2000 and 15% 2001
- 2006 for the economic and
tinancial analysis of the Study




b. Waste Amount and Compositicn

H Items Unit 1994 2000 2006
1. Waste Amount. -
i-1  Waste Generation Ratio
- MSW :
Household gfperson/day 961 - 1,020 1,083
i Shop g/shop/day 3,186 3,382 3,590
Restaurant gfshop/day 31,958 33,924 36,011
Market g/shop/day- 5,961 6,328 6,717
Institutional glemployec/day 78 83 38
Strect Sweeping:—
. for Asuncion gfkmiday 254,100 254,700 254,700
. for the other 14 municipalities gkm/day 39,950 39,950 39,950
Hospital gfbhed/day 4,000 4,246 4,507
Bulky g/personfday 0.6 0.6 6.7
-~ Other Wastes g/personfday 30 32 34
1-2 ° Collection Ratio of Hoeusehold %o As shown in Table 3.3a
Waste )
1-3  Annuval Increase Rate of Waste "The population increase plus 1 % for
Generation waste generation increase per capita.
2. Waste Composition - S
2-1  Forecast for Waste Composition 1994 2000 2006
Combistibles . 128 75 79
Garbape 374 36 34
Paper L1102 18 24
Textile 1.2 2 3
Plastic . 42 5 7
Grass and Wood 19.2 13 10
Leather amd Rubber 0.6 1 1
Non~Combustibles 212 25 21
Metal 1.3 2 3
Glass 35 5 5
Ceramic and Stone 25 2 2
Others (Soil, etc.) 19.9 16 i1
- . Total 100.0 100.0 100.0
2-2 Lower Calorific Value
- (MSW excluding 1994 2000 2006
Street Sweeping and keal/kg 1,192 1,452 1,697
Bulky Wastes

¢. Life Span of Equipment and Facilities

Life Span (years)

Salvage value {%)

Container

Truck and Heavy Equipment
Machinery =

Building and Civil Works

5
7
15
30

0

0
0
0

Note:
operation.

The life span of other facititics for the disposal site depends on the period of its




d. Executing Bodies for Technieal Systems of MSWM

Ttems | Pund Raising and | Constinction and - - Operation

Projects” Repayment Procurentent
1.Collection -

Asuncion Asuncion Asuncion ©{ Asuncion

Other 14 Municipalities AMUAM AMUAM 14 Muniéipalilics
2.8trect 'Sweeping _

Asuncion Asuncion Asuncion Asuncion

Other 14 Municipalities AMUAM AMUAM 14 Municipalitics

3.Mainterance of 1 and 2

Asuncion o Asuncion Asuncion Asuncion
Other 14 Municipalities ] AMUAM - AMUAM AMUAM
4. Transfer Station ) _ _
Asuncion and F. Mora AMUAM AMUAM AMUAM
Other 13 Municipalities None None '’ None

$.Final Disposal o .
Chaco-i : AMUAM AMUAM AMUAM

Unidentified Inter-municipal AMUAM AMUAM AMUAM
6.Maintenance of 4 and 5 AMUAM AMUAM AMUAM

6



€. Revenue and Expendifure for Financial Analysis
Items Revenue Expenditure
Organizations
1. AMUAM

Collection
Street Sweeping
Transfer Station

Final Disposal

Rental Fee (Gs/unit)
Rental Fee (Gs/umit}
Tipping Fee (Gsfton)

Tipping Fee (Gs/ton)

Depreciation and Maintenance of Vehictes
Depreciation and Maintenance of Vehicles
Depreciation and O&M of Facilities, Ve—
hicles and Lquipment

Depreciation and O&M of Facilities, Ve—

hicles and Equipment

2. Asnncion
Depreciation and O&M of Vehicles
Depreciation and O&M of Vehicles
Tipping Fee
Tipping Fee

Collection Collection Fee (Gs/month)
Collection Fee (Gs/month)
Collection Fee (Gs/month)

Collection Fee {Gs/month)

Street Sweeping
Transfer Opezation
Final Disposal

3. Other 14 Municipalities
- Collection
Street Sweeping

Rental Fee of Vehicles and O&M
Rental Fee of Vehicles and O&M
Tipping Fee

Coltection Fee (Gsfinonth)
Collection Fee {Gs/month)
Collection Fee {Gs/month)
Collection Fee (Gs/month}

‘fransfer Operation

Final Disposal Tipping Fee

Note; 1. Asuncion Municipality will procure vehicles and equipment necessary for collection and street
sweeping services and maintenance for them.
2. Tipping fee for disposal at the Chaco~i and unidentified landfill differs from each other.

Work Processes of the Study

The study commenced in June 1993 and ended in August 1994. The study
consisted of the following two phases;

Phase 1 : Formulation of a Master Plan (June - December, 1993)
Phase 2 : Feasibility Study on the First Priority Project (January — August,
1994)
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Study Team Member

The JICA Study Tcam consisted of the following members:

Team Leader/ Public Education Program Takao YOSHIDA

Collection and Haulage Plan Susumu SHIMURA
Intermediate Treatment Plan Takashi TOMIYASU

Finat Disposal Plan® Akira DOI

Facility Dcsign and Cost Estimation Junji ANAI

Equipment Operation and Maintenance Plan  Fernando Pache Saldanha

Solid Waste Composition Analysis Koji KUSUNOKI

City Plan ' Masaharu KINA

Organizational and Institutional Developmcnt Plan Luiz Edmundu Costa Leite
Projcct Evaluation Masaru OBARA

Environmental Impact Assessment " Nobuyuki KOMURO

Administrative Coordinator Mark VILANCVA



2.1

PROTILE OF THE STUDY ARFA
Profile of the Study Area

a.  Definition of the Siudy Area

The study area covers the area under the jurisdiction of the members of the
AMUAM (Association of Municipalitics of the Metropolitan Area) except for San
Antonio and Ypane municipalitics, and is limited only to the urbanized arcas of the
15 niunicipalities.

In view of MSWM, the 15 municipalities in the Study Arca arc classificd into the
following three categories as shown in Figure 2.1a.

-~ HUM (Highly Urbanized Municipalitics):
Asuncion and Fernando de la Mora.

- UM (Urbanizcd Municipalities):
Lambare, San Lorenzo, Capiata, Luque, M.R. Alonso and Villa Elisa.

- LUM (Less Urbanized Municipalitics):
Nemby, J.A. Saldivar, Ita, Aregua, Limpio, Villa Hayes and Benjamin
Accval.

b. Location and population

Of the 15 municipalitics in the Study Area, 13 including Asuncion are located on
the eastern bank necar the confluence of the Paraguay River and the Pilcomayo
River and its topography is generally flat. The total arca is approximately 1,605
km? and its population is approximately 1.29 million. The urban population and
area, which is the target of the Study, arc 1.16 million in 1992 and 530 km’®
respectively.

c. Climate

Paraguay is located in the sub-tropical zone and its climate is characterized by its
drastic changes. The average annual temperature is 22.5 °C and the average annual
precipitation is 1,356.3 mm.
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d. Administration

The country. is administratively divided into 19 Departments, and more than 500
municipalities. The Departmental division did not exist until recently, and only now
the Departments are being implemented by the first time clected "Governors”.
Governmental actions and powers are thus, basically, exercised by the National and
Municipal governments,

e. Land Use

The present land usc of the Study arca is classified as follows:

Category Area (km®) Share (%)
Urban arca _ 340 21.2
Industral area 3 0.2
Culiivated arca 128 8.0
Pasture area 559 34.8
Forest arca 255 15.9
Others (low lands and vacant arcas) 320 19.9
Total 1,605 100

f. Housing

Housing, according to the 1982 census (census of 1992 was not available), were
mostly (96%) independent units, multi-family units such as apartments accounting
for only around 4%.

g.  Water Supply and Sewage System

As for the water supply CORPOSANA took responsibility over Asuncion, Fernando
de la Mora, Lambare, San Lorenzo, Luque and M.R. Alonso. The rest of the
municipalities arc under the responsibility of SENASA, cxcept Ita, which is
supplied by private enterprises. The public water supply system serve about 55%
of houses, while wells and springs are water sources for 45%.

The sewage system is partially served only in Asuncion, Lambare, San Lorenzo and

Lugque by CORPOSANA. Only 15% of houses arc connected to the public sewage
system. '

11



“h.  Master Plan for Urban Development

A tentative master plan ("Development Guidelines for Asuncion -and its:Métropoli—
tan Area") was prepared by the Municipality of Asuncion in 1985. The plan,
- however, was never made official because of the opinion differences of the
government officials,

Due to the lack of a basic development plan, the Metropolitan Area of Asuncion
has expanded randomly which creates various problems in the urban area. In order

to solve the problems, a Master Plan for urban development in the MAA should
be formulated urgently. '

i.  Regional Economy

The MAA éccounts’ for around one-third, or slightly over half a million, of the
-economically active population (EAP) of the country.

Unemployment rate declined from 6.6% in 199010 5.1% in 1991. Underemploy—-
ment rate also declined from 15.4% in 1990 to 9.5% in 1991. '

Main employments which are heavily concentrated in the MAA are in services,
cominerce, manufacturing, construction, finance and transportation concludes that
cconomic conditions in the MAA are better than the rest of the country.

J- Municipal Finance

The financial situation of Municipalitics are presented as summaries of their 1993
budgets in Table 2.1a.

12
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Table 2.1a Municipal Revenue and Expenditure, 1993 Budget

Items Current Capital Total Revenue Curient Capita) Total
“Munieipatity Revenve | Revernue {Thousand GS) | Bxpenditure BExpenditure Expenditure
(%) <) (%) (%) {Thousand GS)
1. HUM
1-1. Asuncion 35 15 50,703,300 66 34 50,703,300
1-2. F.Mora 80 20 2,125,734 64 36 2,125,734
2.UM
2-1. Lambare 58 42 4,103,605 53 47 4,103,650
2-2 San lorenzo 96 4 1,250,000 63 37 1,250,000
2-3. Capiata 90 10 354,600 82 18 354,600
2-4. Lugue 95 3 1,423,200 67 3| - 1423200
2-5. M.R.Alouso 93 7 919,100 % 21 919,100
2--6. Villa Elisa - 71 29 283,450 87 13 283,450
3 LUM :
3-1. Nemby 68 32 304,295 38 62 306,595
3-2. LASaldivar 98 2 42,000 86 14 42,000
3-3. fa 93 2 483,450 66 34 483450
3-4, Arcgua 80 20 266,149 69 31 266,150
3-5. Limpio 45 5 408,660 0 30 408,650
3-6. Villa Hayes 98 2 401,600 74 26 401,600
3-7. B.Aceval 87 13 119,811 85 15 119,811

k.  Municipal Tax System

In general, municipal reverue has traditionally depended on a few taxes, such as
those levied on the practice of professions, commerce and industry, as well as on
automobile registration, mass transit and construction.

Municipal revenue had a large increase in 1993, due to a Constitutional amendment

whereby the collection of real estate tax changed from the jurisdiction of the
Central Government to that of cach Municipality.

Field Survey

a.  Field Survey

-Basic information such as the quantity and quality of solid waste generated in the

study area, population covered by collection services, efc., is the principal and key
factor for a successful and feasible municipal solid waste management plan. In
order to clearly understand the present MSWM, the following field surveys were
conducted:
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- time and motion study for waste collection works;

—.  survey on scavengers;

- survey on the recycling system and the mdrkct for reusable matérials;

- POS (Public Oplmon Survey: in total 180 houscholds were survcycd),

- investigation of present and future dlSpOSHl sites dnd proposed transfer station
sites; and

- Study on waste amount and composition both in winter and summer.

Upon consideration of the importance of the surveys, the WACS and POS briefly
described below.

b.  Waste Amount and Composition Survey

ba. Methed of the Survey

A WACS (Wastc Amount and Composition Survey) was carried out both in winter
(July 1993) and summer (February, 1994) in order to obtain the basic information
on waste generation ratio, discharge and recycling amount, amount of sclf-disposal
and collection, and finally to clarify the waste stream in the study area.

The method applied to the waste amount survey is tabulated in Table 2.2a.

~ Table 2.2a Method of Waste Amount Survey

Generation Disposal Interview
Category Ratio Amount Survey
Survey Survey

MSW ( Fotal) X
Houschold Waste N X
Cominercial X
Market Waste X X
fustitutional X
Street Sweeping X
Hospital Waste X
Bulky Wasie X
Others (Total) X
Industrial Waste : X X
Others . X

Note: The item given "X" was surveyed in the Study.



bb. Findings

i.  Waste Generation Ratios

The waste generation ratios of each generation source were concluded as shown in
Table 2.2b.

Table 2.2b Waste Generation Ratio

Unit 1994
1. MSW
Houschold - gfperson/day 961
Shop g/shop/day 3,186
Restaurant g/shop/day 31,958
Matket _ g/shup/déy 5,961
Institufional g/el.ul;loycc/day 78
- Street Sweeping -
' Asuncion ‘ g/km/day 39,950
Other 14 municipalities glkm/day (254,700)
Hospital gibedfday 4,000
Bed o g/person/day . 0,6
2. Other wastes (ISW) g/person/day 30
Note: * The generation ratio for Asuncion shown in harcnlhcscs is caleulated by the actual

disposal amount observed by the truck scale at the Cateura Landfill while the ratios
“for the other 14 municipalitics is the one obtained from the WACS conducted by the
HCA Study Team.

The generation 1atio of household waste, 961 g/person/day, is very high in
comparison with those of the other countries as shown in Table 2.2c.
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Table 2.2¢ Generation Ratio of Household Wastes

i

Country City Year | Population GNP per Houschold MSwW
capita . | waste {g/person/day)
(UsSS/year) | (g/personfday)
Paréguay' Asuncion 1993 | 506,445 1,360 961 ' 1,312
Poland™ Poznan 1992 | 590,500 1,960 654 769
Laublin 1992 | 352,500 1,960 400_ 508
Laos™ Vientiane 1991 | 142,700 250 : 753 987
“ Malaysia® | Pulau Pinang | 1988 § 559,300 2,800 504 640
Source:

*1: The Study on the Solid Waste Management for Poznan City, the Republic of Poland,
May 1993, _ :

*2:  The Study on the Solid Waste Management System Improvement Project in
Vientiane, Lao Péoplc‘s Democratic Republic, August, 1992,

*3  The figure is not generation ratio but disposal amount from "Selid Wasic Management
Study for Pulan Pinang and Seberand Perai Municipalities, August, 1989

The reasons why the generation ratio of houschold waste is so high are that:

- The generation of the garden wastes, which consists of grass and wood, and
others (soils, ctc.), is extremely high (44.2%) in comparison with those in
Poznan (1992), Pulau Pinang (1988), Rio de Janeiro (1991), Tokyo (1972),
which arc 10.3%, 22.2%, 16.7%, 16.6%, respectively.

- Most of the garden wastes arc generated from detached houses. In the Study
arca, the proportion of detached houses is very high and average site area of
a detached house is large enough (average 450m”) to produce an enormous
amount of garden wastes according to the results of the POS,

= According to the interview survey conducted in July 1993 to the sampling
household of the WACS, sclf disposal by means of buming, etc. and source
recycling by means of feeding domestic animals are 245 g/person/day and 54
g/person/day respectively in the collection service arca. Consequently the
discharge (or colicction) ratio comes 662 g/person/day. This is a reasonable
ratio.

il.  Waste Composition

The waste composition of the Study arca is summarized in Table 2.2d.
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Waste stream

Thc“waétc strcams of the 15 municipalities were prepared as a draft for the future

study and presented in Tables 2.2¢, 2.2f and 2.2g.

..

Public Opinion Survey

A POS (Public‘().pinion Survey) was carried out in order to understand the
reasoning of the public regarding MSWM, which would be taken into account in

the formuhtmn of the Master Pian

The s:alicnt features of thc results of the POS are as follows:

j

96.6 % of the interviewees lived in detached houses.

“The average land arca of houses is very large, approximately 450 m®

Approximately 90 % of the interviewees are usmg plastic bags as w*mte

‘containers, duc to casy handling and most ‘people are satisfied with it.

More than 90 % of the intcrviewees of residential areas discharge garden
wastes and 78.2 % of the interviewees in Asuncion discharge garden waste
regularly for collection.

Coverage rate of the waste collection in Asuncion was 78.3 %.

,Néarlyl 100 % of the intcrviewees answered will cooperate in recycling

activities.

Approximately 70 % of the interviewces are satisfied with the present
municipal solid waste management, '

The present average waste co!lcctlon fee and amount of willing to pay are
summarized in Table 2.2h.
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Table 2.2¢ Present Waste Sticam (1) ! Unit: ton/day

Municipatity | Asuncion | F.Mora Lambare San Capiata
Items } ) Lorenzo
Waste Generation ) 670 109 111 158 97
Recycling at Generation 27 5 6 8 S
Self-disposal at Generation 217 59 41 134 81
Collection Amount 426 45 64 17 n
Reeyeling from Discharge to Disposal 21 : 4 4 ] 4
Othier Wastes{ISW) 15 3 3 4 3
Diisposal Amount 420 44 63 15 10

Table 2.2f Present Waste Stream (2) Unit: ton/day

Muniaipa..liiy Lugue M.R. Villa Elisa MNemby LA,
flems Alonso Saldivar
Waste Generation _ 105 sl 3 32 2
Recycling at Generation 5 2 2. 2 0
Sclf-disposal al Generation 88 38 lé 27 2
Colection A;.nount 12 g 15 3 \]
Reeycling fro:ﬁ Discharge to Disposal 4 2 1 1 0
Other Wastes(ISW) 3 1 1 1 . 0
Disposal Anount . 11 7 15 3 0

Table 2.2g Present Waste Stream (3) | Unit: ton/day

Municipality | Ha Arcpua Limpio | Villa B. Aceval
fterns ’ Haycs
Waste Generation - . 17 7 32 13 . 7
Recy'é]iil'g at Generation 1 0 1 1 0
Scif—-disposal al Generalion - 14 7 3¢ 10 7
Colleetion Amount 2 0 0 2 0
-hecyc]ing from Discharge to Digposal 0 0 0 H 1]
Other Wastes(ISW) 0 0 0 0 1]
Disposal Anount 2 0 ) 0 . 2 1]
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Table 2.2h Opinion on Waste Collection Fee

Average antount of

Average aimouvnt of

present collection fee per willingly pay Differences
house {Gs/month)
(Gs/month}
Asuncion 7,825 8,227 upS5 %
San Lorenzo 2,578 4,160 up 60 %
Nemby 3,066 3,875 up 26 %

- More than 90 % of the interviewees have an opinion that the governmental
sectors should bear the cxtra cost to maintain the beautiful sight of the city.

- Only 10 % of the interviewees have had guidance on proper method of waste
¥ g prop

discharge.

~  Nearly 100 % of the interviewces understand the necessity of public
cooperation and express for participation. ' )

- In Asuncion 70.8 % of the interviewees consider the municipality should
take initiatives on public cooperation.

Present Municipal Solid Waste Management

a.  Technical System

The present technical system in February 1994 are summarized as follows:

i.  The curb collection system with the use of plastic bags is dominant.

The collection coverage is very low or zero in less urbanized munici-
palitics and low in urbanized municipalities except Lambare, while it

is high in highly urbanized municipalities.

ii.  There arc no strect sweeping services cxcept for Asuncion, F.Mora,
Luque, Lambare, San Lorenzo, Ita, Aregua and Limpio where cleaning

is conducted only on paved roads.

iii. There is no processing facility for solid waste in the Study area except

for the incinerator for infectious hospital waste.
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iv. Source separation is not well established. However, the distribution
channel and market for the recyclable materials arc well established by
the private sector.

v.  Open dumping is dominant except for the Cateura landfill used by
Asuncion, F.Mora and Luque which is classified as a controlled tipping
landfill.

vi.  Equipment operation and maintenance in general is not submitted to
planning or control. There are some controls, enly in Asuncion, for
operation and maintchance.

vii. Illegal dumping is very common and it is observed in many vacant
arcas along the asphalt-paved roads.

viit. Private sector activitics are not monitored by the municipalities cxcept
for Asuncion.

b. Instituntional System

The administrative system (hierarchy) of all the municipalities in the study area is
basically the same, that is, a city council, a mayor and his appointed secretaties,
the most important being the General-Secretary. The municipalities show great
differences in strength and capability according to the size, population, land use
patterns and budget. This situation is reflected, of course, in the administrative
structure of these municipalities; some being highly developed with several
Departments, Divisions, Sections, etc., while others are limited to a structure
consisting of a General-Secretary, and less than five permanent employees.

Concerning municipal solid wastc management therc is a great diversity of
institutional approaches in dealing with this matter, no city being exactly alike any

other.

MSWM services are, formatly, an exclusive responsibility of the municipal
governments. Regardless of this, in larger cities MSWM is handled by the
municipalitics, either dircetly with their own personnel or through contracted firms
or through concessionaires; in many small citics these services are not handled at
all with a coverage of about 17% of the national average. Municipalities do not
handle MSWM agencies as an independent body, even in large citics like
- Asuncion. '
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There is no inter-municipal cooperation conCéming MSWM, except the disposal

of waste from F.Mota and Luque in the Asuncion Cateura landfill.

Municipal solid waste management system differs with each municipality such as
waste tax, fee collection systems, executing bodies for services, eic..

The privatc sector plays an important role in delivering services be it as contractors
to the municipalitics or as concessionaires.

Cost_reco'\/cry practices for collection are well established and usually reflect the
operation costs. '

There are very few ordinances or codes related to Municipal SWM.
Evaluation of Present MSWM

a. ~ Technical System

The major issues and problems identified in the present MSWM as well as the
preliminary recommendations for the formulation of a master plan are described
below.

i.  The priority for the improvement of the present system is given to:

- plan and acquisition of the future landfilt for the highly urbanized
municipalities; . ' '

~  strengthening collection capabilitics and the commencement of
sanitary landfill operation for the urbanized municipalities; and

-~ establishment of collection services and the commencement of
sanitary landfill operation for the less urbanized municipalities.

ii.  Conccrning storage and discharge of wastes, citizens do not utitize the
standard types of containers, using various other kinds ‘(cardboard
boxes, wooden boxes, drums, etc.) which make collection services
incfficient, difficult; dangerous and insanitary. In order to improve this
situation, the municipalitics should take the followilig MCasures:

- cstablishment of proper storage and dischérgc standard;
- instruction and enforcement of the standard established to the
citizen;



iii.

iv.

V.

vi.

vii,

viii.

ix.

xi.

~  promotion of the waste stand installation; and
- introduction of public container collection system in the core
(commercial) arca.

In order to solve littering by the citizens, the municipalitics should
install public containers in the core area in addition to the enforcement
of anti-littering regulations.

For efficient collection, the HUM (Asuncion and F.Mora) should
introduce a container collection system for the institutional, non-
infectious hospital, market and street sweeping wastes,

Although the present collection capability is very weak and need to be
urgently strengthened, replacements of the present fleet and procure-
ment of new collection vehicles shall be carcfully cxamined with the
consideration of their financial capabilitics.

- The present manual sweeping system is suitable under the condition of

high unemployment ratio, so it should be extended or implemented
where this service is not provided.

The market for compost product from municipal solid wastc is very
limited. It scems unnecessary to introduce a processing facility except
for the treatment of hazardous wastes.

The prescnt recycling system mainly established by the private scctor
functions well. The introduction of a recycling facility shall be
carefully examined in order to avoid conflict with the present private
sector.

A planning and control systems for the vehicles and equipment
operation and maintenance shall be implemented, where the municipal-

itics do not rcly on the private sector.

In order to preserve the surrounding cnvironment, the appropriate

-measures such ‘as the execution of final covers, establishment of

monitoring, etc. should be established when the present landfill will be
closed.

The present open dumping landfill operation should be terminated and
the sanitary landfill operation introduced.
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ba.

i,

iii.

iv.

vi,

bb.

Institutional System

Findings

~The institutional systems are not well established and each institutional

responsibility on MSWM ‘is not clearly defined. What exists is makeshift
management systems in cach of the citics.

Technical and managerial capacities of the municipalities are often very weak
or non-existent, although there is a great will to improve this situation.

There is - almost no operational cooperation among the municipalities,

concerning MSWM, except the use of the Catcura landfill of Asuncion

municipality by private operators in charge of collecting the wastes from
Fernando de la Mora ‘and Luque municipalities.

Private sector participation, on average, is more substantial than in most Latin
American “citics, sometimes the private MSWM provider works as a

_concessionaire, not only as a municipality contractor, It was found that the

privatc market share is more the result of the public sector incompetence in
coping with their duties, rather than of their greater efficiency.

The situation above described has led to a very unéven system, cach city
dealing with their solid -waste in it's particular and inconsistent way.
Characteristics of these systems vary but as a whole we can find a biased
service.

The informal scctor operations should be mentioned, of course a non—
governmental and unregulated enterprise but an important sector, mainly on
the recovery and recycling operations in the Metropolitan Asuncion arca.

Improvement Measures

Establishment of a regional authority on MSWM

In order to solve common problems on MSWM and to coordinated municipalities
in the Study Area, a regional authority dealing with MSWM in its area shall be
cstablished. The authority shall deal with the following matters and AMUAM could
be adapted for this purpose.

- Inter-municipal disposal;
- Fleet maintenance;
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~ Procurement of equipment and construction of facilities;
~  Procurement of equipment and construction of facility;
- Public participation campaigns;

- Development of environmental education programs; and
- Improvement of tax collcction systcm.

This regional authority should plan it's work taking into account the municipalitics
grouped in the same way as proposed in the Study, ie., HUM, UM and LUM.

ii. Enactment of regional Iegislétion

Enactment of rcgional legislation concerning MSWM, to be applicd by the
municipalities of the study arca, such as: -

- Ordinances concerning littering of public spaces and vacant lots;
- Ordinances concerning industrial waste and the environment;

- Standards and regulations on solid waste disposal;

-~ Ordinances on public participation in the collection activity;

- Ordinances regulating the tax system; and

- Standards and regulations to guide privatc contractors.

ifii. Provision of a training program

Provision of a training program, so to form officials, managers and skilled laborers
of different levels in the solid waste management institutions, in the following
areas: '

- Planning, design, management and control of strect c!éaning, waste
collection, transportation and disposa!' operations;

- Public administration and budgeting;

- Public relations and environmental education;

- Management of the taxing system;

- Management and supervision of service contracts;

- Operation and performance control; and

- Communal participation and behavior.

These areas should concentrate on training courses especially on the job training,
supported by good quality audio~visual programs and brochures.
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3. THE MASTER PLAN
3.1 Localization . of Inter-municipal Final Disposal Site

In order to formulate the MSWM master plan for the Study area, based on the
selection guidelines of an inter—municipal final disposal site prepared by the Study
Team, the Paréguayan Technical Committee presented the Study Team 13 potential
sites as shown in Figurc 3.1a. '

 Based on the evaluation report of the 13-potential sites presented by the Team, the
Paraguayan Supervisory Commiltee decided to select the A-2 and A--5 sites as the
candidate inter-municipal disposal sites for the study of alternatives of the Master
Plan.

BERIMHIN
ACEVAL

DEPARPAICENTS DK
PRIGIDZNSE HAYES

AEFLALICA
ABGERTINA

SCALE

AAEER j
1EGEND
E

PR Froject Area

W} Candidats Bita
wmesmeon  Paved Hosd {4 Janes}

wruscsroe Peved Rosd {2 lanan)

........... Unpaved Road

Figure 3.1a Location Map of Potential Sites
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3.2

From the results of the examination of the 62 technical system alternatives, the
Paraguayan Supervisory Committee agree to the optimum technical systems for
MSWM master plan recommended by the Study Team. Consequently, A-5 site
(Chaco-i) was selected as an inter—-municipal disposal site for the Study area.

Examination of Technical System Alfernatives for Master Plan
a.  Work Flow of the Examination

The work flow for the examination of technical system alternatives for the MSWM
Master Plan applied to the study is shown in Figure. 3.2a.

“The examination and sclection works of the optimum tcchnical system alternative
- were divided into three stages, i.e., stage A for the examination of technical system

components, stage B for the selection of the optimum technical system alternatives
for Asuncion and Fernando de la Mora and stage C for the selection for the other
13 municipalities.

Figure 3.2a Work Flow of the Examination of Technical System
Alfcrnatives
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b.  Planning Framework for the Examination

Thc'p.lanning- framework, ie. target year, foture popuiation, forecast on waste
amount and composition, future economic and financial conditions, etc., was sct up
for the cxamination work. Based on additional data obtained during the progress
of the Study, the planning framework was partly modificd for the preparation of
the Master Plan. : o ‘ :

c. Examination of Technical System Components

The MSWM technical system consists of several sub-systems, i.c. collection,
transfer, intcrmediate treatment,  etc.. Each sub-system has various technical
system components, e.g. incineration, composting, RDF (Refuse Derived Fuel), etc,,
for intermediate treatment, Various system components of sub-systems were
examined and primarily screencd for the comparison of the technical system
alternatives.

d.  Presentation of fechnical system alternatives for HUM

After the examination of cach technical system component, technical system
alternatives for cach municipality were presented combining the selected technical
system components as shown below,

da. Alternative X-1

Independent Disposal

An incineration plant at Cateura; and
A sanitary landfill at Cateura

Final Disposal
Site

Generation
Sources
i

Por—

Iticineration
ilPiam at Cateura
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db. Alternative X-2

Inter-municipal Disposal :
An inter-municipal sanitary Iandfill at the A-2 site
without a transfer system

Generation Inter-municipal
Sources ¥ Landfill at A-2

de.  Alternmative X-3
Inter-municipal Disposal

An inter—municipal sanitary landfili at the A-2 siie
with a transfer system

Generation Transfer Inter-municipal
Sources ™ Station Landfill at A-2

dd. Alternative X~4

Inter-municipai Disposal
An inter—-municipal sanitary landfill at the A-5 site
without a transfer system

Inter-municipal
Landfill at A-3

Generation
Sources
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de. Alternative X-5

Inter-municipal Disposé!
An inter-municipal sanitary landfill at the A--5 siie
with a transfer system

,[ Generation
Sources

Transfer ]
——#  Station »

Inter-municipal
Landfill at A-5

e.  Conceptual Design and Cost Estimation

Regarding the 5 alternatives presented, the conceptual design and cost estimation

of the following systems and facilities for each alternative were carried out:

- Storage and collection system

~  Transfer station and haulage system

- Systemn for street sweeping

- Incineration Plant

- Sanitary landfili

For the comparison of the S alternatives, annual cxpenses in the year 2006 of the
alternatives were calculated as shown in Table 3.2a.

Table 3.2a Summary of Alternatives for HUM

Waste Waste Cost of Each Alternative in 2006

Municipality Bisposal Disposal Upper{annual expenses):mill.Gs
from 1997 to ] - in 2006 Lower{unit cost):Gs

2006 ] ] . i -

(ton) {ton) xX-1 CX-2 xX-3 X4 x-35
Astareion 2,023,901 221,190 14,542 11,930 10,836 1284 10_,797 :

(1,167,717} (85,575) 70,019 37441 52,174 54,332 51,986 i

Fernando de 315,404 41,245 3,039 2,308 . 2,089 2,180 ‘2,0?_.3
la Mora {246,016) {15,914) 73,681 55,955 50,660 52,843 § 49,047

Note:  Shadow shows the least cost alierative.

Puuble ling shows the second least cost atterative.
{ ) shows the amount only for X-1



f. Evaluation of alternatives for HUM.
fa. Method

Upon consideration of very weak financial capabitity of each municipality, the
evaluation of alternatives in this report was carried out by stressing financial points
of view and other aspects (tcchnical, environmental and social points of view) were
“examined on some important points. As a result, the alternative which requires the
minimum annual expense for MSWM in 2006 was selected as thc optimum
alternative for each municipality. The reasons why we took the method in this
report are described below.

- In response to the request from the Paraguayan side, the technical system
alternatives for the formulation of MSWM master plan should be prepared
for each municipality individually. Each municipality had 4 or 5 alternatives
and total number of alternatives came to 62.

- if cach altcrnative is set up to guarantee a certain level of environmental
improvement, the financial aspect dominates the other aspects. Because,
except for the introduction of an incineration plant (Alternative X-1), there
appeared to be no technical difficulty obscrved in the alternatives presented.

- The evaluation of social aspects, such as the possibility of inter—municipal
cooperation regarding operation of transfer stations, landfili and collection
equipment, was subject to the decision made at the time of the IT/R meeting
by the Paraguayan side.

fb.. FEvaluatien for Asuncion and F.Mora

As for the eptimum technical sysiem for Asuncion and F.;Mora Municipalities,
the Study Team proposed the Municipalities to select the Alternative X-5; that
is

Inter—-municipal disposal _
An inter-municipal sanitary landfill at A-5 with a transfer system.

The summary of evatuation is as follows:

- Least cost among the 5 alternatives.

—  There is no technical difficulty observed in comparison with the other
alternatives.

—  Socially, there will be some difficultics such as sctting-up the inter—
municipal disposal site in Chaco; i.c. outside of the jurisdiction of
Asuncion and F.Mora Municipalitics. However, the resolution of these
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matters was discussed with the Paraguayan side at the IT/R meeting.
As a result of the discussion, the matters in question, i.c. the acquisi-
tion of land and cooperation of Villa Hayes municipality where the site
is located, could be solved by the cfforts of the Paraguayan side.

~ - Compared with the present technical system, the proposed system is
more environmentally acceptable.

fe.  Financial Evaluation

Financial cvaluation consists of the least cost method to be sclected among
different alternatives for cach city, furthermore, a comparative analysis was
conducted between the least cost alternative and the estimated revenues.” For
revenue estimation, the number of houscholds in 1992 was extended to project the
figure in 2006 using the assumed population growth rates. The number of shops
“was also projected using the assumed GDP growth rate. The fees 1o be paid by
beneficiaries were mainly those obtained from the Willingness to Pay survey. The
collection rate of fees was assumed to be 80%

Results of Highly Urbanized Municipalitics are as follows:

Municipality unit Least Cost |  Estimated

' Alternative _ Revenue
Asuncion Million Gs. 10,797 - 18,915
F.Mora Miilion Gs. 2,023 3,188

It can be scen that estimated revenues are sufficient to cover total costs of the ieast
cost alternative, '

g.  Presentation of technical system alternatives for UM and LUM

Based on the results of the examination works for HUM, technical system

alternatives for cach municipality werc presented combining the selected technical
system components as follows:
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ga, Alternative Y-1

Independent Disposal _
A sanitary landfill inside of each municipality

Geperatlon Final Disposal Site
Sources in each Munlcipality

gb. Alternative Y-2

. Inter-municipal Disposal _
An inter-municipal sanitary landfill at the A~S site
without a transfer system

Generalion Inter-municipal
Sources Landfill at A-5

ge.  Alternative Y-3

Inter—municipal Disposal
An inter-municipal sanitary landfill at the A-5 site
with a transfer system '

Generation Transfez Inter-rmmicipal
Sources Station B Landfill at A-5

gd. Alternative Y-4

Inter-municipal Disposal
An inter~municipal sanitary landfill 15 kin away from the center of the urban
area of each municipality without a transfer system

Generation Inter-municipal
Sources " = Landfill 15k away
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h.  Conceptual design and cost estimate of aiternatives

Based on the results of the examination work for HUM, suitable systems of
storage, collection, haulage, street sweeping, and final disposal for each alternative
were conceptually designed, and the annual expenses in the year 2006 of each
alternative was estimated as shown in Table 2.2b.

Table 3.2b'Summary of Alternatives for UM and LUM

Waste Disposal | Waste Disposal Total Cost of Each Allernative in 2006
Municipality 1997-2006 in 2006 ’ )
{ton) . Upper(annual expensesymill.Gs
{ton) Lower(unit cost):Gs’
Y-1 Y-2 -3 Y-4
Lamibare 363,983 : 50,735 2,350 .- 2,687
46,910 52,91
San Lorenzo 364,035 S8,400 3,036 3032
51,994 | . s1,922
Capiata 231,149 39,055 216 | - 208
54,170 © 53548
Lugue 302,741 52,195 2,612 2,625
50,045 50,346
M.R.Alonss 140,734 24,455 1,408
57,559
Villa Blisa 142,950 23,360 1,373 1,278 1,219
58,781 54,700 52,187
Nemby " 84,654 14,235 | L0 769 R
70,233 54,030 55,477
IL.ASaldivar 4,667 730 267 45 ©150
: 365,438 61,446 |1 205364
lta 40,671 6,570 572 T403 446
87,048 61,290 67,874
Aregua 12,723 1,825 i e 206
: 203,178 65,115 113,088
Limpio 57,983 0,855 694 509
70,404 51,6
Villa Hayes 27,949 4,745 504 262
107,136 89,666

Benjamin Ac- 14,444 2,920 . 91 173 T e
eval” X . 168,174 . 50,330 99']%

Note:  Shadow shows the Jeast cost altemative.
Danble line shows (e second Jeast cost alterative.

Although Y-7 is the second least cost alemative, Y2 shall be the optimum aliernative dut 1o the nrealistic nature
of the Altermative Y-4.



i. Evaluation of Alternatives for UM and LUM

ia. Evaluation for Lambare, San Lorenzo, Capiata, Luque, Viila Elisa,
Nemby, J.A.Saldivar, Ita and Aregua Municipalities

As for the optimum technical system for the above--mentioned 9 municipalities,
the Team proposed them to select the Alternative Y-4; that is

Inter-municipal disposal
~ An inter-municipal sanitary landfill 15 km away frem the center
of the urban area of each municipality. .

The summary of evaluation is as follows:

- Least cost among the 4 alternatives.

~  There is no technical difficulty observed in comparison with the other
altcrnatives. : .

—  Socially, there will be some difficultics such as setting=up the inter—
municipal disposal site 15 km away from the center of the urban area
of cach municipality. However, the resolution of these maiters was
discussed with the Paraguayan side at the [T/R meeting. As a result of
the discussion, it was confirmed that the Paraguayan side should make
cvery cffort on the localization and acquisition of site(s) and attainment
of neighborhood consensus, etc..

- Compared with the present technical system, the proposed system is
more environmentally acceptable.

ib. Evaluation for M.R.Alonse, Limpio, V illa Hayes and B. Aceval Munici-
 palities

As for the optimum technical system for the above—mentioned 4 Municipali~
ties, the Team proposed them to select the Alternative Y-2; that is

Inter-municipal disposal
An inter-municipal sanitary landfill at A-5 without a transfer system.

The summary of evaluation is as follows:

— . Least cost among the 4 altcrnatives for Limpio, Villa Hayes and M.R.
Alonso Municipalitics. |

- As'for'B.Aceval"dlth(.)ugh Y-2 is the second least cost alternative, the
Alternative ' Y-4 is not possfbic because the Municipality of Villa
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Hayes shall take: Alternative Y~2.

- There is no technical chffxculty observed in comparison with thc other
alternatives. ' . . B

- Socially, there will be some difficulties such as setting—up the inter—
municipal disposal site in Chaco; i.c. outside of the jurisdiction of
M.R.Alonso, Limpio and B.Aceval and within the jurisdiction of Vilia
Hayes Municipality. However, the resolution of these matters was
discussed with the Paraguayan sidé at the [T/R meeting. As a result of
the discussions, the matters in guestion, i.c..the acquisitibn of land and
'co_cipcratiqn of Villa Hayes municipality where the site is located, could
be solved by the efforts of the Paraguayan side.

- Compared with the present technical system, the proposed system is
more cnvironmentally acceptable.

ic.  Financial Evaluation
Financial evaluation was conducted between the least cost altcrnative and the
cstimated revenues. Results for Urbanized and Less Urbanized Munlmpahtles are

as follows.

Table 3.2¢ Result of Evaluation Revenue

Municipaliiy Least Cost Alternaiive " Estimated Revenue
' (Milion Gs) ~ {Millon Gs}

Urbanized
Lambare 2,371 1,783
San Lorenzo e 2,053
Capiata 1,799 1,356
Lugue 2412 1,757
M.R.Alonso 1,074 793
Villa Elisa 1,122 _ . 725
Less Urbanized
Nemby 657 486
J.A Saldivar 39 24
Ita - 572 ' 204 -
Arepua 104 64
Limpio 452 341
Villa Hayes 232 234
B.Aceval 165 88

It can be seen that among Urbamzcd and Less Urbanized Mummpﬁhncs, only in
Villa Hayes revenues cxceed the lcast cost allcmanvc For the rest of the
municipalitics, revenues do not cover the lcast cost alternative even under the
unlikely scenario of 100% collection rate of fees from the beneficiaries. The
resolution methods of this problems is described in Scction 4.3, Financial Plan.
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i Examination of institutional requirements

The institutional requirements for the optimum technical alternatives were presented
as general requirements to be applied at regional and municipal levels.

The selection . of the most appropriate Master Plan alternative should not be
‘determined from the institutional aspects. Since institutional demands generally
result from prevailing technological conditions, attention should be given instead,
to the scl¢étion of the optimum technical system.

k.  Selection of the Optimum Technical System

At the discussion of the IT/R which was submitted to the Paraguayan side in
December, 1993, the Study Team proposed optimum MSWM technical systems for
the. 15 municipaliticé as shown in Table 3.2d. The Paraguayan Supcrvisory
Committee apprm_?cd the technical systems recommended by the Team, as the
optimum technical system of MSWM Master Plan for 15 municipalities in the
Study arca. | '
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Table 3.2d Recommendations on Optimum Technical System ..

2-6.

. Capiata

. Lugue

. M.R.Alonso

Villa Elisa

from the center

Inmer—municipal landfill 15 km away
from the center

Inter~municipal landfill 15 km away '

from the u.mcr

Inter~-municipal landiill at A5 site
without a transfer system

Inter-municipal landfill 15 km away
from the center

Municipalities Optimum  Alternative - Remarks
L. HUM _ S _ _
1-1. Asuncion . Inter-municipal landfill at A-5 site M- the acquisition of transfer station
with a transfer system site(s} is difficult, a direct transponation
system shall be examined. -
1-2. F.Mora - Inter-municipal landfill at A-5 site If the acquisition of transfer station
. with a transfer system site(s) is difficuli, a ditect transportation
: ' systein shall be examined.
2. UM
2-1. Lambare Inter- munmpal landfill 15 km away If the acqh_isilion of a landfill site for
from: the center both inter-municipal and independent
disposal will be difficul, participation in
tandfill operation at A-5 may be exam—
ined. _ _
2-2. San Lorenzo Intes-mupicipal landfill 15 km away In order to realize the least cost technical

system, the municipality should make
every effort to obtain an inter-municipal

Jandfill site.
In order fo realize the least cost technical

system, the municipality should make
every effort to obtain an inter-municipal
landfill site.

In order to realize theé least cost technical
system, the municipalify should make
every cifort to oblam an |nler~mumcapdl
landfili site.

‘The municipality shall make an etfort to
join the inter-municipal landfilt opera-
tion &l A~-5 site

In order to realize the least cost technijcal
system, the municipality should make
every cffort to obtain an mlcr—mummpal
landfill site.

i

3-3.

3-4,
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LUM

1. Nemby

. LA Saldivar

its

Aregun

. Limpio

. Villa Iayes

Benjamin
Aceval

Inter-municipal landfill 15 km away
from the center

Inter-municipal landfill 15 km away
from the center

Inter-mumicipal landfill 15 km away
from the center

Inter-maonicipal landfill 15 kn away
from the center '

Inter-municipal landfill at A-5 site
without a transfer system

Inter-municipal landfiil at A-5 site
without a transfer system .

Inter—municipal landfill at A-5 site
without a transfer system

In order to realize the least cost technical
system, the municipality should make
every effoit to obtain an inter-municipal
landfill site.

In order to realize the least cost technical
sysiem, the municipality should make
every effort to obtain an inter~municipal
landfill site.

I order to realize the least cost technical
system, the mumicipality should make
every effort to obtain an inicr-municipal
landfill site.

in order to realize the least cost technical
system, the municipality should make
every cffort to obtain an inter-musicipal
landfitl site,

The municipality shall make an effort to

join the inter—municipal landfill opera-
tion at A-5 site

The municipdlity shall make an effort to
join the inter—municipal landfill npcn—
tion at A-35 site

The mumc;pahiy shall miske an effort 1o
juin the inter-municipal landfill opera-
tion at A-5 site




15 Optimum MSWM Xustitutional Systemns

As for the optimum institutional systom of MSWM Master Plans for 15 municipal-
itics corresponding to the above-—mentioned technical systems, the following
decisions were made by the Paraguayan side.

la. Metropolitan system

Regarding the metropolitan system on MSWM, the Supervisory Committee decided
that the AMUAM will act as the overall coordinating body on MSWM in the
Mectropolitan Area in collaboration with SENASA.

tb. Municipal system

As for the municipal systems on MSWM, the Study Team requested the
Paraguayan side that each municipality should select its municipal system from the
following models. '

i.  Full Municipal O;Sératioh |

Municipal department operating their own equipment and employing
their own personnel.

ii.  Municipal Operation with Private Companies

Municipal department contracting the services (or part of them) with
private companics.

iii.  Full Municipal Company's Operation

Municipal company operating their own equipment and their own
personnef.

iv.  Municipal Company with Private Companies

Municipal company contracting the services (or part of them) with
private companies.

v. Concession

Concession of the collection and disposal services, retaining the strect
sweeping services with the municipality.
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In rcspons_e to the request made by the team, all 15 mun_ii:ipalities expressed their
intentions to conduct their MSWM by themselves, provided the capital for procure -

- ment of equipment and final disposal sites were ensured. - These intentions were

confirmed at the Supervisory Committee meeting for the discussion of the PR/R
(2) held in March 1994,

The Master Plan

a,  Planning Framework

aa. Goal, Targets and Strategy

N Goal

DEVELOPMENT AND REALIZATION OF A BEAUTIFUL AND
CLEAN LIVING ENVIRONMENT IN T HE.AS'UNCION
METROPOLITAN AREA TOWARDS THE 21st CENTURY.

The goal of the Solid Waste Management Master Plan is achicved through:

- Citizens' Participation and _
- Establishment of Self-sustainable Solid Waste Management
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. - Targets

Table 3.3a Targets of Collection, Street Sweeping and Final Disposal Services

Services " Collection Coverage Street Sweeping Sanitary Landfilt
Ratio(%) BDistance(fm} - Level
Municipality
. 1994 2000 | 2006 | 1994 | 2000 | 2006 1994 2000 2006
1.Highly Urbanized A1
1-1 Asuncion 83(73) 100 100 264 300 300 § Yevel} | Level 3 | Level 3
1-2 FMeta 2] 85 100 2 20 40 | Level 1 | Level 3 Level 3
2.Urbanized M.
2-1 Lambare 61 80 100 6 17 25 | Level 1 § Level 3 Level 3
2-2 San Lorenzo 16 45 70 6. 21 .32 | Level 1 { Level 2 | Level 3
23 Capiata 15 45 70 0 & 12 | Open | Level2 | Level 3
2-4 Luque 23 45 70 23 40 60 1 Level 1 | Tevel 2 | level3
2-35 M.R.Alonse : 16 43 70 0 6 10 | Open Level 3 Level 3
2-6 Vil Blisa . - 46 65 35 0 9 20 | Open Level 2 Level 3
3.Less Urbanized M.
3-1 Nemby 7 45 T 0 3 12 | Open Level 2 | Level 3
32 LASaldivar 0 25 S0 0 1 2 | None Level 2 Level 3
3-3Ia ) 18 45 70 6 10 15 | Open’ Level 2 | Level 3
3-4 Aregua 0 23 5 2 5 10 | None Level 2 | level 3
3-5 Limpio : 1 25 30 1 3 §{ Nonc | Level 2 | Tevel 3
3-6 Villa-Hayes 10 45 70 L 5 Qpen Level 2 Level 3
37 Aceval . ] 25 50 o 6] 11 | None Level 2 | Level 3

Note: _Colleﬂion_ coverage was estimated based on the number of users in _Fcbtuary 1994, However, the ratio for Asuncion
is baséd on "Servicio Derecoleccion Diferenciada, Dirreccion de Medio Ambiente" while the figure based on number
of users is 73 %.

. Strategies for the Attainmeni of the Goal

e

[l

The proposcd strategics for the attainment of the Goal is detailed in the six para—
graphs as follows:

Provision of facilities and equipment to appiy to the basic objective for the
exccution of Municipal SWM.

- Provision of solid waste services and facilities to minimize solid waste
production and the need for landfill, and to develop sanitary landfilis.

- Provision of appropriate and scheduled services to the citizens for proper
storage, collection and reception of solid waste. lllegal dumping must be

eliminated.

- Self~financed solid waste management through the increase of citizens'
burden.
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-~ Increasc in public involvement in cavironmental protection and attention on
environmental matters.

~  Full control over activities related to Mumcxpal SWM and the cleanliness of
the Asuncmn Mctmpohtan Arca

ab. Target Year and Population
i, Target Year

The master plan covers a. period from 1994 to 2006. The period of the plan is
- divided into the following three stages.

Table:3.3b Target Year

. | - Category of Plan _ Targ_c_t Yeér “
Master Plan | | 1994 ~ 2006 |
Medium Term Improvement Plan ' 2001 ~ 2006

Short Term Improvement Plan for F/S - 1997 - 2000
Immediate Improvement Plan Present - 1996

ii. Population Forecast for the Urban Area
Since there is necither an urban arca development master plan nor an official
population forecast for the Study area, the population forecast was cairicd out by

the Study Team.

Bascd on the past population growth rates, the future population is projected and
tabulated in Table 3.3c. '
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