International Solid Waste Association

= ISWA O

AEPA

TECHNICAL AND ECONOMICAL ASSESSMENT OF
SOLID WASTE TREATMENT TECHNOLOGIES
-Chilean case-

Hernan Duradn de la Fuente.
Vice president AEPA-CHILE
General Manager GESCAM S A.



%

GESCAM

CONSULTORES AMBIENTALE

BACKGROUND
1) Two basic projects:

"ECONOMIC, ENVIRONMENTAL AND SOCIAL ASSESSMENT OF
INTEGRAL TREATMENT CENTERS "(SUBDERE)

"FEASIBILITY AND MINIMUM COST STUDY OF THE
TECHNOLOGICAL ALTERNATIVES FOR THE INTEGRATED
SOLID WASTE MANAGEMENT IN THE ARAUCANiA REGION"
(AMRA)

2) More other projects GESCAM SA
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Diagnostic

Poor infrastructure

Non-assessed waste fechnologies

Technical and financial deficiencies

Infegral plans heeded




Project objetives

Generate information to support municipalities in
preliminary project evaluation

Economic indicators of investment, profitability and

cost efficiency.

Information for different scales plants, regarding
population and MSW generation rates




Methodology

Per capita MSW generation rates, composition,
humidity, calorific power, etc.

Regional and zonal diagnostic. Vial connectivity.
and association perspectives.

Review of the available MSW treatment
technologies.

Pre-feasibility studies and results (+/- 30%)




BACKGROUND



Background 1

Grafico 3.2-1: Generacion de residuos solidos en Chile. Afos 2000 al 2009
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Background 2
Energetic potential values

(October 2011)
MSW Biogas yield Biogas CH4 Energy
annual (m3/y) captured 45% (m3/y) Potential (MW)
average (m3/y)
Landfill 379.006 53.941.053 24.273.474 | 11.772.635* 5,3%*
Pyro 379.006 - - - 29,5
gasification
Wet Ferm. 123.766*** 15.223.187 15.223.187 | 9.133.912%** 4,1%*
*
Landfill (OM 255.240 25.428.463 11.442.808 5.549.762 2,5
extraction)
Landfill and 379.006 40.651.650 26.665.995 14.683.674 6,7
Wet Ferm.
*48,5 7% of CHA4. **Calorific power *** 0% of the ****60% of CH4
CH4=10 total amount of
kwh/ma3. Org. Matter
Energy
efficiency: 40%
Noftes:

-Pyro gasification data was provided by the vendor
-Landfil & Wet Fermentation data were calculated using bibliographic
information




Background 3

Costos de Inversion (Mill )
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Background 4

Fizura VIL10. Grafico comparative de CTT por alternativa
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Background 5

Fizura VII1l. Graficos comparativos de TIR de las alternativas

Tasa Interna de Retorno (%)
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Background 6

Offer & Demand

The offer: 5,5
millions ton/y.

The demand: 6,9

millions ton/y.

For 2032, the
demand could
reach 11,6 millions
ton/y.
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Background 7 o
MSW characteristics
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Organic Matter shows an 70
increasing trend from “Norte 60
Grande” to “Sur” 50
macrozone. 40
30
Paper and paperboard 2
show a decreasing trend 10
0 . : .

from the “Norte Grande" to

.I.he “AUSTI’C”” macrozone N. Grande N. Chico Centro Sur Austral
L mecommes
A|Umiﬂum Oﬂd OTher me'l'CﬂS, Paradmetro N. Grande N. Chico Cenfro Sur Australl

a high percentage is
observed in the “Austral”
Mmacrozone. Humidity (%) 39,83 42,16 41,81 44,67 43,71

PPC (kg/hab/d) 0.7 0.8 0,95 0.6 0.5

1.196 - 1.316 1,023 - 921 -1.013 731-804  487-536

Calorific power
(kcal/kg) 1.215



MSW Treatment Alternatives

Incineration
Pyro
gasification
Anaerobic
fermentation
(wet and dry),
NelgiigleNellelalry
Composting
plant,
KelgleliliKelgle
Transfer stations.




* INCINERATION

Costs
(Planta de 200,000 ton/y = 560.000

hab) us$

PCI 1.400 a 2.200 kcal/kg

31.338.991.2
Ofos 19.942.994,3
111.194.765

Fijos (tasa de cambio 1,32)
1.259.672,04
165.695,64
2.624.717,04
Variables (tasa de cambio 1,32)
1.175.489,04
387.591,6
Total 4.221.959,28



e PYROLISYS (Pyro
Gasification)

No info for MSW



 RAPID THERMIFILIC
DIGESTION SYSTEM

Capacidad del sistema 22 m3/mes| 80 m3/mes
usD usD

ostos Directos Anuales
ostos de electricidad 51.100 163.520
ostos por consumo de GLP 22.995 95.813
183960 613200
ostos Laborales 14.600 29.200
.on’re.r,mon del sistema de 730 730
digestion
otal Costos Anuales 273.385 902.463
-910 41515



e DRY FERMENTATION

Esquema de la

Fermentacién Seca (Planta de 60.000 “ e c
Fermentacion
ton/ano residvos orgdnicos S
Moiores Motores generadores | 1.020.000 .
5.848.000 §
Proyecto eléctrico 615.796 = {
714.000 n
TOTAL 8.197.840 ; oo oo oy st




« WET FERMENTATION

Fermentacion Himeda (Planta de
60.000 ton/ano residuos organicos

1.700.160

2.328.480 jjonta e
150.920 Fablyg =0

himeda

Equipos 1.509.200

Montajes | 946.176

612.000

529.610

7.776.546



 SORTING PLANTS

Inversiones (Planta para 180.000ton/afio|  Monto |

= 990.000 hab ushD

Inversiones terreno (7.900 m2) 10.000

242.000
Equipos nave clasificacion 1.560.162
Servicios y estudios proveedor 42.210
Equipos auxiliares 330.447
Construcciones y obras civiles 601.145

TOTAL 2.785.964




e COMPOSTING

e ivor iganicon) 1 | W
residuos orgdnicos




USS POR TON
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Como es un relleno sanitario

MODULOS EXTRACCION DE GASES

El drea se divide Liquioos La descomposicion de la

en modulos. Los Deben ser retirados basura produce gases,
camiones circutan por para recibir principalmente metano, que
temaplenes hasta el tratamiento. se elimnan por venteo.

médulo que se estd

IZACION

Bl relleno debe estar aislado para evitar que fa filtracion de liquidos La basura debe ser tapada cada dia con
contamine las napas. La base se cubre con polietieno de alta densidad. una capa de tierra compactada de 20 cm.

Fuente CLAVSE cLamm




e TRANSFER STATION

Determinacion de la necesidad de contar con una
Estacion de Transferencia

Ton
5.000 §/
orroen la
4.500 operacion
usando
4.000 vehiculos de
p .
3500 - un.t(.) fie transferencia
equilibrio e
\ =
3.000
2.500
2.000
Costo de
1.500 F operacion con
vehiculos de
1.000 transferencia
O 1 1 1 1 1 1 | A4 1 ] Min
0 10 20 30 40 50 60 70 80 90

—Transferencia T1 ($/ton) =—==Recolector ($/ton) Costos ET



RESULTS



Incineration Plant Resulis
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Pyro Gasification Results
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MM USD

Dry Fermentation Resulis
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Wet Fermentation Results
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Sorting Plants Resulis
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Costos de Inversion - PC

Composting Resulis
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Costos de inversion - RS

Landfill Results
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Transfer Station Results
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Macrozones: Geographic Description

MACROZONA NORTE GRANDE:
regiones de Arica y Parinacota
(XV), Tarapacd (I) y Antofagasta

(1),

MACROZONA NORTE CHICO:
regiones de Atacama (lll) y
Coquimbo (IV).

MACROZONA CENTRAL: regiones
de Valparaiso (V), Metropolitana
(XIIl), Libertador Bernardo

O’Higgins (VI), Maule (VII) y Biobio
(VIll).

MACROZONA SUR: regiones de
Araucania (IX), de Los Rios (XIV) y
de Los Lagos (X).

MACROZONA AUSTRAL: regiones
de Aisén del General Carlos lbdnez
del Campo (XI) y de Magallanes y
Antartica Chilena (XII).

Simbologia

D Macrozona Norte Grande
:] Macrozona Norte Chico
I:I Macrozona Central
E Macrozona Sur

:l Macrozona Austral




Association prospects
Arica Parinacota

Low Prospects

|Configuraci6n Espacial de la Generacion de RSD+A, Region de Arica y Parinacota

Simbologia
Generacién de RSD+A (Ton/afo)

0-30000

Arica reaches 98% of MSW
generation of the region and is
located in a coastal area
north-west of the country.

General Lagos, Putre and
Camarones have very isolated
towns

At first glance, its require

separate solutions for these
communities.

For Arica is interesting to study

the implementation of i
treatment and waste recovery
processes (136,140 t/y).

Oceano Pacifico




Association prospects
Coquimbo

Medium Prospects

[_ Configuracion Espacial de la Generacion de RSD+A, Region de Coquimbo

Simbologia

G ion de RSD+A (T
(@] - 18000

. 16.001 - 32000

Coquimbo-La Serena group
concentrates the 63% of the
waste in the region .

6700000

Sufficient infrastructure for
freatment and / or disposal of
waste.

In this case it is necessary to note

€600000
Oceano Pacifico

that there is greater proximity to
the southern region and towns.

;;;;;;

Salamanca, because of its
isolation a particular solution is
required. !

It may be noted that in this case
the prospects are positives if you
think inferregional solutions.




Association prospects
Araucania

High Prospects

| Configuracion Espacial de la Generacion de RSD+A, Region de la Araucania

e rad
Simbologia
Generacién de RSD+A (Ton/afio)|
(@) 0-18.000
It has a significant concentration in the central area. .
Temuco, Padre Las Casas and VilcUn represent 147,800 t/y g i veal
(36% of total).
Lumaco, Los Sauces, Purén and Traiguén, located in the 72001 - 98000
northwestern part of the region, with good connectivity
among them.
= Rua$
Puerto Saavedra, Cholchol, Carahue, New Imperial, located TSt
in the central coast area of the region with connectivity to s PO
each other and to Route 5. o
TERRA
- : : : [ vwresee
. Schmidt and Toltén, located in the south-west, on the coast,
with connectivity to each other (] oo
l l 14_comunas.
Galvarino, Perquenco, Lautaro, Victoria, located in the
northern region around Route 5. E z [ep——
Freire, Gorbea, Loncoche Pitrufquén and corresponds to the Gk Skean
municipalities of the south-central part of the region.
o
Melipeuco and Cunco located in the central-eastern part of ,:__’
the region, with good connectivity to each other and to S
Route 5, do not have good connectivity to the communes of & 7
the north-east or the south-east communes. 8 2
Curarrehue, Villarrica and Pucon, corresponds to the O i
communes of the lake area in the region, with very good F'a
connectivity with each other.
4




Prospects for growth in MSW
generation

Average annual | Prospects for growth in

Proyecciones de RSD

Growth prospects in MSW
generation for all
communes in the country
were estimated.

growth of MSW MSW generation

Low
1.5% 2 ; <3,0% Medium
High

Socioeconomic Ej. Proy. generacion de RSD
characteristics, 30.000,0

demographic and urban- 25.000,0
rural distribution

20.000,0

A
A‘AaAt
- a—h—A —o—Carahue
15.000,0 =i=—lllapel

Estimates of PPC per
commune, was made on

=p==Salamanca
CONAMA. "First Report on o M Casablanca
Solid Waste

Ton/ano

5.000,0

Management in Chile."
Santiago, 2010, 0.0

— — B — — — — — —
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year.
Environmentally Appropriated Wastes M

Costs for the communes
(CLP 2013)

24 % of costs reduction, from CLP $ 4.1 billions per year to CLP $ 3.1 billions per

Adecuada de Residuos)

Gastos asociados al Manejo de RSD

ESCENARIO C

Gastos asociados al Manejo de RSD

($/ton)

Recoleccion | Transf,Transp TOTAL Recoleccion Disposicién Gasto

y Trans Traty DF y Transporte | . actual

(Siton) ($iton) (Sfton) " ehomy | final (SHon) | ey

Lumaco 22.581 4688 27.269 73.320 10.898 | 84.219
Los Sauces 22.581 4688 27.269 39.221 13.896 | §3.117
Purén 22.581 4688 27.269 29.149 5549 34.698
Traiguén 22.581 4688 27.269 8.080 8.288 | 16.368
Puerto Saavedra 20.833 4688| 25.521 59.679 35.807 [ 95.486
Cholchol 20.833 4688 25.521 40.829 11.401| 52.229
Carahue 20.833 4688 25.521 32.628 10.946 | 43.575
Nueva Imperial 20.833 4688 25.521 37.984 4.849| 42.832
Teodoro Schmidt 25.950 4688 30.638 12.935 6.468 | 19.403
Toltén 25.950 4688 30.638 48.714 16.729 | 64.443
Galvarino 17.158 4688 21.846 19.261 9.659| 28.920

nnagement (Geéstion Ambientaimente
Recoleccion | Transf,Transp TOTAL Recoleccion DTSR Gasto

y Trans Traty DF ($tton) y Transporte final ($/ton) actual

($/ton) ($/ton) ($/ton) ($/ton)

Perquenco 17.158 4683 | 21.846 30.836 20.557 | 51.393
Lautaro 17.158 4688 21.846 19714 3.663 | 23.377
Victoria 17.158 4688 21.846 20.395 4.108 | 24.503
Vilcun 12.587 4688 17.275 21.280 4534 25.814
Padre Las Casas 12.587 4688 17.275 21.099 6.285| 27.384
Temuco 12.587 4688 17.275 14.461 4449 18.911
Freire 27.365 4688 32.052 20.862 5.778 | 26.639
Gorbea 27.365 4688 32.052 37.361 5.726 | 43.088
Pitrufquén 20.904 4688 25.592 23.558 3.681| 27.239
Curacautin 20.904 4688 25.592 6.372 7.345] 13.7117
Melipeuco 25474 4688 30.162 46.041 1.775| 47.816
Loncoche 27.204 4688 31.891 22.535 9.381] 31.916
Cunco 27.204 4688 31.891 52.905 7.741] 60.645
Curarrehue 18.444 4688 22.586 26.818 -| 26.818
Villarrica 16.636 4688 20.777 27.897 10.353 | 38.249
Pucén 18.444 4688 22.586 32.092 14.263 | 46.355




Conclusions

A wide offer of waste treatment technologies exists
nationwide.

Association and connectivity between neighboring
communes is an important aspect to analyze when
evaluating projects.

Public authority capable of managing and controlling
treatment is required. Market is not enough.

Economy of scale allows to choose the most profitable and
cost-efficient.

Is required to assess prospects for MSW generation.

In most of the projects evaluated the differences in the
waste composition in the macrozones are NOT relevant.

The differences are significant between PD and PVD are so
different tfechnologies.
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