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Goals and challenges for recycling: 
clean cycles and safe final sinks
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• Clean cycles and safe final sinks as the ultimate goals for

recycling
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1. Goals and principles of waste management

Goals

• protection of men and environment

• conservation of resources

• after-care-free waste management (precautionary principle)

Principles

• prevention

li hi h ?
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• recycling

• disposal
hierarchy?

2. Urban metabolism: the city and its turnover
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Construction materials
& consumer goods
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Total wastes
3

Municipal
solid wastes

0.3

Export 195 t/c.y

Stock     350
4-10

Import 200 t/c.y
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Largest impact on environment: primary production (ore mining)

2. Urban metabolism: the Hinterland
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Objectives of recycling and „urban mining“: 
‐ less impact on the environment
‐ conserves energy and materials

3. “Urban mining”: example of iron
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Telecom‐

cabelExample lead

3. “Urban mining”: example of lead

Where are our future resources?
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Quelle: Lohm et al., 1998
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3. “Urban mining”: example of plastics
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Source: R. Fehringer, 1998

transporting, sorting

energy
recoveryrecycling landfill
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1.550 Chemical Industry
Raw material

Duro- and
polymeres

Duro- and polymers

Plastic products

[ kt/yr 2004]
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3. “Urban mining”: example of plastics
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Products

transport

Energy
recoveryRecycling Landfill

Off gas
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3. “Urban mining”: additives in plastics

Quantitative versus qualitative recycling goals 

Additives in plastics Total
consumption

Packaging 
material

Total
stockconsumption materialstock

in  kt/yr in kt/yrin kt

Plastics 1,100 200 187,100

Softeners 14 0.2 2140

Ba/Cd- stabilizers 0.27 0.0002 <12.7

Pb-stabilizers 1.8 0.002 <118

in %*

10 /24

Fire retardants 2.3 0 ~023

*  % of total consumption
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Clean cycles?  ‐ Partitioning of cadmium in waste plastics

MSW incinerationPlastic recycling

3. “Urban mining”: additives in plastics
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<1 %

Filter cake
<1 %

Bottom ash
8 %

2 %

Residue III
10 %

Sludge 1 %

sewage sludge
& l dfill

precipitation
& th i

Some materials cannot be recycled and are “lost”

& landfill& weathering
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surface & 
groundwater

urban soil
& subsoil
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Dissipation from urban surfaces
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Copper emissions from urban surfaces

W t t ( hi l )

Oil/water
emission1  -0.97

n.i.

230  -0.49

Σ Import = 380 Stock = 230  -0.13 Σ Export = 510
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Stormwater
overflow

Percolation water
(vehicles)

Percolation water
(B+I)

Treatment plant
effluent

Water + Sediment

+1.1

+0.24
n.i.
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480630

160

*) ... other diffuse copper emissions

Soil +
vegetation

River Drau

System boundary "District Villach Stadt, 1 year"

“uncontrolled”
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Dissipation of Copper prevents recycling
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MFA of Copper use for railroad transportation

+1.9 kg/y+1.8 kg/y
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Copper in gravel from railroad
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Time [t]

geogenic Cu

Recycling by waste incineration
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Off-gas

MSW

FURNACE BOILER ESP FLUE GAS CLEANING DENOX

Recycling by waste incineration

Treated
Waste Water

Scrap Metal

Bottom Ash

ESP-Ash

Boiler Ash

H2O

WASTE WATER
TREATMENT
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Source:  SGP-VA

Filter Cake

ESP ... electrostatic precipitator

Flue gas
<1 %

ESP ash

Partitioning of cadmium during incineration
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20 /24

<1 %

Filter cake
<1 %

Bottom ash
8 %
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Recycling by waste incineration

30 %

MSW

MSW
collection

RecyclingImport

MSW Incineration

Furnace APC

+Stock x
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0,3 %30 % 3 %

3,3 %

Filter 
residues

landfill

Bottom
ash

Final sinks

„Place on the planet where materials have a very long residence time 
and a release rate similar to geogenic release rates“

1. material property of waste material
2. property of „place“, e.g. landfill, soil, underground, sea etc.
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The need for final sinks

Properties of residues from WM and recycling

Lead

M

Cadmium

Zinc
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Mercury

0.01 0.1 1 10 100 1,000 10,000
Concentration [mg/kg]

earth crust HT‐residue bottom ash MBT‐residue MSW

Summary

The main goals of recycling systems are:

• to separate valuable from hazardous materials,to separate valuable from hazardous materials, 

• to produce clean and economic secondary resources, 

• to direct hazardous materials to appropriate final sinks,

• to maximize qualitative as well as quantitative cycles
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Thank you
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http://iwa.tuwien.ac.at


