
Modeling Future Emissions from Municipal Solid 
Waste Incineration Plants in Europe 

An example for dynamic Life Cycle Inventory modeling

Dominik Saner1, Daniel Lang2, Stefanie Hellweg1, Annette Koehler1

1ETH Zürich, Institute for Environmental Engineering, Schafmattstrasse6, 8093 Zürich, Switzerland

2ETH Zürich, Institute for Environmental Decisions, Universitätstrasse22, 8092 Zürich, Switzerland



Scope of the Study

387 Existing European municipal solid waste incineration (MSWI) plants (2005).
Source: Salzmann(Master thesis, 2007)
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Scope of the Study
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387 Existing and 97 Future European MSWI Plants (until 2020).
Source: Salzmann(Master thesis, 2007)

Life Cycle Assessment IX, Boston, September 29thςOctober 2nd, 2009



Goals

ÁDevelop a waste-input specific, transfer-coefficient based 
municipal solid waste incineration (MSWI) emission model for 
application in Life Cycle Inventory

ÁDetermine future scenarios for emission quantification applying 
Formative Scenario Analysis (FSA)

ÁCouple results of FSA with MSWI emission model

ÁShow the application for prospective Life Cycle Assessment
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Waste Amount (plant ǎǇŜŎƛŬŎ)

Household, Commercial and Medical Waste, Sewage Sludge (country ǎǇŜŎƛŬŎ)
Step 1

Material Composition of Waste (country ǎǇŜŎƛŬŎ)Step 2

Elemental Composition of MaterialsStep 3

EmissionsStep 5

Slag Fly Ash Slurry
Exhaust 

Gas
EffluentSlag Fly Ash

Exhaust 
Gas

Slag Fly Ash
Exhaust 

Gas

Cyclone, Fabric Filter or 
Electrostatical
Percipitator

Dry/Semi-dry Flue Gas 
Cleaning

Wet Flue Gas Cleaning

Paper Cardboard Plastics Bio-waste Nappies Glass Textiles Minerals Metals Hazardous

{Al,...,Zn}

{Al, As, Ba, Br, C, Ca, Cd, Cl, Co, Cr, Cu, F, Fe, H, H2O Hg, K, Li, Mg, Mn, Mo, N, Na, Ni, O, P, Pb, S, Sb, Se, Si, Sn, Ti, V, Zn}

{Al,...,Zn} {Al,...,Zn} {Al,...,Zn} {Al,...,Zn} {Al,...,Zn} {Al,...,Zn} {Al,...,Zn} {Al,...,Zn} {Al,...,Zn}

Slag

Effluent

Fly Ash

Exhaust Gas

Slurry

Incineration Process (plant ǎǇŜŎƛŬŎ)

Grate Furnace, Pyrolysis
Step 4

{NOX, SO2, NH3, NMVOC, CO, HCl, HF, 
Cd, Hg, Zn, Sb, As, Pb, Cr(tot), Co, Cu, 

Mn, Ni, V, CO2, CH4, N2O, PCCD/F, 
PM10}

{Hg, Cd, As, 
Pb, Cr, Cu, Ni, 

Zn}

Source:derived from Salzmann
(Master thesis, 2007)
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Inputs for MSWI 
EmissionModel



Methodology
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2005 2010 2020 2050 Time2030

Inputs for MSWI 
Emission Model



Formative Scenario Analysis
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Scenario

Impactvariable

: Futurelevels,



Formative Scenario Analysis

System and Goal Definition
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Impact Variables Identification and Selection

Scenario Interpretation

Source: Derived from Spoerriet al. (2009)

Scenario Construction, Consistency Analysis of Future Levels,

and Scenario Selection

Future Level Definition



Impact variables identification and selection
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System and Goal Definition

Impact Variables Identification and Selection

Scenario Interpretation

Scenario Construction, Consistency Analysis of Future Levels,
and Scenario Selection

Future Level Definition

The directive 1999/31/ECof the EU is intended to prevent or reduce the 

adverse effects of the landfill of waste on the environment:

Ånot later than 2006biodegradable municipal waste going to landfills must 

be reduced to 75% of the amount of 1995.

Ånot later than 2009biodegradable municipal waste going to landfills must 

be reduced to 50% of the amount 1995.

Ånot later than 2016biodegradable municipal waste going to landfills must 

be reduced to 35% of the amount 1995



Impact variables identification and selection
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System and Goal Definition

Impact Variables Identification and Selection

Scenario Interpretation

Scenario Construction, Consistency Analysis of Future Levels,
and Scenario Selection

Future Level Definition



Scenario Construction, Consistency Analysis and
Scenario Selection

13 impact variables,
with 2 future levels each
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уΩмфн {ŎŜƴŀǊƛƻǎ

279 Scenarios

5 Scenarios

Thermal Treatment
Scenario

Reduction and 
Recycling Scenario

Baseline
Scenario

Most plausible scenarios

Locallyefficient scenarios

Selection

Most
distant to 
selected

Selection

System and Goal Definition

Impact Variables Identification and Selection

Scenario Interpretation

Scenario Construction, Consistency Analysis of Future Levels,
and Scenario Selection

Future Level Definition

Business-as-usual
case

The directive 1999/31/ECof the EU is intended to prevent or reduce the 

adverse effects of the landfill of waste on the environment:

Ånot later than 2006biodegradable municipal waste going to landfills must 

be reduced to 75% of the amount of 1995.

Ånot later than 2009biodegradable municipal waste going to landfills must 

be reduced to 50% of the amount 1995.

Ånot later than 2016biodegradable municipal waste going to landfills must 

be reduced to 35% of the amount 1995

Level 1:Incineration of Biowaste

Level 2: Other Treatment of Biowaste



Scenario Interpretation

Austria 1.44E+08 1.54E+08 1.65E+08 1.63E+08

1.61E+0

8 1.57E+08 1.53E+08 1.39E+08 1.49E+08 1.46E+08 1.42E+08 1.37E+08 1.34E+08 1.30E+08

Belgium 2.71E+08 2.76E+08 2.82E+08 2.66E+08

2.60E+0

8 2.98E+08 2.85E+08 9.14E+07 2.76E+08 2.71E+08 2.67E+08 2.58E+08 2.53E+08 2.47E+08

Bulgaria 5.20E+07 6.00E+07 4.80E+07 4.52E+07

3.98E+0

7 4.29E+07 5.74E+07 4.95E+07 3.98E+07 4.28E+07 4.57E+07 4.74E+07 4.96E+07 5.15E+07

Cyprus 8.14E+06 8.23E+06 8.32E+06 8.40E+06

8.50E+0

6 8.62E+06 8.80E+06 8.66E+06 8.12E+06 8.39E+06 8.69E+06 8.64E+06 8.96E+06 9.04E+06

Czech 

Republic 1.86E+08 1.98E+08 2.07E+08 2.06E+08

2.11E+0

8 1.80E+08 1.79E+08 7.28E+07 1.65E+08 1.65E+08 1.65E+08 1.60E+08 1.59E+08 1.57E+08

Denmark 1.22E+08 1.22E+08 1.23E+08 1.23E+08

1.24E+0

8 1.24E+08 1.24E+08 7.40E+07 1.20E+08 1.17E+08 1.15E+08 1.13E+08 1.11E+08 1.08E+08

Estonia 1.02E+05 1.01E+05 1.00E+05 1.00E+05

1.00E+0

5 1.00E+05 1.00E+05 9.97E+04 9.52E+04 9.72E+05 1.81E+06 2.52E+06 3.25E+06 3.94E+06

Finland 1.58E+08 1.60E+08 1.60E+08 1.60E+08

1.61E+0

8 1.61E+08 1.61E+08 1.26E+07 1.56E+08 1.53E+08 1.50E+08 1.46E+08 1.43E+08 1.40E+08

France 8.17E+08 8.06E+08 7.97E+08 7.88E+08

7.93E+0

8 7.99E+08 8.04E+08 6.40E+08 7.79E+08 7.83E+08 7.85E+08 7.52E+08 7.52E+08 7.51E+08

Germany 2.09E+09 2.01E+09 1.94E+09 1.87E+09

1.77E+0

9 1.66E+09 1.55E+09 1.18E+09 1.48E+09 1.45E+09 1.42E+09 1.40E+09 1.37E+09 1.34E+09

Greece 5.93E+07 5.96E+07 5.99E+07 6.00E+07

6.02E+0

7 6.04E+07 6.06E+07 6.09E+07 5.84E+07 6.34E+07 6.80E+07 7.25E+07 7.66E+07 8.04E+07

Hungary 8.69E+07 8.60E+07 1.02E+08 1.14E+08

1.17E+0

8 1.52E+08 1.84E+08 1.21E+08 1.75E+08 1.73E+08 1.72E+08 1.70E+08 1.68E+08 1.65E+08

Ireland 3.60E+07 3.76E+07 3.37E+07 3.76E+07

4.29E+0

7 4.83E+07 5.38E+07 5.74E+07 5.86E+07 6.02E+07 6.17E+07 5.95E+07 6.00E+07 6.07E+07

Italy 5.00E+08 5.24E+08 5.36E+08 5.51E+08

5.77E+0

8 5.81E+08 6.08E+08 8.29E+08 5.81E+08 5.96E+08 6.11E+08 6.08E+08 6.17E+08 6.23E+08

Latvia 2.22E+07 2.37E+07 2.39E+07 2.41E+07

2.15E+0

7 2.93E+07 3.62E+07 0.00E+00 2.75E+07 2.76E+07 2.77E+07 2.73E+07 2.72E+07 2.73E+07

Lithuania 4.86E+08 5.35E+08 2.57E+08 2.42E+08

1.98E+0

8 1.53E+08 1.09E+08 8.72E+07 6.24E+07 6.15E+07 6.06E+07 5.91E+07 5.81E+07 5.74E+07

Luxembourg 1.47E+07 1.48E+07 1.39E+07 1.27E+07

1.17E+0

7 1.06E+07 1.06E+07 5.62E+06 1.05E+07 1.04E+07 1.04E+07 1.05E+07 1.02E+07 1.00E+07

Malta 9.48E+04 9.53E+04 9.57E+04 9.85E+04

9.93E+0

4 1.00E+05 1.00E+05 1.01E+05 9.69E+04 3.61E+05 6.16E+05 8.34E+05 1.06E+06 1.27E+06

Netherlands 1.96E+08 1.88E+08 1.66E+08 1.50E+08

1.61E+0

8 1.41E+08 1.18E+08 2.67E+08 1.15E+08 1.13E+08 1.12E+08 1.12E+08 1.11E+08 1.09E+08

Poland 3.40E+08 3.54E+08 3.60E+08 3.97E+08

4.29E+0

8 4.40E+08 4.75E+08 1.24E+08 4.63E+08 4.67E+08 4.70E+08 4.70E+08 4.71E+08 4.72E+08

Portugal 9.06E+07 9.34E+07 9.59E+07 9.92E+07

1.05E+0

8 1.05E+08 1.10E+08 9.75E+07 1.04E+08 1.07E+08 1.09E+08 1.11E+08 1.13E+08 1.14E+08

Romania 2.07E+08 2.22E+08 2.25E+08 2.29E+08

2.25E+0

8 2.41E+08 2.68E+08 1.68E+08 6.47E+07 7.58E+07 8.63E+07 9.57E+07 1.05E+08 1.13E+08

Years

C
o

u
n
tr

ie
s

94/62/EC

(Packaging Waste)

Austria 1.44E+08 1.54E+08 1.65E+08 1.63E+08

1.61E+0

8 1.57E+08 1.53E+08 1.39E+08 1.49E+08 1.46E+08 1.42E+08 1.37E+08 1.34E+08 1.30E+08

Belgium 2.71E+08 2.76E+08 2.82E+08 2.66E+08

2.60E+0

8 2.98E+08 2.85E+08 9.14E+07 2.76E+08 2.71E+08 2.67E+08 2.58E+08 2.53E+08 2.47E+08

Bulgaria 5.20E+07 6.00E+07 4.80E+07 4.52E+07

3.98E+0

7 4.29E+07 5.74E+07 4.95E+07 3.98E+07 4.28E+07 4.57E+07 4.74E+07 4.96E+07 5.15E+07

Cyprus 8.14E+06 8.23E+06 8.32E+06 8.40E+06

8.50E+0

6 8.62E+06 8.80E+06 8.66E+06 8.12E+06 8.39E+06 8.69E+06 8.64E+06 8.96E+06 9.04E+06

Czech 

Republic 1.86E+08 1.98E+08 2.07E+08 2.06E+08

2.11E+0

8 1.80E+08 1.79E+08 7.28E+07 1.65E+08 1.65E+08 1.65E+08 1.60E+08 1.59E+08 1.57E+08

Denmark 1.22E+08 1.22E+08 1.23E+08 1.23E+08

1.24E+0

8 1.24E+08 1.24E+08 7.40E+07 1.20E+08 1.17E+08 1.15E+08 1.13E+08 1.11E+08 1.08E+08

Estonia 1.02E+05 1.01E+05 1.00E+05 1.00E+05

1.00E+0

5 1.00E+05 1.00E+05 9.97E+04 9.52E+04 9.72E+05 1.81E+06 2.52E+06 3.25E+06 3.94E+06

Finland 1.58E+08 1.60E+08 1.60E+08 1.60E+08

1.61E+0

8 1.61E+08 1.61E+08 1.26E+07 1.56E+08 1.53E+08 1.50E+08 1.46E+08 1.43E+08 1.40E+08

France 8.17E+08 8.06E+08 7.97E+08 7.88E+08

7.93E+0

8 7.99E+08 8.04E+08 6.40E+08 7.79E+08 7.83E+08 7.85E+08 7.52E+08 7.52E+08 7.51E+08

Germany 2.09E+09 2.01E+09 1.94E+09 1.87E+09

1.77E+0

9 1.66E+09 1.55E+09 1.18E+09 1.48E+09 1.45E+09 1.42E+09 1.40E+09 1.37E+09 1.34E+09

Greece 5.93E+07 5.96E+07 5.99E+07 6.00E+07

6.02E+0

7 6.04E+07 6.06E+07 6.09E+07 5.84E+07 6.34E+07 6.80E+07 7.25E+07 7.66E+07 8.04E+07

Hungary 8.69E+07 8.60E+07 1.02E+08 1.14E+08

1.17E+0

8 1.52E+08 1.84E+08 1.21E+08 1.75E+08 1.73E+08 1.72E+08 1.70E+08 1.68E+08 1.65E+08

Ireland 3.60E+07 3.76E+07 3.37E+07 3.76E+07

4.29E+0

7 4.83E+07 5.38E+07 5.74E+07 5.86E+07 6.02E+07 6.17E+07 5.95E+07 6.00E+07 6.07E+07

Italy 5.00E+08 5.24E+08 5.36E+08 5.51E+08

5.77E+0

8 5.81E+08 6.08E+08 8.29E+08 5.81E+08 5.96E+08 6.11E+08 6.08E+08 6.17E+08 6.23E+08

Latvia 2.22E+07 2.37E+07 2.39E+07 2.41E+07

2.15E+0

7 2.93E+07 3.62E+07 0.00E+00 2.75E+07 2.76E+07 2.77E+07 2.73E+07 2.72E+07 2.73E+07

Lithuania 4.86E+08 5.35E+08 2.57E+08 2.42E+08

1.98E+0

8 1.53E+08 1.09E+08 8.72E+07 6.24E+07 6.15E+07 6.06E+07 5.91E+07 5.81E+07 5.74E+07

Luxembourg 1.47E+07 1.48E+07 1.39E+07 1.27E+07

1.17E+0

7 1.06E+07 1.06E+07 5.62E+06 1.05E+07 1.04E+07 1.04E+07 1.05E+07 1.02E+07 1.00E+07

Malta 9.48E+04 9.53E+04 9.57E+04 9.85E+04

9.93E+0

4 1.00E+05 1.00E+05 1.01E+05 9.69E+04 3.61E+05 6.16E+05 8.34E+05 1.06E+06 1.27E+06

Netherlands 1.96E+08 1.88E+08 1.66E+08 1.50E+08

1.61E+0

8 1.41E+08 1.18E+08 2.67E+08 1.15E+08 1.13E+08 1.12E+08 1.12E+08 1.11E+08 1.09E+08

Poland 3.40E+08 3.54E+08 3.60E+08 3.97E+08

4.29E+0

8 4.40E+08 4.75E+08 1.24E+08 4.63E+08 4.67E+08 4.70E+08 4.70E+08 4.71E+08 4.72E+08

Portugal 9.06E+07 9.34E+07 9.59E+07 9.92E+07

1.05E+0

8 1.05E+08 1.10E+08 9.75E+07 1.04E+08 1.07E+08 1.09E+08 1.11E+08 1.13E+08 1.14E+08

Romania 2.07E+08 2.22E+08 2.25E+08 2.29E+08

2.25E+0

8 2.41E+08 2.68E+08 1.68E+08 6.47E+07 7.58E+07 8.63E+07 9.57E+07 1.05E+08 1.13E+08

Years

C
o

u
n
tr

ie
s

Austria 1.44E+08 1.54E+08 1.65E+08 1.63E+08

1.61E+0

8 1.57E+08 1.53E+08 1.39E+08 1.49E+08 1.46E+08 1.42E+08 1.37E+08 1.34E+08 1.30E+08

Belgium 2.71E+08 2.76E+08 2.82E+08 2.66E+08

2.60E+0

8 2.98E+08 2.85E+08 9.14E+07 2.76E+08 2.71E+08 2.67E+08 2.58E+08 2.53E+08 2.47E+08

Bulgaria 5.20E+07 6.00E+07 4.80E+07 4.52E+07

3.98E+0

7 4.29E+07 5.74E+07 4.95E+07 3.98E+07 4.28E+07 4.57E+07 4.74E+07 4.96E+07 5.15E+07

Cyprus 8.14E+06 8.23E+06 8.32E+06 8.40E+06

8.50E+0

6 8.62E+06 8.80E+06 8.66E+06 8.12E+06 8.39E+06 8.69E+06 8.64E+06 8.96E+06 9.04E+06

Czech 

Republic 1.86E+08 1.98E+08 2.07E+08 2.06E+08

2.11E+0

8 1.80E+08 1.79E+08 7.28E+07 1.65E+08 1.65E+08 1.65E+08 1.60E+08 1.59E+08 1.57E+08

Denmark 1.22E+08 1.22E+08 1.23E+08 1.23E+08

1.24E+0

8 1.24E+08 1.24E+08 7.40E+07 1.20E+08 1.17E+08 1.15E+08 1.13E+08 1.11E+08 1.08E+08

Estonia 1.02E+05 1.01E+05 1.00E+05 1.00E+05

1.00E+0

5 1.00E+05 1.00E+05 9.97E+04 9.52E+04 9.72E+05 1.81E+06 2.52E+06 3.25E+06 3.94E+06

Finland 1.58E+08 1.60E+08 1.60E+08 1.60E+08

1.61E+0

8 1.61E+08 1.61E+08 1.26E+07 1.56E+08 1.53E+08 1.50E+08 1.46E+08 1.43E+08 1.40E+08

France 8.17E+08 8.06E+08 7.97E+08 7.88E+08

7.93E+0

8 7.99E+08 8.04E+08 6.40E+08 7.79E+08 7.83E+08 7.85E+08 7.52E+08 7.52E+08 7.51E+08

Germany 2.09E+09 2.01E+09 1.94E+09 1.87E+09

1.77E+0

9 1.66E+09 1.55E+09 1.18E+09 1.48E+09 1.45E+09 1.42E+09 1.40E+09 1.37E+09 1.34E+09

Greece 5.93E+07 5.96E+07 5.99E+07 6.00E+07

6.02E+0

7 6.04E+07 6.06E+07 6.09E+07 5.84E+07 6.34E+07 6.80E+07 7.25E+07 7.66E+07 8.04E+07

Hungary 8.69E+07 8.60E+07 1.02E+08 1.14E+08

1.17E+0

8 1.52E+08 1.84E+08 1.21E+08 1.75E+08 1.73E+08 1.72E+08 1.70E+08 1.68E+08 1.65E+08

Ireland 3.60E+07 3.76E+07 3.37E+07 3.76E+07

4.29E+0

7 4.83E+07 5.38E+07 5.74E+07 5.86E+07 6.02E+07 6.17E+07 5.95E+07 6.00E+07 6.07E+07

Italy 5.00E+08 5.24E+08 5.36E+08 5.51E+08

5.77E+0

8 5.81E+08 6.08E+08 8.29E+08 5.81E+08 5.96E+08 6.11E+08 6.08E+08 6.17E+08 6.23E+08

Latvia 2.22E+07 2.37E+07 2.39E+07 2.41E+07

2.15E+0

7 2.93E+07 3.62E+07 0.00E+00 2.75E+07 2.76E+07 2.77E+07 2.73E+07 2.72E+07 2.73E+07

Lithuania 4.86E+08 5.35E+08 2.57E+08 2.42E+08

1.98E+0

8 1.53E+08 1.09E+08 8.72E+07 6.24E+07 6.15E+07 6.06E+07 5.91E+07 5.81E+07 5.74E+07

Luxembourg 1.47E+07 1.48E+07 1.39E+07 1.27E+07

1.17E+0

7 1.06E+07 1.06E+07 5.62E+06 1.05E+07 1.04E+07 1.04E+07 1.05E+07 1.02E+07 1.00E+07

Malta 9.48E+04 9.53E+04 9.57E+04 9.85E+04

9.93E+0

4 1.00E+05 1.00E+05 1.01E+05 9.69E+04 3.61E+05 6.16E+05 8.34E+05 1.06E+06 1.27E+06

Netherlands 1.96E+08 1.88E+08 1.66E+08 1.50E+08

1.61E+0

8 1.41E+08 1.18E+08 2.67E+08 1.15E+08 1.13E+08 1.12E+08 1.12E+08 1.11E+08 1.09E+08

Poland 3.40E+08 3.54E+08 3.60E+08 3.97E+08

4.29E+0

8 4.40E+08 4.75E+08 1.24E+08 4.63E+08 4.67E+08 4.70E+08 4.70E+08 4.71E+08 4.72E+08

Portugal 9.06E+07 9.34E+07 9.59E+07 9.92E+07

1.05E+0

8 1.05E+08 1.10E+08 9.75E+07 1.04E+08 1.07E+08 1.09E+08 1.11E+08 1.13E+08 1.14E+08

Romania 2.07E+08 2.22E+08 2.25E+08 2.29E+08

2.25E+0

8 2.41E+08 2.68E+08 1.68E+08 6.47E+07 7.58E+07 8.63E+07 9.57E+07 1.05E+08 1.13E+08

Years

C
o

u
n
tr

ie
s

1999/31/EC

(Landfilling of Biowaste)

Austria 1.44E+08 1.54E+08 1.65E+08 1.63E+08

1.61E+0

8 1.57E+08 1.53E+08 1.39E+08 1.49E+08 1.46E+08 1.42E+08 1.37E+08 1.34E+08 1.30E+08

Belgium 2.71E+08 2.76E+08 2.82E+08 2.66E+08

2.60E+0

8 2.98E+08 2.85E+08 9.14E+07 2.76E+08 2.71E+08 2.67E+08 2.58E+08 2.53E+08 2.47E+08

Bulgaria 5.20E+07 6.00E+07 4.80E+07 4.52E+07

3.98E+0

7 4.29E+07 5.74E+07 4.95E+07 3.98E+07 4.28E+07 4.57E+07 4.74E+07 4.96E+07 5.15E+07

Cyprus 8.14E+06 8.23E+06 8.32E+06 8.40E+06

8.50E+0

6 8.62E+06 8.80E+06 8.66E+06 8.12E+06 8.39E+06 8.69E+06 8.64E+06 8.96E+06 9.04E+06

Czech 

Republic 1.86E+08 1.98E+08 2.07E+08 2.06E+08

2.11E+0

8 1.80E+08 1.79E+08 7.28E+07 1.65E+08 1.65E+08 1.65E+08 1.60E+08 1.59E+08 1.57E+08

Denmark 1.22E+08 1.22E+08 1.23E+08 1.23E+08

1.24E+0

8 1.24E+08 1.24E+08 7.40E+07 1.20E+08 1.17E+08 1.15E+08 1.13E+08 1.11E+08 1.08E+08

Estonia 1.02E+05 1.01E+05 1.00E+05 1.00E+05

1.00E+0

5 1.00E+05 1.00E+05 9.97E+04 9.52E+04 9.72E+05 1.81E+06 2.52E+06 3.25E+06 3.94E+06

Finland 1.58E+08 1.60E+08 1.60E+08 1.60E+08

1.61E+0

8 1.61E+08 1.61E+08 1.26E+07 1.56E+08 1.53E+08 1.50E+08 1.46E+08 1.43E+08 1.40E+08

France 8.17E+08 8.06E+08 7.97E+08 7.88E+08

7.93E+0

8 7.99E+08 8.04E+08 6.40E+08 7.79E+08 7.83E+08 7.85E+08 7.52E+08 7.52E+08 7.51E+08

Germany 2.09E+09 2.01E+09 1.94E+09 1.87E+09

1.77E+0

9 1.66E+09 1.55E+09 1.18E+09 1.48E+09 1.45E+09 1.42E+09 1.40E+09 1.37E+09 1.34E+09

Greece 5.93E+07 5.96E+07 5.99E+07 6.00E+07

6.02E+0

7 6.04E+07 6.06E+07 6.09E+07 5.84E+07 6.34E+07 6.80E+07 7.25E+07 7.66E+07 8.04E+07

Hungary 8.69E+07 8.60E+07 1.02E+08 1.14E+08

1.17E+0

8 1.52E+08 1.84E+08 1.21E+08 1.75E+08 1.73E+08 1.72E+08 1.70E+08 1.68E+08 1.65E+08

Ireland 3.60E+07 3.76E+07 3.37E+07 3.76E+07

4.29E+0

7 4.83E+07 5.38E+07 5.74E+07 5.86E+07 6.02E+07 6.17E+07 5.95E+07 6.00E+07 6.07E+07

Italy 5.00E+08 5.24E+08 5.36E+08 5.51E+08

5.77E+0

8 5.81E+08 6.08E+08 8.29E+08 5.81E+08 5.96E+08 6.11E+08 6.08E+08 6.17E+08 6.23E+08

Latvia 2.22E+07 2.37E+07 2.39E+07 2.41E+07

2.15E+0

7 2.93E+07 3.62E+07 0.00E+00 2.75E+07 2.76E+07 2.77E+07 2.73E+07 2.72E+07 2.73E+07

Lithuania 4.86E+08 5.35E+08 2.57E+08 2.42E+08

1.98E+0

8 1.53E+08 1.09E+08 8.72E+07 6.24E+07 6.15E+07 6.06E+07 5.91E+07 5.81E+07 5.74E+07

Luxembourg 1.47E+07 1.48E+07 1.39E+07 1.27E+07

1.17E+0

7 1.06E+07 1.06E+07 5.62E+06 1.05E+07 1.04E+07 1.04E+07 1.05E+07 1.02E+07 1.00E+07

Malta 9.48E+04 9.53E+04 9.57E+04 9.85E+04

9.93E+0

4 1.00E+05 1.00E+05 1.01E+05 9.69E+04 3.61E+05 6.16E+05 8.34E+05 1.06E+06 1.27E+06

Netherlands 1.96E+08 1.88E+08 1.66E+08 1.50E+08

1.61E+0

8 1.41E+08 1.18E+08 2.67E+08 1.15E+08 1.13E+08 1.12E+08 1.12E+08 1.11E+08 1.09E+08

Poland 3.40E+08 3.54E+08 3.60E+08 3.97E+08

4.29E+0

8 4.40E+08 4.75E+08 1.24E+08 4.63E+08 4.67E+08 4.70E+08 4.70E+08 4.71E+08 4.72E+08

Portugal 9.06E+07 9.34E+07 9.59E+07 9.92E+07

1.05E+0

8 1.05E+08 1.10E+08 9.75E+07 1.04E+08 1.07E+08 1.09E+08 1.11E+08 1.13E+08 1.14E+08

Romania 2.07E+08 2.22E+08 2.25E+08 2.29E+08

2.25E+0

8 2.41E+08 2.68E+08 1.68E+08 6.47E+07 7.58E+07 8.63E+07 9.57E+07 1.05E+08 1.13E+08
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Inputs for MSWI Model
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System and Goal Definition

Impact Variables Identification and Selection

Scenario Interpretation

Scenario Construction, Consistency Analysis of Future Levels,
and Scenario Selection

Future Level Definition

Reduction and 
Recycling Scenario



Results MSWI in Italy
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