The renewable energy contribution of
O7AOO0A O %l AOCUO6 A/

(_dewep

Jan L.C. Manders, Deputy President CEWEP

Decanber2008



Executive Summary

This study was carried out by CEWEP in order to support the debate and to communicate to the
European Parliament, the Council and EU Commission the message about the significant contribution
that Waste to Energy (WLE) is making to the generation of Renewable Energy in Europe. WE already
makes a considerable contribution in a number of European countries (especially Denmark, Sweden,
Germany, France, and the Netherlands) and has a substantial potential EU wide.

Against the background of binding targets for renewable energy production for all EU 27 countries,
which have been set by the EU COM it is appropriate to demonstrate how much WtE can contribute to
these targets per country and altogether across Europe.

In this study we have calculated the amount of renewable energy from WtE on the basis of final
consumption figures and wethade apgileiligdtanbadditd]
to calculate the contribution of both electricity and heat into one Renewable Energy figure, expressed in

PJ. We have used assumptions supported by CEWEP members in the various countries about the

future development of WtE capacity and energy efficiency of the WtE route.

In 2006 WIE already supplied a considerable amount of renewable energy (136 PJ) and by 2020 this
amount can grow to 240 PJ for the whole of Europe incl. Norway and CH. If the European Parliament
were to decide to define Biomass to exclude the renewable Energy from WtE, then the EU 27 would
forego in total 124 PJ of renewable Energy basis 2006 and an amount of 226 PJ basis 2020.

The % contribution from WLE to the total Energy Consumption of a country is modest. However, when
one looks at the share of WtE of the Total Renewable Energy produced by a country during 2006 it is
clear that for the following countries the relative contribution of W1E is very significant:

The Netherlands (14,3%), Belgium (13,3 %) , Denmark (12,5 %), Germany (7,5 %). These are
predominantly the countries which do not have hydroelectric power and they rely for their renewable
energy strongly on biomass (incl. WtE) and wind.

For the 2020 projection it appears that the relative contribution of WtE to the Renewable Energy volume
of each country decreases, despite the fact that the WtE renewable energy quantity in absolute terms
increases by 82 % for the EU 27. This is simply due to the fact that the total amount of Renewable
Energy across the EU must grow much faster so that all countries will meet the ambitious target set by
the EU Commission per country.

The countries which in 2020 have the highest % contribution of WtE of their renewable energy
production, assuming they will meet the binding target, are in decreasing order

Denmark( with a range of 6,31 9 %), Sweden (4,7 - 6,7 %), the Netherlands (4,4 - 6,3 %), Czech
Republic ( 3,3 - 4,7 %), Germany (3,07 4,3 %).

In a more ambitious volume scenario, where landfill is totally replaced by a combination of Recycling
and WIE, it is obvious that the total maximum potential contribution by WtE across the EU 27 is 257 PJ
of renewable energy and this represents an increase versus the 2006 level by a factor 2.
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1. Introduction

This study was carried out at the request of CEWEP in order to support the debate and to communicate
to the EP, the Council and EU Commission the significant contribution that Waste to Energy (WtE) is
making to the generation of Renewable Energy in Europe. WtE already makes a significant contribution
in a number of European countries (especially Denmark, Sweden, Germany, France, and the
Netherlands).

Against the background of binding targets for renewable energy production for all EU 27 countries,
which have been set by the EU COM (ref 1), it is appropriate to demonstrate how much WtE can
contribute to these targets per country and altogether across Europe.

2. The RES directive and the classification of energy from WtE

Currently across Europe most states recognize Energy from Incineration in WtE plants as renewable
energy, but this has not been formalized in all states and the % of energy from WtE that is classified as
renewable varies. However, on average 50% is a good estimate. Countries which have formally set a %
are

Denmark 80
France 50
Netherlands 48
Austria 50

Various studies have been carried out across the EU to establish the % of renewable from WtE. See
references 2.

Discussion of these studies is outside the scope of this report, but this is being pursued by CEWEP6 s
Energy working group.

3. Methodology of expressing and reporting Energy Data

Within Europe there is extensive reporting on Energy production and consumption which can be found
on the websites of Eurostat and IEA. The methodology for expressing Renewable Energy (and to a
lesser extent that of renewable electricity and heat) is not without risk of misinterpretation as various
methods are being used:

9 Eurostatand IEAuset he fi n p udr Remssvable &rbiy. For solar, wind and
hydroelectric the final Electricity production is used as a measure for renewable energy. For
biomass and MSW they take the renewable energy content of the fuel (basically calorific value x
% renewable) as the basis, totally ignoring the efficiency of the conversion process. This method
leads to a flattering, overstated contribution of WtE and biomass and this method will not be
used by the EU Commission for the purpose of the RES directive. Also a recent publication from
EuroObserver employs this input approach.

1 Within the Netherlands the authorities have decided to use a substitution method in which one
calculates the quantity of fossil fuels that is being substituted, using particular reference
technologies. This method is rather laborious and does not seem to be followed by other
countries. (ref 4.)

1 The RES directive is not absolutely clear on the methodology which should be used to express
renewable energy, against the targets set for each country. The only indication given is in article
5 where it is stated under a and b that electricity and heat should be calculated as a % of the
Afinal c_a wisch tmgoefoie excludes the input method. No further indication is given on
how electricity and heat should be added up to give total energy. Annex | of the RES directive
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sets targets for the renewable energy production, but nowhere is there a specific indication on
how these should be calculated. It is to be expected that guidelines will be issued by the
Commission soon.

We have summarized the available data on energy production and consumption within Europe (by
country) for the 2006 situation and this overview is given in appendix 1 (source Eurostat). It shows
among others

9 Total Energy consumption and growth during 2000-2006

i Total renewable energy production (input method)

1 Renewable Energy production from waste (input method)

1 The projected energy consumption for 2020, assuming a 1 % growth by year
1 The targets set by country for renewable energy as % of consumption for 2020

4. Approach taken in this study
In this study we have taken the following approach:

a) To estimate future volumes of WtE for 2010 and 2020 by country, relative to actual data for 2006

b) To project the electricity and heat production per tonne of waste treated by WtE, from the data
available within CEWEP for 2006

¢) In order to express the quantity of Renewable Energy from WtE we have used the following
methodology

i.  Assuming a % renewable of 50, unless there are other data for a specific country (e.g.

48% for NL, 80% for DK)

ii. From the above we have calculated the absolute quantities of renewable electricity
produced (GWh) and heat supplied (in GWh and TJ) per country from WtE

ii. Wehaveusedan 100 % addition methodd to sum up t
with that for renewable heat, in order to obtain the overall renewable energy figure (we
simply convert the produced electricity and supplied heat into TJ to add them up). We
believe that this is a reasonable starting point, but we do realize that later guidelines may
be introduced which may be different. However, from discussion with various consultants
who are close to the EU we conclude that this 1:1 addition method will most probably be
used for the RES directive. This addition method favours WtE plants which supply much
heat, at the expense of electricity production. This method is of course a rather arbitrary
one, not taking into accountexergyprinci pl e s, but it is more re
met hodo di scussed i ffantatidaionpetieod woaldibe appliecwhicho n .
takes into account exergy principles, it would reduce the value of the heat contribution
and as a consequence the calculated amount of total renewable energy from WtE would
reduce.

iv.  We have also calculated the quantity renewable energy via the input method and have
shown this in the appendices of the report for comparison.

v.  There are strong indications that the EU will standardise the unit in which Renewable
Energy should be expressed on PJ or other Sl units. At the moment figures are being
reported in TWh, PJ and sometimes TOE (tonnes of Oil Equivalent). For this reason we
have expressed data as much as possible as PJ, but for convenience sake we have also
shown them in TWh/GWh.

vi.  The average calorific value of waste being incinerated across Europe is about 10 MJ/kg,
but this value varies a great deal from country to country. This parameter is of no
influence in calculating the renewable energy from WtE as outlined above.
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d)  Subsequently we have calculated the contribution Renewable Energy from WtE as a
contribution share to the binding target for the country involved.

We present this analysis for a number of country groups:

1  Group I, which are the 7 countries which are already having a large WtE and recycling
infrastructure (Austria, Belgium, Denmark, Germany, Netherlands, France, Sweden)

1 Group Il, countries which are likely to see a major growth of WtE from 13 min tonnes in
2006 to say 27 min tonnes by 2020 (Luxemburg, Ireland, Italy, Portugal, Spain, UK,
Finland, Czech Republic)

1 Group lll, which are the countries which have negligible WtE in 2006 (altogether 637 kt)
and which will have some WtE by 2020 (say 12 mIn tonnes)

1 Norway and Switzerland, being not part of the EU

The accuracy of this study depends largely on the accuracy of the assumptions made. The results
are presented as the outcome of the model calculations, without rounding. The lack of rounding
does not mean that we do pretend the accuracy corresponding with the precise figures shown.

5. Overview of assumptions made

Projections for the future requires the making of assumptions on all of the abovementioned parameters
and a considerable amount of judgement as to the credibility of these assumptions. Our key
assumptions on aspects a), b), ¢) above have therefore been put forward for review and comments to
our members in the countries Austria, Belgium, Germany, NL, Sweden, Denmark, France, Ireland, Italy,
Portugal, Spain, UK, Czech Republic and Switzerland.

a) Volume assumptions. For our base case scenario we have used
the WIE volume assumptions shown in appendix 2 and made by country for 2010 and 2020.
These are the total volumes of waste going through WtE plants and include not only MSW, but
also commercial waste and include dedicated plants which will incinerate RDF, SRF Dand the
like. The table below summarizes these volumes:

Kt per group 2006 2010 2020

Group | 46737 55000 58800
Group Il 12662 15930 26600
Group Il 637 1405 11783
EU 27 60036 72235 97183
CH+N 4435 4600 4600

Total Europe 64471 76935 101783

In this base case scenario, which we believe to be a very realistic one, we estimate that across
Europe by 2020 there will still be some landfill of MSW and comparable waste in the order of
30.000 tpa to 40.000 tpa, which might be in the range of 10 to 12 % of MSW.

The future volume estimates have been made by country on the basis of the best knowledge
available with CEWEP members of the national waste treatment market.

1) RDF = Refuse Derived Fuel, SRF= Solid Recovered Fuel.
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We have also investigated the effects of a more ambitious scenario in which landfill of non pre-
treated MSW* has been totally replaced by a combination of Recycling and WtE in the ratio of
60:40. In this scenario we have also assumed that there will be no further growth of MSW towards
2020. In comparison with the abovementioned base case scenario the total volume of WtE for the
EU 27 rises from 97.183 ktpa to 119.462 ktpa.

The difference in WtE volume with that for the base case pertains to Group Il and Ill countries, but
also to France.

Appendix 2 shows for comparison WtE volume projections for MSW only which have been made by
others:

a. The volume projections made in the FFact (see Ref 6) study in February 2008 for a
scenario describing what would happen if there would be no further growth of MSW
towards 2020 and all countries across EU would establish the same ratio of
Recycling/WtE/ landfill as the countries Belgium, NL, Sweden, Germany have already
(60:40). These projections are therefore rather ambitious.

b. Projections made by a Prognos study reported in October 2008 for residual MSW only.
These projections are considered unrealistically low by CEWEP and others
knowledgeable in the field of waste processing.

b) The assumptions made for the total amount of electricity production (kWh/t) and heat produced
for external supply (kwh/t) have been derived from the analysis performed on the 2008 CEWEP
country reports and more recent information from CEWEP members, supplemented with
prudent estimates on how these performance parameters will develop for the future. We do take
into account the efficiency improvements which will likely be made per country in order for plants
to qualify for the R1 status, meet local and national Energy efficiency improvement targets etc.
For the specific assumptions per country averages see appendices 3, 4 and 5.

The weighted average projection of key data for the EU 27 countries derived from the individual
country inputs (combination of Groups |, Il, lll) is shown below:
(this is the sum of renewable and fossil energy generated)

2006 2010 projection 2020 projection
Electricity produced 408 444 505
kWh/t waste
Heat supply 762 846 822
kWh/t waste

This shows a steady increase of the efficiency of Energy production as one might expect. It
should be noted that these are average values, which means that there is considerable spread
below and above these averages across Europe, as also shown in the details in appendices 3,4
and 5.

! Non pre-treated MSW means waste which has not been treated via incineration or MBT processes.
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c) For our calculations we have assumed that the total volume of waste processed by WtE plants
has on average a 50 % renewable energy content (unless a country has recognized a different
figure), especially if this country is mainly processing MSW and commercial waste. It is likely
that the RDF/ SRF streams originating from separation processes, when incinerated have a
somewhat lower biogenic value than traditional MSW has, and therefore we have assumed 40
% for these streams. This waste stream is becoming important in Germany, UK and possibly
Italy, where dedicated plants to incinerate this material for energy production are being built.
(RDF: Refuse Derived Fuel; SRF: Solid Recovered Fuel)

6. Results
The data on the key assumptions made have been entered into an overall model which has enabled us
to calculate the results by country and by country group for the years 2006, 2010 and 2020. These can

be found in the following appendices;

Appendix 3 summary of Group |
Appendix 4 summary of Group Il
Appendix 5 summary of Group lll
Appendix 6 summary of Europe

6. 1 Summary of main results on the WtE Renewable Energy output:

The two tables below summarize for the base case:

The first table shows the total amount of electricity produced and the total amount of heat supplied in
GWh (thus including the fossil part) in GWh and PJ, established via the addition method for the
various country groups both for the 2006 situation and the projections for 2020.

It can be seen that major growth is coming from Groups | and Il, but not so much from Group lll.

Total Energy Production from WtE plants (both renewable and fossil) expressed as GWh and

2006 2020

Country
Group Total Elec Total heat Total Energ  Total Energy Total Elec Total heat  Total Energy Total Energy
Produced for Supply SumHeatElec SumHeatEle| Produced for Supply SumHeatElec SumHeatEle
GWh GWh GWh PJ GWh GWh GWh PJ
add.meth add.meth add.meth add.meth
Tot | 16868 43985 60854 219 27785 62736 90521 326
Tot I 7390 1757 9148 33 15379 12078 27457 99
Total Il 243 0 243 1 5915 5112 11027 40
EU 27 24501 45743 70244 253 49079 79926 129005 464
CH&N 1823 4820 6642 24 2160 5304 7464 27
Europe 26324 50562 76886 277 51239 85230 136469 491
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The next table shows the amount of renewable electricity produced and the amount of renewable heat
supplied in GWh and the total Renewable energy amount in PJ, established via the addition method
for the various country groups, both for the 2006 situation and the projections for 2020.

It can be seen that major growth is coming from Groups | and Il, but not so much from Group Il

Renewable Energy Production from WtE plants expressed as GWh and as PJ

2006 2020

Country
Renew Renew Renew Renew Renew Renew
Group Elec heat Renew Energ' Renew Energ Elec heat Energy Energy|
Produced for Supply SumHeatElet SumHeatEle( Produced for Supply SumHeatElec SumHeatEle
GWh GWh GWh PJ GWh GWh GWh PJ
add.meth add.meth add.meth add.meth
Tot | 8242 21646 29888 108 13418 30440 43858 158
Tot Il 3651 878 4529 16 7589 5909 13498 49
Total Il 121 0 121 0 2958 2556 5514 20
EU 27 12014 22524 34538 124 23965 38905 62870 226
CH&N 911 2410 3321 12 1080 2652 3732 13
Europe 12926 24933 37859 136 25045 41557 66602 240

1PJ =277 GWh
1 PJ, expressed in electricity represents the consumption by about 80.000 households (@ 3500 kWh per household)

1 PJ, expressed as heat represents the consumption by about 17000 households (@ 16500 kWh heat per household,
which is the average heat consumption of households in Dk and NL)

The following table shows both for the 2006 situation and the 2020 situation:

- The amount of renewable energy supplied by WtE in PJ
- The share of WtE renewable energy of the final consumption of energy in the country as a %
The share of WtE renewable energy of the total renewable energy of the country as a %
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2006

2020

Country Renewable energy Share of WtE Share of WtE Renewable energy Share of WtE Share of WtE
(addition) renew energy renewable (addition) renew energy renewable
Group of final energy of total of final energy of total
consumption renew energy consumption renew energy
in the country in country in the country in country
PJ % % PJ % %
Group | 108 0,47 4,8 158 0,6 2,8
Group Il 16 0,08 15 49 0,2 1,2
Group Il 0 0,01 0,1 20 0.2 1,0
EU 27 124 0,25 3,3 226 0,39 1,9
CH&N 12 0,18 13 0,2
Europe 136 0,24 240 0,37
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6.2 Results for country groups I, Il and Il for the base case.

The relative contribution of WTE as % of Final Energy Consumption per country and to the binding country target for
Renewable Energy

2006 2020

WLE WILE share ~ WIE share Country WLE WIE share ~ WLE shae Country
Group || Renew final Energy  tot Renew Renew Erl Renew of Energy tot Renew  Renew Ern

Energy Consump Energy of Consump Energy Consump Energy
PJ % actual % actual %) PJ % % target %
AT 2,5 0,22 1,0 23,3 5,8 0,5 1,3 34
BE 4,7 0,29 13,3 2,2 6,0 0,3 25 13
DK 13,9 2,12 12,5 17 14,1 1,9 6,3 30
NL 7,3 0,34 14,3 2,4 15,0 0,6 4,4 14
FR 18,2 0,28 2,7 10,3 21,6 0,3 1,2 23
DE 40,4 0,43 7,5 5,8 58,7 0,5 3,0 18
SE| 20,6 1,48 3,7 39,8 36,7 2,3 4,7 49
Total 108 0,47 4,8 9,8 158 0,6 2,8 22

The relative contribution of WTE as % of Final Energy Consumption per country and to the binding country target for
Renewable Energy for Group ||

Group I

Tot Il

LU
IE
T

PT
ES

GB
FI

cz

WtE
Renew
Energy

PJ

NOPMWEFR OOO

=
[¢]

2006

WIE share
final Energy
Consump
%

0,1
0,0
0,1
0,1
0,1
0,1
0,0
0,2
0,1

WIE share
tot Renew

Energy
actual %

7,3
0,0
18
2,8
1,2
3,6
0,0
3,9
15

Country
Renew Erj
of Consump
actual %|

1,6
2,7
6,5
4,8
6,1
1,7
23,2
4,1
55

WtE
Renew
Energy

PJ

0,3
2,1
11,0
1,4
6,5
19,9
2,1
54
48,6

2020

WIE share
of Energy

Consump

%

0,1
0,3
0,2
0,2
0,1
0,3
0,2
0,4
0,2

WIE share
tot Renew
Energy

%

11
2,1
1,0
0,5
0,7
1,8
0,4
3,3
1,2

Country
Renew Erf

target %

11,0
16,0
17,0
31,0
20,0
15,0
38,0
13,0
18,4

The relative contribution of WTE as % of Final Energy Consumption per country and to the binding country target for
Renewable Energy for Group IlI

GR
HU
PL
Sl
SK
BU
ES
Cy
Lv
LT
MT
RO

Group Il

Total 11l

WLE
Renew
Energy

PJ

0
0,28
0,01
0,00
0,14
0,00
0,00
0,00
0,00
0,00
0,00
0,00

0,44

2006

WIE share
final Energy
Consump
%

0,00
0,04
0,00
0,00
0,03
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,01

WIE share
tot Renew
Energy
actual %

0,00
0,90
0,01
0,00
0,73
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,09

Country
Renew Er
of Consump
actual %

52
4,2
4,8
10,6
4,3
5,6
11,2
2,0
36,3
8,8
0,0
12,8

7,2

WLE
Renew
Energy

PJ

0,90
2,39
7,12
0,60
1,12
1,72
0,34
0,52
0,65
0,43
0,00
4,06
19,85

2020

WHE share
of Energy

Consump

%

0,09
0,28
0,25
0,25
0,22
0,36
0,26
0,59
0,32
0,19
0,00
0,12
0,20

WIE share
tot Renew
Energy

%

0,49
2,14
1,64
1,00
1,55
2,22
1,03
4,50
0,76
0,82
0,00
0,50
1,03

Country
Renew Ern

target %

18,0
13,0
15,0
25,0
14,0
16,0
250
13,0
42,0
23,0
10,0
24,0

19,2
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The contribution by country in generating renewable energy through WtE is shown in graphical form below.
These graphs also show the breakdown between electricity and heat. The first set of graphs is expressed
as PJ, whereas the second shows the same in TWh.

Renewable Energy from WtE 2006
totalling 124 PJ across EU 27

45,0
40,0
35,0
30,0
25,0
20,0
15,0
10,0

5,0
0.0 i o e = -
DE | SE | FR | DK NL | IT | GB BE | ES | AT | €z | PT

PJ

H Heat 29,5/18,5/129(11,4, 1,5 (1,3 | 0,1 | 2,7 |00 (1,2 | 1,7 | G0
m Electric|10,9| 2,1 |53 | 25|58 |52 (38 (21|29 (13|00 (1,0

Renewable Energy from WtE 2020
totalling 206 PJ out of EU 27 total of 226 PJ

70,0
60,0
50,0
40,0
30,0
20,0
10,0
0,0

DK | IT | AT | BE | ES | CZ | IE Fl

W Heat 41,2|29,4|14,5/11,2|6,3 |11,6/ 2,4 |3,0 |3,5|0,0 |5,2 | 1,2 |1,2
®m Electric|17,5/ 7,3 |7,1|8,7 |86 2,586 (28|24 |6,5|0,2|09 |09
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The following set of graphs shows the same but now in TWh

Renewable Energy from WtE 2006 in TWh
(1 TWh = 1000 million kWh).

12,0
Total EU 27
34,4 TWh

10,0

8,0

T™Wh 6,0

4,0

2,0

0,0
BE | ES | AT | CZ | PT

W Heat 82 |51,36,32|04|04 /000,77 00|03)|05]| 0,0
W Electric| 3,0 |06 |1,5|/0,7 16|14 (1,1 06 |08 |04 |00 0,3

Renewable Energy from W1tE 2020 in TWh
1TWh= 1000 million kWh

18,0
1?*3 Total EU 27
120 62,7 TWh
10,0
™Wh g
6.0
4,0
2.0
20 I W N N e
T | AT | BE  ES | cz | E
W Heat |11,4/8,2 40|31 |1,8|32 /0708|1000 14|03
m Electric| 49 | 20|20 |24 24|07 |24 08|07 1801|023

As can be seen from the tables above the % contribution from WtE to the total Energy
Consumption of a country is modest. However, when one looks at the share of WtE of the Total
Renewable Energy produced by a country during 2006 it is clear that for a number of countries the
contribution of WtE to their production of renewable energy is very significant. The table below
shows the countries where WtE makes the highest contribution:
- For the situation of 2006
- For the 2020 projection where we assume that the country meets their specific renewable
energy binding target as % of final consumption, and assuming that there will be a 1 %
growth of energy consumption per year towards 2020.
- For the 2020 projection, with the same assumption of meeting the renewable energy binding

target, but now also with the assumption that the country will meet the additional EU target of
Jan L.C. Manders The renewable energy contribution of WtE across Europe
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20 % reduction of final energy consumption. Here it is also assumed that the foreseen
growth in WtE energy will happen anyway, at the expense of growth in other forms of
renewable energy, as Energy from WtE is also driven by changes in the waste market and
as WIE energy is one of the cheapest forms of renewable energy.

Share of renewable energy from WtE as a % of total renewable energy for some EU countries

Country 2006 actual 2020 2020
with 1% growth per year | With 20 % reduction of
in Final Energy final energy
Consumption consumption in the

period 2005- 2020
Netherlands 14,3 4.4 6,3
Belgium 13,3 2,5 3,6
Denmark 12,5 6,3 9,0
Germany 7,5 3,0 4,3
Czech Republic 3,9 3,3 4,7
Sweden 3,7 4,7 6.7
Great Britain 3,6 1,8 2,6

These are the countries which predominantly do not have hydroelectric power and they rely for
their renewable energy strongly on biomass (incl. WtE) and wind.

For the 2020 projection it appears that the relative contribution of WtE to the Renewable Energy
volume of each country decreases, despite the fact that the WtE renewable energy quantity in
absolute terms increases by 82 % for the EU 27. This is simply due to the fact that the total amount
of Renewable Energy across the EU must grow much faster so that all countries will meet the
ambitious target set by the EU Commission per country.

The countries which in 2020 have the highest % contribution of WtE of their renewable energy
production, assuming they will meet the binding target, are in decreasing order

Denmark( with a range of 6,37 9 %), Sweden (4,7-6,7 %), the Netherlands (4,4- 6,3 %), Czech
Republic ( 3,3- 4,7 %), Germany (3,07 4,3 %).

Jan L.C. Manders The renewable energy contribution of WtE across Europe
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6. 3 Results for the ambitious volume scenario
The following tables show the results for the
2020 landfill across the EU 27 will have been replaced by a combination of 60/40 recycling and WHE.

fian

Total and Renewable Energy from WtE in the Ambitious 2020 scenario vs Actual 2006

Country 2006 2020 Ambitious
Group| Total Elec Totalheat Total WtE Renew WtE| Total Elec Total heat Total WIE Renew WtH
Produced for Supply SumHeatElec SumHeatEle] Produced for Supply SumHeatElec SumHeatEle
GWh GWh PJ PJ GWh GWh PJ PJ
add.meth add.meth
Tot | 16868 43985 219 108 27785 62736 326 158
Tot Il 7390 1757 33 16 26089 16260 152 75
Total 1l 243 0 1 0 7279 5899 47 24
EU 27| 24501 45743 253 124 61153 84895 526 257
CH&N 1823 4820 24 12 2160 5304 27 13
Europe 26324 50562 277 136 63313 90199 553 270

The relative contributionof WTE as % of Final Energy Consumption and to the binding country target for Renewable Er

2006 2020 Ambtious
Country WLE WIE share WHE share  Country] Country WtE WIE share WHE share Country
Group Renew WtE of Energy of Renew % Renewkn| Group Renew WtE of Energy  of Renew % Renew Erj
SumHeatEle« Consump act/target %  of Consuy SumHeatElec Consump act/target % of Consu
PJ % % % PJ % % %
add.meth add.meth  add.method actual add.meth add.meth  add.method target
Tot | 108 0,47 48 9,8 Tot | 158 0,60 2,8 21,7
Tot Il 16 0,08 1,5 5,5 Tot Il 75 0,33 1,8 18,4
Total Ill 0 0,01 0,1 7,2| Total lll 24 0,24 1,2 19,2
EU 27 124 0,25 3,3 7,7 EU 27 257 0,44 2,2 20,0
CH&N 12 0,18 CH&N 13 0,20
Europe 136 0,24 Europe 270 0,41

The graphs below show a summary of the overall development of Renewable Energy from WtE for the EU
27 for all the scenarios and provides therefore a useful insight into the growth and maximum potential from

WIE over time.

Jan L.C. Manders The renewable energy contribution of WtE across Europe



16

Growth of Renewable Energy from WtE for the EU27 in PJ
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6. 4 The Amount of Renewable Energy generated per tonne of waste incinerated

From the data in this study the following graph has been derived demonstrating the quantity of
Renewable Electricity and Renewable Heat which are being generated per tonne of waste for those
countries which have the most WtE at the moment (both for 2006 and for the 2020 projection). It can
be seen that there are major differences across Europe and that Sweden and Denmark are showing
the highest figures, thanks to their high utilisation of heat.

Jan L.C. Manders The renewable energy contribution of WtE across Europe



17

Renew. Electricity and Heat from WtE (MJ/kg) 2006 and 2020
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6.5 Methodology aspects.

As stated in section 4 there are various methods of expressing the amount of renewable energy
which is generated or used. The following table compares data for 2006 for Renewable Energy from
WIE reported from various sources via different methods, both for The Netherlands and for EU 27.
All data are expressed as PJ. (source documents often express data as MTOE)

Source methodology Netherlands EU 27
CBS of the NL, ref 5 Substitution 12.4
Input 27.1 212
Eurostat ref 3 Input 26.6 242
Euro Observer ref 4 Input 26,6 242
This CEWEP study Input 25.1 280
Addition 7.3 124

It is clear that the input method suggests very generous figures for WtE. The high CEWEP figure for
the input method is due to the fact that our study takes into account all WtE being processed,
whereas the other studies look at MSW only.

The | ow AAddi t i onmparedtgtherother dawm s relatbdeo the fact that the Dutch
WIE business in 2006 supplies mostly electricity and rather little heat, and heat is particularly
rewarded via the fAaddition methodo.

Jan L.C. Manders The renewable energy contribution of WtE across Europe
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7. Conclusions

In 2006 WIE already supplied a considerable amount of renewable energy (136 PJ) as shown under
6.1 and by 2020 this amount can grow to 240 PJ for the whole of Europe incl. Norway and
Switzerland. The differences between countries where WIE is already strong can be seen in 6.2. If
the European Parliament were to decide to define Biomass to exclude the renewable Energy from
WIE, then the EU 27 would forego in total 124 PJ of renewable Energy basis 2006 and an amount
of 226 PJ basis 2020.

As can be seen from 6.2 the % contribution from WtE to the total Energy Consumption of a country
is modest. When one looks at the share of WIE of the Total Renewable Energy produced by a
country during 2006 it is clear that for the following countries the contribution of WtE is very
significant:

The Netherlands (14,3%), Belgium (13,3 %) , Denmark (12,5 %), Germany (7,5 %). These are the
countries which predominantly do not have hydroelectric power and they rely for their renewable
energy strongly on biomass (incl. WtE) and wind.

For the 2020 projection it appears that the relative contribution of WtE to the Renewable Energy
volume of each country decreases, despite the fact that the WiE renewable energy quantity in
absolute terms increases by 82 % for the EU 27. This is simply due to the fact that the total amount
of Renewable Energy across the EU must grow much faster so that all countries will meet the
ambitious target set by the EU Commission per country.

The countries which in 2020 have the highest % contribution of WtE of their renewable energy
production, assuming they will meet the binding target, are in decreasing order

Denmark( with a range of 6,317 9 %), Sweden (4,7 - 6,7 %), the Netherlands (4,4 - 6,3 %), Czech
Republic ( 3,3 - 4,7 %), Germany (3,07 4,3 %).

From the analysis we conclude also that the WtE contribution of Group Il and Group Il countries
(except for Italy and the UK) is still modest and their current and future relative shares in % of the
final consumption and of the renewable energy produced in those countries remains low.

In the more ambitious volume scenario, where landfill is totally replaced in favour of a combination
of Recycling and WtE, it is obvious that the total maximum potential contribution by WtE across the
EU 27 is 257 PJ of renewable energy and this represents an increase versus the 2006 level by a
factor 2.
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Appendix 1
year

source
unit

AT

BE

DK

NL

FR

DE

SE
Subtotal |
LU

IE

IT

PT

ES

GB

Fl

cz
Subtotal 1l
GR

PL

Sl

SK

BG

EE

(3

LV

LT

MT

RO
Subtotal 11l
Total EU 27
CH (2005)
N

Grand Total

2006
Final Energy

Consumption
Eurostat
PJ

1.120
1.598
654
2.128
6.606
9.339
1.391
22.836
184
546
5.470
776
4.046
6.304
1.117
1.099
19.543
898
2.519
207
447
420
116

77
176
198

20
1.034
6.863
49.242
908
770
50.920

Overview of Energy data across Europe

2006 2000 2006 2006
Renewable
Primary Energy Growth in PRIMARY
Final Energy
Production Consump Energy Productior
Eurostat Eurostat Eurostat
PJ % over 6 year: PJ
input method
401 16,0 294
560 -2,3 56
1.236 6,8 124
2.544 1,3 100
5.676 3,6 723
5.730 2,3 886
1.351 -3,6 620
17.497 2,6 2.803
3 23,6 3
67 22,1 18
1.133 5,8 511
181 4,8 181
1.306 21,4 395
7.701 -10,6 169
745 104 362
1.385 11,1 92
12.521 -1,7 1.732
421 15,6 75
3.217 9,0 212
143 11,4 32
264 3,8 37
457 16,6 49
162 17,3 26
2 12,2 2
77 29,7 77
136 26,3 34
16,0
1.148 10,0 202
6.459 14,0 800
36.477 5.335
440 6,4 188
9.364 14 486
46.281 6.009

2006
% Renew of
consumpt

grossinland energy

consumpt.
Eurostat
%

input method
20,5

35

16,2

35

6,0

4,8

29,8
12,7

1,6

2,7

6,5

4,8

6,1

1,7

23,2

4,1

9,1

52

4,8

10,6

4,3

5,6

11,2

2,0

36,3

8,8

12,8
11,4

40,4

2006 or,2005

Renewable Elec
Production
(GROSS

CBS from NI
TWh

38
2
10
8
62
73
70
263
0

3
50
16
56
16
23
3
167

OO woohr~Mubhbho

a1 N
o o

480
N/A
N/A
N/A

2006
Rewable
Energy

from MSW
CBS from NI
PJ

input method
2

8

30

27

38

36

13

154

216
18

240

Estimated %
growth/year
Energy

Consumption
%

PR RRRREREPR PR R R ERR R

RPRRRPRRRERRRRRER

2020
Energy

Consumption
Estimate
PJ

1288
1837
752
2446
7593
10735
1599
26250
212
627
6288
892
4651
7246
1284
1263
22.464
1032
2895
238
514
483
134
89
202
227
23
1189
7.888
56602
908
770
58280

2020

Target %

2020

Target

Renew Ener¢c Renew Energy

RES directive

%

34
13
30
14
23
18
49

11
16
17
31
20
15
38
13

18
15
25
14
16
25
13
42
23
10
24

PJ

438
239
226
343
1746
1932
783
5707
23
100
1069
277
930
1087
488
164
4139
186
434
59
72
77
33
12
85
52

285

1411
11256

20
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Appendix 2. Overview of projections of Waste Incineration volumes ( in 000 tonnes per year)
scope: CEWE data and projections( assuming full WFD implementation) FFact Jan 2008, MSW only Prognos report, MSW only
WIE of MSW and comparable waste incl dedicated RDF incineration plants scenario no waste growth (2020 data are for scenario 2)

60 Rec/ 40 Incin/ O landfill Incineration Incineration landfill
Country 2006 2010 2020 2020Ambit. 2006 2020 2006 2020 2020
AT 1500 2000 2700 2700 1499 2044 1480 1077 77
BE 2500 3000 3000 3000 1635 2004 1615 1144 67
DK 3437 3500 3500 3500 2202 2202 2188 1429 0
NL 5500 7500 8300 8300 3482 4087 3467 2721 0
FR 12300 12300 12000 15000 11565 13979 11405 9993 2855
DE 17400 21500 22500 22500 14745 18650 14798 11050 0
SE 4100 5200 6800 6800 2116 4513 2096 1293 0
Subtotal | 46737 55000 58800 61800 37244 47479 37049 28707 2999
LU 126 130 150 133 126 133 120 102
IE 0 200 1000 1371 0 1371 0 466 400
IT 4500 5200 7000 12920 3831 12920 3781 5309 3981
PT 1067 1100 1450 1842 1006 1842 998 1253 626
ES 2126 2500 4800 10288 1632 10288 1750 4318 2399
GB 4400 6000 10000 14258 3334 14258 3291 6540 3633
Fl 49 300 1000 1028 221 1028 219 654 218
Ccz 394 500 1200 1216 298 1216 296 709 283
Subtotal Il 12662 15930 26600 43056 10448 43056 10455 19351 11540
GR 0 0 1000 1976 0 1976 0 536 803
HU 394 500 1207 1493 393 1493 394 1207 1035
PL 38 300 3950 3950 38 3950 38 1950 1671
Sl 6 6 347 347 6 347 6 224 192
SK 194 194 650 650 194 650 194 224 192
BG 0 200 1000 1374 0 1374 0 720 618
EE 0 0 200 249 1 249 0 64 55
CcY 0 0 302 230 0 230 0 0 101
LV 5 5 377 377 5 377 5 209 179
LT 0 0 250 529 0 529 0 242 208
MT 0 0 0 106 0 106 0 0 30
RO 0 200 2500 3325 0 3325 0 1712 1468
Subtotal Ill 637 1405 11783 14606 637 14606 637 7088 6552
Total EU 27 60036 72335 97183 119462 48329 105141 48141 55146 21091
CH 3588 3600 3600 3600
Nor 847 1000 1000 1000
Grand Total 64471 76935 101783 124062 48329 105141 48141 55146 21091
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Appendix 3 Group | WtE Renewable Energy Contribution to Country Targe  Group |

WHE WHE WLE WLE WLE WLE WtE WLE Country Country WtE share ~ WIE share

Country  year Volume Electr Heat Total Elec Total heat Renew Ren Elec Ren Heat Renew WtE Total Ener Renew Er of Energy of Renew %
act/target

incineratd Produc Produc Produced for Supply in WtE SumHeatElec Consumpt  of Consu  Consump %

kt  kwh/t kWhit GWh GWh % GWh GWh PJ PJ % % %

add.meth add.meth add.method

AT 2006 1500 502 452 753 678 50 361 325 2,5 1120 23,30 0,2 1,0
BE 2006 2500 400 680 1000 1700 50 480 816 5 1598 2,20 0,3 13,3
DK 2006 3437 421 1915 1447 6582 80 695 3159 14 654 17,00 2,1 12,5
NL 2006 5500 608 162 3344 891 48 1605 428 7 2128 2,40 0,3 14,3
FR 2006 12300 249 609 3063 7491 50 1470 3596 18 6606 10,30 0,3 2,7
DE 2006 17400 349 941 6073 16373 50 3036 8187 40 9339 5,80 0,4 7,5
SE 2006 4100 290 2505 1189 10271 50 595 5135 21 1391 39,80 15 3,7
Total 2006 46737 360,9 941,1 16868 43985 52,0 8242 21646 108 22836 9,78 0,5 4,8
AT 2010 2000 550 600 1100 1200 50 528 576 4 1200 26,4 0,3 1,2
BE 2010 2600 440 680 1144 1768 50 549,12 848,64 5 1650 5,3 0,3 5,8
DK 2010 3500 421 1915 14735 6702,5 80 707 3217 14 680 20,7 2,1 10,0
NL 2010 7500 637 207 4777,5 1552,5 48 2293,2 745,2 11 2250 5,7 0,5 8,5
FR 2010 12300 280 650 3444 7995 50 1653 3838 20 6900 13,9 0,3 2,1
DE 2010 21500 360 1000 7740 21500 49 3792,6 10535 52 9800 9,3 0,5 57
SE 2010 5200 450 2550 2340 13260 50 1170 6630 28 1440 42,4 2,0 4,6
Total 2010 54600 403,3 988,6 22019 53978 51,3 10693 26390 133 23920 13,19 0,6 4,2
AT 2020 2700 600 650 1620 1755 50 778 842 6 1288 34 0,5 1,3
BE 2020 3000 470 680 1410 2040 50 677 979 6 1837 13 0,3 2,5
DK 2020 3500 421 1915 14735 6702,5 80 707 3217 14 752 30 1,9 6,3
NL 2020 8300 602 442 4996,6 3668,6 48 2398 1761 15 2446 14 0,6 4,4
FR 2020 12000 340 700 4080 8400 50 1958 4032 22 7593 23 0,3 1,2
DE 2020 22500 450 1060 10125 23850 48 4860 11448 59 10735 18 0,5 3,0
SE 2020 6800 600 2400 4080 16320 50 2040 8160 37 1599 49 2,3 47
Total 2020 58800 472,5 1066,9 27785 62736 50,7 13418 30440 158 26250 21,74 0,6 2,8
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Appendix 4 Group Il WtE Renewable Energy Contribution to Country Targ  Group Il

Country year

WLE WLE WLE WLE WLE WLE

Volume Electr Heat Total Elec Total heat Renew Ren Elec

incineratd Produc Produc Produced for Supply in WtE

LU 2006
IE 2006
IT 2006
PT 2006
ES 2006
GB 2006
FI 2006
Ccz 2006
Tot 2006
LU 2020
IE 2020
IT 2020
PT 2020
ES 2020
GB 2020
Fl 2020
Ccz 2020
Total Il 2020

Jan L.C. Manders

kt kwh/t kWh/t GWh GWh % GWh
126 502 452 63 57 50 32

0 502 452 0 0 50 0
4500 644 156 2898 702 50 1449
1067 535 0 571 0 50 285
2126 755 0 1605 0 50 803
4400 502 12 2209 53 48 1060
49 502 0 25 0 50 12
394 50 2400 20 946 50 10
12662 584 139 7390 1757 49,3 3651
150 502 452 75 68 50 38
1000 502 650 502 650 50 251
7000 680 190 4760 1330 50 2380
1450 535 0 776 0 50 388
4800 755 0 3624 0 50 1812
10000 502 650 5020 6500 48 2410
1000 502 650 502 650 50 251
1200 100 2400 120 2880 50 60
26600 578 454 15379 12078 49,2 7589
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WLE

Ren Heat

GWh

28
0
351
0

0
25
0
473
878

34
325
665

3120

325
1440
5909

23

WLE

Country

Renew WtE Total Ener

SumHeatElec
PJ
add.meth

NOPMWEFO®OO

=
[e]

Consumpt
PJ

184
546
5470
776
4046
6304
1117
1099
19543

212
627
6288
892
4651
7246
1284
1263
22464

Country WHE share
of Energy of Renew %

Renew Er

of Consu
%

1,6
2,7
6,5
4,8
6,1
1,7
23,2
4,1
5,47

11
16
17
31
20
15
38
13
18,42

Consump
%

WIE share

act/target
%
%

add.meth add.method

0,1
0,0
0,1
0,1
0,1
0,1
0,0
0,2
0,1

0,1
0,3
0,2
0,2
0,1
0,3
0,2
0,4
0,2

7,3
0,0
1,8
2,8
1,2
3,6
0,0
3,9
15

11
21
1,0
0,5
0,7
1,8
0,4
3,3
1,2



Appendix 5. Group I

WHE Renewable Energy Contribution to Country Target Group Il

WLE WLE WLE WLE WLE WLE
Country year Volume  Electr Heat Total Elec Total heat Renew Ren Elec
incineratd Produc Produc  Produced for Supply in WtE

kt  kWh/t  kWhit GWh GWh % GWh
GR 2006 0 0 0 0 50 0
HU 2006 394 400 158 0,0 50 79
PL 2006 38 200 8 0,0 50 4
Sl 2006 6 0 0,0 50 0
SK 2006 194 400 78 0,0 50 39
BG 2006 0 0 0 50 0
EE 2006 0 0 0 50 0
CcY 2006 0 0 0 50 0
LV 2006 5 0 0 50 0
LT 2006 0 0 0 50 0
MT 2006 0 0 0 50 0
RO 2006 0 0 0 50 0
Total Il 2006 637 381 0 243 0,0 50,0 121,4
GR 2020 1000 502 502 0 50 251
HU 2020 1207 502 600 606 724 50 303
PL 2020 3950 502 500 1983 1975 50 991
Sl 2020 347 502 452 174 157 50 87
SK 2020 650 502 452 326 294 50 163
BG 2020 1000 502 452 502 452 50 251
EE 2020 200 502 452 100 90 50 50
CcY 2020 302 502 452 152 137 50 76
LV 2020 377 502 452 189 170 50 95
LT 2020 250 502 452 126 113 50 63
MT 2020 0 0 0 50 0
RO 2020 2500 502 400 1255 1000 50 628
Total Il 2020 11783 502 434 5915 5112 50 2958
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WtE

Ren Heat

GWh

[eNeNeoNeoNoNeoNoNoNoNolNolNoNo]

o

362
988
78
147
226
45
68
85
57

500
2556

24

WLE Country

Renew WtE Total Ener

SumHeatElec Consumpt

PJ PJ
add.meth

0,0 898

0,3 750

0,0 2519

0,0 207

0,1 447

0,0 420

0,0 116

0,0 77

0,0 176

0,0 198

0,0 20

0,0 1034

04 6863

0,9 1032

2,4 862

7,1 2895

0,6 238

11 514

1,7 483

0,3 134

0,5 89

0,6 202

0,4 227

0,0 23

4,1 3369

19,8 10068

Country WHE share

Renew Er
of Consu
%

5,20
4,20
4,80
10,60
4,30
5,60
11,20
2,00
36,30
8,80
0,00
12,80
7,17

18
13
15
25
14
16
25
13
42
23
10
24
19,21

WIE share
of Energy of Renew %
Consump act/target %

% %
add.meth add.method
0,00 0,00
0,04 0,90
0,00 0,01
0,00 0,00
0,03 0,73
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,01 0,09
0,09 0,49
0,28 2,14
0,25 1,64
0,25 1,00
0,22 1,55
0,36 2,22
0,26 1,03
0,59 4,50
0,32 0,76
0,19 0,82
0,00 0,00
0,12 0,50
0,20 1,03



Appendix 6 Summary Europe W!E Renewable Energy Contribution to Country

Target

Country

Tot |
Tot
Total Il
EU 27
CH&N
Europe

Tot |
Total Il
Total IlI
EU 27
CH&N
Europe

Tot |
Total Il
Total Il
EU 27
CH&N
Europe
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year

2006
2006
2006
2006
2006
2006

2010
2010
2010
2010
2010
2010

2020
2020
2020
2020
2020
2020

Volume

incineratd
kt

46737
12662
637
60036
4435
64471

54600
15930
1405
71935
4600
76535

58800
26600
11783
97183
4600
101783

WLE
Electr

Produc
KWh/t

361
584
381
408
411
408

403
580
502
444
430
443

473
578
502
505
470
503

WLE
Heat

Produc
kWh/t

941
139
0
762
1087
784

989
387
508
846
1153
865

1067
454
434
822

1153
837

WLE

Total Elec

Produced
GWh

16868
7390
243
24501
1823
26324

22019
9234
705
31959
1980
33939

27785
15379
5915
49079
2160
51239

WLE

WLE

Total heat Renew

for Supply in WtE

GWh

43985
1757
0
45743
4820
50562

53978
6172
713
60863
5304
66167

62736
12078
5112
79926
5304
85230

%

52
49
50
50
50

51
49
50
50
50

51
49
50
50
50

Europe
WLE
Ren Elec

GWh

8242
3651
121
12014
911
12926

10693
4557
353
15603
990
16593

13418
7589
2958

23965
1080

25045
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WLE

Ren Heat

GWh

21646
878

0
22524
2410
24933

26390
3008
357
29754
2652
32406

30440
5909
2556

38905
2652

41557

25

WLE

Country

Renew WtE Total Ener

Country WHE share

Renew En

of Energy

SumHeatEle« Consumpt of Consump Consump

PJ
add.meth
108

16

0

124

12

136

133
27
3
163
13
176

158
49
20

226,3
13,4
239,8

PJ

22836
19543
6863
49241
6738
55979

23920
19816
10068
53805

6738
60543

26250
22464
10068
58782

6738
65520

%

9,8
55
7,2
17,7

13,2

9,2
11,5
11,4

21,7
18,4
19,2
20,04

%
add.meth
0,47

0,08

0,01

0,25
0,18
0,24

0,56
0,14
0,03
0,30
0,19
0,29

0,60
0,22
0,20
0,39
0,20
0,37

WIE share
of Renew %
act/target
%

%
add.method
4,8

15

0,1

3,28

4,2
15
0,2
2,66
0,0

2,8
1,2
1,0
1,9
0,0



Appendix 7

Country  year

Tot |
Tot
Total Il
EU 27
CH&N
Europe

Tot |
Total Il
Total Il
EU 27
CH&N
Europe

Taal
Total Il
Total Il
EU 27
CH&N
Europe

Jan L.C. Manders

2006
2006
2006
2006
2006
2006

2010
2010
2010
2010
2010
2010

2020
2020
2020
2020
2020
2020

Volume

WLE
Electr

WLE
Heat

incineratd Produc Produc

kt

46737
12662
637
60036
4435
64471

54600
15930
1405
71935
4600
76535

61800
43056
14606
119462
4600
124062

kWhtt

361
584
381
408
411
408

403
580
502
444
430
443

466
606
498
520
470
519

kWhtt

941
139
0
762
1087
784

989
387
508
846
1153
865

1049
378
404
728

1153
744

WLE

Total Elec

Produced

GWh

16868
7390
243
24501
1823
26324

22019
9234
705
31959
1980
33939

27785
26089
7279
61153
2160
63313

WLE

Total heat Renew Ren Elec

WtE

for Supply in WtE

GWh

43985
1757
0
45743
4820
50562

53978
6172
713
60863
5304
66167

62736
16260
5899
84895
5304
90199

%

52
49
50
50
50

51
49
50
50
50

51
49
50
50
50

WtE

GWh

8242
3651
121
12014
911
12926

10693
4557
353
15603
990
16593

13418
12901
3640
29959
1080
31039

The renewable energy contribution of WtE across Europe

Overall Europe WtE Renewable Energy Contribution to Country Tadrgetitious scenario

WtE
Ren Heal

GWh

21646
878

22524
2410
24933

26390
3008
357
29754
2652
32406

30440
7945
2949

41334
2652

43986

26

WtE

Country

Renew WtE Total Ener

SumHeatElec Consumpt

PJ
add.meth
108

16

0

124

12

136

133
27
3
163
13
176

158
75
24

257
13

270

PJ

22836
19543
6863
49241
6738
55979

23920
19816
10068
53805

6738
60543

26250
22464
10068
58782

6738
65520

Country WHE share

Renew Er

of Energy

of Consump Consump

%

9,8
55
7,2
17,7

13,2

9,2
11,5
11,4

21,7
18,4
19,2
20,04

%
add.meth
0,47

0,08

0,01

0,25

0,18
0,24

0,56
0,14
0,03
0,30
0,19
0,29

0,60
0,33
0,24
0,44
0,20
0,41

WIE share
of Renew %
act/target

%

%
add.method
4,8

15

0,1

3,28

4,2
15
0,2
2,66
0,0

2,8
1,8
1,2
2,2
0,0



