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Summary

Within the framework of the UN/ECE Convention on Long-Range Transboun-
dary Air Pollution a protocol is under preparation to reduce air amissions of
heavy metals. This project aims at determining the effect of emission reduction
and the potential costs of the implementation of the protocol, per country and
per emission source category. Furthermore, attention will be converged on the
benefits in relation to future emissions after the implementation of the Proto-
col.

Emission projections, prepared for the year 2010, are based on ‘The European
Emission Inventory of Heavy Metals and Persistent Organic Pollutants for
1990’ [UBA-TNO °97] and the Official Energy Pathway scenario (OEP) of
RAINS 7.2 [IIASA °97].

The species involved are cadmium, lead and mercury, the three heavy metals
covered by the Protocol. Also, the effect of measures to reduce emission from
cadmium, lead and mercury on the future emissions of copper, zinc, chromium,
arsenic and nickel has been calculated as well.

Three types of emission projections have been prepared:

1. Applying the OEP Scenario, without any emission reduction activity;

2. Applying the OEP Scenario, assuming a range of autonomous emission re-
ducing activities (i.e. non-protocol related measures, both country and re-
gion specific);

3. Applying the OEP Scenario, assuming both the autonomous emission re-
ducing developments (2) and the implementation of the Protocol measures.

The results of the emission projections are presented per region in the figures
below:
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Figure I: Cadmium, mercury and lead emission in
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Figure lll: Cadmium, mercury and lead emission in
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Figure V: Arsenic, chromium, copper, nickel and zinc
emission in Europe in 1990 and three scenario
forecasts for 2010
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As a result of autonomous developments and the HM Protocol besides cad-
mium, mercury and lead also for 5 other HM emissions will be reduced (see fig-
ure 5). The following emission reductions are estimated for Europe:

Table I Emission reduction after the implementation of the HM Protocol in Europe
compared to 1990, for cadmium, lead and mercury and 5 other HM.

Substance  Emisslon level in Emission level in  Reduction (%)
1990 (tonnes} 2010 after Proto-
s _col {tonnes) .
Cadmium 610 420 32
Mercury 460 360 21
Lead 40000 15000 62
Arsenic 1200 700 42
Chromium 2200 1600 27
Copper 5700 4300 25
Nickel 11000 9000 23
Zinc 26000 19000 25

For stationary sources the main abatement measures comprised dedusting.
Also for PM;, emission is expected to decrease as a result of the protocol.
Achieved reduction is expected to lie in the order of 30%. More detailed infor-
mation will follow this report.

The incremental costs of the implementation of the HM Protocol have been
estimated both with and without taking into account autonomous emission re-
duction measures.

For the following source categories Protocol-related emission control for
dust/HM has been capitalised:
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Public power stations (hard coal, lignite, oil shale and residual oil fired)
Industrial combustion (hard coal, lignite, and residual oil fired)
Basic oxygen furnaces in the iron and steel industry

Electric arc furnaces in the iron and steel industry

Sinter agglomeration plants in the iron and steel industry
Copper works

Lead works

Zinc works

Cement production plants

Glass production plants

Chloro-alkali industry

Waste incinerators

The total annual costs of implementation of measures listed in the UN/ECE
draft HM Protocol are estimated to amount to 440 MECU/year when also the
foreseen autonomous emission reducing developments would take place (the
contribution would amount to 1300 MECU/year without any autonomous de-
velopments). By far the largest contribution comes from emission control at
stationary sources, more than 90%. The total investment costs are estimated
to be 3,5 billion ECU (11 without any autonomous developments). Protocol-
related emission reduction measures concerning restrictions on or elimination
of the use of heavy metal containing products are estimated not to significantly
influence the total costs of the HM Protocol when expected autonomous de-
velopments are counted for. Figure VI indicates the distribution of the annual
costs of the HM Protocol implementation over the different source sectors af-
ter expected autonomous emission reduction measures have taken place. Costs
of the Protocol without any additional autonomous emission reduction activity
are presented in figure VIL
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Figure VI: Annual cost of HM Protocol (440 MECU/year)
after autonomous developments, for Europe, by sector
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Figure ViI: Annual cost of HM Protocol (1,300
MECU/year) without autonomous emission reduction,
for Europe, by sector
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Annual costs of the HM Protocol are relatively low compared to the costs of
emission control of sulphur and nitrogen oxides within the UN/ECE framework
[IIASA °97].
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Annex:

1 Results of emission projections per substance, per source cate-
gory and per country

2 Detailed overview of the link between sectors from RAINS 7.2
and [UBA-TNO ‘97]



TNO-report

TNO-MEP - R 98/020

11 of 69

1. Introduction

1.1 Framework of this study

At the Third International North Sea Conference it has been decided by Minis-
terial Declaration that emissions of Priority Hazardous Substances were to be
reduced by 1995 (or 1999 at the latest) by 50% or 70% (depending on sub-
stance) of the emission level of 1985. The Oslo and Paris Commissions
(OSPARCOM) have been requested to co-operate with other relevant interna-
tional organizations to realise an inventory of atmospheric emissions. These
organizations are the Helsinki Commission (HELCOM) and the Executive
Body (EB) for the United Nations Economic Commission for Europe (UN-
ECE) Convention on Long-range Transboundary Air Pollution (LRTAP).
Within the framework of OSPARCOM, HELCOM and the UN-ECE a Euro-
pean emission inventory on heavy metals (HM) and persistent organic pollut-
ants (POP) has been carried out [UBA-TNO ‘97]. This inventory with base
year 1990 includes all European countries, except the three Caucasian countries
and Turkey and has been based on official country submissions and supplemen-
tary default emission estimates by TNO.

The ECE Task Forces on HM and POP have prepared substantiation reports
(EB.AIR/WG.6/R21/Add.1 and EB.AIR/WG6/R20/Add.1) and have concluded
that protocols should be developed. This started by Ad Hoc Preparatory
Working Groups and is being continued by the Working Group on Strategies.
The Working Group on strategy has prepared draft protocols for a number of
HM and POPs and is in the process of finalising both Protocols. For this proc-
ess, additional information on the effects of implementation of the protocols
in terms of reduced emissions and incremental costs could be beneficial. There-
fore, a study has been carried out, which has been based on the emission inven-
tory results and on RAINS 7.2 scenario assumptions for activity data of which
the results are presented in this report.

The Dutch Ministry of Housing, Spatial Planning and the Environment, EC-DG
XTI and TNO act as sponsor to this study

1.2 Aim of this study

The project of which results are presented here aims at determining the poten-
tial costs of the implementation of the UN/ECE Heavy Metals Emission Pro-
tocol, per country and per emission source category. Furthermore, attention
will be converged on the benefits in relation to future emissions of cadmium,
mercury and lead and to a range of other heavy metal emissions and PM,,, af-
ter the described emission reduction measures have been implemented. The re-
sults will refer to the year 2010, starting from the ‘The European Emission In-
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ventory of Heavy Metals and Persistent Organic Pollutants for 1990’ [UBA-
TNO *97] using the RAINS 7.2 scenario model [IIASA ‘97].

1.3 Description emission reduction measures to reduce air
emission as listed in the HM Protocol

For 3 heavy metals being cadmium, lead and mercury, a draft Protocol is under
development. The HM Protocol as has been used in this study can be divided
into 2 sections, based on the types of described abatement measures.

1.3.1  Emission limit values expressed as maximum admissible concentra-
tion in stack gases or maximum admissible specific emission from
Stationary sources:

General (independent of source type):

— Cd: 0.2 mg/Nm® (mass flow threshold 1 g Cd/h)

— Hg: 0.2 mg/Nm® (mass flow threshold 1 g Hg/h)

~  Pb: 5 mg/Nm’® (mass flow threshold 25 g Pb/h)

— Dust: 150 mg/Nm?® (for mass flows < 0.5 kg dust/h)
— Dust: 50 mg/Nm® (for mass flows > 0.5 kg dust/h)

Combustion plants in power generation and industry:
— Dust: 50 mg/Nm® (thermal output threshold 50 MWth)

Industrial process emissions:

— Dust, Basic oxygen furnaces in the iron and steel industry: 50 mg/Nm

— Dust, Electric arc furnaces in the iron and steel industry: 20 mg/Nm®

— Dust, Smter agglomeration plants in the iron and steel industry: 100
mg/Nm®

— Dust, Cupola furnaces in the iron and steel industry: 20 mg/Nm®

—~ Dust, non-Ferrous metals productlon plants (excl. Lead works): 20 mg/Nm

— Dust, Lead works: 10 mg/Nm

— Dust, Clinker coolers in cement production: 100 mg/Nm

— Dust, Cement grinding in cement productlon 75 mg/Nm®

— Dust, Glass production plants: 50 mg/Nm®

—~ Hg, Chloro-alkali industry: 1.5 g/Mg CI2 production capacity

3

Waste mcmerators:
— Dust, 10 mg/Nm
Cd, 0.05 mg/Nm
Hg, 0.05 mg/Nm
Pb, 0.5 mg/Nm®

TNO-MEP - R 98/020
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1.3.2  Emission reduction measures by setting the following conditions to the
use of heavy metal containing products:

— Lead content of marketed petrol intended for on-road vehicles shall not
exceed 0.005 g/l (small quantities of leaded petrol permitted)

— Phase out of sale and production of mercury containing electrical compo-
nents and measuring and control devices (vital uses excepted)

~ Limitation of maximum mercury content to 0.025% for batteries and 1%
for button cells

— Limitation of the maximum mercury content in linear fluorescent lamps
and in compact fluorescent lamps for external ballast to 10 mg/per lamp
and in self ballasted compact fluorescent lamps to 6 mg per lamp

— Non-Mandatory limitation of the use of various other products containing
Cadmium, Lead and Mercury.

14 Scenario’s for emission projections

The projections in this report are based on the economic projections as used in
the RAINS model [IIASA ‘97]. The box below describes scenarios available in
RIANS 7.2. This project uses the Official Energy Pathway and the Agricultural
Pathway scenario as described in the text box. RAINS provides 5 year advanc-
ing data on the consumption of various fuels and commodities and on output
for certain industrial activities, per country.
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1.4.1  Projected air emission of HM disregarding autonomous devel-
opments

In order to estimate the HM emission for 2010 assuming ‘Business as in 1990’
the emission estimates from [UBA-TNO ’97] have been projected assuming
standard economic growth and without any autonomous environmental meas-
ure.

The projected emission of HM for the year 2010 assuming standard economic
growth has been estimated by applying the OEP scenario to the activity rates,
while applying the 1990 emission factors as used for the [UBA-TNO ’97]
study. In case no scenario data is available in a specific source category, a de-
fault scenario, for instance the forecasted evolvement of energy consumption,



TNO-report

TNO-MEP - R 98/020

15 of 69

has been used. Data have been projected per country and per source category.
The projection of the activity data will be discussed in more detail in paragraph
2.2.1.

1.4.2  Projected air emission of HM taking into account autonomous
developments

The information available to us on future non-Protocol related HM reduction
strategies in Europe of which implementation before the year 2010 is expected
has been applied here. These so-called autonomous developments, in contrast
with the Protocol guidelines, will result in emission reduction and can either
comprise abatement of HM emission from stationary sources or restriction of
the use of certain products. In this project the following developments have
been defined as autonomous and have been taken into account in the emission
projections:

e Closure before 2010 of certain plants, eliminating possible need for envi-
ronmental upgrading.

¢ Elimination of the marketing of leaded petrol.

e Mercury emission reduction resulting from the EURO-CHLOR program for
the chloro-alkali-industry.

e Phase out of mercury containing products.
e Phase out of open hearth furnaces in the iron and steel industry.
e National air emission regulations for heavy metals.

e European Union Directives for air emission reduction for countries in the
EU

e Implementation of the UN/ECE Second Sulphur Protocol.

1.4.3  Projected air emission of HM taking into account autonomous
developments and the implementation of the HM Protocol

The projected emission of HM for the year 2010 after implementation of the
UN/ECE HM Protocol has been based on standard economical growth according
to the OEP-scenario (1.4.1) and environmental results of foreseen autonomous
developments. Furthermore, emission factors for stationary sources, when in-
cluded in the Protocol, have been updated, reflecting the influence of the Pro-



TNO-report

16 van 69 TNO-MEP - R 98/020

tocol. The emissions due to the use of certain products which are scheduled for
restrictions have been either set to 0 or adjusted downwards, depending on the
Protocol related measures for the specific source category. The effect of the
Protocol on activity rates and emission factors will be discussed in more detail
in the paragraphs 2.2.1 respectively 2.2.2.

1.4.4 Emission projections for other HM and PM;,

Apart from cadmium, mercury lead and mercury, emission projections have
also been prepared for 5 other heavy metals, being arsenic, chromium, copper,
nickel and zinc. Following this report a short note on fine particulate matter
(PM, o) will be prepared by TNO in which results of emission projections for
this compound will be presented.

1.5 Cost of Protocol related measures

On the basis of [UBA-TNO ‘97], various other literature sources and national
expert communications, the technological effort needed to comply with the
protocols has been inventoried per country and per source category, on an in-
stallation level when possible. The required measures have subsequently been
capitalised using available cost engineering methods.

The cost estimates have been made using two different starting points:

e The cost that have to be made in order to come to the emission levels re-
sulting from the Protocol, without any additional emission reducing activity
in Europe.

e The cost to implement the HM Protocol after foreseen autonomous devel-
opments and non-protocol-related other environmental legislation have
been implemented (2.3.2 and 2.3.3).
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2. Methodology

2.1 General

A full emission inventory for Europe for Heavy Metals is available [UBA-TNO
‘97]. The emissions per country and per activity can be related to economic
activities in each country. Projected emissions can then be derived by applying
the following formula:

pollumm 2 Aacuwty X ( 2 EF, technology,pollutant (Rechnology ))

activities technology
with  Epjgyant Emission of the pollutant under study
Activity Activity rate for each source category/sector
Eficchnology, poliutant  Emission factor for the activity and the pollutant
Pycchnology Penetration of the technology, with
Z ter:hnoloy
technologés

2.1.1  Projections for energy related emissions

In the approach for energy related emissions, the activity can be interpreted as
the per sector and per fuel energy for the years considered:

To use this method in a first step thus a combination of:

1. the sectors discerned in the projection table and the technology split avail-
able in the inventory and of
2. the fuels as used in the projection and in the inventory should be made.

From the definitions of both activity and fuel splits in the energy balance and
in the inventory this can relatively easily be derived.

To compile the projection all activity rates 4 (fuel uses) should be replaced by
the expected values in the projected year.

2.1.2  Projections for non-energy related emissions

In order to be able to project non-energy related emissions basically the same
approach can be used as for energy use. Instead of fuel consumption the output
levels of for instance certain industrial activities, like for instance cement pro-
duction, should be used.
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2.1.3 Technological development: emission factors

It might be expected that in most projections some assumptions on technologi-
cal development and the introduction of new technologies must be assessed. In
the formula mentioned above this means that the emission factors should be
modified according to the technological assumptions in the projection. Some
general examples might be:

e Decrease of HM content in all or certain fuels: multiply the emission fac-
tors by the expected decrease;

e The introduction of un-leaded gasolines: replace all Pb emission factors for
road traffic by low Pb content emission factors;

e Introduction of abatement technologies at certain activities and fuels:
BAT: assume Piecppoi0qy = 1 for the technology where the emission factor is
lowest for each of the activities and Pycpnoi0gy = 0 for all others;

2.1.4  Policy development: penetration

The third aspect in the above formula is the policy induced or autonomous
penetration of new technologies into the economic system. This is mainly
relevant when a projected time series of emissions is to be produced. Such pro-
jections can be made on the basis of assumptions on the replacement of exist-
ing technologies and plants by newer ones, by deriving time series of expected
penetrations Pycpnoi0gy- Such time series need to be dependent on economic
model outputs like investments.

2.1.5  The projection

Projections for energy related emissions in this report have been prepared on
the basis of the Official Energy Pathway scenario as defined in RAINS 7.2. Fig-
ures 1 and 2 show aggregated results of this scenario. The scenario shows a de-
crease of energy used between 1990 and 1995 and a steady increase from 1995
onwards. This is caused by the transitions in the Central and Eastern European
countries (Figure 3).

TNO-MEP - R 98/020
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Figure 1 Projected energy use per fuel in Europe (from RAINS 7.2).
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Figure 2 Energy use by sector in Europe according to the OEP scenario of RAINS
7.2.
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Figure 3 Energy use in different parts of Europe.
2.2 Emission projections for 2010

2.2.1 Projections of activity levels

In order to project activity levels for the year 2010, for most source catego-
ries, levels have been projected according to the OEP scenario. For some spe-
cific source categories other types of data are more suitable. Use has then been
made of either other scenario data like Agricultural Pathway from RAINS 7.2, a
default scenario (like total of energy consumption), or the 1990 level has been
assumed applicable for 2010. In RAINS 7.2 data are presented per country, per
fuel type and per economic sector, the latter more or less harmonizing with the
CORINAIR 94 SNAP-codes. In table 2 below, all HM emission source catego-
ries as discerned in [UBA-TNO °97] have been listed. Per source category, it is
indicated which parameters from RAINS 7.2 have been used to forecast the ac-
tivity level in 2010. A more detailed table is given in Annex 2, in which all
RAINS categories are listed and links with the [UBA-TNO ‘97] categories have
been indicated.

TNO-MEP - R 98/020
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Parameters from RAINS 7.2 used for the activity level projection.

Description of source category

Publ. power, cogen. & district heating
Brown coal

Fuel oils

Hard coal

Other fuels

Comm. Instit. & resld. Combustion
Brown coal

Fuel olls

Hard coal

Other fuels

Industrial combustion
Brown coal

Fuel oils

Hard coal

Other fuels

Iron and steel industry

Coke production

Blast furace

Pig iron

Open hearth fumace

Baslc oxygen furnace

Electric arc fumace

Rolling

Sinter plants

Foundries

Iron and steel, non-specified
Non-ferrous metals production
Al industry

Cu industry

Non-specified non ferrous
Other non-ferrous metals

Pb industry

Zn industry

Other production processes
Chloro-alkali industry
Halogenated HC production
Paper pulp (Kraft process)
Paper and pulp industry

Road paving with asphalt
Cement industry

Glass industry

Non-spec. production processes
Solvent use

Paint use

Wood preservation

Solvent use, non specified
Road transport

combustion

non-combustion

Road transport, non-specified
Other mobile sources and machinery
combustion

non-combustion

Waste treatment and disposal
Waste incineration

Landfili

Cremation

Agriculture

Pesticide use

Nature

Electrical equipment

Not specified

Brown coal in ‘Publ. power ete.’ according to OEP
Fuel oil in ‘Publ. power etc.’ according to OEP
Hard coal in ‘Publ. power etc.’ according to OEP
1990 value

Brown coal in ‘Comm. efc.’ according to OEP
Fuel oil in ‘Comm. etc.’ according to OEP
Hard coal in ‘Comm. etc.’ according to OEP
1990 value

Brown coal in ‘Ind. etc.’ according to OEP
Brown coal in ‘Ind. efc.’ according to OEP
Brown coal in ‘Ind. etc.’ according to OEP
1990 value

Coke production according to OEP
Pig iron production according to OEP
Pig iron production according to OEP
Assumed 0in 2010

Sinter production according to OEP
Pig iron production according to OEP
Sinter production according to OEP
Sinter production according to OEP
Pig iron production according to OEP
Pig iron production according to OEP

Non-ferrous metals production according to OEP
Non-ferrous metals production according to OEP
Non-ferrous metals production according to OEP
Non-ferrous metals production according to OEP
Non-ferrous metals production according to OEP
Non-ferrous metals production according to OEP

Total energy consumption according to OEP
Total energy consumption according to OEP
Paper and pulp production according to OEP
Paper and pulp production according to OEP
Total energy consumption according to OEP
Cement & lime production according to OEP
Total energy consumption according to OEP
1990 value

Tot. Energy cons. acc. to OEP for C. & E. Eur., 1990 value for W. Eur.
Tot. Energy cons. acce. to OEP for C. & E. Eur., 1990 value for W. Eur.
1990 value

Total energy cons. in sector road transport acc. To OEP
Total energy cons. in sector road fransport acc. To OEP
Total energy cons. in sector road transport acc. To OEP

Total energy cons. in sector other transport acc. To OEP
Total energy cons. in sector other transport acc. To OEP

Total energy consumption according to OEP
Total energy consumption according to OEP
1990 value

Cons. of fertilizer according to Agricultural Pathway Scenario of RAINS
1990 value

Electricity production according to OEP

1990 value
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2.2.2  Projections of emission factors

Emission factor projections for the heavy metal emission source categories in
[UBA-TNO °‘97] have been made for the three scenario types:

1. assuming ‘Business as in 1990’ (without any emission reduction activity).

2. assuming a range of autonomous emission reducing activities (i.e. non-
protocol related measures, both country and region specific) that are not
related to the Protocol;

3. assuming both autonomous emission reducing developments and implemen-
tation of the Protocol measures.

In the following sections of the report the effect of autonomous developments
on emission factors will be discussed, followed by the further influence of Pro-
tocol-related measures. Emission control at stationary sources (A) and condi-
tions to the use of HM containing products (B) are discussed separately.

1. Business as in 1990.
Emission factors for 1990 have been used in this case.

2. Autonomous emission reducing activities.

There are a number of autonomous developments and other non-Protocol re-
lated measures foreseen in Europe that will reduce heavy metals emissions.
These measures are, according to our information, planned for the period until
the year 2010 and will influence the emission factors:

e Elimination of leaded gasoline

It is assumed that for all countries in Europe by the year 2010 the use of leaded
gasoline will be phased out. Marketed amounts have declined significantly in
most Western European countries during recent years and leaded gasoline is no
longer used in for instance Austria, Denmark, Finland, Germany, Netherlands,
Norway, Slovak Republic, Sweden. Other countries in Europe are expected to
follow, all the more since modern automotive engines no longer require leaded
fuel for operation.

The elimination of the use of leaded gasoline reduce lead emission in Europe
drastically.

e EURO-CHLOR program for the chloro-alkali-industry
The organisation of chlorine producers EURO CHLOR has developed a concept

of voluntary measures that imply that by the year 2010 the specific emission
of mercury will be 1.5 g Hg/t Chlorine producing capacity. Conformation to



TNO-report

TNO-MEP - R 98/020

23 of 69

this emission limit value is foreseen Western Europe and will result in a de-
crease of mercury release for this source compared to the emission estimates
from [UBA-TNO ‘97].

e National emission regulations

For several countries in Europe information on target values for heavy metal
emission and future mandatory emission legislation is available on a national
basis. The estimated effect of national regulations before 2010 on emission fac-
tors is indicated per country and per source category in table 3. The percent-
ages in the third column represent the fraction of the total emission reduction
due to implementation of the HM Protocol, that will be achieved by currently
foreseen national policies. These percentages are estimated based on a compari-
son of currently reported flue gas dust concentrations and particulate removal
efficiencies, dust concentrations or removal efficiencies prescribed by national
legislation and the emission limit values of the HM Protocol. In case national
legislation leads to full compliance with the Protocol this has also been indi-
cated. Emission factors after implementation of the Protocol are discussed in
the section ‘Protocol measures; HM emitting stationary sources’.

Czech Republic
Slovak Republic
Slovenia
Southern Europe
Slovak Republic
Italy

Slovak republic
Italy

Slovak Republic
Italy

Slovak Republic

Table 3 Influence of foreseen autonomous developments by national initiative on
emission factors.
Country  |Sourcecategory % of reduction due to Protocol
j ; as a result of national
. .. . . A wssion
Poland Power gen. & large industrial comb. plants, coal-fired 50 for Cd and Pb, 0 for Hg

Power gen. & large industrial comb. plants, coal-fired
Power gen. & large ind. Comb. plants, coal and oil-fired
Power gen. & large industrial comb. plants, coal-fired
Large industrial combustion plants

Sinter production

Non-ferrous metals production

Non-ferrous metals production

Cement production

Cement production

Glass production

Chloro alkali industry

80 for Cd and Pb, 0 for Hg
50 for Cd and Pb, 0 for Hg
Complies (= 100%)
Complies (= 100%)
Complies (= 100%)
Complies (= 100%)

50 for Cd and Pb, 0 for Hg
Complies (= 100%)
Complies (= 100%)
Complies (= 100%)
Complies (= 100%)

Note that this table does not intend represent an overview of future European
emission regulations, instead only in case a significant effect on the 1990 emis-
sion factors from [UBA-TNO ’97] in this respect is expected, the estimated ef-
fect is given.
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European Union Directives for countries in the EU

The European Union has set target emission limit values for several emission
source categories. The limit values included in this study are:

1

10 mg dust/Nm® for the incineration of hazardous waste, which brings about

that waste incineration plants in all countries within the EU will already, or
at least in due course, obey the Protocol;

50 mg/Nm’® for combustion plants > 500 MWth and 100 mg/Nm® for com-
bustion plants between 50 and 500 MWth; this will imply that the majority
of the utility plants and the large industrial combustion plants in the EU
will comply to the emission limit values of the Protocol before the year
2010.

Implementation of the Second Sulphur Protocol

In case the Second Sulphur Protocol will be implemented in Europe the flue gas
desulphurisation (FGD) equipment that will be installed as a result will also af-
fect heavy metal emission [e.g. Karl et al. ‘96]. The magnitude of this effect
will be dependant on the FGD technology (dry, semi dry or wet) that will be
used:

For wet FGD processes to operate well, removal of particulates to about
100 mg/Nm® before FGD is required for technical reasons [Middelkamp
‘97] and a further reduction by FGD equipment itself to about 50 mg/Nm®
is expected [Karl et al.]. Besides, in case the produced gypsium is intended
to be marketed as for instance a building product, there usually are limits
to the heavy metal content, also necessitating thorough dedustment.

For dry and semi-dry FGD processes extensive dust removal to 50-

100 mg/Nm’ is not demanded in order for the FGD to operate without
problems [Middelkamp ‘97]. Also stringent limits to heavy metal con-
tents might not always apply since smaller quantities of waste gypsium
can for instance be dumped in a nearby mining site instead of being mar-
keted, moreover because the future supply of gypsium is expected to
overcome demand. In case dry or semi-dry FGD is used, the installation
will not automatically also comply to the HM Protocol. As an engineer-
ing judgement, depending on the dust content of the raw gas, an emission
reduction of particle bound HM of about 50% is estimated as a result of
the application of dry or semi-dry FGD. This estimate is based on the
characteristics of dry and semi-dry FGD and [Berdowski et al. ‘95,
Rijpkema ‘93]. This percentage represents the fraction of the total emis-
sion reduction due to implementation of the HM Protocol that will be
achieved by dry or semi-dry FGD.

For large installations wet FGD technology is generally preferred. Based
on literature [e.q. Rentz et al. ‘96] as an average for Europe, it has been
assumed that 85% of the coal-fired power generating capacity will be
equipped with wet desulphurisation processes by 2010 as a result of the
Second Sulphur Protocol. This will lead to compliance with the Protocol

TNO-MEP — R 98/020
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for 85% of the coal-fired capacity due to the necessary dedustment be-
fore the wet FGD process and the effect of the FGD process itself. For
the remaining 15% of the utility plants dry and semi-dry FGD processes
have been assumed expecting to lead to approximately 50% emission re-
duction (percentage represents the fraction of the total emission reduc-
tion due to implementation of the HM Protocol that will be achieved by
FGD) for particle bound HM.

Industrial combustion plants are usually somewhat lower in capacity
compared to utility plants. For smaller plants the application of wet FGD
is economically less attractive. Therefore only 70% of the large indus-
trial combustion plants is assumed to be equipped with wet FGD [Rentz et
al. “‘96]. The remaining 30% is assumed to be equipped with dry or semi
dry FGD processes. Plants that will be equipped with wet FGD are assumed
to comply with the heavy metals Protocol whereas for plants equipped
with dry or semi dry processes only some emission reduction is expected.

3A. Protocol measures; HM emitting stationary sources

In this section the choice of emission factors used to project the emission after
implementation of the Protocol is discussed. First, it will be explained, in gen-
eral terms for which countries and source categories a Protocol-related emission
reduction is expected, followed by emission factors after the Protocol.

Based on [UBA-TNO ‘97], [Berdowski et al. ‘95], national expert communica-
tions, currently applied national emission standards [UNECE ‘96, Rentz et al
‘96] and various other literature sources [e.g. Klimont ‘93, TNO-KEMA “94] it
has been estimated per country which stationary sources did, in general, not yet
comply with the draft HM Protocol for the base year of [UBA-TNO ‘97], be-
ing mostly 1990.

It has been necessary to restrict the outcome of this analysis to a sector and
country level or, to be more exact, to the format for which HM emission fac-
tors are available, namely the sector definitions used in [UBA-TNO ‘97]. There
is for certain sectors more detailed information available for the large HM
emitting installations in the form of reported flue gas dust concentrations per
plant. Based on these flue gas data a detailed estimate could be made of the
achieved particulate matter emission reduction in case a sector does not comply
to the Protocol. However, in order to estimate HM emission reduction from
particulate matter emission data, further information on specific HM contents
of the used fuels and on particle-bound HM enrichment would be required.

There is no easily quantifiable relation between dust and HM emission. There-
fore detailed data on an installation level have only been used in the cost esti-
mates to determine which plants need Protocol-related upgrading. This will be
discussed in more detail in paragraph 2.3.2.

In table 4 the country-source combinations for which it is estimated that the
Protocol emission limit values where generally exceeded in 1990 have been
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listed. For the country-source combinations listed in table 4, Protocol-related
reduction of 1990 emission factors is expected. Presenting an overview like in
table 4 will inevitably result in rather rough and approximate statements which
might be incorrect in specific cases and for specific installations. However, ex-
act and detailed information on HM emission factors and on whether or not a
sector complies is, although strictly speaking essential in this respect, unfortu-
nately not always sufficiently available on a sector and country basis.

Table 4 Source-country combinations that are estimated, in general, not to comply
with the HM Protocol for the base year 1990”

Reglon CORINAIR sectors that do not yet comply with the Protocol

Central and ‘01-power generation'®, ‘03-industrial combustion'®, all processes

Eastern Europe" in '04 industrial processes’ mentioned in the Protocols, ‘0902
waste incineration plants’

Southern Europe? ‘03-industrial combustion’®, all processes in '04 industrial proc-
esses’ mentioned in the Protocols

D includes the following countries (ISO3-a codes): ALB, BGR, BIH, BLR, CZE,
EST, HRV, HUN, LTU, LVA, MDA, MKD, POL, ROM, RUS, SVK, SVN, UKR
and YUG

B includes the following countries: ESP, GRC, ITA and PRT

3 includes hard coal-firing, brown coal firing, shale oil-firing and residual oil fi-
ring

9 the following countries do, in general, comply (ISO3-a): AUT, BEL, CHE,
DEU, DNK, FIN, FRA, GBR, IRL, NLD, NOR and SWE

Within the framework of [UBA-TNO °97] specific emission factors for heavy
metals have been developed for three regions in Europe, based on among others
the PARCOM-ATMOS emission factor manual ‘93 [v.d. Most et al ‘93] and
the Atmospheric Emission Inventory Guidebook [McInnes ‘95], yielding an
emission factor database used for [UBA-TNO ‘97]. In order to be able to evalu-
ate the emission decrease after implementation of the protocol, an additional
emission estimate has been made for the source categories-region combinations
mentioned in table 4, based on emission factors currently applying for Western
Europe since prescribed emission standards in this region are, in general, in the
same order as in the Protocol [UNECE ‘96]. The emission factors for Western
Europe are the lowest factors in the emission factor database and are considered
a reasonable approximation of heavy metal emission factors applicable after
implementation of the protocol.

3B. Protocol measures; HM containing products scheduled for elimination or
restrictions on use

The HM protocol also reserves a section for the use of heavy metal containing
products:

o Lead content of marketed petrol intended for on-road vehicles shall not
exceed 0.005 g/l (small quantities of leaded petrol permitted);In this study
we assumed this to be an autonomous measure
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e Phase out of sale and production of mercury containing electrical compo-
nents and measuring and control devices (vital uses excepted)

e Limitation of maximum mercury content to 0.025% for batteries and 1%
for button cells

e Limitation of the maximum mercury content in linear fluorescent lamps
and in compact fluorescent lamps for external ballast to 10 mg/per lamp
and in self ballasted compact fluorescent lamps to 6 mg per lamp

e The collection and recycling or disposal in an environmentally sound man-
ner of the above mentioned products must be promoted.

e non-Mandatory limitation of the use of various other products containing
Cadmium, Lead and Mercury.

The use of batteries, mercury containing electrical components and measuring
and control devices, fluorescent lamps and other HM containing products can
lead to air emission of HM, mainly during disposal of waste. Elimination will
reduce the HM load on the gas cleaning section of waste incinerators (also
comprising carbon filters in order to remove mercury). In this study no further
influence on emission factors for this source is presumed since sufficient parti-
cle-bound and gaseous HM removal is assumed in the study to result from the
emission limit values of the Protocol.

Air emission due to breakage of fluorescent lamps and mercury thermometers
during use leads also to some minor air emission according to [UBA-TNO °97].
In the emission projections emission from these sources have been assumed 0
after implementation of the Protocol, assuming the Protocol-related measures
to be effective for disposal of products and neglecting the remaining emissions
due to breakage of fluorescent lamps.

23 Type of measures and their cost for stationary HM emission
sources and the use of HM containing products

2.3.1 General

In this paragraph the emission reduction measures resulting from implementa-
tion of the Protocol are discussed, per source category, in terms of type and
cost. A distinction is made between emission control at stationary sources
(subdivided in power generation, industrial combustion and process emissions)
and the use of certain HM containing products. The influence of autonomous
developments is discussed separately at the end of each section.

For stationary sources Protocol related measures bring about a modification to
an existing installation in order to meet the new emission limit value. A non-
recurring investment has to be made in that case.
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In this study both investment costs and resulting annual costs have been esti-
mated. Firstly, the total capital investment (TCI) of the measure has been es-
timated based on literature data which will be further discussed in the paragraphs
2.3.2 and 2.3.3. The annuity (annual capital costs) is subsequently calculated by
using [Kok ‘97]:

i(i+1)"
(d+i)y -1

with i = Interest rate (-)
n = Amortisation period (years)

Annuity =

Based on the technical life expectancy of the emission control units, an amor-
tisation period of 20 years is chosen. The calculations are furthermore based on
an interest rate of 4%. This results in an annuity of 7.4%.

The annuity of the TCI is increased by the operational costs in order to come
to the total annual costs. The operational costs, comprising fixed operational
costs (maintenance, labour, other overhead costs, insurance etc.) and variable
operational costs (energy, raw materials) are estimated by taking a percentage
of the TCI. Strictly speaking running costs are dependant on the emission con-
trol technique that is used, for instance fabric filters have a somewhat higher
operational cost due to frequent replacement of the filter cloth. These differ-
ences are however neglected due to the overall uncertainty of the cost esti-
mates and a fixed percentage, being 5%, (4% for the fixed operational costs and
1% for the variable operational costs [TNO-MPT 97]), has been used in order
to estimate the total operational costs.

For product use, when significant, costs are calculated as investment costs or
non-recurring ‘disposal’-costs depending to the type of the measures.

The cost estimates have been made according to two different starting points:

e The cost that have to be made to come to the emission levels resulting
from implementation of the HM Protocol, based on without any additional
emission reducing activity in Europe (see table 4).

e The cost to implement the HM Protocol after foreseen autonomous devel-
opments and non-Protocol-related other environmental legislation has
been implemented (2.3.2 and 2.3.3)

Total annual costs have been calculated based on the estimated investment
costs and presented in chapter 3 and not further discussed in chapter 2.

TNO-MEP - R 98/020
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2.3.2  Protocol related emission control at stationary sources

The technological measures that will, according to our data, be necessary to up-
grade a plant to comply with the Protocol are mentioned below per source
category. The general procedure has been to estimate the specific waste gas
production for a certain process or process step and subsequently sizing and
capitalising the needed deduster based on point source information, after the
most suitable abatement technology has been inventoried. Further motivation
of the proposed measures will be given per source category below.

Power generation - control measures

In order to assess te consequences of the Protocol for Power generation in
Europe, some closer attention will be given to the emission limit values. The
sector Power generation is in the first place be covered by the emission limit of
50 mg dust/Nm® for combustion plants larger than 50 MWth. However, strictly
speaking a general emission limit might also apply, depending on which (dust or
heavy metal limit value) is the most stringent:

e massflows>1gCdh 0.2 mg Cd/m* STP
e massflows>1gHg/h 0.2 mg Hg/m® STP
e mass flows>25gPb/h 5 mg Pb/m’ STP

For coal-fired plants the heavy metal contents in the emitted fly ash is usually
in the order of 0 to 50 ppm for lead and 0 to 5 ppm for cadmium [v.d. Most
‘93]. These values agree with trace element analysis’s from several national
expert communications. Moreover, according to [Smith ‘97] there are no coal
types in use in Europe known to have exceptionally high cadmium, lead or
mercury contents (mercury contents are usually in the range of 0 to 1 ppm.
This would imply that in general the maximum admissible cadmium and lead
concentrations in off-gasses will probably not be exceeded and that the dust
concentration limit of 50 mg/m® STP is the most stringent value for coal-
firing. Special attention must be given to mercury since this compound would
require separate equipment in addition to dust collectors and desulphurisation
units in order to be removed from an flue gas stream. Separate mercury removal
is however not commonly practised in electricity generation in Europe [KEMA
‘97]. Trace element analysis of raw coals suggest a concentration an order of
magnitude lower than cadmium [e.g. v.d. Most *93] but reliable emission data
are still somewhat scarce. In this stage it is assumed that the mercury concen-
trations in off-gasses are such that additional removal is not necessary to com-
ply with the protocol. When regarding dust concentrations, combustion plants
firing residual oil usually attain values of around 150 mg/m’ [e.g. CONCAWE
‘80, ‘84, Dutch Emission Registration ‘97] and lower values in more optimised
boilers. The concentration is dependant on the fuel specifications and burner
characteristics and the emission limit value of 50 dust mg/m? is usually exceeded
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for heavy fuel oil-fired plants. Metal contents in the emitted solid particles can
sometimes be higher than is the case for coal fly ash [e.g. v.d. Most ‘93], espe-
cially for cadmium. Therefore, in extreme cases when a cadmium-rich oil is
used combined with a high soot emission (e.g. above 500 mg/m® STP), the cad-
mium concentration in the flue gas can amount to about 0.5 mg/m’, hereby ex-
ceeding the general emission limit value for Cadmium. This is however not con
sidered a representative situation in Europe and it is assumed that the dust con-
centration limit of 50 mg/m® STP is the only value to be taken into considera-
tion for oil-firing.

Coal-fired and heavy fuel oil-fired plants comprise the bulk of the SNAP 01-
installations that will have to be upgraded to meet the emission criteria for sta-
tionary combustion.

In order to estimate the costs of the Protocol for Power generation in Europe,
input data on which installations need upgrading are essential. It has been in-
ventoried which power stations in Europe do not yet comply to the Protocol.
In this analysis the reference year is not 1990, instead it has been attempted to
gain the most recent information. There are several overviews available in or-
der to determine the number of present installations and their specifications
like capacity and emission. Data have been inventoried predominantly based on
information available from [Veldt ‘92], CORINAIR90, [Klimont ‘93], [UBA-
TNO °97] and [Clarke ‘96]. It has also been attempted to inventory the al-
ready present dust collectors. Data indicate that nearly all large coal fired com-
bustion plants are fitted with ESP. Flue gas particulate matter concentrations
are for the larger part relatively well known per installation for years around
1990 and often around 1995. This information has been collected from various
sources, the most important sources being TNO, [Klimont ‘92], [TNO-KEMA
‘94], [UBA-TNO ’97], [Jones ‘96] and several national reportings and expert
communications. Below, in table 5 a short summary of the findings per country
is presented. The information listed in table 5 serves as the basis for the na-
tional inventories of the required emission reduction measures for Power gen-
eration, disregarding future autonomous developments.
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Table 5 Power stations that are currently not yet complying to the HM Protocol in
Europe and some of their characteristics.

Country Numberof Rangeof Numberof Rangeof Numberof Rangeof Total number
HC-fired dust load BC-firad dust load RO-fired dustioad of plantsto b
i plants  (mg/Nm’) plants  (mg/Nm’)  plants  (mg/Nm’)  upgraded
Belarus 500 19 150 20
Bosnia- 3 500-1000 3
Herzegovina
Bulgaria 400 8 200-3000 2 150 12
(500)
Croatia 5 150 5
Czech 300-7000 27 300-7000 4 30-200 39
Republic (500) (500)
Estonia 5, shale oil- 1000-20000 2 150 7
fired (1500)
Hungary 13 160-5600 5 160 18
(300)
Latvia 1 150 1
Lithuania 5 150 5
Macedonia 2 500 1 150 3
Moldova 500 2 150 3
Poland 300-8000 4 100-1600 1 150 63
(1000)
Romania 13 150-2500 5 150 18
(400)
Russian 1000 5 1000 98 150 153
Federation
Serbia- 1 500 3 150 14
Montenegro
Slovak 300-4000 5 600-3500 3 70-200 11
Republic (400)
Slovenia 3 500-1000 2 150 5
Ukraine 1000 12 160 35

Power stations located in countries that are not listed in table 5, like the coun-
tries in Southern Europe and Western Europe, are estimated to already comply
with Protocol. From table 5 it is concluded that the majority of the coal- and
residual oil-fired plants in Central and Eastern Europe and the Russian Federa-
tion need upgrading although almost all plants are fitted with ESP. Reported
particulate collection efficiencies are relatively low (90-98 %, limit values of
protocol require >99.5%) which can be caused by lower design efficiencies, the
use of a lower grade coal than foreseen in the design, a higher gas flow rate than
foreseen or frequent system upsets. It might otherwise be interesting to men-
tion that the high particulate matter emissions often reported for these regions
usually contain on average only 10-30% PM,, [e.g. KEMA-TNO ‘04, Taithy
‘96].

In Estonia shale oil is used in several combustion plants. The use of this fuel
leads to a significant particulate matter emission [UBA-TNO ‘97] and these
plants will be included in the cost calculations. Especially in some states of
former Soviet Union and also in other countries natural gas fired plants make
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up for a large part of the electricity generating capacity. Cadmium and lead
emission from natural gas-firing is not significant according [UBA-TNO ‘97].
Limited information is available on mercury emissions but in this stage no de-
finitive conclusions can be drawn, although data indicate some emission. Mer-
cury in raw natural gas is usually removed at gas processing plants before com-
bustion.

For emission control at large combustion plants several abatement technologies
like electrostatic techniques, fabric filters and scrubbers are at disposal. In gen-
eral, the most cost-effective emission reduction measure for the Eastern Euro-
pean power and heat generation is in general the electrostatic precipitator. This
conclusion is confirmed by detailed reportings [Jones ‘96, ‘94] on upgrade pro-
grams for power plants in Eastern Europe. In many cases high sulphur coal is
used, resulting in a favourable ash resistivity, thus making electrostatic tech-
niques economically attractive. Moreover, properly operated precipitators are
effective in removing smaller size particulate and there is ample experience
with the application of electrostatic precipitators for coal fired plants. Electro-
static techniques are also applicable for oil-firing, contrary to fabric filters, al-
though collection efficiencies are in that case not as high. However the emis-
sion limit value of 50 mg/m® STP can in most cases be easily met.

Power generation - costs

The Starting point of the cost calculation will be retrofitting new ESP on all
plants that do not comply with the Protocol. In practice this comprises the
majority of the coal-fired, shale oil-fired and residual oil-fired plants

>50 MWth in Central and Eastern Europe and the Russian Federation and only
industrial combustion plants in Southern Europe.

The costs for upgrading combustion plants with environmental controls are

primarily determined by the produced waste gas flow, the number of installa-

tions and the required collection efficiency. The actual dust emission as a cost

parameter is only important in order to determine whether a plants needs up-

grading. Investment costs of ESP are dependant on the waste gas flow rate be-

cause this determines the dimensions of the equipment. Costs mainly comprise

the costs of:

e the required plate area which are approximately linear to the waste gas flow
given the required collection efficiency;

e the containment which is approximately linear to the square root of the
waste gas flow;

e control equipment, carriage, erection and commissioning which is only to
some extent dependant on waste gas flow.

As a result costs show a complex investment progression, because depending on
the gas flow rate, different of the above mentioned cost accounts are cost de-
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termining. For gas flow rates from 10,000 to about 200,000 - 300,000 Nm®/h
specific investment costs (ECU/Nm® waste gas flow) decrease to the power of
0.60-0.65 with increasing flow rate [e.g. Kok ‘97, Rijpkema ‘93, Rentz ‘96]
since cost of containment, structure (carriage, piping) and control equipment
are dominating. For the average power station waste gas flow rates are far
higher, up to 2,000,000 Nm’/h is no exception. In the range from about
200,000 to 3,000,000 Nm’/h costs are determined by the plate area resulting in
a rather low investment progression (costs are almost linear to waste gas flow)
[e.g. UN/ECE ‘97].

Investment costs are for several reasons highly site specific, for instance:

e space conditions are highly variable;

e choice of material which is dependant on waste gas characteristics, is vari-
able;
fuel characteristics vary;
there might be different requirements to the availability of the filter;
required collection efficiency is dependant on the raw gas dust load and the
emission limits,

In order to determine a reliable relation between investment costs and gas flow
rate, results from various literature, preferably referring to a standard configura-
tion (comprising a 3 field cross linked ESP with 99.7% collection efficiency for
a coal fired plant), have been compared:

e [Rijpkema ‘93] presents flow rate dependant investment costs for the range
50,000 - 300,000 Nm*/h which have been supplied by a large process engi-
neering firm. When corrected for slightly different material costs specific
investments for waste gas flows around 300,000 m’/h range from 7 - 15
ECU/Nm’.

e [Van den Vlierd ‘97] presents investment costs for a standard coal fired
power station (99.5% collection efficiency) based on offers from three
manufacturers. After data processing 5 - 10 ECU/Nm® is found for large flow
rates.

e [Rentz et al ‘95] presents a relation between waste gas flow rate and specific
investments for flows up to 200,000 Nm*/h. For higher flow rates a con-
stant value of about 6 ECU/Nm® is suggested.

e [UN/ECE ‘97] presents non-referenced specific investment costs of ESP,
being about 5 - 10 ECU/Nm’.

e [Turner ‘91] gives a methodology for estimating investment costs. For high
flow rates results seem rather high, about 15 - 20 ECU/Nm® although
[Schaerer ‘93] presumably reports in the same range for a German coal-fired
plant.

[Turner ‘91] also mentions a 20-40% cost increase for retrofit and 30% cost
increase has been used in this study.

Based on an evaluation of the mentioned literature followed by expert judge-
ment from [Van den Vlierd ‘97] the following cost relation has been con-
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structed (figure 4). Presented costs comprise total investment costs for the
complete unit from flange to flange including an estimated additional cost in-
crease of 30% as a result of retro-fit.
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Figure 4 Flow rate dependency of specific investment costs for ESP retro-fit as used
in this study.

We realise that these results have their limitations. In case a power station
needs upgrading as a result of obligatory emission limits that have to be met, it
is often economically more attractive to incorporate replacement or retro-fit
of an ESP in a complete upgrade program, involving for instance also flue gas
desulphurisation (see under autonomous developments), modernisation or re-
placement of the boilers and burners or the installation of DENOX units, or
even complete reconstruction. There are other aspects which increase the un-
certainty of the cost calculation such as the possibilities that the old installa-
tions offer for upgrading. Strictly speaking there is no single solution for all
Eastern European power plants. However, all relevant aspects are impossible to
inventory in this scope. It is assumed that fuel-characteristics like ash-content
will remain the same in the future despite the improvements that can be
achieved when for instance using a fuel with a lower ash content. Besides, many
older installations will be decommissioned by national initiative instead of up-
graded and new and more environmentally friendly installations can be build as
replacement.

Industrial combustion - control measures

This sector covers many large combustion plants, generally somewhat lower in
capacity than power stations, although many plants above 500 MWth are in
use. Information on large industrial combustion plants is available on a less
comprehensive level than for power stations. It is estimated that all coal-, re-
sidual oil- and shale oil-fired industrial combustion plants > 50 MWth in South-
ern [UN/ECE °96], Central and Eastern Europe [e.g. Klimont ‘93, CSOP ‘91]

TNO-MEP - R 98/020



TNO-report

TNO-MEP — R 98/020 35 0f 69

and in the Russian Federation [USSR-SC, *90] will be touched by the Protocol.
Information (number of plants and capacities) is only for eight countries avail-
able in the form of point source data submitted within the framework of
CORINAIR 90. For these countries a more detailed cost analysis is possible us-
ing the same approach as for power generation. The output of this analysis is
among others a general and fairly consistent relation between abatement costs
for industrial combustion and fuel consumptions in various industrial sectors.
This relation has been determined by comparing investment costs with fuel
consumptions, assuming all plants > 50 MWth need upgrading. For the coun-
tries for which no point source information was available, costs have thus been
estimated based on the fuel consumptions in the industrial sectors in which
mainly plants above 50 MWth are used, according to [IEA ‘95].

Industrial combustion - costs

For industrial combustion roughly the same cost relations as valid for the sector
Power generation etc. are applied. Although furnace capacities are usually
lower, ESP is generally considered the most cost efficient abatement technol-
ogy for this source.

Process emissions - control measures

In this section Protocol-related emission reduction measures are discussed. The
emission limit values listed in the Protocol generally refer to maximum ad-
missable dust concentrations in the stack gasses, for various processes. Again,
emission abatement costs are primarily determined by the produced waste gas
flow rate. However, the emission limit values are highly process specific, as are
the type of the most suitable control technologies and waste gas characteristics.
This leads to higly variable specific investment costs for the different proc-
esses. The general procedure for estimating investment costs for production
processes has been to:

1. assess, per country, the total number of present installations of a certain
production process; Plant information comprising process type and capac-
ity is available for all processes covered by the protocols on an installation
level, except for cupola furnaces, glass production plants and municipal
waste incinerators (latter for countries outside the EU). Plant information
is also partly lacking for the chloro-alkali industry. Most point source data
have been collected within the framework of [UBA-TNO °97].

2. estimate which plants do not yet comply with the Protocol; In this stage
emission data, serving as basis for the selection of plants that will need up-
grading, have been estimated mainly with the aid of generalised emission
factors. The emission data are based primarely information from TNO,
[UBA-TNO ‘97], [Rentz et al. ‘96], [Klimont ‘93], [TFHME ‘94], the
Dutch emission registration and various national expert communications.
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estimate the production-dependant waste gas release of the waste gas flow
to be cleaned; Most data are taken from the Dutch emission Registration,
[Rentz et al. ‘96] and [TFHME °94].

inventory the most suitable emission control technology given a certain
process and emission requirements; Most data are taken from the Dutch
emission Registration, [Rentz et al. ‘96] and [TFHME °‘94]. When possible,
fabric filters are applied but for various processes other control technolo-
gies are more suitable.

capitalising the required emission measure depending on the flow to be
cleaned and the technology; This can be difficult since process-specific cost
information is not always available to the same level of detail. Most infor-
mation is taken from [Rentz et al. ‘96].

For the following categories emission limit values are mentioned:

Iron ore sinter production plants

Iron ore pellet production plants

Electric arc furnaces in the secondary iron and steel industry

Basic oxygen furnaces in steel making

Cupola furnaces at iron foundries

non-Ferrous metal production including primary aluminium, primary and
secondary copper, primary and secondary lead, primary zinc and primary
nickel

Waste incineration plants

Clinker coolers in cement production industries

Cement grinding in the cement production industries

Glass production

Chloro-alkali industry

Process emissions - costs

Per production process, the findings referring to investment costs will be briefly
discussed in the following:

Iron ore sinter production plants

It is estimated that plants located in Southern, Central and Eastern Europe do
not yet comply with the Protocol. Point source information comprising pro-
duction capacities is available for these regions. The emission limit value for
this category is expected to be met by retrofit of a 3-field ESP to the sinter
oven. The costs have been calculated with the aid the cost relation similar to
the relation as used for ESP at power plants.

TNO-MEP - R 98/020
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Iron ore pellet production plants

It is estimated that plants located in Southern, Central and Eastern Europe do
not yet comply with the Protocol for this source category. Needed emission re-
duction measures comprise a high efficiency scrubber for which investment
costs applicable to this sector per unit of production capacity are given in
[Rentz et al]. No point source information is available and the abatement costs
have been estimated based on production figures.

Basic oxygen furnaces in the primary iron an steel industries

Plants located in Southern, Central and Eastern Europe are estimated not yet to
comply to the Protocol for this source category. Point source information is
available for these regions and has been used in the cost estimates. Needed emis-
sion reduction measures comprise the addition of new ESP to the furnace out-
let. The same cost formula as has been used for ESP at large combustion plants
is used to estimate the costs.

Electric arc furnaces in the secondary iron and steel industry

Our estimation is that plants located in Southern, Central and Eastern Europe
do not yet comply with the Protocol for this source category. Point source in-
formation is available for these regions and has been used in the cost estimates.
Needed emission reduction measures in order to comply with the Protocol in-
clude process encapsulation by a dog house construction and a fabric filter. Cost
estimates are based on [Rentz et al.] and non-referenced information in the
Technical Annexes to the Protocol [UN/ECE ‘97].

Cupola furnaces at iron foundries

There is hardly any information available for this source category. Point source
data are not available for cold blast cupola furnaces. Production figures are
available from [CAEF ‘92]. Although no quantitative data can be given at this
stage the potential emission abatement cost are not expected to dominate the
total investment costs in the iron and steel sector.

non-Ferrous metal production, primary copper production

It is estimated that plants within the region Southern, Central and Eastern
Europe do not yet comply with the protocol. Measures are needed for sinter-
ing/roasting of the copper concentrates, the smelters and the converters. Point
source information is available for this category and has been used in the cost
estimates. For sintering/roasting a non-referenced abatement cost relation from
[UNECE °97] has been used. The measures comprise the application of ESP
and scrubbers and a fabric filter. For the smelting process (conventional blast
furnace operation is assumed) and the converting step fabric filters have been
capitalised according to [Rentz et al.].
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non-Ferrous metal production, secondary copper production

It is estimated that plants within the region Southern, Central and Eastern
Europe do not yet comply with the protocol. Capitalised measures comprise a
fabric filter. The cost relation is according to [Rentz et al.]. Cost estimates are
based on point source information.

non-Ferrous metal production, primary lead production

Plants within the regions Southern, Central and Eastern Europe are estimated
not to comply with the Protocol yet. The cost determining measure for all
process types is, according to our information, a fabric filter for the rotary fur-
nace. Costs of this measure are given in [Rentz et al.]. Cost estimates are based
on point source information.

non-Ferrous metal production, secondary lead production

It is estimated that plants within the region Southern, Central and Eastern
Europe do not yet comply with the protocol. Capitalised measures comprise a
fabric filter for the smelting furnace. The cost of this measure is calculated is
according to [Rentz et al.]. Cost estimates are based on point source informa-
tion.

non-Ferrous metal production, primary zinc production

It is estimated that plants within the region Southern, Central and Eastern
Europe do not yet comply with the protocol. Measures needed for all process
types include an ESP for the roasting and sintering step. In addition for process
types other than electrical a second ESP for the smelter and a fabric filter for
the refining step has been capitalised. Point source information (including
process types) is available for this category and has been used in the cost esti-
mates. The cost of ESP has been capitalised analogous to large combustion
plants. Fabric filters have been capitalised according to [Rentz et al.].

Clinker coolers and cement grinding in cement production industry

According to our information plants in the region Central and Eastern Europe
do not yet comply with the Protocol. ESP appears to be the most suitable
abatement measure for the rotary kiln and the clinker cooler. Investment costs
are estimated analogous to large combustion plants. Apart from the rotary kiln
and clinker cooler measures are also needed for the crusher, mill and dryer for
cement production plants. For these emission sources a fabric filter is consid-
ered most suitable. The costs are estimated according [Rentz et al.].

Glass manufacture

According to presently available information glass production plants in South-
ern, Central and Eastern Europe do not yet comply to the emission Protocol.
Point source information is scarce and abatement costs have been calculated
based on production statistics. Cost information for heavy metal emission re-
duction from glass production plants is given in [Rentz et al.]. After further
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processing this information can be expressed per unit of production. The pri-
mary abatement measure that is assumed most suitable for large plants com-
prises ESP for tank and pot furnaces.

Chloro-alkali industry

Information is somewhat scarce for this category. It is not fully known which
plants in which regions already comply with the Protocol for this sector. It is
also unclear which autonomous developments have already been implemented.
In this stage it is estimated that at least all mercury based plants in Central and
Eastern Europe need further mercury emission abatement. The only cost in-
formation available (from the German VCI [VCI ‘97]) concerns the complete
conversion to a membrane-based process. Cost may be overestimated here since
a complete conversion might not be necessary in order to meet the Protocol.
No further point source information is available for this industry and it is there-
fore assumed that 2/3 of the total chlorine producing capacity is mercury based.
Costs have been estimated based on production statistics.

Waste incineration plants

It is not fully clear which autonomous developments have already been imple-
mented in Western Europe for this sector, therefore it is difficult to estimate
which plants do not comply with the Protocol. Data indicate that most plants
are fitted with ESP. For Central and Eastern European plants it is estimated
that most plants need new ESP. Point source information is however not avail-
able for this region and costs of ESP have been calculated based on estimated
amounts of burned waste and the characteristics of an assumed ‘standard’ incin-
erator based on [Rijpkema ‘93]. The presented cost estimates are therefore un-
certain, Waste incinerators in Europe will possibly also be upgraded with other
types of emission abatement technologies as a result of emission limit values
for other compounds. These measures will further reduce the emission of heavy
metals.
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Influence of autonomous developments of investment costs for sta-
tionary sources

In paragraph 2.2.2 of this report, the autonomous developments and non-
Protocol related other environmental legislation that has been reckoned in this
project has been listed and briefly discussed. Most of these autonomous devel-
opments result in decreased costs of the Protocol:

e Closure of certain plants before the year 2010 in several countries

It is expected that in the period until 2010 throughout Europe some older
heavy metal emitting installations will be closed and will subsequently not be
under consideration for Protocol related measures. This will naturally also in-
fluence the outcome of the cost estimates. However information on which
plants will be shut down is for a large part lacking on a country basis. In order
to estimate the number of installations of a certain type that will be shut down
before 2010 the scenario data have been used. In case there is a decrease in out-
put forecasted for a certain activity, the percentage of the plants that will be
closed for that activity has been estimated by taking the percentage decline of
the output. Newly constructed installations are assumed to comply with the
UN/ECE emission limit values.

e Compliance with the Protocol as a result of the EURO CHLOR
program in Western. and Southern European countries

It is assumed as autonomous development for Western and Southern Europe
that the chloro-alkali industry will comply with the Protocol by the year 2010
as a result of voluntarily emission reduction to 1.5 gHg/ton CI2 production ca-
pacity. The chloro alkali industry will in that case conform to the Protocol in
these regions and no further investments need to be made.

e Compliance as a result of European Union emission regulations
for countries in the EU

It is expected that all countries in Southern Europe will comply with the emis-
sion limit value that are set for waste incineration plants and large combustion
plants, hence no further Protocol-related investments need to be made in these
sectors.

e -(Partial) compliance as a result of future national emission regu-
lations for some countries

As has been indicated in paragraph 2.2.2 some source categories in certain
countries are estimated to comply with the Protocol by the year 2010 as a re-
sult of autonomous developments. These have been listed in the referring sec-
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tion. For other categories and countries an emission reduction is forecasted
while a further reduction of the emissions will be necessary to comply with the
Protocol. It has been attempted to quantify this further reduction in terms of
cost, thus quantifying the incremental costs of the HM Protocol. In [AWMA
‘93] specific investment costs are given for ESP and fabric filters as a function
of the collection efficiency. In case an emission reduction is foreseen it is esti-
mated which further increase in particulate collection efficiency of the dust
collector is needed to comply with the Protocol. This increase in collection ef-
ficiency is capitalised according to the relative increase in investment costs
starting from the lower collection efficiency (foreseen by autonomous devel-
opment) to the higher required collection efficiency (required by the Protocol)
according to [AWMA ‘93]. This cost increase has been taken as implementa-
tion cost of the Protocol after autonomous developments.

e (Partial) compliance as a result of the implementation of the sec-
ond Sulphur Protocol for countries in Europe

Besides the above mentioned autonomous developments a further reduction in
costs is expected as a result of the second Sulphur Protocol. As has been men-
tioned in paragraph 2.2.2 the Sulphur Protocol will bring about a decrease of
dust emissions for certain source categories and hence a reduction of abatement
costs (see referring section). It is estimated that the application of wet FGD
processes will lead to reduction in particulate matter emission to such extent
that no further measures are needed to comply to the Protocol. In case wet or
semi dry FGD is used no cost reduction is foreseen.

2.3.3  Costs of the Protocol-related measures referring to the use of
certain products

The HM protocol reserves a section devoted the use of heavy metal containing
products. Several measures are mentioned which will subsequently be discussed in
terms of cost in the following:

Phase out of leaded gasoline

Throughout recent years, in most European countries, a decrease of the use of
leaded in favour of unleaded gasoline is observed. In several countries (Austria,
Denmark, Finland, Germany, Netherlands, Norway, Slovak Republic, Sweden)
lead in automotive fuels has been completely banned. In order to determine the
amount of leaded gasoline used in Europe data referring for 1995 are available
for EU-members while for other countries no more recent data as for 1990 are
available from [UBA-TNO ‘97]. According to information from a large petro-
chemical company, the replacement of lead in gasoline leads to an additional
investment in refining equipment of ECU 0.01/liter gasoline. The cost estimate
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for replacement of leaded gasoline is derived from ECU 0.01/1 and the most re-
cent data on national consumptions of leaded gasoline in Europe.

Phase out of sale and production of mercury containing electrical
components and measuring and control devices

Mercury containing electrical components comprise mainly relays, thermostats
and various switches. Mercury has also been used in measuring and control de-
vices such as thermometers, manometers, barometers, pressure gauges, pressure
switches and pressure transmitters. According to [DHV ‘94] for almost all mer-
cury containing components, mercury-free alternatives have been demon-
strated to be equally effective and have been used for many years now. The ap-
plication of mercury in electrical components and control devices is generally
considered to be obsolete although significant amounts of mercury containing
components are still in use in Europe. In many countries (future) legislation will
prohibit the production and sale of mercury containing components [OECD
‘96]. Switching to mercury-free alternatives is estimated to be cost neutral. En-
vironmentally friendly collection and recycling or disposal can, however, not
be considered cost neutral (see referring section).

Limitation of maximum mercury content to 0.025% for batteries, 1%
for button cells, 10 mg per lamp for linear fluorescent lamps with ex-
ternal ballast and 6 mg per lamp for self ballasted fluorescent lamps

In the Netherlands currently marketed batteries and fluorescent lamps already
comply with these limit values (button cells excluded) and (future) legislation
leading to adaptation of the limit values is foreseen for almost all other coun-
tries in Europe [OECD ‘96]. In Europe, lamps and batteries complying to these
mercury limit values are extensively marketed. It is expected that the imple-
mentation of the limits to mercury contents for these products will be cost neu-
tral.

Promotion of collection and recycling or disposal in an environmen-
tally sound manner of mercury containing products

In the Netherlands it is estimated that about 50 tonnes of mercury is present in
the form of products that are in use (dental amalgams excluded) [DHV 96]. For
mercury containing products which carry on average 1% mercury, a potential
collection efficiency of 10-20% is foreseen in the Netherlands. Notably electri-
cal components are expected to be difficult to collect. The costs of promo-
tional activities, handling and disposal or recycling are estimated to be in the
range of 100-1000 ECU/kg Hg [DHV 96], leading to ECU 5,000,000-
50,000,000,- for the Netherlands, having 15,000,000 inhabitants. When ne-
glecting socio-economic differences between countries, a rough estimate of the
costs for countries in Europe is made, based on population. According to [DHV
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‘96] costs might decrease significantly as a result of an increasing volume of
mercury containing products to be collected and disposed of. Based on [OECD
‘96] it is assumed that environmentally safe collection and recycling or disposal
will be future autonomous policy in Europe and is assumed to be autonomous
policy.

For other (non-mandatory) limitation of the use of various other products con-
taining Cadmium, Lead and Mercury costs are not expected to significantly in-
fluence the costs of the HM Protocol are not further capitalised. Some costs
may arise from the collection and disposal or recycling of batteries.
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3. Results

31 Emission projections per source group

Emission projections have been prepared for the following substances: cad-
mium, lead, mercury, arsenic, chromium, copper, nickel and zinc. The emission
projections are processed per source category according to [UBA-TNO ‘97]. As
has been discussed in chapter 2, three emission projections have been made,
being:

1. Projected emission of HM in 2010, disregarding autonomous developments

2. Projected emission of HM in 2010 taking into account autonomous emis-
sion reduction measures

3. Projected emission of HM in 2010 taking into account autonomous emis-
sion reduction measures and the implementation of the HM Protocol

Results of emission projection are listed per heavy metal and per source cate-
gory for three regions in Europe in the tables 6 to 8. The emission in 1990 ac-
cording to [UBA-TNO ’97] has also been given. A graphic representation of
the emission totals is per region and per heavy metal presented in the figures 5
to 9. It should be noted that the emission estimates for HM are relatively un-
certain and hence conclusions should be drawn with care. The emission projec-
tions in this study are based on [UBA-TNO ‘97]. The uncertainty that the
emission estimates from [UBA-TNO ‘97] might have, will inevitably return in
our results. In case emissions for 1990 are underestimated in [UBA-TNO ‘97]
the emission reduction due to the Protocol might seem lower than expected.
Results for cadmium, mercury and lead are presented per country in Annex 1.



TNO-report

TNO-MEP - R 98/020

46 van 69

“o1qE} 81} U] 189ddE J0U OP SUCISENLD ISI} QIOJOIAYE

‘foaojaid o Jo ay) pue votssue no3aoe o Bupie) :auR DLOZ Joj vonosjoxd oty o} [eapuap e (3) uoesRRUS noaae oju Bupje} 0102 J0) SUDHIJoId UOIEERLS YL |,

L wey eA pUB UL
90'0 90'0 900 %4 £2 €Z 5200 S20'0 GZ0'0 006060 uogewai)
082 082 082 [i[3% okt 66 80 8z0 20 12’0 120 Z'0 00¥080 liypue
obL (\[73 029 ze (43 1z 154 34 - 18 15 34 X4 44 8't ooy ooy oge 34 52 1 ¥4 [£4 L} 00Z080 UoRBIBURU! BISBM
0001  oO0OL 08 ze ze 1z 2 54 ot 19 s (24 £2 (x4 8t 009 009 [ 4 or or oy 1z 12 2l 000060 lesods|p pue jusuneas sjsepm
(713 oLl (i1 U080 uofsnquica-uou podsues Jeyo
ve 124 [:14 8l 8l [:]8 oe oe ze ev'o ev'c G50 280 /80 8'0) €8 €8 18 /8000 /8000 1100 €£'0 ££'0 €E'0 001080 uofsnauwod podsues Jeyio
144 124 [:}4 8l 8l 8t (14 002 0z e¥0 ev'o §s'e 180  Is'0 8'0l ] 3] 18 18000 8000 L0 €€ £€0 £c'0 000080 vodsuen proy-uoy
o5t o5t oSt 8's 8's 9 05 05 1§ sL0 sl u' 09 o9l 081 €20 €20 €20 payads-uou yodsues peoy
ors ovs [s[32 ¥l ¥l Vi el £l L ¥l ¥l [} €8 €8 §'L 90 190  ¥S'0 4800 Uofsnatuod-tiou podsues peoy
009 009 0€S SL [-7] g9 001 00t 88 '8 1's L 0082 000ZL 006 ¢LOO'0 ¥#LOD'O  LOO'O 1 1} 1's §1020 uonsnquiod podsuen peoy
00}  00€F  OOL) z8 28 L 713 .71} 18 0 [\]8 6's 000C ©000ZF 0088 ¥i00'D PLOO'O  LOO'D zZ zk 8's 00000 wvodsuen peoy
544 44 44 thogo paypads Uou ‘asn uaAos
£'0 £0 €0 €080 8sn JusAlos Jeui0
(44 'y ey £'0 c'o c'c 000090 asn {o§
Fx 4 Ix 4 [44 80 6'0 £L'o co g0 o €20 o 61’0 90 190  vs'0 se'o s6'0 'o  980'0 9£0'0 6200  §10'0  SLO°0  ZLO'0 00OOSO SiON) 1SS0} JO NSIP pue Uogdenx3
z8 4] 4] 3 3 3 4 4 4 ¥0'0 #0000 sassaooud uofionpoud aads-uoN
L' '0 £9'0 §190%0 Buunpejnuew Lieneg
ov ov o€ 4} 43 1] 8't 8'e €'t ]8 ] £l V'L ¥ L 001 oot 66  z£'0 ze'0 820 €9'0 £9'0 S50 €£190V0 Ansnpul ssei9
¥e 13 ot €l £l (£} 4} 41 £l s S't S't 62 62 e [:14 82 62 4} [N V'L Z180v0 Ansnputuswa)
88'0 88'0 9.0 ¥250¥0 uoponpasd OH peleusBoleH
8's -4 £z £Lvovo Ansnput tiexie-asolud
8's 8's ¥'8  190'0 1800 9900 €10 €10 SL'0 rL'0 ¥1'0 FAN T s1esHIe) YN
zL zL 0L 650 (4 oL ol L S¥0'0  S¥0'0  LvD'0 ¥4 4 2 UZEOKO Knsnpyj uz
0ez 114 052 £z £2 (&4 v'y (44 8'| [+ 713 [i7A8 o8l sz x4 9z l'e L' 1’2 ddeoyo Ansnpui ad
9's L9 L'9 L 1000 1°£0P0 SEjal snousj-ucy B0
oty oey osy okt okt oz 14 14 Sl 08z 08z o8z ve 43 3 ] g £'s snodej uou paywads-uoN
18 18 8. zi'c zi'o zi'o ob ob 6e 8's 8's | 74 -4 [z 6e0'0 6E0'0  SEO'D L't L't 9'L nagoro Ansnput nD
v 123 ] €l €l 1 €0 €0 1e'0 €90 €90 990 620 620 €o| 2go 280 SS'0 S6000°0 S6000°0 LOO'D  2Z¥'0 zr'o SP'0  LOEOVO Ansnpul v
6'6 66 ol 80 8¥'o 15'0 L'z L'z Zz Lo 2o 8Z'0 W3 V'L 8'L AN ] 10 6L'0 XZop0 saupunod
6€ -3 oy 9 9l ol (44 ze (44 13 1) 1) zl z z osl ost ost 69'0 89'0 L0 [ [ € 602000 sjueid Jajuig
008k 008  00LZ -] 99 oL -3 g€ P13 (1734 oLy o8y X4 £C 52 obE obE ozv A [N} 544 ol ol 2zl L020v0 8Jewn) 2J8 JURel]
[1]¥4 [i]¥4 oLz 8't 6t 4 8's g's 69 18 ot L 290 29’0 ¥9'0) 0L oL 2L 1'o 1'o 1'o g't 9'l L't 9020v0 egewn; uabxo Jiseg
g€ 2 S02Z0V0 edewn; yuesy uedp
L'z L'z g8z 2o 20 8Z'0 650 650 2g'0 o1'0 ai'oc L0 6t 6'c L'y 6’0 6v'0 15'0 €020V0 o) bid
0se 0s€e 0se 4} 49 43 X3 [ ¥e ] €6 g8 v's ¥'s 95| oot 0oL oLl [N [ z 690 S9'0 /90 Z0zZOWO eoetwn jsejg
zL 43 4% 62 x4 € (4 4 L'y 6L :¥3 z8 88'0 680 160 1 t 4} £ el [ zz z'e €2 102040 uofianposd exoD
Vi Vi 3 001050 S8LASNPU Wnejosed
o0ove  00bC  008E oyl ove oSt 09z 08z (1724 099 089 08g 14 L sy| 0O0EL  00SL  OOVE 6L 86 86 9t 5 o 00000 sassasasd uofjanpold fejo),
€6 €6 €6 z z z el €'t el g'l o't g'l ¥s'0 50 ¥2'0) L's 2's L's Ve &3 'z zvo Y0 Y0  Jogo S{8ny JALIO UCHSNGWICD [eLysnpuy
062 082 ole 69 69 29 74 oz 92 "4 74 [:14 12 [:14 o ozl ozt ovl z9 z'9 ¥ Vi [ b oueo [200 pJEY UOASNGWOD [eHISNpu}
0oL oot ovt (114 [+:14 06€ t44 44 8€ oe o€ Lz Sl -] vl 0zz ozz o8l 2t L' €6'0 t's V'8 €8 oo S[I0 (8N LOASNGWISD JBISNPUL
oy or ozz 18 [-]8 18 [:14 -4 [+4% 1 1) €9 4} zl 99 St St 18 x4 ¥4 vl o'l gl 6's  2gg0 1802 UMOIQ UDRSNQLLICD (BLASNPU|
089 089 oLL 08s 08s ocs +6 +6 oLz 69 68 ozh 173 I73 ott, ost [T ozy 58 £l 123 zZb zi 61 000050 uofISNGUIOD JelSnpUY jej0)
ozt ozk ozt ¥l ¥ ¥l V'L v v'L ¥4 x4 X4 X4 [-¥4 9'Z| 42 42 t42 [ 3 ] 1's 1's M's 4020 sienj Jaylo 'aja (eRJswiwo]
L's L's [43 28 2’8 g€ 34 44 oi ¥4 X4 3% (42 (44 4 €8 £'8 6  ¥9'0 ¥9'0 62  e£0 €E'0 (ST Vi) |eca piey ‘)8 [epiAWILIOD)
g'y o'y 2's [:14 1% 0s 6't &'t [44 9 x4 € 8l 8't [4 €'s £'s 8 IO vi'o yL'0 3 3 v oo 5110 [N} '9j8 [ersewwo)
€0'0 6200 €20 8'0 8'0 Sl 1'o 1o €0 1'o 1o z8'0 Lo Lo Z| Vi [} LA <A 2z'o Zv l£0'0 Ze0'0  ev'0 2420 120D LMOJT 0}8 [BRUBLALOD
osk otk 09k 68 68 (178 1 3 vl 74 'L L'L it '8 '8 [ 18 19 o 9 9 148 §‘9 s'9 6'2L 000020 *9}3 [RjsaUINOD [B)0L
[ 8g [ 1'e 1'e Ve L'l L't L' ¥l ¥l ¥l g's 9'8 9's| 82 62 [:74 4} 43 4} [ Vi VL ot0 sjeny Jewo "oi8 Jemod ojignd
ovL ovL 09l G9 g9 28 8z [:14 [ oz 74 54 3] €8 oL 29 29 7 o ol -1 8z [:¥4 g't o {ecd piey 'oja Jamod aiiand
[:14 ;14 ZL 00 0Ok 0z9 8l 9t 1's 8l 8l 1) g's g's 9'g ¥z vZ 14 L't L' 4} 8't 8'l €'l oo S} |any 910 Jamod ojigNd
or ov i gl St 1z 4 ve [+ zl 4} 1 zl 43 18 sl 18 ¥4 sz ¥4 (44 z [4 g2 2qi0 1B02 UMOIQ ‘018 Jamod dliand
08z 09z 0ot o0zl  ©00Z) ocL oL 0L 18 88 89 €9 (113 oL ov otL ott ort > £e e 8L 8'L 8's 000030 ‘233 Jamod afiqnd |eo)
(114 otz 0£Z 96 96 96 z'e z's z's 8's 5’6 g's g} [} gt [\11% oLt 1113 97 9T 9'z 6t 8'l 6't payiaads j1oN
009 009 000L 00ZZ 00ZZ OOLM 008 008 0£6 0sL 0sL ors ore ovz obe| oobs ooOst 000Z) 08t 00Z [i]t4 86 86 198 fejoL
QUZ 88Uz v'uz ON 8N VIN O'MO 8y vw'n) 00U BY VID O'sy g'sy v'sy] D'ad d'dd v'ad OBH 86H V'BH 0'PD BPD V'PO dVYNS uonduaseg

:mnE:m wia)sap Joj ‘(D) seinsesws UORONPaL UCISSIWE SNOWIOUOINE Junodde ojul Bupie) 010z pue (g) .0661 U} se ssaujsng, Ajaapdedsas Bujunsse 910z ‘(v) 0611 e84 81g} 105 sjejows Aaeay Jybie Jo uoyssjwa pejosfoid :9 ejqel




TNO-report

47 of 69

TNO-MEP - R 98/020

z6 zs zs 25 00900} esn apiofisad

(4] zs TS TS 00000} amynopby

€10 €10 €10 eLo 006060 uoljewai)

2 Z [:14 €2 4] 4] ¥'9 ] ¥8'0 +8°0 1 18°0 002060 uoHessuidUl 8IS
14 7 :74 4 s9 59 S'9 V'S +8°0 b0 [} 18°0 000060 |esodsip pue Jusuneas} ajsem
ouL080 uofjsnquiod-uou podsuel} JaYio

0062 0062 0062 0062 L'l L 'l 'l 091080 uonsnquiod podsuel) JayiQ
0062 0062 0062 0062 L e reL 'L 000080 uodsues peoyj-uou
62 62 8¢ 2T Ls0L0 uojjsnquod-uou podsues) peoy

066 066 0005 00.¢ €€ €€ ee 9z §-10.0 uofsnqod podsuer peoy
066 066 000S 00LE 1 st 1 8Z 00000 vodsues peoy
8.0 8.0 8.0 8.0 2€00 2E0'0 2€00 2ZEO'0 $WEO90 8sn JuaA(os J8Yl0
001080 asn jured

8.0 8.0 8L0 8L0 TEO'0  ZE00 ZE€O'0 ZEO'D (000090 asn Juaajog
Lo o Lo 620 #1000 #1000 ¥L000 LOO'0 SL90VO Buunioejnuew Lisyeg
Zy tA4 [44 S¥ 98 g8 9'g 6 850 850 190 L'0 ZL80v0 Ansnpul juswag
vz ve LR ] 65 £Ly0r0 Ansnpuy ijeyje-o101y9

S0 4] SY'0 150 LOYO¥O S185||IH3} YN

8l 8l 8l 0z g0 S0 S0 250 €l £l ]! L} uzeopo Ansnpuj uz
8e ovl ovl 0SL  S.00 S.00 S.00 800 8€'0 8E0 #0  eyo qdeoro Ansnpul qd
€T £Z £z 6 910 ot'0 z0 120 NIEOpo Anysnpur np
600 S.00 S.00 1’0 LOEOPO Ansnput vy

XZ0p0 sappunoy

44 144 144 6y $600 600 $60°0 110 (A sl Sl L'} 6020b0 sjueid sayuig
08L 061 06l oiz 6 (A (4 L&A L 4 ¥l SL Lozoko 80BN} D€ D}03I]
8l (174 0z 2 6200 2£00 €00  $E0O Lo S0 S0 250 90Z0v0 soewny uabixo oiseq
50Z0v0 eoewny yueay uado

£02040 uoy 6id

¥L v vL L SZ'0 sZ'0 SZ'0 9z'0 #v0 7d') ¥v'0  o¥'0 20Zo¥0 edeuln jseig
L't L) L gl 6L0 8L0 6L0 zo 850 850 850 190 1020%0 uononpoxd 8309
ose 06 06y ogs vl 12} 0z ] 62 ze [ 8¢ 00000 sessadoid uoponposd |10y,
oSl 05t 0s} 0S4 TL zL 2L 4 LS L's X} LS JOEO sjan} Jaylo uofsNALIod |eujsnpu|
1 1} €l 4} 9t o't 9'L 9L 1200 1200 150  $S0  94eo [BOO pel UONSNGICD |eISNPUY
z6 z6 z 1} L0 Lo L0 90 8'e 8¢t £ 1S OJgo SHO [8N) UONSNGLICD [BLSNPU]
2200 2200 6500 Y00  SE0D  SE00 GE0'0 2200 62000 62000 €S000 2S000  9GE0 10D UMOIG UOHISNQLICD [BUISNPU]
ol 0zl oLl (171} 96 9'6 9'6 +'6 96 9’6 zZb LI 0000E0 uofisNquWiod (eysnpu| [E04
tAA tArA tAr4 t4r4 €60 £6°0 €60 £6°0 680 580 680 S80  JoZo S|any Jayjo "0}8 |efoIsuuo)
Le Le Lt Lt o 4] vo 24" LA t4A] 220 920 9yzo 102 pJey "3} |eIauuod
ef et X ze €10 €10 eLo Lo g’ gl 81 'L 020 S|io (8N} "0}8 [ejosewwo)
9500 950°0 9500 6200 #L00 ¥LO0 100 2000 100 100 100 5000 2420 1800 UMOI] "D} [BIDIBLIOY
(1]} (1]} ol 96 St Sl S s’k 62 6 6T 97 000020 *9)8 [ejasawwo |20
Lp000 OO0 LVOO'0  IpOO0O 8100 8LOO gl00 8I00 6Y000 6¥000 6F000 6Y00C 4010 s|any Jayio "o} semod dlignd
14 St -4 174 z8 [AL] z8 9 ¥l at A" 980  94lL0 leod prey -oje Jemod diignd
1 L 1l gl 0 L0 L0 (TN ] ¥ 9 ¥9 6 00 sjio |sny ‘aja Jamod qnd
6L 6L 6L 6 €5 £S £c £y 80 80 80 90 2410 1e0d umouq "oja Jamod algnd
$9 §9 s9 s v 143 14" ol S8 58 ] 0l 000010 *2}@ samod ajiqnd [el0)
00t ooLy 0018 0052 14 ot zs 14 66 00} oL (\11]} ey
a'ad 2 'ad g 'ad v'ad a'By 9'BH 9'6H v'BH a'Ppo  0'PO 8'PD V'PD dVYNS uopduosaq

adaung useyinos Joj () 10903014 ay} Jo uopejuawald) pue SjuawdojaA3P SNOWOUOINE 1aYE 010Z PUE (D) SBINSEAW UOKRINPAI UOISSHIUA

snowouojne Junodoe ojuf Bupiey 010z (8) 0661 U) se ssauisng, Alaapsadsal Bujwnsse gLz ‘(v) 0661 1834 3y} 4o} qd pue BY ‘p jo uoissiud pajdaloid ez ajqel




TNO-report

TNO-MEP - R 98/020

48 van 69

00800t osn apidi)sed

000001 unynauby

008060 uolieuasd)

oF 14 ok £ ¥8°0 v'0 260 SL'0 ve ve (43 Lz Ve VE ¥-] [ [¥41] 120 $60 8.0 002050 toNeIBUIdL B)SEM
14 14 op € ¥8'0 »8°0 260 820 14 ve e x4 e e %] ] 1z°0 120 $60  8L0 000060 [esodsp pue yueuneos) aisepm
L 73 U 7 2uL080 uonsnquiod-uou podsues 18O,

0051 0051 00514 00514 0051 0051 0051 0051 0051 0051 0051 00st 50 S0 S0 S0 660 660 660 660 00,080 uolisnquod podsuel) 1Y
0051 00S} 0054 oast o054 00sL 005} o051 009} 009t 009} 009} s0 50 90 s0 86°0 66°0 660 660 000080 yodsues) peoy-uou
00z4 (74} 00zl 096 ol ol ol 8 9L oL oL 65 Lt 1 1} X] 49020 uolisnquiod-tou podsuel) peoy
08¢ 08E 08¢ 062 [+:74 08z 082 ozz 062 062 06Z (1134 oz 74 -4 24 5100 onsnquod yodsues peoy
009} 009} 0095 0ogh 062 062 062 otz oLt (714 oLe 062 e e e ot 0000L0 uodsuex peoy
8ro :14] 8ro 8v'0 #2£090 85N JUBAOS JBYi0
oSt o5 os} o5t 001090 esn juted

8v'o -1 4] 8o |14 ] 051 ost (-] 0s} 000080 asn Jueajog
S19010 Gutnjoejwew Aeyeg

z8 T8 ze L8 8's 85 [4:] 99 (x4 6T b's (4] 850 850 zT ¥z TI90K Ansnpuy Juawa)d
8] Ansnpuy yesje-osoiyd

10v0¥0 siasiive) NN

06€ (v osy [+:1% UzZEOKD Ansnpuj uz
8 8 8 0z 4] [4] zZo 120 190 180 (44 9y adgovo Ansnput qd
1 1 3 z es 89 89 ¥} 910 910  S80 680 MOEOKO Ansnpui np
34 X4 14 (4] 95 a5 3] 9L LOEOKO Ansnput [y
XXZOV0 seupunog

L L L Le 8 L6 L6 1 96 95 95 z9 LE 18 18 o8 50 LT 1T 82 602000 sjuejd Jajuis
OEL 0EL 0EZ oze (4 L) 1! 8 1 £l €l vl ¥4 0L oL 7 ¥4 ] 8 g8 102000 ©28UIN) DiE 211991
W 1S s €5 180 z1 z £ [} -1} gl 61 9l 55 Ss 85 ¥20 960 960 I 9020¥0 e2eWN) ualbixo Jiseg
5020v0 edewn) yueay uado

£0Z0¥0 uol Bid

oze 0zz ozz 0€Z z9 z9 z9 s9 L 1! 13 L S9 £:] 59 69 ol ol ok 14 Zozobo eoewn iselg
Ll L't L't Lt (94 120 (9X] vL0 8L0 8.0 8.0 280 14 6T 6C [ €L0 €20 €10 L0 L0ZObO uotonpaid 8409
[ 00s1 0054 0094 [ 14 11 s £ 114 114 8y 6E 96 86 00l [ vz ot & 000000 sassadaid uojanposd feio)
0sZ 05z 0sZ osz £l €l 3 £l ab oy o ob 1t il 1) 1 ze ze zZ8 z8  Iogo (8N} JaYI0 UOUSNQUICD [BUlSNPU]
14 Sv 8t sl [:¥] 73 8 §6 9z0 9z0 St £l [44 (44 69 :1] St 3! 1S 69  Eo |e0D pIEY UOHSNQLIOD |BLASNPU|
68 68 68 e otV (54 osy ost €9 £9 £9 3] Z yra 17 14 1t 1% ze BE o0 S|HO [8Nj UOHSTKWOD jELASNPY|
6200 6200 620 ZL0  8Lo0 9100 9100 1000 6S000 85000 6500 2200 9100 9100 9I00 2ZBOOD E200 €200 200 9100 29E0 [ECO UMOIQ LUOHSTIIWOD [eLisnpu|
082 08z 0Lz 0Lz osy osy oLy oLy z§ zs 3] €9 zy 144 69 g9 %4 ¥4 4 €8 0000€0 UOHSNGWOD jeLsnpul [ejo)
81 8 8l 8l $9'0 v9'0 $9'0 ¥9'0 L L L L el (A" et £l 620 620 620 620 1020 S{n) Jayio ‘aje [erdsewwod
9l 9l 9l I €0 8z0 620 z0 9yzo |e0d piey ‘Jle |epiBwIwog
sz 14 ST 61 2z yra Jr4 x4 L L L et Vi Ve (W} [4:] l8 .8 L8 9l o0 S{I0 18N} 98 [erdsBWIWOD
zLo 48} zio 6500 v00 ¥00 $00 200 9500 9500 9500 8200 #00  #0O ¥00 200 100 100 100 5000 9920 [B0D UMOIQ ‘38 |BIDIAWWOT
zT 44 144 144 r x4 x4 124 e ve ve £t Ei ] 58 58 [:¥3 8 6 ] T8 000020 ‘219 [ej210UNU0) [ejo)
[£4)] zzo zzo 220  9£00 SEQD 9e£00 8800 9000 9000 9000 9000 2S00 2S00 2S00 2500 10 V0 L0 LL0 JoLo sjenj Jaujo ‘oje Jamod aljqnd
06 06 06 S5 1 1 L 4} 43 [} 4] €L [4:] z6 z6 L ;74 8z :14 €2 30 1eCD pIBY '}9 tamad oligng
ot ot (1]} Sl 059 059 059 o6 -] 72 SL L £8 €8 £8 ozt 6L 6L 6. 0lb oj0 S| jeny ‘18 Jamad ougnd
8¢ 8¢ 8 x4 gt 9¢ 9€¢ 62 Le L'l LL §S Lz Ix4 x4 2T Le L€ L€ VE 2410 [E0D UMOIq 218 Jamod JHand
(178 orl orl 86 029 0.8 09 096 1z 12 14 124 56 $6 96 oth (1188 [i118 (113 ob1 000010 ‘21 samod afiqnd |ejoL
000s 00Ls ooLs 008y 0062 00o¢ 000¢ ooze 00z2 00zz 00zz 0012 ocz 082 00t ove 09t (\71% 00z ocz lejot
g'uz 9z g ‘uz v 'uz a‘iN 0'IN 8N V'IN a‘ng 2'ng ga'ny  v¥'ng g4y 94 490 VY a'sv_ Q'sv _g'sy V'sy dvNS uondiosaq

adoing wayinog Joj {(q) |020j01d 3y} jo uopmuatuadwy pue suswdojaAap snowouone J3ye 0Lz pue (9) sainseaw
uopanpas uoissiwa snouiouoyne Junoade oyu) Bupjey gLoz ‘(8) ,0661 Ul Se ssaulsng, Alaanoedsas Buywnsse Loz (v) 0661 J4eek ay) Joj uz pue IN ‘ng ‘49 'Sy Jo uoISSIWa payaslold :q/ ajqes




49 of 69

TNO-MEP - R 98/020

TNO-report

€l €1l €l €l uojjewai)

62 GE 1 ce (%:] 8 c8 [4:] i 9l 9l 9l uojjerauiou) ajsep
6z 14 -1 st vl 14 ve §6 [ 44 ) o'k 91 fesodsjp pue jusuneas ajsepm
uojisnquiod-uou yodsues; YO

oLy oLy ol 0zs 1o Lo 1o €10 98 98 98 €6 uofisnquiod yodsues 18O
oLy oy o ozs 3X] 1o Lo €10 98 98 98 €6 yodsuen peoy-uou
90 90 90 §90 uofisnquiod-uou podsuel) peoy

0061 0061 00051 0oori oy oy oy L uopisnquwiod podsues) peoy
0061 006F 0005t ooo¥L oy oy o 18 uodsues peoy)
[-7X] SL'0 sl'o 69°0 §en} (|sso) jo "NIS|p pue uofoenxy

St St St Sl el 13313 3 €l vl 1) vl ¥l sas598204d uoponpoxd -aads-uoN
9500 9500 9500 ¢S00 11000 Li000 11000 1000 Gujiselq pub onayluAs
v2'o ¥Z0 vZ0 20 Bupnpejnuew Liayeg
ove ove ove 0le 910 910 [-1%] 91’0 €L €L €L | 7 Ansnpu| ssej9
313 (33 Ll 6! 9z :14 Fx4 [4 Vi [N 'L €l Ansnpuy Juswad
€000 €£00'0C €€00'0 2000 uofonpoid apjonsad

€80 Sl L'l Sl Ansnpu jleye-osojyo

250 250 250 9’0 S19s|iU3} NdN

s 1S 1S €8 [ 44 €C €2 £t €z €T € e Ansnpu) uz
<9 €8 €8 0ol bl [ [ 41 €0 560 S6°0 (A3 Ansnpu; g4
€10 [ %] €10 €I'0 2000 2000 2000 2000 sjgjaW snouaj-uou JBYIO
Ansnpu N

L ovl oSl 0oL 8500 vy 144 14 4 ee (44 [44 44 Ansnput np
vi'o b4 X yi'o vi'o 2E0 2e0 ce0 ce'o Ansnpu) v

8 8 8 8 91’0 91’0 210 910 paiyoeds-uou ‘laals pue uol|

14 o o [:14 68°0 68°0 68°0 60 saupunog
ozy ozy oty 056 i ' IN4 [ 4:] v9 s'9 s9 Sl sjueld ssjuig
€20 €20 €20 €20 9000 800°0 8000 9000 Buyioy
ole 4744 0ce 02 € € € 9t k4 43 (4} Sl aJewn die ouPa3
173 vL 173 68 810 610 610 2zo i 4 v i L'} asewn) uabixo ojseq
069 (>4 goeWIN) Yueay uadQ

ae 8t 8t 8t 90 o FA 4] FAZY z0 20 20 ¢0 uoy| Bid
[0::14 osy oSy 0Ls L'l L'} Ll Ve L L) L} (¥4 2BWIN) Jsejg
6l 6l 61 (44 92 9z 9z € >34 [ >8 4 1224 S uofonpoid 8400
00l} 0081 0061 00¢e 34 14 0s 09 €9 €8 ¥8 otk sassasold uopanpoud |ejo)
€E'0 €0 €e0 €0 1600 L6000 1600 600 91’0 91’0 91’0 91’0 S{anj 1aylo LoISNQLUOD Jelnsnpu|
(1741 ot} [+]33 osy St ol (44 (4> Si°0 €T x4 € [ecd psey UoRSNquWo jesnpu)
[-74 62 [44 <S Lo Lo Lo L0 S8 2] 174 474 S|to [onj uolISNqUIOD [eisnpu|
(43 [ 4 143 ss 8.0 8L0 280 Vi 400 o 60 9l 1B02 UMOIq uojisnquiod [Bujsnpuy
0st osk 09¢ oLs 13 L} x4 143 68 13 24 ss uofisnquiod jensnpu] (e3oL
€S 4] €S 4 980 99’0 980 980 -} gl 8l g S[an} 1Yo 339 |efsaLiwo)
00§ 00S 00s 009 6l 6} 6l 8z +9 9 9 €L [E0D pigy "3}9 |ejdawinod
(x4 %4 (%4 L€ €900°0 €9000 €9000 €000 6l 61 6} il 1|0 [8n} 1@ {ejdisWiWwod

S S S el €1l €1 41 14 150 180 150 81 80D UMOJQ "3} [BlDJBLLLIOD
09§ 09s 09s 059 ¥4 ¥4 [ X4 (44 98 98 98 18 *0ja (efasawwoy jejol
L'y 3 2 5 §2'0 g0 g0 SZ0 610 €9'0 €90 €90 sjan} 180 '9)a Jamod oliqnd
009 009 [+]%:] 0l8 SE GE 9€ Ly €E0 £l i 61 1209 pIey 2} samod J|igng
-4 314 514 00F SPO00 9¥000 9Y000 LSOO 41 (4% Sl 24 siio janj "ota Jamed sjqnd
24 114 [24 4] Ll 13 6l vZ Vi 97 ie 3 [e0d umoiq ‘3ja Jamod oHqng
00l 1143 oeL 001 €5 €S S5 L vl L} IS 08 *oj8 Jemod 2)Iqnd |EJOL
00sS 009§ 00063 00002 143 oSt 09t olz 1144 0sz ole ooy jeloL
g'dd 0'ad  d'ad v'ad a'6H 9°'BH 964 v'6H a'pd  2'p0 8'P0 VPO uonduasag

edoinz wis)seg pue [egue 10} ‘() 1020301d ayy Jo uopejuewejdwy pue sjusudojeasp snoulouocine 1aye Loz Pue (D) SeINSEsW UOKONPAl UOISSILS
showouojne junodae ojuy Bupjey 0102 () 0661 U1 Se sseuisng, Ajoanaadsas Bupunsse 10z ‘() 0661 1204 ey} 10} qd pue 6H ‘po jo uojssiwa peyosfoid :eg ajqe)l




TNO-report

TNO-MEP - R 98/020

50 van 69

tofiewai)

oc oy ov I 20 S60 S60 960 (4 6t 6€ 14 &4 re Lz L'z #8600 z0 zo 610 UofBJaUIDU B)SBAA
oc o o W L0 S60 960 960 ze 6t 6t 14 (X4 Lz x4 LT v600 zo zo 610 fesods{p pue Jusuneas) e}sem
L) Ll L 8l uofisnquiod-tou podsues Jayl0

051 051 051 oLi 00} (1]} 0oL ot} ol OEL ocl os) €5 €5 £5 85 6€c 6¢t 6t Sy uofisnquiod yodsuel Jaylio
ost 0st ost 0l} 00} 001 008 (118 0st ost 0gk (1713 £'9 £'s £s 8's 6t 6t 6 24 uodstues peoy-uou
092 092 082  ovz 44 ze ze 4 [ €1 el 4} vz ve ¥z 4 tiofisnquiod-uou yodsues peoy
052 05 0s. 0zL oy oz¥ ozy 0o¥ 06% 06¥ o6% ogt [-74 -4 14 € 9100 9100 9100 200 Uofisnquiod yodsues; peoy
000L 000 0001 096 ozy ozy oy oop 00s 008 00s oLy 8z 82z [:74 SZ 8L00 9100 9L00  ZLOO Hodsuen peoy
s{on} |1Ss0} JO “NS|p pue UoRdENXT

8L 8L 8L gL -1 -1 8y 8y 69 69 69 69 i oz (174 0z (<4 44 44 44 sasseoosd uojionpesd oads-toN
610 60 610 80 6¥00 6Y00 6400 SHOO zio E4NG] zLo L0 2800 2900 2900 /500 2LO0 200 2100  LL00 Bunselq pub oeyuis
Suumpoejnuew Kisyeg

62 62 62 62 Sy Sy -4 Sy 5l -4} Sl 5l 9 9 g 6S Sl Sl Sl -]} Ansnpui ssejn
1z ¥4 2 Y I ] 1 1 12! 820 820 820 1] ¥'s 9 99 LL [ z gl L Ansnput Juswa)
uofionpoud appofised

Ansnpuy Jexe-olopyd

sI9s|IIH9) MdN

00zt  0oZh oozl ooLt Ansnpuj uz,
4} €2 (4 2 1z L2 Le 1'e € £e ce gt Aqsnpu qd
zl 4 4 zi g gl gl gl 190 190 190 190 4] ce €8 €8 $00 $00 00 $.00 SIEJOL SNAUB)-UoU JOO
1z 1z (¥4 1z 0s 05 0s 05 Ansnpu) IN

ozl 05¢ 06 0¥ £S5 €5 €5 S5 ot 082 oie OEE /200 1200 1200 8200 gt 56 oelL oviL Knsnpuy ny
(4 (>4 (>4 9z ¥4 ¥4 ¥4 74 9100 9100 9L0'0 9100 Ansnpuy 1y
95 95 95 95 20 950 950 950 80 z zl zl 800 €0  €£0 £€0 paioads-uou ‘[asis pue uoy|
4> [43 ze ze ze ze (4 ze L L L VL 61 61 61 61 saupunog
89 9 ¥8 oL Sp of -1 oLt W 44 (4] 001 6l (174 (174 oy 8z L'e v 9L sjueyd Jajug
980 980 980 980 IE00 LE00 LEOO  LEOO 9100 9L00 900 9100 £l £l £l €l 1200 1200 1200 1200 Buyioy
0c6 ov6 ob6  00LL ] g ] 9 £l 6l 6} 44 oz 1> 18 04 z 4 4 x4 80BWIN) 2J8 29913
002 002 00z  ove 62 L's L's z9 g5 8L 8L g8 4] ¥ ¥'s v9 680 3 l 4! eoewn; uabixo siseg
069 ost 29 X4 ©9BWN) Ypesy uedQ

06 06 06 06 L'e 1'e 1e L'e Lz Le Le L'Z ¥0  tEO ¥£0 ¥€0 2200 2200 2200 2200 o) Big
00EL 0Ot 00€l  oolt [-74 [-74 (74 1€ £8 €8 €8 00l L) L e 12 ¥L vi vi L aoewn) 1selg
6l 64 ]! 44 S5 1] g5 59 LL L LL 1'6 St G4 ) L L L) L) &4 uojonpouid exed
00l oo¥b  oovb  00£9 032 052 052 oee 00z osy 00g ovL 08l 06} o6} 00t 89 09t 002 0zz sessaood uoponpoid jejoL
S80°0 S80'0 S80'0C SBOC LS00  1S00 1500 1500 ze0 20 20 2E0 BYO0  6¥00 6¥00 6v00 /900 1900 /900 1900 sjenj JaUio uojisnquiod |etrsnpuy
e oLt 00z}  coll 68 06 oL 091 re 2 0s2 08¢ 15 z5 65 98 8l 6L zc v 1202 piey UojiSNqUID jeiIsnpU|
Z yrd ov 2 0z6 0Z6 0Ol 0091 St {8 6€ P1> 59 9 L oLl 9z 9z o¥ 05 SII0 [en) Uofisnquiod jesnpu
L0 8t £ 0z 9vo N Ll by S10 8l (¥4 gL ovo 4 1z g 290 Y] 2L 8l 1202 UMOIG UOHSNGLUOD [BLASNPU|
99 00Z 006} ©008BL ©00OL ©OODL OOZF 008} (] 44 ole ozy oz} ozh 09k oLz sP 18 ovL oLl uofisnquiod [elIsnpul [e30)
€€ [>53 (53 €€ L L) L L) 6€ 6t 6 6€ ¥z vz vz vz 2zo o  zzo 2o slan} Jaifio "0je [efasBLLLoD
0002 000Z 00OZ OOVZ  OOE 00t oot o o9¢ o9e osg o9y oLt oL oLL os) €5 €5 €5 99 (200 puey “Dj@ |E1aWWo)
e 1€ e ¥z 9z :74 (:74 44 -]} 9l o gl Sp -4 Sp R4 £C (14 £z 6l s|io [anj '3}a |elssWwwo)
gt 8l ol Ly zs zs zs 8L £9 €9 €9 9l 19 1'9 1'9 1! £l €l €l 8z [E0D UMOJQ "0J8 [BIaIBILILIDD
008Z 00LZ  00LZ O00SZ  Oft oee oce oLy 06¢ 06€ 06¢ 00s 091 ol 09} (1174 08 08 06 oLl "9} [ejosawwo) |Ej0 )
¥ €5 €5 €5 9€0 £e e e gl [+ sl S 980 ve ¥'8 v'8 280 69 69 69 sjn} 1auio "sje Jemod ojjqnd
18 091 oocl  cosl 13 8¢ £S5 €9 N] Ll 091 [s]¥4 9 L 62 ve W 24 Ly 09 |e0 puey s Jamad alignd
34 34 6k 00L 00SL 0OSL 0OLL  OOVE 124 £ -4 4] 001 00} oLt 0zz (4 oy 14 06 sjio jany "a18 samod alqnd
-]} V14 0Zz  oie 1 1y i ¥4 8z g [4 €L 1] Ix] [ 0z i 1L 6l -1 leod umouq 238 samod alfgng
oSt 082 009k 00EZ 009k 009} OOLL  00SE it 4] 0sz 0se (1138 ovl 094 082 z6 66 ozl 06} *918 Jemod aland (o)
009, 0018 000LL O00OVL OOLE 0O OOM  00S9 00EL 009}  00LZ 0022 019 ove 00L 0004 oog oLy 095 ov9 (12T
guz Q'z g'Yz v'uZ QgN 9N 8NN V'N gn) 9'my g'ng  v'ng Qg4 2 g4 v a'sv Q'sy  g'sy  y'sy uopndudsag

adoun3 utejse3 pue [enuad 4o} {(q) 1090301 oy} jo uopejuawejdu pue sjuawdojaAap snowouone Jaye L0z pue () sainsesw
uoydnpal uoissiwe snowouoine yunodse ojul Bupiel 910z ‘(g) 0661 ul se ssaujsng, Ajaanosadses Bujwnsse 10z ‘(v) 0661 4804 8Y) 10} UZ pue IN ‘N ‘1D 'Sy JO uossiwa pajaalold :qg alqe)




TNO-report

TNO-MEP - R 98/020

Figure 5: Cadmium, mercury and lead emission in
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Figure 6: Cadmium, mercury and lead emission in
Western Europe in 1990 and three scenario forecasts

for 2010
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Figure 7: Cadmium, mercury and lead emission in
Southern Europe and three scenario forecasts for
2010
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Figure 8: Cadmium, mercury and lead emission in
Central and Eastern Europe in 1990 and three scenario

forecasts for 2010
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Figure 9: Arsenic, chromium, copper, nickel and zinc
emission in Europe in 1990 and three scenario
forecasts for 2010
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Emission reduction to be expected

The HM emission decrease after implementation of foreseen autonomous emis-
sion reduction and the HM Protocol, compared to the 1990 levels as invento-
ried in [UBA-TNO “97] has been listed per substance in table 9a and 9b:

Table 9a Emission reduction due to implementation of HM Protocol in Europe com-
pared to 1990, for cadmium, lead and mercury
Substance | Emissionlevelin  Emission level In  Reduction (%)
1990 {tonnes) 2010 after Protocol
e . (tonnes) i
Cadmium 610 420 32
Mercury 460 360 21
Lead 40000 15000 62

Remaining large sources after implementation of the Protocol are according to

this study:

e for cadmium: residential combustion in Central and Eastern Europe, road
transport and the zinc production industry (although the contribution of the
zinc industry is rather uncertain)

e for mercury: coal firing in general and the cement production industry
(mercury removal from large waste gas flows from these sources is difficult)

e for lead: remaining emission from the use of gasoline (still containing some

lead)
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Table 9b Emission reduction due to implementation of HM Protocol in Europe com-
pared to 1990, for arsenic, chromium, copper, nickel and zinc
Substance Emission level in Emission level in  Reduction (%)
1990 (tonnes) 2010 after Proto-

e . rofomnes =

Arsenic 1200 700 42

Chromium 2200 1600 27

Copper 5700 4300 25

Nickel 11000 9000 23

Zinc 26000 19000 25

In relation to the 1990 levels achieved emission reduction is approximately
40% for arsenic (among others due to a large emission reduction at copper
smelters), 60% for lead (mainly due to the elimination of leaded gasoline) and
20-30% for the other metals. For PM,, an emission reduction is also expected.
A first order estimate will be around 30%, more attention will be given to PM,,
in a coming short note on this matter.

33 Cost estimates of implementation of HM Protocol

The estimated investment costs and other non-recurring costs of the draft HM
Protocol (total 3,500 MECU) taking into account foreseen autonomous emis-
sion reduction developments are presented in table 10a, per source category and
per country. Non-recurring costs (including running costs) have subsequently
been processed to annual costs as explained in paragraph 2.3.1. The annual
costs of the draft HM Protocol are given in table 10b, again per country and
source category. In figure 10 the total annual costs of the Protocol (total 440
MECU/year) are graphically represented per source category for Europe as a
whole. The distribution of the investment costs yields a similar picture, since
for most source categories the cost estimates are based on the same annuity.
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Figure 10: Annual cost of HM Protocol (440 MECU/year)
after autonomous developments, for Europe, by sector
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Costs of implementation of the HM Protocol have also been estimated in ref-
erence to the current situation in Europe, in other words, in case no autono-
mous emission reduction would take place in Europe before the year 2010. The
results are presented in the tables 11a and 11b. Table 11a represents the in-
vestment costs and other non-recurring costs (total 11,000 MECU) and table
11b the costs processed to annual costs (including running costs, total 1,300
MECU/year). A graphic representation of the annual costs is given in figure 11.
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Figure 11: Annual cost of HM Protocol (1,300
MECU/year) without autonomous emission reduction,
for Europe, by sector
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3.4 Investment cost for emission control at stationary sources

The costs of implementation of the draft HM Protocol are dominated by the
investment costs for emission control at stationary sources. In case all foreseen
non-Protocol-related emission reduction measures have been implemented in
Europe the highest costs have to be made in the iron and steel industry accord-
ing to figure 10, notably the secondary iron and steel sector. Also the costs of
emission control for stationary combustion still make a relevant contribution
in spite of the implementation of the second Sulphur Protocol. The cost of
Protocol-related emission control for the cement industry adds considerably to
the total costs as well.

In case foreseen non-Protocol-related emission reduction measures would not
take place in Europe before the year 2010 the picture is different. The share of
the costs for environmental upgrade of stationary combustion would in that
case by far make the largest contribution to the total costs of the Protocol.
The implementation of the second Sulphur Protocol will eliminate these costs
for the highest part.
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3.5 Annual costs resulting from the elimination of certain
products

In addition to the investment costs for emission control for stationary sources
there are potential costs resulting from the emission reduction measures refer-
ring to HM containing products. In this study, as explained in paragraph 2.3.3,
the prescribed elimination and collection, recycling or disposal of mercury con-
taining products and the phase out of leaded gasoline is assumed to be an
autonomous measure in Europe. However costs of the HM Protocol are also es-
timated in case no autonomous emission reduction measures take place. In that
case the elimination of leaded gasoline would make the largest contribution,

followed by the collection and disposal of mercury containing products (see fig-
ure 11).
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4, Conclusions

The total annual costs of the implementation of the draft HM Protocol is es-
timated to amount to 440 MECU/year for Europe as a whole, when autono-
mous developments as foreseen are counted for (1,300 with no autonomous
emission reduction).

Annual costs of the HM Protocol are low compared to the costs of emission
control of sulphur and nitrogen oxides within the UN/ECE framework.
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Annex 1 Results of emission projections per substance,
per source category and per country



Projected emisslon of Cd, Hg and Pb per country (ISO-a3) In 1990, in 2010 without autonomous emission reduction, in 2010 after autonomous developments (no additional influence of Protocol assumed)

iso3 SNAP description Cd 1990 |Cd 2010 }Cd + autonom. dev. |Hg 1990 [Hg 2010 |Hg + autonom. dev. |Pb 1990 |Pb 2010 |Pb + autonom. dev.
Total 4.3 4.2 4.2 7 6.3 6.3 510 480 180

CHE 01bc  Public power etc. brown coal

CHE 01fo Public power etc. fuel oils 0.089 0.14 0.14 0.38 0.6 0.6

CHE 0O1hc  Pubiic power etc. hard coal 0.001

CHE O01of  Public power stc, other fuels 0.04 0.04 0.04 0.02 0.02 0.02 0.1 0.1 0.1

CHE 02bc  Commercial etc. brown coal 0.001 0.002 0.003

CHE 02fo Commercial efc. fuel olls 0.27 0.25 0.25 1.1 1 1

CHE 02hc¢  Commercial etc. hard coal 0.002 0.006 0.033

CHE 020of Commercial etc. other fuels 0.026 0.026 0.026 0.15 0.15 0.15 0.16 0.16 0.16

CHE 03bc  Industrial combustion brown coal

CHE 03fo Industrial combustion fuel oils 1.1 1.2 1.2 5.6 6.7 6.7

CHE 03hc  Industrial combustion hard coal 0.008 0.0099 |0.0099 0.21 0.25 0.25 1.2 1.5 1.5

CHE 03of Industrial combustion other fuels 0.037 0.037 0.037 0.12 0.12 0.12 0.12 0.12 0.12

CHE 040100 Petroleum industries
CHE 040201 Coke production
CHE 040202 Blast fumace

CHE 040203 Pigiron

CHE 040205 Open hearth fumace
CHE 040206 Basic oxigen furnace
CHE 040207 Electric arc fumace 0.45 1.1 60
CHE 040208 Rolling
CHE 040209 Sinter plants
CHE 0402xx Foundries 0.005 0.27
CHE 040301 Alindustry 0.007
CHE 0403cu Cu industry
CHE 0403ni Niindustry
CHE 04030t Other non-ferrous metais 0.007
CHE 0403pb Pb industry
CHE 0403zn Zn Industry
CHE 040407 NPK fertilisers
CHE 040413 Chloro-alkali industry 0.39 0.41 0.41
CHE 040524 Halogenated HC production
CHE 040525 Pesticide production

CHE 040602 Paper puip (Kraft process)
CHE 04060x Paper and pulp industry
CHE 040611 Road paving with asphalt
CHE 040612 Cement industry 0.021 0.02 0.02 0.16 0.15 0.15 0.47 0.44 0.44
CHE 040613 Glass industry

CHE 040615 Battery manufacturing

CHE 0406xx Synthetic grid blasting

CHE 050000 Extraction and distr. of fossil fuels
CHE 060100 Paintuse

CHE 060201 Industrial degreasing

CHE 060202 Dry cleaning

CHE 0603&4 Other solvent use

CHE 060406 Wood preservation

CHE 0701-5 Road transport combustion 0.069 0.073 0.073 290 310 21
CHE 0706/7 Road transport non-combustion

CHE 0801co Other transport combustion 0.003 0.0026  |0.0026 19 16 16
CHE 0801nc Other transport non-combustion

CHE 080200 Waste incineration 2 241 2.1 4.5 4.8 4.8 36 39 39
CHE 090400 Landfill 0.2 0.21 0.21 0.27 0.28 0.28 99 110 110
CHE 090900 Cremation 0.015 0.016 0.015 0.064 0.064 0.064

CHE 100600 Pesticide use
CHE 110000 Nature
CHE eel Electrical equipment




Projected emission of Cd, Hg and Pb per country (ISO-a3) in 1980, in 2010 without autonomous emisslon reduction, in 2010 after autonomous developments (no additional influence of Protocol assumed)

iso3 SNAP description Cd 1990 [Cd 2010 |Cd + autonom. dev. [Hg 1990 |Hg 2010 |Hg + autonom. dev. |Pb 1930 |Pb 2010 |Pb + autonom. dev.
Total 31 20 20 110 94 88 2300 2500 1700
DEU 01bc  Public power etc. brown coal 2.8 2 2 34 2.4 24 21 14 14
DEU O0ifo Public power etc. fuel oils 0.4 0.35 0.35 2.2 2 2
DEU 01hc  Public power etc. hard coal 0.51 0.57 0.57 4.5 5 5 15 17 17
DEU Of1of Public power etc. other fuels 0.92 0.92 0.92 12 12 12 28 28 28
DEU 02bc  Commercial etc. brown coal 0.46 0.022 0.022 4.2 0.2 0.2 21 1 1
DEU 02fo Commercial etc. fuel oils 0.01 0.011 0.011 0.1 0.11 0.11 0.1 0.11 0.11
DEU 02hc  Commercial etc. hard coal 0.3 0.062 0.052 0.6 0.1 0.1 5.2 0.9 0.9
DEU 02of Commercial efc. other fuels
DEU 03bc  Industrial combustion brown coal 8.9 1.6 1.6 14 24 2.4 81 15 15
DEU 03fo Industrial combustion fuel olis 0.1 0.2 0.2 0.8 1.6 1.6 4.3 8.5 8.5
DEU 03hc  Industrial combustion hard coal 0.1 0.051 0.051 1.2 0.62 0.62 4.4 23 23
DEU 03of Industrial combustion other fuels 0.13 0.13 0.13 0.62 0.62 0.62 33 33 3.3
DEU 040201 Coke production 0.8 0.76 0.76 0.45 0.43 0.43 3.4 3.3 3.3
DEU 040202 Blast fumace 0.22 0.21 0.21 0.79 0.75 0.7 53 51 51
DEU 040203 Pigiron
DEU 040205 Open hearth fumace 2 35
DEU 040206 Basic oxigen fumace 0.7 0.67 0.67 26 24 24
DEU 040207 Electric arc furnace 4.9 4.7 4.7 98 93 93
DEU 040208 Rolling
DEU 040209 Sinter plants 17 1.6 1.6 0.35 0.33 0.33 87 83 83
DEU 0402xx Foundries 0.18 0.17 0.17 75 74 74

DEU 040301 Al industry
DEU 0403cu Cu industry
DEU 0403nf Non-specified non ferrous 5.3 5 5 36 34 34 260 260 260
DEU 0403ni Niindustry

DEU 04030t Other non-ferrous metais
DEU 0403pb Pb industry

DEU 0403zn Zn Industry

DEU 040407 NPK fertilisers

DEU 040413 Chioro-alkaii industry 10 10 3.7
DEU 040524 Halogenated HC production
DEU 040525 Pesticide production

DEU 040602 Paper pulp (Kraft process)
DEU 04080x Paper and puip industry
DEU 040611 Road paving with asphalt
DEU 040612 Cement industry 0.69 0.66 0.66 24 23 23 20 19 19
DEU 040613 Glass industry 0.18 0.18 0.18 0.07 0.068 0.068 62 61 61
DEU 040615 Battery manufacturing

DEU 0406xx Synthetic grid blasting

DEU 050000 Extraction and distr. of fossil fuels
DEU 060100 Paint use

DEU 060201 Industrial degreasing

DEU 060202 Dry cleaning

DEU 060384 Other solvent use

DEU 060406 Wood preservation

DEU 0701-5 Road transport combustion 1500 1800 1000
DEU 0706/7 Road transport non-combustion 0.4 0.49 0.49
DEU 0801co Other transport combustion 0.14 0.11 0.11 0.011 0.0087  10.0087 31 25 25

DEU 0801nc Other transport non-combustion
DEU 090200 Waste incineration

DEU 090400 Landfill

DEU 080900 Cremation 0.01 0.01 0.01 0.2 0.2 0.2 0.06 0.06 0.06
DEU 100600 Pesticide use

DEU 110000 Nature

DEU eel Electrical equipment




Projected emission of Cd, Hg and Pb per country (1SO-a3) in 1980, In 2010 without autonomous emission reduction, in 2010 after autonomous developments (no additional influence of Protocol assumed)

Iso3
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DNK
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SNAP

01bc
O1fo
01hc
O1of
02bc
02fo
02hc
02of
03bc
03fo
03hc
030f
040100
040201
040202
040203
040205
040206
040207
040208
040209

040301
0403cu
0403ni
04030t
0403pb
0403zn
040407
040413
040524
040525
040602
04060x
040611
040612
040613
040615
0406xx
050000
060100
060201
060202
060384
060406
0701-5
0706/7
0801co
0801nc
090200
090400
090900
100600
110000
eel

description

Total

Public power etc. brown coal
Public power etc. fuel oils
Public power etc. hard coal
Public power etc. other fuels
Commercial etc. brown coal
Commercial etc. fue!l oils
Commercial etc. hard coal
Commercial efc. other fuels
Industrial combustion brown coal
Industrial combustion fuel oils
Industrial combustion hard coal
Industrial combustion other fuels
Petroleum industries

Coke production

Blast furnace

Pig iron

Open hearth fumace

Basic oxigen fumace

Electric arc fumace

Roliing

Sinter plants

Foundries

Al industry

Cu industry

Ni industry

Other non-ferrous metals

Pb industry

Zn industry

NPK fertilisers

Chioro-alkali industry
Halogenated HC production
Pesticide production

Paper pulp (Kraft process)
Paper and pulp industry

Road paving with asphalt
Cement industry

Glass industry

Battery manufacturing
Synthetic grid blasting
Extraction and distr. of fossil fueis
Paint use

industrial degreasing

Dry cleaning

Other solvent use

Wood preservation

Road transport combustion
Road transport non-combustion
Other transport combustion
Other transport non-combustion
Waste incineration

Landfill

Cremation

Pesticide use

Nature

Electrical equipment

Cd 1990 {Cd 2010 |Cd + autonom. dev. |Hg 1980 [Hg 2010 {Hg + autonom. dev. |Pb 1990 |Pb 2010 [Pb + autonom. dev.
2.1 21 21 6.9 8.6 8.5 180 170 74
0.062 0.13 0.13 0.21 0.45 0.45
0.019 0.029 0.028 21 3.1 3.1 1.9 2.8 2.8
0.013 0.013 0.013 0.16 0.16 0.16 0.026 |0.026 [0.026
0.001
0.11 0.059 0.059 0.43 0.23 0.23
0.028 0.04 0.04 0.041 0.059 0.059 0.46 0.67 0.67
0.049 0.049 0.049 0.073 0.073 0.073 0.29 0.29 0.29
0.17 0.17 0.17 0.58 0.59 0.59
0.001 0.0012  [0.0012 0.13 0.15 0.15 0.11 0.14 0.14
0.002 0.002 0.002 0.027 0.027 0.027 0.005 |0.005 |0.005
0.025 0.029
0.017 0.017 0.017 0.41 0.41 0.41 0.17 0.17 0.17
1.3 1.2 1.2 150 140 42
0.017 0.016 0.016
0.06 0.068 0.068 1 12 12
0.25 0.29 0.29 3.8 4.3 4.3 13 14 14
0.25 0.25 0.25




Projected emlission of Cd, Hg and Pb per country (ISO-a3) in 1990, in 2010 without autonomous emission reduction, in 2010 after autonomous developments (no additional influence of Protocol assumed)

is03 SNAP  description Cd 1980 |Cd 2010 |Cd + autonom. dev. |Hg 1980 |Hg 2010 |Hg + autonom. dev. |Pb 1990 |Pb 2010 |Pb + autonom. dev.
Total 3.7 4.6 4.6 3 4.2 4.2 210 270 110

FIN 01bc  Public power etc. brown coal

FIN 0Oifo Public power etc. fuel oils 0.12 0.12 0.12 0.42 0.4 0.4

FIN 0Othc  Public power etc. hard coal 0.005 0.013 0.013 0.56 14 1.4 0.51 1.3 13

FIN  O1of Pubiic power etc. other fuels 0.014 0.014 0.014 0.1 0.19 0.18 0.027 |0.027 |0.027

FIN 02bc  Commercial etc. brown coal

FIN  02fo Commercial etc. fuel oils 0.26 0.19 0.19 0.93 0.69 0.69

FIN 02hc¢  Commercial etc. hard coal 0.001 0.001 0.001 0.002 0.002 0.002 0.023 0.023 0.023

FIN  02of Commercial etc. other fuels 0.096 0.096 0.096 0.19 0.19 0.19 0.58 0.58 0.58

FIN 03bc  Industrial combustion brown coal

FIN 03fo Industrial combustion fuel oils 0.33 0.45 0.45 1.1 1.5 1.5

FIN 03hc Industrial combustion hard coal 0.003 0.0043  |0.0043 0.35 0.51 0.51 0.32 0.46 0.46

FIN  03of Industrial combustion other fuels 0.062 0.062 0.062 0.87 0.87 0.87 013 0.13 0.13

FIN 040100 Petroleum industries

FIN 040201 Coke production 0.024 0.059 0.058 0.015 0.037 0.037 0.11 0.26 0.26

FIN 040202 Blast fumace 0.046 0.061 0.061 0.046 0.061 0.061 11 15 15

FIN 040203 Pig iron
FIN 040205 Open hearth furnace

FIN 040206 Basic oxigen fumace 0.061 0.081 0.081 0.007 0.0093  10.0093 3.7 4.9 4.9
FIN 040207 Electric arc furnace 0.33 0.44 0.44 0.071 0.094 0.094 5.5 73 73
FIN 040208 Rolling

FIN 040209 Sinter plants 0.25 0.33 0.33 0.05 0.066 0.066 15 20 20

FIN 0402xx Foundries
FIN 040301 Alindustry
FIN 0403cu Cu industry 0.22 0.37 0.37 0.007 0.012 0.012 0.72 1.2 1.2
FIN  0403ni Niindustry
FIN 04030t Other non-ferrous metals
FIN 0403pb Pb industry

FIN  0403zn Zn Industry 0.18 03 0.3 0.18 0.3 0.3
FIN 040407 NPK fertilisers
FIN 040413 Chloro-alkali industry 0.1 0.13 0.13

FIN 040524 Halogenated HC production
FIN 040525 Pesticide production

FIN 040602 Paper puip (Kraft process)
FIN 04060x Paper and pulp industry
FIN 040611 Road paving with asphait
FIN 040612 Cement industry 0.017 0.017 0.017 0.42 0.42 0.42 0.17 0.17 0.17
FIN 040613 Glass industry

FIN 040615 Battery manufacturing

FIN 0406xx Synthetic grid blasting

FIN 050000 Extraction and distr. of fossil fuels
FIN 060100 Paintuse

FIN 060201 industrial degreasing

FIN 060202 Dry cleaning

FIN  0603&4 Other solvent use

FIN 060406 Wood preservation

FIN  0701-5 Road transport combustion 1.6 2 2 170 210 55
FIN  0706/7 Road transport non-combustion 0.02 0.025 0.025

FIN 0801co Other transport combustion 0.022 0.021 0.021 1.9 1.8 1.8
FIN 0801nc Other transport non-combustion

FIN 090200 Waste incineration 0.01 0.013 0.013 0.15 0.2 0.2 0.5 0.66 0.66
FIN 090400 Landfill

FIN 080900 Cremation 0.002 0.002 0.002

FIN 100600 Pesticide use
FIN 110000 Nature
FIN eel Electrical equipment




Projected emission of Cd, Hg and Pb per country (1SO-a3) in 1990, In 2010 without autonomous emission reduction, in 2010 after autonomous developments (no additional infiuence of Protocol assumed)

is03

SNAP

01bc
01fo
O1lhe
01of
02bc
02fo
02hc
02of
03bc
03fo
03hc
03of
040100
040201
040202
040203
040205
040206
040207
040208
040209
0402xx
040301
0403cu
0403ni
04030t
0403pb
0403zn
040407
040413
040524
040525
040602
04060x
040611
040612
040613
040615
0406xx
050000
060100
060201
060202
0603&4
060406
0701-5
070677
0801co
0801nc
080200
090400
090800
09vapl
100600
110000
eel

description

Total

Public power etc. brown coal
Public power etc. fuel oils
Public power etc. hard coal
Public power etc. other fuels
Commercial etc. brown coal
Commercial etc. fuel oils
Commercial etc. hard coal
Commercial etc. other fuels
Industrial combustion brown coal
Industrial combustion fuel oils
Industrial combustion hard coal
Industrial combustion other fuels
Petroleum industries

Coke production

Blast fumace

Pig iron

Open hearth fumace

Basic oxigen furnace

Electric arc fumace

Rolling

Sinter plants

Foundries

Al industry

Cu industry

Ni industry

Other non-ferrous metals

Pb industry

Zn Industry

NPK fertilisers

Chioro-alkali industry
Halogenated HC production
Pesticide production

Paper pulp (Kraft process)
Paper and pulp industry

Road paving with asphait
Cement industry

Glass industry

Battery manufacturing
Synthetic grid blasting
Extraction and distr. of fossil fuels
Paint use

Industrial degreasing

Dry cleaning

Other solvent use

Wood preservation

Road transport combustion
Road transport non-combustion
Other transport combustion
Other transport non-combustion
Waste incineration

Landfill

Cremation

Hg therm. and vapour lamps
Pesticide use

Nature

Electrical equipment

Cd 1990 {Cd 2010 [Cd + autonom. dev. |Hg 1990 |Hg 2010 |Hg + autonom. dev. |Pb 1990 |Pb 2010 |Pb + autonom. dev.
15 16 16 32 32 31 4400 5400 890
0.012 0.9 0.21
0.43 0.58 0.58 0.68 0.92 0.92 3.2 4.3 4.3
0.05 0.028 0.028 3.8 21 21 0.88 0.49 0.49
0.055 0.055 0.055 0.055 0.055 0.055 0.028 |0.028 {0.028
0.014 0.0088 |0.0088 0.023 0.014 0.014 0.11 0.066 |0.066
0.006 0.45 0.11
3.2 3.2 3.2 3.2 3.2 3.2 1.6 1.6 1.6
0.02 0.02 0.02 0.087 0.087 0.087 0.3 0.3 0.3
3.5 3.6 3.6 88 80 90
0.065 0.039 0.039 2.6 1.6 1.6 49 30 30
0.047 0.047 0.047 0.21 0.21 0.21 0.7 0.7 0.7
0.02 0.019 0.019 1.7 1.6 1.6
0.027 0.026 0.026 0.27 0.26 0.26
0.014 0.013 0.013 7.2 6.8 6.9
3.7 3.5 3.5 160 160 160
0.23 0.22 0.22 0.001 0.00095 [0.00095 0.55 0.52 0.52
0.029 0.021 0.021
2.6 3.2 2
0.63 0.77 0.77
4000 5000 500
75 9.3 9.3
6.7 6.7 6.7
3.5 4.3 4.3 17 20 20 64 79 79
1.4




Projected emission of Cd, Hg and Pb per country (ISO-a3) in 1990, in 2010 without autonomous emisslon reduction, in 2010 after autonomous developments (no additional influence of Protocol assumed)

iso3 SNAP description Cd 1990 [Cd 2010 |Cd + autonom. dev. |Hg 1990 {Hg 2010 [Hg + autonom. dev. |Pb 1990 [Pb 2010 |Pb + autonom. dev.
Total 25 26 26 26 28 19 2700 3600 1400

GBR 01bc  Public power etc. brown coal

GBR 01fo Public power etc. fuel oils 0.085 0.18 0.18 0.13 0.28 0.28 6.8 14 14

GBR 01hc  Public power efc. hard coal 2.9 21 21 2.9 241 2.1 56 40 40

GBR 0Otof Public power etc. other fuels
GBR 02bc  Commercial etc. brown coal

GBR 02fo Commercial etc. fuel oils 0.059 0.061 0.061 0.017 0.018 0.018 1.6 1.6 1.6
GBR 02hc¢  Commercial etc. hard coal 0.43 0.066 0.066 14 0.16 0.16 27 4.2 4.2
GBR 020f Commercial etc. other fuels 0.09 0.08 0.09 0.08 0.09 0.09 0.045 |0.045 ]0.045
GBR 03bc  Industrial combustion brown coal

GBR 03fo Industrial combustion fuel oils 0.073 0.084 0.084 0.063 0.073 0.073 3.8 4.4 4.4
GBR 03hc  industrial combustion hard coal 0.81 0.96 0.96 2 23 2.3 51 60 60
GBR 03of Industrial combustion other fuels 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
GBR 040100 Petroleum industries

GBR 040201 Coke production 0.39 0.37 0.37 0.23 0.22 0.22 1.7 1.6 1.6
GBR 040202 Btast furnace 0.21 0.2 0.2 0.087 0.083 0.083 1 0.99 0.99
GBR 040203 Pig iron 0.51 0.49 0.49 4.1 3.9 3.9
GBR 040205 Open hearth furnace

GBR 040206 Basic oxigen fumace 0.41 0.39 0.39 0.04 0.038 0.038 12 12 12
GBR 040207 Electric arc fumace 1.1 1 1 0.68 0.65 0.65 43 40 40
GBR 040208 Rolling

GBR 040209 Sinter plants 0.31 0.3 0.3 0.1 0.1 041 10 10 10
GBR 0402xx Foundries

GBR 040301 Al industry 0.029 0.028 0.028

GBR 0403cu Cu industry 0.24 0.23 0.23 6.1 5.8 5.8

GBR 0403ni Ni industry
GBR 0403ct Other non-ferrous metais

GBR 0403pb Pb industry 6.4 6.1 6.1 2.4 2.3 2.3 120 110 110
GBR 0403zn Zn industry

GBR 040407 NPK fertilisers 0.033 0.023 0.023

GBR 040413 Chioro-alkali industry 7.9 9.7 1.3

GBR 040524 Haiogenated HC production
GBR 040525 Pesticide production

GBR 040602 Paper pulp (Kraft process)
GBR 04060x Paper and pulp industry
GBR 040611 Road paving with asphait
GBR 040612 Cement industry 0.26 0.25 0.25 0.16 0.15 0.15 7.6 7.2 7.2
GBR 040613 Glass industry 0.34 0.42 0.42 0.13 0.16 0.16 14 17 17
GBR 040615 Battery manufacturing
GBR 0406xx Synthetic grid blasting
GBR 050000 Extraction and distr. of fossil fuels 0.012 0.015 0.015 0.029 0.036 0.036 0.77 0.95 0.95
GBR 060100 Paint use

GBR 060201 Industrial degreasing
GBR 060202 Dry cleaning

GBR 0603&4 Other solvent use 0.3 0.3 0.3

GBR 060406 Wood preservation

GBR 0701-5 Read transport combustion 0.35 0.49 0.48 0.001 0.0014  |0.0014 2200 3100 830
GBR 0706/7 Road transport non-combustion 0.088 0.12 012

GBR 0801co Other transport combustion 0.006 0.006 0.006 0.12 0.12 0.12
GBR 0801nc Other transport non-combustion

GBR 090200 Waste incineration 9.5 12 12 6.3 7.8 7.8 150 180 180
GBR 090400 Landfil

GBR 090900 Cremation 1.3 1.3 1.3

GBR 100600 Pesticide use
GBR 110000 Nature
GBR eel Electrical equipment




Projected emission of Cd, Hg and Pb per country (ISO-a3) in 1990, in 2010 without autonomous emission reduction, in 2010 after autonomous developments (no additional influence of Protocol assumed)

iso3
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SNAP

01bc
O1fo
O1hc
01of
02bc
02fo
02hc
02of
03bc
03fo
03hc
03of
040100
040201
040202
040203
040205
040206
040207
040208
040209
0402xx
040301
0403cu
0403n
04030t
0403pb
0403zn
040407
040413
040524
040525
040602
04060x
040611
040612
040613
040615
0406xx
050000
060100
060201
060202
060334
060406
0701-5
0706/7
0801co
0801nc
080200
090400
090900
100600
110000
eel

description

Total

Public power etc. brown coal
Public power etc. fuel oils
Pubilic power etc. hard coal
Public power etc. other fuels
Commercial etc. brown coal
Commercial efc. fuel oils
Commercial efc. hard coal
Commercial efc. other fuels
Industrial combustion brown coal
Industrial combustion fuel oiis
Iindustrial combustion hard coal
industrial combustion other fuels
Petroleum industries

Coke production

Blast fumace

Pig iron

Open hearth furnace

Basic oxigen fumace

Electric arc fumace

Roliing

Sinter plants

Foundries

Al industry

Cu industry

Ni industry

Other non-ferrous metals

Pb industry

Zn industry

NPK fertilisers

Chioro-alkali industry
Halogenated HC production
Pesticide production

Paper pulp (Kraft process)
Paper and puilp industry

Road paving with asphait
Cement industry

Glass industry

Battery manufacturing
Synthetic grid blasting
Extraction and distr. of fossil fuels
Paint use

Industrial degreasing

Dry cleaning

Other solvent use

Wood preservation

Road transport combustion
Road transport non-combustion
Other transport combustion
Other transport non-combustion
Waste incineration

Landfill

Cremation

Pesticide use

Nature

Electrical equipment

Cd 1990 |Cd 2010 |Cd + autonom. dev. |Hg 1990 [Hg 2010 [Hg + autonom. dev. |Pb 1980 |Pb 2010 |Pb + autonom. dev.
1.6 1.7 1.7 1.6 23 2.3 130 160 37
0.1 0.36 0.36 0.34 1.2 1.2
0.004 0.012 0.012 0.43 1.3 1.3 0.39 1.2 1.2
0.017 0.017 0.017 0.21 0.21 0.21 0.035 [0.035 [0.035
0.015 0.015 0.015 0.023 0.023 0.023 0.09 0.08 0.09
0.064 0.08 0.08 0.24 0.29 0.29
0.13 0.064 0.064 0.19 0.094 0.094 21 1.1 11
0.11 0.11 0.11 0.16 0.16 0.16 0.65 0.65 0.65
0.004 0.001 0.001 0.001 0.00025 |0.00025
0.17 0.16 0.16 0.56 0.55 0.55
0.001 0.00046 |0.00046 0.12 0.053 0.053 0.11 0.048 |0.048
0.001 0.001 0.001 0.011 0.011 0.011 0.002 |0.002 |0.002
0.23 0.049 3.7
0.051 0.019 3.5
0.016 0.015 0.015 0.41 0.39 0.39 0.16 0.15 0.15
0.67 0.82 0.82 120 150 30
0.008 0.0099  {0.0099
0.012 0.012 0.012 1.1 1.1 1.1
0.01 0.01 0.01




Projected emission of Cd, Hg and Pb per country (1SO-a3) in 19980, in 2010 without autonomous emisslon reduction, in 2010 after autonomous developments (no additional influence of Protocol assumed)

iso3
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SNAP

01be
01fo
01he
0tof
02bc
02fo
02hc
020f
03bc
03fo
03hc
030f
040100
040201
040202
040203
040205
040206
040207
040208
040209
0402xx
040301
0403cu
0403n|
04030t
0403pb
0403zn
040407
040413
040524
040525
040602
04060x
040611
040612
040613
040615
0406xx
050000
060100
060201
060202
060384
060406
0701-5
Q706/7
0801co
0801nc
080200
080400
090900
100600
110000
eel

description

Total

Public power etc. brown coal
Public power etc. fuel oils
Public power etc. hard coal
Pubilic power etc. other fuels
Commercial etc. brown coal
Commercial etc. fuel oils
Commercial etc. hard coal
Commercial etc. other fuels
Industrial combustion brown coal
Industrial combustion fue oils
Industrial combustion hard coal
Industrial combustion other fuels
Petroleum industries

Coke production

Blast furnace

Pig iron

Open hearth furnace

Basic oxigen furmace

Electric arc fumace

Roliing

Sinter plants

Foundries

Al industry

Cu industry

Ni industry

Other non-ferrous metals

Pb industry

Zn Industry

NPK fertilisers

Chioro-alkali industry
Halogenated HC production
Pesticide production

Paper pulp (Kraft process)
Paper and pulp industry

Road paving with asphait
Cement industry

Glass industry

Battery manufacturing
Synthetic grid blasting
Extraction and distr. of fossil fuels
Paint use

Industrial degreasing

Dry cleaning

Other solvent use

Wood preservation

Road transport combustion
Road transport non-combustion
Other transport combustion
Other transport non-combustion
Waste incineration

Landfill

Cremation

Pesticide use

Nature

Electrical equipment

Cd 1990 |Cd 2010 [Cd + autonom. dev. {Hg 1990 |Hg 2010 |Hg + autonom. dev. |Pb 1990 [Pb 2010 |{Pb + autonom. dev.
1.1 1 1 0.77 0.77 0.77 74 75 60
0.02 0.011 0.011 0.17 0.094 {0.094
0.03
0.001 0.001 0.008
0.019 0.014 0.014 0.18 0.14 0.14
0.008
0.001 0.001
0.2 0.16 0.16 2.6 21 21
0.001 0.00064 0.00064 0.043 0.027 0.027 0.47 0.3 0.3
0.079 0.075 0.075 0.053 0.05 0.05 14 13 13
0.13 0.13 0.13 0.011 0.01 0.01 5.6 54 54
0.68 0.65 0.65 0.093 0.088 0.088 29 28 28
0.16 0.16 0.16
21 26 11
0.41 0.43 0.43 0.002 |0.0021 |0.0021
0.002 0.002 0.002
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TNO-report

28 Non-energy use

29 Power Plants & distr. heat plants - Ex. other

30 Power Plants & distr. heat plants - Ex. wet bottom
31 Power Plants & distr. heat plants - New

32 Power Plants & distr. heat plants - total (calc)

33 Transport - Other Brown coal/lignite, high grade Other transport combustion

34 Transport - Road : Cars and Heavy duty trucks Brown coalllignite, high grade Road fransport combustion

35 Fuel production and Conversion - Combustion Brown coalflignite, low grade Industry brown coal

36 Fuel production and Conversion - Losses Brown coalllignite, low grade Industry brown coal

37 Households and other Brown coalllignite, low grade Small comb. sources brown coal
38 Industry - Combustion in boilers Brown coalllignite, low grade Industry brown coal

39 Industry - Other combustion total Brown coalllignite, low grade Industry brown coal

40 Non-energy use Brown coalllignite, low grade

41 Power Plants & distr. heat plants - Ex. other Brown coalflignite, low grade Transformation brown coal

42 Power Plants & distr. heat plants - Ex. wet bottom Brown coalllignite, low grade Transformation brown coal

43 Power Plants & distr. heat plants - New
44 Power Plants & distr. heat plants - total (calc)

Brown coal/lignite, high grade
Brown coalllignite, high grade
Brown coal/lignite, high grade
Brown coal/lignite, high grade
Brown coalllignite, high grade

Brown coalflignite, low grade
Brown coalflignite, low grade
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Annex 2
Annex 2 Detailed overview of the link between sectors from
RAINS 7.2 and [UBA-TNO 97]
Cink_ID T RIANS Activity_ID RAINS Fuel 1D ~ [UBA-TNO '97] Activity_ID
7 Cement and lime No Fuel use Cement production
2 Coke plants No Fuel use Coke production
3 Dairy cows No Fuel use
4 Fertilizer consumption No Fuel use Agriculture
5 Fertilizer production No Fuel use NPK fertilizer production
6 Fur animals No Fuel use
7 Horses No Fuel use
8 Laying hens No Fuel use
9 Non ferrous metals smelters No Fuel use Non-ferrous metal industry
10 Nitric acid plants No Fuel use
11 Other cattle No Fue! use
12 Other industry No Fuel use
13 Other poultry No Fuel use
14 Other anthropogenic sources No Fuel use
15 Pigs No Fuel use
16 Pig iron, blast fumaces No Fuel use Blast furnaces
17 Pulp and paper No Fuel use Paper and pulp industry
18 Oil refineries No Fuel use Petroleum refining
19 Sheep No Fuel use
20 Sinter - agglomerate No Fuel use Sinter plants, basic oxygen furn.
21 Sulphuric acid plants No Fuel use Sulphuric acid production
22 Waste No Fuel use
23 Fuel production and Conversion - Combustion Brown coalllignite, high grade Industry brown coal
24 Fuel production and Conversion - Losses Brown coalllignite, high grade Industry brown coal
25 Households and other Brown coalllignite, high grade Small comb. sources brown coal
26 Industry - Combustion in boilers Brown coalllignite, high grade Industry brown coal
27 Industry - Other combustion total Brown coal/lignite, high grade Industry brown coal

Transformation brown coal
Transformation brown coal
Transformation brown coal

Transformation brown coal
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88 Non-energy use

89 Power Plants & distr. heat plants - Ex. other

90 Power Plants & distr. heat plants - Ex. wet bottom
91 Power Plants & distr. heat plants - New

L Power Plants & distr. heat plants - total (calc)

93 Transport - Other

Hard coal, high quality
Hard coal, high quality
Hard coal, high quality
Hard coal, high quality
Hard coal, high quality
Hard coal, high quality

TNO-MEP — R 98/020 2van 5
Annex 2
45 Transport - Other Brown coalllignite, low grade Other transport combustion
46 Transport - Road : Cars and Heavy duty trucks Brown coalllignite, low grade Road transport combustion
47 Fuel production and Conversion - Combustion Derived coal (coke, briquettes) Industry hard coal
48 Fuel production and Conversion - Losses Derived coal (coke, briquettes) Industry hard coal
49 Households and other Derived coal (coke, briquettes) Small comb. sources hard coal
80 Industry - Combustion in boilers Derived coal (coke, briquettes) Industry hard coal
51 Industry - Other combustion total Derived coal (coke, briquettes) Industry hard coal
52 Non-energy use Derived coal (coke, briquettes)
53 Power Plants & distr. heat plants - Ex. other Derived coal (coke, briquettes) Transformation hard coal
54 Power Plants & distr. heat plants - Ex. wet bottom Derived coal (coke, briquettes) Transformation hard coal
55 Power Plants & distr. heat plants - New Derived coal (coke, briquettes) Transformation hard coal
56 Power Plants & distr. heat plants - total (calc) Derived coal (coke, briquettes)
57 Transport - Other Derived coal (coke, briquettes) Other transport combustion
88 Transport - Road : Cars and Heavy duty trucks Derived coal (coke, briquettes) Road transport combustion
89 Fuel production and Conversion - Combustion Electricity
60 Fuel production and Conversion - Losses Electricity
61 Households and other Electricity
62 Industry - Combustion in boilers Electricity
63 Industry - Other combustion total Electricity
64 Non-energy use Electricity
65 Power Plants & distr. heat plants - Ex. other Electricity
66 Power Plants & distr. heat plants - Ex. wet bottom Electricity
67 Power Plants & distr. heat plants - New Electricity
68 Power Plants & distr. heat plants - total (calc) Electricity
68 Transport - Other Electricity
70 Transport - Road : Cars and Heavy duty trucks Electricity
71 Fuel production and Conversion - Combustion Natural gas (incl. other gases)
72 Fuel production and Conversion - Losses Natural gas (incl. other gases)
73 Households and other Natural gas (incl. other gases)
74 Industry - Combustion in bollers Natural gas (incl. other gases)
75 Industry - Other combustion total Natural gas (incl. other gases)
76 Non-energy use Natural gas (incl. other gases)
77 Power Plants & distr. heat plants - Ex. other Natural gas (incl. other gases)
78 Power Plants & distr. heat plants - Ex. wet bottom Natural gas (incl. other gases)
79 Power Plants & distr. heat plants - New Natural gas (incl. other gases)
80 Power Plants & distr. heat plants - total (calc) Natural gas (incl. other gases)
81 Transport - Other Natural gas (incl. other gases) Other transport combustion
8 Transport - Road : Cars and Heavy duty trucks Natural gas (incl. other gases) Road transport combustion
83 Fuel production and Conversion - Combustion Hard coal, high quality Industry hard coal
84 Fuel production and Conversion - Losses Hard coal, high quality Industry hard coal
85 Households and other Hard coal, high quality Small comb. sources hard coal
86 Industry - Combustion in boilers Hard coal, high quality Industry hard coal
87 Industry - Other combustion total Hard coal, high quality Industry hard coal

Transformation hard coal
Transformation hard coal
Transformation hard coal

Other transport combustion
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% 'Transpon - Road : Cars and Heavy duty trucks
95 Fuel production and Conversion - Combustion
9% Fuel production and Conversion - Losses
97 Households and other
98 Industry - Combustion in boilers
99 Industry - Other combustion total
100 Non-energy use
101 Power Plants & distr. heat plants - Ex. other
102 Power Plants & distr. heat plants - Ex. wet bottom
103 Power Plants & distr. heat plants - New
104 Power Plants & distr. heat plants - total (calc)
105 Transport - Other
106 Transport - Road : Cars and Heavy duty trucks
107 Fue! production and Conversion - Combustion
108 Fue! production and Conversion - Losses
109 Households and other
110 Industry - Combustion in boilers
111 Industry - Other combustion total
112 Non-energy use
113 Power Plants & distr. heat plants - Ex. other
114 Power Plants & distr. heat plants - Ex. wet bottom
115 Power Plants & distr. heat plants - New
116 Power Plants & distr. heat plants - total (calc)
117 Transport - Other
118 Transport - Road : Cars and Heavy duty trucks
119 Fuel production and Conversion - Combustion
120 Fuel production and Conversion - Losses
121 Households and other
122 Industry - Combustion in boilers
123 Industry - Other combustion total
124 Non-energy use
125 Power Plants & disfr. heat plants - Ex. other
126 Power Plants & distr. heat plants - Ex. wet bottom
127 Power Plants & distr. heat plants - New
128 Power Plants & distr. heat plants - total (calc)
129 Transport - Other
130 Transport - Road : Cars and Heavy duty trucks
131 Fuel production and Conversion - Combustion
132 Fuel production and Conversion - Losses
133 Households and other
134 Industry - Combustion in boilers
135 Industry - Other combustion total
136 Non-energy use
137 Power Plants & distr. heat plants - Ex. other
138 Power Plants & distr. heat plants - Ex. wet bottom
139 Power Plants & distr. heat plants - New
140 Power Plants & distr. heat plants - total (calc)
141 Transport - Other
142 Transport - Road : Cars and Heavy duty trucks

Hard coal, high quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, medium quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Hard coal, low quality
Heavy fuel oil

Heavy fuel oll

Heavy fuel oil

Heavy fuel oll

Heavy fuel oll

Heavy fuel oll

Heavy fuel oll

Heavy fuel oll

Heavy fuel ol

Heavy fuel oil

Heavy fuel oll

Heavy fuel oll

Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)
Heat (steam, hot water)

Road transport combustion
Industry hard coal

Industry hard coal

Small comb. sources hard coal
Industry hard coal

Industry hard coal

Transformation hard coal
Transformation hard coal
Transformation hard coal

Other transport combustion
Road transport combustion
Industry hard coal

Industry hard coal

Small comb. sources hard coal
Industry hard coal

Industry hard coal

Transformation hard coal
Transformation hard coal
Transformation hard coal

Other transport combustion
Road transport combustion
Industry fuel oils

Industry fuel oils

Small comb. sources fuel ails
Industry fuel oils

Industry fuel oils

Transformation fuel oils
Transformation fuel oils
Transformation fuel oils

Other transport combustion
Road transport combustion
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143 Fuel production and Conversion - Combustion
144 Fuel production and Conversion - Losses

145 Households and other

146 Industry - Combustion in boilers

147 Industry - Other combustion total

148 Non-energy use

149 Power Plants & distr. heat plants - Ex. other
150 Power Plants & distr. heat plants - Ex. wet bottom
151 Power Plants & distr. heat plants - New

1582 Power Plants & distr. heat plants - total (calc)
153 Transport - Other

154 Transport - Road : Cars and Heavy duty trucks
155 Fuel production and Conversion - Combustion

156 Fuel production and Conversion - Losses

157 Households and other

158 Industry - Combustion in boilers

1589 Industry - Other combustion total

160 Non-energy use

161 Power Plants & distr. heat plants - Ex. other
162 Power Plants & distr. heat plants - Ex. wet bottom
163 Power Plants & disfr. heat plants - New

164 Power Plants & distr. heat plants - total (calc)
165 Transport - Other

166 Transport - Road : Cars and Heavy duty trucks
167 Fuel production and Conversion - Combustion
168 Fuel production and Conversion - Losses

169 Households and other

170 Industry - Combustion in bollers

171 Industry - Other combustion total

172 Non-energy use

173 Power Plants & distr. heat plants - Ex. other
174 Power Plants & distr. heat plants - Ex. wet bottom
175 Power Plants & distr. heat plants - New

176 Power Plants & distr. heat plants - total (calc)
177 Transport - Other

178 Transport - Road : Cars and Heavy duty trucks

179 Power Plants & distr. heat plants - New
180 Power Plants & distr. heat plants - total (calc)
181 Fuel production and Conversion - Combustion

Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro
Hydro

Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions
(gasoline,kerosen,naphta,LPG)
Light fractions

{gasaline kerosen,naphta, LPG)
Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions

(gasoline, kerosen,naphta,LPG)
Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions

(gasoline kerosen,naphta,LPG)
Light fractions

(gasoline, kerosen,naphta,LPG)
Medium distillates (diesel, light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Medium distillates (diesel,light fuel
oil)

Nuclear

Nuclear

Other solid-low S (biomass,
waste, wood)

Industry fuel oils
Industry fuel oils
Small comb. sources fuel oils
Industry fuel oils
Industry fuel oils

Transformation fue! oils
Transformation fuel olls

Transformation fuel olls

Other transport combustion
Road transport combustion
Industry fuel oils

Industry fuel oils

Small comb. sources fuel oils
Industry fuel oils

Industry fuel oils

Transformation fuel oils
Transformation fuel oils

Transformation fuel oils

Other transport combustion

Road transport combustion
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182 Fuel production and Conversion - Losses

183 Households and other

184 Industry - Combustion in boilers

185 Industry - Other combustion total

186 Non-energy use

187 Power Plants & distr. heat plants - Ex. other
188 Power Plants & distr. heat plants - Ex. wet bottom
189 Power Plants & distr. heat plants - New

190 Power Plants & distr. heat plants - total (calc)
191 Transport - Other

192 Transport - Road : Cars and Heavy duty trucks
193 Fuel production and Conversion - Combustion
194 Fuel production and Conversion - Losses

195 Households and other

196 Industry - Combustion in boilers

197 Industry - Other combustion total

198 Non-energy use

199 Power Plants & distr. heat plants - Ex. other
200 Power Plants & distr. heat plants - Ex. wet bottom
201 Power Plants & distr. heat plants - New

202 Power Plants & distr. heat plants - total (calc)
203 Transport - Other

204 Transport - Road : Cars and Heavy duty trucks
205 Fuel production and Conversion - Combustion
206 Fuel production and Conversion - Losses

207 Households and other

208 Industry - Combustion in boilers

209 Industry - Other combustion total

210 Non-energy use

211 Power Plants & distr, heat plants - Ex. other
212 Power Plants & distr. heat plants - Ex. wet bottom
213 Power Plants & distr. heat plants - New

214 Power Plants & distr. heat plants - total (calc)
215 Transport - Other

216 Transport - Road : Cars and Heavy duty trucks

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-low S (biomass,
waste, wood)

Other solid-high S (incl. high S
waste)

Other solid-high S (incl. high S
waste)

Other solid-high S (incl. high S
waste)

Other solid-high S (incl. high S
waste)

Other solid-high S (incl. high S
waste)

Other solid-high S (incl. high S
waste)

Other solid-high S (incl. high S
waste)

Other solid-high S (incl. high S

waste)
Other solid-high S (incl. high S
waste)
Other solid-high S (incl. high S
waste)
Other solid-high S (incl. high S
waste)
Other solid-high S (incl. high S
waste)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, smalli
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)
Renewable (solar, wind, small
hydro)

Other transport combustion
Road transport combustion
Industry hard coal

Industry hard coal

Small comb. sources hard coal
Industry hard coal

Industry hard coal

Transformation hard coal
Transformation hard coal

Transformation hard coal

Other transport combustion

Road transport combustion




	schravemademw_150803_11_37_32 
	schravemademw_150803_11_54_36 

