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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 resuits of the emission projections are presented per region in the figures
below:
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Figure 1: Cadmium, mercury and lead emission in
Eutope in 1990 and three scenario forecasts for 2010
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Figure II: Cadmium, mercury and lead emission in
Western Europe in 1990 and three scenario forecasts

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

forecasts for 2010

Cd Hg Po



TNO-report

î12000

I100
P 80
N

6000

E4o00

1
•2000

E
w

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:

Tabte 1 Emission reduction after the implementation of the HM Protocol in Europe
compared to 1990, for cadmium, tead and mercwy and 5 other HM

Emission level in Emission level In Reductlor
1990 (tonnes) 2010 after Proto

— 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 PM10 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/HIvI has been capitalised:
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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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Public power stations (hard coal, lignite, oil shale and residual oil fired)
Industrial combustion (hard coal, lignite, and residual oil fired)
Basic oxygen flimaces in the iron and steel industry
Electric are ffimaces 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
drafi 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 VII.
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Figure VI: Annual cost of HM Protocol (440 MECUIyear)
after autonomous developments, for Europe, by sector
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Figute VII: Annual cost of HM Protocol (1,300
MECU!year) without autonomous emission reduction,

for Europe, by sector
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Annex:

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

2 Detailed overview of the link between sectors from RANS 7.2
and [UBA-TNO ‘97]
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1. Introducfion

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 inventoiy on heavy metals (HM) and persistent organic pollut
ants (POP) has been carried out [UBA-TNO ‘97]. This inventory with base
year 1990 inciudes 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/R2 1 /Add. 1 and EB .AIRIWG6/R2OIAdd. 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 Envfronment, EC-DG
XI and TNO act as sponsor to this study

1.2 Aim of this study

The project of which resutts 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 PM10, af
ter the described emission reduction measures have been ïmplemented. 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 Descripfion emission reduc6on measures to reduce air
emission as listed in the ll1’I Protocol

For 3 heavy metals being cadmium, lead and mercury, a draft Protocol is under
development. The RM 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 vatues expressed as maximum admissible concentra
tion in stack gases or maximum admissible specijic emission from
stationary sources:

General (independent of source type):
— Cd: 0.2 mg/Nm3 (mass flow threshold 1 g CdJh)
— Hg: 0.2 mg/Nm3 (mass flow threshold 1 g Hg/h)
— Pb: 5 mg/Nm3 (mass flow threshold 25 g Pb/h)
— Dust: 150 mg/Nm3 (for mass flows < 0.5 kg dust/h)
— Dust: 50 mg/Nm3 (for mass flows > 0.5 kg dust/h)

Combustion plants in power generation and industry:
— Dust: 50 mg/Nm3 (thermal output threshold 50 MWth)

Industrial process emissions:
— Dust, Basic oxygen fumaces in the iron and steel industry: 50 mg/Nm3
— Dust, Electric arc fumaces in the iron and steel industry: 20 mgfNm3
— Dust, Sinter aggiomeration plants in the iron and steel industry: 100

mg/Nm3
— Dust, Cupola fumaces in the iron and steel industry: 20 mgfNm3
— Dust, non-ferrous metals production plants (excl. Lead works): 20 mg/Nm3
— Dust, Lead works: 10 mgfNm3
— Dust, Clinker coolers in cement production: 100 mg[Nm3
— Dust, Cement grinding in cement production: 75 mg[Nm3
— Dust, Glass production plants: 50 mg/Nm3
— Hg, Chloro-alkali industry: 1.5 g/Mg C12 production capacity

Waste incinerators:
— Dust, 10 mg/Nm3
— Cd, 0.05 mg/Nm3
— Hg, 0.05 mg/Nm3
— Pb, 0.5 mg/Nm3
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1.3.2 Emission reduction measures by setting the fotlowing conditions to the
use of heavy metat con taining products:

— Lead content of marketed petrol intended for on-road vehicles shali not
exceed 0.005 gil (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 extemal ballast to 10 mgiper 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.

1.4 Scenario’s for emission projecfions

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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emission of HM disregarding autonomous dcve!

TNO-MEP — R 98/020

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,

The RAINS 7.2 Model of Air Pollution
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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 emissïon 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
proj ections:

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

• Elimination of the marketing of leaded petrol.

• Mercury emission reduction resulting from the EURO-CHLOR program for
the chioro-alkali-industry.

• Phase out of mercury containing products.

• Phase out of open hearth fumaces in the iron and steel industry.

• National air emission regulations for heavy metals.

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

• Implementation of the UN/ECE Second Sulphur Protocol.

1.4.3 Projected air emission of HM taldng 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 resuits 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-
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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 UM and PM10

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
(PM10) will be prepared by TNO in which resuits 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:

• 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.

• 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:

Epoitutant = w Aatjvjty x ( EFecimotogy,pottutant x (1echnotogy))
activities technology

with Epotiutant Emission of the pollutant under study
Activity rate for each source category/sector

EftechnoIo, poll1unt Emission factor for the activity and the pollutant
Ptechnology Penetration of the technology, with

w ‘technotogy = 1
techno1os

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 fliel energy for the years considered:

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

1. the sectors discemed 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 defmitions 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 A (fuel uses) should be replaced by
the expected values in the proj ected 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 Technologicat 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:

• Decrease of HM content in all or certain fliels: multiply the emission fac
tors by the expected decrease;

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

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

2.1.4 Poticy development: penefration

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 proj ected 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 Ptechno1o. 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 resuits 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 Eastem European
countries (Figure 3).
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Figure 1 Projected energy use perfuet in Europe (from RAJNS 7.2).

figure 2 Energy use by sector in Lurope according to the OEP scenario ofRAINS
7.2.
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2.2 Emission projections for 2010

2.2.1 Projections of activity levels

In order to project actïvity 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
COR1NAIR 94 SNAP-codes. In table 2 below, all HM emission source catego
ries as discemed 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.
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Table 2 Parametersfrom RAJNS 7.2 usedfor the activity level projection.

Description of source category Parameter used for activity rate projeëtlon

Pubi. power, cogen. & district heating
Brown coal Brown coal in Pubi. power etc.’ according to OEP
Fuel oils Fuel oil in ‘Pubi. power etc.’ according to OEP
Hard coal Hard coal in Pubi. power etc. according to OEP
Other fuels 1990 value
Comm. instit. & resid. Combustion
Brown coal Brown coal in Comm. etc.’ according to OEP
Fuel oils Fuel oil in ‘Comm. etc.’ according to OEP
Hard coal Hard coal in Comm. etc.’ according to OEP
Other fuels 1990 value
Industrial combustion
Brown coal Brown coal in md. etc.’ according to OEP
Fuel oils Brown coal in lnd. etc.’ according to OEP
Hard coal Brown coal in Ind. etc.’ according to OEP
Other fuels 1990 value
Iran and steel industry
Coke production Coke production according to OEP
Blast fumace Pig iron production according to OEP
Pig iron Pig iron production according to OEP
Open hearth fumace Assumed 0 in 2010
Basic oxygen furnace Sinter producijon according to OEP
Electric arc furnace Pig iron production according to OEP
Rolling Sinter production according to OEP
Sinter plants Sinter production according to OEP
Foundries Pig iron produclion according to OEP
Iron and steel, non-specified Pig iron production according to OEP
Non-ferrous metals production
Al industry Non-ferrous metals producilon according to OEP
Cu industry Non-ferrous metals productlon according to OEP
Non-specified non ferrous Non-ferrous metals productlon according to OEP
Other non-ferrous metals Non-ferrous metals production according to OEP
Pb industry Non-terrous metals producijon according to OEP
Zn Industry Non-terrous metals producijon according to OEP
Other production processes
Chloro-alkali industry Total energy consumpijon according to OEP
Halogenated HC producijon Total energy consumption according to OEP
Paper pulp (Kraft process) Paper and pulp production according to OEP
Paper and pulp industry Paper and pulp producijon according to OEP
Road paving wifli asphalt Total energy consumpijon according to OEP
Cement industry Cement & lime produclion according to OEP
Glass industry Total energy consumption according to OEP
Non-spec. producijon processes 1990 value
Solvent use
Paint use Tot. Energy cons. acc. to OEP for C. & E. Eur., 1990 value for W. Eur.
Wood preservation Tot. Energy cons. acc. to OEP for C. & E. Eur., 1990 value for W. Eur.
Solvent use, non specified 1990 value
Road transport
combustion Total energy cons. in sector road transport acc. To OEP
non-combustion Total energy cons. in sector road transport acc. To OEP
Road transport, non-specified Total energy cons. in sector road transport acc. To OEP
Other mobile sources and machinery
combustion Total energy cons. in sector other transport acc. To OEP
non-combustion Total energy cons. in sector other transport acc. To OEP
Waste treatment and disposal
Waste incineration Total energy consumption according to OEP
Landfill Total energy consumpijon according to OEP
Cremation l99ovalue
Agriculture
Pesticide use Cons. of fertilizer according to Agricultural Pathway Scenario of RAINS
Nature 1990 value
Electrical equipment Electricity production according to OEP
Not specified 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 EM 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:

• 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 Westem 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 modem automotive engines no longer require leaded
fuel for operation.

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

• EURO-CHLOR program for the chioro-alkali-industry

The organisation of chiorine producers EURO CHLOR bas 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
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this emission limit value is foreseen Westem Europe and will result in a de
crease of mercury release for this source compared to the emission estimates
from [UBA-TNO ‘97].

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 mdi
cated. Emission factors after implementation of the Protocol are discussed in
the section ‘Protocol measures; HM emitting stationary sources’.

Tabte 3 Influence offoreseen autonomous developments by nationat initiative on
emission factors.

Country Source category ¾ of reduction duo to Protocol
as a result of national

legislation

Poland Power gen. & large industrial comb. plants, coal-fired 50 for Cd and Pb, 0 for Hg
Czech Republic Power gen. & large industrial comb. plants, coal-fired 80 for Cd and Pb, 0 for Hg
Slovak Republic Power gen. & large md. Comb. plants, coal and oli-fired 50 for Cd and Pb, 0 for Hg
Slovenia Power gen. & large industrial comb. plants, coal-fired Complies (= 100%)
Southern Europe Large industrial combustion plants Complies ( 100%)
Slovak Republic Sinter production Complies (= 100%)
Italy Non-ferrous metals production Complies ( 100%)
Slovak republic Non-ferrous metals production 50 for Cd and Pb, 0 for Hg
Italy Cement production Complies ( 100%)
Slovak Republic Cement production Complies ( 100%)
Italy Glass production Complies ( 100%)
Slovak Republic Chioro alkali industry 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 inciuded in this study are:

10 mg dust/Nm3 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;

2 50 mg/Nm3 for combustion plants > 500 MWth and 100 mg/Nm3 for corn
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 Suiphur Protocol

In case the Second Suiphur 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
usecL

for wet FGD processes to operate well, removal of particulates to about
100 mg/Nm3 before FGD is required for technical reasons [Middelkamp
‘97] and a further reduction by FGD equipment itself to about 50 mg/Nm3
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/Nm3 is not demanded in order for the FGD to operate without
problems [Middeficamp ‘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 autornatically 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
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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 ftaction 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. Protocot measures; HM emitting stationary sources

In this section the choice of emissïon 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 RM
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, flirther 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 EM 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-countty combinations that are estimated, in general, not to compty
4)wtth the HliProtocotfor the base year 1990

Reglon CORINAIR sectors that do not yet comply with the Protocol

Central and ‘01-power generation’3, ‘03-industrial combustion’3, all processes
Eastern Europe1 in 04 industrial processes’ mentioned in the Protocols, ‘0902

waste incineration plants’
Southern Europe2 ‘03-industrial combustion’3, all processes in ‘04 industrial proc

esses’ mentioned in the Protocols
1) includes the following countries (1S03-a codes): ALB, BGR, BIM, BLR, CZE,

EST, HRV, RUN, LTU, LVA, MDA, MKD, POL, ROM, RUS, SVIÇ SVN, UKR
and YUG

2) inciudes the following countries: ESP, GRC, ITA and PRT
3) inciudes hard coal-firing, brown coal firing, shale oil-firing and residual oil fi

ring
4) the following countries do, in general, comply (1S03-a): AU!’, 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 [Mclnnes ‘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 Westem
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 Westem
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.

33. Frotocol 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:

• 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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• 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 celis

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

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

• 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 bad 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 diie 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.

2.3 Type of measures and their cost for sta6onary HM emission
sources and the use of HIS’l 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]:

+ fl”
Annuity =

“ ‘

(1 + i)’ — 1

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

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 resuits 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:

• 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).

• 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.
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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/Nm3 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:

• mass flows> 1 g Cd!h 0.2 mg CdJm3 STP
• mass flows> 1 g Hg/h 0.2 mg Hg/m3 STP
• mass flows > 25 g Pbfh 5 mg Pb/m3 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/m3 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 stili 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 corn
ply with the protocol. When regarding dust concentrations, combustion plants
firing residual oil usually attain values of around 150 mg/m3 [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 bumer
characteristics and the emission limit value of 50 dust mg/m3 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/m3 STP), the cad
mium concentration in the flue gas can amount to about 0.5 mg/m3, 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/m3 STP is the only value to be taken into considera
tion for oil-firing.

Coal-fired and heavy fuel cil-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 [Veidt ‘92], CORINAIR9O, [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 corn
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 ofien around 1995. This information has been collected from various
sources, the most important sources being TNO, [Klirnont ‘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 currentÏy not yet complying to the HM Protocol in
Europe and some of their characteristics.

Country Number of Range of Number of Range of Number of Range of Total number
HC fired dust bad BC fired dust bad RO fired dust bad of plants to b
plants (mglNm3) plants fmg!Nm3) plants (mglNm3) upgraded

Belarus 1 500 19 150 20
Bosnia- 3 500-1000 3
Herzegovina
Bulgaria 2 400 8 200-3000 2 150 12

(500)
Croatia 5 150 5
Czech 8 300-7000 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 1 500 2 150 3
Poland 58 300-8000 4 100-1600 1 150 63

(1000)
Romania 13 150-2500 5 150 18

(400)
Russian 50 1000 5 1000 98 150 153
Federation
Serbia- 11 500 3 150 14
Montenegro
Slovak 3 300-4000 5 600-3500 3 70-200 11
Republic (400)
Slovenia 3 500-1000 2 150 5
Ukraine 22 1000 12 150 35

Power stations located in countries that are not listed in table 5, like the coun
tries in Southem Europe and Westem Europe, are estimated to already comply
with Protocol. from table 5 it is conciuded that the majority of the coal- and
residual oil-fired plants in Central and Eastem 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% PM10 [e.g. KEMA-TNO ‘94, 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 Sovjet 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 mercuiy emissions but in this stage no de
finitive conciusions can be drawn, although data indicate some emission. Mer
cury in raw natural gas is usually removed at gas processing plants before corn
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 Eastem Euro
pean power and heat generation is in general the electrostatic precipitator. This
conciusion is confirmed by detailed reportings [Jones ‘96, ‘94] on upgrade pro
grams for power plants in Eastem Europe. In many cases high suiphur 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/m3 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 practÏce this comprises the
majority of the coal-fired, shale oil-fired and residual oil-fired plants
>50 MWth in Central and Eastem Europe and the Russian Federation and only
industrial combustion plants in Southem 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 dirnensions of the equipment. Costs mainly comprise
the costs of:
• the required plate area which are approxirnately linear to the waste gas flow

given the required collection efficiency;
• the containment which is approxirnately linear to the square root of the

waste gas flow;
• control equipment, carriage, erection and commissioning which is only to

sorne extent dependant on waste gas 110w.

As a result costs show a complex investrnent progression, because depending 011

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 Nm3/h
specific investment costs (ECU/Nm3 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 Nm3/h is no exception. In the range from about
200,000 to 3,000,000 Nm3/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:
• space conditions are highly variable;
• choice of material which is dependant on waste gas characteristics, is van

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 laad 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:
• [Rijpkema ‘93] presents flow rate dependant investment costs for the range

50,000 - 300,000 Nm3/h which have been supplied by a large process engi
neering firm. When corrected for slightly different matenial costs specific
investments for waste gas flows around 3 00,000 m3/h range from 7 - 15
ECU/Nm3.

• [Van den Vlierd ‘97] presents ïnvestment costs for a standard coal fired
power station (99.5% collection efficiency) based on offers from three
manufacturers. After data processing 5 - 10 ECU/Nm3 is found for large flow
rates.

• [Rentz et al ‘95] presents a relation between waste gas flow rate and specific
investments for flows up to 200,000 Nm3/h. For higher flow rates a con
stant value of about 6 ECUINm3 is suggested.

• [UN/ECE ‘97] presents non-referenced specific investment costs of ESP,
being about 5 - 10 ECU/Nm3.

• [Tumer ‘91] gives a methodology for estimating investment costs. For high
flow rates resuits seem rather high, about 15 - 20 ECU/Nm3 although
[Schaerer ‘93] presumably reports in the same range for a German coal-fired
plant.

[Turnen ‘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 ofspecflc invesiment costs for ES? refro-fit as used

in this study.
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We realise that these resuits have their limitations. In case a power station
needs upgrading as a result of obligatory emission limits that have to be met, it
is ofien economically more attractïve to incorporate replacement or retro-fit
of an ESP in a complete upgrade program, involving for instance also flue gas
desuiphurisation (see under autonomous developments), modemisation or re
placement of the boilers and bumers 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
Eastem European power plauts. 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
em [UN/ECE ‘96], Central and Eastem Europe [e.g. Klimont ‘93, CSOP ‘91]

0 200000 400000 600000 800000 1000000 1200000 1400000 1600000 1800000 2000000

Waste gas flow (Nm3Ih)
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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 fumace 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
emissïon 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 fumaces, 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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3. 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].

4. 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.

5. 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 fumaces in the secondary iron and steel industry
• Basic oxygen fumaces in steel making
• Cupola fumaces 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 Southem, Central and Eastem 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.
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Iron ore peltet production plants
It is estimated that plants located in Southern, Central and Eastem 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 Eastem 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 ffimace 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 Southem, Central and Eastem Furope
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].

Cupota 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 metat production, primary copper production
It is estimated that plants within the region Southem, Central and Eastem
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
[IJNECE ‘97] has been used. The measures comprise the application of ESP
and scmbbers and a fabric filter. For the smelting process (conventional blast
fumace 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 Eastem
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 011 point source information.

non-Ferrous metat production, primary tead production
Plants within the regions Southem, Central and Eastem 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, secondaiy lead production
It is estimated that plants within the region Southem, Central and Eastem
Europe do not yet comply with the protocol. Capitalised measures comprise a
fabric filter for the smelting flimace. 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 Southem, Central and Eastern
Europe do not yet comply with the protocol. Measures needed for all process
types inciude an ESP for the roasting and sintering step. In addition for process
types other than eiectrical a second ESP for the smelter and a fabric filter for
the refining step has been capitalised. Point source information (inciuding
process types) is availabie 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.].

Ctinker coolers and cement grinding in cement production industry
According to our information piants in the region Central and Eastem Europe
do not yet comply with the Protocol. ESP appears to be the most suitable
abatement measure for the rotary kiln and the clinker cooier. Investment costs
are estimated analogous to large combustion plants. Apart from the rotary kun
and clinker cooler measures are also needed for the crusher, miii 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 presentiy available information glass production plants in South
em, Central and Eastem Europe do not yet comply to the emission Protocol.
Point source information is scarce and abatement costs have been caiculated
based on production statistics. Cost information for heavy metai emission re
duction from giass 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 corn
prises ESP for tank and pot furnaces.

Chioro-atkati industry
Information is somewhat scarce for this category. It is not flully 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 statistïcs.

Waste incineration plants

It is not fully dear 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’ mcm
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 emissïon 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 enviromnental 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:

• 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 011 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.

• 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 Westem and Southem Europe
that the chloro-allcali industry will comply with the Protocol by the year 2010
as a result of voluntarily emission reduction to 1.5 gHg/ton Cl2 production ca
pacity. The chioro alkali industry will in that case conform to the Protocol in
these regions and no further investments need to be made.

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

It is expected that all countries in Southem 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.

• -(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.

• (Partial) compliance as a result of the implementation of the sec
ond Suiphur Protocol for countries in Europe

Besides the above mentioned autonomous developments a further reduction in
costs is expected as a result of the second Suiphur 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.

Pliase 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 stili 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 altematives 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 lluorescent lamps

In the Netherlands currently marketed batteries and fluorescent lamps already
comply with these limit values (button ceils 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 collecfion and recyclîng 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% mercuty, a potential
collecfion 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-mandatoiy) 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 battenes.
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3. Resuits

3.1 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

Resuits 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, mercwy and lead are presented per country in Annex 1.
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Figure 5: Cadmium, mercury and lead emission in
Europe in 1990 and three scenario forecasts for 2010
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3.2 Emission reduc6on 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:

Tabte 9a Emission reduction due to implementation ofHM Protocot in Europe corn
pared to 1990, for cadmium, lead and mercuîy

-

Cadmium 610 420 32
Mercury 460 360 21
Lead 40000 15000 62

-. Emission level In Emission level in Reduction (¾)
1990 (tonnes) 2010 after Protocol

(tonnes)

Remaining large sources after implementation of the Protocol are according to
this study:

• 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)

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

• for lead: remaining emission from the use of gasoline (stili containing some

TNO-MEP — R 98/020 53of 69

Figure 9: Arsenic, chromium, copper, nickel and zinc
emission in Europe in 1990 and three scenarïo

forecasts for 2010
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Table 9b Emission reduction due to implementation ofHM Protocol in Europe corn
pared to 1990, for arsenic, chrorniurn, copper, nicket and zinc

Emission level in Emission level in Reduction t%)
1990 (tonnes) 2010 after Proto

col ftonnes)

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 eliminatïon of leaded gasoline) and
20-30% for the other metals. For PM10 an emission reduction is also expected.
A first order estimate will be around 30%, more attention will be given to PM10
in a coming short note on this matter.

3.3 Cost es6mates 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 1 Oa, 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 drafi HM Protocol are given in table lOb, 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 MECUIyear)
after autonomous developments, for Europe, by sector

570f 69

Glass industry
8%

Cement industry
15%

Public power etc.,
brown coal

9%
Public power etc.,

hard coal
8% Industrial

combusijon, brown
coal
2%

lndustiial
combustion, hard

coal
5%

Basic oxigen
fumaces

8%

Costs of implementation of the FEvI 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 1 la and 1 lb. Table 1 la represents the in
vestment costs and other non-recurring costs (total 11,000 MECU) and table
1 ib 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

TNO-MEP — R 98/020
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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 stili make a relevant contribution
in spite of the implementation of the second Suiphur 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 HIVI 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. Conciusions

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.



TNO-report

64 van 69 TNO-MEP — R 98/020



TNO-report

TNO-MEP — R 98/020 65 of 69

5. References

[AWMA ‘93], Air Pollution Engineering Manual, Air
and Waste Management Association, 1993

[Berdowski et al. ‘95], J.J.M. Berdowski, A.J.H.
Visschedijk, C.Veldt, Abatement efficiencies and tech
nologies for controlled particulate matter emissions in
Europe, TNO report R96/473

[Berdowski et al. ‘95], J.J.M. Berdowski, W. Mulder, C.
Veidt, A.J.H. Visschedijk and P.Y.J Zandveld, Particulate
matter emissions (PMYO - PM2.5 - PM0.1) in Europe in
1990 and 1993, TNO Report R 96/472

[CAEF ‘92], The European Foundry Industry 1992,
Comité des Associations Européennes de fonderie,
Commission No. 7, 1993

[Clarke ‘96], Clarke, L.B., Coal Prospects in Russia,
Perspectives, IEA Coal Research, 1990

[CONCAWE ‘80], Butcher, R.W., H. Ch. Frohne, M.
Gergaud, J.R. Gordon, H.J.A. Schuurmans, Sampling and
measurement of particulate emissions from refinery in
stallations, CONCAWE 1980

[CONCAWE ‘84], Sutherland, H., P. Capron, A. Cerase,
F.0. Foster, H.W. Hey, J. Lapalus, P. Schenk, P.
Schmiedel, F. van Eynde and M.J.L.A. Wetzels, Cost of
control of suiphur dioxide, nitrogen oxides and particu
lates emissions from large combustion plants in oil re
fineries, CONCAWE, 1984

[CSOP ‘91], Report on the condition, hazards, and pro
tection of the environment 1991, Central Statistical Of
fice of Poland, 1991

[DHV ‘94], Mercury in products, A technical inventory
and evaluation (in Dutch), DHV Environment and Infra
structure, Commisioned by the Dutch Ministry of
Housing Spatial Planning and the Environment, Reg.
No. MT-RE942741, 1994

[DHV ‘96], Removal of mercury-containing products in
the Netherlands, End Report (in Dutch), DHV Environ
ment and Infrastructure, Commisioned by the Dutch
Ministry of Housing Spatial Planning and the Environ
ment, Reg. No. MT-AT960593, 1996

[Dutch Emission Registration ‘97], Dutch Emission In
ventory and Registration System, 1997



TNO-report

66 van 69 TNO-MEP — R 981020

[IEA ‘95], International Energy Statistics and Balances
1995, International Energy Agency, 1995

[IJASA ‘97], Regional Air Pollution Information and
Simulation Model, Version 7.2, International Institute
for Applied System Analysis (IIASA), 1997

[Jones ‘94], Jones T., Environmental control for coal
fired power generation: cost effective strategies for
Eastern Europe, IEA Coal Research, 1994

[Jones ‘96], Jones, T., Air pollution control for coal
fired power stations in Eastern Europe, Perspectives,
IEA Coal Research, 1996

[Karl et al ‘96], Karl, U., H. Sasse, Ch. Veaux and 0.
Rentz, Heavy metal emissions in Germany - Emission
sources and emission evaluation methodologies, Paper
presented at the Workshop on the Assessment of EMEP
Activities Concerning Heavy Metals and Persistent Or
ganic Pollutants and Their Further Development, Mos
cow, 1996

[KEMA ‘97], Technical information on mercury re
moval from stationary sources in the Netherlands,
KEMA, 1997

[Klimont ‘93], Klimont, Z., M. Amann, J. Cofola, f.
Gyarfas, G. Klaassen and W. Schopf, Emission of air
pollutants in the region of the Central European Initia
tive - 1988, IIASA 1993

[Kok ‘97], Kok, H., Technical information TNO-MPT,
1997

[Mc Innes ‘95], Atmospheric Emission Inventory
Guidebook 1995, A Joint EMEP/CORINAIR Production,
Prepared by the EMEP Task Force in Emission Inven
tories, Edited by G. Mc Innes, EMEP/CORINAIR, 1995

[Middelkamp ‘97], J. Middeilcamp, KEMA Netherlands,
Personal correspondance and technical information,
1997

[OECD’96], Risk reduction Monograph No.4: Mercury, Background and Na
tional Experience with Reducing Risk, Environment Dictorate, OECD, 1994

[Rentz et al. ‘96], 0. Rentz, H.-J. Schieef, R. Dom, H.
Sasse, U.Karl, Emission control at stationary sources in
the Federal Republic of Germany, Volume II, Heavy
metals emission, DFIU, 1996



TNO-report

TNO-MEP — R 98(020 67 of 69

[Rijpkema ‘93], L.P.M. Rijpkema, ‘The impact of a
change in EC legislation on the combustion of municipal
solid waste, TNO-ME, The Netherlands, 1993

[Schaerer ‘93], Technologies to clean up power plants,
Experience with a DM 21 billion FGD and SCR retrofit
programme in Gennany, Staub 53, 87-92, 157-160,
1993

[Smith ‘97], Smith 1., Information from the IEA coal
characteristics database, IEA Coal Research, 1997

[Tajthy ‘96], Tajthy, T., Particulate matter size distri
butions for Hungarian coal and oil-fired power plants,
1996

[TFHME ‘94], Task force on Heavy Metals Emissions,
Heavy Metals Emissions, State-of-the-Art Report, Ex
ecutive body for the Convention on Long-range
Transboundary Air Pollution, Working Group on Tech
nology, UN/ECE, 1994

[TNO-KEMA ‘94], Environmental Impact Assessment
Study for Power and Lignite Subsectors, Rehabilitation
and Modernization Project, final report, Volume 1 a,
Thermal Power Plants, Main Report, Romania Ministry
of Industry, EC PHARE, 1994

[TNO-MPT ‘97], H.J.G. Kok, Cost engineering meth
ods, TNO MEP, Div. Process Engineering and Envi
ronmental Technology, 1997

[Tumer ‘91], Tumer, J.H., P.A. Lawless, T. Yamamoto,
D.W. Coy, G.P. Greiner, J.D. McKenna and W.M. Vata
vuk, Sizing and cost of electrostatic precipitators,
JAWMA, JAPCA, 1991

[UBA-TNO ‘97], J.J.M. Berdowski et al., The European
Inventory of Heavy Metals and Persistent Organic Pol
lutants for 1990, TNO Institute of Environmental Sci
ences, Energy Research and Process Innovation (MEP),
UBA f3, June 1997

[UN/ECE ‘96], National and International Emission
limits and Emission Guidelines for Particulate Emissions
and Emissions of Cadmium, Lead and Mercury from Sta
tionary sources, Revised edition of October 1996,
UN/ECE, 1996

[UN/ECE ‘97-T], Technical annex to the HM emission
Protocol under preparation, EB.AIRIWG.5/R.74,
UN/ECE, 1997



TNO-report

68 van 69 INO-MEP — R 98/020

[USSR SC ‘90], Note on the monitonng of air in the
atmosphere 1989 (in Russian), USSR Statistical Commit
tee, Moscow, 1990

[Van den Vlierd ‘97], J. van de Vlierd, KEMA Nether
lands, Personal correspondance and technical informa
tion, 1997

[Van der Most ‘93], Van der Most, P.F.J., C. Veidt,
Emission factors manual, PARCOM ATMOS, Emission
factors for air pollutants 1993, TNO Report 92/235,
1993

[VCI ‘97], Zukunfi der Alkalichlorid-Elektrolyse
Anlagen nach dem Amalgamverfahren, Paper on costs
of conversion of from mercury to membrane process to
produce chiorine, VCI-/EURO CHEOR, 1997

[Veldt, ‘92], Veldt, Cbr., Technical manual to the TNO
PHOXA9O database, TNO, 1992



TNO-report

TNO-MEP — R 98/020 69 of 69

6. Autlienticaflon

Name and address of the principal:

Ministry of Housing, Spatial Planning
and the Environment

EC-DG XI

TNO Institute of Environmental Sciences,
Energy Research and Process Innovation

Names and functions of the cooperators:

Dr. J. .J.M. Berdowski project-leader
Dr. M.P.J. Pulles
A.J.H. Visschedijk, M.Sc.

Names and establishments to which part of the research was put out to contract:

Date upon which, or period in which, the research took place:

December 1997

Signature: Approved by:
_

Dr. J.J.M. Berdowski H.$. Buijtenhek, M.Sc.
project leader Head of department of Emissions

and Assesssment



INO-report

TNO-MEP — R 98/020
Annex 1

Annex 1 Resuits of emission projections per substance,
per source category and per country
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TNO-report

1 Cement and lime

2 Coke plants

3 Dairy cows

4 Fertilizer consumption

5 Fertilizer producon

6 Fur animals

7 Horses

8 Laying hens

9 Non ferrous metals smelters

10 Nitric acid plants

11 Other caWe

12 Other industry

13 Other poultty

14 Other anthropogenic sources

15 Pigs

16 Pig iron, blastfumaces

17 Pulp and paper

18 Oil refinedes

19 Sheep

25 Sinter - aggiomerate

21 Sulphudc acid plants

22 Waste

38 Industry - Corn buson in boilers

39 Industry - Other combustion total

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No Fuel use

No FueI use

No Fuel use

No Fuel use

No Fuel use

Brown coalflignite, high grade

Brown coal/lignite, high grade

Brown coalRignite, high grade

Brown coalllignfte, high grade

Brown coal/lignite, high grade

Brown coaWlignite, high grade

Brown coal/lignite, high grade

Brown coal/lignite, high gtade

Brown coal/lignite, high grade

Brown coal/lignite, high grade

Brown coaVlignite, high grade

Brown coalllignite, high grade

Brown coalllignfte, 10w grade

Brown coat/lignfte, low grade

Brown coal/lignite, low grade

Brown coalllignite, low grade

Brown coal/lignfte, low grade

Brown coal/Iignfte, low grade

Brown coal/lignite, 10w grade

Brown coal/Iignfte, low grade

Brown coal/Iignfte, low grade

Brown coal/Iignfte, low grade

Blast fumaces

Paper and pulp industry

Petroleum refining

Sinter plants, basic oxygen fum.

Sulphuric acid production

Industry brown coal

Industry brown coal

Small comb. sources brown coal

Industry brown coal

Industry brown coal

Transformation brown coal

Transformaon brown coal

Transforrnaon brown coal

Other transport combustion

Road transport combustion

Industry brown coal

Industry brown coal

Small comb. sources brown coal

Industry brown coal

Industry brown coal

Transformation brown coal

Transformation brown coal

Transforrriation brown coal

TNO-MEP — R 98/020 1 van 5
Annex 2

Annex 2 Detailed overview of the link between sectors from

RAINS 7.2 and jUEA-TNO ‘97]

LinkiD RIANS ActivitylD RAINS FueLID [USA-TNO ‘97) AÖtivllID

Cement production

Coke production

Agriculture

NPK ferfihizer production

Non-ferrous metal industry

23 Fuel production and Conversion - Combustion

24 FueI production and Conversion - Losses

25 Households and other

25 Industry - Combustion in boilers

27 Industry - Other combustion total

28 Non-energy use

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

36 Power Plants & distr. heat plants - Ex. wet boftom

31 Power Plants & distr. heat plants - New

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

33 Transport - Other

34 Transport - Road Cars and Heavy duty trucks

35 Fuel production and Conversion - Combustion

36 Fuel production and Conversion - Losses

37 Househoids and other

40 Non-energy use

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

42 Power Plants & distr. heat plants - Ex. wet bottorn

43 Power Plants & distr. heat plants - New

44 Power Plants & distr. heat plants - total (calc)
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45 Transport - Other

46 Transport - Road t Cars and Heavy duty trucks

47 Fuel production and Conversion - Combustion

48 Fuel production and Conversion - Losses

49 Househoids and other

50 Industry - Combustion in boilers

51 Industry - Other combustion total

52 Non-energy use

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

54 Power Plants & disk. heat plants - Ex. wet bottom

55 Power Plants & disk. heat plants - New

56 Power Plants & distr. heat plants - total (caic)

57 Transport - Other

58 Transport - Road : Cars and Heavy duty trucks

59 Fuel production and Conversion - Combustion

50 Fuel production and Conversion - Losses

61 Households and other

52 Industry - Combustion in boilers

53 Industry - Other combustion total

54 Non-energy use

65 Power Plants & disk. heat plants - Ex. other

55 Power Plants & disk. heat plants - Ex. wet bottorn

67 Power Plants & disk. heat plants - New

68 Power Plants & distr. heat plants - total (caic)

68 Transport - Other

70 Transport - Road: Cars and Heavy duty trucks

71 Fuel production and Conversion - Combustion

72 Fuel production and Conversion - Losses

73 Househoids and other

74 Industry - Corn bustion in boilers

75 Industry - Other combustion total

76 Non-energy use

77 Power Plants & disk. heat plants - Ex. other

78 Power Plants & disk. heat plants - Ex. wet bottom

79 Power Plants & disk. heat plants - New

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

81 Transport - Other

52 Transport - Road: Cars and Heavy duty trucks

83 Fuel production and Conversion - Cornbustion

84 Fuel production and Conversion - Losses

85 Households and other

86 Industry - Combustion in boilers

87 Industry - Other combustion total

88 Non-energy use

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

80 Power Plants & disk. heat plants - Ex. wet bottom

91 Power Plants & disk. heat plants - New

52 Power Plants & distr. heat plants - total (caic)

83 Transport - Other

Brown coal/lignite, 10w grade

Brown coal/lignite, low grade

Derived coal (coke, briquettes)

Derived coal (coke, briqueftes)

Derived coal (coke, bdquettes)

Dedved coal (coke, briquettes)

Derived coal (coke, briquettes)

Derived coal (coke, briquettes)

Derived coal (coke, briquettes)

Derived coal (coke, briqueftes)

Derived coal (coke, bdqueftes)

Derived coal (coke, briqueftes)

Derived coal (coke, briquettes)

Derived coal (coke, briqueftes)

Electricity

Electricity

Electricity

Electricity

Electdcity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Natural gas (mcl. other gases)

Natural gas (mcl. other gases)

Natural gas (md. other gases)

Natural gas (mci. other gases)

Natural gas (md. other gases)

Natural gas (md. other gases)

Natural gas (md. other gases)

Natural gas (md. other gases)

Natural gas (md. other gases)

Natural gas (md. other gases)

Natural gas (md. other gases)

Natural gas (md. other gases)

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Hard coal, high quality

Other kansport combustion

Road transport combustion

Industry hard coal

Industry hard coal

Srnall cornb. sources hard coal

Industry hard coal

Industry hard coal

Transforrnation hard coal

Transfomiation hard coal

Transformation hard coal

Other transport cornbustion

Road transport combusfion

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 cornbustion
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94 Transport - Road : Cars and Heavy duty trucks

95 Fuel praduction and Conversion - Combustion

95 Fuel production and Conversion - Losses

97 Households and other

96 Industry - Corn busNon in boilers

98 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

194 Power Plants & distr. heat plants - total (caic)

105 Transport - Other

106 Transport - Road: Cars and Heavy duty trucks

107 Fuel production and Conversion - Combustion

108 Fuel production and Conversion - Losses

109 Househoids and other

110 Industry - Corn bustion 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 (caic)

117 Transport - Other

118 Transport - Road : Cars and Heavy duty trucks

119 Fuel production and Conversion - Cornbustion

120 Fuel production and Conversion - Losses

121 Households and other

122 Industry - Corn bustion in boilers

123 Industry - Other combustion total

124 Non-energy use

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

126 Power Plants & distr. heat plants - Ex. wet boftom

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 produdlion and Conversion - Combusfion

132 Fuel production and Conversion - Losses

133 Households and other

134 Industry - Corn bustion 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, rnedium quality

Hard coal, medium quality

Hard coal, medium quality

Hard coal, medium qualfty

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, 10w quality

Hard coal, 10w quality

Hard coal, low quality

Hard coal, low quality

Hard coal, 10w quality

Hard coal, 10w quality

Hard coal, low quality

Hard coal, low quality

Hard coal, 10w quality

Hard coal, low quality

Hard coal, Iow quality

Hard coal, 10w quality

Heavy fuel oil

Heavy fuel oil

Heavy fuel all

Heavy fuel oil

Heavy fuel oil

Heavy fuel oil

Heavy fuel oil

Heavyfuel oil

Heavyfuel oil

Heavy fuel oil

Heavyfuel au
Heavy fuel oil

Heat (steam, hot water)

Heat (steam, hot water)

Heat (steam, hot water)

Heat (steam, hot water)

Heat (steam, hot water)

Heat fsteam, 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 cornb. sources hard coal

Industry hard coat

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

Transforrnation hard coal

Other transport combusfion

Road transport combustion

Industry fuel oils

Industry fuel oils

Small comb. sources fuel aus

Industry fuel oils

Industry fuel oils

Transforniation fuel oils

Transformation fuel oils

Transformation fuel aus

Other transport combustion

Road transport combustion
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143 Fuel production and Conversion - Combustion Hydro

144 Fuel produc5on and Conversion - Losses Hydro

145 Households and other Hydro

146 Industry - Corn bustion in boilers Hydro

147 Industry - Other combustion total Hydro

148 Non-energy use Hydro

149 Power Plants & distr. heat plants - Ex. other Hydro

150 Power Plants & distr. heat plants - Ex. wet bottom Hydro

151 Power Plants & distr. heat plants - New Hydro

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

153 Transport - Other Hydro

154 Transport - Road : Cars and Heavy duty trucks Hydro

155 Fuel pttrduction and Conversion - Combustion Light fractions Industry fuel oils
(gasolinekerosen,naphta,LPG)

156 Fuel producflon and Conversion - Losses Light fractions Industry fuel oils
(gasolinekerosen,naphta,LPG)

157 Househoids and other Light fractions Small cornb. sources fuel oils
(gasolinekerosennaphta,LPG)

158 Industry - Combusüon in boilers Light fractions Industry fuel dis
(gasoline,kerosennaphtaLPG)

159 Industry - Other combustion total Light fractions Industry fuel oils
(gasolinekerosen,naphtaLPG)

160 Non-energy use Light fractions
fgasolinekerosennaphta,LPG)

161 Power Plants & disfr. heat plants - Ex. other light fractions Transformation fuel olIs
(gasolinekerosennaphta,LPG)

162 Power Plants & distr. heat plants - Ex. wet bottom Light fractions Transformation fuel oils
(gasolinekerosen,naphta,LPG)

163 Power Plants & distr. heat ptants - New Light fractions Transformation fuel oils
(gasolinekerosennaphtaLPG)

154 Power Plants & distr. heat plants - total (calc) Light fractions
(gasoline,kerosen,naphta,LPG)

165 Transport - Other Light fractions Other transport combustion
(gasoline,kerosennaphta,LPG)

166 Transport - Road Cars and Heavy duty trucks Light fractions Road transport combustion
(gasolinekerosen,naphta,LPG)

167 Fuel production and Conversion - Combustion Medium distillates (diesel,light fuel Industry fuel oils
oil)

168 FueI production and Conversion - Losses Medium distillates (diesel,light fuel Industry fuel oils
oil)

169 Households and other Medium distillates (diesel light fuel Small comb. sources fuel oils
oil)

170 Industry - Combustion in boilers Medium distillates fdiesel,lightfuel Industry fuel oils
oil)

171 Industry - Other combustion total Medium distillates (diesel,light fuel Industry fuel oils
oil)

172 Non-energy use Medium distillates (dieselIight fuel
oil)

173 Power Plants & distr. heat plants - Ex. other Medium distillates (diesel,Iight fuel Transformation fuel oils
oil)

174 Power Plants & distr. heat plants - Ex. wet bottom Medium distillates (diesel,light fuel Transformation fuel oils
oil)

175 Power Plants & distr. heat plants - New Medium distillates (diesel,light fuel Transforrnation fuel oils
oil)

176 Power Plants & distr. heat plants - total (calc) Medium distillates (diesel,light fuel
oil)

177 Transport-Other Medium distillates (dieselIightfuel Other transport combustion
oil)

178 Transport - Road : Cars and Heavy duty trucks Medium distillates fdiesel,light fuel Road transport combustion
oil)

179 Power Plants & distr. heat plants - New Nuclear

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

181 Fuel production and Conversion - Combustion Other solid-low S (biomass,
waste, wood)
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182 Fuel producUon and Conversion - Losses Other solid-low S (biomass,
waste, wood)

183 Households and other Other solid-low S (biomass,
waste, wood)

184 Industry - Combuson in boilers Other solid-low S fbiomass,
waste, wood)

185 Industry - Other combustion total Other solid-low S (biomass,
waste, wood)

186 Non-energy use Other solid-low S fbiomass,
waste, wood)

187 Power Plants & distr. heat plants - Ex. other Other solid-low S (biomass,
waste, wood)

188 Power Plants & distr. heat plants - Ex. wet bottom Other solid-low S (biomass,
waste, wood)

189 Power Plants & distr. heat plants - New Other solid-low S fbiomass,
waste, wood)

190 Power Plants & distr. heat plants - total (caic) Other solid-low S (biomass,
waste, wood)

191 Transport - Other Other solid-low S (biomass, Other transport combustion
waste, wood)

192 Transport - Road Cars and Heavy duty trucks Other solid-low S fbiomass, Road transport combustion
waste, wood)

193 Fuel production and Conversion - Combustion Other solid-high S (mci. high S lndustiy hard coal
waste)

194 Fuel production and Conversion - Losses Other solid-high S (md. high S Industry hard coal
waste)

195 Households and other Other solid-high S (mcl. high S Small comb. sources hard coal
waste)

196 Industry - Combustion in boilers Other solid-high S (md. high S Industry hard coal
waste)

197 Industry - Other combustion total Other solid-high S (mci. high S Industry hard coal
waste)

198 Non-energy use Other solid-high S (mcl. high S
waste)

199 Power Plants & distr. heat plants - Ex. other Other solid-high S (mcl. high S Transforrnation hard coal
waste)

200 Power Plants & distr. heat plants - Ex. wet bottom Other solid-high S (mcl. high S Transforniation hard coal
waste)

201 Power Plants & distr. heat plants - New Other solid-high S (mci. high S Transforn,ation hard coal
waste)

202 Power Plants & distr. heat plants - total (caic) Other solid-high S (mci. high S
waste)

203 Transport - Other Other solid-high S (mci. high S Other transport combustion
waste)

294 Transport - Road Cars and Heavy duty trucks Other solid-high S (mci. high S Road transport combustion
waste)

205 Fuel production and Conversion - Combustion Renewable (solar, wind, small
hydro)

206 Fuel production and Conversion - Losses Renewable (solar, wind, small
hydro)

207 Households and other Renewable (solar, wind, small
hydro)

208 Industry - Combustion in boilers Renewable (solar, wind, small
hydro)

209 Industry - Other combustion total Renewable (solar, wind, small
hydro)

210 Non-energy use Renewable (solar, wind, small
hydro)

211 Power Plants & distr. heat plants - Ex. other Renewable (solar, wind, small
hydro)

212 Power Plants & distr. heat plants - Ex. wet bottom Renewabie (solar, wind, small
hydro)

213 Power Plants & distr. heat plants - New Renewable (solar, wind, small
hydro)

214 Power Plants & distr. heat plants - total (calc) Renewable (solar, wind, small
hydro)

215 Transport - Other Renewable (solar, wind, small
hydro)

216 Transport - Road : Cars and Heavy duty trucks Renewable (solar, wind, small
hydro)
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