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Executive Summary

The aim of  WP03 was to provide data for other workpackages of the ESPREME project, which focused on: atmospheric modelling of HM concentrations, water/soil long term modelling, cost-effectiveness and cost-benefit analyses.

According to the workpackage objectives the activities within WP03 included:

· Selection of processes which should be taken into account as the sources of the ESPREME metal emission to the environment

· Development of a long list of abatement options for the metal emission to the air 

· Assessment of the method implementation degree for all the European countries

· Assessment of  the method/process investment and operating costs

· Verification of data on the method implementation degree and costs of the technical control measures

· Selection of a short list of abatement options from a verified long list of the emission reduction measures.

The list of processes – sources of the ESPREME metal emission to the air was limited to those for which the metal emissions were >1% of the total emission of a particular metal in Europe. The following processes were selected:

1. power/heat generation 

· fuel combustion in plants >50 MW (medium and large combustion plants) for which combustion of hard and brown coal, liquid fuels and natural gas should be considered,

· fuel combustion in plants <50 MW (small combustion plants) for which combustion of hard and brown coal, solid biomass and liquid fuels should be considered

2. iron and steel industry: sintering, coke production, processes in iron and steel foundries, pig iron production, steel production in open hearth furnace, basic oxygen furnace and electric arc furnaces 

3. processes in non-ferrous industry: production of primary lead, zinc, copper and secondary lead, zinc, copper

4. processes in inorganic production: chlorine production

5. non-metallic minerals: cement production

6. waste incineration and cremation processes (without division into sub-groups)

For coding of the selected processes the SNAP coding system was applied. The exception from a nomenclature and the coding system used in SNAP was made for fuel combustion processes. 
The list of 48 processes (including combustion processes of various fuels) was the basis for selection of abatement options for the ESPREME metal emission to the air. Each considered process was characterized by the value of unabated emission factor.

Selection of the emission reduction measures was carried out for both primary and secondary measures. Primary measures were meant as integrated measures to reduce emissions at source. Secondary measures: end-of-pipe measures, i.e. those that control emission to the environment.

For the needs of the database on the potential ESPREME metal emission abatement methods coding symbols were used. Apart from the methods/measures coding system information of the possible technical status of a method was also taken into account. The following discrimination of the considered control measures was applied to describe a technical status of a method:

· A - medium - a method applied in conditions of average care of an abatement process optimization 
· B - state-of-the-art - a BAT specified in BREF for the considered metal

· C - optimized - BAT parameters are achieved but the method is not  specified in BREF as a BAT for the considered metal

· D - retrofitted - a BAT parameters but achieved from „medium” status (assessed % of       emission  reduction as for „state-of-the-art” but costs are much lower) 

· E - emerging - an investigated method on the pre-industrial stage of development

Each control method was assessed by its % efficiency, that is percent of emission  reduction in relation to unabated emission. 

Data on costs of the emission reduction measures, discriminating investment and operating costs, required for cost-benefit analysis, were important part of the considered measures. The main source of information in this respect was the technical literature where apart from the details about the emission reduction measures data about costs were also presented. Basing on the available literature data on costs, for some methods for which this kind of data was not available, expert estimated values were used. There were 8 partners within the WP03 engaged in the process of the cost-data verification. 

Together with completing the data on emission abatement measures data on the method implementation degree for all the European countries in 2000 and 2010 were collected. The value of the method implementation degree in the country equal to zero means that a method (and its relevant status) has not been applied in the country yet. It also means that a potential for the method implementation in the country is very high. 

The method of collecting the implementation degree data was based mostly on the expert estimate approach. Experts from about twelve countries were involved in the  process of the data collection. Important source of data on implementation degree were the results of the EU MERLIN Project as well as information collected by national experts – mostly the WP3 participants.

The suggested methods of abatement options which should be considered in the process of estimation of willingness-to-pay to reduce risks of exposure to the ESPREME metals and cost-benefit analysis for reducing the metal occurrence in Europe were collected in the form a database. The following groups of data were collected in the emission abatement options database:

 •  the processes-sources of the ESPREME metals to the air

 •  the metal emission control measures

 •  the method/process investment and operating costs

 •  unabated emission factors of the metals generated from individual process

 •  abatement methods implementation degree in a particular European country

The database was produced in Access. For each European country considered in the ESPREME project there are 483 forms in the Access database which contain all the data specified above. Within the forms there are some containing the recommended methods (short list of measures), selected from the long list of methods, suggested for practical implementation in the cost-benefit analysis.

The DEMO version of the database was also produced. The intention of producing a demo version was  to have it for the data dissemination needs.
1. Introduction

The main objective of WP03 was to provide data for other workpackages of the ESPREME project, concerning: WP04 – Atmospheric modelling of HM concentrations, WP05 – Water/soil long term modelling, and WP07 – Cost-effectiveness and cost-benefit analyses;  at the very beginning  cooperation of WP03 and WP02 was required in order to determine HM emission source categories and processes, that should be taken into account in the analyses of the emission abatement options.

Graphical presentation of workpackages which were directly related to the work performed under WP03 was provided in Figure 1.


Fig 1. Cooperation of WP03 with others ESPREME workpackages

The main objective of the WP03 was to:

 - develop a database on emission abatement options for the ESPREME metals as a basis for economic analysis (WP07) and for modelling needs (WP04/05);
- collect data on potential, applicability and costs of abatement options for the ESPREME metals in Europe;

 - carry out detailed assessments of the collected data based upon national expert reviews.

The description of work methods and the obtained results is the subject of the final report.

2. Emission abatement options for heavy metals in Europe

According to the workpackage objectives the activities within WP03 were focused on:

· Selection of processes which should be taken into account as the sources of the ESPREME metal emission to the environment

· Production of the long list of abatement options for the metal emission to the air 

· Assessment of the method implementation degree for all the European countries

· Assessment of  the method/process investment and operating costs

· Verification of the data on the methods implementation degree and costs of the technical control measures

· Selection of the short list of abatement options from the verified long list of the emission reduction measures.

In chapter 2.1. the above-mentioned elements were presented in relation to the ESPREME metal emission to the atmosphere. 

2.1. Emission reduction options of the ESPREME metals to the air

2.1.1. Selected processes – sources of the metal emission to the ambient air

There were two steps of the selection process. During the ESPREME project meeting  (Brussels, 30 Sept - 01 Oct 2004) the list of all activities which should be considered as the source of the ESPREME metals was presented and discussed. The list related to the metal emission to the air consisted of 48 individual processes (activities) grouped into the following types of activities:

· power/heat generation

· processes in iron and steel industry

· processes in non-ferrous industry

· glass and clay industry

· surface plating processes

· processes in inorganic production

· processes in paints manufacturing

· processes in waste treatment and disposal

· cremation processes

Following the discussion during the meeting, and especially the discussion with people engaged in WP02 (emission calculation), it was decided to limit the list of processes – sources of  the ESPREME metal emission to the air, to those with emission of metals >1% of the total European emission of the individual metal. 

The following processes were selected: 

1. power/heat generation 

· fuel combustion in plants >50 MW (medium and large combustion plants) for which combustion of hard and brown coal, liquid fuels and natural gas should be considered,

· fuel combustion in plants <50 MW (small combustion plants) for which combustion of hard and brown coal, solid biomass and liquid fuels should be considered,

2. iron and steel industry: sintering, coke production, processes in iron and steel foundries, pig iron production, steel production in open hearth furnace, basic oxygen furnace and electric arc furnaces 

3. processes in non-ferrous industry: production of primary and secondary lead, zinc, copper 

4. processes in inorganic production: chlorine production

5. non-metallic minerals: cement production

6. waste incineration and cremation processes (without division into sub-groups).

In the later stage of the WP03 work it was decided that for coding of the selected processes the SNAP coding system should be applied and wherever possible – the 3rd SNAP level should be taken into account.
The exception from the nomenclature and the coding system used in SNAP was made for fuel combustion processes. The coding system assumed for this group of processes – ESPREME metal emission sources was presented in Table 2.1. 

Table. 2.1. Coding system for fuel combustion processes

	Code
	Process
	Comments

	1
	Fuel combustion for power/heat generation in large- and medium-sized combustion plants (>50 MW)
	refers to SNAP1, SNAP2 and SNAP3.1.

	1H
	hard coal combustion
	

	1S
	brown coal combustion
	

	1L
	liquid fuel combustion
	

	1G
	natural gas combustion
	

	2
	Fuel combustion for power/heat generation in small-sized combustion plants (<50 MW)
	refers to SNAP1, SNAP2 and SNAP3.1.

	2H
	hard coal combustion
	

	2S
	brown coal combustion
	

	2W
	solid biomass combustion
	for the ESPREME needs it was assumed that solid biomass was burnt in small-sized combustion installations

	2L
	liquid fuel combustion
	

	2G
	natural gas combustion
	


In Table 2.2. processes other than fuel combustion ones were presented, for which metal emission abatement / reduction methods were analyzed. These processes  belong to the following emission source categories:

· iron and steel industry

· non-ferrous metals industry

· chemical industry (inorganic)

· building material industry

· waste treatment and disposal.

It must be noted here that in the case of all processes mentioned in Table 2.2 the applied codes correspond to the symbols used in the European Inventory System CORINAIR-SNAP. 

Table 2.2. Coding system for processes other than fuel combustion

	Code
	Process
	Emission source category

	30301
	sinter and palletizing plants
	iron and steel industry

	30304
	primary lead production
	non-ferrous metals industry

	30305
	primary zinc production
	non-ferrous metals industry

	30306
	primary copper production
	non-ferrous metals industry

	30307
	secondary lead production
	non-ferrous metals industry

	30308
	secondary zinc production
	non-ferrous metals industry

	30309
	secondary copper production
	non-ferrous metals industry

	303011
	cement production
	building material industry

	40201
	coke production
	iron and steel industry

	40202
	iron and steel foundries
	iron and steel industry

	40203
	pig iron production
	iron and steel industry

	40205
	open hearth furnace steel plant
	iron and steel industry

	40206
	basic oxygen steel plant
	iron and steel industry

	40207
	electric furnace steel plant
	iron and steel industry

	40413
	chlorine production (mercury cell plants)
	chemical industry (inorganic)

	9
	waste incineration and cremation processes
	waste treatment and disposal


The list of 48 individual processes (including combustion processes of various fuels specified in Table 2.1.) was the basis for selecting abatement options of the ESPREME metal emission to the air.
Each considered process – source of the ESPREME metal emission was characterized by the value of an unabated emission factor (EFa). The EFa value multiplied by the relevant percent of emission reduction characteristic for the process allows to estimate how much emission load can be reduced due to the application of the method. The Atmospheric Emission Inventory Guidebook (EMEP, CORINAIR, UN/ECE) was the data source of the EFa values.

2.1.2. Abatement options of the ESPREME metals to the air – long list of measures

Selection of the emission reduction measures was carried out for both primary and secondary measures. 

Primary measures were meant as integrated measures to reduce emissions at source.

Secondary measures: end-of-pipe measures, i.e. those that control emission to the environment.

The long list of measures for the metal emission reduction to the air consisted of the primary and secondary measures. The following measures were considered (selected):
∆ Primary measures

For emissions from combustion plants (for processes of fuel combustion for energy production purposes) primary measures included:

· fuel-supply measures

· combustion modifications

For the ESPREME needs primary measures were divided into:



Technical-oriented measures



Management-oriented measures (non-technical methods)

Within primary measures, i..e technical-oriented measures the following options were taken into account:

· HM content minimization in fuels and raw materials

· technology switching (fuel switching) towards methods generating lower or zero HM emissions 

· installation modification 

Within primary measures, i.e. management-oriented measures, the following options were taken into account:

· surveillance procedure improvement

· reduction of consumption of HM containing/releasing products

· good housekeeping of the environment of HM releasing process 

∆ Secondary measures

For the ESPREME needs secondary measures were divided into the following groups of methods/techniques:

· particulate control techniques

· absorption methods (FGD as HM reduction methods)

· NOx reduction techniques (as Hg emission reduction method) 

· adsorption methods (in-duct sorbent injection, sorbent bed/filter technologies, sorbent bubbling fluidized bed)

· bed bio-filters related methods 

for Hg only:

· photochemical methods

· chemical conversion related methods

The following technologies were considered within particulate control techniques:

· electrostatic precipitators (dry, wet; for Hg cold-side, Electro-Catalytic OxidationTM as a specific technology improving ESP performance) 

· fabric filters

· ceramic filters

· cyclones

· multicyclones

· wet scrubbers (without addings, with addings, Venturi)

The FGD processes were meant as absorption methods. Consequences in reduction of the ESPREME metal emissions were considered separately for 

· wet FGD processes

· dry FGD processes

Selective catalytic reduction was only considered within the NOx reduction techniques. From the ESPREME metals only Hg emissions can be reduced in SCR. 

The following adsorbents were considered within adsorption methods:

· virgin adsorbents (activated carbon, aluminosilicate (zeolite) based sorbents)

· impregnated sorbents (sulfur, selenium, chloride, iodide, calcium hydroxide, nobel metals – gold, silver, palladium)

Bed bio-filters related methods - aquatic organisms are normally used to remove water-soluble metal compounds from gas streams. It was found that the method was not applicable for the ESPREME processes.

The following methods were selected for Hg emission reduction only :

· photochemical methods

· UV radiation alone (mercury oxidation is promoted by UV radiation)

· adsorbents activated by UV radiation (nanosized TiO2 catalyst is activated by UV radiation)

· chemical conversion related methods

· calomel reaction (Hg with chlorine)

· selenium scrubber/filter (mercury transformed into mercury selenide) 

· Odda process (Hg oxidized and precipitated to Hg2Cl2)

· Sodium thiocyanate process (Hg removed as sulfide)

· Lead sulfide dry scrubbing process

In order to create a database of potential ESPREME metal emission abatement methods it was necessary to assign a code symbol to each of them. The following coding structure for emission reduction measures was agreed:

All the considered methods/measures of the ESPREME metal emission reduction are divided into primary abatement measures (MP) and secondary measures (MS).

Each measure (method of emission reduction) is described in the following way:

· name of the main group + code (group of primary MP or secondary measures MS) 

· name of the main category method + code (e.g. particulate control systems - MSp)

· name of the control method within the main category method (e.g. wet scubber - MSps)
· name of the option within the control method + code (e.g. wet scrubber with carbon-based catalyst addings - MSps02)

A completed list of the ESPREME metal emission reduction measures was presented in Annex 1 and Annex 2. Annex 1 contains a long list of measures for fuel combustion processes together with relevant code description. Reduction measures with codes for processes other than fuel combustion are listed in Annex 2.

Apart from the presented idea of the methods/measures the coding system information on the possible technical status of the method was also taken into account. The technical status is directly connected with emission reduction efficiency.

The following discrimination of the considered control measures was applied to describe the technical status of the method:

· A - medium - a method applied in conditions of average care of an abatement process optimization 
· B - state-of-the-art - a BAT specified in BREF for the considered metal

· C - optimized - BAT parameters are achieved but the method is not  specified in BREF as a BAT for the considered metal

· D - retrofitted - a BAT parameters but achieved from „medium” status (assessed % of       emission  reduction as for „state-of-the-art” but costs are much lower) 

· E - emerging - an investigated method on the pre-industrial stage of development

Taking into account the coding description of the method presented above, the method using wet scrubber with carbon-based catalyst addings would be described as: MSps02E.

Each control method, considering its above specified status, was assessed by its % efficiency, that is percent of emission  reduction in relation to unabated emission. 

Data on costs of the emission reduction measures, discriminating investment and operating costs, needed for the cost-benefit analysis, were an important part of the considered measures. The main source of information in this respect was the technical literature where apart from details about the emission reduction measures data on costs were also presented. In most cases the technical information on abatement options presented in literature was limited to technical issues, the data on costs being neglected.  Therefore, very often one can find technical information but not the information on costs. An important source of data on costs was the EU MERLIN project.

Following the data on costs available in literature, for some methods for which this kind of data were not available, expert estimated values were used. There were 8 partners within the WP03 engaged in the process of the cost-data verification. The WP03 partners represented countries of different economic conditions and different degree of technological development. This allowed for modification of  literature data. 

Together with completing the data on emission abatement measures data on the methods implementation degree for all the European countries in 2000 and 2010 were collected. The value of the method implementation degree in the country equal to zero means that a method (and its relevant status) has not been applied in the country yet. It also means that the potential for the method implementation in the country is very high. 

The method of the data collection on implementation degree values was based mostly on the expert estimate approach. Experts from about twelve countries were involved in the  process of the data collection. Important source of data on implementation degree were the results of the EU MERLIN project as well as information collected by national experts – mostly the WP3 participants.

Because it was impossible to collect data on implementation degree of individual measures for all European countries considered in the ESPREME project the countries were divided into the following groups (with the assumption that data on implementation degree of a method within a group of countries was the same). The following group of countries were distinguished for this purpose:

•  group 1 – countries within EU15 plus Norway and Switzerland. 

Within group 1 three subgroups were selected: 

sub-group 1a – countries with the highest implementation degree of emission abatement measures (Austria, Denmark, Finland, Germany, the Netherlands, Norway, Sweden, Switzerland)

sub-group 1b – countries with medium implementation degree of emission abatement measures (Belgium, France, Ireland, Italy, Luxemburg, the UK)

sub-group 1c - countries with lowest (within EU15)  implementation degree of emission abatement measures (Greece, Portugal, Spain),

•  group 2 – countries within EU 10,

•  group 3 – other European countries, not included in the group 1 and 2..

2.1.3. Database of the abatement options of the ESPREME metal emission to the air

The suggested methods of abatement options which should be considered in the process of estimation of willingness-to-pay to reduce risks of exposure to the ESPREME metals and cost-benefit analysis for reducing the metal occurrence in Europe were collected in the form of a database. 

The following groups of data collected in the emission abatement options database can be distinguished:

 •  the processes-sources of the ESPREME metals to the air

 •  the metal emission control measures


 •  the method/process investment and operating costs

 •  unabated emission factors of metals generated from individual process

 •  abatement methods implementation degree in an individual European country.

The database was produced in Access. For each European country considered in the ESPREME project there are 483 forms in the Access database which contain all kinds of data that are specified above.

The example of an individual form of the database is presented below (Fig. 2.)
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Fig. 2. Example of an individual form of the database of emission reduction measures

Within such 483 forms there are some containing the recommended methods (short list of measures), selected from the long list of methods, suggested for practical implementation in the cost-benefit analysis . The example of such a form related to the recommended method is presented below (Fig. 3.) The information about the fact that the method should be meant as a recommended one is marked in the window “short list proposition (SLP)” of the form.
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Fig. 3. Example of individual form of the database with recommended (SLP) emission reduction measure

The DEMO version of the database was also produced. The intention of producing the demo version was  to have it for the data dissemination needs. The file of the version consists of about 20 forms containing the same information as the relevant forms in the main database of atmospheric emission abatement measures.

3. Conclusions

· The main objective of WP03 was to develop the ESPREME metal emission abatement options database relevant to the analysis of estimation of willingness-to-pay to reduce risks of exposure to the ESPREME metals and cost-benefit analysis for reducing the metals occurrence in Europe. Such a database was created and its usefulness was confirmed by its potential users (WP04 and WP07 partners). 

· From the created database the part related to the emission reduction methods which might be specially recommended for practical use was separated.

· The established database has some universal properties. The measures considered in the database, meant to be applied for emission reduction of the ESPREME metals, (with the exception of some measures which are only relevant for Hg), can be used also for PM emission reduction analysis. Not only measures but also other parameters, like: implementation degree and  costs of reduction of Cd, Cr, Ni, As and Pb are the same for PM.  

· The data contained in the developed database may be used not only in ESPREME project but also in other projects focused on optimized abatement measures for metal emission to the atmosphere. This refers to analyses carried out on a European scale as well as on a smaller regional scale. The structure of the database is designed in such a way that it allows adding data on other contaminants (not only the ESPREME metals).

· Lack of data on the ESPREME metal emissions to water and soil is the reason that at this stage respective mitigation measures and related costs has not been completed yet.
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