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INTRODUCTION

The Norwegian Institute for Air Research (NILU) has been contracted by the
European Bank for Reconstruction and Development (EBRD) to provide infor-
mation and consulting on the impact of air pollution on the contamination
of the Baltic Sea.

The objectives of the study are to: 1) assess source-receptor relation-
ships for air pollutants of concern in the Baltic Sea region with focus on
pollution 1loading from the atmosphere, and 2) recommend reduction
scenarios for atmospheric emissions of pollutants of concern and the means
of investment 1in certain regions within the study area in order to meet
the reduction goals.

The study focuses on inputs of nutrients, such as oxidized and reduced
forms of nitrogen. Other pollutants of particular interest for the en-
vironmental quality of the Baltic Sea will also be studied. They include
toxic trace metals, such as mercury, cadmium, copper, lead, zinc, and
possibly arsenic, chromium and nickel, and persistent organic compounds,
such as, polychlorinated biphenyls (PCBs), hexachlorocyclohexanes (HCHs),
and hexachloro benzene (HCB).

The aim of this report is to provide the Bank with a concise review of
current knowledge of emission and deposition fluxes of pollutants in the
study area, and their future trends. Information on environmental
legislation concerning emissions is enclosed as well as emission impact
analysis. A review of national measures to reduce emissions is presented
together with policy, legislation and regulating actions, and enforcement
instruments. A 1list of priority actions concerning the major pollution
regions is proposed. Finally, a review of previous and current studies and
investment programmes of interest for the project is enclosed.
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DESCRIPTION OF THE STUDY AREA

The study area is the Baltic Sea and source regions with emissions
affecting the quality of the Baltic Sea water through the transport of
pollutants with air masses and atmospheric deposition.

Information on deposition of oxidized and reduced nitrogen [1] (Table 1)
and lTead (Figure 1) suggests the study area to be parts of Eastern Europe
(CSFR, Poland and Soviet Union) and Western Europe (Belgium, France,
Germany, Netherlands and United Kingdom), as well as Northern Europe
(Denmark, Finland, Norway, and Sweden).

ENVIRONMENTAL STATUS AND TRENDS IN THE STUDY AREA
Emissions

The Parties to the UN ECE Convention on Long-range Transboundary Air
Pollution (LRTAP) report their emission of NO, and the results for the
study area are given in Table 2 [2]. Signatories to the 1988 Sofia
Protocol expect their NO, emissions to stabilize or decline by the year
1995. Some Parties are forecasting reductions by about 30 per cent or
more. These countries include: Denmark, Germany, the Netherlands and
Norway.

Contribution of NO, from mobile sources to total NO, emissions in the
Western and Northern European countries in the study varies from 47 per
cent in Finland to 84 per cent in Norway, while in the Eastern Europe
countries does not exceed 35 per cent [3]. Concerning trends of NO,
emissions from mobile sources in the study area, only a few countries
report their plans forecasting on average 25 per cent reduction of the
1985 emissions in the year 2000 [2].

A 1list of 10 major point sources of NO, emissions in Poland and CSFR, as
well as major point sources in Estonia, Latvia, Lithuania, Karelia and the
St. Petersburg area is presented in Table 3 together with the emission
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amounts. Almost all major point sources of NO, in the above countries are
electric power plants, burning mainly coal. Interestingly, most of the NO,
emissions from point sources in Poland is released in the Silesia region
and in Central Poland. The NO, emissions from point sources in CSFR is
concentrated in the western part of the country.

Denmark, Finland, Germany and the Netherlands report officially on their
NH; emissions. These data together with estimates of Buijsman [4] for
other countries in the study area are presented in Table 4. Emissions from
livestock waste contribute about 80 per cent to the total NH; emissions in
the study area. No major changes of NH, emissions in the study area are
expected to occur in the near future. Decrease of these emissions during
the period from the beginning of the 1980’s to present time has been indi-
cated due to decline in cattle breeding and for farming in some countries

[5].

Major anthropogenic sources of Hg emissions in the study area include
chlor-alkali plants, coal-fired power plants and waste incinerators.
Emission quantities of gaseous and particle mercury in the study area are
presented in Table 5 [6]. A list of 10 major point sources of mercury
emissions in the study area is given in Table 6.

It 1is expected that the anthropogenic Hg emissions will be reduced in the
near future mostly due to replacing the mercury cells with other methods
to produce chlorine and alkali. For example, Contracting Parties to the
Paris Convention for the Prevention of Marine Pollution from Land-based
Sources agreed that existing mercury based chlor-alkali plants shall be
required to meet by 31 December 1996 a standard of 2 g Hg/ton C1, capacity
for emissions to the atmosphere and recommended that these plants should
be phased out as soon as practicable but not later than by year 2000.
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the study area are presented in Table 7 [7]. Production of non-ferrous
metals in primary and secondary plants is the major source of atmospheric
As, Cd, Cu and Zn, while combustion of gasoline is a dominating source of
Pb emissions in the study area. A list of 10 major point sources of As,
Cd, Cu, Pb and Zn in the study area is given in Table 8.

Emission trends for heavy metals in Europe have recently been studied [8]
on the basis of information on control efficiency of the best available
technology (BAT) and the use of unleaded gasoline. The BAT concept assumes
the latest stage of development (state of the art) of processes, of
facilities or of methods of operation which indicate the practical
suitability of a particular measure for limiting emissions. Prognosis of
atmospheric emissions of As, Cd and Pb in whole Europe for the year 2000
is given in Table 9 assuming BAT in non-ferrous metal smelters and un-
leaded gasoline. The prognosis for countries within the study area is
under preparation.

Emissions of polychlorinated biphenyls (PCBs), hexachlorocyclohexanes
(HCHs), and hexachlorobenzene (HCB) in the study area are presented in
Table 10. No information exists to discuss trends of these emissions in
the near future. However, limited use of PCBs, HCHs, and HCB in Europe
suggests no further increase of their emissions.

Emission standards

National legislation for environmental protection and for the abatement of
air pollution in Europe has undergone continuouos revision by all Parties
to the UN ECE LRTAP Convention since 1986.



3-.2.2

3edad

3.8.4

doled

Concerning the countries of interest for this study, comprehensive new en-
vironmental legislation, including revision of the Air Pollution Control
Act 1is under preparation in CSFR. The emission limits originally set in
1967 for the 20 most important air pollutants are now under review. The
Waste Disposal Act has been introduced in 1991.

The Danish Act on Emissions of Sulphur Dioxide and Nitrogen Oxides from
Power Plants entered into force in October 1989. In a view of the in-
creasing use of natural gas for electricity generation, nitrogen oxide
emission Timits of 650 mg/m3 were set for gas engines and turbines in
April 1989.

In the former German Democratic Republic, alignment on the major environ-
mental laws and standards of the former Federal Republic of Germany,
effective from July 1990, was one of the first steps in the process
towards political and economical unification. A comprehensive system of
emission standards corresponding to the best available technology has been
implemented in the Federal Republic of Germany by various regulations
dealing with 1large and small combustion sources including waste in-
cineration. There is a specific legislation on heavy metal air pollution
control in the former Federal Republic of Germany (No. 2.3 TA Luft and No.
3.1.4 TA Luft).

The Dutch standards for plants licensed under the Air Pollution Act are,
at present, revised on the basis of the Dutch Acidification Abatement
Plan. Emission standards have been set for waste incineration plants
within the framework of the Waste Substances Act in 1989. There are guide-
lines to prevent an increase of ammonia emissions in areas near sensitive
receptors.

In Poland, a decree on the protection of the atmosphere against pollution
was enacted in February 1990. In the United Kingdom, an Environmental
Protection Act received royal assent in 1990.
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processes and vehicles in various countries in the study is given in Table
11.

Emission standards for atmospheric heavy metals have been recently
reviewed by the ECE Task Force on Heavy Metal Emissions. Only three sets
of standards have been reported from the study area, namely Germany,
Sweden and the Soviet Union.

Atmospheric deposition to the Baltic Sea

Three methods have been used to assess the atmospheric deposition of
nitrogen compounds and heavy metals to the Baltic Sea. Two methods are
based on measurement data from the HELCOM/EGAP network. In the first
method it is assumed that the precipitation recorded at coastal stations
is representative for the open sea. In the second method the inputs are
estimated on the basis of not only observed but also calculated precipi-
tation amounts.

The following conclusions can be drawn from these estimates:

- the nitrogen flux decreases from about 1000 kg N/km?-year in the
southern parts of the Baltic Sea to 700 kg N/km2-year in the north.
This results in a total N wet deposition to the Baltic Sea of about
300 kt/year on average for 1987-1990, and

- the 1lead flux was about 2 kg/kmZ-year resulting in the wet deposition
of this metal to be about 600 t/year on average for 1987-1989.

The third method estimates the deposition of nitrogen compounds and heavy
metals on the basis of emission data [10]. As can be seen from Table 1, a
total deposition of nitrogen to the Baltic Sea was about 300 kt/year
during the period 1989-1990. Taking into account that wet deposition is by
far more important than dry deposition for removing nitrogen compounds
from the air [9], the model calculations agree very well with measurements
of nitrogen deposition to the Baltic Sea.
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The agreement for lead is also very good. The model calculated the wet de-
position of this metal to be about 860 t in 1985 [11]. The total
deposition of lead to the Baltic Sea was estimated about 1400 t in 1985.

Less information exists on deposition of other heavy metals to the Baltic
Sea, because Cd, Cu, and Zn have become the minimum requirement pollutants
measured within the HELCOM/EGAP monitoring programme only from 1990. A
report from Poland [12] indicates wet fluxes of Cd, Cu, and Zn to be 0.47,
1.5, and 8.3 kg/km?-year, resulting in the annual wet deposition of these
metals to be about 140 t Cd, 450 t Cu and 2500 t Zn.

Concerning the deposition trends, the following can be concluded:

- the total nitrogen concentrations in precipitation (a sum of nitrate
and ammonium) show a slightly increasing trend during the period from
1986 to 1990 mostly due to increasing concentrations of ammonium,

- the decreasing trend of Pb concentrations in precipitation stopped in
1988, being stable during the last couple of years, and

- there 1is a clear tendency for higher concentrations in the southern
parts of the Baltic Sea than in the northern parts.

IMPACT ANALYSIS: SOURCE-RECEPTOR RELATIONSHIPS

Very good agreement between the HELCOM/EGAP measurements of deposition of
pollutants to the Baltic Sea and model estimates proves a good quality of
the input data into the model, including emission data. Combustion of
fossil fuels in large combustion plants in Silesia and Central Poland,
former German Democratic Republic, and in the Ruhr area together with com-
bustion of gasoline and diesel o0il have become the major source of
oxidized nitrogen deposited to the Baltic Sea.
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Emissions of ammonia are more evenly spread over the region adjacent to
the Baltic Sea. Therefore, the origin of reduced nitrogen deposited to the
Baltic Sea is more complicated. It can be concluded from the spatial
distribution of ammonia emissions in Europe that NH; emissions in Poland,
Latvia, Lithuania, Estonia, Ukraina, White Russia and Germany contribute
much more to the receptor area than the emissions in Northern Europe.

Production of caustic soda and chlorine in V.E.B. Chemische Buna Verke in
former German Democratic Republic has generated almost a half of
atmospheric mercury in Europe in the late 1980°’s. This source together
with other chemical plants in Poland and former Federal Republic of
Germany, as well as coal-fired power plants, incinerators, and non-ferrous
metal smelters, mostly in Germany, Poland and CSFR has contributed the
most of 12 t of mercury deposited to the Baltic Sea annually as estimated
by Petersen et al. [13].

Combustion of 1leaded gasoline, mainly in Eastern Europe has resulted in
most of the lead deposited to the Baltic Sea. Concerning emissions from
point sources, major part of lead, as well as arsenic, cadmium, copper,
and zinc has been released from primary non-ferrous metal smelters located
in Silesia, Central Germany, on Kola Peninsula and in Ukraina.

Strong increase of nutrient concentrations, mostly nitrogen and phosphorus
in the Baltic Sea in the 1970s, resulted in the increasing biological pro-
duction and its subsequent sedimentation followed by the microbial
destruction of the biogenic organic material and deterioration of the
oxygen conditions in the Baltic deep water. Present estimates of 300 kt
nitrogen in atmospheric deposition indicate that this pathway accounts for
one third of the total load of nitrogen to the Baltic Sea. This load has
increased 4 times since the turn of the century. Therefore it can be con-
cluded that the overall role of the atmosphere and long-range transport is
important to any international pollution abatement strategy.
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Mercury concentrations in biota of the Baltic Sea have not changed signi-
ficantly from the beginning of the 1980s being at the levels measured in
the North Sea and the North East Atlantic. Trends of increasing concen-
trations of Cd, Cu, and Zn in fish are observed in some regions of the
Baltic Sea while decreasing tendences exist for lead in fish and shellfish
from sampling locations in the Kattegat and the Belt Sea. Melvasalo and
Rosemarin [17] concluded, that the load of Cd, Pb and Hg to the Baltic is
five to seven times higher than the background 1levels, requiring these
metals to receive urgent attention.

Concentrations of organochlorine residues in biota is decreasing following
the ban in the use of some of these harmful substances as pesticides. How-
ever, the levels observed in fish from the Baltic Proper are still 3 to 10
times higher than in catches from around the Shetland Island.

Levels of organochlorines remain very high in grey and ringed seals. The
population of seals in the Baltic Sea has decreased dramatically since the
turn of the century, one reason being organochlorine pollution.

NATIONAL MEASURES TO REDUCE EMISSIONS, INCLUDING POLICY, LEGISLATION,
REGULATORY ACTIONS AND ENFORCEMENT INSTRUMENTS.

The measures taken by countries in the study area to carry out national
strategies and policies to reduce emissions include legislation and
regulatory actions, economic incentives and disincentives, and control
technology requirements. Some aspects of legislation and regulatory
actions have already been dealt with in p.3.2 when describing emission
standards.

A somewhat complicated situation exists in the Baltic States, where the
environmental legislation and norms prepared by the Ministries of the
Environment of the Soviet Union and the Russian Federation at the union-
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level ministry are not effective until they are ratified by the
governments of the States. The above mentioned legislation and norms often
need reform to adapt towards the application of a market economy.

Major economic incentives and disincentives include subsides, fuel tax
measures, emission charges and fines, and emission credits and quotas.

The following subsidies have been introduced in the study area recently

[2]:

- in Denmark, new cars meeting stricter emission standards have since
1989 been subject to lower registration taxes,

- in Finland, tax exemptions have been introduced until the end of 1991
for the purchase of cars meeting new emission standards,

- in Germany, tax exemptions or even cash settlements have been intro-
duced in January 1990 for the purchase of low-pollution private cars,

- in the Netherlands, not only tax reductions to new cars meeting more
stringent emission standards are available but also subsidies for the
demonstration of new technology, for investment in alternative energy
sources and for energy conservation in existing buildings,

- in Poland, subsidies for pollution abatment investments are available,
and

- in Sweden, subsidies are Tlimited to the development, testing and
demonstration of new technology.

The following fuel tax measures have been undertaken in the study area

[2]:

- high fossil-fuel taxation in France to discourage pollutant emissions,
- increase of lead-free petrol in Germany up to 65 per cent of market
share by 1989,
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- phasing-out 1leaded petrol 1in the Netherlands through fiscal measures
affecting petrol prices, and
- higher taxes on leaded than lead-free petrol in Norway.

A system of emission charges and fines is in operation in all countries in
the study area with the rates charged proportionate to the estimated cost
of the environmental damage caused by the emissions.

In some countries, emission credits and quotas have been introduced. For
example, in Denmark, a four-year emission quotas for th electricity sector
as a whole are laid down, while in the Netherlands common ceilings for
SO, and NO, emissions from power plants by the year 2000 have been agreed
in addition to compliance with emission standards for combustion
installations.

Technology performance forms a basis for setting emission standards.
Several countries, including Germany and the Netherlands, introduce BAT or
"best practicable technology"-BPT in their environmental policies through
emission standards set on the basis of technical performance. In this view
control technology requirements are set for stationary and mobile sources,
separately. Concerning the stationary sources, low-NO, combustion techno-
logies to meet NO, emission standards are required for new and existing
plants in the Netherlands.

A number of vregulations are in force concerning the emissions of
pollutants by motor vehicle engines. They are based on the international
standards Tlaid down in the 1958 ECE Agreement. The details are available
from [2].

EVALUATION OF PROPOSED ACTIONS.

The actions are proposed in order to reduce atmospheric emissions and
further deposition to the Baltic Sea of nitrogen compounds, heavy metals



14

6.1

6.l

1

and persistent organic compounds emitted from point and area sources in
Poland, CSFR, Latvia, Lithuania, Estonia, Leningrad Region, Kaliningrad
Region and Karelia, called further in this report as the proposed action
area.

Point sources of emission

The following industrial sectors are prioritized for actions to be taken:

- production of electricity and heat, because of emissions of NO, and
heavy metals and particularly mercury,

- non-ferrous metal industry, because of emissions of heavy metals, and
particularly arsenic, cadmium, copper, lead and zinc, and

- chemical industry, and particularly production of caustic soda and
chlorine, because of emissions of mercury.

Production of heat and eletricity.

Generally, the NO, emission reduction can be obtained either through
primary measures related to combustion modifications or secondary measures
related to exhaust gas treatment. None of the measures is in operation in
the heat and electricity plants in the proposed action area. Recently the
UN ECE NO, Task Force has reviewed technologies for controlling NO,
emissions from stationary sources [14]. The following can be concluded:

Depending on site specific parameters, NO, reductions of up to 20 per cent
can sometimes be achieved by minor modifications of the combustion process
such as operating at lower excess air or by adjusting the fuel/air ratio
at selected burners. However, the main area of interest for combustion
modifications for NO, control Ties in the use of:
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- low NO, burner (LNB),
- off stoichiometric combustion (overfire air) (0SC),
- flue gas recirculation (FGR),

all of which can be used either separately or in conjunction with each
other. Major changes are sometimes required to implement these latter
technologies as retrofits although all are applicable to new units.

LNBs are available for burning coal, oil and gas. For new facilities the
NO, reduction attributable to LNB is about 30-60 per cent.

0SC technique 1is applicable at new and retrofit systems of all boiler
types. Extents of NO, reduction range from about 10 to 40 per cent
depending on fuel and boiler type. A possible negative side effect can be
boiler corrosion by reducing atmospheres which might 1limit retro-
fittability.

FGR is applicable for new and retrofit installations burning gas and oil,
as well as for high temperature coal combustion. NO, reduction of about 20
per cent for coal, 20-40 per cent for oil, and up to 50 per cent for gas
can be achieved.

For existing utility boilers the following emission values have been
demonstrated for retrofitting low NO, combustion systems:

(i) pulverized coal firing (6% 0,)
- wet bottom boiler: 1 000 - 1 400 mg/m3 (350-490 g/GJ)
- dry bottom boiler: 600 - 800 mg/m® (tangential) (210-280 g/GJ)
600 - 1 100 mg/m* (wall-fired)(210-380 g/GJ)

(ii) oil firing (3% 0,): 200 - 400 mg/m3 (60-120 g/GJ)

(iii) gas firing (3% 0,): 100

300 mg/m3 (30-90 g/GJ)

At new facilities in many cases the emissions may be Tower than the
smaller value of the above mentioned emission ranges.
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Concerning secondary measures to reduce NO, emissions from heat and
electric power plants, some technologies are currently offered com-
mercially in the ECE region for flue gas denitrification. The most highly
developed process has been Selective Catalytic Reduction (SCR), achieving
up to 80 per cent NO, reduction. For all types of fuels this process uses
ammonia to reduce NO,, resulting in fugitive emissions of ammonia and N,O.

Investment costs for primary measures are fairly low compared with those
for secondary flue gas treatment systems. These costs may be negligable
for new plants and can range from 5 to 15 ECU/kW., for retrofit.
Additional operating costs are low in the majority of reported cases.

Focus of this evaluation is on existing plants. The actions required or
recommended are:

a) installation of at Teast Tow NO, burners in major power plants (over
1000 MW_, and district heating boilers (over 200 GJ/h capacity) in the
proposed action area,

b) examination of the possibility to install a combined system of primary
and secondary measures to reduce NO, emissions in power plants
mentioned in Table 3,

c) control of all electric power plants larger than 200 MW., and heat
boilers with capacity over 100 GJ/h in the area, with respect to NO,
emissions, and

d) introduction of fluidized bed combustion (FBC) when planning new
electric power plants. In FBC the flue gas emissions can be maintained
at significantly lower levels than 1in conventional combustion
techniques.

Another advantage of installation of low NO, technologies is reduction of
heavy metal emissions in the flue gases due to the Tlower operating
temperatures. However, more heavy metals are removed from flue gases by
flue gas desulphurization (FGD) systems. Various types of FGD systems
remove between 20 and 60 per cent of gaseous mercury from flue gases,
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which means 20 to 60 per cent of total mercury in coal introduced to the
burners [15]. Significant reductions have also been measured for other
volatile heavy metals including Cd, Pb, and Zn.

It is recommended to:

a) examine the possibility to equip major existing coal-fired power plants
(over 1000 MW.,) in the proposed action area with a FGD system.

Of course, the major advantage of the above action will be a substantial
removal of sulphur from flue gases, but the action is very expensive.

Major part of heavy metals from electric power plants is emitted on fine
particles with diameter lower than 2 pm. At present, electrostatic preci-
pitators (ESP) are mainly used in large electric power plants to remove
particles from flue gases. Removal efficiency of ESP’s installed in the
area is about 96 per cent on average for various size particles, with even
lower efficiency of about 90 per cent for fine particles carrying As, Cd,
Cu, Pb, and Zn among other trace elements [16].

It 1is recommended to install high efficiency ESPs in major coal-fired
power plants (over 1000 MW.,) in the proposed action area in order to
achieve the total concentration of As, Cd, Pb, Cr, Ni, and Co in flue
gases lower than 1.5 mg/Nm3 as recommended by German regulations for
existing plants.

Non-ferrous metal industry.

Reduction of heavy metal emissions from both primary and secondary non-
ferrous industries can be obtained by installation of proper control
systems removing efficiently particles from flue gases.
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Using the concept of BAT, the following action is recommended:

a) installation of ESPs or fabric filters in all non-ferrous metal
smelters in the proposed action area in order to achieve a dust content
in flue gases lower than 10 mg/Nm3. In most cases of lead, copper and
zinc production, all gases can be cleaned in ESPs and fabric filters to
levels lower than 5 mg/Nm3. Both types of fabric filters: baghouses and
membrane-type can be considered for installation, taking into account
their 1limitations. Common limitation for both types of fabric filters
is temperature of the gases, which should not exceed 280°C depending on
cloth or membrane material. In addition, membrane-type of fabric
filters are not suitable for cleaning the oil-containing dust; and

b) installation of ESPs or fabric filters in secondary non-ferrous
smelters in the proposed action area in order to reduce the dust
emissions below 10 mg/nm®. Lead, copper and zinc smelters shall be
given priority in this action, as they generate considerable amounts of
atmospheric As, Cd, Cu, Pb and Zn.

Chlor-alkali industry.

In the chlor-alkali industry, chlorine and caustic soda are mostly
produced either in the mercury process or the diaphragm process, both
resulting in atmospheric emissions of mercury. The third method, the
membrane process is not commonly used. The membrane process is considered
as BAT. A conversion of existing chloralkali plants (mercury or diaphragm
process) to membrane cell operation is possible wutilizing some of the
existing equipment.

The following action is recommended:

a) introduction of control steps to existing chlor-alkali plants in order
to comply with the PARCOM/HELCOM recommendations, requesting the
emissions to be Tower than 2 g Hg/t C1, capacity by the end of 1996 and
phasing-out existing mercury cell chlor-alkali plants by the year 2000,
and
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b) examination of the possibility to convert existing chlor-alkali plants
using mercury or diaphragm process to membrane cell operation for the
existing plants in the proposed action area.

Area sources of emission

Major area sources of emissions for actions to be undertaken include
mobile sources, heat production in commercial and residential burners, and
livestock farming.

Mobile sources.

Several ways to control NO, emissions from gasoline - and diesel-fuelled
engines have been considered. Considering the gasoline engines, two major
groups of technologies are available, namely methods related to engine
modifications and installation of exhaust after-treatment devices, such as
catalytic convertors.

The engine modifications to reduce NO, emissions include the following
methods: air/fuel ratio and mixture preparation, delayed ignition timing,
increased compression ratio, combustion chamber design, intake charge
dilution by exhaust gas recirculation (EGR), and electronic control of
ignition timing.

The most common control method for NO, emissions from diesel-fuelled
engines is exhaust gas recirculation (EGR). Reductions of NO, emissions of
up to 50 per cent are achievable for both passenger cars and heavy -duty
trucks.

The following action is recommended:

a) examination of the possibility to introduce three-way catalysts in the
proposed action area as suggested in national plans in Poland, CSFR,
Estonia, Latvia and Lithuania. As a result, three-way management
systems (hydrocarbons, CO and NO,) will foster the improved air/fuel
management systems, such as advanced carburettors and throttle body
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fuel injection systems, as well as closed-loop electronic controls of
fuel metering. A three-way catalyst combined with a closed-Toop system
operates at stoichiometric air/fuel ratio to effectively reduce
pollutants. Three-way catalyst systems are also sensitive to the use of
leaded gasoline.

Application of closed-loop three-way catalysts will improve vehicle
performance and driveability, reduce maintenance, and is consistent
with 'improved fuel economy. Controls of evaporative emissions are also
readily available and cost effective; and

b) introduction of EGR technique to diesel-fuelled cars in the proposed
action area, and at least in large cities.

Concerning the use of leaded gasoline in the area, it is recommended to
reduce the present lead content of 0.4 g/1 to 0.15 g/1 and wider use of
unteaded gasoline. This action should be taken simultaneously with the in-
troduction of three-way catalysts. Based on the European market trends for
unleaded gasoline (25 per cent of the Western Europe market by the end of
1989) it is suggested to phase out gasoline containing 0.4 g Pb/1 by the
year 2000 and achieve 25 per cent of the market in the proposed action
area for unleaded gasoline.

Heat production in small commercial and residential burners.

The heating sector has a huge potential for energy savings and reduction
of atmospheric emissions of various compounds including NO, and heavy
metals.

The following actions are recommended:

a) introduction of district heating replacing the production of heat in
small commercial and residential burners. The high percentage of
district heating creates possibilities for a high degree of de-
centralized heat and power plants in the energy system. In general, the
size of a power plant should be so that the heat produced is not
greater than needed for a given district, mostly in towns, and
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b) increased use of natural gas networks already existing in the area,
e.g. in small decentralized gas-motor heat and power units in small
towns and villages.

Livestock farming.

Methods reducing ammonia emissions should be implemented in feeding, in
the construction and use of cattle barns, in the storage and treatment of
manure, and in the spreading of manure in the fields. Immidiate mixing
with top soil is the best method for manure spreading.

The following is recommended:

a) introduction of conservative application techniques, also called low
N-applications (LNA) as a method to reduce NH; emissions;

b) examination of the possibilities to introduce LNA together with stable
adaptations systems;

c) information and advising services, as cattle breeders in particular can
Timit the evaporation of ammonia from cattle manure and promote the use
of manure as a fertilizer. Agricultural advisory centres can be
organized;

d) construction of new cattle barns and the renovation of old ones with
focus on air pollution controls; and

e) financial support for the acquisition of manure spreaders and top soil
fertilizing equipment, as well as for investments in the introduction
of turf for use as bedding in animal shelters.
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CAPITAL COST OF IMPLEMENTATION OF THE PROPOSED ACTION PROGRAMME

For practical reasons it was assumed that 1 European Currency Unit (ECU)
equals 1.2 US$ or 2 DM.

Discussion on cost estimates for various control techniques and cost-
benefits has been presented in the technical report. It has been reported
how much would it cost to abate 1 tonne of nitrogen or 1 kg of heavy
metals using various methods. This information is used here to estimate
the cost of implementation of the proposed action. The estimates are given
in Table 12 and 13 for point sources and area sources, respectively.

As much as 1.3-106 t NO, from stationary sources and 0.5 -108 t NO, from
mobile sources can be abated at a cost between 450-10% and 750-106 ECU
annually. This accounts for reduction of up to 80 per cent of current NO,
emissions in the proposed action area. This reduction is somewhat higher
than the maximum feasible reduction for whole Europe as estimated at IIASA
[18]. However, it should be born in mind that no controls are currently in
use in the proposed action area, while some measures are already applied
in Western Europe. Therefore, the reduction potential in the proposed
action area is larger than in other parts of Europe.

Investment cost shall be added to the above mentioned operating and
maintenance costs. However, the investment is very small, as already indi-
cated (below 10 per cent of the operating and maintenance costs).

The above mentioned emission reduction cost for NO, has been estimated
assuming installation of Tow NO, burners in major electric power plants
(over 1000 MW.,) and heat plants (above 200 GJ/h capacity), replacement of
small residential and commercial burners by district heating equipped with
low NO, burners, introduction of three way catalysts for gasoline cars,
and flue gas recirculation (FGR) to diesel fuelled cars.
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Other methods can be proposed, such as flue gas desulphurization, which
not only removes NO, but also mercury, other volatile heavy metals and of
course S0,. A cost of this method is between 3.75 and 8.0-10° ECU annu-
ally, thus several times higher than for application of lTow NO, burners.

A reduction of 80 per cent of current lead emissions in the proposed
action are requires about 110-108 ECU including 28-106 ECU for ESPs in
major power plants and smelters.

In contrary to no controls for NO, in the proposed action area at present,
several electric power plants and smelters is equipped with ESP’s. The
cost in Tables 12 and 13 is requested to improve the efficiency of the
existing ESP’s or fabric filters and/or installation of new ESP’s.

An amount of 28-10% ECU per year is needed to obtain reduction of heavy
metal emissions, including lead from major electric power plants and heat
plants, smelters, and iron and steel plants in the proposed action area.
It is very difficult to assess the cost of replacement of chlor-alkali
plants using mercury or diaphragm process by membrane cell operation.

It was calculated that about 60 per cent of NH; emissions to the air in
the proposed action area can be achieved by conservative application
techniques at a cost of up to 80-10% ECU per year. Other methods are much
more expensive.

Impiementation of the proposed action programme in the project will cost
at least between 4 and 8.5 -10° ECU with major contribution from cost of
NO, emission reduction.
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8.l

8.2

BENEFITS OF THE PROPOSED ACTION PROGRAMME

There are several benefits which will be obtained through implementation
of the proposed actions in the area of interest. These benefits are for
local environment, e.g. around a certain point source of emission, in a
given geographical region, or even in a whole country within the proposed
action area. The benefits could also be measured on regional or global
scale, e.g. the whole study area, or Northern Europe.

Local benefits include environmental, health, economic, and social
benefits.

Major environmental benefit of the proposed action programme is due to
improvement of the quality of environment through the reduction of
atmospheric deposition of the pollutants of interest. The reduction of
atmospheric deposition will decrease the uptake of pollutants by surface
waters, soils, and plants in the vicinity of major point sources of
emissions, and 1limit migration of these pollutants through various
environmental media.

Not only the emissions of the pollutants of interest will be reduced
through the installation of control equipment as recommended in the pro-
gramme but also emissions of other compounds, such as SO,, VOC and several
trace metals from stationary sources, and VOC and CO from mobile sources.

Installation of ESPs or fabric filters, or improvement of their
performance will contribute to improvement of air visibility in the pro-
posed action area.

Reduction of atmospheric emissions of heavy metals will result in lowering
their intake to human body mostly due to reducing their ingestion 1in the
proposed action area. This intake has already exceeded the WHO/FAO maximum
permissible values in some locations within the proposed action area.
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Combustion modifications to 1limit NO, emissions will result in fuel
savings in large point sources recommended for action in the project.
Application of closed-loop three way catalysts will not only improve
vehicle performance and driveability, and reduce maintenance but also is
consistent with improved fuel economy.

Implementation of the proposed action programme will be a substantial step
towards improving chemical and to some extent biological recovery of the
environment in the proposed action area. As a result, an increase of fish
population, an important factor of local economy in the area, can be
expected.

Reduction of emissions as recommended in the programme will diminish the
risk of relocation of certain groups of people or whole settlements from
highly polluted regions in the proposed action area.

Major part of pollutants emitted in the proposed action area is deposited
outside the emission region and therefore limitation of emissions in the
proposed action area will have benefits measured on regional and global
scale. It 1is expected that emission reductions as recommended in the
programme will result in 40 to 50 per cent decrease of atmospheric
deposition in Scandinavia.
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Table 4: Emissions of ammonia in the study area as calculated by EMEP [1]
in 1000 t NH;).

1988 1989 1990
Belgium 94 94 94
Czechoslovakia 200 200 200
Denmark ™} 129 125 125
Finland™! 43 43 43
France 841 841 841
German Dem. Rep. 242 242 242
Fed.Rep. of Germany™!| 380 380 380
Netherlands™®! 254 254 254
Norway 41 41 41
Poland 478 478 478
Sweden 62 62 62
Soviet Union 3180 3180 3180
United Kingdom 478 478 478

*1 data provided by country.

Table 5: Anthropogenic mercury emissions in the study area. Total Hg-emission
and emission of Hg species (in t).

No. Hg
Country Sources | Hg (total) Hg0 (gas) Hg++ (gas) j(particles)
Belgium 21 8.9 5143 Rt 1.4
Czechoslovakia 31 15.0 7.8 4.5 2.7
Denmark 21 4.8 2.1 1.9 0.8
Finland 33 4.1 < | 0.8 0.3
France 59 29.9 15153, 9.0 5.6
German Dem. Rep. 23 330.0 203.0 99..10 28.0
Fed.Rep. of Germany 225 65.0 38.0 20.0 750
Netherlands 39 8].12 3.0 3.8 1.4
Norway 9 250 1.4 0.4 0.2
Poland 42 44.7 2318 11341 8.3
Sweden 34 7hsS) 5146/ 1.4 0.5
Soviet Union 50 87.7 45.0 25..7 17.0
United Kingdom 127 40.0 21.0 14.0 5.0
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Table 6: A Tist of 10 major point sources of mercury emissions in the study
area i 1885,

No Name Source category Country
1 V.E.B. Chemische Buna
Verke Chemical industry German Dem. Rep.
2 Zaklady Oswiecim Chemical industry Poland
3 ET. Turow Electric power plant | Poland
4 Inc. Hamburg Waste incineration Fed.Rep. of Germany
5 Dow Chemical GmbH Stade Chemical industry Fed.Rep. of Germany
6 Preussag AG Metall - Non-ferrous metal
Harlingerode production Fed.Rep. of Germany
7 E1. Jaworzno Electric power plant Poland
8 E1. Pocerady Electric power plant CSFR
9 E1. St. Petersburg Electric power plant Soviet Union
10 Societe Miniere et Non-ferrous metal
Metallurgique de production
Penarroya France

Table 7: Total emissions of As, Cd, Cu, Pb, and Zn from anthropogenic sources
the study area in 1982 (in t/y).

Country As Cd cu™l Pb In

Belgium 85 1271 613 2 097 695
Czechoslovakia 94 21.6 3123 1 1551 756
Denmark 9 6.3 38 653 529
Finland 106 8.0 2486 T Ik 217
France 144 118 450 8 683 3 63
German Dem.Rep. 95 37.1 376 1 750 8189
German Fed.Rep. 3511 81 .1 ik 5152 5 562 3 599
Netherlands 34 5215 T30k 2 206 294
Norway 41 sl 40 747 1Al 7
Poland 591 180.4 il 10610 2 956 4 040
Sweden 118K 16.4 36 1 035 426
United Kingdom 119 807 130 8 615 2 299
USSR (European part) 2 094 308 .6 631 30 924 {13 160

*1 Data for 1979/1880.
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Table 8: A 1ist of 10 major point sources of arsenic, cadmium, copper, lead
and zinc in the study area in 1982.
No Name Source category Country
i Huta Glogow I & II Non-ferrous metal
production Poland
2 Huta Legnica Non-ferrous metal
production Poland
< Ukrzinc-Konstantinovka Non-ferrous metal
production Soviet Union
4 Nikel complex - Kola Non-ferrous metal
Penisuela production Soviet Union
5 Huta Szopienice Non-ferrous metal
production Poland
6 Krompachy Copper works Non-ferrous metal
production CSFR
/ Societe Miniere et Metal- | Non-ferrous metal
lurgique de Penarroya production France
8 Preussag AG Metall Non-ferrous metal
production Fed.Rep. of Germany
9 Berzelius Metallhitten Non-ferrous metal
GmbH-Duisburg production Fed.Rep. of Germany
10 V.E.B. Bergbau u.Hutten Non-ferrous metal
Kombinat production German Dem.Rep.

Table 9: Prognosis of atmospheric emissions of As, Cd and Pb in Europe for
the year 2000 (in t unless as indicated) assuming BAT in non-ferrous
metal smelters and unleaded gasoline.

As cd Pb x 103
Source category
BAT BAT BAT Unleaded BAT +
gasoline unleaded
1 Power plants 324 149 a7 17 8/
2 Chemical industry = il = = =
3 Steel & iron
manufacturing 218 53 849 89 89
4 Non-ferrous metal
production 182 365 1.6 13.0 1.6
5 Other industries (incl.
cement and metal
application) 340 20 047 017 ()5
6 Industrial, commercial
and residential boilers 408 171 2.1 241 2!
7 Gasoline combustion = = 68.3 = =
TOTAL 1473 759 US43 211! 10.0
Total
1882 emissions 0.3 0.5 0.9 0 245 (0) il
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Table 10: Emissions of PCBs, HCHs, and HCB in the study area in the mid 1980’s

Country PCBs Y-HCH HCB
in 1000 t in t in kg
Belgium 20 1.6 470
Czechoslovakia 31 4.3 950
Denmark 10 15.15 340
Finland 10 0.2 310
France 110 12.8 4 000
German Dem.Rep. 34 6.6 950
Fed.Rep. of Germany 122 36.0 3 300
Netherlands 29 313 1 420
Norway 8 0.5 150
Poland 74 14.5 2 000
Sweden 157 0.4 510
Soviet Union™! 350 217.5 | 23 600
United Kingdom )i §] 26.7 2 400

*1 the European part of the country
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