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EMISSION OF TRACE ELEMENTS FROM 

COAL- AND OIL-POWER PLANTS IN EUROPE. 

METHODOLOGY OF CALCULATIONS 

1 INTRODUCTION 

The aim of this report is to detail the methodology of trace 

element emission calculations used in an earlier report [l], 

where the spatial distribution of the trace element emission from 

conventional thermal power plants in Europe was described. 

2 ELECTRICITY PRODUCTION IN DIFFERENT EUROPEAN COUNTRIES 

The electricity production in several types of power plants in 

Europe is given in Table 1 [1,2,3]. Trace element emissions are 

calculated chiefly using trace emission factors for power plants 

that in turn depend upon kind of fuel burned. Therefore, it was 

just necessary to estimate the distribution of electricity pro­ 

duction in different types of conventional thermal power plant. 

The distribution has been calculated using data on fuel consump­ 

tion, import-export relations of fuels, and heat values of fuels. 

2.1 Consumption of fuels 

Consumption of several kinds of fuels used for electricity 

production in European countries is listed in Table 2. 
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Table 1: Electricity production in European countries in 1979 
(in TWh) [1, 2, 3]. 

Country Total Hydro Nuclear Conv.Ther. Geothermal 

Albania 2.4 1.9 0 0.5 0 

Austria 40.6 28.0 0 12.6 0 

Belgium 52.3 0.6 11.4 40.3 0 

Bulgaria 32.5 3.3 6.2 23 .0 0 

Czechoslovakia 67. 9 4.1 2.2 61.6 0 

Denmark 22.3 v.small 0 22.3 0 

Finland 39.1 11.2 6.8 21.1 0 

France 240.1 73.7 32.3 134.1 0 

German Dem.Rep. 99.0 1.3 8.0 89.7 0 

German Fed.Rep. 372.2 18.5 42.3 311.4 0 

Greece 22.4 3.2 0 19.2 0 

Hungary 24.5 0.1 0 24.4 0 

Iceland 2.8 2.7 0 0.1 v.small 

Ireland 11.0 1.2 0 9.8 0 

Italy 181.3 48 .2 2.6 128 .0 2.5 

Luxemburg 1.1 0.1 0 1.0 0 

Netherlands 64.5 0 3.5 61.0 0 

Norway 86.5 86.4 0 O.lx 0 

Poland 117 .5 2.5 0 115.0 0 

Portugal 16.1 11.2 0 4.9 0 

Romania 64.9 10.7 0 54.2 0 

Spain 105.8 47.5 f,. 7 51.6 0 

Sweden 95.0 60.8 21.1 13 .1 0 

Switzerland 46.6 32.7 11.8 2.1 0 

Turkey 24.3 10.5 0 13.8 0 

USSR 1240.0 180.0 45.0 1015.0 0 

United Kingdom 300.0 5.5 38.3 256.2 0 

Yugoslavia 55.0 26.6 0 28.4 0 

X 
at Spitsbergen 
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Table 2: Fuel conswrrption in the European conventional 
power plants in 1979 (in 106 tons) [4]. 

Country Hard coa1*l Lignite Fuel oil 

Albania* 2 - 0.2 - 
Austria 0.05 2.08 1.19 

Belgium 4.60 - 3 .80 

Bulgaria*3 - 9.44 2.04 

Denmark 6.15 - 1.97 

Finland 3.36 - 0.96 

France 24.17 2.35 12.54 

German Fed.Rep. 37.73 115. 00 5.59 

Greece - 20.77 1.83 

Iceland - - 0.01 

Ireland 0.03 - 1.67 

Italy 2.26 1.35 22.02 

Netherlands 1. 70 - 4.75 

Norway 0.015 - - 
Poland*4 57.53 34. 72 - 
Portugal 0.22 - 1.05 

Spain 7.65 10.05 6.31 

Sweden 0.04 - 3.23 

Switzerland 0.01 - 0.30 

Turkey 1.18 5.75 1.42 

United Kingdom 91.28 - 12.04 

*1Hard coal includes both bituminous and subbituminous coals. 

*2According to [5]. 

*3According to [6,7] 

*4According to [8,9] 
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Production of electricity in hard coal-, lignite- and oil-power 

plants in GDR, Czechoslovakia, Hungary, Romania, the USSR and 

Yugoslavia has been taken from the literature (see Table 8). In 

this case it was not necessary to know fuel consumption in the 

above mentioned countries, because the distribution of electricity 

production by type of power plant had already been given. 

2.2 Import - export relations of fuels 

The import-export relations for hard coal are given in Table 3 

[3]. The table presents total import of coal to each country. 

It was assumed that an exporter contributed to the generation 

of electricity in an importing country in the same percentage 

that that exporter had contributed to total coal imports for that 

country. It was an important assumption in computing the average 

heat value of coal for each country. 

However, for some importers mentioned in Table 3 the assumption 

is made that indigenous coal production is sufficiently large to 

meet all their needs in power production. Imported coal in these 

countries, is used for other purposes. These countries are: the 

German Federal Republic, Norway (Svalbard), Poland, Turkey, the 

USSR and the United Kingdom. 

Some countries have their own hard coal and imported coal only 

partially contributes to total power production. These countries 

are: Belgium, France, Hungary, the Netherlands, Portugal and Spain. 

The contribution of indigenous coal production to total coal 

burned in power plants have been taken into account. 
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Comparing data in Tables 2 and 3 it can be seen that some 

countries import hard coal for other purposes than combustion 

in power plants. These are the following: Bulgaria, the German 

Democratic Republic, Czechoslovakia, Greece and Yugoslavia. For 

the above-mentioned countries it was assumed that only lignite 

is burned in power plants. This assumption may not always be valid, 

especially for Czechoslovakia. The lack of suitable data on hard 

coal combustion in power plants in these countries forced the 

author to make this assumption. Lignite burned in the European 

countries comes chiefly from indigenous production. 

The movement of crude petroleum within the European countries having 

oil-fired power plants is presented in Table 4 [10]. 
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In the case of the USSR, the ratio of indigenous production of crude 

oil to oil import was 100 to 1 in 1979. Oil burned in the United 

Kingdom has also indigenous origin. The indigenous production of 

crude oil in this country is 2.4 times as high as import (1981 - 

[10]). It was assumed that all 12 million tons of oil burned in 

power plants in the United Kingdom is of indigenous origin. 

2.3 Heat values of fuels 

The next step in assessing electricity production by type of 

power plant in each of the European countries was to calculate 

the average heat value for fuels burned. Data on fuel consumption 

(from Table 2), import-export relations (from Tables 3 and 4) and 

the heat values of fuels from different fields was hard. The heat 

values of several sorts of hard coal mined from different fields 

are given in Table 5 and the heat values of lignite in Table 6. 
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Table 5: Heat values of hard coals from -eeueral: fields· (MJ/kg). 

Exporter 
(Country having 
field) 

Average heat 
value 

Expo:rter 
( Country having 
fieldI 

Average heat 
value 

South Africa [ H:] 

USA [12] 

Canada [15] 

Belgium [11] 

France [ 14] 

German Fed.Rep. 
[13,16] 

24.4 

25.6 

29.8 

24.0 

25.4 

21.2 

Netherlands [11] 

United Kingdom [11] 

Czechoslovakia [13} 

Poland [11,8,9] 

USSR [17] 

Oceania [13] 

24.0 

24.0 

24.2 
24.1 (export) 
18.9 

25.0 

25.0 

Table 6: Heat values of lignite from several fields (MJ/kg) [13]. 

Place of field Average heat value Place of field Average heat value 

Albania 15.5 Hungary 9.2 

Austria 15.8 Italy 17.5 

Bulgaria 15.5 Poland* 7.8 

Czechoslovakia 15.4 Romania 17.4 

France 16.3 Spain 17.5 

German Dem.Rep. 16.3 Turkey 17.4 

German Fed.Rep. 12.2 

Greece 15.5 

* According to [9]. 
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Data from Tables 5 and 6 should be regarded as average values for 

fields, because the heat value of coal can vary from one area of 

the field to another. 

The average heat value of coal burned in power production in 

various European countries is listed in Table 7. 

Table?: Average heat values of coal burned ~n the European 
power plants (MJ/kg). 

Country Hard coal Lignite Country Hard coal Lignite 

Albania - 15.5 Italy 24.7 17.5 

Austria 24.0 15.8 Netherlands 24.3 - 
Belgium 24.l - Norway* 29.3 - 
Bulgaria - 15.5 Poland 18.9 7.8 

Denmark 24.2 - Portugal 25.l - 
Finland 24.0 - Spain 25.l 17.5 

France 22.8 16.3 Sweden 24.9 - 
German Fed. 
Republic 21.3 12.2 s•~'i tzerland 24.0 . 
Greece - 15.5 Turkey 25.l 17.4 

Ireland 24.0 - United 
Kingdom 24.0 - 

*according to [18] 

Similar to Table 2, it was not necessary to know the heat value 

of coal burned in the GDR, Czechoslovakia, Hungary, Romania, 

the USSR and Yugoslavia because the distribution of electricity 

production in other types of power plants was already given in 

the literature. 

The heat value of oils burned in the European power plants vary 

insignificantly and a value of 41.8 MJ/kg was assumed as an average. 
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2. 4 Distr•ibution of electricity production by type of 
power pla·nt in European countries 

The distribution of electricity production by type of power 

plant in the different European countries has been assessed 

using: 

- consumption of several sorts of fuels (Table 2) 

- average heat values of coals burned (Table 7) 

- assumption that efficiency of power plant is the same 

for hard coal-, lignite- and oil-power plants. 

Table 8: Dis-tribution of electricity production by type 
of conventional thermal power plants in 19?9. (•109 MJ/year). 

Country Total Type of power plant 
Hard-coal fired Lignite-fired Oil-fired 

Albania*1 119 0 1.9 0 
Austria 40.6 0.6 15.9 24.1 
Belgium 

2 
123.8 44.3 0 79.5 

Bulgaria* 
1 

82.8 0 53.8 29.0 
Czechoslovakia* 221.6 0 221.6 0 
Denmark 80.3 52.3 0 28.0 
Finland 73.9 49.4 0 24. 5 

France *l 465.4 234.6 7.0 223.8 
German Dem.Rep. 322.9 0 322.9 0 
German Fed.Rep. 920.3 304.7 534.8 80.8 
Greece 

3 
69.2 0 55.8 13 .4 

Hungary*
1 

87.7 8.4 49.2 30.l 
Iceland* 0.2 0 0 0.2 
Ireland 32.7 0.4 0 32.3 
Italy 428.3 24.4 10.3 393.6 
Netherli;inds 142.6 24.5 0 118.1 
Norway*l 0.5 0.5 0 0 
Poland 414.0 331. 2 82.8 0 
Portugal 17.6 1. 9 0 15.7 
Romania*4 97.6 0 29.3 68.3 
Spain 184.0 55.9 51.2 76.9 
Sweden 47.1 0.3 0 46.8 
Switzerland 7.2 0.1 0 7.1 
Turkey 49.6 7.7 26.3 15.6 
USSR*5 2183.9 767 .6 319.5 1096 .8 
United Kingdom 914.0 747.7 0 166.3 
Yugoslavia*l 102.3 0 102.3 0 



- 16 - 

*l For these countries it was found that all electricity was produced 
in one type. -of power plant. 

*2 according to [7] 
*3 according to [19) 
*4 according to [7] 
*5 according to [20,21] 

3 TRACE ELEMENT EMISSION FACTORS FROM POWER PLANTS 

IN VARIOUS EUROPEAN COUNTRIES 

Trace element emissions from power plants have been calculated 

using emission factors. These factors have been calculated for all 

countries separately. Calculations were made based of emission 

factors for coal with 10 per cent ash and for oil with 1 per cent 

of sulphur as well as specific ash content in coal and sulphur 

content in oil burned in various countries. 

3.1 "Universal" emission factors 

The term "universal" emission factor includes: 

- factors calculated for several types of coal with 10 per 

cent ash burned in different kinds of boilers equipped with 

99 per cent efficient electrostatic precipitators, 

- factors calculated for a power plant burning oil with 1 per 

cent of sulphur. 

The methodology of universal emission factors calculations has been 

presented in earlier reports [22,23]. 

To calculate the trace element emission factors for power plants 

in the European countries it was necessary to know the ash content 

in coal and the sulphur content in oil burned in these countries. 

It was found that a majority of power plants in Europe are equipped 

with electrostatic precipitators working at an efficiency of 99 

per cent [14,24]. 
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3.2 Ash contents in coals burned in the European power plants 

The ash content of hard coal mined in several mines in the world 

is presented below (Table 9}. 

TabZe 9: The ash content of hard coai from severai fieZds 
( in %) • 

Exporter Average ash Exporter Average ash 
(Country having field) content (Country having field) content 

South Africa [11] 14.4 Netherlands [11] 12.4 

USA [12] 7.7 United Kingdom 12.5 

Canada [15] 9.4 Czechoslovakia [ 13] 12.8 

Belgium [26] 32.5 Poland [11] [9] 14.1 export 
20.0 

France [14] 13.2 USSR [ 17] 20 

German Fed.Rep. [25] 8.0 Oceania [13] 15.5 

Data for lignites are listed in Table 10. 

Table 10: The ash contents in Zignites from severai fieZds (13). 

Place of field Average ash content Place of field Average ash content 

Albania 17.7 Hungary 15.0 

Austria 7.4 Italy 17.7 

Bulgaria 15.0 Po Land " 24.0 

Czechoslovakia 16.0 Romania 17. 7 

France 11. 5 Spain 17. 7 

German Dem.Rep. 17.2 Turkey 17.7 

German Fed.Rep. 10.4 USSR 20.0 

Greece 12.8 Yugoslavia 17.7 

*according to [9] 

All values presented in Tables 9 and 10 should be regarded as 

average values because the ash contents in coal can vary from one 

area of a field to another. The averages in Tables 9 and 10 were 

calculated using information obtained in the literature. 
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Using data on fuel consumption (Table 2), import-export relations 

(Table 3) and ash content of coal (Tables 9 and 10), the average 

ash content of coal burned in the European countries as calculated. 

The results are given in Table 11. 

Table 11: Average ash content of coal 'burned in 
countries in Europe in 19?9 (in%). 

Country Hard coal Lignite Country Hard coal Lignite 

Albania 

Austria 

Belgium 

Bulgaria 

Czechoslovakia 

Denmark 

Finland 

France 

German Dem.Rep. 

German Fed.Rep. 

Greece 

Hungary 

Ireland 

- 17.7 Italy 

12.4 

32.5*2 

13. 2 

12.4 

10.8 

8.0 

15.0 

12.5 

7.4 

15 

16 

11. 5 

17.2 

10.4 

12.8 

15.0 

Netherlands 

Norway*
1 

Poland 

Portugal 

Romania 

Spain 

Sweden 

Switzerland 

Turkey 

USSR 

11.5 17.7 

13.4 

11.0 

20.0 

15.0 

15.0 

10.6 

12.5 

15.0 

20.0 

12.5 

24.0 

17. 7 

17. 7 

17.7 

20.0 

17. 7 

*l According to [18] 

*2 According to [26] 

3.3 Sulphur content of oil burned in the European power plants 

The average sulphur content of crude oil from several fields in 

the world are presented in Table 12 [27]. The values should be 

considered as averages of all the fields. 
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Table 12: Average sulphur content of crude oil (in%) [27J. 

Exporter Average sulphur Exporter Average sulphur 
(Country having field) content (Country having field) content 

1) Africa: 4) Middle East 

Algeria 0.1 Iran 1.6 

Egypt 1. 7 Iraq 1.9 

Gabon 0.1 Kuwait 2.5 

Libya 0.2 Qatar 1.3 

Nigeria 0.15 Saudi Arabia 2.8 

2) North America*
1 

0. 08 Unit.Arab.Emir. 1. 7 

3) Other American 
countries 5) Far East 

. *2 1.0 Singapore 0.1 Mexico 

Trinidad*
1 

0.4 Indonesia 0.1 

Venezuela 2.0 6) Western Europe 0.2 

7) Eastern Europe 1.4 

*
1 

according to [28) 
*2 assumption by the author 

Using data on consumption of oil in power plants (Table 2), 

import-export relations (Table 4} and average sulphur content 

of crude oil from several fields, the average sulphur content 

of crude oil burned in power plants in several countries has been 

calculated. The results are presented in Table 13. 
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Table 13: Average sulphur content of crude oil burned in 
countries in Europe in 1981 (in%). 

Country Average Country Average Country Average 
sulphur sulphur sulphur 
content content content 

Austria 2.1 Greece 2.1 Romania 1.6 

Belgium 2.1 Hungary 1.4 Spain 1.1 

Bulgaria 1.4 Iceland 0.5 Sweden 2.1 

Denmark 2.8 Ireland 1.5 Switzerland 0.2 

Finland 2.1 Italy 1.5 Turkey 0.8 

France 2.1 Netherlands 2.1 USSR 1.4 

German Fed.Rep. 1.4 Portugal 1.2 United Kingdom 0.5 

3.4 Emission factors of trace elements for power plants in 

the particular European countries 

Knowing 1) the trace element emission factors for coal- and 

oil-powered plants burning fuel with 10 per cent ash content in 

coal and 1 per cent sulphur content in crude oil (called "universal 

emission factors" and presented in a previous report [1]) and 2) the 

average ash content of coal and the average sulphur content of crude 

oil burned in European countries, the trace element emission factors 

for power plants in these countries can be calculated. For coal 

power plants, calculations are obtained by multiplying the univer­ 

sal emission factors by the ratio of the ash content in the coal 

burned in that particular country to the assumed 10 per cent ash 

content. The results for hard coal-are presented in Table 14. 
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The highest values for trace element emission factors for hard 

coal were obtained for Belgium. In this case it was assumed, that 

only indigenous coal is burned in Belgian power plants and that 

import of coal to this country is used for other purposes. The 

Belgian hard coal contains very high amounts of ash (more than 

30 per cent) [26]. Therefore, these values must be interpreted 

with caution. 

When calculating emission factors for hard coal, the kind of 

hard coal burned in particular countries and type of boilers used 

should be considered. On the basis of thoroughly studied literature 

[11,18,29,30,31] and export-import relations for coal, it was found 

that bituminous coals are mainly burned in Denmark, the Netherlands, 

Norway, Portugal, Spain, Sweden and Turkey. Subbituminous coal is 

fired in larger amounts than bituminous coal in the following coun­ 

tries: Austria, Belgium, Finland, France, the German Federal Republic, 

Hungary, Ireland, Italy, Poland, Switzerland, the USSR and the United 

Kingdom [26,32,33,34,35,19,9,20,21]. 

The higher trace emission factors for Hungary, Poland, the USSR 

and Turkey are also due to type of boilers used. In these countries 

cyclone boilers are more commonly used than pulverized ones. 

The trace element emission factors for lignite power plants in 

European countries are given in Table 15. 



23 

lQ 
N 

r-- ~ . <D N ~ <D M r-- <D Ui M Ui I..O I.fl r-- Ui 
~ r-- M 0 N .-i M 0 N 0 r-- M ~ r-- ~ r-- ~ 
N .-i r-- N N .-i N .-i .-i N .-i M N .-i N N N 

r-- 
M . 0 0 M .-i <D 0 0 Ui 0 ~ Ui ~ 0 ~ 

c:: M <D 0 N Ui ~ M r-- 0 M <D Ui M Ui 0 Ui 
N N CTI M M .-i M .-i .-i M N ~ C"') N M ~ M 

0 
N N I..O M M N I..O N ~ <D CTI ~ CTI N CTI 
r-- M .-i N .-i ~ 0 N .-i r-- M ~ r-- ~ <D ~ 

:> .-i r-- N N .-i N .-i .-i N .-i M N .-i N N N 

r-- N r-- I..O N <D CTI CTI <D CTI ~ r-- CTI r-- 0 r-- . . . 
<I) .-i CTI r-- CTI ~ .-i N Ui r-- .-i ~ N .-i N r-- N 
til N N N .-i M .-i .-i N N ~ M N M M M 

Ui I..O ~ <D 0 I..O M .-i ~ r-- I..O r-- <D r-- N r-- . . . . 
..0 r-- .-i I.fl r-- <D 0 I..O 0 I.fl r-- I..O .-i r-- .-i r-- .-i 
til N .-i M M .-i ~ .-i N M N Ui ~ N ~ ~ ~ 

I.fl 0 
N I.fl 0 I..O r-- . <D I..O M I.fl ~ M ~ r-- ~ 

..0 I..O <D .-i M 0 ~ I..O .-i .-i I..O ~ I.fl I..O I.fl <D I.fl 
p.. .-i I..O N N .-i N CTI .-i N .-i M N .-i N N N 

in .-i 0 Ui r-- I..O CTI <D 0 r-- <D <D <D <D r-- <D 
.,; <D N <D 0 <D M I..O 0 <D <D 0 ~ <D ~ 0 ~ z N .-i M ~ .-i ~ .-i N M N I..O ~ N ~ I.fl ~ 

M CTI I.fl r-- CTI CTI I.fl N I..O CTI ~ 0 ~ ~ . . . ,et . M 
0 I..O M r-- N I..O <D M .-i r-- I..O N .-i r-- .-i 0 .-i 
~ I.fl N r-- <D M <D M ~ r-- Ui .-i CTI Ui CTI .-i CTI 

I..O 
r-- r-- I.fl I.fl I.fl M .-i r-- <D N M ·CTI M M M 

c:: 0 r-- I.fl r-- M CTI N I.fl I.fl 0 .-i 0 0 0 ~ 0 
~ N <D N N .-i N .-i .-i N N ~ M N M M M 

0 I.fl M -~ r-- I.fl I..O <D M .-i N I..O .-i I..O <D I..O 

°' . . . . . 
::i:: .-i 0 .-i .-i 0 .-i 0 0 .-i .-i N .-i .-i .-i .-i .-i 

I..O 
I..O . <D C""l .-i N 0 I..O <D r-- 0 0 r-- 0 r-- 0 

:::l <D <D C""l I.fl N r-- .-i C""l C""l <D <D <D <D <D .-i <D u .-i r-- N N .-i N .-i .-i N .-i C""l N .-i N C""l N 

0 I..O N N ~ r-- <D C""l N N ~ I..O N I..O C""l I..O 
~ I.fl 0 0 N I..O ~ ~ <D 0 I.fl <D I.fl I.fl I.fl 0 I.fl 
u N .-i C""l C""l .-i C""l .-i .-i C""l N ~ C""l N C""l ~ C""l 

r-- I..O CTI C""l I..O N C""l 
N 0 CTI . N 0 N N 0 N 

0 ~ .-i .-i N <D N ~ ~ .-i I.fl <D C""l I.fl C""l I.fl C""l 
u r-- C""l .-i .-i ~ .-i ~ I.fl .-f r-- .-i .-i r-- .-i .-i .-i 

CTI C""l ~ r-- r-- N <D CTI I.fl 0 Ui r-- 0 <D I..O <D . . . 
ro ~ I..O <D CTI CTI .-i <D 0 <D I.fl CTI .-i I.fl .-i ,et .-i 
u .-i .-i .-f N .-i .-i .-i N N .-i N N N 

r-- 0 .-i I..O .-i .-i <D I.fl .-i <D <D N <D N N N 
<I) . . . . . . . 
~ ~ N I..O I..O C""l r-- N C""l I..O ~ CTI r-- ~ r-- <D r-- 

r-- <D r-- r-- <D I.fl <D N r-- N I.fl ~ N ~ I.fl ,et . . . . 
Ul I..O CTI CTI C""l I..O <D r-- ~ CTI r-- co 0 r-- 0 CTI 0 
Id! ~ .-i I.fl I..O N I..O N C""l IJ') ~ CTI r-- ~ r-- r-- r-- 

. . 
ro 0.. 0.. .,; <I) <I) 
..l< ~ ~ ro . 
::,. s ro ro 
0 <I) <I) ._; 

ro .-i Cl ri. ::,. 
::,., ro ro .,; Ul ::,., ro ro ~ .,; .,; ~ 0 <I) c:: c:: <I) ~ ro ._; ::,., .-i 
.jJ c:: ~ ro ..c:: () ro ro () ro ::,., c:: c:: c:: <I) Ul 
c:: ro .jJ 0, () c:: ~ ~ 

<I) 0, .-i ro ro .,; ..l< ~ 0 
:::l ..Q Ul .-i <I) ro <I) c:: ro .-i e ro ~ Ci) 0, 
0 .-i :::l :::l N ~ <I) <I) ~ :::l .jJ 0 0 0.. g Ci) :::l u Id! Id! '° u ri. (.!) (.!) (.!) ::i:: H p.. ~ Ci) ::i >i 



- 24 - 

The lignite from the south-eastern European f;ields has higher ash 

content than that from other parts of Europe. This pa~tly expla~ns 

the high emission factors for Romania, Turkey and Yugoslavia. The 

high emission factors calculated for the eastern European countries 

are due to the use of cyclone boilers and the high ash content of 

lignite. 

The trace element emission factors for oil power plants in European 

countries can be obtained from the "universal" trace element 

emission factors using the following equation [36): 

C = 1.25 • S + 0.38 p ( 1) 

where: 

C = the particulate emission factor, kg of dust/103 liters p 
S = the percentage by weight of sulphur in the crude oil in% 

Similarly: 

Efx = (1.25 • S + 0.38}Ef(u} ( 2) 

where: 

Ef = the trace element emission factor calculated for oil 
X 

with "x" per cent of sulphur 

Ef = the "universal" trace element emission factor calculated u 
for oil with 1 per cent of sulphur 

The results of calculations are given in Table 16. 
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Table 16: Trace element emieeion factors for oi.l=pouer plants 
i'n European countæiee ( in 11g /MJ,) .- ,._ 

Country As Cd Co Cr Cu Mn Mo Ni* Pb Se v* Zn 

Austria 44.8 21.3 238 79.6 319 74.8 51.6 1.87 231 34.0 6.80 163 

Belgium 45.1 21.4 239 80.1 321 75.3 52.0 1.89 232 34.2 6.84 164 

Bulgaria 31.9 15.1 169 56.7 227 53.3 36.8 1.34 164 24.2 4.84 116 

Denmark 58.1 27.6 308 103 414 96.9 66.9 2.43 299 44.0 8.80 211 

Finland 44.9 21.3 238 79.7 320 74.9 51. 7 1.88 231 34.0 6.80 163 

France 44.8 21.3 238 79.6 319 74.8 51.6 1.87 231 34.0 6.80 163 

German Fed.Rep. 32.4 15.4 172 57.6 231 54.1 37.4 1.36 167 24.6 4.92 118 

Greece 44.7 21. 2 237 79.4 319 74.8 51.5 1.87 230 33.9 6.78 163 

Hungary 32.0 15.2 170 56.7 228 53.3 36.8 1.34 164 24.2 4.84 116 

Iceland 17.2 A.2 90.6 30.3 122 28. 5 19.6 0.71 88.0 12.9 2.59 72.1 

Ireland 15.4 7.3 81. 7 27.3 110 25.7 17.7 0.64 79.4 11. 7 2.34 56.0 

Italy 33.7 16.0 179 59.7 240 56.2 38.8 1.41 173 25.5 5.10 112 

Netherlands 44.9 21.3 238 79. 7 320 74.9 51. 7 1.88 231 34.0 6.80 163 

Portugal 28.0 13.3 148 50.0 199 46.7 32.2 1.17 144 21.2 4.24 102 

Romania 35.6 16.9 189 63.2 254 59.4 41.0 1.49 184 27.0 5.40 129 

Spain 26.4 12.5 140 46.8 188 44.0 30.4 1.10 136 20.0 3.99 95.8 

Sweden 44.9 21.3 238 79.7 320 74.9 51. 7 1.88 231 34.0 6.80 163 

Switzerland 8.8 4.2 46.8 15.7 62.9 14.7 10.2 0.40 45.5 6.70 1.34 32.1 

Turkey 20.2 9.6 107 35.9 144 33.7 23 .3 0.85 104 15.3 3.06 73.5 

USSR 32.0 15.2 170 56.7 227 53.3 36.8 1.34 164 24.2 4.84 116 

United Kingdom 15.4 7.3 81. 7 27.3 110 25.7 17.7 0.64 79.4 11. 7 2.34 56.0 

*in mg/MJ 
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4 EMISSION OF TRACE ELEMENTS 

Trace element emissions from conventional thermal power plants 

in the European countries have been calculated using the trace 

element emission factors for hard coal-, lignite- and oil-power 

stations (Tables 14, 15 and 16) and the data on electricity 

production from several types of power plants in individual 

countries (Table 7). 

The results are presented in Tables 17, 18 and 19 for hard coal-, 

lignite-, and oil-power plants, respectively. 

It must be added though, that a large number of power plants in 

Europe burn not only monovalent but also bivalent and trivalent 

fuel. For example, power plants can fire combinations of hard 

coal and lignite or hard coal, lignite, and oil. The contribution 

of particular fuels to trace element emissions has been calculated 

based on consumption of these fuels and their heat values. The 

detailed data on this matter have been taken from several issues 

of the monthly bulletin ''Electrical Energy" and [14]. 
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Table 19: Bmieeion of trace elements from oi/l-rpoiaer p'larite 
in Europe in 1979 (t/year). 

Country As Cd Co Cr Cu Mn Mo Ni Pb Se V Zn 

Austria 1.1 0.51 5.7 1.9 7.7 1.8 1.2 45 5.6 0.82 164 3.9 

Belgium 3.6 1. 7 19.0 6.3 25.5 6.0 4.1 150 18.5 2.7 544 13.0 

Bulgaria 0.9 0.4 4.9 1.6 6.6 1.5 1.1 39 4.8 0.7 140 3.4 

Denmark 1.6 0.8 8.6 2.9 11.6 2.8 1.9 68 8.4 1.2 247 5.9 

Finland 1.1 0.5 5.8 1.9 7.8 1.8 1.3 46 5.7 0.8 167 4.0 

France 2.0 0.9 10.4 3.5 14.0 3.3 2.3 82 10.1 1.5 298 7.1 

German Fed.Rep. 2.6 1.2 13.9 4.7 18.7 4.4 3.0 109 13. 5 2.0 397 9.5 

Greece 0.6 0.3 3.2 1.1 4.3 1.0 0.7 25 3.1 0.5 91 2.2 

Hungary 1.0 0.5 5.1 1. 7 6.9 1.6 1.1 40 5.0 0.7 146 3.5 

Iceland* 3 2 18 6 24 5 4 143 18 3 518 14 

Ireland 0.5 0.2 2.6 0.9 3.5 0.8 0.6 21 2.6 0.4 75 1.8 

Italy 13. 3 6.3 70.3 23.6 94.4 22.1 15.3 554 68.3 10.0 2008 48.2 

Netherlands 5.3 2.5 28 .1 9.4 37.7 8.8 6.1 222 27. 3 4.0 803 19.3 

Portugal 0.4 0.2 2.3 0.8 3.1 0.7 0.5 18 2.3 0.3 67 1.6 

Romania 2.4 1.2 12.9 4.3 17 .3 4.1 2.8 102 12.5 1.8 369 8.8 

Spain 2.0 1.0 10.7 3.6 14.4 3.4 2.3 85 10.4 1.5 307 7.4 

Sweden 2.1 1.0 11.1 3.7 14.9 3.5 2.4 88 10.8 Lo 318 7.6 

Switzerland 0.1 0.03 0.3 0.1 0.5 0.1 0.1 2.6 0.3 0.05 9.5 0.2 

Turkey 0.3 0.1 1. 7 0.6 2.2 0.5 0.4 13.2 1.6 0.2 48 1.1 

USSR 35.1 16.6 186 62.2 250 58.5 40.4 1470 181 26.6 5300 127 

United Kingdom 2.6 1.2 13 .6 4.5 18.2 4.3 2.9 107 13 .2 1.9 388 9.3 

*in kg/year. 
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5 SPATIAL DISTRIBUTION 

The spatial distribution 0f trace element emiss,i,ons, presented 

in Figs 1-16 in the previous report [11 were either based on 

location and capacity of the conventional thermal power plants or 

inferred subjectively by the author, using any available information 

such as so2 emission, population density, energy consumption density, 

location of industrial areas, etc. The EMEP grid system with length 

of 150 km was used. 

The location of power plants in eight countries was available 

from [41]. Details are given in Table 20. 

Table 20: Power plants considered for spatial distribution 
of trace element emissions [41]. 

Country Number of Power plant with Power plant with 
power plants the lowest output the highest output 
considered capacity, MW capacity, MW 

Belgium 24 Angleur-100 Rulen-997 

Denmark 18 Svanemolle- 
vaerket-131 Kyndbyvaerket-934 

France 45 Harnes-110 Porcheville B-2340 

German Fed.Rep. 124 Gelsenkirchen/ 
Horst-104 Frimmersdorf-2376 

Ireland 6 Great Island-121 Poolberg-268 

Italy 59 Codrongianos-102 La Spezia-1821 

Netherland 34 Merwedekanaal-100 Amer-1717 

United Kingdom 144 Hastings-HO Longannet-2304 

The location of 97 units in Greece was taken partly from [40] and 

partly assessed on the basis of so2 emissions in this country [37]. 

The spatial distribution of trace element emissions from the Swiss 

power plants was available from [42] and the same information for 

Spain from [31]. 

The location of major power stations in Poland was taken from [9]. 

The coal power plant in Spitzbergen was taken into account when 

calculating the Norwegian trace element emissions. 
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The spatial distributton of trace element emissions from the 

Swedish power plants was based on data from the large project on 

coal, health and environment relations £301 and yearly reports on 

heavy metals in the Swedish environment t431. 

Data from [49] were used to estimate trace element emissions from 

Czechoslovakian power plants. The location of major power plants in 

Hungary was taken from [19]. 

Data for the two smallest countries, Iceland and Albania were 

assessed using population density and energy consumption density. 

The population figures come from The Times Atlas of the World [~5]. 

The spatial distribution of the trace element emissions for Austria, 

Bulgaria, Finland, the German Democratic Republic, Portugal, Romania, 

Turkey, the USSR and Yugoslavia have been calculated based on so2 
emissions in Europe [37,38] and emissions of nitrogen oxides from 

fossil fuel combustion [391. 
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