by

)

-

L N




LETAE - 2 /74

Dato: November 1974

THE LRTAP EMISSION SURVEY

by
B Rystad, S Str¢gmsge, E Amble, T Knudsen

NORWEGIAN INSTITUTE FOR AIR RESEARCH
P.0. BOX 115, 2007 KJELLER
NORWAY



CONTENTS
d Page
" SHMMERY semosmeseesaransevan e s ase s anels 1.5 S HIREE B s S o ®,E By
INTRODUCTION ....................... T R TAPE
- BASHS "POR THE: ESIEIMATETONS . oeks e B esal aeden ve e g ;.. 7
Zoll Patrapgrieas ©f GMLSSATONE & o 560 6o 0 5 ak 5 45 55 o 7
3 THe 2950 FVETEN civanvacmns s s B OAT DSy I T b & S 8
.7 8 .Dégree-days .................... R ol o A 8
CALCU LTIl OF BMISETON FACHORS <. .5k neqgadtssaveds « B8
EMISSIONS FROM THE GUURITEIES . :ass s R BT IR e g
4.1 Sl CAELEEE wpogssve s el mY U RE T RE B LEED D E U 9
4.2 The Federal Republic of Germany .......c.ecee... 10
4.3 NOPWENY s aaspwod b Eaydaoesseeyeetdsnftaiimeesas 10
L.y SHEHETF J5 6T e 0 B A 5 a5 old B 53 2oE 3 00 6 e SN a6 6 Tl
4.5 PARIEEE, ol Ta paw e el e v ey a s e e g 1
4.6 England, Scotland and North Ireiand ........... 13
4.7 BGNCIEN] oo s o ) o rierys, ¥ sk GL.GL oL (oA eriie) e hoirap v ceiel (ome) 12 e Yol 1o 12
4.8 DENMATIS =& ictel tale 5 Flm s s letb el V6 6 Ak @ o ST 605563 13
4.9 BEIE NI feprseenedens §eofasseaifas naesne g8 asEs 13
Ly, D@ T NI FheTIEAmIEIS , 1« oo Shie e & o o510 i 5ol ok 508 (3 % 51 50 Lo 5 8 1 15 14
odidl, SLUBCEMDOITED!, spe o o 25050 060 50 TEAE b3 (T HF TR D & G 1 b o1 e, @ 1y
Bl (EEPEAE . osehgaaesnpeEe raain N | IR



_ ‘ Page

TTAELE- OE"EHISSIGNE EY COUUNTRIES . c o an inden ans s rdatii 15
REFERENCES +vvveeevrnnn.. R I D] W S R, S 16
APRENIIEG | o o e ieoe vie % =il i e i e T T [5G r e et (5, M) (o sl o) ] kb e 19
4 el Continuous, variable and total ,

ENkSBLON DPEF, EYLU SQUBERE ... ilsorassnss e wnssasis 13
T2 Continuous and variable emission

factors and population per grid square ..... 3 e Akl

e Emission per area, population density
aid Ebel pEL gl HOMIXE' sweunewernhs avd o's Sie s 19




THE LRTAP EMISSION SURVEY

SUMMARY

A survey of the emissions of sulphur dioxide in North-west
Europe has been made in connection with the OECD Programme

"Leong Range Transport ¢f Aipr Pollwbtants™,

The results are given in a grid system with individual grid
areas . of %O latitude times 1° longitude. Emissions are A

given in tons S0, per grid square as estimated for the year
1973, and have been dividéd in a constant component, and a

seasonal component.

‘Reservations are made with respect to the accuracy of the
calculations and the sources of information. The survey
has been constructed for use in connection with large scale
atmospheric dispersion calculations only and should not be
used for evaluations on a scale of less than 100 km between

significant points.



INTRODUCTION

Durang the first measurement phase of the OECD=project
"Long Range Transport of Air Pollutants", it was considered
sufficient with the emission data from the countyies which
were compiled by Dehove (1) and distributed in the squares
of a 127 x-127 km grid system and adjusted by Saltbones (2).
In the second measurement phase a more complete emission
survey was wanted. The collection of information from the
countries was started in December 1972. The countries were
asked to provide sulphur dioxide emission data to conform
with a reference grid'system of %O latitude times 1° lengi-
tude. It was also requested that the emission within each
grid should be separated into. a, constant plus a vardable,

temperature-dependent term.

Emission data according to these specifications have been
supplied by Switzerland, the Federal Republic of Germany,

Sweden, Denmark, Norway, Finland and the United Kingdom.

Emission data with a slightly different breakdown into
regions and emission sources have been given by France and
the Netherlands.

The emissions from Austria and Belgium were estimated by
" the use of population statistics, information on the econo-
mic and industrial structure and data from other available
sources. Finally, the emission data have been processed

‘and presented with the aid of a computer programme.

The data given in this report include all corrections and
revised figures received from the countries by 1lst November
B 78



The emission data from the different countries are not
strictly comparable, because of different basis material
and different basic assumptions made in the compilation of
the data. '

The estimated figures for Belgium and Austria are probably
less accurate both with respect to the total emissions

and the distribution on the various grid squares. There
are also uncertainties in connection with the use of an
estimated constant annual growth rate in the emissions, due
to differences in types of fossile fuels used, and differ-
ences in future trends from one country to another. In
some countries for instance there has been a considerable
shift from solid fuels and oil towards natural gas with a

very low sulphur content.

For use of the survey in other connections than for the at-
mospheric dispersion célculations, the reservations men-
tioned above should be taken into due account. A descrip-
tion of the methods used, and of sources of information in

the various countries are given in the following.

BASIS FOR THE ESTIMATIONS

Categories of emissions

The countries have been asked to classify their ‘sulphur
dioxide emissions as continuous or variable emissions, and
give these sepérately. The continuous emission is defined
as beihg equal from one week to another, during the whole
year. Diurngl varizticons are mot comgidereds Moet af the
emissions from the industry and some of the emission from

the power stations (here taken as 50%) fall in this cate-

gery .



The variable emission includes all seasonal heating. This
is the heating in the category "domestic and commercial’,
some of the emission from.power stations, and when it has
been possible to calculate it, a comparatively small frac-
tion of the emission from the industry. Seasonal industry
which operafes mainly in the cold season has also been in-

gluded in thizs growp.

The grid system

The reference grid system is formed by each half degree of
latitude and each degree of longitude. Each square is iden-
tified by the coordinates of its lower left corner. Thus,
the square limited by 55 and 55.5 degrees of latitude and

1 and 2 degree of longitude (east), is labelled (55.0, 1).

This are®d of the squards is preportiomal with The coglinuwe to
the corresponding latitude. The area of a square situated

at 60° latitude is

$5.55 % 1911.11 ees B0 = 2086 km®

Degree-days

The degreé—days are calculated with 18°C as a base. When
the average temperature a given day is t, the number of de-

gree-days this day is 18 - t.

CALCULATION OF EMISSION FACTORS

The number of inhabitants in each square was calculated for
all countries. The latest population statistics available
for each country were used mostly for, the year 1870.° No
growth in the populatlon has been stipulated beyond this
date. The population statistics used give the number of

inhabitants for distriects less than a grid square. The



distribution of the district area on grid squares is then
measured, and the population within each community distri-
buted on the squares in proportion with the areas of the

community falling within the grid squares.

It is possible.to calculate the' continuous ‘and variable
emission per inhabitant and year for each square in the
countries where the emissions are known. 'These emission
factors vary betwéen the countries, and are dependent on
the economic and industrial structure in the countries, and
the properties of the fuels available. Table 1 on page 15
shows the emission factors for each country. The basis for

the calenlatibns is Fiven'in cliagter N.

EMISSTONS FRAM THE COUNTRIBES

Switzerland

The emission data collected by Dr. Morkowski, Eidgendssische
Materialpriifungsanstalt (3) were given in a grid system of
1/4° latitude times %O longitude for the following cate-

gories.

A: Domestic heating.

B: Fuel combustion in steam- and
hot water boilers.

C: Fuel combustion in cement, brick
" and steel production. :

D: Other industrial processes.

B Tranepert and tweffle.

Category A forms the vafiable component. The emissions were
calculated for 1970, and an annual growth rate of 3% was
assumed. The ‘distribution of the population on squares was
given together with the emissions.  In calculation of the

degree-days, 20°C was used as base temperature.



The Federal Republic of Germany

The emissions have been estimated for 1970 by NUKEM GmbH
(4) for the standard reference grid squares in the cate-
gories continuous and variable emissions, and also with a
separation in the emissions from househeating, public power
stations, industry and traffic. The distribution of the
population was given together with the emissions. Some
minor corrections and additions have been made. The vari-
able component in Square (53.0, 11) was missing, this was
taken as 317 tons SO,. The number of inhabitants was miss-
ing in square (52.0, 11), this was taken as 20.000. The
emission per inhabitant then became relatively high in this
square. An annual growth rate in the emission of 3% was

assumed.

Norway

'The emissions have been calculated by NILU in cooperation
with the Norwegian Federation of Industry. The emissions
~were given for the standard reference grid squares and in
"the following categories; fishing industry, continuous
emission from the industry, emission from service-industry
(small workshops etc), and variable emission from domestic
and commercial sources. The emission from the fishing |
‘industf& was taken as continuous, as well as 50% of the

. emission from the service-industry. The emissions.were’
calculated for 1970, and an annual growth rate of 3% was

assumed. Population statistics from 1971 (5) was used.



Sweden

" The emissions were estimated by Statens Naturvardsverk (6)
for 1972, for the standard reference squares and given in

the categories:

A: ‘Emission from the o0il combustion by
. the 800 largest consumers of fuel oil.

B: Emission from power plants (included A).
C: Emission from industrial processes.
D: Variable emission.

E: Amount of ‘sulphur dioxide from fuel
0oils reéetained in the industrial
processes. :

The population in each square was given together with the
emissions. The emission from the power plants was divided
equally between the continuous and the variable component.

An annual growth rate of 3% in the emission was assumed.

Finland

The emissions for 1973 were given by the Finnish Meteorolo-
gical Institute for the standard reference grid squares and
in the categories continuous and variable emissions. A
small part of the total emissions due to the use of o0il in
domestic heating in north and east was not distributed on
the,grid squares by FMI. This distribution was done by
NILU in proportion with the population density as requested

by, B¥I. Jhe populatien statistics . .from 187] was wsed (7). -



England, Scotland and North Ireland

The emissions were calculated by the Warren Spring Labora-
tofy for, 1970 and divided on standard reference squares .in
the categories industry, domestic sources, oilrrefineries
and power stations. The variable component was taken as

the emission from domestic sources plus'SO% of the emission
from power stations. L .The emissisn figures Ffor 1870 were
reduced by 5% to fit with the total emissions of 5.6 million
tons for 1973 estimated by the Warren Spring Laboratory.
This development is mainly due to the more extensive use of

gas. The population statistics from 1971 (8) was used.

Frahce
The emissions were calculated by Centre Interprofessionnel
Technigue d'Etudes de la Pollutiem Atmiospherique fop 1971,

The emissions were given for each Department and in the

categories.

A: Domestic heating and small industries.
B IndUustey. and stedl predustion.
C: Electricité de France.

Dz - Refinewries plus emissiong fwom the Lacq
district’ '

E: Centrales Charbonnages de France.

Category C and E refers to power statidns, and 50% of this
emission together with the emission from domestic heating
and small industries forms the variable component. The
~emissions given include the total emissions from the iron
and steel industry and the refineries.. They do not include
the emissions from other industrial processes as chemical
industry; pulp and paper industry, and desulphurization of

ores, C.I.T.E.P.A. estimates this to 5% of the continuocus



component, thus 5% for the whole country. An annual growth
rate of 3% in the emission was assumed. The population

statistics from 1968 (9) was used.

Denmark

The emissions -were calculated by the Meteorological Insti-
tute in Copenhagen (19), divided on squares and given in

the categories:

Ay Industtoy
B: Power stations

C: Domestic and commercial sources.

Fer this coumtry it is cleimed that 25% of The emisgions
from the power stations together with the emission from
commercial and domestic sources forms the variable compo-

nent.

An annual growth rate of 3% in the emissions was assumed.

The population statistics from 1973 was used (10).

Belgium

20 far po Emasgicn dafa-hag beon ressivad Erom Eelsium. &
variable emission factor of 33 kg SO./inhabitant and year
(1973) wes esftimated for The whele country. The tefal
emissions as well as the distribution of the continuous
emissions on squares according to degrees of industriali-
zation was estimated by uéing available relevant infor-
mEtden (11, 12 713).  The populatiom SEatidsties from 1970

(14) were used.
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The Netherlands

The emission data are based on information given in a pub-
ligation. by Suurland.snd Bouwelimg (15). This Peport een=
siders SO,-emissions by fuel combustion in stationary
gources.:’ The.figures ape given per .provinee and divided
on 25 different categories of sources. The emission from
industrial processes is estimated to 150.000 tons and from
triaffie te 100.000 tonms BOz/yeap (1973) scverding te this
report. The variable component represents the sum of the
emissions from agriculture, commerce and households, to
whi¢h has been added 50% of the emissions from power
stations. No increase in the emissions from 1972 to 1973
was assumed. The population statistics from 1971 (16) were

used.

Luxembourg

The population statistics from 1970 (1l1l) was used. The vari-
able emission factor was taken as 50 kg SO,/inhabitant and
year (1970), and the continuous emission factor as 100 kg
S0z /inhabitant and year (1970). An annual growth rate of

3% in the emissions was assumed.

Austria

Data about consumption of fossile fuels in Austria for 1972
were recently supplied by Bundesstaatliche Bakteriologisch-
serologische Untersuchungsanstalt, Abteilung flir Lufthygiene.

The information was .given for each fuel type separated in
the categories:

Industry

Power plants

District heating plants
Commerce

TPafriE

(5| NS0 R (DTS (O o O >



F: Households -
G: Other

Consumption figures in the categories A, B and C were divided
on standard reference grid squares while data in ghaus U, B

F and G were given as totals for Austria.

Emissions of SO; were calculated by the use of sulphur contents
also supplied by Bundesstaatliche bakteriologisch-serologische
Untersuchungsanstalt. The emissions from industrial processes

were estimated to 20.000 tons SO,/year.

The variable component is 15% of the total emissions and con-
sists of category F together with a part of the emissions from
heat and power production. An increase of 3% in the emissions
from 1972 ‘to 1973 was assumed. The population in' each square

was given together with the other data.
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