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EMISSIONS OF NITROGEN OXIDES 

AND HYDROCARBONS IN NORWAY 

1 INTRODUCTION 

The present survey of emissions of nitrogen oxidæand hydro­ 
carbons to the atmosphere has been prepared for the "Group 
of Experts on Oxidants and their Precursors in the Atmos­ 
phere", OECD. The Expert Group primarily asked for emission 
data from selected areas1where photochemical smog formation 
was believed to be a possibility. The emissions should be 
specified for various categories of sources. 

The emissions from combustion of gasoline and fuel oil have 
been calculated from the sales statistics of the oil companies 
(1), while information on emissions from industrial proces­ 
ses in most cases has been collected by contacting the 
industries directly. As many of the available data represen­ 
ted total figures for the country, the emissions for the 
various categories were first calculated for the whole 
country: then special calculations were made for the emis­ 
sion from three selected grid squares where smog formation 
was considered to be a possibility. 

In table 1 the total emissions of nitrogen oxidæand hydro­ 
carbons for each of the selected grid squares are compared 
with the total emissions in Norway for 1970. The 
emissions for the three g~id squares atld up to respectively 
34% and 22% of the total emissions of nitrogen oxides and 
hydro carbons for the country. The area of the three grid 
squares represent only 2.5% of the country, but contains 
28% of the Norwegian population. 
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NOx- Hydrocarbon 
1970 emission % of emission % of 

T/year total T/year total 

Norway, total 99 080 136 935 

(59,9) Skien/ 19 930 20 3 850 3 Porsgrunn 

(59,10) Oslofjord 5 894 5 10 410 8 area 

( 5 9 , 5 , Oslo 9 430 10 17 900 13 
10) 

(Total) Sum 35 254 35 32 160 24 

Table 1: Emission per grid square (approx. 3000 km2) 
compared with country total. 

The grid square (59,9) has 20% of the total emission of 
nitrogen oxide in the country. This is due to the large 
emissions from the nitric acid production at Herøya. These 
emissions have been considerably reduced. Still one has pre- 

ferred to make the comparison on the basis of the actual 
emission figures for 1970, instead of the predicted figures 
for 1975 and ·1980. 

The emissions of hydrocarbons and nitrogen oxides 

in grid square(.59,5, 10), the city of Oslo and surroundings, 
are mainly due to mobile sources. The area contains no 
major point sources. Similar conditions are found for the 

two second largest cities in Norway, Bergen (60,5) and 
Trondheim (63,10). For each of these grid squares emissions 
from motorised traffic amount to approximately 3% of the 
total for the country, to which should be added emissions 

from shipping. Both cities have heavily trafficated 

harbours, but no dominating point sources. 
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2 EMISSIONS FROM COMBUSTION I COUNTRY TOTALS 

The total emissions for the various categories are given 

in enclosures 1 and 2. Sources of information and methods 

of calculation are discussed in the following sections. 

2.1 Mobile sources 

2.1.1 Air_trans2ort 

The emission figures for air transport 1970-1980 are based 

on information given in (2), a report to the Nor- 

wegian Parliament. The estimates--'for 1975 and 1980 are 

based on an assumed growth rate in sivilian air traffic of 

10 - 12% per year, and military air traffic is supposed to 

represent 50% of the sivilian air traffic. 

2.1.2 Road_trans2ort 

The emission calculations are based on the sale of gasoline 

and diesel fuel. Sales data for· 1960, 1965 and 1970 have 

been obtained from the sales statistics of the oil companies 

(1)~ Estimates for 1975 and 1980 are based on predictions 

worked out by the Norwegian Petroleum Institute. However, 

the Petroleum Institute has stressed that these prognostic 

data only represent rough estimates, because of the uncertain 

energy supply situation and the continuously rising prices 

of gasoline. 

It is not easy to make an accurate evaluation of the 

magnitude of the emissions from the Norwegian car park, 

because of problems in specifying an average driving 

cycle on a country-wide basis. Swedish experts have, 

however, found that one may use data from the USA, and 

a Norwegian study (4) shows that it is fully justifiable 

to use the same emission factors for the Norwegian as for 

the Swedish car park. The emission factors applied are 

given in enclosure 3, and represent average emission 

factors valid for a combination of the traffic and 

highway driving. 
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The emissions for 1975 and 1980 are estimated on the basis of 

two different assumptions: a) No change in present legislation, 

and b) More strict rules for the emissions from cars. 

As from 1st January, 1974, the so-called ECE-rules were 

introduced in Norway, ~nd it is anticipated that thesP. 

restrictions will be increased by 30% in 1976 and by 75% 

in 1979. From 1981 it is expected that the American norms 
of 1975 will be introduced . 

• 
However, the ECE-regulations only set limits for the emis­ 

sions of carbonmonoxide and hydrocarbons. Restrictions on 

the emissions of nitrogen oxides are not expected until 1979. 

Swedish measurements (6) indicate that cars which satisfy 

the ECE-regulations, have an increased emission of nitrogen 

oxides by 15-20%. 

2.1.3 B~!!~~l§ 
Only a small part of the rolling stock of the NSB 

(Norwegian State Railways) is diesel powered. The 

consumption in 1960-65 and 1970 has been obtained from 

sales statistics (1), and the emissions have been 

calculated as for diesel engines (see enclosure 3). 

For 1975 and 1980 no increase of the diesel powered part 

of the rolling stock has been assumed, and the emissions 

are assumed to be the same/as in 1970. 

The Statistical Yearbook of Norway (5) gives the consumption 

of coal by NSB for the period 1967-70. During this period 

the consumption has been reduced by more than 9~. The con­ 

sumption in 1970 corresponds to 5.8 tons N02 per year, 

This amount is considered insignificant and thus omitted. 

The emission calculations are based on the sale of fuel (1). 

Bunkering in Norway by ships engaged in foreign trade has 
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been included, even if part of this fuel is used in inter­ 
national waters., in order to compensate for ships from 
other nations using their own fuel in Norwegian waters• The 
prediction# for 1975 and 1980 has been derived by extrapolation 

of the tendencies from 1960-70. For ships using light 
petrol oil the emissions have been calculated as for gaso- 
line engines. For other types of fuel the emission coeffi­ 
cient for diesel engines has been used, see enclosure 3. 

2.2 Stationary sources 

2.2.1 Power_stations 

At present there are no large thermal power stations in 
Norway, and no decision has been made to construct any 

such station before 1980. 

2.2.2 Emissions_from_industrial_oil_combustion 

The emission calculations are based on information concern­ 
ing the sale from the oil comDanies to the industry (1) and 
private import. The emission factors used (7) are given in 
enclosure 3. The predi~tions for 1975 and 1980 are based on 
information from the Norwegian Petroleum Institute (3). 
This institute has given estimates for the total expected 
consumption of light and heavy fuel oils for the country, 
and using the figures for 1960, 1965 and 1970, one has esti­ 
mated the part of the expected sale of these oil types 
which will go to the industry. 

2.2.3 Emissions_from_2rivate_and_commercial_heating 

The emissions are calculated from the sales statistics of 
the oil companies (1). In order to obtain the total consumption 
for the country, the following consumer groups have been 
added : NSB (railway)-heating, agriculture, house-heating, 
heating of defence installations, the waste and consumption 
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by the oil companies themselves. The emission factors used 

(7) are given in enclosure 3. 

The predictions are based on estimates from the Norwegian 

Petroleum Institute for the expected total sales of fuel, 

and divided on emission categories by following the same 

principal as in section 2.2.2. It should be noted that the 

predicted values given, only represent rough estimates 

because of the uncertain energy supply situation at present. 

3 EMISSIONS FROM INDUSTRIAL PROCESSES, COUNTRY TOTALS 

3.1 Oil refineries 

At present Norway has three refineries with a combined 

capacity of 8.3 mill. tons per year. In the course of 1975 
A/S Rafinor will start production in their new plant 

at Mongstad with a capacity of 4 mill. tons per year. All 

information concerning the use of fuel and loss of hydro­ 
carbons at these installations has been obtained from the 

refineries themselves. The emission factors applied are 

given in enclosure 3. 

3.2 Petrochemical industry 

At present there is no petrochemical industry in Norway, 

but there are definite construction plans to build an 

ethylene cracker, with Rafnes in Telemark as the probable 

site. This installation will probably come into operation 

before 1980, and the expected emissions for this industry 

have been obtained from Norsk Hydro A/S (8). 

3.3 Asphalt production 

In Norway 90% of the asphalt production today takes place 

at VallØy Refineries. Accordinl to the 

company all production takes place in closed installations, 

and the emissions contain no hydrocarbons. The process gives 

no emission of nitric oxides. Where the remaining 10% of 
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the asphalt production takes place, has not been investigated, 
but possible emissions are considered insignificant. 

3.4 Nitric acid production 

The production of nitric acid in Norway takes place in 
the plants at Norsk Hydro A/Sat Her¢ya near Porsgrunn 
and at Glomfjord in Northern Norway. Information concer­ 
ning the emissions of nitric oxides from the production 
has been obtained from the company. This also applies to 
the prognoses for 1975 and 1980. 

3.5 Other industries 

There has been no reason to assume significant emissions of 
nitric oxides and hydrocarbons from other industries than 
those mentioned here. 

4 VARIOUS SOURCES 

No data which would make it possible to estimate the emis­ 
sions from forest fires, painting, service stations and 
drycleaners are available (see enclosure 1, part III). It 
is, however, assumed that the magnitude of such emis­ 
sions is insignificant. 

5 AREAS WITH A POTENTIAL DANGER FOR PHOTOCHEMICAL SMOG FORMATION 

Possibilities for the formation of photochemical smog are 
present when nitrogen oxides and hydrocarbons are emitted 
in sufficiently large amounts in the same general area. 
Under tæ influence of sun radiation these components will 
form oxidants as ozon and peroxyacetylnitrate, the 

main components in photochemical smog. On this basis the 
area shown in figure ·l, page 10, has been selected for a 

special evaluation of the emissions. It represents a part of 
Norway with the highest population density and the most 
extensive industrialisation. 
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Fig. 1: Emissions for the marked area are 
given separately in enclosure 4-9. 



- 9 - 

Grid square (59,9) has a highly developed chemical industry, 

with some large emissions of nitrogen oxides. In addition 

petrochemical industries which will emit hydrocarbons, 

are planned for the same general area. 

Grid square (59,10) covers large industrialised areas in 

the counties Vestfold and Østfold, in addition to the 

Oslofjord-area which has heavy vehicle traffic. The largest 

oil refinery in the country is also situated in this grid 

square. In the Oslo-area, grid square (59,5, 10), one finds 

the largest car density in the country, and accordingly 

considerable emissions of nitrogen oxides and hydrocarbons. 

In addition, Oslo harbour is the most used in the country. 

The selected areas surrounding the Oslofjord consist of a 
mixture of flat and hilly terrain. However, in grid square 
(59,9) mountains above 800 meters are found in the north­ 
eastern part, also the western parts of grid square (59,10) 
have hills considerably higher than the rest of the area. 
Generally, it may, however, be stated that most of the 
emission sources are situated in relatively open terrain. 

The solar radiation conditions in the area are of suffici­ 
ent intensity for a possible formation of photochemical smog. 
Measurements of the sunshine hours are, however, only per­ 
formed at a few places in the country. The measuring points 
nearest to the area of interest, are at Ås (59.5, 10) and 
at Kjevik (58,8). In table 2 the relative amount of sun­ 
shine hours for the summer months are given for these two 
measuring points. (Relative number of sunshine hours means 
the hours with sunshine in per cent of the maximum possible 
number of sunshine hours.) The figures are mean values for 
the period 1961 - 1971. 



- 10 - 

Month Ås Kjevik 

April 43 44 
May 43 44 
June 54 58 
July 48 51 
August 49 50 

Table 2: Relative sunshine hours per month(%) 
for Ås and Kjevik (8). 

At both places there is sunshine approximately 50% of the 
time. The close agreement between the two observation points, 
in spite of tre distance between them, indicates that the 
measurements should also be fairly representative for the 
hatched area in figure 1. 

6 EMISSIONS IN SELECTED GRID SQUARES 

The emissions fr,om the various types of sources in the three 
selected grid squares are given in enclosure 4 - 9. The data 
used and methods of calculations are discussed in the 
following section. 

6.1 Emissions from mobile sources 

6.1.1 Air_transgort 

The distribution of the emissions on the grid squares is 
based on statistics for the number of civilian aircraft 
departures at the various air fields (9). This distribution 
is relatively uncertain, because the quantity but not the 
size of the aircraft has been taken into account. This was, 

however, the best distribution one could derive from the 
available data. For the grid squares only emissions from 
civilian air traffic has been included. The total figures 
for the country also include emissions from military aircraft. 
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The emissions of nitrogen oxides are largest during landing, 
take-off and climb out conditions. The emissions of hydro­ 
carbons are largest during idling and taxing. This should 
result in a maximum emission load in the vicinity of the i 
airport. The calculated emissions have been added to the 
grid squares where the respective airports are situated. 

6.1.2 Road_trans2ort 

In order to distribute the emission from road transport 
it was found convenient to calculate an emission factor per 
inhabitant, based on the total emissions from the car park 
divided by the population (5). This factor will of course 
change from year to year. The emission per grid square is 
then calculated from the population density given in (10). 
These figures are for 1970, and a population 
growth of 1% per annum has been used in the calculations. 
This is somewhat higher than the average population growth 
(0.6%, (5)), but these grid squares are influx areas, there­ 
fore a population growth of 1% per annum is considered rele­ 
vant. 

The distribution of the emissions is highly uncertain in 
this case, but the total emission from the railway traffic 
is small compared to other sources, which reduces the im­ 
portance of this uncertainty. The starting point has been 
the sales statistics of the oil companies for each county, 
( 1). Using railroad maps, the part. _0£ the railroads in the 
county falling within a grid square has been estimated, and 
the emissions distributed accordingly. 

6.1.4 §h~!?2!Ug 

Also in this case the distribution of the emissions on the 
various grid squares becomes highly uncertain, and in this 
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case it has not been possible to find any material which could 
be used to estimate the distribution. It has therefore been 
assumed that the emissions from coast traffic and fisheries 
are of the same order of magnitude for the squares (59.5,10) 
and (59,10). On this basis the sale of fuel to these two custo­ 

mers in the counties Oslo, Akershus, Buskerud, Østfold and 
Vestfold has been added together and the calculated emissions 
divided equally between the two grid squares. In addition 
come the emissions from international shipping. In 1970 the 
calculated emissions from ships moving in international 
waters but bunkering in Norway, amounted to 38% of the total 
emissions from shipping in Norway. The total emissions in 
the grid squares (59,10) and (59.5. 10) have been calculated 
by adding 40% to the values for coastal traffic and fisheries. 
For grid square (59,9) 50% of the emissions from coastal 
traffic and fisheries in the county of Telemark was used 
with an addition of 40% to obtain the total emission includ­ 
ing international shipping. 

6.2 Emissions from stationary sources 

6.2.1 Industrial combustion --------------------- 
The association of the Norwegian industries has worked out 
a statistical survey of oil consumption in the industry, 
provided on the same grid squares as used in this report. 
This work was carried out a few years ago in connection with 
the construction of an emission survey for sulphur dioxide in 
Norway. However, this survey did not include all industries, 
therefore the total consumption figures shown by these 
statistics are somewhat lower than the figures given in the 
sales statistics (1). In the present report the consumption 
figures from the sales statistics of the oil companies have 
been used, and the emissions have been divided on the grid 
squares proportional to the figures given by the statistics 
worked out by the association of the industry in Norway. 

6.2.2 Private_and_commercial_heating 

In the same way as for the motorised traffic, an emission 
factor per inhabitant was calculated for each of the 
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relevant years, and the emissions per grid square were then 
calculated from the population figures given in (10). 

6.2.3 Waste_incineration 

The distribution is based on direct information concerning 
the location of the installations and the approximate capa­ 
city, however, no information has been available with re­ 
spect to emission factors and degree of utilisation of these 
plants. The figures given in the tables, therefore, should 
be judged as rough estimates only. 

6.3 Emissions from industrial processes 

6.3.1 Oil_refineries 

The emissions from the refineries were distributed according 
to information from the refineries themselves. Of the three 
grid squares discussed here, only grid square (59,10) con­ 
tains a refinery. 

6.3.2 Petrochemical_industri 

At present Rafnes is the most probable site for this new 
industry, and the estimated emissions therefore have been 
added to grid square (59,9). 

6.3.3 Asghalt_groduction 

The main production takes place at VallØy Refinery in 
grid square (59,10). It is, however, as mentioned before, 
claimed that these emissions are free from hydrocarbons. 

6.3.4 Nitric_acid_groduction 

The largest production plant for nitric acid is situated 
in grid square (59,9). The emission figures have been given 
by the company. 
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7 SINGLE SOURCES OF MAJOR IMPORTANCE 

The statistics worked out by the association of the Norwegian 

industry gives no information concerning the emissions from 
single sources. Such data were collected and used as a basis 
for their statistics, but only total figures for each type 
of industry within the grid square were published. The avail­ 
able information therefore, is not sufficiently detailed to 
make possible a listing of all sources representing 10% or 
more of the emissions in the grid square. However, a look at 
the emission figures for 1970 shows that the emissions from 
the nitric acid production at Herøya represent nearly 70% of 
the total emission in grid square (59,9). For the two other 
grid squares road transport and shipping are the dominating 
sources. 

8 CONCENTRATIONS MEASURED IN THE AIR 

The only place in the selected area where systematic measure­ 
ments of nitrogen oxides in ambient air have been carried 
out, is in grid square (59,9). The Control Laboratory 
for Air Pollution in Telemark has for several years measured 
the air pollution in this area. The concentration of hydro­ 
carbons has, however, not been measured. 

Daily measurements of nitrogen oxides in the autumn of 1970 
(11) at several places on the Eidanger peninsula gave the 

following result: 

Of 217 observations, 26 were above lOO;ug/m3 and 1 above 
300/ug/m3, i.e. approximately 12% of the observations were 
above 100;ug/m3. The yearly average has not been calculated, 
as short term values are the ones of importance in connection 
with a possible formation of photochemical smog. In 1970 
a limited number of hourly measurements were made in the 
Skien/Porsgrunn area. A summary of the results shows : 
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Of 59 observations, 40 were above lOO;ug/m3 and 19 above 

3001ug/m3. 

These values are thus considerably higher than the daily 

values, however, the hourly measurements were made during 

particularly unfavourable weather conditions. 

The highest concentrations recorded in the district appeared 

on 11th - 12th January, 1971 at Grava and Løvsjø, where the 

following 8 hourly averages were observed: 

Grava LØvsjØ 

865 ;ug/m3 1200 ;ug/m3 

435 ;ug/rn.3 550 ;ug/m3 

11th January 08-16 

11th January 16-12/1 08 
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ENCLOSURE 1 : 

Total Emission of N02 in Norway 
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ENCLOSURE 4 : 

Emission of N02, Grid Square (59,9) 
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ENCLOSURE 5 

Emission of Hydrocarbons, Grid Square (59,9) 
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ENCLOSURE 6 

Emission of N02, Grid Square (59,10) 
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ENCLOSURE 7 

Emission of Hydrocarbons, Grid Square (59,10) 
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ENCLOSURE 8 

Emission of N02, Grid Square (59.5, 10) 
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ENCLOSURE 9 

Emission of Hydrocarbons, Grid Square (59.5, 10) 
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