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Preface

Statistics Norway compiles statistics on important natural resources and the state of the environ-
ment, and develops methods and models for analysing relationships between the environment,
natural resource use and economic developments. The annual publication Natural Resources
and the Environment gives an overview of this work.

Natural Resources and the Environment 1996 consists of three main parts. Part | contains up-
dated resource accounts for energy and the latest official figures for emissions to air. These are
followed by articles and updated statistics on fishing, sealing and whaling, forests and forest
damage, agriculture, waste water treatment and waste management. The last chapter de-
scribes the results of surveys of how people experience noise and pollution in their local environ-
ment and at work. Part Il presents results from Statistics Norway’s research into resource and
environmental economics. The main emphasis is on analyses of the environment and economic
growth, management of the environment and natural resources and international analyses.

Part lll provides more detailed statistics in the form of tables.

Statistics Norway would like to thank the people and institutions who have supplied data for
Natural Resources and the Environment 1996.

The report is a joint publication by the Division for Environmental Statistics, Department of
Economic Statistics, and the Resource and Environmental Economics Division, Research Depart-
ment, and was edited by Henning Hgie. Part Il was prepared by an editorial committee consist-
ing of Torstein Bye, Sverre Grepperud and Solfrid Malo. Alison Coulthard (part |, part Il, 3.1 and
3.2, and part lll) and Janet Aagenaes (rest of part Il) have translated the Norwegian version into
English.

Statistics Norway

Oslo/Kongsvinger, 15 May 1996

Svein Longva
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Introduction

Natural Resources and the Environment 1996
provides information on important Nor-
wegian natural resources and the natural en-
vironment in the form of statistics (Part I
and Part III) and analyses (Part II). The infor-
mation is based mainly on Statistics Nor-
way’s own material, but data have also been
obtained from other sources.

Part I describes status and trends for a num-
ber of important resource and environmental
parameters in Norway, with particular em-
phasis on pollution. Part II presents analyses
of the relationships between use of re-
sources, the environment and the economy.
Part III consists of an appendix of tables
which provide more detailed statistics on
natural resources and environmental condi-
tions in Norway.

The first chapter on energy provides updated
statistics on resources and the extraction and
use of crude oil, natural gas and hydropower
in Norway and abroad. Energy use is con-
sidered particularly in relation to the energy
market and price trends for important
energy commodities.

Emissions of pollutants to air may have lo-
cal, regional or global effects. The chapter
on emissions to air deals with both emissions
and pollution problems at these three levels.

One of the most important questions is
whether Norway will be able to achieve its
national goals and meet its obligations under
international agreements on emissions of
gases such as CO2, SO2, NOx and volatile
organic compounds. Depletion of the ozone
layer and climate change, which are global
problems, are also discussed.

The chapter on fishing, sealing and whaling
presents figures on fish stocks, catches and
exports, and key figures on fish farming. The
chapter on forest includes statistics on
forestry in Norway and on forest resources
and forest damage both in Norway and in
the rest of Europe.

Various measures, mainly in the fields of
waste water management and agriculture,
have been implemented in order to comply
with the requirements of the North Sea
Declarations. These include the reduction of
discharges of nitrogen and phosphorus to
the North Sea by about half by 1995, using
1985 as the base year. Natural Resources and
the Environment 1996 presents the latest sta-
tistics and analyses of measures to reduce
discharges of nutrients to the North Sea.

The chapter on waste presents data from
sample surveys of the generation and
management of waste and hazardous waste
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by manufacturing industries and the public
sector. The chapter also includes data on the
collection and management of municipal
waste and annual records of deliveries of
hazardous waste for treatment. The publica-
tion includes a thorough discussion of eco-
nomic aspects of waste water treatment and
waste management.

Central issues in Part II are the impact of
economic growth on the natural environ-
ment and how natural resources should be
managed. In this connection, issues such as
changes in energy markets, the effects of the
CO2 tax and projections of various environ-
mental parameters are discussed. The intro-
ductory chapter to Part II on page 93
describes its contents in more detail.

16
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1. Energy

Petroleum extraction is currently Norway’s most important industry. Norway
ranks sixth among the world’s crude oil producers, and is the second largest
exporter of crude oil after Saudi Arabia. Oil production rose by 7.3 per cent
from 1994 to 1995, and gas production by 10.5 per cent. Given the current
rate of extraction and the petroleum reserves estimated to exist, Norway’s oil

reserves will be exhausted in 14 years and its gas reserves in 97 years.

In 1995, electricity production in Norway totalled 123.2 TWh. This is the

highest level of production ever recorded, and 8.6 per cent higher than the
year before. Ninety-three per cent was used within the country. Electricity’s
share of total domestic energy use has risen from 40 per cent in 1976 to 48

per cent in 1995.

1.1 Resource base and reserves

Crude oil and natural gas
Petroleum reserves are defined as the share

Table 1.1. World reserves' of oil and gas as of
1January 1996

of the total proven resources that can profit- Billion = Per  Billion Gas Per
ably be extracted given current prices and sm’o.e. cent Sm’o.e. cent
technology. At the end of 1995, Norwegian '
reserves of crude oil in fields that are already ~ Vod 160.1 1000 139.7  100.0
developed or where development has been North America 43 27 65 a7
approved totalled 1 374 million tonnes, Latin America 205 12.8 7.7 55
which is equivalent to 1 599 million Sm?3 Western Europe 25 15 4.8 34
o.e., and corresponds to 0.8 per cent of the EastjrngEurope 04 co 67 406
world’s crude oil reserves (table 1.2). an ' : ' :
Reserves of rfa(t)u: altas ?n f‘ieldse that) are al- Middle East 1048 6> 52 324
Africa 1.6 7.3 9.5 6.8
ready developed or where development has Asia and
been approved totalled 1 352 billion Sm3 Australasia 7.0 44 93 6.7
(equivalent to 1 352 million Sm3 o.e.), or OPEC 123.7 77.2 57.7 413
Norway 1.3 0.8 13 1.0

1.0 per cent of total world reserves. Trends
in the estimates of Norwegian reserves are
shown in tables Al and A2 in Part III. Ex-
pressed as oil equivalents, these figures give
total reserves of 2 951 million Sm? o.e.
Given the present rate of production and cur-

'For most countries, the reserves comprise proven resources which
can be exploited using current technology and prices
Source: Oil & Gas Journal (1995)
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Figure 1.1. Ratio between reserves and produc-
tion (R/P ratio) for oil and gas. Fields
already developed or where develop-
ment has been approved

R/P-ratio
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Sources: Statistics Norway and Norwegian Petroleum Directorate

rent technology, the oil reserves in fields that
are already developed or where develop-
ment has been approved will be exhausted
after 10 years, and the natural gas reserves
after 44 years.

The ratio between reserves and production
(the R/P ratio) will change with time, de-
pending on the rate of extraction, prices, the
discovery of new fields and technological de-
velopments. Historical trends in this ratio are
shown in figure 1.1. The estimated petro-
leum reserves in fields where development
has not yet been approved are about 600 mil-
lion tonnes crude oil (including wet gas) and
about 1 600 billion Sm3 natural gas. The
R/P ratio, including fields where develop-
ment has not yet been approved, is 14 years
for crude oil and 97 years for natural gas.

As of 1 January 1996, Norway’s proven oil
reserves were larger than those of any other
European country except Russia. Russia also
had Europe’s largest natural remaining gas
reserves, and Norway ranked third, after the
Netherlands (Oil & Gas Journal 1995). In
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Figure 1.2. Hydropower potential as of 1 January

1996
Permanently Remainder
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Source: Norwegian Water Resources and Energy Administration
(NVE)

Western Europe, 54 per cent of the oil re-
serves and 28 per cent of the gas reserves
are on the Norwegian continental shelf. At
the end of 1995, the R/P ratio for the
world’s petroleum reserves was 45 years for
crude oil and 64 years for natural gas.

Hydropower

Hydropower resources are divided into de-
veloped reserves, reserves that have been ap-
proved for development or are being consid-
ered for development, protected river
systems and the remainder. As of 1 January
1996, Norway’s economically exploitable
hydropower reserves totalled 178.1 TWh (ex-
pressed as mean annual production capacity,
i.e. the production capacity of the power sta-
tions in a year with normal precipitation.
The reference period for inflow is 1931-60).
Of this, 112.3 TWh was already developed
and 35.3 TWh permanently protected (figure
1.2). The counties Telemark, Hordaland,
Sogn og Fjordane and Nordland account for
45 per cent of Norway’s developed reserves,
and Nordland also has 20 per cent of the
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Table 1.2. Average energy content and efficiency of energy commodities'
Fuel efficiency
Manufac- Other
Energy Theoretical energy content turing Transport commodity
and mining

Coal 28.1 Gl/tonne 0.80 0.10 0.60
Coal coke 28.5 Gl/tonne 0.80 - 0.60
Petrol coke 35.0 Gl/tonne 0.80 - -
Crude oil 43.0 Giltonne = 36.6 GI/m>
Refinery gas 48.6 Gl/tonne
Natural gas (1995) 41.8 GJ/1000 Sm> . .
Ligefied propane and butane (LPG) 46.1 Gl/tonne = 23.5 GJ/m> 0.95 0.95
Fuel gas 50.0 GJ/tonne . . .
Petrol 43.9 Gl/tonne = 32.5 GJ/m> 0.20 0.20 0.20
Kerosene 43.1 Gl/tonne = 34.5 GJ/m> 0.80 0.30 0.75
Diesel, gas and

fuel oil no. 1 0g 2 43.1 Glftonne = 36.2 GJ/m> 0.80 0.30 0.70
Heavy fuel oil 40.6 Gl/tonne = 39.4 GJ/m> 0.90 0.30 0.75
Methane 50.2 Gl/tonne . .
Wood 16.8 Gl/tonne = 8.4 GJ/fast m’ 0.65 - 0.65
Wood waste (dry weight) 16.8 Gl/tonne
Black liquor (dry weight) 14.0 Gl/tonne
Waste 10.5 GJl/tonne . . .
Electricity 3.6 GJ/MWh 1.00 0.95 1.00
Uranium 430-688 T)/tonne

'The theoretical energy content of a particular energy commodity may vary. The figures therefore give mean values.
Sm? = standard cubic metre (at 15° C and 1 atmospheric pressure)

Sources: Statistics Norway, Norwegian Petroleum Institute, Norwegian Association of Energy Users and Suppliers, Norwegian Building

Research Institute

Energy units

Quantities of both oil and gas have generally
been expressed in tonnes oil equivalent (toe). In
accordance with a new system introduced by the
Norwegian Petroleum Directorate, this chapter in-
stead uses a unit of volume, Sm® o.e." (standard
cubic metres oil equivalent).2

P/  TWh Msm® mMsm3
o.e.oil o.e.gas

1P 1 0278 0027 0024
1 TWh 3.6 1 0098 0.086
1MSm3o.e.0il 366 102 1 0868
1MSm3oe.gas 418 116  1.14 1

1 sm oil = 1 5m> o.e., 1000 Sm> gas = 1 5m> o.e
2Table A10 in Part lll shows figures taken directly from
other countries’ reports in toe.

Sources: Statistics Norway and Norwegian Petroleum
Directorate.

Prefixes

Name Symbol Factor
Kilo k 103
Mega M 10°
Giga G 10°
Tera T 10"
Peta P 10"
Exa E 10
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Figure 1.3. Norway'’s hydropower reserves by
county as of 1 January 1996

|V Protected

Il Remainder

Digital base map: Norwegian Mapping Authority
Source: Norwegian Water Resources and Energy Administration

country’s remaining undeveloped production
capacity (figure 1.3).

Coal

At the end of 1995, Norway’s proven coal re-
serves were about 6.1 million tonnes. Trends
in the estimate of the reserves are shown in
table A3 in Part III. At the current rate of ex-
traction, the coal reserves will be exhausted
in 20 years’ time. At the end of 1994, the
world’s exploitable coal reserves were 1 044
billion tonnes. At the current rate of extrac-
tion, they will last for 235 years. The largest
reserves are found in the USA, the former So-
viet Union and China.
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Figure 1.4. Extraction of crude oil and natural gas
in Norway
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1.2 Extraction and production

Crude oil and natural gas

According to production statistics compiled
by the Norwegian Petroleum Directorate, net
production of crude oil and natural gas to-
talled 190.8 Sm3 o.e. in 1995. This is 6.5 per
cent more than the year before, continuing
the steep growth in the extraction of crude
oil and natural gas in Norway (figure 1.4).
Oil production rose by 7.3 per cent, and the
production of condensate and NGL (wet gas)
by 10.5 per cent. The production of market-
able natural gas rose by 3.7 per cent. In De-
cember 1995, production averaged 3.2 mil-
lion barrels of oil, NGL and condensate per
day, which was a new production record for
the Norwegian shelf. According to the Oil &
Gas Journal (1996), Norway accounted for
4.5 per cent of world production of crude oil
and 1.3 per cent of gas production in 1995
(table 1.3). Norway is thus the world’s sixth
largest producer of crude oil and the second
largest in Europe after Russia. According to
the production forecasts in the National
Budget for 1996, production of oil, NGL and
condensate is expected to be maintained at
about 3.2 million barrels a day from 1996 to
2000.
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Table 1.3. World production of crude oil and
natural gas in 1995. Million sm?o.e.

Oil Gas
World 35639 2 220.7
North America 483.9 731.5
Latin America 461.5 101.1
Western Europe 340.5 232.2
Eastern Europe and CIS 418.5 739.5
Middle East 1092.3 131.2
Africa 369.7 753
Asia and Australasia 397.5 209.8
OPEC 14653 266.3
Norway 161.5 27.8

Sources: Oil & Gas Journal (1996)

According to the Norwegian Petroleum Direc-
torate, Norway’s total production of crude
oil (including NGL and condensate) was
163.0 Sm3 o.e. in 1995, a rise of 7.0 per cent
from the year before. The main reasons for
this rise were that production started on
Troll West and Heidrun, and that Statfjord
North and Statfjord East came on stream in
January 1995 and October 1994, respec-
tively. In addition, production rose steeply
on Draugen (by 79.3 per cent) and Tordis
(by 168.1 per cent) in 1995. These fields
came on stream in October 1993 and June
1994, respectively. A rise in oil production
on Eko-fisk, Brage, Sleipner East and Snorre
also added substantially to the overall
growth in crude oil production in the course
of 1995.

Because several oil fields came on stream in
1995, and production increased on relatively
new fields, the share of total oil production
obtained from the smaller fields rose from
30.7 per cent in 1994 to 39.1 per cent in
1995. As regards the four large fields (Stat-
fjord, Oseberg, Gullfaks and Ekofisk), pro-
duction rose by 23.9 per cent on Ekofisk, but
dropped on the other three (by 18.3, 0.7 and

9.5 per cent respectively) from 1994 to
1995. According to the operating company
Statoil, 1994 will probably prove to have
been the peak production year for Gullfaks.

In 1995, Oseberg was for the first time the
oil field where production was highest. Total
production on the field in 1995 was 28.9
Sm?3 o.e. Gullfaks was close behind, produc-
ing 27.6 Sm3 o.e. On 24 May 1995, accumu-
lated production on Gullfaks since Gulifaks
A came on stream in December 1986
reached 1 billion barrels. It is expected that
oil production from Gullfaks will continue to
be profitable for another 10-15 years. On
Statfjord, for several years the field with the
highest production on the Norwegian shelf,
there was a sharp drop in production in the
course of 1995, and it was overtaken by both
Oseberg and Gullfaks. Production on Stat-
fjord will probably drop to about one third
of the 1994 level during the next four years.
Oil production from the four fields that are
currently producing most oil will drop
steeply towards the end of the century. The
small and medium-sized fields are expected
to account for a substantially larger propor-
tion of total oil production during the next
few years.

According to figures from the Norwegian Pe-
troleum Directorate, gas production in 1995
totalled 27.8 billion Sm3 o.e. On Sleipner
East, which came on stream in 1993, produc-
tion rose by 31.5 per cent from 1994 to
1995. This was the main reason for the rise
in gas production last year. Sleipner East,
which produced 5.2 billion Sm3, ranked sec-
ond on the Norwegian shelf last year, after
Ekofisk (7.9 billion Sm3). In future, Sleipner
East will account for a growing proportion of
Norwegian supplies of gas to the continent.
Production also rose considerably on Ekofisk
(by 10.4 per cent). The new fields, Tordis,
Statfjord North and Statfjord East, also con-
tributed to the rise in production. On Stat-
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fjord, natural gas production dropped by 6.4
per cent from 1994 to 1995.

In the Frigg area, production reached only
just over half the 1994 level (a reduction of
45.2 per cent). Production ceased on Odin in
August 1994, and on North-east Frigg in
May 1993. Production on the main field,
Frigg, is expected to stop by 1998.

Electricity

Electricity production in Norway in 1995 to-
talled 123.2 TWh, which was the highest
level ever recorded and 8.6 per cent higher
than the year before (table A7 in Part III). Of
this, 0.7 TWh was thermal power, 0.01 TWh
wind power, and the rest hydropower. As a
result of high precipitation and thus high in-
flow to storage reservoirs, the water level in
the reservoirs was well above normal in the
last six months of 1995.

Hydropower production is determined by
the interplay between supply and demand in
the power market. The level of demand de-
pends on prices as well as on temperature
conditions and the level of economic activity.
The inflow of water to the power supply sec-
tor; and the producers’ assessments of cur-
rent and future prices are important in deter-
mining the electricity supply. The reservoir
capacity (which is equivalent to a production
of 77.8 TWh) limits the amount of water
that can be stored for production at a later
date. Both the mean production capacity and
actual production have grown steeply since
the early 1970s as a result of substantial in-
creases in capacity. In recent years, actual
production has been higher than the mean
production capacity as a result of very high
inflow to the reservoirs (figure 1.5).

Biofuel

Wood, wood waste and black liquor are the
three most important biofuels in Norway.
Production of these fuels, including produc-
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Figure 1.5. Mean annual production capacity1
and actual hydropower production

in Norway
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'From 1994, a new reference period (1931-1990) for inflow has
been used.
Source: Norwegian Water Resources and Energy Administration

tion for own use, was estimated to be about
41 PJ in 1994 (this figure is uncertain be-
cause the data are incomplete). In 1994,
energy equivalent to about 4.5 PJ was
generated for district heating by waste
incineration, and about 90 per cent of this
may be classified as bioenergy. In 1994,
methane with an energy content of about 9
PJ was generated in Norwegian landfills. In
1992, 4.3 per cent (0.4 PJ) of this was
flared, 1.2 per cent (0.1 PJ) was used for
energy purposes, and the rest was released
directly to the atmosphere. Only a small pro-
portion of the methane originates from fossil
sources such as plastics and other oil-based
products.

Coal

Coal production on Svalbard in 1995 was
equivalent to somewhat more than 8 PJ,
about the same level as the year before.
World coal production in 1994 was about 93
EJ. Europe, China and the USA each pro-
duced about one quarter of this total.
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Figure 1.6. Domestic energy use by consumer
group
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1.3 Energy use

Total energy use

In 1995, net energy use in the energy sectors
(sectors which produce primary and secon-
dary energy carriers) accounted for about 19
per cent of Norway’s total energy use, exclud-
ing international maritime transport. Energy
use in the energy sectors has risen from 34
PJin 1976 to 189 PJ in 1995 (preliminary
figures). The use of natural gas in the extrac-
tion of crude oil and natural gas accounted
for 12 PJ in 1976 and 140 PJ in 1995 (see ta-
ble A6 in Part III). In 1995, 99 per cent of
the gas was used and the rest was flared.
Energy use in the energy sectors has risen so
steeply because of the very large increase in
the level of activity on the Norwegian conti-
nental shelf. Particularly large amounts of
energy are needed to generate power on oil
platforms and to operate the pipeline sys-
tems. However, the amount of energy used
per unit of crude oil and natural gas pro-
duced has been reduced in the same period.

Excluding the energy sectors and interna-
tional maritime transport, the total consump-
tion of energy commodities in Norway was
764 PJ in 1994 and 779 PJ in 1995 (prelimi-

nary figures), corresponding to a rise of 1.9
per cent (figure 1.6 and table A5 in Part III).
The gross domestic product (GDP) in main-
land Norway rose by 3.3 per cent and pri-
vate consumption by 2.7 per cent from 1994
to 1995, showing that the Norwegian econ-
omy is becoming steadily less energy-inten-
sive. From 1976 to 1994, energy use rose by
an average of 1.3 per cent per year, and GDP
by an average of 3.0 per cent.

Oil consumption

Total oil consumption, excluding interna-
tional maritime transport, has dropped by 18
per cent (preliminary figure) from 1976 to
1995, despite the fact that oil consumption
for transport has risen by 39 per cent. Trans-
port now accounts for 79 per cent of total oil
consumption, as compared with 47 per cent
in 1976. Auto diesel and marine gas oil are
the types of transport oils whose consump-
tion has risen most, while the largest drop
has been in the consumption of heavy fuel
oil. The consumption of oil for stationary
purposes has dropped by 68 per cent from
1976 to 1995. In 1978, sales of these oils, ex-
pressed as utilized energy, totalled about 31
TWh, whereas in 1995 the corresponding fig-
ure was only about 11 TWh (figure 1.7). It is
particularly the consumption of heavy fuel
oils that has dropped.

In 1976, electricity accounted for 40 per cent
of total domestic energy use, rising to 48 per
cent in 1995. During this period, electricity
consumption outside power-intensive indus-
tries has risen by more than 90 per cent. The
changeover from fuel oils to electricity took
place mainly in the early 1980s. This was
due partly to the high prices of fuel oils at
this time, and also to the large investment
costs associated with the construction of new
oil-based systems and the high maintenance
costs of existing systems. From 1993 to

1994, the decline in the stationary consump-
tion of fuel oils was temporarily interrupted;
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the consumption of light fuel oils rose by 8.5
per cent and that of heavy fuel oils by 55 per
cent. Most of the rise occurred in manufac-
turing industries. However, preliminary
figures for 1995 show a substantial drop in
stationary consumption of heavy fuel oils
compared with 1994. Sales of fuel oil no. 1
and 2 and of heating kerosene were also
lower in the last six months of 1995 than in
the same period in 1994. This is partly be-
cause the relative prices of fuel oil/kerosene
and electricity changed, so that it became
cheaper to use electricity.

Electricity consumption

Ample inflow to reservoirs and high produc-
tion resulted in low spot prices for electricity
in 1995, which in turn contributed to growth
in domestic consumption and exports. Nor-
way exported 8.6 TWh of electric power last
year, or 7 per cent of its total production.
This was a rise of 72 per cent from the year
before, explained by growing demand
abroad as a result of low prices on the ex-
change market for power exports. Imports
totalled 2.2 TWh in 1995, corresponding to
2.1 per cent of net consumption. Imports
dropped by 54.5 per cent from the year be-
fore.

Net domestic consumption was 106 TWh in
1995. This is a rise of 2.7 per cent from the
year before, and 0.6 per cent lower than the
growth in GDP for mainland Norway in the
same period. Regular power consumption in
1995 totalled 72.1 TWh, an increase of 3.4
per cent from the year before. The percent-
age increase was the same if regular power
consumption was corrected for temperature.
Net electricity consumption by power-inten-
sive industries was 28.1 TWh in 1995, a de-
crease of 0.3 per cent from the year before.
The extremely low temperatures experienced
throughout the country in December re-
sulted in very high figures for electricity use.
At the end of December 1995, load demand
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Figure 1.7. Electricity consumption (excluding
power-intensive industries) and sales
of fuel oils and kerosene
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in domestic sectors exceeded 20 000 MW for
the first time. On 3 January 1996, a new re-
cord was reached (20 725 MW). At the same
time, there was a net export of 500 MW, Nor-
way’s installed load capacity is about 27 000
MW, and the actual demand that can be met
is about 3 000 MW lower.

In some industries, such as the pulp and
paper industry, it is possible to switch be-
tween electricity and oil as power sources

for boilers. If the short-term price of electric-
ity relative to the price of oil exceeds a cer-
tain level, there is a changeover to the use of
oil. The price level at which this happens var-
ies from one type of boiler to another. At to-
day’s prices and for boilers that burn light
fuel oil, the changeover to oil takes place if
the spot price exceeds about NOK 0.19-0.21
per kWh. For boilers that burn heavy fuel oil,
the switch takes place at a somewhat lower
price, since heavy fuel oil is cheaper. The
changeover price for this type of boiler is cur-
rently about NOK 0.12-0.14 per kWh.

In 1995, total consumption of occasional
power in electric boilers was 5.8 TWh, which
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is an increase of 9.2 per cent from 1994. The
steep increase in the consumption of occa-
sional power was explained by the fact that
the average spot price for electricity was con-
siderably lower than the year before. In
1995, the average spot price was NOK 0.113
per kWh, whereas the year before it was
NOK 0.185 per kWh.

Energy use in the municipalities

Statistics Norway calculates the annual con-
sumption of fossil fuels and biofuels for
energy purposes in the municipalities. The
figures are split by energy commodity and
branch of industry. As an example of this,
figure 1.8 shows energy use (theoretical
energy content) for stationary combustion in
Oslo municipality in 1992 and 1993 (see
also table A9 in Part III).

World energy use

In 1993, Norway accounted for somewhat
less than 0.28 per cent of total world energy
use (table A10 in Part III), and the OECD
countries for over half the total. Per capita
energy use in Norway is higher than the aver-
age for the OECD countries, but lower than
in Sweden and Finland. Energy intensity in
Norway, measured as energy used per unit of
GDE is somewhat lower than the average for
the OECD countries. The energy mix varies
between continents, but oil, coal and natural
gas are important energy commodities in all
continents.

Energy prices

Price trends for fossil energy commodities
for stationary purposes, compared with
those for electricity, provide a partial expla-
nation of trends in total consumption (figure
1.9). Table A8 in Part III shows the average
prices of energy supplied. If all taxes and
tariffs are included, the average price of elec-
tricity to private households was NOK 0.497
per kWh in 1995. Converted to the price per
kWh utilized energy, kerosene cost

Figure 1.8. Energy use for stationary combustion
in Oslo, by branch of industry
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NOK 0.510 per kWh and light fuel oil

NOK 0.422 per kWh in 1995. This shows
that the price of light fuel oil is competitive
with that of electricity for heating purposes.

Despite the record levels of electricity con-
sumption at the end of 1995, the spot price
remained relatively low compared with the
price in the same period in preceding years.
The average spot price during the last three
months of 1995 was NOK 0.117 per kWh,
compared with NOK 0.261 and NOK 0.132
at the same time of year in 1994 and 1993.
The low prices at the end of 1995 are ex-
plained by high inflow in autumn 1995,
when the reservoirs were already well-filled
and the weather was milder than normal. As
a result, the spot price fell from NOK 0.15
per kWh in week 39 to about NOK 0.05 per
kWh in week 45, which is very low for the
time of year. The high spot prices in 1994
were a result of the low water level in the
reservoirs and low inflow, combined with a
cold winter.

There was a steep increase in trade on the

spot market in the last few months of 1995.
In recent years, sales have averaged between
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Figure 1.9. Prices of fuel oils and electricity for
heating (as utilized energy), in fixed
1980 prices including all taxes and

tariffs
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200 and 400 GWh per week, but from Octo-
ber 1995, they were well above 600 GWh
per week. This was partly because produc-
tion was higher than expected, and also be-
cause Statnett Marked reorganized its
weekly market, which had been a forward
market, as a futures market. This means that
buyers and sellers now receive a daily state-
ment of profits and losses based on changes
in value from the previous day. Previously,
buyers and sellers were unable to alter their
terms from the time a contract was signed,
and did not receive any settlement for profits
or losses until the time when the power was
to be supplied. The changeover to a futures
market has attracted more customers to both
the power exchange and the weekly market.
Statnett Marked has reported an increase in
trade in both the spot market and the weekly
market since the reorganization in Septem-
ber. The weekly market has now become a
purely financial speculative market, while
actual physical trade in power takes place in
the spot market. The fact that Swedish par-
ticipants now have access to the power ex-
change also helps to increase sales in the
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spot market. During the first few weeks of
1996, sales per week were about 700 GWh.

More information may be obtained from
Torstein Bye, Lisbet Hggset and Trond Sandmo
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2. Air

Emissions of the greenhouse gas CO2 rose by 7 per cent from 1989 to 1995,
but overall emissions of greenhouse gases changed little from 1989 to 1994.
Emissions of NOx have decreased by 6 per cent since 1987, but there was no
decrease in 1995. Emissions of non-methane volatile organic compounds
(NMVOCs) rose by 13 per cent from 1989 to 1995, but with little change
during the past year. Emissions of SO2 were reduced by 76 per cent from
1980 to 1994. Sulphur deposition over Norway has dropped by 30 per cent
since 1985. Deposition of oxidized and reduced nitrogen compounds totalled
107 000 tonnes in 1994. Nitrogen deposition has tended to decrease during
the past decade, but there are large variations from year to year.

Emissions of pollutants to air may have lems are often associated with towns and
local, regional or global effects. Locally, the built-up areas. The major regional problems
most important effects are injury to health are acidification of water and soils and

caused by a variety of substances. Such prob- damage to vegetation. The global effects are
depletion of the ozone layer and climate
change. The box on page 31 summarizes the

| International environmental adverse effects of various air pollutants.

[ agreements 2.1 Trends in national emissions
Protocols are the most binding type of Emissions of the greenhouse gas carbon diox-
agreement. They general_ly set out specific ide (CO2) L d dine t i
obligations to be met by individual coun- 1, e' 2 .are rising, and according to pre.
tries. liminary figures for 1995, totalled 37.7 mil-

lion tonnes. This is markedly higher than in

Protocols: 1989 and 1990 (figure 2.1 and table B1 in
Sofia Stabilization of NOx emissions Part III). Emissions were somewhat lower in
at the 1987 level by 1994 the intervening years. The main reasons for
Genéva 30 per cent reduction of this were that oil consumption for transport

NMVOC emissions by 1999 using |  and heating was lower and that process emis-
1989 as the base year. Appflles | sions from the metal and cement industries
the mainland and Norway's .
Economic Zone south of 62°N dropped as a result of lowgr productlgn.

Oslo 76 per cent reduction of SO> However, more recently oil consumption for
emissions by 2000 using 1980 as | transport has risen, as has. productlop in the
the base year metal and cement industries. Reductions of
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emissions in 1973-1974, 1979-1980 and
1990-1991 coincided with rises in oil prices.

In recent years, Norway’s national goal has
been to stabilize emissions at the 1989 level
by 2000. This goal will continue to be the ba-
sis for the Government’s climate policy. How-
ever, in Report to the Storting 41 (1994-95),
it was estimated that given current CO3 tax
rates, Norway’s CO2 emissions will rise by
about 16 per cent from 1989 to 2000. The
Government estimates that if carbon taxes
are to be the main instrument used, it would
be necessary to raise the tax rate to 4-5 times
its current level to make it possible to stabi-
lize emissions at their 1989 level in 2000. In
the Government’s opinion, this is not a practi-
cal policy at present. The most important
sources of CO2 emissions today are oil and
gas production (28 per cent) and road traffic
(22 per cent).

Emissions of sulphur dioxide (SO2) were re-
duced by 78 per cent from 1973 to 1994
(figure 2.2), and by 74 per cent from 1980
to 1994. Both the goal set out in the Helsinki
Protocol (30 per cent reduction from 1980 to
1993) and Norway’s national goal (50 per

Figure 2.1. Emissions of CO2 by source
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cent reduction from 1980 to 1993) have thus
been achieved. The Helsinki Protocol was
renegotiated in summer 1994, and is now
known as the Oslo Protocol. In this Protocol,
Norway has undertaken to reduce its SOz
emissions by 76 per cent from 1980 to 2000.
The drop in SO2 emissions from combustion
can be explained by a reduction in the sul-
phur content of oil products, a changeover to
the use of lighter oil products and electricity,
and the installation of more and better equip-
ment to control emissions. About 59 per cent
of Norway’s SO2 emissions in 1994 were
generated by industrial processes. The drop
in process emissions since the early 1980s
has been brought about by requirements to
install equipment to control emissions at a
number of plants and by the closure of some
of the plants that generated most pollution.

Emissions of nitrogen oxides (NOx) rose
steeply until 1987 (figure 2.3). This was
mainly because of the growth in the use of
private cars. According to the Sofia Protocol,
Norway has undertaken to stabilize its emis-
sions at the 1987 level by 1994. From 1987
to 1994, emissions were reduced by 6.5 per
cent (see table B2 in Part III), thus achieving

Figure 2.2. Emissions of SOz by source
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Enhances the greenhouse effect
Enhances the greenhouse effect and contributes to O3

Enhances the greenhouse effect

With other components, increases the risk of respiratory
disease. Acidifies soil and water and causes corrosion

Cause respiratory disease (particularly NO).
Contribute to O3 formation and corrosion

Contributes to acidification of water and soils
May include carcinogenic substances. Contribute to

|

Increases risk of heart problems in people with cardio-

Increases risk of respiratory complaints, together with
other components

Causes respiratory complaints and vegetation damage

Harmful effects of air pollutants
Component Symbol Effects
Carbon dioxide COz
Methane CHgy

formation
Nitrous oxide N2O
SSulphur dioxide SOz
Nitrogen oxides NOx
Ammonia NH3
Non-methane volatile = NMVOC
organic compounds O3 formation
Carbon monoxide co

vascular diseases
Particulate matter PMyo
Ozone in the lower O3
atmosphere
Lead Pb

No damage to health at concentrations currently found
in air in Norway

this goal by 1995. The main causes of the
drop were a reduction of flaring in the North
Sea, lower petrol consumption, an increase
in the percentage of cars with three-way cata-

Figure 2.3. Emissions of NOx by source
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lytic converters, lower fuel consumption by
the fishing fleet and other shipping, and
lower emissions from industrial processes. In
1993, emissions rose sharply, mainly because
of a rise in the consumption of auto diesel oil
and marine fuel. Similarly, the reduction
from 1993 to 1994 was due to a drop in the
consumption of marine fuel and a reduction
of emissions from road traffic. In addition to
its obligations under international agree-
ments, Norway has established a national
goal, which is to reduce emissions by 30 per
cent by 1998 compared with the 1986 level.
To achieve this goal, fuel consumption for
transport purposes must be reduced, the re-
placement of older cars with cars equipped
with three-way catalytic converters must be
accelerated, and emissions from shipping
must be substantially reduced. In 1994, the
most important sources of NOx emissions in
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Figure 2.4. Emissions of NMVOCs by source
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Figure 2.5. Emissions of CO by source
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Norway were road traffic (34 per cent) and
shipping (35 per cent).

Emissions of non-methane volatile organic
compounds (NMVOCs) have risen steeply
since the late 1970s (figure 2.4). The most
important sources in Norway are evapora-
tion during loading of crude oil (43 per
cent) and emissions from petrol engines and
petrol distribution (27 per cent). The rise in
emissions during this period is a result of the
growth in the volume of crude oil trans-
ported and also, in the period 1973-1987, an
increase in the use of cars with petrol en-
gines. Norway is bound by the Geneva Proto-
col, which applies to the entire mainland
and to Norway’s Economic Zone south of
62°N and requires a 30 per cent reduction of
emissions by 1999, using 1989 as the base
year. Preliminary figures for 1994 show that
emissions have risen by 12 per cent since
1989. In order to reduce NMVOC emissions
to the required level, further measures must
be introduced to reduce emissions from load-
ing of crude oil. The amount of crude oil
shipped will probably rise in the years
ahead, thus tending to counteract the effects
of such measures. The rising proportion of

32

Sources: Statistics Norway and Norwegian Pollution Control
Authority

new cars with petrol engines designed to
meet stricter emissions standards, together
with measures to reduce evaporation of pet-
rol, will help to reduce NMVOC emissions.

Emissions of ammonia (NH3) and the green-
house gas methane (CH4) have remained sta-
ble in recent years, and emissions of nitrous
oxide (N20), another greenhouse gas, have
dropped somewhat. The most important
sources of CHyg are biodegradation of waste
(56 per cent) and domestic animals and ma-
nure (32 per cent). The dominant sources of
emissions of N2O and NH3 are domestic ani-
mals and the use of mineral fertilizer in agri-
culture. Nitric acid production is another im-
portant source of N2O emissions. However,
there is a large degree of uncertainty in esti-
mates of emissions of these components.

Carbon monoxide (CO) emissions rose from
1973 to the mid-1980s (figure 2.5). How-
ever, there has been a marked drop since
then, mainly as a result of improvements in
technology and lower petrol consumption.
The main source of CO emissions is road traf-
fic (71 per cent).
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Figure 2.6. Emissions of particulate matter from
combustion by source
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Emissions of particulate matter from combus-
tion were considerably reduced from 1973 to
1982 (figure 2.6). This can be explained by
the drop in the use of heavy fuel oil for heat-
ing. During the 1980s, emissions from sta-
tionary combustion rose somewhat because
wood consumption increased. In 1994, emis-
sions from stationary consumption ac-
counted for 64 per cent of total emissions,
and most of this (60 per cent of the total)
was generated by the use of wood as fuel.
There was a rise in mobile emissions in the
period 1973-1987 as a result of the growth
in road traffic and shipping. Statistics Nor-
way and the Norwegian Pollution Control
Authority do not calculate emissions of par-
ticulate matter from processes (e.g. asphalt
dust from the use of studded tyres).

Emissions of lead were reduced by more
than 97 per cent from 1973 to 1995, and
have dropped by about 10 per cent each year
compared with the previous year. From 1993
to 1994, emissions dropped by 70 per cent.
Leaded petrol accounts for 94 per cent of
lead emissions, and almost 83 per cent of the
total can be traced back to passenger cars

Figure 2.7. CO2 emissions in 1993 by source and
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with petrol engines. In 1995, leaded petrol
accounted for 7 per cent of total sales. Lead
pollution in air is now well below the level
believed to cause injury to human health.

In the OECD countries, there has been a re-
duction in SO2 emissions during the past 20
years. Per capita SO2 emissions in Norway
are lower than the average for the OECD
countries. Per capita CO2 emissions are also
lower in Norway (see table B7 in Part III).
This is mainly because hydropower accounts
for a large proportion of energy use in
Norway. However, on a world basis, average
per capita emissions are only half the
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Figure 2.8. NOx emissions in 1993 by source and
county

Figure 2.9. NMVOC emissions in 1993 by source
and county

Digital base map: Norwegian Mapping Authority
Sources: Statistics Norway and Norwegian Pollution Control
Authority

Norwegian level. Per capita NOx emissions in
Norway are higher than the average for the
OECD. This is because a high proportion of
combustion in Norway takes place in gas tur-
bines, and the country has a large amount of
coastal shipping. Both these sources generate
high NOx emissions per unit of energy com-
modity consumed.

2.2 Emissions by county

Telemark is the county with the highest CO2
emissions (figure 2.7). CO2 emissions are
also high in Hordaland, Rogaland and Nord-
land. In all four counties, metal manufactur-
ing accounts for a relatively high proportion
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Digital base map: Norwegian Mapping Authority
Sources: Statistics Norway and Norwegian Pollution Control
Authority

of emissions. In addition, fertilizer and ce-
ment production and the petrochemical in-
dustry are major sources in Telemark. Emis-
sions from oil refineries are highest in
Hordaland.

CH4 and NH3 emissions are highest in Ro-
galand. This is mainly because emissions
from livestock and manure are twice as high
as in most other counties. On Svalbard, the
coal mines are a major point source of CH4
emissions. Process emissions from the manu-
facture of fertilizer in Telemark and Nord-
land account for over 40 per cent of the
country’s total emissions of N2O.
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Figure 2.10. NOx emissions by municipality in 1993. Tonnes per km?
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@stfold, Hordaland, Ser-Trgndelag and Nord-
land account for the largest SO2 emissions
from the mainland (see table B7 in Part III).
Refineries, the manufacture of ferro-alloys
and chemical industry are the main sources.
In all counties, NOx emissions are dominated
by mobile sources (figure 2.8); in Akershus,
where NOx emissions are highest, 96 per
cent of the total is generated by mobile
sources. As a result of industrial emissions,
Rogaland, Telemark and Hordaland are also
among the counties with the highest NOx
emissions.

Hordaland alone accounts for 26 per cent of
total mainland emissions of NMVOCs (figure
2.9). The main sources are process emissions
from loading of crude oil and oil refining.

The main source of CO emissions is road traf-
fic, and emissions are highest in Akershus.
Emissions of particulate matter are highest

in Hordaland, which is followed by Hed-
mark, Akershus and Rogaland. The main
sources are wood-firing and road traffic.

CO2 emissions are high at sea, where one
third of Norway’s total emissions are gener-
ated (figure 2.7 and table B7 in Part III). Sta-
tionary combustion on oil fields and emis-
sions from shipping account for 59 and 39
per cent respectively of the total. Emissions
at sea also make the largest regional contri-
bution to Norwegian emissions of SO2, NOx
and NMVOGCs. Shipping is the main source of
SO2 and NOxy, while loading of crude oil on
tankers offshore is the most important
source of NMVOC emissions.

2.3 Air quality and local emissions
The concentrations of pollutants in the air
are determined by the amounts released,
weather conditions and topography. Local
emissions usually have most effect on air
quality in towns and built-up areas. Long
range transport of pollutants is less impor-
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tant (see section 2.4 for a discussion of

ozone). In Norway, road traffic is the most

important source of local pollution by NO2,

CO and particulate matter. Industrial installa-
tions are the most important source of high |
SOz concentrations.

In 1993, the municipalities of Oslo, Pors-
grunn and Bergen accounted for the largest
NOx emissions. As a first approximation to |
an estimate of local air quality, emissions per |
km? can be calculated. If this is done for

NOy emissions, we find the highest values in
Porsgrunn and Stavanger (figure 2.10). As a

general rule, emissions per km? are highest

in municipalities with a high population den-

sity and where there are national highways.

Per capita NOx emissions were highest in Sgr-

fold, followed by Tysfjord, Lindas and

Bremanger; the main source of emissions in

these municipalities was manufacturing in-

dustry. Per capita NOx emissions are also

high in certain municipalities with few in-

habitants where there are national highways.

Table B8 in Part III shows emissions to air by
municipality.

Most of the measuring stations where air
quality is monitored (see figure 2.11) are
situated in town streets where traffic is
heavy or near industrial enterprises. In win-
ter 1993-94, the 24-hour mean concentra-
tion of NO2 recommended in air quality
guidelines was exceeded at eight of eleven
measuring stations in towns. At most of

Emissions to air by municipality

These figures include emissions to Norwe-
gian territory from international maritime
and air transport and foreign activities in
Norway. These activities are not included
in the figures for national emissions. The
methods used to calculate emissions to air
are described in Bang et al. (1993), Rypdal
(1993 and 1995) and Daasvatn et al. (1994).
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Figure 2.11. Winter mean concentrations of NO2,
particulate matter and SO at eight
selected measuring stations
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these, the mean value was higher than in the
preceding winters because of colder weather
and poorer dispersion conditions. SO2 levels
were low at most measuring stations, but

concentrations above the recommended lim-
its were measured at some localities that are
affected by industrial emissions. Correspond-
ing figures for 1994-95 are not yet available.

Concentrations of pollutants in the largest
towns have generally followed the same
trends as emissions (figure 2.11). The con-
centration of SO2 has dropped considerably
in recent years, in line with reductions in
emissions. Concentrations of particulate mat-
ter have not changed greatly. The decrease
after 1989 may be related to the mild win-
ters and good dispersion conditions. As a re-
sult of weather conditions and a rise in the
sales of petrol and auto diesel, concentra-
tions of particulate matter and NO2 rose in
winter 1993-94.

The surveys of living conditions show that ex-
posure of the population to road-traffic pollu-
tion is somewhat lower than previously,

which is consistent with measurements of air
quality (see Chapter 8).

In 1995, calculations of emissions to air per
basic unit (the smallest geographical unit
used for statistical purposes) were started in
four of Norway’s largest towns. By January
1996, the municipality of Oslo had an opera-
tive model for calculating air quality on the
basis of these and other figures. This project
is described in more detail in Chapter 3.2 in
Part II.

2.4 Long-range transport of air
pollutants

Emissions of SO2 and NOx are lower in Nor-
way than in most other European countries.
Per capita SO2 emissions are also very low,
but per capita NOx emissions are among the
highest in Europe. SO2 emissions are particu-
larly high in Eastern Europe, the former East
Germany and the United Kingdom. A large
proportion of European SO2 emissions is
generated by point sources, especially coal-
and oil-fired power stations. The hundred
largest installations are estimated to account
for more than 40 per cent of total European
emissions. Of these, 54 are in Eastern
Europe, 40 in EU countries (including 12 in
the United Kingdom and 12 in Germany),
and six in Turkey. The Russian refinery at
Nikel, just across the border from Finnmark
county, is ranked as number five in this list.

Pollution released to air may be deposited
near the source or transported for consider-
able distances with air currents. Sulphur and
nitrogen compounds tend to acidify soils and
water, but the extent of the damage depends
on the type of soil and vegetation. Lime-rich
soil can for example withstand acidification
by weathering to release calcium. Many
parts of Norway have lime-poor soils and sen-
sitive vegetation, and the impact of acid rain
is greater than in many other areas where
deposition of acid components is higher.

37



Air

Natural Resources and the Environment 96

Fresh-water organisms have suffered the
most serious damage, and the effects have
been observed particularly in Southern Nor-
way, the southern parts of Western Norway,
and Eastern Norway. Sgr-Varanger munici-
pality in Finnmark suffers the effects of acid
rain from sources in Russia.

In 1994, sulphur deposition over Norway to-
talled 100 000 tonnes (see table B12 in Part
I). This is five times as much sulphur as
Norway’s total emissions. About 3 000 ton-
nes of the total originates from Norwegian
emissions, and 5 000 tonnes from sea water
and other natural sources. Other large
sources in 1994 were the United Kingdom
(about 15 000 tonnes), Germany (17 000
tonnes) and Eastern Europe, Russia and the
Baltic states (18 000 tonnes). Of Norway’s
own sulphur emissions in 1994, a large pro-
portion was deposited over the North Sea
and North Atlantic, and some in Sweden and
over Norwegian territory. From 1985 to
1994, sulphur deposition over Norway was
reduced by about 30 per cent as a result of
reductions in emissions in Europe.

Total deposition of oxidized and reduced
nitrogen in 1994 was 107 000 tonnes (see
tables B10 and B11 in Part III). Of this, 21
per cent originated from Norwegian emis-
sions, and emissions from the United King-
dom and Germany accounted for a further

14 per cent each. Deposition of nitrogen com-
pounds has changed little in recent years.

Tropospheric ozone can also be transported
from other parts of Europe to southern Nor-
way with air currents, injuring health and
damaging vegetation. Ozone in the lower at-
mosphere is formed by chemical reactions be-
tween oxygen, NOx and NMVOCs in the pres-
ence of sunshine. In periods of high pressure
and sunshine during summer, ozone concen-
trations higher than the recommended
threshold values (pollution episodes) are reg-
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Figure 2.12. Tropospheric ozone. Pollution epi-
sodes’ in Norway involving high
ozone concentrations, and highest
hourly mean concentration
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istered both in southern Norway and across
most of the rest of Europe. As a result of the
EFA Agreement, the Norwegian authorities
are now obliged to inform the population
when the ozone concentration exceeds 180
ug/m3 (the recommended threshold value in
Norway is 100 ug/m?3). No definite trend can
be seen in recent years in the number of pol-
lution episodes involving ozone or in the
maximum concentrations of ozone measured
at Norwegian background stations (figure
2.12). In summer 1994, there was a pro-
longed period of high pressure across West-
ern Europe, which resulted in very high
ozone concentrations both in Central Europe
and in the United Kingdom.

To avoid episodes when the recommended
threshold values for ozone concentrations
are exceeded, it will be necessary to reduce
emissions of both NMVOCs and NOx by more
than 70 per cent across large parts of
Europe. Up till now, emissions of these sub-
stances have not been significantly reduced.
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2.5 Global environmental problems

Depletion of the ozone layer

The atmospheric ozone layer prevents harm-
ful ultra-violet (UV) radiation from the sun
from reaching the surface of the earth. About
90 per cent of the ozone is found in the
stratosphere, 10-40 km above the earth. This
region, where there is an elevated concentra-
tion of ozone, is usually known as the ozone
layer. Ozone is constantly formed and bro-
ken down by natural processes in the ozone
layer. It is generated above the equator and
transported towards the poles. There are
natural variations in the ozone content of
the stratosphere; in spring, there may be
twice as much as in autumn.

For several years, the ozone content of the
stratosphere has been very low and the lev-
els of UV radiation reaching the earth have
been high above Antarctica. Observations
have also shown that the ozone content of
the stratosphere above middle latitudes
dropped by about 3 per cent in the 1980s
(UNEP 1993). The causes of ozone depletion
include anthropogenic emissions of chlo-
rofluorocarbons (CFCs) and hydrofluorocar-
bons (HFCs), halons and other gases contain-
ing chlorine and bromine. These gases are
transported by air currents up to the ozone
layer in the stratosphere. Under certain mete-
orological conditions, they can cause chemi-
cal degradation of ozone that does not occur
naturally. Depletion of the ozone layer in-
creases the amount of UV radiation reaching
the earth, and may result in a higher inci-
dence of skin cancer, eye injury and damage
to the immune system. In addition, plant
growth both on land and in the sea (algae)
may be reduced.

Satellite measurements of ozone above Oslo
from 1979 to 1994 show that the total
amount of ozone has been reduced by 0.37
per cent per year (NILU 1994). The drop was
particularly steep in the winter and spring

months of 1992 and 1993, when measure-
ments showed 10-20 per cent less ozone
than normal above Oslo. This was probably
caused by a combination of ozone depletion
as a result of anthropogenic emissions of
gases containing chlorine and bromine, natu-
ral causes such as unfavourable circulation
patterns in the atmosphere, and sulphate par-
ticles from the eruption of the volcano
Mount Pinatubo in 1991. More normal
values were registered for much of 1994.

The consumption of ozone-depleting sub-
stances in Norway, measured as imports (see
figure 2.13) has dropped since the mid-
1980s, expressed as CFC-11 equivalents (in
ODP tonnes, which takes into account the
ozone depletion potential of each sub-
stance). Most of these substances are eventu-
ally released to air, and only small amounts
are destroyed. In accordance with the re-
vised Montreal Protocol, Norway has elimi-
nated consumption of newly-produced ha-
lons and CFCs. In addition, Norway has
undertaken to keep to a timetable for reduc-
tions in consumption or prohibitions against
the use of several other substances that

Figure 2.13. Imports of ozone-depleting sub-
stances to Norway
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Figure 2.14. Changes in global mean temperature 1856-1995, compared with the normal value for

1961-1990. °C

0 , T Hﬂmnﬂ | [LH‘
ul AT WW
0.4 Eit | I A_r,

1856 1866 1876 1886 1896 1906 1916

O O PO TSN OO VIO OO SO
1926

1966 1976 1986 1995

i,
1936 1946 1956

Sources: University of East Anglia and Norwegian Meteorological Institute

deplete the ozone layer. For overview of this
and more details about the ozone layer and
substances that deplete the ozone layer, see
SSB/SFT/DN (1994) and Miljgverndeparte-
mentet (1995).

Climate change

The natural greenhouse effect of the atmos-
phere is an essential condition for life on
earth as we know it. Without this effect, the
global mean temperature would be about
-189C, not 15 °C as it is now. The heat bal-
ance of the atmosphere depends on its chemi-
cal composition. Anthropogenic emissions of
the greenhouse gases carbon dioxide (CO32),
methane (CHg4), nitrous oxide (N2O) and
fluorine-containing gases can alter the com-
position of the atmosphere more rapidly

than natural processes. This in turn may ac-
celerate changes in the global climate system.

During the 1980s, the CO2 concentration of
the atmosphere rose by an average of 0.4 per
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cent per year, indicating that about half the
anthropogenic emissions of CO2 remained in
the atmosphere. The rate of change de-
creased somewhat in 1991-1993, but rose
again in 1994. Analyses of the observed
changes in the CO2 content of the atmos-
phere (from ice cores and direct measure-
ments) confirm that the observed increase
really is caused by emissions from human ac-
tivities. The concentrations of other green-
house gases in the atmosphere are also con-
tinuing to rise substantially.

The global mean surface temperature has
risen by about 0.6 °C during the past 100
years (figure 2.14). This is generally consis-
tent with the trends predicted by climate
models on the basis of rising concentrations
of greenhouse gases in the atmosphere.
Nevertheless, the temperature rise is still
within the limits that could be explained by
natural variations. In 1995, the global mean
temperature was 0.04 °C higher than the pre-
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vious record from 1990, 0.4 °C higher than
the average for 1961-1990 and 0.7 °C higher
than the average for 1861-1890 (University
of East Anglia). Calculations by the UN Inter-
governmental Panel on Climate Change
(IPCC) indicate that the global mean tem-
perature may rise by 1.5 - 4.5 °C during the
next hundred years. There is great uncer-
tainty associated with the effects of a further
temperature rise, but probable effects are
changes in precipitation patterns, more fre-
quent occurrence of extreme weather condi-
tions, displacement of climate zones and a
further rise in sea level. This could have
serious consequences for world agricultural
production and for low-lying agricultural
areas.

To allow a comparison of the extent to which
different gases enhance the greenhouse ef-
fect, the concept of Global Warming Poten-
tial (GWP) is used. The GWP value of a gas
is defined as the cumulative impact on the
greenhouse effect of 1 tonne of the gas com-
pared with that of 1 tonne of CO2 over a
specified period of time (usually 100 years).
GWP values take account of the different resi-
dence times of the substances in the atmo-
sphere and of the fact that they absorb en-
ergy at different wavelengths. For green-
house gases other than methane and nitrous
oxide, the uncertainty in the GWP values
may be up to 30 per cent. In 1994, emissions
of greenhouse gases in Norway totalled 50
million tonnes CO2 equivalents (see tables
B1 and B3 in part III). This is not signifi-
cantly different from the 1989 level. Emis-
sions of fluorine-containing gases from the
magnesium and aluminium industry have
been reduced, at the same time as CO2 emis-
sions from the oil sector and mobile sources
have increased.

Norway has signed the UN Convention on
Climate Change, according to which all in-
dustrial countries undertake to take meas-

ures to limit emissions and enhance sinks
(e.g. forests) of greenhouse gases. In addi-
tion, Norway’s national goal in recent years
has been to limit Norwegian CO2 emissions
so that they do not exceed the 1989 level in
the year 2000. The main policy instrument
Norway has used until now as a means of
achieving this goal is a CO2 tax on a large
proportion of petroleum consumption. How-
ever, in Report to the Storting No. 41 (1994-
95), it was estimated that given current CO2
tax rates, Norway’s CO2 emissions will rise
by about 16 per cent from 1989 to 2000.
The Government estimates that carbon taxes
would probably have to be raised to 4 - 5
times the current level to make it possible to
stabilize emissions at their 1989 level in
2000. This is not a practical policy at pre-
sent, and the tax must therefore be com-
bined with or replaced by other instruments
if Norway is to achieve its national goal.

More information may be obtained from Ketil
Flugsrud, Tone C. Mykkelbost and Kristin Ryp-
dal
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3. Fishing, sealing and whaling

The stock of Norwegian spring-spawning herring is growing strongly. After
severe depletion in the 1970s, the spawning stock rose to 3.9 million tonnes
in 1995. The total catch in Norwegian fisheries in 1995 was 2.7 million ton-
nes, with a first-hand value of NOK 8.2 billion. In 1995, the slaughtered quan-
tity of farmed salmon was almost 250 000 tonnes, 40 000 tonnes more than
in 1994. The export value of fish in 1995 was more than NOK 20 billion, and
farmed fish accounted for almost NOK 7 billion of this.

3.1 The economic importance of the
fisheries

According to the national accounts’, the

share of Norway’s gross domestic product

(GDP) derived from fishing, sealing and

whaling decreased from 0.85 per cent in

1988 to 0.68 per cent in 1994. In the same

Figure 3.1. Fishing, sealing, whaling and fish
farming. Proportion of GDP and em-

ployment
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period, the share of total employment de-
creased from 1.1 per cent to 1.0 per cent
(figure 3.1).

3.2 Trends in stocks

Norwegian spring-spawning herring, capelin
and North-East Arctic cod are three of the
most important fish stocks in Norwegian
waters. Since the end of the 1960s, all three
of these stocks have at some time reached a
historical low (figure 3.2). The herring stock
was severely depleted by overfishing at the
end of the 1960s. The capelin stock col-
lapsed in 1986-87, partly as a result of over-
fishing, but also from natural causes. The
cod stock remained low throughout the
1980s. More recently, the cod and herring
stocks have been recovering (see table C1 in
Part I1I). The capelin stock in the Barents Sea
recovered rapidly after its collapse, but has
now dropped sharply again. The latest de-
velopment is a result of a significant increase
in the natural mortality of both larvae and
older capelin. This is explained by predation;
cod and marine mammals in particular feed

1 The latest general revision of the Norwegian national accounts applies from 1988 onwards.
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Figure 3.2. Trends for stocks of North-East Arctic
cod, Norwegian spring-spawnin?
herring2 and Barents Sea capelin
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Figure 3.3. Trends for stocks of cod in the North
Sea', saithe in the North Sea' and
North Sea herring?
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on adult capelin, and juvenile herring feed
on capelin larvae. The capelin stock will re-
main very low for at least a further two to
three years (Havforskningsinstituttet 1995a
and 1996).
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Figure 3.4. Catches and export value
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The stock of North Sea herring rose steadily
from 1980 onwards, but the spawning stock
has dropped considerably during the 1990s
(figure 3.3 and table C1 in Part III). Stocks
of demersal fish in the North Sea are cur-
rently at a historical low, so that the natural
mor-tality of juvenile herring is probably not
as high as would normally be expected. How-
ever, substantial amounts of juvenile herring
are being caught both in the Skagerrak and
in the North Sea, and this fishery must be
limited to ensure the growth of the spawning
stock. The fishing pressure on adult herring
should also be reduced (Havforskningsinsti-
tuttet 1995a and 1996).

3.3 Fisheries and fish farming

The total catch in Norwegian fisheries (in-
cluding crustaceans, molluscs and seaweed)
in 1995 was 2.7 million tonnes (figure 3.4
and table C2 in Part III), and the first-hand
value was NOK 8.2 billion. The total catch
was about 200 000 tonnes higher than in
1994, and its value rose by almost NOK 900
million. Catches in the herring and industrial
fisheries (Norway pout, blue whiting and
sandeel) rose substantially in 1995, while
the catch of capelin was further reduced. In
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Figure 3.5. Fish farming. Slaughtered quantities
of salmon and rainbow trout
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both 1994 and 1995, the capelin fishery in
the Barents Sea was closed, and this will be
the case in 1996 as well.

The production of farmed fish has risen
steeply since the industry was established at
the beginning of the 1970s. The slaughtered
quantity of farmed salmon rose from about
207 000 tonnes in 1994 to 247 000 tonnes
in 1995 (figure 3.5). More than 80 per cent
of the farmed salmon is exported. In 1994,
Norway accounted for 55 per cent of total
world production of farmed Atlantic salmon
(Havforskningsinstituttet 1995b). The pro-
duction of rainbow trout has remained more
stable than salmon production, and was
about 12 000 tonnes in 1995.

The most important diseases in Norwegian
fish farming in recent years have been furun-
culosis, infectious salmon anaemia (ISA), in-
fectious pancreatic necrosis (IPN) and bacte-
rial kidney disease (BKD) (Havforsknings-
instituttet, 1995b). However, the health of
farmed fish has now been considerably im-
proved, and the use of medicines by the fish
farming industry has been greatly reduced in
recent years. New vaccines and improve-

ments in the operation of fish farms are prob-
ably the main reasons for this. The consump-
tion of antibacterial agents fell from a peak
of nearly 49 tonnes in 1987 to 1.4 tonnes in
1994 and 3.1 tonnes in 1995 (table C3 in
Part III). Restrictions on antibiotics and
sound routines for their use are important if
we are to avoid their transfer to other
organisms and the development of resistant
forms of bacteria.

3.4 Exports

Preliminary figures show that in 1995, ex-
ports of fish and fish products rose to about
1.6 million tonnes, with a value of NOK 20.1
billion (figure 3.4 and tables C4 and C5 in
Part III). The value of exports to EU coun-
tries was NOK 13.2 billion, or 66 per cent of
the total.

Exports of fresh and frozen farmed salmon
totalled 189 000 tonnes, with a value of al-
most NOK 5.7 billion (figure 3.6 and table
C6 in Part III). In addition, smoked salmon
and salmon fillets to a value of more than
NOK 1 billion were exported, so that salmon
exports in 1995 had a total value of NOK 6.7
billion. This is equivalent to 33 per cent of

Figure 3.6. Exports of fresh, chilled and frozen
farmed salmon to the main purchas-
ing countries
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all Norwegian fish exports. For many years,
France and Denmark have been the most im-
portant purchasers of Norwegian farmed
salmon. Salmon exports to the USA have
dropped sharply since 1990 because of the
high import duty imposed on fish products,
whereas exports to Japan have risen consi-
derably.

In all, the export value of fish and fish pro-
ducts accounted for 14 per cent of exports of
traditional goods from Norway in 1995 (i.e.
exports excluding crude oil, natural gas,
ships and oil platforms). Between 1978 and
1990, this figure varied between 10 and 13
per cent, while it has been between 14 and
15 per cent in the 1990s.

3.5 Sealing and whaling

Since 1983, Norwegian sealing has taken
place in the West Ice (off Jan Mayen) and in
the East Ice (the White Sea). Catches have
been small, varying between 10 000 and

40 000 animals per season (figure 3.7). In
1995, the total catch was 15 981 animals
(15 048 harp seals and 933 hooded seals).
The catch of harp seals included 577 weaned
pups taken for research purposes.

Until the early 1980s, the annual value of
the seal catch was between NOK 10 and 40
million. In 1995, the value was less than
NOK 1 million, but a large proportion of the
catch is still not being sold.

Norwegian catches of small whales have con-
sisted mainly of minke whales. The tradi-
tional commercial hunt was discontinued
after the 1987 season, but was resumed in
1993, when 226 whales were taken. In

1995, 217 minke whales of a total quota of
232 animals were caught. No scientific
whaling was carried out in 1995.

46

Figure 3.7. Norweqian catches of seals and small
whales
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In the last two years before the traditional
hunt was discontinued, the value of the
catch was about NOK 20 million, down from
NOK 45 miillion in 1983. In 1995, the value
of the catch was NOK 13 million. The export
of whale meat is now prohibited.

More information may be obtained from Frode
Brunvoll
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4. Forest

In 1994, forestry accounted for 0.3 per cent of Norway’s gross domestic
product (GDP) and 0.35 per cent of total employment. In the same year, the
total volume of the roundwood cut for sale and industrial production was 8.5
million m3. The volume of the growing stock rose from 310 million m3 in
1925 to 616 million m3 in 1994. Both the area of forest and the volume of the
growing stock have also risen substantially in the EU and EFTA countries dur-
ing the past 30 years. In recent years, the health of Norwegian forests, as
measured by changes in crown density, has shown a slight tendency to

deteriorate, and this is continuing.

4.1 The economic importance of
forestry
According to the national accounts!, labour
input in forestry dropped from 9 400 full-
time equivalent persons in 1980 to 6 200 full-
time equivalent persons in 1994. This corre-
sponds to 0.35 per cent of total labour input.
In 1994, forestry accounted for 0.3 per cent
of Norway’s GDP, and the total volume of the
roundwood cut for sale and industrial pro-
duction was 8.5 million m3. This is 10 per
cent less than the year before, and the round-
wood cut has not been lower since 1983
(figure 4.1). For the country as a whole, the
gross value of the roundwood cut dropped
by 7.4 per cent from NOK 2.7 billion in 1993
to NOK 2.5 billion in 1994 (current NOK).

4.2 Forest resources

The total area of productive forest in Norway
is about 72 000 km2, divided among

125 000 forest properties. Individuals own
79 per cent of the productive area of forest,

Figure 4.1. Forestry: share of employment and
GDP. Roundwood cut
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and more than half the forest properties are
run in combination with agricultural opera-
tions. For several hundred years, Norwegian
forests have been exploited intensively for ex-
ports of roundwood, sawn wood and wood

1 The latest general revision of the Norwegian national accounts applies from 1988 onwards.
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Figure 4.2. Volume of the growing stock accord-
ing to forest inventories in 1925, 1958
and 1984. Calculated volume in 1994
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Figure 4.3. Gross incrsement and total losses (in

million m® without bark). Utilization
rate of the growing stock (percen-
tage)
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tar and for charcoal production. In addition,
there is a long tradition of using forests as
pasture for livestock and for hunting game.
Today, forests are most important in eco-
nomic terms as a source of raw materials for
the sawmilling and pulp and paper industry.
However, forests and the biological diversity
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they contain also have an intrinsic value as
an ecological asset and as recreational areas
for a more and more urban population.

Growing stock

Forest inventories and calculations of volume
show that the volume of the growing stock
below the coniferous forest line rose by more
than 95 per cent from 1925 to 1994 (figure
4.2). The increase was particularly rapid to-
wards the end of the period. Annual figures
for the volume of the growing stock, the for-
est balance, show the calculated figures for
the growing stock at the beginning and end
of the year. New calculations of the forest bal-
ance show that at the end of 1994, the vol-
ume of the growing stock, without bark, be-
low the coniferous forest line was 616
million m3. This total consisted of 46 per
cent spruce, 33 per cent pine and 22 per cent
broad-leaved trees. In 1994, the net incre-
ment (annual increment minus roundwood
cut and natural losses) in the growing stock
was 9.5 million m3, or 1.5 per cent of the to-
tal volume (figure 4.3 and tables D1 and D2
in Part IIT). The net increment was highest
for broad-leaved trees and pine.

The annual utilization rate for forest re-
sources can be calculated as the total annual
losses in the volume of the growing stock as
a percentage of the gross increment in vol-
ume. The utilization rate decreased from
1990 to 1994 and was 55 per cent in 1994.

If the utilization rate is less than 100 per
cent, the biomass of the forest is increasing,
and more and more CO2 from the atmos-
phere is assimilated by forests. In recent
years, the net uptake of CO2 has corre-
sponded to about one third of Norway’s an-
thropogenic CO2 emissions. This includes
CO2 assimilated in bark, roots and other
biomass.
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Figure 4.4. Mean crown density of spruce and
pine
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4.3 Forest damage

The causes of forest damage are often com-
plex. Unfavourable climate and weather con-
ditions, insect and fungal attacks, forest fires
and air pollution are the factors that have
the greatest effects on the health of forests.
Results from the Norwegian monitoring pro-
gramme for forest damage (NIJOS 1995)
show the current state of health of forests,
measured as mean crown density and crown
colour for the country as a whole (tables D3
and D4 in part III). The mean crown density
for spruce dropped from 85 per cent to just
over 79 per cent in the period 1989 to 1995
(figure 4.4). The mean crown density for
pine fell from 86 per cent in 1991 to 83 per
cent in 1992, and has remained about this
level since. The proportion of pine trees in
the highest crown density class dropped by
10.1 percentage points between 1991 and
1992. The deterioration in the health of both
these tree species has been most serious in
the Trgndelag counties and in large parts of
the southern half of Norway. In the period
1988 to 1995, the proportion of young
spruce and pine trees showing discoloration
of the needles remained stable, whereas the

proportion of older spruce trees rose signifi-
cantly.

Birch has been included in the monitoring
programme since 1992, and preliminary re-
cords of birch trees in coniferous forest were
made from 1990 onwards. In the period
1992 to 1995, mean crown density de-
creased from 73.8 to 70.7 per cent. However,
broad-leaved trees respond rapidly to natu-
ral stresses such as drought and insect at-
tacks, and observations over several years
are needed before the results can be properly
evaluated.

An international monitoring programme to
study the effects of air pollution on forest
was started in 1985. In 1994, 32 countries
took part in the programme, and a total of
1.5 million km? of forest was surveyed. Pine,
spruce, silver fir, beech and oak accounted
for about two-thirds of the trees in the pro-
gramme. Earlier experience has shown that
defoliation of up to 20-25 per cent does not
necessarily indicate declining health, but can
be regarded as normal adaptations to vari-
ations in climate and nutrient supply. How-
ever, the results from 1994 show more than
25 per cent defoliation for 26 per cent of all
the trees surveyed. This is an increase of al-
most 4 percentage points from 1993. (Bun-
desministerium fiir Erndhrung, Landwirt-
schaft und Forsten 1995).

The results for individual countries show
that the extent of the damage is greatest in
Poland and Czechia. The estimated extent of
the damage in the United Kingdom has been
sharply reduced after the methodology was
harmonized with that of other countries. In
Portugal, a prolonged period of drought
ended in 1993, and the proportion of trees
showing signs of damage dropped from 23
per cent to 7 per cent between 1992 and
1993. (EC-UN/ECE 1994). There are large
regional variations in the health of forests in
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Europe. In Denmark, more than every third
tree observed was reported to show signs of
damage in 1994, while the average figure for
Germany was only 22 per cent. However, the
extent of the damage in Germany increased
markedly from west to east. In Austria, the
percentage of trees showing signs of damage
has dropped from 11 per cent in 1993 to 8
per cent in 1994, and in France it has re-
mained stable at around 7 per cent (Bundes-
ministerium fiir Erndhrung, Landwirtschaft
und Forsten 1995).

4.4 Forest resources in Europe

In Europe west of the Urals, the total area of
forest and other wooded land is about 3.1
million km2, or 33 per cent of the total area
of land. About 1.2 million km? of this lies
within the EU and EFTA area. The propor-
tion of wooded land varies from country to
country; Iceland is virtually treeless, whereas
forests cover 66 per cent of Finland (figure

Figure 4.5. Area of forest and other wooded
areas in EU and EFTA countries in
1990
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4.5). Forests have been intensively managed
in Western Europe since the Second World
War. This has made it possible to meet the
growing demand for wood, while at the
same time both the area of wooded land and
the volume of the growing stock have in-
creased by about 10 per cent during the last
30 years (European Environment Agency
1995). However, in many areas, this form of
forest management has resulted in the devel-
opment of increasingly homogeneous culti-
vated forests.

In recent years, interest in international coor-
dination of measures to influence the way
forest resources are managed has shown a
marked increase. This is exemplified by the
resolutions on sustainable use and biodiver-
sity adopted at the Strasbourg conference in
1990 and the Helsinki conference in 1993.
The Common Agricultural Policy (CAP) of
the EU includes a major programme of tree-
planting on agricultural land and a pro-
gramme for the prevention of forest fires.
Apart from this, the EU countries do not at
present have a comprehensive common for-
estry policy. In most European countries, na-
tional forestry legislation has been drawn up
primarily to ensure adequate timber produc-
tion. However, in many countries there is
now a growing interest in multiple land use,
recreation, protection and other objectives
for forest management.

Further information may be obtained from Per
Schegning and Ketil Flugsrud
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5. Agriculture

In 1994, the agricultural sector accounted for 1.5 per cent of Norway’s GDP
and 3.7 per cent of total employment. The total area of agricultural land in
use in 1995 was 9.9 million decaresl. The fertilizer surplus, measured as
phosphorus, has been more than halved during the past ten years. Tillage of
cereal acreage in the autumn has been reduced; in autumn 1994, 40 per cent
of this acreage overwintered under straw stubble, as compared with 16 per
cent in 1990. However, there was no change from 1993 to 1994. The data
show a clear relationship between soil management regimes and the use of
pesticides against perennial weeds; during the past three years, an average of
15 per cent of the area ploughed in autumn was sprayed, as against 42 per

cent of the area that was not tilled.

5.1 The economic importance of
aoriculture

According to the national accounts?, the agri-

cultural sector is becoming steadily less im-
portant in economic terms. From 1988 to
1994, the agricultural sector’s share of total
employment (measured as full-time equiva-
lent persons) sank from 4.8 to 3.7 per cent
(figure 5.1). In absolute figures, the drop
was from 88 000 to 66 000 full-time equiva-
lent persons. The agricultural sector’s share
of gross domestic product (GDP) dropped
from 1.9 per cent to 1.5 per cent in the same
period. Agricultural production expressed as
a percentage of food consumption by the
population (measured as energy content)
rose from 30 to 44 per cent in the period
1970 to 1994 (Statens ernzringsrad 1994).

11 decare = 0.1 hectare

Figure 5.1. Some indicators of the economic im-
portance of the agricultural sector
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2 The latest general revision of the Norwegian national accounts applies from 1988 onwards.
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Figure 5.2. Use of agricultural areas
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5.2 Land use

From 1985 to 1995, the agricultural area in
use increased by 11 per cent, and was 9.9
million decares in 1995 (table E1 in Part III).
Cereal and oil-seed acreage made up 33.5
per cent of this, and cultivated meadow 45.8
per cent. The acreage of cereal crops and cul-
tivated meadow has risen slightly during the
past decade, whereas the area of surface-cul-
tivated meadow has dropped (figure 5.2).
The area of fertilized pasture has risen by 53
per cent. (The figures are based on applica-
tions for production subsidies, and part of
the rise may be explained by the fact that a
larger proportion of the area is eligible for
production subsidies.)

5.3 Environmental impacts

Nutrient balance

There are two main sources of nutrient dis-
charges from the agricultural sector; point
discharges (seepage from manure storage fa-
cilities and silos) and diffuse discharges (run-
off). Calculations show that runoff accounts
for 90 per cent of the total, and point dis-
charges for 10 per cent (JORDFORSK 1989).
Heavy applications of fertilizer in relation to
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Figure 5.3. Surplus of nutrients (nitrogen and
phosphorus) on agricultural areas
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the yields obtained may result in a large sur-
plus of nutrients on agricultural areas. Such
a surplus raises the risk of loss of nutrients
(pollution) from farmland. The size of the
surplus can be calculated by means of a
nutrient balance.

In this context, the nutrient balance for agri-
cultural areas is defined as the difference be-
tween the amount of nutrients added in com-
mercial fertilizer and animal manure, and
the amount removed in the form of crops.
Figure 5.3 shows changes in the nitrogen
and phosphorus balance from 1985 to 1994.
The balance has been corrected for nitrogen
losses (evaporation of ammonia) from ani-
mal manure and for manure from animals
grazing on outfield areas.

Surplus nutrients may be stored in the soil,
carried off with surplus water, or, in the case
of nitrogen, be lost to the air.

Using this method of calculation, we find
that in 1985, the surplus per decare of agri-
cultural land was 7.4 kg nitrogen and 2.0 kg
phosphorus. By 1994, these figures had
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Figure 5.4. Area of cereals and oil seed in rela-
tion to fertilizer application (nitrogen
in commercial fertilizer)
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dropped to 6.8 kg nitrogen and 0.8 kg phos-
phorus. The relative reduction was much
greater for phosphorus than for nitrogen,
mainly because farmers now apply much less
phosphorus in the form of commercial fertil-
izer. Some of the figures on which figure 5.3
is based are given in table E3 in Part IIL

Commercial fertilizer

For the country as a whole, sales of phospho-
rus in commercial fertilizer have dropped by
46 per cent from 1984-1985 to 1994-1995,
whereas sales of nitrogen in commercial fer-
tilizer have changed relatively little. Given
that the area of agricultural land has in-
creased during this period, this means that
the input of phosphorus per decare has de-
creased substantially, whereas the input of ni-
trogen has only been marginally reduced. In
recent years, the area of meadow that has
been either intensively or very lightly ferti-
lized (more than 25 kg or less than 4 kg
nitrogen per decare) has steadily decreased.
The amount of nitrogen fertilizer applied on
cereal acreage has risen in recent years (figure
5.4).

Figure 5.5. Shortfall in areas for manure spread-
ing
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Animal manure

The number of domestic animals, and there-
fore the amount of manure produced, has
changed little since 1985. The proportion of
the manure applied during the growing sea-
son, expressed as nitrogen, rose from 80 per
cent in 1989 to 86 per cent in 1994.

To prevent excess application of manure to
agricultural land, the authorities introduced
the requirement that a farm must have at
least four decares suitable for manure spread-
ing per animal manure unit (per "cow-unit").
If there is too little cultivated land on the
farm to meet this requirement, the farmer
must fertilize land that is not cultivated, sell
manure or use it on other farms. Such areas
must be approved by the county agricultural
authorities.
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Disregarding pasture and any manure used
on other types of land, the calculated short-
fall of areas suitable for manure spreading in
1994 was 290 000 decares, as compared
with 380 000 decares in 1985. From 1994,
the shortfall of areas for manure spreading
on farms with more than 20 animal manure
units has been taxed at a rate of NOK 1 000
per decare, and we now have an overview of
the area still required after the approval of
areas for manure spreading. In 1994, it was
estimated that the shortfall was only 15 000
decares (figure 5.5), indicating that farmers
have been able to find almost all the extra
land needed. There are large variations from
one county to another.

Soil management

If the soil is tilled in autumn, it is left with-
out any plant cover that can protect it
against rain and melt-water. This may lead
to large losses of soil (erosion), thus causing
the loss of a valuable resource and resulting
in the pollution of nearby water recipients.
Erosion can be reduced by restricting tillage
in autumn.

Figure 5.6. Cereal acreage with no tillage in
autumn (straw stubble) as share of
total cereal acreage
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To reduce soil losses, the authorities provide
grants for areas that are vulnerable to ero-
sion on condition that the farmers leave
them under stubble during the winter, i.e. do
not till such areas in autumn. The proportion
of such areas which were overwintered un-
der stubble rose from 16 per cent in 1990-91
to 40 per cent in 1994-95. The entire in-
cr-ase took place during the first three years
of the peric 1, and there has been no change
during the last three (figure 5.6). The propor-
tion of the area under stubble for which sup-
port is granted, on the other hand, has risen
steadily throughout the period. In 1994-95,
there was a slight decrease in the actual area
under stubble, despite the fact that the area
for which grants were provided rose (figure
5.6). However, a growing proportion of the
grants is being provided for areas that are
particularly vulnerable to erosion.

The area of autumn-sown cereals rose from
108 000 decares in 1989-90 to 309 000 deca-
res in 1994-95, when it accounted for 9 per
cent of the total area under cereals. See also
table E2 in Part III.

Use of pesticides

Residues of pesticides in soils, water and
food products can cause injury to human
health and environmental damage. Thus,
there is always a certain risk to health and
the environment associated with the use of
pesticides.

Total consumption of pesticides, expressed as
kilograms of the active substances, was
greatly reduced from 1985 to 1993 (figure
5.7). The consumption of fungicides has re-
mained fairly constant, but there has been a
substantial reduction for other substances.
The statistics only show the total amounts
used, which include a variety of very differ-
ent types of substances, and do not show any
changes with time in the types of active sub-
stances in use. The degradation rates of dif-
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Figure 5.7. Sales of pesticides
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Figure 5.8. Proportion of cereal acreage sprayed
against perennial weeds according to
soil management regime. Average for
for the whole country 1992-93 to
1994-95
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ferent pesticides vary widely, as do their
selectivity and toxicity. Nevertheless, changes
in the total consumption of pesticides do
give some indication of whether their
environmental impact is increasing or de-
creasing.

During the past three years, an average of 19
per cent of the area under cereals has been

sprayed against perennial weeds. Although
the extent of the spraying varies widely from
year to year depending on conditions during
harvesting, there is a clear relationship be-
tween the soil management regime and
spraying against perennial weeds. The more
tillage of the soil is reduced or postponed,
the larger the proportion of the area that is
sprayed. On average, 42 per cent of the area
under cereals that was not tilled at all (sown
directly) was sprayed against perennial
weeds, as compared with only 15 per cent of
the autumn-ploughed area (figure 5.8). This
means that the environmental cost of reduc-
ine erosion by limiting tillage is greater use
of pesticides.

More information may be obtained from
Henning Hgie
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6. Waste water treatment

In 1994, the total waste water treatment capacity of municipal sewage treat-
ment plants was reported to be 5 million population units (p.u.). Operating
and capital costs were calculated at NOK 3.1 billion in both 1993 and 1994,
which in 1994 was equivalent to about NOK 2 150 per subscriber, or an aver-
age per capita cost of NOK 720. Sewage fees covered 88 per cent of this. Since
1975, gross investments of NOK 26 billion have been made in the municipal
waste water treatment sector. In 1994, investments totalled NOK 1.4 billion,
and 73 per cent of this was used for laying new sewers and renovation of the
existing sewer systems. Waste water treatment plants removed 71 per cent of
the phosphorus entering the plants. For the North Sea counties alone, this

figure was 88 per cent.

6.1 Introduction

Statistics Norway and the Norwegian Pollu-
tion Control Authority together organize the
annual registration of data from the waste
water treatment sector in all municipalities
in Norway. The county departments of
environmental affairs are responsible for
data collection. In 1994, the computerized
data collection system SSB-AVLOP (Statistics
Norway 1995) was expanded to include in-
formation on scattered settlements and
sewer systems, economic figures and com-
plete pollution accounts as well as data from
waste water treatment plants.

Discharge figures from SSB-AVL@P are used
in calculating the total inputs of phosphorus
and nitrogen to coastal waters around Nor-
way. These calculations also use discharge
figures for agriculture and industry, and take
into account retention in fjords and river sys-
tems.

In 1993, total Norwegian anthropogenic in-

puts of nutrients from activities on land and
in the coastal zone were calculated at about
4 700 tonnes of phosphorus and 56 000 ton-

Figure 6.1. Norwegian anthropogenic inputs of
phosphorus and nitrogen to the coast
from Ostfold to Vest-Agder inclusive
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Figure 6.2. Hydraulic capacity by treatment
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nes of nitrogen. The coastline from @stfold
to Vest-Agder counties inclusive (the area to
which the North Sea Declarations apply; see
box) received 16 per cent and 39 per cent re-
spectively of the total inputs of phosphorus
and nitrogen (SFT 1996). Norway is imple-
menting the goals of the North Sea Declara-
tions by means of a variety of measures, and
discharges of nutrients to this stretch of
coastline have been substantially reduced
since 1985 (figure 6.1). Inputs of nitrogen
and phosphorus from Norway to the North
Sea are relatively modest compared with
those from other European countries (table
F1 in part III).

6.2 Waste water treatment plants
Most waste water treatment plants in Nor-
way have been built within the last 30 years
(figure 6.2). The earliest plants provided me-
chanical or biological treatment of the waste
water. However, since the beginning of the
1970s it has become more common to build
plants which also include a chemical purifica-
tion process to remove phosphorus. The
main reason for the apparent rise in mechani-
cal treatment capacity from 1988 to 1990 is
the inclusion of strainers and sludge separa-
tors in this category. Norway has given high
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Figure 6.3. Hydraulic capacity at primary and
high-grade treatment plants
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priority to the removal of phosphorus to pre-
vent algal growth in fjords and river systems,
and substantial resources have therefore
been invested in chemical treatment of waste
water. Other European countries have con-
sidered the removal of organic matter to be
more important, and make more use of bio-
logical treatment (SFT 1996).

In 1994, 1 934 municipal waste water treat-
ment plants with a treatment capacity of at
least 50 p.u. were registered in Norway. In
the same year, the total treatment capacity of
all types of municipal waste water treatment
plants was 5.0 million p.u.. Eighteen of these
plants had a treatment capacity of 50 000
p-u. or more, and these treated almost half
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Waste water treatment plants (wwtp) are generally divided into three groups according to
the type of treatment they provide: mechanical, biological or chemical. Some plants incorpo-
rate combinations of these basic types.

Mechanical waste water treatment plants include sludge separators, screens, strainers, sand
traps and sedimentation plants, and remove the largest particles from the waste water.

High-grade waste water treatment plants are those which provide a biological and/or chemi-
cal treatment phase. Biological treatment mainly removes readily degradable organic material
using microorganisms. The chemical phase involves the addition of various chemicals to re-
move phosphorus. High-grade plants reduce the amounts of phosphorus and other pollutants
in the effluent more effectively than mechanical plants.

Population equivalents (pe) are used to express waste water from industry, institutions, etc as
the number of people who would produce the same amount of waste water.

The number of population units (p.u.) in an area is given by the sum of the number of perma-
nent residents and the number of population equivalents in the area.

A subscriber is one household or 3 population equivalents connected to a municipal waste
water treatment plant.

The hydraulic capacity of a treatment plant is the amount of waste water it is designed to
receive.

The hydraulic load is the amount of waste water a treatment plant actually receives.

Separate waste water treatment plants are designed to treat amounts of waste water equiva-
lent in amount or composition to that from up to seven permanent households or holiday
homes.

Investments less grants gives the investments which may be included as a basis for calculating
| municipal fees, and which subscribers are required to pay through fees. Investments in munici-
pal waste water treatment may also be financed in other ways, e.g. by grants from the Minis-
try of the Environment, other government grants, private grants, repayments pursuant to the
Planning and Building Act, and construction grants. Costs which are covered in these ways
may not be included in calculating waste water treatment fees.

Capital costs are calculated by assuming a depreciation period of 20 years and an interest
charge of 7.5 per cent. This is in accordance with the model used by the municipalities to calcu-
late the basis for their fees.

The income-to-cost ratio indicates the proportion of the municipalities’ expenditure on waste
water treatment that is covered by fees.

The North Sea Declarations were signed by ministers from the countries surrounding the
North Sea, and contain various goals for pollution reduction. One of these is a reduction of
the order of 50 per cent of inputs of nutrients (nitrogen and phosphorus) in the period 1985 -
1995.

The North Sea counties (or area) are those Norwegian counties to which the North Sea Decla-
rations apply. The area stretches from @stfold to Vest-Agder, and drains almost entirely into
the North Sea.
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of all municipal waste water. In Eastern and
Southern Norway;, a large proportion of mu-
nicipal waste water is treated in high-grade
treatment plants (figure 6.3), whereas along
the coast from Hordaland county and north-
wards, most waste water is only mechani-
cally treated.

6.3. Sewage sludge

Sludge is a residual product of waste water
treatment plants, and contains both organic
matter and plant nutrients that can be used
as fertilizer or in integrated plant nutrient
management. For 1994, figures for the
amounts of sludge produced are available
from 528 plants, which accounted for 71 per
cent of the total hydraulic load. These pro-
duced 86 350 tonnes of sludge (dry weight).
Of this, 46 per cent was used directly for agri-
cultural purposes (figure 6.4).

The composition of the sewage sludge pro-
duced varies widely from one plant to an-
other. The type of waste water, the type of
treatment used and the way the sludge is
treated are crucial in determining the con-
tent of heavy metals (table 6.1) and nutri-
ents (table 6.2).

Figure 6.4. Disposal of sewage sludge
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Table 6.1. Heavy metals in sewage sludge in
1993. mg per kg dry weight
Stan-

No. of Mean  Min. Max.  dard

plants value value value  devi-

ation

Cadmium 247 1.2 0.2 8.3 0.9
Lead 249 28.9 1.8 209.0 19.3
Mercury 244 1.5 0.1 7.2 1.2
Nickel 230 10.9 2.0 87.0 79
Zinc 231 3406 520 1820.0 181.5
Chromium 231 21.5 3.1 198.0 19.6
Copper 231 333.0 28.0 17500 2780

Source: Statistics Norway

Table 6.2. Nutrients and organic matter in
sewage sludge in 1993. Percentage

Source: Statistics Norway
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of dry weight
Stan-
No. of Mean Min Max  dard
plants value value value  devi-
ation
Organic
material 79 60.20 490 7862 1483

Nitrogen 156 246 0.03 5.09 0.96
Total

phosphorus 100 1.30 0.05 402 057
Potassium 96 0.23 0.04 193 0.29
Calcium 95 338 0.01 36.00 6.99

Source: Statistics Norway

6.4 Sewer systems

In 1994, figures were obtained from 347 mu-
nicipalities, which account for 86 per cent of
the population. The total length of the sewer
systems in these municipalities was 26 700
km, which corresponds to 7.2 m per inhabi-
tant. In 1994, the total length of new sewers
laid was 827 km. Combined sewer systems
accounted for 17 per cent of this, waste
water sewers for 52 per cent, and storm
water sewers for 31 per cent. The data avail-
able on types of sewer systems, length, age,
materials, overflow and pumping stations is
incomplete in both this year’s and earlier re-
ports. It is therefore difficult to say anything
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definite about the current situation and
trends.

6.5 Waste water treatment in
scattered settlements
Whereas the county governors are responsi-
ble for municipal waste water treatment, the
municipalities are responsible for control of
discharges from scattered settlements. Per-
mits for such discharges must be obtained in
accordance with the Regulations relating to
discharges from separate waste water treat-
ment plants, which also outline the types of
treatment that may be used.

In 1993, just under 300 000 separate waste
water treatment plants were registered.
About 870 000 people were connected to
these. These figures are based on reports for
399 of the country’s 439 municipalities (94
per cent of the population). Sludge separa-
tors and infiltration are the commonest treat-
ment methods for waste water from scat-
tered settlements (figure 6.5).

6.6 Discharges of phosphorus from
waste water treatment plants
Phosphorus has been chosen as the indicator

for amounts discharged and treatment effi-
ciency in the pollution accounts in SSB-
AVL@P In 1994, discharges of phosphorus
from municipal treatment plants were calcu-
lated to be 578 tonnes. The counties from
@Dstfold to Vest-Agder (the North Sea coun-
ties) accounted for only 144 tonnes, or
about 25 per cent of the total.

In addition, substantial amounts are lost
directly from the sewer systems.

In 1994, average treatment efficiency, i.e. the
proportion of the phosphorus removed at
waste water treatment plants, was 71 per
cent, which is about the same as the pre-
vious year. In the North Sea counties, treat-
ment efficiency was 88 per cent, and the cor-

Figure 6.5. Treatment methods for waste water
from scattered settlements in 1993
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Figure 6.6. Phosphorus removed and discharged
at municipal treatment plants and
discharged in scattered settlements in
1994
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responding figure for the rest of the country
was 43 per cent. This means that, in the
country as a whole, treatment plants re-
moved 1 580 tonnes of phosphorus. The fig-
ure for the North Sea counties was 1 160 ton-
nes. Treatment efficiency is high in the North
Sea counties because they are served by a
number of large high-grade waste water
treatment plants. In Norway, scattered settle-
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ments are a major source of phosphorus dis-
charges, and this has become relatively more
important as discharges from municipal treat-
ment plants have been reduced (SFT 1996).

6.7 Municipal economy in the waste
water treatment sector
Investments
In 1994, gross investments in municipal
waste water treatment totalled NOK 1.4 bil-
lion. This corresponds to an average of NOK
990 per subscriber. Investments in municipal
waste water treatment reached a peak at the
end of the 1970s and then dropped during
the 1980s, but have since risen again and
have remained stable and high during the
1990s. The relatively high level of invest-
ments in the 1990s may be related to the im-
plementation of the North Sea Declarations.
According to the municipalities’ own esti-
mates, total investments in the waste water
treatment sector will probably exceed NOK 5
billion for the period 1995-1997.

Figure 6.7 includes grants from the Ministry
of the Environment to the municipal waste
water sector. The amount granted in 1994
was lower than earlier in the 1990s, and
only about one third of the 1993 level.

The amounts invested in 1994 varied sub-
stantially from one county to another, de-
pending partly on whether or not a county
belongs to the North Sea region. Total invest-
ments in the North Sea counties were about
NOK 920 million, or about 64 per cent of
overall investments in the waste water treat-
ment sector in 1994. Investments were high-
est in Akershus and Oslo and lowest in
Finnmark.

Investments per subscriber were highest
(NOK 2 619) in @stfold, and lowest (NOK
477) in Finnmark. The average figure was
NOK 1 356 in the North Sea counties, and
NOK 786 in the rest of the country.
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Figure 6.7. Investments in municipal waste water
treatment, 1975-1994. Planned gross
investments 1995-1997. Whole
country
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Figure 6.8. Gross investments in municipal waste
water treatment per subscriber.
Weighted averages by county, 1994
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Figure 6.9. Gross investments by type
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In 1994, 73 per cent of the amount invested
was used for laying sewer pipelines and reno-
vation of sewer pipelines systems. This is
roughly the same as the year before (figure
6.9). Investments in sludge treatment plants
rose from 1 per cent of the total in 1993 to 3
per cent in 1994, and investments in nitro-
gen removal facilities rose from 3 to 6 per
cent of the total.

Annual costs in 1994

In 1994, the total costs of municipal waste
water treatment were more than NOK 3.1 bil-
lion. Operating costs accounted for slightly
less than NOK 1.7 billion of the total, and
capital costs! for slightly more than NOK 1.4
billion. The average annual cost per sub-
scriber was NOK 2 156.

In general, the annual costs were lower in
the larger municipalities. This may be con-
nected with economies of scale. However,
there were a few exceptions.

Figure 6.10. Average annual costs per subscriber
in 1994 according to population of
the municipality (weighted averages)
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The costs per subscriber were highest in mu-
nicipalities in the North Sea counties. The
weighted mean? for the North Sea counties
was about NOK 2 588, compared with NOK
1 780 for the rest of the country. Costs per
subscriber were highest in Oppland, Aust-
Agder and Vest-Agder. The high level of costs
in the North Sea counties may be connected
with the high treatment standards these
counties are required to achieve.

Fees

The municipalities are authorized to levy
fees that cover the capital and operating
costs of waste water treatment. They do this
by charging connection fees and annual fees.
In 1994, the municipalities collected a total
of almost NOK 2.8 billion in waste water
treatment fees, of which annual fees ac-
counted for more than NOK 2.5 billion. Total
income in the form of fees covered 88 per
cent of the municipalities’ total costs. The in-
come-to-cost ratio® rose by 8 percentage
points from 1993 to 1994.

1 Capital costs are calculated on the basis of a depreciation period of 20 years and an annual interest of 7.5 per cent.
2 Weighted according to the number of subscribers in the municipality connected to the sewage system.
3 The income-to-cost ratio is the ratio between income from annual fees and annual costs.
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Figure 6.11. Average connection fee
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The average connection fee for the whole
country was NOK 10 470 in 1995. This is an
increase of about 20 per cent from 1994.
Fees rose more steeply in the North Sea
counties than elsewhere. The size of the fee
varied from NOK 100 to more than NOK

50 000. The average connection fee was
highest in the North Sea counties both in
1994 and in 1995. In 1995, the average con-
nection fee in the North Sea counties was
NOK 13 195, while the corresponding figure
for the rest of the country was NOK 8 663.

In 1995, the annual fee averaged NOK 5.87
per m3 water. The corresponding figure for
1994 was NOK 5.42, and the average fee
thus rose by 8 per cent from 1994 to 1995.
The average annual fee per m® water was
twice as high in the North Sea counties as in
the rest of the country both in 1994 and in
1995 (figure 6.12). This is because the re-
quired standard of treatment, and therefore
the costs, were higher in the North Sea
counties.

More information may obtained from Per
Schgning, Marianne Vik Dysterud and Andrew
Essilfie
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Source: Statistics Norway
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7. Waste

Every Norwegian generated an average of 247 kg household waste in 1994.
This is about the same as in the two preceding years, but considerably more
than for example in 1974, when the average quantity was 174 kg. The propor-
tion of waste recycled rose to 16 per cent of all household waste in 1994.

In 1993, manufacturing industries generated 3 million tonnes production and
consumer waste, of which 29 per cent was recycled. In addition, 320 000 ton-
nes hazardous waste was generated. About 10 per cent of the waste gener-
ated by a sample of public institutions and services was recycled in 1995.

In 1994, almost 440 000 tonnes hazardous waste was generated in Norway.
Of this, 20 per cent was collected by the system for hazardous waste manage-
ment, 28 per cent was treated on-site by industrial enterprises, 38 per cent
was treated outside the system for hazardous waste management, 6 per cent

was exported and 8 per cent was disposed of illegally.

The number of municipal or intermunicipal waste treatment and disposal
plants has dropped from 340 in 1992 to 252 in 1995. The closure of a further
149 plants before 2000 is being considered.

7.1 Introduction

Waste consists of all residual products for
which there is no use. It used to be an easy
solution to throw away or burn what was
not needed, but as the quantities of waste
generated have increased, the associated en-
vironmental problems have become increas-
ingly obvious. Pollution of water sources, air
pollution from incineration plants, the
generation of greenhouse gases in landfills,
unpleasant smells and hygienic problems are
among the most serious of these. At the
same time, waste contains valuable re-
sources which can be used by recycling and
re-using more waste, and in many cases pol-

lution problems can be eliminated by
making better use of the resources in waste.

The strategy being followed by the environ-
mental authorities is first and foremost to
minimize waste generation, secondly, to pro-
mote re-use, the recovery of useful materials
and the extraction of energy from any waste
generated, and thirdly, to ensure sound
management of the residual waste.

Nationwide official statistics on waste and re-
cycling are needed to provide information on
the quantities of waste, to reveal environ-
mental problems and to monitor the effects
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of any measures introduced. Statistics Nor-
way has cooperated with the Norwegian
Pollution Control Authority and other institu-
tions in drawing up waste statistics in their
current form.

Several waste streams have still not been de-
scribed, and some of the data available are
unreliable. Current waste statistics do not
provide a complete description of the waste
generated and how it is disposed of. Statis-
tics Norway is therefore in the process of ex-
panding the statistics to develop waste ac-
counts for Norway. The first results of this
work will be presented in 1996.

7.2 Waste generation

The statistics on waste generation are based
on the sector of society or industry where
the waste originates, either through produc-
tion or consumption. Storage, exports, im-
ports and illegal treatment may result in sub-
stantial differences between the amounts of
waste generated annually and the amounts
registered in the waste statistics.

No complete figures are available for the
quantities of waste generated in Norway
each year. Household waste is fairly well cov-
ered by the statistics. Statistics Norway has
collected figures on waste generation from a
sample of institutions and enterprises in the
private and public sectors.

Statistics Norway has also calculated the
amounts of waste that will be generated in
the future on the basis of assumptions con-
cerning economic trends, see Part II, Chapter
4.1.

Household waste

There has been a substantial increase in the
amount of household waste generated since
the early 1970s. In 1974, each person gener-
ated an average of 174 kg household waste
(Ligard 1982). In 1994, this had risen to 247
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kg per capita according to Statistics Nor-
way’s figures. The amount of waste gener-
ated remained fairly stable in 1992 and 1993
(Statistics Norway 1994b and 1995a,b, table
G1 in Part III).

Differences in per capita waste generation
have been analysed both in Norway and in
other countries. Over time, there has proved
to be a relationship between general welfare
trends in a country expressed as gross domes-
tic product and per capita waste generation
(Halmg 1984). Studies in Norway show that
per capita waste generation is higher in ur-
ban municipalities than in rural municipali-
ties (Ligard 1982).

Waste from manufacturing industries
Calculations show that in 1993, manufactur-
ing industries generated 3.0 million tonnes
production and consumer waste and in addi-
tion, 320 000 tonnes of hazardous waste.
These figures do not include waste recycled
on-site (Statistics Norway 1994a, tables G5-
G8 in Part III).

The manufacture of pulp and paper, printing
and publishing generated 35 per cent of this

Figure 7.1. Calculated amounts of production and
consumer waste generated by manu-
facturing industries, 1993
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Terminology and classification

The names of waste categories can be confusing because there are many ways of classifying
waste, for instance according to origin, composition or environmental impact. The result is a
wide variety of terms, some of which have overlapping meaning.

In the Pollution Control Act, waste is divided into three categories, largely on the basis of its
composition. These are consumer waste, production waste and hazardous waste. Statistics
Norway classifies waste according to its origin, as household waste or industrial waste. In
addition, the term municipal waste has been used for waste treated or administered in the
municipal system. Often, waste fractions consisting of particular materials are discussed sepa-
rately (paper, glass, metal, etc). These may form part of any of the previously mentioned cate-
gories. Waste may also be classified according to product type (packaging, electronic pro-
ducts, household appliances, etc). These may also belong to any of the above-mentioned
categories.

Other countries use their own terminology, which only rarely coincides with Norwegian us-
age. This makes it difficult to produce waste statistics covering several countries. Both the EU
and the ECE are giving high priority to the development of a joint classification system, but
have not yet presented final recommendations.

Consumer waste
Ordinary waste, including large items such as fittings and furnishings from private house-
holds, shops, offices, etc.

Production waste
Waste from commercial activities and services which is significantly different in type or
amount from consumer waste.

Hazardous waste
Waste which cannot appropriately be treated together with municipal waste because it may
cause serious pollution or a risk of injury to people and animals.

Household waste
Waste from normal activities in private households.

Industrial waste

Waste from economic activities, both private and public. Statistics Norway further subdivides
industrial waste according to the branch of industry from which it originates. The degree of
aggregation in the classification varies.

waste, the manufacture of food, beverages Waste food, slaughterhouse waste and fish
and tobacco products 20 per cent and the waste accounted for 15 per cent, paper and
manufacture of basic metals 15 per cent. cardboard for 7 per cent, and uncontami-
Other manufacturing industries accounted nated materials such as stones and gravel for
for the remaining 30 per cent (figure 7.1). 5 per cent.

Waste wood accounted for the largest propor- Packaging made up 5 per cent (151 000 ton-
tion of production and consumer waste from  nes) of all production and consumer waste.
manufacturing industries (30 per cent).
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Figure 7.2. Calculated amounts of production and
consumer waste generated by select-
ed public institutions and services in
1994, by material (excluding mineral
and hazardous waste)
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This included 62 000 tonnes paper and card-
board and 41 000 tonnes glass.

Waste from the public sector

In 1995, Statistics Norway carried out a sur-
vey of waste from a sample of institutions
and services in the public sector (Statistics
Norway 19964, tables G10-G14 in Part III).
The survey included technical services in the
municipalities, the health and social affairs
sector of central government administration,
educational institutions (agricultural sector,
other colleges and universities), research ac-
tivities, animal health and veterinary services
and social services for the elderly. A total of
9 300 institutions and units are involved in
these activities, corresponding to 16 per cent
of all institutions and units in the public sec-
tor, including private services. A sample of
530 of these was selected, and these re-
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Table 7.1. Amounts of hazardous waste gene-
rated in 1994, by waste category

Category Tonnes Percentage
Waste oil 50000 1"
Other oil-contaminated waste 25000 6
Stable oil emulsions 4000 1
Waste solvents 20000 5
Paints, glue, varnish and

printing ink 5000 1
Distillation residues 400 0
Tars 12000 3
Waste containing mercury or

cadmium 1 0
Environmentally hazardous

metals 125000 29
Waste containing cyanide 50 0
Pesticides 50 0
Isocyanates, etc 50 0
Acids and alkalis 155000 36

Waste from oil-drilling/

production 20000 5
Other very toxic and environ-

mentally hazardous substances 135003

Waste containing PCBs 1 0
Photographic chemicals 5000 1
Halons 65 0
CFCs 90 0
Total 435207 100

Source: NORSAS

ported data on waste to Statistics Norway.
On the basis of this, the total amount of
waste generated by these activities has been
calculated to be 406 000 tonnes. About 1 per
cent of this was hazardous waste. About 60
per cent of the remainder was stone, gravel
and concrete (mineral waste) generated
mainly in connection with road construction
by the technical services in the municipali-
ties. Figure 7.2 shows the amounts of waste
produced, classified by type of material.
Hazardous waste and mineral waste are not
included in the figure.

Packaging made up a little more than 3.5 per
cent of the waste from the sample. This con-
sisted of 77 per cent paper and cardboard, 7
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Waste statistics in Norway

The environmental authorities are giving high priority to the development of official nation-
wide statistics concerning waste and recycling. Statistics Norway has cooperated with the
Norwegian Pollution Control Authority and other institutions in drawing up waste statistics
in their current form.

Norwegian waste statistics are satisfactory in a number of areas, but more complete informa-
tion on all waste streams is needed, and Statistics Norway is therefore in the process of devel-
oping national waste accounts that will provide a better overall picture.

Municipal waste management

Since 1992, Statistics Norway has prepared annual statistics on waste and its management
through the municipal waste collection system. In 1992, these were based on reports from all
municipalities and waste treatment and disposal plants, and in 1993 and 1994 on reports
from a sample of 50 municipalities. Figures for 1995 will once again be collected from all
municipalities and waste treatment and disposal plants. The results of this survey will be pub-
lished in autumn 1996.

Waste from commercial activities

In 1994, Statistics Norway carried out an interview-based survey of industrial waste from a
selection of enterprises in the following branches: petroleum extraction, mining and quarry-
ing, manufacturing industries and construction.

Waste from the public sector

In 1995, a questionnaire-based survey of waste from a sample of institutions and services in
the public sector was carried out. It included technical services in the municipalities, the
health and social affairs sector of central government administration, educational institu-
tions (agricultural sector, other colleges and universities), research activities, animal health
and veterinary services and social services for the elderly.

Packaging

Statistics Norway is in the process of drawing up statistics for waste packaging. This forms
part of agreements between packaging manufacturers and the Ministry of the Environment,
the purpose of which is to increase the amount of waste recycled and reduce the quantities
of packaging.

Hazardous waste
NORSAS A/S (the Norwegian Resource Centre for Waste Management and Recycling) publish-
es annual statistics of the amounts of hazardous waste delivered.

Organizations involved in waste management

In 1995, the EU adopted a directive which requires each country to establish a register of or-
ganizations involved in waste management. NORSAS has been given this task in Norway,
and is to establish the register in the course of 1996. There are also plans to use the register
to collect data on waste quantities and management.

per cent plastics and 9 per cent glass, wood, Hazardous waste
iron and other metals and textiles. The re- The high concentrations of toxic substances
mainder consisted of mixed packaging. in hazardous waste represent a serious
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threat to the environment, even though the
quantities of hazardous waste generated are
relatively small. Calculations show that

435 200 tonnes of hazardous waste was gen-
erated in Norway in 1994 (NORSAS 1996b,
table 7.1). This is considerably higher than
previous calculations have shown. In addi-
tion, the implementation of EU legislation
concerning hazardous waste will make it
necessary to include more types of waste in
this category, thus increasing the amount of
hazardous waste generated by 137 000 ton-
nes.

Corrosive substances are the largest category
of hazardous waste, and make up 36 per
cent of the total. The next largest categories
are environmentally hazardous metals (29
per cent) and waste oil (11 per cent). The re-
maining categories each account for less
than 6 per cent of the total amount of
hazardous waste generated.

Figures from Statistics Norway show that in
1993, manufacturing industries generated
320 000 tonnes of hazardous waste (Statis-
tics Norway 1994, table G8 in Part III). The
manufacture of chemicals accounted for 76
per cent of this. More than half of all hazard-
ous waste consisted of acids, and 93 per cent
of this was generated by a single enterprise.
Other organic hazardous waste accounted
for 14 per cent of the total, and oil-contami-
nated waste for 6 per cent.

The survey of waste in the public sector
showed that the selected institutions and
services generated 4 000 tonnes of hazard-
ous waste in 1994 (Statistics Norway 1996a,
table G12 in part III). Infectious waste made
up 48 per cent of this (1 900 tonnes). Photo-
graphic chemicals were the next largest cate-
gory (950 tonnes), followed by waste oil
(850 tonnes).
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7.3 Waste management

Once waste has been generated, recycling is
generally the management strategy that
causes least pollution and makes best use of
the resources in the waste. Recycling may be
divided into re-use, material recovery and
energy recovery. Other methods of dealing
with waste are landfill and incineration.

Recycling and return schemes

No complete figures for the amount of waste
recycled are available, but NORSAS (the Nor-
wegian Resource Centre for Waste Manage-
ment and Recycling) is setting up routines
for regular collection of such information.
Because it is difficult to draw a hard-and-fast
line between waste and returned raw materi-
als, it is particularly difficult to quantify the
amounts of waste recycled on-site by indus-
trial enterprises.

The return scheme for beer, mineral water,
wine and spirits bottles is the most impor-
tant re-use scheme already established in
Norway. Between 95 and 100 per cent of all
beer and mineral water bottles are returned,
and 71 per cent of wine and spirits bottles
(Statistics Norway 1995).

Figure 7.3. Amounts of paper and cardboard
collected for recycling
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Figure 7.4. Amounts of glass collected for
recycling
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Regular statistics are compiled for paper and
cardboard, and show a substantial increase
in the amounts collected during the past ten
years (PIL 1996, figure 7.3). The amount col-
lected expressed as a percentage of consump-
tion rose from about 20 per cent in the mid-
1980s to 32 per cent in 1993, but fell again
to 30 per cent in 1994.

The amount of glass recycled has risen in re-
cent years, but was lower in 1995 than in
1994 (Norwegian Glass Recycling 1996,
figure 7.4). This is because breweries and
producers of mineral water and soft drinks
have switched to plastic packaging for many
of their products.

In 1995, about 340 000 tonnes of scrap iron
was collected in Norway (Stalverkenes
skrapjernkontor 1996). A growing propor-
tion of the scrap iron consists of shredded
iron, i.e. scrap iron broken up into very small
pieces. In 1993, 20 per cent of this was from
scrapped cars and household appliances.

Waste treatment and disposal plants
There has been a substantial drop in the
number of municipal and intermunicipal

Figure 7.5. Numbers of waste treatment and dis-
posal plants and newly-established
plants
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waste treatment and disposal plants in the
last few years. In 1992, there were 340 mu-
nicipal and intermunicipal waste treatment
and disposal plants, as compared with 252 in
1995 (Statistics Norway 1996b, table G17 in
Part IIT). This corresponds to a reduction of
29 per cent. During this period, 100 waste
treatment and disposal plants were closed
and only 12 new ones opened. In addition,
the closure of a further 149 plants before
2000 is being considered. These figures
include almost all landfills and plants where
waste is incinerated or treated biologically;
but exclude waste treatment on-site by
industry.

Nordland is the county where the largest
number of closures has taken place. Between
1992 and 1995, 19 of the 53 waste treat-
ment and disposal plants in the county were
closed. Between 1985 and 1992, the number
of waste treatment and disposal plants in
Norway remained fairly constant. In 1985,
342 plants were registered, only two more
than in 1992.
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Figure 7.6. Total quantities of municipal waste
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Figure 7.7. Municipal waste according to method
of treatment
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Municipal waste management

Statistics Norway recorded statistics on
waste management by the municipalities for
selected years in the 1980s and has done so
annually since 1992. These figures include
almost all household waste and a large pro-
portion of industrial waste. Waste treated
on-site by industrial enterprises is not in-
cluded. Industrial waste that is recycled is
only included in these statistics if the munici-
palities administer the collection scheme.

In 1994, municipal waste collection systems
dealt with 2 365 600 tonnes waste (Statistics
Norway 1995a, b, figure 7.6, tables G1-G3 in
Part III). This is an increase of about 150 000
tonnes from the two preceding years, which
is explained by a rise in the amount of
industrial waste. However, since private
waste collection systems are not included in
these statistics, it is not possible to say
whether the total amounts of industrial
waste are increasing at the same rate.

Most waste is still disposed of on landfills
(figure 7.7). Calculations show that 69 per
cent of municipal waste was dumped on
landfills in 1994. Of the remainder, 19 per
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Source: Statistics Norway

cent was incinerated, 12 per cent recycled
and 1 per cent composted.

Figures for recent years show a relatively
steep increase in the amount of waste re-
cycled. In 1994, 280 000 tonnes municipal
waste was delivered for material recovery, 17
per cent more than in 1993. Waste delivered
by private households explains the increase;
the proportion of household waste recycled
has risen from 9 per cent in 1992 to 16 per
cent in 1994. The proportion of industrial
waste that is recycled has remained stable at
about 8 per cent during this three-year
period. It is important to remember that the
figures only apply to industrial waste hand-
led by municipal waste collection systems.
There has been a trend away from sorting
waste at source in 1992-1994 (figure 7.8).
Throughout the period, sorting and collec-
tion at source has been the most widely used
system of waste collection for recycling.
Nevertheless, the proportion collected in this
way has dropped from 61 per cent in 1992
to 52 per cent in 1994. During the same
period, the proportion sorted at waste treat-
ment and disposal plants or at collection cen-
tres rose from 17 to 28 per cent. The propor-
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Figure 7.8. Recovery of materials from municipal
waste by sorting method
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tion sorted on delivery (i.e waste delivered
to special containers, etc) dropped slightly
during these three years.

Manufacturing waste

In 1993, 26 per cent of all production and
consumer waste from manufacturing indus-
tries was delivered for material recovery, 29
per cent was incinerated and 28 per cent
was sent to municipal or private landfills
(Statistics Norway 1994a, tables G6 and G7
in Part III). The remaining 17 per cent was
either biologically treated, used for landscap-
ing or treated in other ways (figure 7.9).

The proportion of waste recycled was
highest in the manufacture of food, bever-
ages and tobacco products (71 per cent) and
in the manufacture of fabricated metal
products, machinery and equipment (55 per
cent). In other branches of industry, the pro-
portion recycled varied between 4 and 15
per cent.

In total, 46 per cent of all production and
consumer waste from manufacturing indus-
tries was disposed of or treated on-site, i.e.
landfilled, incinerated or used for landscap-

Figure 7.9. Production and consumer waste from
manufacturing industries, by branch
of industry and method of treatment.
1993
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ing on-site, stored, or washed into the sewer
system. In all, 850 000 tonnes of this cate-
gory of waste was landfilled, and 500 000
tonnes of this went to on-site landfills.

The proportion of iron and other metals recy-
cled was higher than for any other materials;
88 per cent was delivered for recycling in
1993. For paper and cardboard, the propor-
tion delivered for recycling was 75 per cent,
while 2 per cent was incinerated and the rest
delivered to landfills. For glass, the propor-
tion delivered for recycling was 80 per cent,
and for waste food, slaughterhouse waste
and fish waste the figure was 81 per cent.
Wood waste was largely burnt (81 per cent).

Waste from the public sector

The main method of disposal for waste from
the sample of public institutions and services
was landfill (Statistics Norway 1996b, figure
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Figure 7.10. Production and consumer waste
from selected public institutions and
services, by sector and method of
treatment (excluding mineral waste
and hazardous waste). Sum of exter-
nal and on-site treatment, 1994
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7.10, tables G13 and G14 in Part III). The
figures show that 55 per cent of the waste
(excluding mineral waste) was dumped on
landfills (municipal or on-site), while only
10 per cent was delivered for material re-
covery and 5 per cent was incinerated. Most
of the remainder was either used for land-
scaping (8 per cent) or temporarily stored.
In 1994, 25 per cent (40 000 tonnes) of the
waste was treated on-site, i.e. landfilled

(7 500 tonnes), incinerated (200 tonnes) or
used for landscaping on-site (4 000 tonnes),
stored (30 000 tonnes) or washed into the
sewer system (1 tonne). The category "land-
filled on-site" consists mainly of waste from
parks, etc and sweepings from streets and
pavements which are dumped on temporary
landfills by the technical services in the
municipalities.

About half of all car tyres and waste glass
were returned for material recovery, and the
remainder was dumped on landfills. About
30 per cent of the paper and cardboard
waste was returned for material recovery, 10
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Figure 7.11. Calculated amounts of hazardous
waste by method of treatment.
1994*
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per cent was incinerated, and the rest,
together with almost all wood and particle
board waste, was landfilled.

Hazardous waste

Calculations from NORSAS show that large
amounts of hazardous waste bypass the sys-
tem of hazardous waste management; some
is treated in approved on-site facilities, but
the remainder is treated illegally or its fate is
unknown (NORSAS 1996b, figure 7.11).

The amount of hazardous waste delivered to
the hazardous waste management system
has risen considerably in recent years. In
1990, the figure was about 60 000 tonnes,
while in 1995 it had risen to almost 102 000
tonnes (figure 7.12, NORSAS 19964, tables
G15 and G16 in Part III). In 1995, various
categories of oily waste made up about 60
per cent of the total, waste from oil drilling
about 21 per cent, other organic waste 11
per cent and inorganic waste 8 per cent.
More than 50 per cent of the total quantity
of hazardous waste delivered came from
three counties in Western Norway; i.e.
Rogaland, Hordaland and Sogn og Fjordane.
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Figure 7.12. Hazardous waste delivered

1 000 tonnes
100 - [] Other hazardous waste

90 | B Waste ol !'
80 -
70
60
50
40
30 -
20 +
10
oL

1990

1991

1992 1993 1994 1995

Source: NORSAS

Exports and imports of waste

Most of the waste generated in Norway is
treated within the country’s borders. Some
household and industrial waste is exported
and imported between municipalities on
both sides of the borders with Finland and
Sweden. However, no figures are available
for the overall amounts involved.

There are substantial exports of waste for re-
cycling, including large amounts of waste pa-
per. In 1995, almost 170 000 tonnes of waste
paper was exported (PIL 1996). This is more
than half of all the waste paper collected.
The proportion exported has risen from
about one third of the total amount collected
in the early 1980s. About 75 per cent of all
waste paper exported from Norway was sent
to paper manufacturers in Sweden. Den-
mark, the United Kingdom and France are
also important recipients. Substantial
amounts of waste paper are also imported,;
in 1995, the figure was more than 70 000
tonnes. In previous years, Norway has im-
ported roughly 30 000-60 000 tonnes waste

paper.

Table 7.2. Exports and imports of hazardous

waste

Exports Imports
1989 16576 -
1990 21766 -
1991 14643 2419
1992 14533 6262
1993 18208 15222
1994 32811 4358

Source: NORSAS

With permission from Norwegian Pollution
Control Authority, consignments of hazard-
ous waste have regularly been exported from
Norway for treatment in other countries.
NORSAS compares information on this with
data registered in the hazardous waste man-
agement system (NORSAS 1995, table 7.2).
The quantities vary widely from year to year.
In recent years, lead accumulators have
made up about half of total exports. Imports
of hazardous waste are registered in the
same way as exports. These figures also
show considerable variation from year to
year. In recent years, a large proportion of
the imported waste has consisted of waste
oil.

7.4 Municipal economy in the waste
sector
Investments
Investments in waste treatment and disposal
plants accounted for 48 per cent o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>