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Natural Resources and the Environment 1998

Preface

Statistics Norway compiles statistics on important natural resources and the state of the
environment, 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 1998 contains updated resource accounts for
energy and the latest figures for emissions to air. These are followed by articles and updated
statistics on transport, waste management, water supplies and waste water treatment,
agriculture, forests and forest damage, and fishing, sealing and whaling. New features in
this year’s edition are figures for land use in urban settlements and results from the surveys
of living conditions showing the extent to which people consider themselves to be annoyed
by noise and air pollution.

The book also describes results from Statistics Norway’s research into resource and environ-
mental economics. The 1998 edition includes articles on the eco-efficiency of various
branches of industry, the benefits of voluntary environmental agreements, the environmen-
tal costs associated with waste management and various aspects of the Nordic energy
market. Finally, the appendix 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 1998.

The report is a joint publication by the Division for Environmental Statistics, Department of
Economic Statistics, and the Resource and Environmental Economics Division, Research
Department, and was edited by Henning Hgie. The editorial committee also included
Annegrete Bruvoll and Karin Ibenholt. Janet Aagenaes (Introduction, Chapters 1, 2.5-2.7,
5.5-5.6, 10 and 12) and Alison Coulthard (remainder) have translated the Norwegian version
into English.

Statistics Norway,
Oslo/Kongsvinger 2 July 1998

Svein Longva
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Introduction

Introduction

Natural Resources and the Environment
1998 provides information on important
Norwegian natural resources and the
natural environment in the form of statis-
tics and analyses. The information is
primarily based on Statistics Norway’s
own material, but data have also been
obtained from other sources.

The publication describes the status and
trends for a number of important resource
and environmental parameters in Norway;,
with particular emphasis on the impact of
human activities on the environment
through pollution and the use of natural
resources. The analyses look at the rela-
tionships between the use of resources,
the environment and the economy. An
appendix of tables provides more detailed
statistics on natural resources and envi-
ronmental conditions in Norway.

Chapter 1 deals with the driving forces in
the economy, and discusses macroecono-
mic developments that are of importance
to the state of the environment. In recent
years Norway’s economy has been
characterized by a cyclical upturn, with
higher production activity in the North
Sea and higher demand in the public
sector, in industry and commerce and in
households. This has contributed to an
increase in emissions to air and greater
waste quantities.

Chapter 2 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 also considered in relation
to the energy market and price trends for
important energy commodities. The chap-
ter also includes analyses of the electricity
market in the Nordic area and the envi-
ronmental effects of Norwegian gas sales.

The extraction and use of fossil energy
commodities are the most important
causes of emissions of atmospheric pollu-
tants, which may have local, regional or
global effects. Chapter 4 on emissions to
air deals with both emissions and pollu-
tion problems at these three levels. Em-
phasis is placed on developments in
Norway’s emissions as well as climate
change, which is a global problem. The
content of the Kyoto Protocol is discussed
in particular.

According to surveys of living conditions,
road traffic is the most important cause of
exposure to noise and pollution. Chapter
11 looks further at those groups which are
affected the most, and changes over time.
Chapter 3 on transport quantifies the
actual growth in passenger and goods
transport in Norway during the past 50
years and the underlying reasons for this.

Chapter 5 on waste presents figures on the
collection and treatment of household
waste and other municipal waste. This
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waste has increased sharply in recent
years. A separate study of industrial waste
and data on delivered quantities of hazar-
dous waste are also included in the chap-
ter. The chapter also contains analyses of
the costs associated with the recycling of
materials.

According to the North Sea Declarations,
Norway pledged to reduce discharges of
nitrogen and phosphorus to the North Sea
by about half by 1995, using 1985 as the
base year. These goals have not quite been
achieved, but various measures, mainly in
the fields of waste water management and
agriculture, have been implemented to
reduce discharges. Natural Resources and
the Environment 1998 presents the latest
statistics and analyses of measures to
reduce discharges of nutrients to the
North Sea. The publication also provides
an overview of drinking water resources
and economic aspects of the waste water
treatment and waste management sectors.

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

Chapter 10 discusses land use in urban
settlements in Norway. Land areas are
under considerable pressure in many
urban settlements, and sound land-use
management is therefore necessary. New
and expanded statistics on the area of
urban settlements will provide a better
basis for sound land-use management.

The last chapter in the publication inclu-
des various analyses of the relationship
between the environment and the econo-
my. The first article deals with energy use
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and emissions to air in various industry
sectors. The article discusses changes in
the environmental efficiency, i.e. environ-
mental impact per unit value added, of
the various sectors. This chapter also
presents analyses of how labour-market
rigidities influence the environmental
effects of green taxes, the democratic
aspect of cost-benefit analyses and, finally,
whether voluntary agreements may be
more environmentally effective than taxes
on environmentally harmful activities.
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1. Economic driving forces

Economic activity is an important driving force

behind the extraction of natural resources and changes

in the state of the environment. Information concerning the most
important features of economic developments is therefore important for
understanding changes in the environmental situation. A cyclical upturn
has been under way in Norway since 1993, with sharp growth in
production and consumption. This has resulted in a deterioration in
environmental quality in some areas. At the same time, clean-up measures
and more stringent emission standards may have contributed to a more
positive trend for other environmental conditions. With regard to the
extraction of natural resources, the high level of activity in the North Sea
has been particularly important in recent years.

1.1. General developments

The relationship between changes in the
extraction of natural resources, environ-
mental quality and economic activity is
often complex. Economic activity results
in the use of natural resources and various
types of environmental stresses. The
composition of economic growth has an
important bearing on these effects as
various sectors use different quantities of
resources and have different levels of
emissions per unit of production. For
example, service sectors use fewer natural
resources and have lower emissions per
unit of production than manufacturing
sectors. This is seen in the resource and
national accounts compiled by Statistics
Norway, see Chapter 12.1. Price changes
can also influence the use of resources
and environmental stresses. A higher price
for a factor input may prompt producers
to use less of this input, and price changes
can also result in shifts in the composition

of industries. The extraction of natural
resources contributes to economic growth
in two ways, partly in the form of invest-
ment activity and partly as a result of the
income generated, which results in higher
demand. Both these mechanisms contribu-
te to higher production in other sectors.
Consumption influences the environment,
partly in the form of emissions to air from
passenger transport and heating as well as
waste generation. One example of the
economy-environment feedback is air
pollution which may damage health,
which in turn can have a negative impact
on labour productivity.

The most common method of measuring
total economic activity in a country is
gross domestic product (GDP). The figures
for GDP show that economic growth in
Norway has been fairly strong from 1993
to 1997 (table 1.1). In this period main-
land GDP rose by an average 3.5 per cent
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Table 1.1. Average growth in some key
macroeconomic aggregates. Periods 1989-
1992, 1993-1996 and 1997*. Per cent

1989- 1993-

1992 1996 1997*
Gross domestic product 23 41 3.5
- Mainland Norway 0.7 34 3.9
Private consumption 0.9 3.6 30
General government
consumption 4.0 1.6 25
Gross fixed investment -5.3 5.1 15.1
- Mainland Norway -6.7 8.6 9.2
- Petroleum activities 10.5 34 271
Exports 7.7 6.3 4.1
- Traditional goods 46 7.7 7.4
- Crude oil and natural gas  14.4 10.4 2.0
Imports 1.4 5.7 11.9

Source: National accounts from Statistics Norway.

annually. In 1997, mainland GDP expan-
ded by nearly 4 per cent (preliminary
figure). The cyclical upturn has been
broadly based, with growth in most de-
mand components (household consump-
tion, fixed investment and traditional
merchandise exports) and has been ac-
companied by moderate price and wage
inflation.

Table 1.1 shows the average growth in
some key macroeconomic aggregates since
1989. The table shows changes in GDP for
Norway as a whole and for mainland
Norway. Gross fixed investment is an
important demand component in the
economy, generating production primarily
in manufacturing industry and the con-
struction sector. Table 1.1 shows growth in
total gross fixed investment and growth in
mainland Norway and petroleum activi-
ties. Mainland Norway accounts for about

70 per cent of total investment and the
petroleum sector for about 25 per cent,
while the ocean transport sector accounts
for the remainder. In 1997, exports of
crude oil and natural gas accounted for 36
per cent and traditional goods for 38 per
cent of total exports.

1.2. Industries

0il and gas production

Norway is very dependent on the use of
fossil natural resources, and developments
in international oil and gas markets have a
considerable influence on the country’s
economy. In 1997, oil and gas production
accounted for a good 14 per cent of GDB a
twofold increase since 1988. Oil and gas
production, measured in constant prices,
rose by 1.7 per cent in 1997, while oil and
gas prices increased by an average 2.1 per
cent. Measured in volume terms, oil and
gas production grew by 3.2 per cent,
primarily in the form of higher gas pro-
duction. Average oil production in 1997
came to 3.2 million barrels per day. Gas
exports rose by 11.4 per cent, while ex-
ports of oil remained virtually unchanged.
As seen in table 1.1, investment in the
petroleum sector showed a sharp growth
from 1996 to 1997, and according to
provisional calculations 1997 will repre-
sent a new peak, with investment
amounting to NOK 63.1 billion (current
NOK). This is NOK 5.5 billion higher than
in 1993, which is the peak year so far.

Oil prices moved on a downward trend in
1997 after increasing the previous two
years. 1997, however, was marked by
substantial fluctuations in prices, particu-
larly as a result of the situation in the
Middle East! and variations in demand

1 Examples include the implementation of Iraq’s agreement with the UN on exports of oil provided the
revenues were used for humanitarian purposes, increased tension in the area due to the conflict beween
UN weapons inspectors and Iraq, and OPEC’s decision to increase the cartel’s quotas for 1998.
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due to climatic conditions®. At the begin-
ning of 1997, the spot price of Brent Blend
was about USD 24 p/b, whereas one year
later it was down to USD 16 p/b. For
Norway, however, the fall in the oil price
in USD has been more than offset by an
attendant appreciation of the USD. The
overall effect was a rise in the average
crude oil price in NOK of NOK 2, to

NOK 135 p/b in 1997. In the short term,
price changes do not necessarily have an
impact on the volume of production. In
the longer term, prices — and expectations
concerning price movements — will influ-
ence the level of investment, and thereby
production.

Central government revenues from petro-
leum activities have risen substantially in
recent years, and in 1997 the net cash
flow from petroleum activities came to
NOK 85 billion. About NOK 23 billion of
petroleum revenues was used to cover the
government budget deficit excluding
petroleum activities, while about NOK 62
billion was allocated to the Government
Petroleum Fund. General government
consumption rose by 2.5 per cent from
1996 to 1997, and total general govern-
ment expenditure amounted to 44 per
cent of GDP in 1997. The industry profile
for the general government sector calcula-
ted in the NOREEA project (Chapter 12.1)
shows, however, that the sector has low
energy use and low emissions to air com-
pared with gross production.

Increased activity in the petroleum sector
has resulted in a sharp rise in energy use
in this sector. For example, the use of
natural gas increased from 12 PJ in 1976
to 153 PJ in 1997, see Chapter 2. The
sector accounts for a substantial share of

atmospheric emissions of CO,, NO, and
NMVOCs, and a high proportion of the
rise in these emissions in Norway in recent
years can be ascribed to expanded activity
in the sector, see Chapter 4.

Electricity supply

Electricity production totalled 111.6 TWh
in 1997, an increase of about 7 per cent
from 1996, but a decline of 9.3 per cent
compared with production in 1995. Elec-
tricity imports exceeded exports by 3.8
TWh in 1997 (imports of 8.7 TWh and
exports of 4.9 TWh), see also Chapter 2.2.

Net domestic consumption rose by 0.4 per
cent to 105 TWh. As a result of high prices
at the beginning of the year and milder
weather compared with 1996, consump-
tion was particularly low in the first half
of 1997. Adjusted for temperature fluctua-
tions, consumption rose by 2 per cent.

In 1997, electricity consumption accoun-
ted for about 48 per cent of total energy
consumption, which is approximately the
same as in 1996. In the period 1989-1995
this share was on average a little more
than 50 per cent. The decline in electricity
consumption from 1995 to 1996 reflects a
sharp rise in electricity prices in this
period. The strong rise in prices was
ascribable to low precipitation in 1996,
which resulted in low water reservoir
levels and low electricity production.

Manufacturing and mining
Production in manufacturing and mining
rose in volume by 3.2 per cent in 1997,
according to preliminary figures. Produc-
tion of wood products, furniture and other
manufacturing expanded at a faster pace
than the average growth in manufactu-

2 At the end of 1997 mild weather in northwest Asia, the east coast of the US and in large parts of Europe

resulted in lower demand for heating oil.
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Table 1.2. Average growth in gross product, total energy use and electricity use in manufacturing.

Periods 1989-1992, 1993-1996 and 1997*. Per cent

1989-1992 1993-1996 1997+

Gross  Total Elec- Gross  Total Elec- Gross =~ Share

product energy  tricity product energy tricity product of total

use use use use GDP

Mining and quarrying 30 -84 -8.5! -1.6 20 -100 1.9 0.2

Manufacturing -1.3 -1.7 -0.1 35 2.9 04 33 1.0
- Food products, beverages and

tobacco -1.8 35 8.3 2.7 2.6 -0.7 1.4 1.9

- Textiles, wearing apparel, leather -1.0 -0.3 8.0 2.1 6.0 -2.2 0 0.2

- Pulp, paper and paper products -0.4 -0.3 1.0 44 53 1.2 a7 0.5

- Publishing, printing, reproduction -1.6 1.6 5.1 41 5.0 1.5 13 1.2

- Refined petroleum products 9.6 -3.7 5.8 45 -12.2 -39 24 0.1

- Basic chemicals -1.2 -2.6 -0.8 3.5 5.8 5.1 1.0 0.5

- Chemical and mineral products -1.7 1.0 59 438 45 2.0 29 1.0

- Basic metals 1.8 -2.3 -1.8 2.6 0.8 -0.5 32 0.7

- Machinery and building of ships -0.9 13 3.6 43 14.3 1.8 3.0 3.9

- Wood products, furniture,
manufacturing n.e.c. -6.1 1.6 5.6 1.2 5.0 3.2 10.1 0.8

'Change 1991-1992.

Source: National accounts and Energy Statistics from Statistics Norway.

ring. For export-oriented industries, the
growth was highest in the pulp and paper
industry (4.7 per cent) and the basic
metals sector (3.2 per cent).

Electricity consumption in power-intensive
manufacturing sectors came to 29.2 TWh
in 1997, a rise of 2.2 per cent from the
previous year. As a result of the high
output growth in the basic metals sector,
this industry also recorded the sharpest
rise in electricity consumption. Consump-
tion of spot power in manufacturing was
4.4 TWh, an increase of as much as 36 per
cent from 1996, but this must be viewed
in connection with the unusually low level
of consumption in 1996 due to high spot
prices for electricity. Spot prices were on
average NOK 0.13 per kWh in 1997 com-
pared with NOK 0.25 per kWh in 1996.

Energy use in various manufacturing

sectors in the periods 1989-1992 and
1993-1996 generally follows the same
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trends as activity in the industries. The
average change per year in the first period
was lower than corresponding figures for
the second period (table 1.2). For manu-
facturing industry as a whole, energy
intensity (energy use per unit of produc-
tion) fell in the period 1989-1996, but
there were considerable variations be-
tween sectors. Despite higher gross pro-
duction, the oil refining sector recorded a
relatively sharp reduction in total energy
use. Total energy use in the machinery
industry and shipbuilding, however, rose
considerably more than gross production.
The changes in energy intensity are
ascribable to structural changes within the
sectors as well as temperature and prices
changes that influence energy use in the
sectors to a varying extent.

With regard to electricity consumption as
a share of total energy use in the various
manufacturing sectors, it appears that
electricity consumption fell less than total
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Table 1.3. Average growth in gross product, total energy use and electncnty use m pnmary mdustrl-
- es. Penods 1989-1992 1993-1996 and 1997*. Share of GDP 1997*, Per cent -

1997*

1989-1992 1993- 1996
Gross  Total Elec- Gross  Total  Elec- Gross  Share
product energy  tricity product energy tricity product of total
use use use use GDP
Agriculture and hunting 1.1 -3.2 -9.2 4.2 5.2 29.0 4.0 1.5
Forestry and logging -2.7 -24 -2.9 0.6 . -3.1 0.2
Fishing and fish farming 5.1 -3.6 14.8 6.4 . 4.4 0.8

Source: National accounts and Energy Statistics from Statistics Norway.

energy consumption in the period 1989-
1992, while it rose less in the period 1993
to 1996. Preliminary figures for 1997
show, however, that electricity as a share
of total energy consumption in manufac-
turing has again risen. The rise was parti-
cularly strong in power-intensive manu-
facturing and the pulp and paper industry,
with a rise of 2 and 6 per cent, respec-
tively.

Construction

Gross production in the construction
sector rose in volume by 7 per cent from
1996 to 1997, according to preliminary
figures. Construction investment expan-
ded by 11 per cent in the same period,
with housing investment increasing by
8.9 per cent. Value added in the industry
accounted for 3.2 per cent of total GDP in
1997.

Gross production in the construction
sector showed an average annual decline
of 2.4 per cent in the period 1989 to 1992.
In the period 1993 to 1996, however,
growth was positive, showing an average
annual rise of 2.8 per cent. Energy use in
this sector fell by an average 11 per cent a
year in the period 1989-1992, but increas-
ed by an average 5.6 per cent a year in the
period 1993-1996. It thus appears that the
energy intensity in the industry has risen
during the current cyclical upturn. In

1996, the industry accounted for a little
more than 1 per cent of total energy con-
sumption, excluding energy sectors.

The average borrowing rate for house-
holds fell by about 7 percentage points in
the period from 1991-1992 up to 1997,
entailing that the real interest rate after
tax has fallen by more than 3 percentage
points in the same period. Towards the
end of the period the demand for dwel-
lings has risen substantially, resulting in a
pronounced rise in prices, an increase in
housing starts and higher energy use.

Primary industries

Production in these industries (agricul-
ture, forestry and fishing, including fish
farming) rose by about 3.3 per cent in
1997. The fish farming industry recorded
the highest growth, but production in
traditional fisheries and agriculture also
expanded. At the same time, employment,
measured in man-hours, fell by about

1 per cent, indicating some productivity
gains in these industries.

Energy use in primary industries is shown
in table 1.3, compared with growth in
gross product.

The International Council for the Explora-

tion of the Sea (ICES) has recommended a
reduction in quotas for herring and cod in
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Table 1.4. Average growth in gross product, total energy use and electricity use in private services.
Periods 1989-1992, 1993-1996 and 1997*. Share of GDP 1997*. Per cent

1989-1992 1993-1996 1997*

Gross  Total Elec- Gross  Total  Elec- Gross  Share

product energy  tricity product energy tricity product of total

use use use use GDP

Totalt -0.3 -0.4 27 37 5.7 29 4.7 320

Transport and communication 35 9.2 5.2 7.2 71
- Railway transport -5.1 -10.0 -2.3 0.7
- Other land transport 22 8.5 -8.2
- Air transport -3.7 . 11.6 .
- Post and telecommunications -79 7.2 -1.6 -29

- Inland water and coastal transport -1.6 -0.9 . 24 29 . 7.0 0.2

Other private services' -1.1 23 39 2.6 4.0 3.0 3.8 248

" Includes Wholesale and retail trade, Hotels and restaurants, Financial intermediation and insurance, Housing services, Business

services and Private services.

Source: National accounts and Energy Statistics from Statistics Norway.

1998 in order to rebuild stocks®. A maxi-
mum catch of Norwegian spring-spawning
herring of 1.3 million tonnes has been
proposed for 1998 compared with a quota
of 1.5 million tonnes for 1997. According
to the ICES, the quota for cod in 1998
should be 550 000 tonnes, a reduction of
as much as 340 000 tonnes from 1997. If
the recommendations are adopted, the
loss in catches for Norwegian and Russian
fishermen will amount to NOK 3.3 billion
in the short term.

Private services

Gross production in private services as a
whole rose by 4.7 per cent from 1996 to
1997. This is noticeably higher growth
than the average for mainland industries,
and is also reflected in the rise in prices.
In these sectors prices showed a rise of 3.7

per cent, while for mainland Norway as a
whole prices increased by 2.7 per cent.

The highest growth was recorded by
domestic transport* and business services,
see table 1.4. Production in domestic
transport rose by altogether 6.6 per cent
at constant prices from 1996 to 1997,
with other land transport and services
linked to transport exhibiting the sharpest
growth. Within transport sectors, however,
both railway and tram transport have
shown a slight decline. The number of
passengers who travelled from Norwegian
airports in January-November 1997 was
about 6.3 per cent above the level in the
same period one year earlier. The number
of passengers travelling abroad increased
by 12.8 per cent, while domestic travel
rose by 4.0 per cent. Total production in

3 The stock of herring in recent years has shown a very positive trend and the spawning stock of Norwegian
spring-spawning herring is now estimated at more than 9 million tonnes (see Chapter 9). The sizeable
increase is due to the recruitment of the two strong 1991 and 1992 year classes to the spawning stock. The
recommended reduction in fish catches, however, may reflect a more long-term evaluation, as the year
classes after 1992 have been weaker, and it is assumed that recruitment to the spawning stock may be low

in the years ahead.
4 Includes both passenger and goods transport.
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the air transport sector, however, only
increased by 3.0 per cent in 1997, as
foreign airlines accounted for a conside-
rable share of the increase in foreign
travel. The increase in air transport is also
reflected in this sector’s emissions to air,
with emissions of CO,, CO, NO,, particu-
late matter, VOCs and NH, rising by about
8 per cent from 1996 to 1997.

1.3. Households

Private consumption grew by 3.0 per cent
in 1997, which is slightly lower than the
average for the period 1993-1996. The
slower growth rate is particularly due to
lower car purchases in 1997 compared
with one year earlier. In the years 1993-
1996 household consumption increased at
a moderately faster pace than the growth
in real disposable income, resulting in a
slight reduction in the household saving
ratio. In 1997, however, real disposable
income increased by 3.2 per cent, i.e.
slightly higher than the growth in private
consumption. For the period 1991-1997,
the real interest rate after tax fell by more
than 3 percentage points. As a result, it
has become more economically advan-
tageous to own dwellings and consumer
durables® compared with saving in finan-
cial assets.

Table 1.5 shows changes in private con-
sumption and household energy use for
the years 1989 to 1997. In the period
1989-1992 energy use rose at a slower
pace than consumption, while in the
period 1993-1996 both components
showed approximately the same trend.
Shifts have taken place, however, in the
composition of the various energy carriers.
The consumption of heating oil has decli-
ned substantially since 1989. This is partly

Table 1.5. Average growth in household =~
consumption, energy use and waste. Periods
1989-1992, 1993—19?6 and 1997*. Per cent

1989-  1993-
1992 1996 1997*
Household consumption 0.9 3.6 3.0
- Consumption of goods 0.6 4.0 2.6
- Services 2.0 25 2.6
- Direct purchases abroad
by resident households -3.6 4.1 124
Energy use in households,
housing purposes 0.1 3.4 -1.5
- Electricity 3.0 2.4 -2.4
- Oil -17.3 -3.0 2.6
- Other? -4.1 9.7
Petrol and diesel 1.5 0.2
Household waste 3.2 3.7

' The figure refers to the consumption of fuel, which includes
all types of fuel used for housing purposes.

2 Other includes wood, kerosene, coal/coke, solar cells, etc.
Source: National accounts and Energy Statistics from Statistics
Norway.

because the heating equipment installed
in new dwellings in recent years has
almost exclusively been based on the use
of electricity. As with production sectors,
the share for electricity increased in the
period 1989-1992, while it declined slight-
ly in the period 1993-1996. In 1993,
electricity as a share of households’ total
energy use came to 80 per cent.

Energy consumption fell by a good 1.5 per
cent in 1997, partly due to higher mean
temperatures and higher prices that year
compared with 1996. The consumption of
heating fuel rose in 1997, whereas electri-
city consumption declined. This is partly
related to movements in electricity prices,
which rose considerably more than the
price of fuel; electricity prices rose by

5 Consumer durables include private means of transport, furniture, electrical equipment and durable leisure

goods.
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5 per cent, while fuel prices only increased
by 1.4 per cent.

The consumption of goods accounted for
about 54 per cent of total household
consumption in 1997, and showed a rise
in volume of 2.6 per cent from 1996. The
consumption of goods exhibited a pro-
nounced decline in the first quarter of
1997, but later increased during the re-
mainder of the year. Household purchases
of private cars are an important factor
underlying this development. In 1996, car
purchases rose by 42 per cent, while in
1997 they increased by only a little more
than 6 per cent. These markedly different
growth rates reflect the temporary increa-
se in the refund for scrapped vehicles in
1996 and reduced car taxes, which combi-
ned had the effect of moving forward
many car purchases. It is interesting to
note, however, that the stock of cars fell
by 1.4 per cent from 1995 to 1996 (see
Chapter 3), which means that the number
of scrapped vehicles was very high in
1996. In 1997, the stock of cars rose by
5.5 per cent. The consumption of clothing
and footwear showed a fairly high rate of
growth in 1997, increasing by 3.8 per
cent. Other durables (furniture, electrical
equipment, equipment for recreational
activities and education) also exhibited
vigorous growth. A favourable price trend
for these commodity groups is one expla-
nation for the sharp growth; prices for
clothing and footwear fell by a little less
than 0.5 per cent, while prices for other
durables remained virtually unchanged.
The higher consumption of goods is reflec-
ted, for example, in the form of higher
waste quantities from households, see also
Chapter 5.

Household consumption of services ac-
counted for about 45 per cent of total
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consumption in 1997, with growth at
approximately the same level as in 1996.
Growth was recorded by all categories of
services. However, services related to the
operation of private means of transport
showed little growth from 1996 to 1997,
probably as a result of the weaker trend in
car sales and the 7.5 per cent increase in
prices for car insurance and repair servi-
ces. The sharpest growth was recorded by
the use of public transport services and
post and telecommunication services. The
reduction in telephone rates has resulted
in lower prices for telecommunication
services in recent years, which has contri-
buted to boosting consumption of these
services. If cheaper postal and telecommu-
nication services prompts us to reduce our
demand for other transport (we communi-
cate by telephone instead of visiting each
other), this might reduce emissions from
the transport sector.

1.4. Outlook for 1998 and 1999
Norway is now experiencing its fifth year
of economic expansion, and Statistics
Norway projects that the upturn will
continue in 1998. Growth in the economy;,
however, is expected to slow in 1999.

At the beginning of 1998, the Norwegian
economy is characterized by a high level
of activity and growing pressures in the
labour market. Continued strong growth
in real income may result in higher con-
sumption of goods and thereby higher
waste quantities. So far the high level of
demand does not appear to have transla-
ted into rising inflation in retail markets.
In the housing market, however, demand
pressures are pushing up prices. A conti-
nued rise in production will probably
result in a higher use of energy and in-
creased emissions to air, depending on the
composition of production growth.
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For petroleum activities, it is likely — based
on the oil companies’ own estimates — that
petroleum investment will expand sub-
stantially in 1998. Oil and gas production
is also expected to increase considerably
from 1997 to 1998 — 15 per cent for oil
production and 10 per cent for gas pro-
duction. The oil price is projected to fall
considerably both in USD and NOK due to
projected high production in OPEC along
with lower growth in the world economy.
In 1999, on the other hand, the oil price
in USD is expected to rise slightly in line
with a more normal cyclical trend in the
world economy.

Documentation: Statistics Norway
(1998a).

More information may be obtained from:
Karin Ibenholt and Torstein Bye.
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2. Energy

Energy use has an enormous environmental impact; for example, a very
large proportion of global air pollution is generated by petroleum combus-
tion. Energy extraction and conversion also have major environmental
effects. The energy sector in Norway accounts for 30 per cent of Norwegian
CO, emissions and 60 per cent of VOC emissions. In recent years, emissions
from the energy sector in Norway have risen more than emissions from
other sectors because of the growth in oil and gas extraction.

Norway has large energy reserves, and extracts far larger quantities of
energy commodities than are needed for domestic use. In 1997, extraction
of energy commodities was almost nine times consumption. This is mainly
accounted for by oil and gas extraction. Norway has about 1 per cent of the
known remaining petroleum reserves in the world, but accounted for
almost 4 per cent of world production in 1997. This indicates that the rate
of extraction is relatively high. Given the current rate of extraction and the
petroleum reserves estimated to exist, Norway’s oil reserves will be ex-
hausted in 26 years and its gas reserves in 121 years. Petroleum extraction
accounted for 14 per cent of GDP and 37 per cent of export income in 1997.

Even though Norway has the largest hydropower reserves in Europe,
electricity consumption has risen faster than production in recent years.
Norway’s per capita energy use is almost four times higher than the
average for the world as a whole, and 20 per cent higher than the average
for the OECD countries.

2.1. Resource base and reserves world reserves. Petroleum reserves are
defined as the share of the total proven
Crude oil and natural gas resources that can profitably be extracted
At the end of 1997, Norwegian reserves of  given current prices and technology.
crude oil in fields that are already deve- Trends in the estimates of Norwegian
loped or where development has been reserves are shown in tables Al and A2 in
approved totalled 1.86 billion standard the Appendix.
cubic metres oil equivalents (Sm? o.e.),
and corresponded to 1.1 per cent of the The Norwegian Petroleum Directorate has
world’s crude oil reserves (table 2.1). calculated that the remaining Norwegian
Reserves of natural gas totalled 1.17 petroleum resources total 4.8 billion Sm?
billion Sm? o.e., or 0.8 per cent of total o.e. crude oil (including wet gas) and 5.7
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Table 2.1. World reserves' of oil and gas as of
1 January 1998

oil Gas

Billion Per- Billion Per-

Sm? o.e. centage Sm?3o.e. centage

World 162.3 100.0 143.7 100.0

North America 43 2.6 6.6 4.6

Latin America 20.1 12.4 8.1 5.6
Western Europe

(incl. Norway) 3.1 1.9 45 3.1

Eastern Europe 9.4 58 56.7 39.5

Middle East 107.6 66.3 48.9 340

Africa 1.1 6.9 9.9 6.9

Asia and

Australasia 6.7 41 9.1 6.3

OPEC 126.7 78.1 61.6 429

Norway 1.9 1.1 1.2 0.8

! For most countries, the reserves comprise proven resources
which can be exploited using current technology and prices.
Sources: Oil & Gas Journal (1997) and Norwegian Petroleum
Directorate (figures for Norway).

billion Sm3 o.e. natural gas. These figures
include uncertain estimates accounting for
42 and 45 per cent respectively of the
total (estimates based on more efficient
use of proven finds in the future and
estimates of the size of reserves that are
not yet definitely proven). Given the
present rate of production and current
technology, the calculated crude oil reser-
ves on the Norwegian continental shelf
will be exhausted after 26 years, and the
natural gas reserves after 121 years. The
ratio between reserves and production
(the R/P ratio) will change with time,
depending on the rate of extraction, pri-
ces, the discovery of new fields and tech-
nological developments. If only fields that
are already developed or where develop-
ment has been approved are included, the
R/P ratio in 1997 was 10 years for oil and
25 years for gas. Historical trends in the
R/P ratio are shown in figure 2.1. As a
result of the high rate of extraction and a
considerable reduction in the estimates of
reserves, the R/P ratio for natural gas
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Figure 2.1. Ratio between reserves and
production (R/P ratio) for oil and gas. Fields
already developed or where development
has been approved

R/P-ratio
50

ol i, Gas
30

20

10

| N T TR T S

1997

TR T T T N T T O T T T M
0

19781980 1982 1984 1986 1988 1990 1992 1994

Sources: Energy Statistics from Statistics Norway and Norwe-
gian Petroleum Directorate.

dropped sharply from 1995 to 1997 (for
fields that are already developed or where
development has been approved).

Norway’s proven oil reserves are larger
than those of any other European country
except Russia (as of 1 January 1998).
Russia also has Europe’s largest remaining
gas reserves, followed by the Netherlands
and Norway. In Western Europe, 61 per
cent of the oil reserves and 29 per cent of
the gas reserves are on the Norwegian
continental shelf, according to figures
from the Oil & Gas Journal. At the end of
1997, the R/P ratio for the world’s petro-
leum reserves was 43 years for crude oil
and 63 years for natural gas.

Hydropower

As of 1 January 1998, Norway’s economi-
cally exploitable hydropower reserves
totalled 178.3 TWh (expressed as mean
annual production capability, i.e. the
production capacity of the power stations
in a year with normal precipitation).
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Figure 2.2. Hydropower potential as of
1 January 1998, in TWh per year
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Source: Norwegian Water Resources and Energy Administra-
tion.

Hydropower resources are divided into
developed reserves, reserves that have
been approved for development or are
being considered for licensing, protected
river systems and the remainder. As of 1
January 1998, 112.9 TWh was developed
and 35.3 TWh permanently protected
(figure 2.2). The counties Telemark,
Hordaland, Sogn og Fjordane and Nord-
land account for 46 per cent of Norway’s
developed reserves, and Nordland also has
19 per cent of the country’s remaining
undeveloped production capacity (figure
2.3). In anticipation of a rise in electricity
prices, there was growing interest in new
hydropower development projects in
1997, and this is expected to continue in
1998 (Norwegian Water Resources and
Energy Administration 1998).

Coal

At the end of 1997, Norway’s proven coal
reserves on Svalbard were about 5.8
million tonnes. Trends in the estimates of
reserves are shown in table A3 in the
Appendix. At the 1997 rate of extraction,
the proven coal reserves will be exhausted
in 14 years’ time. However, this figure has
varied widely as a result of large fluctua-

Figure 23 Norway's hydropower reserves by
_ county, | in TWh per year .

I8 Developed
[ Protected
Remainder

OZO TWh per year

5 TWh per year

Digital map data: Norwegian Mapping Authority.
Source: Norwegian Water Resources and Energy Administra-
tion.

tions in production level in recent years.
In 1997, production rose steeply, partly
because the Svea mine was re-opened. In
addition to the proven reserves, a further
56.5 million tonnes are defined as pro-
bable coal reserves. These would last for
136 years given the same rate of extrac-
tion as in 1997. At the end of 1996, the
world’s exploitable coal reserves were

1 032 billion tonnes (BP 1997). At the
current rate of extraction, they will last for
224 years. The largest reserves are found
in the former Soviet Union, the USA and
China.

2.2. Extraction and production

Total extraction of energy commodities in
Norway has risen by an average of 11.2
per cent per year since 1976 as a result of
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Box 2.1. Energy content, energy units and prefixes

Average energy content, density and efficiency of energy commodities’

Fuel efficiency

Mahufacturing Transport-  Other

‘. Ené,r;y_cbmmodity‘. o Theo'réti’cal energy content Density and mining
Coatl  DBIGHomnes . 080 010 060
Coal coke . 285 Glftonnes : . ... 08 - 0.60
Petrolcoke ~ 35.0 Glftonnes L . 0.80 - -
Crude oil .42 3 Glftonnes = 36.0 Gl.l/m3 0.85 tonnes/m? L o
Refinerygas 48,6 Gl/tonnes L : 0.95 4 0.95
Natural gas (1997¢ 408 GJ/1000 sm? _ 0.85kg/Sm* . 095 v 0.95
 Liquefied propane = . . ‘
_ and butane. (LPG) . _461 GJltornes 23 5 GJ/m3 051 tonnes/m? . 0.95 e 0.95
_lFuelgas 500 GJ/tonnes o , . . -
Petrol 439 GlAonnes = 32.5 GJ/m? 0.74 tonnes/m®  0.20 0.20 0.20
Kerosene 431 GJ/tonnés = 34.5 Gi/m>  0.80tonne¥m? 0.80 0.30 0.75
| Diesel, gas- and - | ‘
. fueloilno.1and2 43 1 GJ/tonnes- 36.2 Glm? 0.84 tonnes/m> . 0.80 - 030 0.70
_Heawyfuelol 406 Glitonnes =394 GJm* 097 tonnesym®>  0.90 030 075
| Methane 502 Gl/tonnes ' S . . S
 Wood 168 GJ/tonnes = 8.4 Gl/solid m® 0.5 tonnesfm®  0.65 - 065

. Wood waste (dty wetght) 168 Giftonnes . .
Black llquor (dfy welght) 14.0 Gltonnes. . -

| Waste . 105 GJ/tonnes . - . - o
Electridty 36 G/MWh . 1000 100 100
 Uranium. . 430 - 688 TJftonnes ’ S L

! The theoretlcal energy contem ofa pamcu!ar energy commodity may vary. The figures therefore give mean va|ues

5mi= - standard cubic metre (15° C and 1 atmospheric pressure).
Sources: Energy Statistics from Statistics Norway, Norwegnan Petroleum Institute, Norwegian Association of Energy Users and
! Supphers. erweglan Bunldmg Research Institute. .

5 fEnergy umts

Mbarre

. TWh  Mtoe s MSmloe. = MSmioe. quad
0278; D024 018 0028 0025 000095
. 1 008 064 0100 0088 00034
,]_11;75 g 118 1037 0.040.
3% o013 . 1 016 014 00054
'_,ﬂ-m.o_., . b8 64 . 1 . 08 0034
113_5. a0 72 113 1 . 0039
2925.’ 249 186452' 2229 28 ..
nne(crude)onlequwaients . .. '
. 'barrelsaudeodﬁ barrel = ( ) Preflxes L
1 Msmio.e oil =1 '

1 MSmoe. gas = ‘lbﬂhonSmMawralgas . ‘.")“Name . L
_ 1quad 107 Btu (Bntlshtermal unlts) K
- Sources; Enetgy Siatktics from StatnstucsNorway o ‘z,i;ga: ...
and Norweg:an Petrofeum Dlrectorate o . M
. Tera

. Bxa
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' Figure 2.4. ‘Extraction and consumptlon‘ of
__energy commodmes in Norway o
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' Including the energy sectors, excluding international maritime
transport.

Sources: Energy Statistics from Statistics Norway, Norwegian
Petroleum Directorate and Norwegian Water Resources and
Energy Administration.

the growth in oil and gas extraction in the
North Sea (figure 2.4). Total consumption
has only risen by 2.3 per cent per year. If
we compare total extraction with total
consumption, we can see that the export
potential (the part of the diagram above
the consumption line) has risen dramati-
cally since 1976. In 1997, extraction of
primary energy commodities was 8.8
times consumption.

Crude oil and natural gas

Oil and gas extraction is Norway’s most
important industry measured in terms of
export revenue and value added (propor-
tion of GDP). In 1997, exports of crude oil
and natural gas reached record levels and
totalled NOK 163 billion, or 37 per cent of
the country’s total exports (figure 2.5).

Percentage
40
Percentage
35 of export
30
25
20
Percentage
151 of GDP
10
5 Percentage
of employment
0‘L  dnadis ikt whinh ibask s b aiber hind sl S R S e st SN |

1978 1980 1982 1984 1986 1988 1990 19921994 1997

Source: National Accounts from Statistics Norway.

The industry accounted for 14.4 per cent
of GDP, and slightly more than 1 per cent
of total labour input was directly related
to oil and gas extraction.

According to production statistics compi-
led by the Norwegian Petroleum Directo-
rate, production of crude oil and natural
gas rose to 229.2 Sm?® o.e. in 1997, a rise
of 3.2 per cent from 1996. Production of
natural gas accounted for most of this,
and rose by 14.0 per cent. Oil production
was almost unchanged, and production of
NGL! and condensate rose by 16.3 per
cent. The figures from the Norwegian
Petroleum Directorate show that the
average oil production rate (including -
NGL and condensate) was 3.2 million
barrels per day. Norway ranked as the
world’s seventh largest oil producer and
ninth largest gas producer in 1997, and
accounted for 4.8 and 1.9 per cent respec-
tively of world production (table 2.2).

1 Wet gas or NGL (natural gas liquids) is often split into the following fractions: ethane (C,), propane (Cy),
butanes (C,) and condensates (Cs,). Butane and propane are known as LPG (liquefied petroleum gas).
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Table 2.2. World production of crude oil and
natural gas in 1997*. Million Sm? o.e.

Oil Gas
World 3798.0 23011
North America 482.6 746.7
Latin America 537.5 1235
Western Europe 364.9 273.8
Eastern Europe 425.6 707.7
Middle East 1160.6 137.0
Africa 410.1 86.6
Asia and Australasia 416.7 2258
OPEC 15758 286.3
Saudi-Arabia 480.4 36.9
Former Soviet Union 412.5 675.1
USA 372.0 563.4
Iran 211.0 335
China 186.3 21.0
Venezuela 184.8 28.3
Norway' 182.9 42.6
Mexico 175.6 46.1
United Kingdom 147.5 91.8
Canada 110.6 183.3
Indonesia 79.2 66.1
Algeria 49.5 59.4
Netherlands 33 84.4

! Figures for Norway differ from newer figures from the
Norwegian Petroleum Directorate that are used elsewhere in
this chapter.

Sources: Oil & Gas Journal (1998).

Oil production was lower in 1997 than the
year before on several fields, for example
on the major oil fields Statoil and Gullfaks
and on Oseberg, Brage, Tordis and Snorre.
On Draugen, Statfjord East and Statfjord
North, oil production rose by about 20 per
cent from 1996 to 1997, and on Troll West
and Heidrun by about 10 per cent.

Figures from the Norwegian Petroleum
Directorate show that the drop in natural
gas production on some fields, e.g. Heim-
dal and the Frigg area, was outweighed by
the rise in production on the two largest
fields on the continental shelf, Troll East
and Sleipner East. Troll East was opened
in June 1996 and accounted for more
than 33 per cent of gas production on the
Norwegian continental shelf in 1997.
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Figure 2.6. Mean annual production capa-
bility and actual hydropower production in
Norway
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Source: Norwegian Water Resources and Energy Administra-
tion.

According to the Ministry of Petroleum
and Energy, the production capacity of
Troll East is 27 billion Sm?® o.e. gas per
year, and it is expected that the produc-
tion level on the field will rise when over-
all Norwegian sales of gas rise.

Electricity

Electricity production in Norway in 1997
totalled 111.6 TWh, which was 7 per cent
higher than the year before but 9.3 per
cent lower than in 1995. A total of 8.7
TWh was imported, and 4.9 TWh was
exported, giving a net import of 3.8 TWh,
compared with 9 TWh the year before
(Appendix, table A7). More than 70 per
cent of the total was imported in the
period January-May, when production was
lower than normal because the degree of
filling of the reservoirs was low. From the
end of May 1996 to the beginning of April
1997, the degree of filling of the reser-
voirs was lower than the minimum level in
the period 1982-1991. During summer
and autumn 1997, melting snow in the
mountains and high precipitation levels
brought the degree of filling up to above
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the median level for 1982-1991. As a
result, electricity production in this period
was markedly higher than in the same
period in the previous year, and in the
period July-October Norway was a net
exporter of electricity. In week 1 in 1998,
the degree of filling was 70.4 per cent, as
compared with 53 per cent in the same
week in 1997. Reservoir capacity was
increased by about 2.3 TWh last year as a
result of the Svartisen development in
Nordland county, and is now 83.2 TWh.
Regular updates of the degree of filling of
the reservoirs can be found on Statistics
Norway’s website (www.ssb.no).

Coal

Coal production on Svalbard in 1997 was
almost twice as high as the year before,
and totalled about 11.7 PJ according to
preliminary figures. The rise was due to
the re-opening of the Svea mine. World
coal production in 1996 was 4.6 billion
tonnes, equivalent to about 96 EJ. The
largest producers were China and the USA,
which accounted for 30 and 25 per cent of
the total respectively. Europe excluding the
former Soviet Union accounted for 13 per
cent of the total, and more than half of this
was produced in Germany and Poland.

Biofuel

Wood, wood waste and black liquor (was-
te from chemical pulp production) are the
most important biofuels in Norway. Pro-
duction of these fuels, including produc-
tion for own use, is more than 40 PJ per
year. This is equivalent to roughly 9 per
cent of energy production from hydro-
power. The figure is uncertain because the
data are incomplete. In 1996, energy
equivalent to about 4.8 PJ was generated
for district heating by waste incineration,
and about 90 per cent of this may be
classified as bioenergy. Methane emissions
from landfills totalled 327 000 tonnes
(corresponding to an energy content of

Figure 2.7. Domestic energy use by consumer
group -
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Source: Energy Statistics from Statistics Norway.

about 16 PJ) in 1996. In recent years,
more and more of this gas has been used
for energy purposes or flared. In 1996,

13 400 tonnes (0.7 PJ) was extracted for
these purposes. Despite this, methane
emissions have risen as the amount of
waste deposited on landfills has grown.

2.3. Energy use

Consumption of energy commodities in
Norway, excluding the energy sectors and
international maritime transport, totalled
811 PJin 1996 and 822 PJ in 1997 (preli-
minary figures), which gives an increase
of 1.3 per cent (figure 2.7 and Appendix,
table A5). Energy use rose by an average
of 1.3 per cent per year from 1978 to
1997. In the same period, GDP excluding
the oil and gas sector rose by an average
of 2.2 per cent per year.

Energy use in the energy sectors
In 1997, net energy use in the energy
sectors (hydropower production, oil and
gas extraction, oil refineries, etc.)
accounted for about 20 per cent of
Norway’s total energy use, excluding
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international maritime transport. Energy
use in the energy sectors has risen from
34 PJ in 1976 to 205 PJ in 1997 (prelimi-
nary figure). The use of natural gas in the
extraction of crude oil and natural gas
accounted for 12 PJ of this in 1976 and
153 PJ in 1997 (see Appendix, table A6).
This gives an average rise of almost 9 per
cent per year. Almost all the gas is used for
energy purposes, and only 1 per cent is
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 continental shelf. Particu-
larly large amounts of energy are needed
to generate power on oil platforms, be-
cause the level of efficiency is low. How-
ever, the amount of energy used per unit
of crude oil and natural gas produced has
been reduced in the same period.

Energy use in the energy sectors results in
large emissions to air. These are discussed
in more detail in Chapter 4. See also
Appendix, tables C3-C6.

0il consumption

Total oil consumption, excluding inter-
national maritime transport, dropped by
about 9 per cent from 1976 to 1997,
despite the fact that oil consumption for
transport rose by 60 per cent in the same
period (figure 2.8). Transport now
accounts for 79 per cent of total oil con-
sumption, as compared with 46 per cent
in 1976. Since 1976, the consumption of
transport oils has risen by an average of
2.3 per cent per year, while goods and
passenger transport have risen by 0.8 per
cent and 2.2 per cent per year, respective-
ly. Auto diesel and marine gas oil are the
types of transport oils whose consumption
has risen most. Consumption of aviation
fuel has also risen, while consumption of
heavy fuel oil has dropped during the past
ten years.
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Figure 2.8. Consumption of oil products

PJ

250
/,‘ -
200 - T P
~ Transport oils
150 F (petrol, diesel, etc.)

100 [~

Qils for

50 stationary combustion

§ IO TN S W U OO N OO N [N O N N N N N N NN S |

01976 1979 1982 1985 1988 1991 1994 1997*

Sources: Energy Statistics from Statistics Norway.

Sales of oil for stationary purposes had
dropped to less than one third of the 1976
level by 1992. Since then, the figures have
fluctuated, and there was a drop of 17 per
cent from 1996 to 1997 (preliminary
figures). Sales of heating kerosene and
heavy fuel oil also fell by 8 and 9 per cent
respectively from 1996 (figure 2.9).

The lower figures are explained by mild
weather in 1997 and by a rise in fuel oil
prices and somewhat lower electricity
prices, partly because there was more
water in the reservoirs (see section 2.4).

Emissions to air associated with oil con-
sumption are discussed in Chapter 4. See
also Appendix, tables C3-C6.

Electricity consumption

Net domestic consumption of electricity
rose by 0.4 per cent from 1996 to 1997,
and totalled 105 TWh (see Appendix,
table A7). General consumption (net
domestic consumption except spot power
for electric boilers and consumption by
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Figure 2.9. Electricity t{jnsumption (excluding
energy-intensive manufacturing) and sales
of fuel oils and kerosene as utilized energy
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Source: Energy Statistics from Statistics Norway and
Norwegian Petroleum Directorate.

power-intensive manufacturing) totalled
71.4 TWh, 2 per cent lower than in 1996.
Consumption was particularly low in the
first half of 1997, and this is presumably
connected with the high electricity prices
at the beginning of the year. The weather
was also milder in 1997 than in 1996.
General consumption corrected for tempe-
rature rose by about 2 per cent from 1996.

Electricity consumption in power-intensive
manufacturing was 29.2 TWh in 1997, a
rise of 2.2 per cent from the year before.
As a result of the rapid growth in metal
manufacturing, electricity consumption
rose most in this sector. Consumption of
spot power totalled 4.4 TWh in 1997, a
rise of 36 per cent from the year before.
However, in 1996 consumption of spot
power was unusually low because of the
high spot prices. In 1997, the price of spot
power, excluding the charge for use of the
grid and taxes, was on average NOK 0.136
per kWh, as compared with NOK 0.252 in
1996.

Since 1987, hydropower production in
Norway has risen by an average of 0.7 per
cent per year, and net domestic electricity
consumption has risen by 1.1 per cent per
year. If these trends continue, Norway will
to an increasing extent become a net
importer of electricity. However, Norway
can meet any power deficit more easily
than before because a common Nordic
power market has been established, and
transmission capacity between the
countries has been substantially improved.
These developments make it possible to
utilize power resources in the Nordic
countries more efficiently, and are advan-
tageous to Norway as well. The need for
investments to ensure that the demand for
power is met in dry years will be reduced,
and export opportunities after periods
when precipitation is high will be impro-
ved. Some aspects of these issues are
discussed in sections 2.5 and 2.6.

Energy use in the municipalities
Statistics Norway calculates the annual
consumption 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 2.10 and table A9 in the Ap-
pendix show energy use (theoretical
energy content) in Oslo municipality in
1995.

World energy use

In 1995, Norway accounted for 0.29 per
cent of total world energy use (Appendix,
table A10), and the OECD countries for 56
per cent. Per capita energy use in Norway
is 20 per cent higher than the average for
the OECD countries and almost four times
the world average. However, of the Nordic
countries only Denmark has lower per
capita energy use than Norway. Average
per capita energy use in OECD member
countries is almost six times higher than
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. Figure 2.10. Energy use for stationary com-
bustion in Oslo by branch of industry, 1995
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Source: Statistics Norway.

in the rest of the world. Energy intensity
in Norway, measured as energy used per
unit of GDB is now about two-thirds of the
average for the OECD countries. However,
if these figures are adjusted for local
purchasing power, the figure for Norway is
close to the OECD average. Norway’s high
level of energy use compared with other
OECD countries and other parts of the
world is explained by several factors.
Norway has a high proportion of power-
intensive manufacturing industries, the
climate is cold, and the pattern of settle-
ment is scattered.

The energy mix varies between conti-
nents, but oil, coal and natural gas are
important energy commodities in all
continents.

2.4. Energy prices

Electricity

A mild winter and the increase in the
degree of filling of the reservoirs resulted
in lower spot prices in 1997 than in 1996.
Many energy utilities therefore lowered
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Figure 2.11. Prices of fuel oils and electricity
for heating (as utilized energy), in fixed 1980
prices including all taxes and tariffs
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Source: Energy Statistics from Statistics Norway, Norwegian
Water Resources and Energy Administration and Norwegian
Petroleum Institute.

their prices to the consumer during 1997.
In addition, stronger competition between
utilities resulted in lower prices and a
smaller price range. The Norwegian Water
Resources and Energy Administration
investigated electricity prices among the
40 largest suppliers in July 1997, and
found that the average price was NOK
0.29 per kWh, including the electricity tax
and VAT. This was a drop of about 20 per
cent from 1 January 1997. By October
1997, the price of electricity had risen
slightly, but there was less variation in the
prices offered by the various utilities. In
March 1998, prices had dropped further,
and were around NOK 0.27 per kWh. For
energy prices in earlier years see figure
2.11.

The fee for changing power supplier was
removed in 1997, and the media provided
a great deal of information to consumers
on how to change supplier. At the begin-
ning of 1997, few households had chan-
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ged supplier, but the number rose gradual-
ly during the year to 11 000 in the fourth
quarter. By then, 27 000 households were
using a supplier other than the local elec-
tricity utility. From 1998 onwards, it is
possible to change energy supplier each
week, and more people may now take the
opportunity to do so.

Fuel oils

In 1997, the listed price of light fuel oil
was NOK 3.72 per litre, a rise of 9 per
cent from the year before. Measured as
utilized energy (i.e. corrected for efficien-
cy), the price was NOK 0.528 per kWh.
The listed price of heating kerosene rose
by 5 per cent in 1997, and was on average
NOK 0.591 per kWh (table A8 in the
Appendix shows the prices of heating
products as energy supplied).

2.5. The Nordic electricity market:
Gas-based power generation in
Norway or new Nordic gas pipe-
lines?

The production of electricity is capital

intensive and has considerable environ-

mental consequences. In recent years

Finland, Norway and Sweden have

deregulated their national electricity

markets, and considerable interest has
therefore been shown in future develop-
ments in the Nordic electricity market.

Today there is sufficient production

capacity to cover demand. The decommis-

sioning of some Swedish nuclear power
stations, the phasing out of older producti-
on facilities, demand growth and any
measures to combat air pollution will
increase the need for investment in new
production capacity. Political decisions and
initiatives linked to gas-based power
generation in Norway and gas pipelines
from Norway to other Nordic countries
will have important consequences for
developments in the Nordic electricity
market.

An equilibrium model for the Nordic
electricity market has been constructed in
order to analyze the effects of various
policy options. The model is based on an
assumption of perfect competition. It has
a detailed time disaggregation which
allows studies of Nordic short-term power
exchange. The model has been used to
analyze the Nordic electricity market up to
the year 2020 on the basis of different
assumptions concerning the supply of gas
for electricity production.

If a licence for gas-based power genera-
tion in Norway is not granted, and no
measures are introduced to establish new
gas pipelines in the Nordic area, our
calculations show that new investments
will be made in coal-fired power capacity
in Sweden, Denmark and Finland. Some
expansion of hydropower capacity will
take place in Norway. Electricity produc-
tion using biofuels will be profitable in
combined heat and power generation, but
the supply of fuel and fuel costs limit the
potential for biofuel-based electricity
generation. In this analysis wind power is
not available as a potential technology in
the model, and only existing wind power
is included.

If a licence is granted for gas-based
power generation in Norway, this will
partly displace coal-fired power genera-
tion in the other Nordic countries. At the
same time, electricity prices will fall,
which in turn will stimulate the demand
for electricity. All in all, the calculations
indicate a slight reduction in Nordic CO,
emissions. If a decision is made to con-
struct new pipelines for the transport of
Norwegian gas to the other Nordic coun-
tries, this will contribute to a far greater
reduction in coal-fired power generation
and thus emissions of CO,. In this case the
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price of electricity also falls, which stimu-
lates demand.

The model is based on a number of simpli-
fied assumptions and uncertain data.
Sensitivity analyses show that the effect of
a unilateral decision to permit gas-based
power generation in Norway on Nordic
CO, emissions is particularly uncertain,
and emissions may just as well increase as
decline. On the other hand, the conclusion
that the construction of new gas pipelines
in the Nordic area will result in lower
emissions is more robust to changes in the
assumptions underlying the calculations.

Project financed by: Nordic Energy Re-
search Programme, Energy and Society
Programme, The Research Council of
Norway, Samram.

Project documentation: Johnsen (1998).

2.6. Coordination of energy and
pollution taxes in the Nordic
Electricity market

The introduction of a market-based elec-

tricity trading system in the Nordic coun-

tries provides a good basis for an efficient
use of Nordic power resources. However,

there are still many wedges in the markets
which obstruct such efficient use.

Energy taxes in the Nordic countries are
different both with regard to structure
and tax level. In Denmark, all taxes are
levied on the consumption of electricity,
while in Sweden and Norway taxes are
imposed on both producers and consu-
mers. In Finland, all taxes are levied on
electricity producers. There can be many
arguments for taxing electricity produc-
tion and electricity consumption. Hydro-
power production may be taxed to collect
some of the economic rent in this sector or
in order to take account of external en-
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vironmental effects resulting from the
development of watercourses. Economic
rent is the profit accruing to older power
stations with low production costs when
the market is willing to pay a price equal
to the cost of developing new capacity,
and this cost is rising. Nuclear power may
be taxed to take into account the socio-
economic risk of accidents and the
consequences this production may entail.
Electricity production using fossil fuels
may be taxed based on the polluter pays
principle. The arguments for taxing the
consumption of electricity are considera-
bly weaker since the use of electricity
cannot be said to have indirect effects. It
is naturally possible to apply general
arguments for taxing consumption instead
of production, or purely fiscal arguments.

This project looks at the various conse-
quences of a possible harmonization of tax
regimes in the Nordic countries on the
Nordic electricity market, the pollution
situation in the Nordic area and some
distributional effects. We have in part
examined the effects of a tax harmoniza-
tion on electricity consumption and pro-
duction between the Nordic countries
Sweden, Denmark, Finland and Norway
and in part the effects of improving the
targeting of taxes in relation to pollution
in electricity production.

The price effects of this reform vary de-
pending on which alternative is studied.
For many customer groups prices change
by 30 per cent, whereas for others the
price changes are more modest. In the
most extreme cases, where all purchaser
taxes are levied on households, electricity
prices for households in Norway will rise
by 50 per cent. For other alternatives,
where the price discrimination of house-
holds is discontinued, the price for Danish
households may decline by 30 per cent.
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A tax reform in the direction of the alter-
natives studied in this article will result in
a decline in Nordic electricity production
and consumption in the order of 5-20
TWh in the years to 2010. (Total Nordic
electricity consumption came to a little
more than 300 TWh in the mid-1990s).
The greatest decline is obtained in the
case with taxes on fossil fuels and an
energy tax on nuclear power and hydro-
power as well as a unilateral taxation of
the household sector on the consumption
side.

Due to strict constraints on the possibili-
ties for establishing new cable capacity
between countries, and exogenously
determined limits for production and
consumption in the baseline scenario in
the calculations, electricity trade between
countries is affected very little in this
analysis. This also entails that changes in
wholesale prices will be greater than they
would have been in a situation with freer
adaptation on both the production side in
Sweden (where the supply is heavily
regulated) and in the grid capacity be-
tween the Nordic countries.

Project financed by: Nordic Council of
Ministers.

Project documentation: Aune and Bye
(1997).

2.7. Environmental effects of
Norwegian gas sales
In this project we have studied the im-
pacts of a reduction in Norwegian gas
sales on Western European CO, emissions.
Norway is a large producer and exporter
of natural gas to Europe, and is currently
supplying about 10 per cent of the natural
gas consumption in Western Europe. A
change in Norway’s energy policy through

lower production and thereby a reduction
in gas sales may therefore have an effect
on CO, emissions in Western Europe. The
effects of reduced gas sales may generally
be classified in three different categories:
demand effects, supply effects and effects
via regulations.

The demand effects may be divided into
two separate effects. The first is due to the
substitution between different sources of
energy. If Norwegian gas is not fully re-
placed by other gas, a reduction in
Norwegian gas sales will result in a higher
price of gas and consumers will shift their
energy demand towards other sources of
energy, such as coal and oil. This may
result in higher emissions. More expensive
gas will also result in a higher price level
and thereby lower energy consumption
and lower emissions given the same in-
come (an income effect). A change in
Norwegian gas sales may also have supply
effects through supply reactions from
other gas producers and producers of
alternative energy sources. A higher gas
price will result in higher demand for oil
and coal. The impact of this substitution
effect depends on the elasticity of supply
for oil and coal, i.e., how much product-
ion is increased when the price rises.
Finally, the existence of political regula-
tions or institutional conditions may also
influence the environmental effects. This
may be the case, for example, if a country
has committed itself to an environmental
agreement or has the objective of maintai-
ning coal production.

The dynamic oligopoly model of the Euro-
pean gas market DYNOPOLY is used to
analyze the effects of a reduction in
Norwegian gas sales on Russian and Alge-
rian gas exports, while the effects on the
demand side are analyzed with the help of
the energy demand model SEEM. If

37



Energy

Natural Resources and the Environment 1998

Western European countries are commit-
ted to fulfilling their announced CO,
targets, reduced gas exports will not have
an impact on emissions. The consumption
of oil and coal will increase slightly,
whereas total energy consumption will
decline. A reduction in Norwegian gas
sales will also have minimal effects on
Western European CO, emissions when
there are no regulations on emissions. The
main reason for this is the considerable
difference between the end-user price and
the import price of gas. A change in the
import price as a result of reduced
Norwegian gas sales will therefore have
minimal effects on the end-user price and
therefore on the demand for gas and
other fuels.

In addition to the aggregated effects, we
have also focused on the sectoral changes
in Western Europe for the four largest
energy consumers, notably Germany, the
UK, Italy and France. Emissions from the
industry sector are significantly reduced in
all four countries as a result of reduced
Norwegian gas sales, while the emissions
from the transport sector are unaltered.
The first is largely due to energy savings,
while the latter is due to low gas
consumption and small substitution possi-
bilities among the energy carriers in the
transport sector. The effects on other
economic sectors will to some extent vary
considerably between the various coun-
tries. In Germany, for example, emissions
in the household and service sectors will
increase due to substitution towards oil
and coal. In total, however, German emis-
sions will decline somewhat.
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Project financed by: Ministry of the
Environment.

Project documentation: Berg, Boug and
Kverndokk (1997a), (1997b) and (1998).

Documentation, energy in general: Statis-
tics Norway (1997a).

More information on energy in general may
be obtained from: Lisbet Hpgset, Trond
Sandmo, Tor Arnt Johnsen and Bodil
Merethe Larsen.
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3. Transport

Economic growth and growth in transport activi- :

ties are closely connected. Efficient transport and a growth in capacity are
needed to make use of the rising production capacity, and rising incomes
in themselves result in a growing demand for transport services. Since
1946, passenger transport in Norway has risen twelvefold, and goods
transport fivefold. In 1996, every Norwegian travelled an average distance
of 36 km per day. The large volume of traffic has a major environmental
impact. A substantial proportion of all air pollution is generated by fuel
combustion by various modes of transport, and according to the Surveys
of Level of Living, road traffic is the main cause of perceived exposure to
pollution and noise. In addition, traffic arteries occupy large areas of land
and can act as barriers to other forms of access.

3.1. Introduction

The volume of domestic transport has
grown steeply in recent decades. Since
1946, passenger transport has risen
twelvefold and goods transport, including
oil and gas transport from the North Sea,
has risen ninefold. Transport by private
car, transport from the North Sea to the
Norwegian mainland and goods transport
by road have contributed most to these
developments. Since 1980, the transport
industries! have accounted for a total of
about 8-10 per cent of gross domestic
product (GDP) and employment. Water
transport accounts for the largest propor-
tion of GDP but much of this takes place
outside Norway’s borders. If both ocean
transport and oil and gas transport from
the North Sea are excluded, the transport
industries account for about 6 per cent of
GDP in mainland Norway. Figure 3.1
shows the growth in the volume of GDP

1 Excluding transport on own account.

for mainland Norway, together with de-
velopments in transport work (including
transport on own account) for the most

_ Figure 3.1. Trends in GDP for mainla'nd' .
Norway and domestic passenger . and g %
transport. lndex. 1979-100 ' .

s G0OdS transport by road
220 w==_GDP mainland Norway, volume
""" Transport by private car
200 - » == = QOther passenger transport
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= Other goods transport
excluding road transport
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Source: National accounts and Transport Statistics from
Statistics Norway.
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Box 3.1. Definitions
Goods transport work (tonne-km)

Occupancy rate

Domestic transport

Sum of the quantities transported multiplied by the
length of transport for each trip

Passenger transport work (passenger-km) Sum of the number of kilometres each passenger
- has travelled

Ratio between the number of passenger-km and the
number of km driven, i.e. the average number of
persons in the mode of transport

Transport which both starts and ends in Norway,
including the North Sea

important modes of transport. The Mini-
stry of Transport and Communications
expects passenger transport to grow more
slowly than GDP in the period 1995-2010.
Goods transport by road and GDP are
expected to grow at about the same rate
during this period (Ministry of Transport
and Communications 1997).

3.2. Transport networks and
vehicles
At the end of 1996, the total length of
public roads and streets in Norway was
91 300 km, or 282 m road per km? of
land area in Norway excluding Svalbard
and Jan Mayen. There are large variations
between the counties; in Oslo, for exam-
ple, the total length of public road per km?
is 3 230 m, whereas in Finnmark it is only
87 m. National highways accounted for
29 per cent of the total, county roads for
30 per cent and municipal roads for 41
per cent. The total area of the various
types of roads has been calculated to be
about 480 km?, or somewhat more than
the area of the municipality of Oslo. The
figures include the hard shoulder, but not
embankments, ditches, noise zones, etc.

Car density, measured as the number of
metres of public road available per
vehicle, dropped steeply from 1945 to the
mid-1980s (table 3.1). This is because the
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number of motor vehicles rose much
faster than the total length of public
roads, particularly during the first half of
this period. However, a substantial pro-
portion of investments in roads has been
used to expand the existing road network.
Car density has changed relatively little
during the past ten years. At the end of
1996, there was an average of 37 m public
road available per vehicle. Car density is
highest in Oslo, where only 6 m public
road is available per motor vehicle registe-
red in Oslo, whereas in both Finnmark
and Sogn og Fjordane the average figure
is 82 m per vehicle (figure 3.2).

Table 3.1. Length of public roads in metres

Per Per km? of

motor Norway's

) vehicle total area

1945 452 136
1950 309 138
1955 170 146
1960 97 158
1965 80 203
1970 65 223
1975 58 238
1980 48 252
1985 40 265
1990 38 275
1996 37 282

Sources: Transport Statistics from Statistics Norway and
Directorate of Public Roads.
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Figure 3.2. Length (metres) of pubhc road per
vehucle by county

Whole country

Telemark

Troms
Nord-Trendelag
Nordland

Finnmark

)
0 50 100 150 200 250
m road per motor vehicle

Source: Directorate of Public Roads.

In 1996, the total length of cycle and
footpaths along national highways was

2 667 km, an increase of about 1 000 km
since 1990. In addition, Norway has an
estimated 50 000 km year-round forestry
roads (see Chapter 8.3).

The total length of the public railway net-
work has remained fairly constant since
the end of the Second World War, and is
slightly more than 4 000 km. In 1945-
1946, only 17 per cent of the lines were
electrified, as compared with about 60 per
cent today.

3.3. Passenger transport

In October 1960, import restrictions for
private cars were lifted, and between
1960 and 1975 the proportion of total
passenger transport work carried out by
private cars rose from 40 to 76 per cent
(figure 3.3 and Appendix, table B1). Since
1975, this proportion has changed very

Frgure 3.3. Domestic passenger transport } . ‘

work by mode of transport
Percentage
10
0 [ IMaritime
transport
80 | [ Railway
transport
60 Air transport
Other road
transport
40 . Bl Private car
20
01 946 1960 1970 1980 1990
1952 1996

Sources: Transport Statistics from Statistics Norway and
Institute of Transport Economics.

little (77.1 per cent in 1996). Other im-
portant trends in recent years are the
substantial growth in air transport and a
drop in the share of total passenger trans-
port for other modes of transport.

Total transport work by scheduled buses
has remained almost unchanged since
1970, and was about 3.8 billion passen-
ger-km in 1996. The share of total trans-
port work done by buses dropped from 16
to 7 per cent in the same period.

Rail transport, including suburban rail-
ways and trams, accounted for 2.8 billion
passenger-km in 1996, and of this 0.4
million passenger-km was on suburban
railways and trams. These figures have
changed relatively little since 1980, al-
though the share of total transport work
carried out by the railways dropped by
two percentage points to 5 per cent in
1996.

Although passenger transport by sea is
important in some regions, the total
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larger number of people in the car.

transport wor
*_and other le

private cars was 2.7 billion k
ded to 46 bdhon passenge -km (1995).

Box 3.2. Ownership and use of private cars

Statistics Norway was commissioned by the Ministry of Transport and Communications and the
Directorate of Public Roads to study trends in the ownership and use of private cars in the period
1980-1995 (Monsrud 1997). The analysis is based on sample surveys in 1980, 1987 and 1995.
The results show some major changes in this period, particularly as regards women's use of cars.
In 1980, women accounted for an overall figure of only 2.4 billion km driven, but this doubled in
the next seven years to 4.9 billion km driven. These figures correspond to 16 and 24 per cent,
respectively, of the total distance driven by private cars. In 1995, this share had risen to 28 per cent
or 6.3 billion km, i.e. an increase of 161 per cent in the 15-year period. The total distance driven
by men rose by 33 per cent in the same period. Women typically use cars for relatively short trips
_in connection with journeys to and from school, day care facilities, shops, pubhc offices, doctors,
etc. The average occupancy rate is also lower for female than for male drivers; in 1995, the figures
were 1.68 and 1.83 persons respectively. The main explanation of this is that men still account for
about 80 per cent of trips categorized as weekend and holiday driving. These are long trips with a

In 1995 pnvate cars that were more than 10 years old accounted for 32 per cent of the total
driven, or 7.3 billion km. The corresponding figures for 1980 and 1987 were 12.5 and 16.5 per
cent, respectively. The studies also show that the total distance driven by the newest cars (0-4
years old) dropped from 9.9 billion km in 1987 to 5.5 billion km in 1995. This was because there
- were fewer new cars in 1995 than in 1987, and the distance driven per car was unchanged.

The study showed that driving to and from work accounts for a quarter of the total distance
driven. Since the occupancy rate was low (1.23 in 1995), this corresponded to only 18 per cent of
measured in passenger-km. Driving in connection with outdoor recreation, sports
e activi ties and visits accounted for 31 per cent of total transport work.

The total distance driven by private cars registered in Oslo was 1.8 billion km in 1980, greater than
for any other county. In 1995, this figure had risen to 2.2 billion km, a rise of 22 per cent. The
‘country average rose by 54 per cent in the same period. The greatest relative growth in the
distance driven in this period was in Sogn og Fjordane, where it was 74 per cent, but the greatest
absolute growth in the distance driven was found in Akershus. Here, the total distance driven by
in 1995, as compared with 1.6 billion km in 1980. This correspon-

volume is relatively limited. In 1996, 43
million passengers were carried on domes-
tic routes. Ferry services accounted for 85
per cent of passenger transport.

Air transport accounted for only 2 per
cent of domestic transport work, measu-
red in passenger-km, in 1970, but this
figure had grown to 7 per cent in 1996.
Air transport accounted for a greater
share of the total than rail transport for
the first time in 1989 and for a greater
share than scheduled buses in 1996.
Although air transport is now the second

42

most important mode of transport,
accounting for 3.9 billion passenger-km in
1996, this is only 9 per cent of the figure
for private cars. Since the average plane
journey is 440 km per passenger, the
number of persons transported by air is
not very large. In 1996, about 9 million
passenger journeys were made by plane.

Private cars are far and away the domi-
nant mode of transport today, especially
for short and medium-length journeys.
Domestic transport work by private car in
1996 was calculated to total about 44 bil-
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Table 3.2. Number of passenger-km per
person per day

Rail-

Total Pri- Other  Air- Ship
vate road craft way'
car traffic

1946 4.06 093 0.88 0.00 1.84 0.40
1952 5.42 132 192 001 176 042
1960 8.86 362 3.03 007 172 043
1965 12.87 744 330 021 150 042
1970 18.14 1249 341 044 136 044
1975 2418 1802 345 0.70 1.56 0.45
1980 27.20 2034 360 099 184 044
1985 31.09 2406 353 140 1.67 042
1990 3447 2721 352 174 159 041
1996 35.71 2755 358 246 1.73 0.38

'Including suburban railways and trams.
Source: Transport Statistics from Statistics Norway.

lion passenger-km, which is an increase of
1.7 billion passenger-km (4 per cent) from
1995. This corresponds to three-quarters
of the total growth in domestic passenger
transport in 1996. The steep increase
occurred despite a drop of 1.4 per cent in
the number of private cars from 1995 to
1996. This drop is related to the large
number of cars scrapped against a refund.
However, the average age of Norwegian
private cars is still high, and was 9.9 years
at the end of 1996. The average age was
lowest in Oslo (8.4 years) and highest in
Oppland (11.1 years). In 1970, the ave-
rage age of private cars was 6.3 years. The
rise in the average age of cars is mainly
explained by the fact that the number of
cars on the road ceased to rise after 1987
(low sales of new cars). However, in 1997
the number of private cars rose by almost
100 000 to 1.758 million, which is the
steepest growth ever recorded in a single
year. This was mainly because very few
cars were scrapped in 1997.

In 1996, each Norwegian travelled an
average of 36 km per day, nine times more
than in 1946 (table 3.2). However, people
travelled more both by boat and by train
in 1946 than in 1996.

Several factors influence the volume of
transport and the distribution of transport
between various modes of transport. For
instance, there has been a clear relation-
ship between the volume of transport and
general economic growth. The general
improvement in the economy of private
households has strongly influenced the
use of private cars. In particular, families
with children give priority to car use. In
1995, 87 per cent of all married couples
with children owned cars, as compared
with 75 per cent of those without child-
ren. More than one in three of all couples
with children owned more than one car.
Long journeys to school, day care faciliti-
es, children’s after-school activities, and
the fact that both parents work are factors
that help to explain why families with
children give priority to car ownership at
the expense of other benefits.

It is not only couples with children who
find that the existing public transport
system does not meet their daily needs.
For most people, car ownership provides
freedom and a greater choice of both jobs
and housing. Cars also allow far more
mobility and flexibility than that provided
by public transport. Our many day-to-day
activities can be carried out more quickly
and easily with access to a private car.
Social contacts are easier to maintain and
develop, and cars open up more opportu-
nities for holidays and leisure activities. A
study of car ownership and use (see box
3.2) showed that in 1995, trips to and
from outdoor recreation areas, sports and
other activities and visits to family and
friends accounted for 31 per cent of trans-
port work. Statistics Norway’s study of
people’s holiday activities showed that in
1994, 60 per cent used cars as the most
important mode of transport on holiday,
while 25 per cent travelled by plane
(Vaage 1995). Of the remaining 15 per
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cent, roughly equal proportions travelled
by train, bus and ship/ferry.

The Government’s Long-term Programme
for 1998-2001 presents projections of
traffic trends up to 2010 drawn up by the
Institute of Transport Economics. In the
period 1980-1995, the average rate of
growth for private cars and public trans-
port was 2.2 and 1.3 per cent respectively,
but this is expected to drop to 1.3 per cent
for private cars and 1.0 per cent for public
transport in the period 1995-2010. It is
calculated that the annual growth in total
transport work will be substantially lower
than the general growth in consumption
for the whole period. Assumptions about
structural aspects of population size and
composition are an important basis for the
calculations. For example, the estimates
are based on slower growth in the number
of people holding driving licences, a slo-
wer increase in the number of cars and
slower growth of the labour force. From
1995 to 1996, passenger transport work
grew by over 4 per cent. In contrast,
preliminary calculations show that there
was no growth from 1996 to 1997.

3.4. Goods transport

In 1946, domestic goods transport work
totalled 4.2 billion tonne-km. Fifty years
later, this figure (excluding oil and gas
transport from the North Sea) had grown
to 19.4 billion tonne-km (figure 3.4 and
Appendix, table B2). Growth was steepest
up to and including 1973. Since then, it
has been more moderate. Other important
trends since 1960, measured in absolute
figures, have been the lack of growth in
railway and maritime transport and the
growth in road transport. In recent years,
the volume of transport from the North
Sea to mainland Norway has grown steep-
ly (cf. figure 3.5).

Figure 3.4. Domestic goods transport' by
mode of transport
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! Excluding oil and gas transport.
Sources: Transport Statistics from Statistics Norway and
Institute of Transport Economics.

At the end of the 1950s, goods transport
by rail and road totalled about 1 billion
tonne-km each. In 1996, transport by rail
had grown to 1.8 billion tonne-km and
transport by road to almost 11 billion
tonne-km. The railways have lost the
greatest market shares for short journeys.

In 1960, traditional maritime transport
(excluding oil transport by ship from the
North Sea) accounted for 67 per cent of
total domestic transport work. By 1996,
this share had dropped to 36 per cent of
the total. Whereas transport by rail has
merely shown a lack of growth, water
transport has shown a clear reduction
even in absolute terms.

The volume of goods transported by air is
moderate, and has not grown in recent
years. Total transport work was the same
in 1996 as in 1985, about 0.02 billion
tonne-km.

Goods transport by road has shown steady
growth throughout the period since 1960.
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Figure 3.5. Oil and gas transport from the
Norwegian continental shelf to the mainland
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Sources: Transport Statistics from Statistics Norway and
Institute of Transport Economics.

In 1994, the volume of road transport was
larger than that of maritime transport for
the first time, and in 1996, road transport
accounted for about 55 per cent of domes-
tic transport work (10.7 billion tonne-
km). In 1960, the corresponding figure
was 17 per cent. In 1996, a total of 244
million tonnes was transported by road.
This was almost 82 per cent of total do-
mestic goods transport.

Oil transport from the North Sea to Nor-
way has grown dramatically, see figure
3.5, and by 1996 accounted for as large a
volume as all other modes of goods
transport together. Oil and gas transport
totalled 18.5 billion tonne-km in 1996,
and oil transport by ship accounted for 9.3
billion tonne-km of this, almost twice as
much as in 1995. Gas and oil pipeline
transport showed only small changes from
the previous year.

A society’s needs for transport services will
inevitably alter with economic growth and
change. Lorries appear to be best adapted

to modern requirements and needs. Physi-
cal accessibility is important. Only lorries
can transport goods from door to door
without the need for expensive reloading.
Time is also becoming an increasingly
important consideration, partly because
companies are minimizing their own
stocks. As a result, smaller consignments
are being sent more often. This increases
the need for short-distance transport of
small volumes, and lorries outcompete all
other modes of transport over short dis-
tances. Studies carried out by the Institute
of Transport Economics also show that
lorries hold a strongly dominant position
for transport distances of 30 to 150 km,
despite the fact that for half the goods in
the study, there were parallel rail or
shipping routes. There is only any real
competition for long-distance transport
(more than 400 km), but even in this case
lorries have a 50 per cent share of general
cargo. Maritime transport has a particular
advantage in cases where a low price per
transport km is important and the trans-
port time is less important, for example
for bulk cargo.

Modern infrastructure is an essential
prerequisite for effective transport. Road-
building and improvement (higher
permitted axle load) and the construction
of bridges and tunnels have probably
resulted in relatively greater improve-
ments in infrastructure for road transport
than for maritime and rail transport. Even
though it is an express goal, both national-
ly and internationally, to promote
intermodal transport, e.g. road/rail/road,
all statistics both for Norway and for the
rest of Europe show that goods transport
by road is increasing. The inadequate
capacity of the railway networks is presu-
mably an important reason why rail trans-
port has not gained a larger share of
goods transport, particularly over long
distances.
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Although shipping accounts for a shrink-
ing proportion of domestic transport, it
dominates foreign-going transport. In
1996, shipping accounted for 72 per cent
of total imports and exports, including oil
transport from the North Sea to other
countries. The total corresponded to 175
million tonnes, of which Norwegian ships
carried 91 million tonnes. Goods transport
by lorry (Norwegian and foreign) accoun-
ted for barely 3 per cent of the total or 6.6
million tonnes.

In the Government’s Long-term Program-
me for 1998-2001 (Ministry of Finance
1997), it is assumed that the growth in
goods transport in mainland Norway will
be substantially lower in the period 1995-
2010 than in the previous 15-year period
(baseline alternative). The average annual
growth rates in transport work for road
and sea/rail in the period 1980-1995 were
4.3 per cent and 1.5 per cent respectively.
From 1995 to 2010 inclusive, the projec-
ted average annual growth rate for road
transport is 1.9 per cent, slightly lower
than for sea/rail at 2.0 per cent. This is
explained by the imposition of a CO, tax
in addition to existing taxes. (The Long-
term Programme is based on the assump-
tion that a binding international climate
agreement will be adopted with the aim of
stabilizing global emissions of CO, at the
1990 level.) The rate of growth in goods
transport is expected to be about the same
as for GDP. From 1995 to 1996, the gene-
ral increase in goods transport work was
between 2 and 3 per cent, and was some-
what weaker than the growth in GDP
However, goods transport by road rose by
more than 10 per cent, and preliminary
calculations show approximately the same
rise from 1996 to 1997.
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3.5. Emissions to air from transport
Holtskog and Rypdal (1997) discussed
energy use and emissions to air from the
commonest modes of transport. Calcula-
tions show that emissions of greenhouse
gases per passenger-km are highest for
local coastal services, and emissions per
tonne-km (goods transport) are highest
for air transport. These figures take into
account actual utilization of capacity. See
also Chapter 4 and Appendix, tables C5
and C6.

Documentation: Statistics Norway (1997b)
and (1998b).

Further information may be obtained from:
Jan Monsrud and Asbjgrn Wethal.
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4. Air

Emissions of pollutants to air cause some of the most serious
environmental problems at both global and local level. Rising concentra-
tions of greenhouse gases disturb the energy balance of the earth, causing
positive radiative forcing (this is known as the enhanced greenhouse
effect). Carbon dioxide (CO,) is the greenhouse gas with the greatest over-
all impact on the earth’s energy balance. According to the Kyoto Protocol,
which is to be used as the basis for a worldwide agreement on greenhouse
gas emissions, industrial countries are to cut their emissions by 5.2 per
cent from 1990 levels during the period 2008-2012. However, Norway’s
emissions may rise by 1 per cent. Norwegian emissions of all greenhouse
gases rose by 6.8 per cent from 1990 to 1996 as a result of large increases
in emissions of CO, and methane. Emissions of these two gases rose
further from 1996 to 1997.

Emissions of pollutants that cause injury to health dropped slightly from
1996 to 1997, with the exception of nitrogen oxides (NO,). However, there
have at times been high concentrations of pollutants such as particulate

matter in the largest towns.

4.1. Introduction

Emissions of pollutants to air may have
local, regional or global effects. Local
effects are seen in limited areas where
emissions are high, e.g. towns and built-
up areas, and the impact of emissions on
human health is of particular importance
here. The most important components of
such emissions are nitrogen oxides, parti-
culate matter and volatile organic com-
pounds. The major regional problems are
acidification of water and soils and
damage to vegetation, and the most im-
portant pollutants involved are sulphur
dioxide, nitrogen oxides and ammonia.
The global effects are depletion of the
ozone layer and climate change. Com-

pounds containing chlorine and bromine
have the greatest impact on the ozone
layer. Boxes 4.1 and 4.2 summarize the
adverse effects of various air pollutants.

Global mean temperature

Many scientists view the possibility of
climate change as a result of greenhouse
gas emissions as the most serious environ-
mental problem facing the world today.
The most important measure of possible
climate change is the global mean tempe-
rature, which has risen by 0.3-0.6°C du-
ring the past 100 years (figure 4.1). This
is generally consistent with the trends
predicted by climate models on the basis
of rising concentrations of greenhouse
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gases in the atmosphere. Nevertheless, the
temperature rise is still within the limits
that could be explained by natural varia-
tions. In 1997, the global mean tempera-
ture was 0.44°C higher than the average
for 1961-1990. This was the warmest year
since registration of the global mean
temperature began in 1856 (Norwegian
Meteorological Institute 1998). Calcula-
tions by the UN Intergovernmental Panel
on Climate Change (IPCC 1996) indicate
that the global mean temperature may
rise by 1.0 - 3.5°C during the next
hundred years. There is great uncertainty
associated with the effects of a further
temperature rise, but probable effects are
changes in precipitation patterns, more
frequent occurrence of extreme weather
conditions, displacement of climate zones
and a rise in sea level of 15-95 cm. This
could have serious consequences for world
agricultural production and for low-lying
areas.
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4.2. Trends in national emissions

Carbon dioxide (CO,)

Norwegian emissions of the greenhouse
gas carbon dioxide (CO,) are rising, and
according to preliminary figures, totalled
41.4 million tonnes in 1997. This is a rise
of almost 17 per cent from 1990 (figure
4.2 and Appendix, table C1), which is the
base year for the Kyoto Protocol. Norwe-
gian emissions from practically all uses of
fossil fuels have risen since 1990. The
most important sources of CO, emissions
in Norway are oil and gas production (21
per cent) and road traffic (21 per cent).
From 1996 to 1997, CO, emissions rose by
almost 1 per cent. Emissions were particu-
larly high in 1996 because high electricity
prices resulted in an extensive changeover
from electricity to oil in manufacturing
industries and other branches. Winter
1995-1996 was also cold in many parts of
the country. In 1997, electricity prices
were lower and the winter was mild,
resulting in a reduction in fuel oil con-
sumption. Nevertheless, consumption
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:Formed by oxidation of C}-L . Causes resp]ratory €0
0, NO, and NMVOCs (m sunhght) Recommended thresho!d Ve

. 'B,en‘zéne, (C;H‘) Combustion and evaporat:on af
- xpetrokanddvese! wood—ﬁrmg
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. No
. concentrations currently found i
because Iead accumulates

Non-metbaﬁé\iélatikieii_a'rgahié Ol and gasactmt»es foad traffic,  Mayir
i compounds (NMVOCs) = solvents . '

Hydrofluorocarbons (HFCs)  Cooling fluids

*Hydrochloroﬂuorocarbons _ Cooling fIUids -
(HCFCs) o

Carbon dioxide (coz)  Combustion cf fossil fuels, changes

~ inland use and deforestatlon
Carbon m'onoxide (CO) . Combustlon ( -fmng road trafflc)
Chlorofluorocarbons (CFCs)  Cooling ﬂuids
Nitrous oxide (N;O) . _ Agriculture, fertilizer production
Methane (CH,) Agriculture, landfi ils, production
and use of fossil fuels
Nitrogen oxides (NO,) ~ Combustion (mdustry, road tfafﬁc) - C /
e __concentrations recommended in Novweglan air qual
guidelines are 75 pg/m® (24 hour-mean) and SO pglm
(six-monthly mean). Contribute to aci
- - and formation of troposphenc az
Perfluorocarbons Aluminium productidn'  Enhance the greenhouse eff '
' (PFCs: CF, and C,Fy . .
Polycyclic aromatic All incomplete combustionof =~ Several are carqnogemc
hydrocarbons (PAHS) organic material and fossil fuels . .
Particulate matter Road traffic and wood ﬁnng o PMy: pamcle dnamete: less than 10 pm, Pl
- (PMygand PM,) . diameter less than 2.5 pm. Increase risk of respiratory
:  complaints together with other componems\ Maxi
concentrations recommended in Norwegian I
- guldelmes are 35 pg/m’ (PM,) 24-hour me3
. 20pgm’ (PM,5) 24~hour mean. ThePM"
: . under revision.
Sulphur dioxide (SO,) ~ Combustion, metal production Wit other componems mcreasesthe risk of respir at
. .  disease. Acidifies soil and water and causes corrosion
Recommended threshold values set by Norweguan
Pollution Control Authority are 90 pig/m’ (24-hour
mean) and 40 pg/m’ (six-monthly mean). .
Sulphur hexafluoride (SF) ~ Magnesium production Enhances the greenhouse effect. ‘
1 The table indicates important anthropogenic sources. There are also major natural sources for several of these compments .
Sources: Norwegian Institute for Air Research 1996a and 1996b), Norwegian Pollution Control Authority (1992 and 1993), iPCC ';
(1996) and Norwegian Institute for Water Research/Norwegian Institute for Air Research (1995). . .
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Box4.2 »Environmenta problems caused by air pollution

Enhanced greenhouse effect As a result of the natural greenhouse effect, the global mean temperature is about 15°C
. instead of -18°C. But anthropogenic emissions of gases such as CO,, CH,, N,0 and
fluorine-containing gases can cause further warming. From 1750 to 1994, the concen-
_ trations of the three most important greenhouse gases, CO,, CH, and N,0, rose by 30,
145 and 15 per cent respectively (IPCC 1996).

. Some CO, is absorbed by sinks, which may be natural (e.g. forest, oceans, sediments) or
anthropogenic (e.g. buildings, furniture, paper). In 1995, the natural sink in Norwegian
forests was estimated to be 13.6 million tonnes CO, per year, which corresponds to about
one third of total anthropogenic emissions in 1995 (Ministry of the Environment 1997a).

Climate change . 'Anthropogemc emissions of greenhouse gases, SO; and particulate matter can alter the
o . natural composition of the atmosphere. This in turn may accelerate changes in the
 global climate system. It is difficult to quantify what proportion of fluctuations in climate
- is a result of human activity, but data from the last hundred years suggest that the
_ variations are too large to be due to natural fluctuations alone (IPCC 1996). (For
_ variations in global mean temperature, see figure 4.1).

,.D_epletiod oftheozonelayer = The atmospheric ozone layer is found in the stratosphere, 10-40 km above the earth,
. andprevents harmful ultra-violet (UV) radiation from the sun from reaching the surface
 of the earth. Episodes when the 0zone content of the stratosphere is very low and the
levels of UV radiation reaching the earth are high have been observed 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 CFCs, HCFCs, halons and other gases
__ containing chlorine and bromine, all of which can break down ozone in the presence of
~ sunlight. Depletion of the ozone layer increases the amount of UV radiation reaching
. the earth, and may result in a higher incidence 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 (SSB/SFT/DN 1994). (For imports of ozone-depleting substances to Norway,
seefigured47). .

Formation of troposphericozone  Tropospheric ozone is formed by oxidation of CH,, CO, NO, and NMVOCs in the
... _ presence of sunlight. It may also be transported to Norway from other parts of Europe.
__In 1996 there were more pollution episodes’ (26 days) than the average for the 10-year
. .perlod 1986-1995 (19.1 days). The highest hourly mean concentration in 1996 was 172
 ygm’ (Norwegtan Poliution Control Authority 1997). No measuring station recorded
. above 180 pg/m’, which is the EU population warning threshold (recommended

. threshold value in Norway is 100 pg/m’). ~

Acidification __ Total emissions of SO, and NO, are lower in Norway than in most other European
o . o . countries. Sulphur and nitrogen tend to acidify soils and water, and are also transported
_ for considerable distances with air currents. The extent of the damage depends on the
_ type of soil and vegetatnon Lime-rich soil can for example withstand acidification better
than other soil types because it weathers to release calcium. Many parts of Norway have
 lime-poor soils and sensitive vegetation, and the impact of acid rain is greater than in
__many other areas where deposition of acid components is higher. Fresh-water or- .
. 'gamsms have suffered the most serious damage, and the effects have been observed |
 particularly in Southern Norway, the southern parts of Western Norway, and Eastern
- Norway. Sgr-Varanger municipality in Finnmark suffers the effects of acid rain from
 sources in Russia. Acid rain increases leaching of nutrients and metals (especially
_ aluminium) from soils and can cause corrosion damage to buildings. (For deposition of
sulphur and nntrogen compounds in Nomay. see Appendux tables c10-C12 and
Chapter4.2). '

' Number of days when one measunng station records a maxlmurn hourfy mean concentrauon of 200 pg/m’ or several measur-
ing stations record an hourly mean concentration of more than 120 pg/m?.
Snurces 1PCC (1996) M:mstxy of the Envnmnmem (1997a), Norweguan Poliution Control Authonty(1997)
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Box 4.3. Sources of emissions

Stationary combustion includes emissions
from all combustion of energy commodities
n various types of stationary sources. The
| most important of these are direct-fired
i furnaces where combustion of energy com-

odities provides heat for an industrial
rocess, boilers where energy commodities
are used to heat water to form steam, small
stoves that use oil or wood to heat housing,
or flaring (combustion of energy commodities
without mmg the energy)

Mobile combustion mcludes emissions from
all combustion of energy commodities i
various modes of transport and mobile
motorized equipment.

Processes includes all emissions not related
to combustion. They include industrial pro-
cesses, evaporation and biological processes,
emissions from livestock, evaporation during
petrol distribution, fermentation processes in
the food processing industry, emissions from
fertilizers and landfills, evaporation during
use of solvents and particulate matter from
road dust. Coal and coke used as reducing
agents in metal production are included, but
dust from industrial processes is not included
in the calculations.

Figure 4.2. Emissions of CO, by source
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Sources: Emissions inventory from Statistics Norway and
Norwegian Pollution Control Authority.

remained higher than in 1995. Despite the
drop in fuel oil consumption, emissions
from stationary combustion in 1997 were
almost unchanged from the year before.
One reason why there was no reduction in
emissions was that consumption of gas
and coal as fuel in the industrial sector
rose in 1997 because production was
higher in certain branches of industry.

Emissions from oil and gas production
rose by 5.5 per cent from 1996 as a result
of an increase in gas production. Emis-
sions from mobile sources rose by 2 per
cent from 1996 to 1997. The growth in
emissions was largest for oil drilling,
domestic shipping and air transport.
Emissions from air transport rose by 8 per
cent. This can be explained by the growth
in scheduled traffic from Norway’s largest
airports. Emissions from oil drilling rose
by 35 per cent as a result of a higher level
of activity. Overall process emissions of
CO, were more or less unchanged from
1996 to 1997.

Projections indicate that Norwegian CO,
emissions will rise by about 42 per cent
from 1990 to 2010 (see table 4.1). The
most important reason for this rise is the
growth in emissions from the petroleum
sector. In addition, emissions from the
transport sector and from the use of fuel
oil are expected to rise (Ministry of the
Environment 1998).

Methane (CH,)

Methane emissions rose by about 11 per
cent from 1990 to 1997, largely because
of an increase in the amount of waste
landfilled (see Chapter 5). The extraction
of methane from landfills has limited the
rise in these emissions. In 1996, methane
emissions from landfills were reduced by
5 per cent in this way. The agricultural
sector (domestic animals and manure) is

51



Air

Natural Resources and the Environment 1998

Box 4.4. GWP - Global Warming
Potential ' o

The GWP value of a gas is defined as the
cumulative impact on the greenhouse effect
of 1 tonne of the gas compared with that of
1 tonne of CO, over a specified period of
time (usually 100 years). GWP values are used
to convert emissions of greenhouse gases to
CO, equivalents. ‘

also an important source of Norwegian
methane emissions. In 1997, methane
emissions from biodegradation of waste
accounted for 67 per cent of the total, and
domestic animals and manure accounted
for 22 per cent.

Nitrous oxide (N,0)

Agriculture and the manufacture of com-
mercial fertilizer are important sources of
nitrous oxide emissions. These emissions
were reduced by about 1 per cent from
1990 to 1997 as a result of technical
improvements in fertilizer manufacture.
However, there is a large degree of uncer-
tainty associated with the level of emis-
sions from the agricultural sector.

Other greenhouse gases

Emissions of PFCs (CF, and C,F,) and SF,
were reduced by 50 and 76 per cent re-
spectively from 1990 to 1996, mainly as a
result of wide-ranging measures to re-
duce emissions from the process industry.

Emissions of hydrofluorocarbons (HFCs)
rose by almost 70 per cent from 1990 to
1996, but these gases only constitute a
very small proportion of total greenhouse
gas emissions in Norway. HFC emissions
are expected to rise in the next few years,
mainly as a result of efforts to phase out
CFCs and HCFCs. HFCs are being substitu-
ted for these substances in cooling equip-
ment.
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Table 4.1. Norwegian emissions of green-
house gases in 1990, 1996 and projections®
for 2010. Million tonnes CO, equivalents

1990 1996 2010 % change

1990-2010

co, 355 4.1 50.6 42
CH, 9.3 10.2 8.2 -12
N,O 5.7 5.6 5.8 2
PFCs 2.5 1.3 1.2 -52
SFe 2.2 0.5 0.5 =77
HFCs 0.0 0.3 1.8 .
Sum 55.2 58.9 68.1 23

' The projections for emissions up to 2010 are based on the
assumption that no new measures other than those already
adopted will be introduced. It is also assumed that two gas-
fired power plants will be built. For further details on the
assumptions on which these figures are based, see Ministry of
the Environment (1998).

Source: Ministry of the Environment (1998).

Total emissions of greenhouse
gases

To allow a comparison of the extent to
which different gases may enhance the
greenhouse effect, their emissions are
converted to CO, equivalents using GWP
values (see box 4.4). In 1996, emissions of
greenhouse gases in Norway totalled 59
million tonnes CO, equivalents (see figure
4.3 and Appendix, tables C1 and C3). This
corresponds to a rise of about 7 per cent
since 1990. From 1995 to 1996, total
emissions rose by 5 per cent. Some of the
rise can be attributed to the growth in oil
consumption in manufacturing and other
industries. Projections for the year 2010
suggest that emissions will total 68 million
tonnes CO, equivalents (Ministry of the
Environment 1998). This is 13 million
tonnes CO, equivalents more than in 1990
(see table 4.1).

According to the December 1997 Kyoto
Protocol, the industrial countries are to
reduce their aggregate emissions of green-
house gases by 5.2 per cent compared
with the 1990 level between 2008 and
2012. Norway is one of the few countries
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Figure 4.3. Emissions of greenhouse gases in
_ Norway
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Norwegian Pollution Control Authority, IPCC (1996).

where a rise in total greenhouse gas emis-
sions is permitted, in Norway’s case by

1 per cent compared with the 1990 level.
According to the Protocol, fixation of CO,
by trees planted after 1990 on areas that
were not previously forested, minus CO,
emissions as a result of deforestation, may
be subtracted from total CO, emissions.
This is only expected to give a very small
deduction from Norway’s emissions. The
large increase in the growing stock of
forest in Norway is an important CO, sink,
but may not be deducted from Norway’s
emissions because it is regarded as part of
the natural increment.

The Kyoto Protocol provides for emissions
trading between industrial countries using
their allocated emissions quotas. Further
details of the guidelines for conditions for
such emissions trading will be discussed at
the next Conference of the Parties in
Buenos Aires in autumn 1998. Norway has
recently entered into an agreement with
China to contribute NOK 35 million to the
improvement and modernization of a

Box 4.5. International env:ronmental
agreements ~

Protocols are the most bmdmg type of agree—

ment. They generally set out specific obliga- |
jons to be met by mdw;dual countnes .

Protocols Norway has 5|gned

Sofia Stabilization of NO, emxssmns at the
1987 levelby 1994, =~ |

Montreal Eliminate consumptlon of ozone-

. depleting substances. In Norway, th's
means eliminating imports, since the
country does not manufacture such
substances. Most subtances have
already been phased out, and the |
rest (HCFCs and methyl bromide) will
be phased out in Lhe‘next 1530
years. -

30 per cent reduction of NMVOC
emissions between 1989 and 1999.
Applies to the mainland and the
Norwegian Economic Zone south of
62°N .
Oslo 76 per cent reduction of SO, emis-
sions by 2000 using 1980 as the

base year. This is the first protocol in
which the costs of cutting emissions,
calculations of dispersion and critical
loads have been important in deter-
mining goals.

i
i

Geneva

Industrial countries are to reduce
their overall greenhouse gas emis-
sions by 5.2 per cent from 1990
levels during the period 2008-2012.

- Norway's emissions may rise by 1 per
cent from the 1990 level. The
agreement applies to CO,, CH,, N,O,
HFCs, PFCs and SF,. For the last
three, parties may choose between
1990 and 1995 as the base year.
Fixation of CO, in forests as a result
of afforestation and reforestation
since 1990 may be deducted from
emissions. This will probably make
only a small contribution in Norway.
Further details will be decided at the .
coming Conference of the Parties in
Buenos Aires 2-13 November 1998.
The agreeement enters into force
when it has been ratified by at least
55 countries which account for at
least 55 per cent of total CO, emis-
sions from industrial countries.

Kyoto
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large coal-fired power plant. This will
improve its energy efficiency and thus
reduce CO, emissions (Cutter 1998).
Norway, like a number of other industrial
countries, has drawn up such agreements
in the hope that the resulting emission
reductions will be approved under the
Kyoto Protocol.

A central element in implementation of
the Kyoto Protocol in Norway is the Re-
port to the Storting describing national
measures that will be necessary to ensure
that Norway meets its commitment. The
Report to the Storting was submitted in
spring 1998, and should be considered in
conjunction with the new Report to the
Storting on green taxes.

The CO, tax that was introduced in 1991
is Norway’s most important climate policy
instrument. Since 1991, the tax base has
been expanded several times, and the tax
now applies to almost 60 per cent of all
CO, emissions, or 40-45 per cent of
Norway’s overall greenhouse gas emis-
sions. Further expansion of the tax base
will be an important instrument for the
reduction of CO, emissions. Other instru-
ments proposed to reduce greenhouse gas
emissions are energy taxes, a tax on the
final disposal of waste and licensing re-
quirements under the Pollution Control
Act (Ministry of the Environment 1998).

Sulphur dioxide (SO,)

Norwegian emissions of sulphur dioxide
(SO,) were reduced by 80 per cent from
1973 to 1997 (figure 4.4), and by 78 per
cent from 1980 to 1997. Both the goal set
out in the Helsinki Protocol (30 per cent
reduction from 1980 to 1993) and
Norway's national goal (50 per cent re-
duction from 1980 to 1993) have thus
been achieved. The Helsinki Protocol was
renegotiated in summer 1994, and is now
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Figure 4.4. Emissions of SO, by source
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known as the Oslo Protocol. In this Proto-
col, Norway has undertaken to reduce its
SO, emissions by 76 per cent from 1980 to
2000 (box 4.5). The drop in SO, emissions
from combustion can be explained by a
changeover to the use of electricity, the
use of lighter oil products, a reduction in
the sulphur content of oil products, and
the installation of more and better equip-
ment to control emissions. About 62 per
cent of Norway’s SO, emissions in 1997
were generated by industrial processes,
particularly the manufacture of metals.
The drop in process emissions has been
particularly marked since the 1980s,
mainly as a result of requirements to
install equipment to control emissions at a
number of plants and the closure of some
of the plants that generated most pollu-
tion. Since 1975, Norway has used taxes
on the sulphur content of oil products as
an instrument for the reduction of SO,
emissions (Statistics Norway 1997a). The
tax rates have gradually been increased.

In 1996, sulphur deposition over Norway
totalled slightly more than 80 000 tonnes.
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Box 4.6. Emissions from gas-fired power plants §
. Naturkraft AS, which is owned by Norsk Hydro, Statkraft and Statonl has received permissionto
start the cons on of two gas-fired power plants in Norway, one at Kollsnes in Hordaland and |
one at Kdrstg in Rogaland. The Norwegian Pollution Control Authority has received an application
for discharge permits. Each of the two plants will have an installed capacity of 350 MW and a
production capacity of about 2.8 TWh per year. Power fro-n Norweg:an gas can be an alternatlve
es. .

1o coal, oil and

These vpo\v/v’er plants will ing

nuclear power in the Nordic countr

riaase Norway s total CO2 emissions by about 2 mllhon tonnes per year

energy.
Source: Ministry of Industry and Energy (1996).

The table below shows comparative figures from the Mlmstry of Industry and Energy for the
efficiency of gas- and coal-fired power plants. . .
Table 4.2. Efficiency’ of gas- and coal-fired power plants and emissions pef TWh pnpduéed
Gas-fired Coal-fired power Csal-_fired power

power plants lants (older)  plants (r udern) o
Efficiency' (percentage) 58 3. .45
CO, (tonnes) 360 000 - 815 000 690 000
NO, (tonnes) 240 500 . 400
SO, (tonnes) 0 900 500 !
1 Efficiency is a measure of the proportion of the energy supplied e.g. in the form of coal or gas actually converted to electrical ‘

-

This is more than 17 000 tonnes less than
in 1995 (Appendix, table C12). About

3 200 tonnes of the total originates from
Norwegian emissions, and 5 100 tonnes
from sea water and other natural sources.
Other large sources in 1996 were the
United Kingdom (8 100 tonnes), Ger-
many (8 300 tonnes) and Eastern Europe,
Russia and the Baltic states (12 700
tonnes). About 35 000 tonnes of the total
originates from unidentified sources. Of
Norway’s own sulphur emissions, a large
proportion (about 48 per cent) was depo-
sited over the North Sea and North Atlan-
tic, and about 40 per cent in Sweden and
over Norwegian territory. From 1985 to
1996, sulphur deposition over Norway
was reduced by about 50 per cent as a
result of reductions in emissions in Europe
(Berge 1997).

Nitrogen oxides (NO,)

Emissions of nitrogen oxides (NO,) are
generated mainly by shipping, road traffic
and oil and gas extraction. The growth in
the use of private cars resulted in a steep
rise in NO, emissions until 1987 (figure
4.5). After this, emissions dropped some-
what until 1992, and then rose again.
Preliminary figures for 1997 show that
emissions rose by 1 per cent from 1996
(Appendix, table C2). Emissions from road
traffic dropped by almost 9 per cent from
1996 to 1997, while emissions from ship-
ping rose by a similar amount in the same
period. All new cars now have three-way
catalytic converters, which reduce NO,
emissions. High sales of new cars in 1996
and 1997, together with the large number
of older cars scrapped in 1996, have
brought down the average age of private
cars. This may explain the reduction in
emissions from road traffic in 1997. In
1997, 39 per cent of private cars were
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Figure 4.5. Emissions of NO, by source
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fitted with three-way catalytic converters,
as compared with 24 per cent in 1995 and
31 per cent in 1996.

Norway has achieved the goal of the Sofia
Protocol, which was to stabilize NO, emis-
sions at the 1987 level by 1994. In addi-
tion to its obligations under international
agreements, Norway has established a
national goal, which is to reduce emis-
sions by 30 per cent by 1998 compared
with the 1986 level. However, the reduc-
tion achieved so far is less than 1 per cent.
A new NO, protocol is now being negotia-
ted within the framework of the ECE
Convention on Long-range Transboundary
Air Pollution (ECE: UN Economic Commis-
sion for Europe). This will probably set
out goals for emissions based on critical
loads for acid rain and tropospheric ozo-
ne.

Total deposition of reduced nitrogen (e.g.
ammonia) and oxidized nitrogen (e.g.
nitrogen oxides) over Norway in 1996 was
96 200 tonnes (see Appendix, tables C10
and C11). This is a lower figure than in
1995. Of this, 21 000 tonnes originated
from Norwegian emissions, and emissions
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Figure 4.6. Emissions of NMVOCs by source
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from the United Kingdom and Germany
together accounted for a further 19 300
tonnes (Berge 1997).

NMVOCs

Emissions of non-methane volatile organic
compounds (NMVOCs) have risen steeply
since the late 1970s (figure 4.6). The most
important sources in Norway are evapora-
tion during loading of crude oil (53 per
cent in 1996) and emissions from petrol
engines (17 per cent). The rise in emissio-
ns 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 petrol consumption. Emis-
sions of NMVOCs dropped by 4 per cent
from 1996 to 1997. Norway has underta-
ken to reduce these emissions by 30 per
cent by 1999, using 1989 as the base year.
Despite this, emissions have risen by 27
per cent since 1989. Most of the rise is
explained by an increase in the volume of
crude oil loaded on tankers at offshore
installations and oil terminals. The re-
duction from 1996 to 1997 is explained by
a reduction in the average age of cars and
the introduction of a recovery facility for
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oil vapour at one of the terminals. The
emission figures suggest that it will be
difficult to achieve a 30 per cent reduction
within the time limit. However, it may be
possible to achieve this goal at a later date
by implementing measures to recover oil
vapour during loading and unloading
from all crude oil ships at Norwegian
continental shelf and the terminals, and at
refineries and larger petrol stations, in
combination with an increase in the pro-
portion of cars fitted with three-way
catalytic converters. A new NMVOC pro-
tocol is now being negotiated.

Ammonia (NH,)

Emissions of ammonia (NH,) rose by 14
per cent from 1990 to 1997. Ammonia
emissions are generated mainly by com-
mercial fertilizer and manure and by
treatment of straw with ammonia.

Carbon monoxide (CO)

Carbon monoxide (CO) emissions rose
from 1973 to the mid-1980s. However,
there has been a marked drop after this.
From 1990 to 1997, total emissions were
reduced by almost 22 per cent, with a
reduction of nearly 7 per cent from 1996
to 1997. The reduction since 1990 has
been largely in emissions from mobile
sources, and is mainly a result of improve-
ments in technology and lower petrol
consumption. In 1997, emissions from
petrol engines and heating of dwellings
accounted for 55 and 23 per cent, respec-
tively, of total CO emissions.

Particulate matter (PM,)

Emissions of particulate matter from
stationary combustion were considerably
reduced from 1973 to 1983. This can be
explained by the drop in the use of heavy
fuel oil for heating. However, from 1990
to 1997 emissions from stationary com-
bustion rose by 11 per cent. Emissions
from heating in private households rose

by 22 per cent in this period, and accoun-
ted for 58 per cent of total emissions in
1997. Emissions of asphalt dust from the
use of studded tyres, which have previous-
ly not been included in these figures,
accounted for 7 per cent of the total.
Emissions from processes (manufacturing,
etc.) are not included in the calculations
of total emissions.

Lead (Pb)

Emissions of lead have been reduced by
99 per cent from 1973 to 1996. In 1997,
no leaded petrol was sold in Norway. Lead
pollution in air is now well below the level
believed to cause injury to human health.
From 1990 to 1996 total emissions were
reduced by 96 per cent. About 56 per cent
of total lead emissions can be traced back
to mobile combustion sources, and 22 per
cent to stationary combustion sources.

Cadmium (Cd)

Emissions of cadmium dropped by 45 per
cent from 1991 to 1996. Metal manufac-
turing accounted for the largest proport-
ion of emissions in 1996. The reduction in
emissions in this period was also largest in
this sector (67 per cent).

Ozone-depleting substances

The consumption of ozone-depleting
substances (HCFCs, CFCs and other gases
containing chlorine and bromine) in
Norway has dropped since the mid-1980s
(figure 4.7). Most of these substances are
used in products (e.g. fridges) which
eventually result in emissions to air. There
is a time lag between consumption and
the resultant emissions. Only small
amounts are collected and destroyed. In
accordance with the revised Montreal
Protocol, Norway has eliminated imports
of newly-produced halons and CFCs. In
addition, Norway has undertaken to keep
to a timetable for reductions in consump-
tion or prohibitions against the use of
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Figure 4.7. Import of ozone-depleting sub-
stances
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Source: Norwegian Pollution Control Authority.

several other substances that deplete the
ozone layer. For an overview of this and
more details about the ozone layer and
substances that deplete the ozone layer,
see SSB/SFT/DN (1994) and Ministry of
the Environment (1996a).

Measurements of the thickness of the
ozone layer have been made in Norway
since the mid-1930s. In the period 1979-
1996, the ozone layer was depleted by an
average of 0.4 per cent per year, and there
has been no decrease in the rate of deple-
tion. The most marked ozone depletion
episodes occur in March-April. Reductions
of up to 30 per cent in the amount of
ozone have been registered in Norway
(Norwegian Institute for Air Research
1996c¢). The thickness of the ozone layer
is measured daily in Oslo, Tromsg, Andgya
and Ny-Alesund (Svalbard) by the Nor-
wegian Institute for Air Research and the
Universities of Oslo and Tromsg.

Emissions in other countries

In the OECD countries, there has been a
slight overall rise in CO, emissions during
the period 1980-1995. CO, emissions per
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unit GDP (kg per USD 1 000) and per
capita CO, emissions in Norway are lower
than the average for all OECD countries
(Appendix, table C9). This is mainly be-
cause hydroelectricity accounts for a large
proportion of energy use in Norway.
However, average per capita emissions for
the world as a whole (including develo-
ping countries) are only half the Norwegi-
an level. The production of electricity
makes the largest overall contribution to
CO, emissions in other countries. Per
capita SO, emissions in Norway are lower
than in most other countries, whereas per
capita NO, emissions are among the hig-
hest for OECD countries. This is because a
high proportion of combustion in Norway
takes place in gas turbines, and the coun-
try has a large amount of coastal shipping.
Both these sources generate high NO,
emissions per unit of energy commodity
consumed.

4.3. Emissions by county

Telemark and Hordaland are the counties
with the highest CO, emissions (figure
4.8). CO, emissions are also high in Roga-
land and Nordland. In all four counties,
metal manufacturing accounts for a relati-
vely high proportion of emissions. In
addition, fertilizer and cement production
and the petrochemical industry are major
sources in Telemark. Emissions from oil
refineries are highest in Hordaland.

CO, emissions are high at sea, where
almost one third of Norway’s total emis-
sions are generated (figure 4.8 and Ap-
pendix, table C7). Emissions at sea also
make the largest regional contribution to
Norwegian emissions of NO, and
NMVOCs. Shipping is the main source of
NO,, while loading of crude oil on tankers
offshore is the most important source of
NMVOC emissions.
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Figure 4.8. CO, emissions in 1995 by source
and county
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Digital map data: Norwegian Mapping Authority.
Sources: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

CH, and NH, emissions are highest in
Rogaland, mainly because the county has
large numbers of livestock and therefore
large amounts of manure. On Svalbard,
the coal mines are a major point source of
CH, emissions. Process emissions from the
manufacture of fertilizer in Telemark and
Nordland account for 30 per cent of the
country’s total emissions of N,O.

Dstfold, Nordland, Aust-Agder and Sgr-
Trendelag account for the largest SO,
emissions from the mainland (Appendix,
table C7). The manufacture of ferro-alloys
and chemical industry are the main sour-
ces. In all counties, NO, emissions are
dominated by mobile sources (figure 4.9);
in Akershus, where NO, emissions are
highest, 95 per cent of the total is genera-

Digital map data: Norwegian Mapping Authority.
Sources: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

ted by mobile sources. As a result of
industrial emissions, Telemark is also
among the counties with the highest NO,
emissions.

Hordaland alone accounts for 27 per cent
of total mainland emissions of NMVOCs
(figure 4.10). The main sources are pro-
cess emissions from loading of crude oil
and oil refining.

CO emissions are highest in Akershus,
largely as a result of road traffic. Emis-
sions of particulate matter are highest in
Hordaland, which is followed by
Hedmark, Akershus and Rogaland. The
main sources are wood-firing and road
traffic.

59



Air

Natural Resources and the Environment 1998

Stationary sources
Il Mobile sources
3 Processes

Q 50 000 tonnes

O 5000 tonnes

Digital map data: Norwegian Mapping Authority.
Sources: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

4.4. Emissions by municipality

In 1995, the municipalities of Oslo,
Porsgrunn and Bergen accounted for the
largest NO, emissions, and emissions
exceeded 4 000 tonnes in Oslo and
Porsgrunn. If emissions per km? are com-
pared, we find the highest values in
Porsgrunn, Stavanger and Oslo (figure
4.11). As a general rule, emissions per km?
are highest in municipalities with a high
population density and where there are
national highways.

Per capita NO, emissions were highest in
Tysfjord, followed by Serfold, Bremanger
and Hemne; the main source of emissions
in these municipalities was manufacturing
industries. Per capita NO, emissions are
also high in certain municipalities with
few inhabitants where there are national
60

Digital map data: Norwegian Mapping Authority.
Sources: Emission inventory from Statistics Norway and
Norwegian Pollution Control Authority.

highways. Table C8 in the Appendix shows
emissions to air by municipality, and
references for the calculation method are
given in box 4.7. Emissions are calculated
for the same number of components at
municipal and national level.

4.5. 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. In
Norway, road traffic is the most important
source of local pollution by NO,, CO and
particulate matter (the term particulate
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Box 4.7. Emissions to air by munici-
pality

These figures include emissions to Norwegian
territory from international maritime and air
transport and domestic activities in Norway.
The figures for national emissions, on the
other hand, only include domestic activities in
Norway. The methods used to calculate
emissions to air are described in Rypdal (1993
and 1995), Daasvatn et al. (1994) and Nor-
wegian Pollution Control Authority (1998a).
Emission figures may be found on Statistics
Norway's website (Www.ssb.no).

matter is used here as a synonym for PM,,,
i.e. particles with a diameter less than

10 um). Particulate matter from wear of
asphalt (road dust) is most important
locally when the roads are dry in the
winter months, when the use of studded
tyres is permitted. However, wood firing
in private households may also make a
significant contribution to the PM,, con-
centration. Industrial installations are the
most important source of high SO, con-
centrations. In municipalities with major
ports, shipping is also an important source
of SO, and NO, emissions.

Air quality in Oslo

There has been frequent coverage of air
quality in Oslo in both local and national
Norwegian newspapers recently. The
concentrations of pollutants specified in
the authorities’ recommended air quality
guidelines have been exceeded several
times in recent winters, and a large num-
ber of people are exposed to harmful
substances. This section deals with condi-
tions in Oslo, but other larger towns such
as Bergen and Drammen have the same
problems.

Air quality depends on topography and
weather conditions in addition to the
amounts of pollutants released. When air
pressure is high and the weather is cold

and clear, there is little air movement and
dispersion conditions are poor. Cold air
sinks towards the ground and a tempera-
ture inversion develops: the temperature
increases with altitude in the lowest 50-
200 m of the air masses. Under such
conditions, the concentrations of air pollu-
tants may continue to rise until the air
masses are replaced, for instance by wind.
Temperature inversions frequently de-
velop in Oslo during the winter.

PM,,, NO,, SO, and ozone (O,) are the
most important air pollutants in a descrip-
tion of air quality, see box 4.1. In Oslo,
SO, is no longer regarded as a problem
with respect to air quality because coal
and coke are not used for heating today
and because the sulphur content of most
energy commodities has been reduced in
recent decades. Road traffic (exhaust
particles and road dust) and wood firing
in private households are the most impor-
tant sources of pollution by particulate
matter in Oslo. Measurements made by
the municipal authorities in winter 1996-
97 show that the concentration of PM,, is
not always lower at weekends, when road
traffic is less heavy (Miljg- og neeringsmid-
deletaten 1997). This shows that air quali-
ty is also dependent on weather condi-
tions and that other major sources of
particulate matter such as wood firing
may also be of importance when there is
less traffic.

Calculations by Statistics Norway show
that in 1995, emissions of particulate
matter in Oslo totalled 1 609 tonnes. Of
this, 1 057 tonnes was generated by
heating in private households, mainly by
wood firing. Emissions of particulate
matter from wear of asphalt totalled 162
tonnes, and emissions from exhaust 262
tonnes. Emissions from heating in private
households thus accounted for almost 66
per cent of total emissions of particulate
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Figure 4.12. Calculated concentration of particulate matter (PM,,) in Oslo on the most heavily-
polluted day of the year (assuming that roads are dry and there is a temperature inversion and
little wind). ug/ms

N

! Maximum concentration of PM,  according to recommended air quality guidelines is 35 pg/m?>. The (isoconcentration) lines are

drawn at 1, 3, 5, 7 and 9 times this concentration.

Source: Oslo City Department of Environmental Health and Food Control.

matter in Oslo in 1995, and road dust for
only 10 per cent. Nevertheless, road dust
is the most important component of these
emissions during certain periods. This is
because emissions of road dust directly to
the air take place only during the months
when the use of studded tyres is permit-
ted, and mainly when the roads are dry.
Emissions from wear on roads are thus
concentrated to a few episodes during
each winter when road dust contributes
significantly to the total concentration of
particulate matter. Furthermore, emissions
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of road dust take place at ground level,
where people are exposed directly, where-
as particulate matter from wood firing is
released some metres above ground. This
means that on certain days, emissions of
road dust contribute more to the concen-
tration of particulate matter at ground
level than emissions from heating, even
though overall emissions from heating are
larger. The Norwegian Institute for Air
Research has calculated that on the five
days when the mean concentration of
PM,, was highest at four measuring
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stations in Oslo, dust worn off and whir-
led up from roads accounted for 84-92 per
cent of the total PM,, concentration, and
60-78 per cent of PM, s (Larssen and
Hagen 1997).

Figure 4.12 shows the calculated 24-hour
mean concentration of particulate matter
(PM,,) over Oslo on a winter’s day when
the roads are dry and there is a tempera-
ture inversion and little wind. The emis-
sion data used are from 1994, and it is
assumed that 20 per cent of the vehicles
were using winter tyres without studs.
The Oslo City Department of Environ-
mental Health and Food Control estimates
that there is one day each winter when
concentrations are as high as this (i.e. an
extreme situation). The concentrations are
drawn at 1, 3, 5, 7 and 9 times the con-
centration of PM,, specified in the recom-
mended air quality guidelines issued by
the Norwegian Pollution Control Authority
and the National Institute of Public Health
(a 24-hour mean of 35 pug/m?). The figure
shows that under these conditions, the
highest concentrations are generally found
along the main roads where traffic is
heaviest. The highest concentration shown
on the map is nine times higher than the
recommended maximum. The high con-
centrations found under conditions like
those shown in figure 4.12 are mainly due
to wear and tear on asphalt and road dust
raised by the traffic. Emissions of road
dust are proportional to the square of the
vehicle’s speed, and the high average
speed of vehicles on some of the main
roads thus contributes directly to the high
level of emissions.

Wood firing accounted for almost 48 per
cent of total emissions of particulate
matter (including emissions related to the
use of studded tyres) in Oslo in 1994.
Figure 4.13 shows emissions from wood

Box 4 8. Calculatlon of air polluﬂon
per basic umt

Statistics Norway calcutates emissions to air
per basic unit in 11 Norwegian municipalities |
(Flugsrud et al. 1996) for the Norwegian
Pollution Control Authority. Basic units are
 the smallest geographical unit Statistics
Norway uses for statistical purposes, and
urban district consists of several basic units.
In 1994, emissions were calculated in the
following municipalities: Oslo, Bergen,
Trondheim, Drammen, Skien, Porsgrunn
Sarpsborg. Frednkstad Lxer Ned '
Berum.

Figures are obtalned from a model that |
calculates emissions of 11 components per
municipality in Norway. The figures
divided into three main groups: station.

nbustion (e.g. heating in housing and
ffices), process emissions (e.g petrol distri
bution, solvents) and mobile sources (e.g.

road traffic, shipping). Emissions are ai!ocate'd

CO!

to basic units using \_/_aridus methods (Flugs-
rud eta! 1996) .

Emissions per basic unit are used in the air |
quality model AirQUIS (Air Quality Informa- |
tion System). AirQUIS was developed by the
Norwegian Institute for Air Research. The
Oslo City Department of Environmental
Health and Food Control uses AirQUIS for
daily monitoring of air quality and in impact
assessment to evaluate measures to combat |
pollution. Figure 4 12 was drawn up uswg
AirQUIS. . .

firing in that year in urban districts of
Oslo, expressed as tonnes/km2. From the
map, it can be seen that emissions per unit
area are highest in Uranienborg-Majorstua
(2), Griinerlgkka-Sofienberg (5) and
Sagene-Torshov (4). One of the concentra-
tion maxima in figure 4.12 is also centred
on urban district no. 4. These three dis-
tricts have a large proportion of older
town housing where wood can be used for
heating, and are also the districts where
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Figure 4.13. Emissions of particulate matter from wood-firing in private households for urban
districts in Oslo. Tonnes/km? in 1994

Urban
district no. Name
1 Bygdey-Frogner
2 Uranienborg-Majorstuen
3 St. Hanshaugen-Ulleval
4 Sagene-Torshov
5 Grunerlgkka-Sofienberg
6 Gamle Oslo
7 Ekeberg-Bekkelaget
8 Nordstrand
9 Segndre Nordstrand
10 Lambertseter
Particulate matter, tonnes/km?2 n Baler
l:] 00to 25 12 Manglgrud
13 dstensja
[ ] 2510 50 14 Helsfyr-Sinsen
50to 7.5 15 Hellerud
7.51010.0 16 Furuset
17 Stovner
Il 0010126 18 Roms3s
19 Grorud
20 Bjerke
21 Grefsen-Kjelsas
22 Sogn
23 Vindern
24 Rea
25 Ullern
S Sentrum

Source: Material from Statistics Norway.

population density is highest. The urban
districts where PM,, emissions of this type
have least impact are Sentrum (S), Sendre
Nordstrand (9) and Bygdgy-Frogner (1).
In urban district no. 1, the low average
level of emissions is explained by the large
area of park and woodland on the Bygdgy
peninsula.

The municipal authorities and the Oslo
division of the Public Roads Administra-
tion measured PM,, concentrations at two
measuring stations in Oslo in winter 1996-
97 (Miljg- og naringsmiddeletaten 1997).
At station A, the threshold limit for PM,,
given in the recommended air quality
guidelines (24-hour mean 35 pg/m3) was
exceeded for 45 per cent of the time in the
period September-March. For measuring
station B, the corresponding figure was
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only 17 per cent. The difference is explai-
ned by the fact that at station A, measure-
ments were taken 4 m above a road carry-
ing heavy traffic, where there was direct
exposure to road dust, whereas measuring
station B is in a courtyard and therefore
not directly exposed to road dust.

Injury to health caused by particu-
late matter

Several studies have shown a significantly
higher risk of death on days (or during
periods) when concentrations of particula-
te matter are high (e.g. Plagiannakos and
Parker 1988, Lipfert et al. 1988 and
Schwartz 1993). PM,, is considered to be
harmful mainly to the lower respiratory
passages. In the upper respiratory passa-
ges, larger particles may also be harmful.
PM, ; (particles with a diameter of less
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than 2.5 um) are believed to have a more
serious effect on health because they
penetrate more deeply into the lungs.
Several articles have presented findings
showing that particles with a diameter of
less than 2.5 um are particularly harmful,
but few authors have measured PM,, and
PM,; at the same time (Vedal 1997).
Schwartz et al. (1996) measured PM,, and
PM,; in eight American towns and compa-
red the measurements with daily mortali-
ty. They found a strong correlation be-
tween mortality and short-term increases
in the PM, ; concentration. Particles from
diesel exhaust have been shown to en-
hance allergic reactions caused by pollen
(National Institute of Public Health et al.
1998).

Rosendahl (1996) calculated that there
are about 90 premature deaths per year in
Oslo as a result of episodes involving high
local concentrations of PM,,. Furthermore,
400 new cases of chronic lung disease per
year are attributable to particulate matter.
Hansen and Selte (1997) calculated that if
the PM,, concentration in Oslo was redu-
ced by 10 ng/m? (about 40 per cent of the
average PM,, concentration in the measu-
rement period), the total number of days
of sick leave for a company with 1000
employees would be reduced by about
240, which is a reduction of about 2 per
cent. This would reduce the company’s
costs by about NOK 288 000.

Injury to health is caused not only by
episodes involving high concentrations of
particulate matter, but also by long-term
exposure to lower concentrations. Ameri-
can studies show that long-term exposure
to low concentrations of particulate mat-
ter in air can result in a larger number of
cases of bronchitis, reduced lung capacity
and a reduction in life expectancy of 1-2
years (EU Commission 1997). Some ef-
fects are caused by other harmful substan-

ces carried by dust particles, such as PAHs
(polycyclic aromatic hydrocarbons),
sulphur and various metals (e.g. lead).
Some PAHs are classified as carcinogenic.

Larssen (1991) refers to a report by
Davies and Sanner from 1983, which
concluded that smoking and air pollution
act synergistically in the development of
lung cancer. This means that the total risk
of developing cancer for the group that is
exposed to both smoking and air pollution
is larger than the sum of the probabilities
of developing cancer after exposure to one
of these factors. This is probably because
the cilia in the respiratory passages are
damaged in smokers, so that pollutants
are not removed as efficiently as in non-
smokers (Sanner 1998). Davies and San-
ner also state that air pollution is a contri-
butory factor in 5-25 per cent of cases of
lung cancer in Oslo. According to Sanner
(1998), even though the results are from
1983, there is nothing to suggest that they
are not still valid. Emissions of carcinoge-
nic substances are mainly generated by
combustion processes. Road dust contains
much less of such substances than particu-
late matter from wood firing and internal
combustion engines, and therefore plays
little part in the development of cancer.

Co-financed by: Ministry of the Environ-
ment and Norwegian Pollution Control
Authority.

Documentation: Daasvatn, Flugsrud,
Hunnes and Rypdal (1994), Holtskog and
Rypdal (1997), Rypdal (1993 and 1995),
Rypdal and Tornsjg (1997).

More information may be obtained from:
Gisle Haakonsen, Kristin Rypdal, Bente
Tornsjg and Solveig Glomsrgd (projec-
tions).
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5. Waste

The quantities of waste generated are increasing

with rising consumption and economic growth. Per capita

generation of household waste is now almost 300 kg per year, almost
twice the figure 30 years ago. In addition, waste is generated by business
and industry and by the public sector. The most important environmental
problems associated with waste include emissions to air from landfills,
incineration plants and waste transport, seepage from landfills and the
large areas required by landfills. Projections drawn up by Statistics
Norway indicate that the quantities of waste generated will continue to
rise steeply unless patterns of consumption change.

5.1. Introduction

The strategy set out by the environmental
authorities is first and foremost to mini-
mize waste generation, secondly, to pro-
mote re-use, the recovery of useful materi-
als and the extraction of energy from any
waste generated, and thirdly, to ensure
sound management of the residual waste.
Despite this, the volumes of waste genera-
ted have been rising. Waste entails socio-
economic costs regardless of how it is
treated. However, measures to prevent the
generation of waste can produce a net
socio-economic gain (Bruvoll 1998a).

Landfills emit substantial amounts of
methane (CH,), which account for 12 per
cent of greenhouse gas emissions in
Norway. These emissions have risen des-
pite an increase in the amount of methane
extracted and burnt. Incineration of waste
also results in emissions of toxic gases.
Stricter requirements have been introdu-
ced for emissions from incineration plants,
and emissions of toxic gases have been

reduced in recent years. Polluted seepage
from landfills is still a problem at many
sites.

Waste also contains materials and energy
that can be recovered and used. In some
cases, material recovery also reduces
pollution problems. For example, energy
consumption in aluminium production can
be reduced by using aluminium scrap as
feedstock instead of virgin raw materials.
Energy recovery can also reduce green-
house gas emissions in two ways. Firstly,
waste can be used to replace fossil fuels,
thus reducing CO, emissions. Ninety per
cent of the energy obtained from waste
incineration is considered to be bioenergy.
Secondly, incinerated waste that is land-
filled will not result in methane emissions
in the long term, in contrast to non-incine-
rated waste.

However, a greater degree of material

recovery, together with direct landfilling
and incineration, may result in higher
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Box 5.1. Waste and waste statistics — terminology and classification

Wiaste can be classified in many ways, for instance according to its origin, composition or environ-
mental 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: consumer waste, production
waste and special waste (including hazardous waste). Statistics Norway classifies waste according
1o 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 separately (paper, glass, metal, etc.). These may
form part of any of the previously mentioned categories. Waste may also be classified according to
product type (packaging, electronic products, 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 usage. 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 presen-
_ted final recommendations.

Consumer waste
Ordmary waste mcludmg Iarge items such as fittings and furnishings from private households,
shops, offices, etc - .

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

Hazardous waste v
. 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.

» thsehold 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 (for example manu-
facturing waste). The degree of aggregation in the classification varies.

_Municipal waste v
All waste treated or administered in the municipal system i.e. almost all household waste and a
large propomon of mdustr;al waste '

costs in the form of more transport and economic costs of various types of waste
emissions during further treatment of the treatment is needed.

waste. Analyses suggest that both the

environmental and the economic costs 5.2. Waste generation: more
associated with certain types of material household waste, less manu-
recovery have been underestimated. facturing waste

Further review of the environmental and It is not possible to give exact figures for

the total quantity of waste generated each
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Table 5.1. Quantities of waste generated in
Norway!' in 1996, million tonnes

Sector Waste
quantity Source
Private 1.3 Statistics Norway
households (1997¢)
Manufacturing 2.9 Statistics Norway
(1997d)
Construction? 14.23 Hjellnes Cowi (1997)

Mining and quarry- 2.5
ing except energy-
producing materials

Norwegian Pollution
Control Authority
(1998b)

- Figure 5.1. Per capita generation of house-

hold waste
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Parts of public 04 Statistics Norway

sector® (1996a)

Fisheries® 0.6 Foundation RUBIN®
(1996)

' Data lacking for several sectors. 2 Average for 1983-1996.
3An estimated 13 million tonnes of this is stone waste from
blasting and excavated soil and gravel. * Technical services in
the municipalities, the health and social affairs sector of central
government administration, educational institutions (agricultur-
al sector, other colleges and universities), research activities,
animal health and veterinary services and social services for the
elderly. Figures are from 1994. 5 Figures are from 1995.

6 RUBIN: Recycling and Utilisation of Organic By-product in
Norway.

year in Norway. This is partly because it
can be difficult to define precisely which
materials are to be considered as waste
(e.g. for much of the waste from con-
struction activities) and partly because the
quantities can be very difficult to measure.
Calculation of the total mass of residuals
in production sectors is discussed in sec-
tion 5.6. Table 5.1 shows figures for the
quantities of waste generated in Norway
in 1996 for those sectors for which statis-
tics and calculations from various sources
are available.

Household waste

Household waste totalled 1.29 million
tonnes in 1996. The amount of household
waste generated has been rising ever since
the first surveys were made in the early

Sources: Waste Statistics from Statistics Norway and Halmg
(1984:)

1970s. In 1974, each person generated an
average of 174 kg household waste (figure
5.1). In 1996, this had risen to 293 kg
(Ligard 1982, Statistics Norway 1989 and
1997c). Between 1974 and 1985, the
average rise in the per capita quantity of
household waste was 1.3 per cent per
year. Between 1985 and 1992, the rate of
growth rose to 3.4 per cent per year, and
between 1992 and 1996 it was 3.7 per
cent per year, corresponding to an average
annual rise of 10 kg per capita. In recent
years, the quantity of waste has grown
faster than consumption of goods (see
Chapter 1). Since consumption has risen
more rapidly than was expected and the
quantities of waste generated have grown
faster than consumption, the volume of
household waste has in recent years in-
creased faster than in the projections for
1992-2010 drawn up by Statistics Norway
(Bruvoll and Ibenholt 1995). Per capita
quantity waste generation reached the
level predicted for 2010 in 1996. Updated
projections based on the same economic
assumptions as the Long-term Programme
1998-2001 indicate that per capita waste
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Table 5.2. Composition of household waste
in 1997, percentages by weight

Paper/Cardboard 3
Plastic

Glass

Food 2
Metals

Wood

Park and garden waste

Other combustible waste

Sanitary articles

Electrical/electronic waste

Other non-combustible waste

Hazardous waste

Dust, including vacuum cleaner bags

VI O = = b OONNDOOD™SOOW

Source: Heie (1998).

generation will rise by an average of 1.8
per cent up to 2010 if current waste policy
is continued. According to these calcula-
tions, per capita generation of household
waste would be 380 kg in 2010.

Differences in per capita waste generation
have been analysed both in Norway and in
other countries. These analyses show a
relationship between general welfare
trends in a country, expressed as gross
domestic product, and per capita waste
generation (Beede and Blom 1995). Per
capita waste generation is also higher in
urban municipalities than in rural munici-
palities (Halmg 1984, Ligird 1982, Beede
and Blom 1995).

Analyses show that household waste in
Norway contains about 33 per cent paper
and cardboard, 28 per cent food waste
and 8 per cent plastic (including waste
delivered for material recovery), see table
5.2, Other fractions account for less than
8 per cent of the total each (Heie 1998).
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Table 5.3. Composition of waste from manu-
facturing industries in 1996, percentages by
weight

Paper and cardboard 7
Plastic (including EPS) 2
Glass 1
Food, slaughterhouse and fish waste 15
Iron and other metals 10
Processed wood 32
Park and garden waste

Textiles

Rubber (including car tyres)

Stone, gravel, earth and other minerals waste
Asphalt, ash and dust

Sewage sludge (dry matter)

Slag

Chemicals

Mixed/unknown/other

N OO WWOO =

Source: Statistics Norway (1997d).

Production and consumer waste
from manufacturing industries

In 1996, Norwegian manufacturing indus-
tries generated 2.5 million tonnes pro-
duction and consumer waste (Statistics
Norway 1997d, 1998c). This is 0.5 million
tonnes less than in 1993. The drop is
mainly a result of changes in production
processes that reduce waste generation.
Waste management entails substantial
costs for industrial enterprises, and many
of them have implemented measures to
reduce waste generation.

Even though manufacturing industries
generated less production and consumer
waste in 1996 than in 1993, the quantities
delivered to external waste treatment and
disposal plants rose from 1.6 to 1.7 milli-
on tonnes. The quantity treated on-site
was reduced from 1.4 to 0.8 million ton-
nes. These figures do not include on-site
material recovery.

In 1996, the largest fraction of manufac-
turing waste, 32 per cent, was wood waste
(table 5.3). Food, slaughterhouse waste
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and fish waste accounted for 15 per cent,
iron and other metals for 10 per cent and
paper and cardboard for 7 per cent. It is
therefore not surprising that in the same
year, the largest quantities of waste were
generated by the pulp and paper industry,
metal manufacturing and manufacturing
of food products, beverages and tobacco
(figure 5.2). They accounted for 37, 20
and 18 per cent respectively of the total
quantity of waste from manufacturing
industries.

Section 5.6 describes projections of the
residuals generated by manufacturing
industries, assuming that waste forms a
constant proportion of the residual mass.
These projections indicate substantial
growth up to 2010 (Ibenholt and Wiig
1998).

Hazardous waste

Because of its high toxicity, hazardous
waste represents a serious threat to health
and the environment, even though the
quantities of waste involved are relatively
small. Calculations show that 645 000
tonnes of hazardous waste was generated
in Norway in 1995 (Norsas 1996). Corro-
sive substances were the largest category
of hazardous waste, and made up 36 per
cent of the total. The next largest catego-
ries were environmentally hazardous
metals (29 per cent) and waste oil (11 per
cent).

The quantities of hazardous waste genera-
ted by manufacturing industries rose from
320 000 tonnes in 1993 to 400 000
tonnes in 1996 (Statistics Norway 1997d,
1998¢). Most of this originated from the
manufacture of chemicals and chemical
products (56 per cent) and metal manu-
facturing (37 per cent). The rise from
1993 to 1996 can be partly explained by
an improvement in the quality of the data

Figure 5.2. Production, consumer and_ha‘zar- :
dous waste from manufacturing industries
in 1996, by source -

Food products, beverages
and tobacco

Textiles and textile products
Leather and leather products

Wood and wood products

Pulp, paper and paper products;
publishing and printing
Refined petroleum products

Chemicals and chemical products
Rubber and plastic products|
Mineral products
Metals and metal products
Machinery and equipment/ |
Electrical and optical equipment
Transport equipment, incl. oil rigs|
Furniture and other manufacturingf . Lyl 11

L
0 200 400 600 800
1 000 tonnes

Source: Statistics Norway (1997d).

needed for the calculations and partly by
greater awareness of what should be
classified as hazardous waste. However,
the increase in the quantity of hazardous
waste is not sufficient to explain the entire
drop in the amount of production and
consumer waste.

5.3. Waste management:

More recycling
Once waste has been generated, some
form of treatment or disposal is necessary.
This may be re-use, material recovery,
incineration with or without energy reco-
very, composting or landfilling. The objec-
tive of waste management is to dispose of
the waste and at the same time minimize
the associated environmental problems
and costs. Some forms of treatment, such
as material recovery and incineration
combined with energy use, utilize the
resources in the waste.
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The method a

A

. Figure 5.3. Waste paper by method of treatment

Box 5.2. Waste accounts for paper and cardboard

Statistics Norway’s main aim in developing waste accounts is to provide more complete informati-
on on waste quantities and waste streams in Norway. The first results of this work were waste
accounts for paper and cardboard, which were published in 1997.

sumes that all paper and cardboard entering the economy ends up as waste after
use. Thus, the quantity of waste can be found using the quantity of paper supplied (supply of
goods) calculated according to the following equation:

Waste = Supply of goods = primary production + imports - exports + changes in stocks

According to these calculations, 943 000 tonnes of waste paper was generated in Norway in
1995, and 37 per cent of this was delivered for material recovery. From 1988 to 1995, the quan-
tity of waste paper recycled rose from 150 000 to 346 000 tonnes (figure 5.3). The quantity of
printed matter rose and the quantity of packaging fell in the same period (figure 5.4). See Skoge-
sal (1997) and Statistics Norway (1997e) for more information on the waste accounts.

Figure 5.4. Waste paper by category

1 000 tonnes
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Sources: Statistics Norway (1997¢) and Skogesal (1997).
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Sources: Statistics Norway (1997e) and Skogesal (1997).

In recent years, the authorities, often in
cooperation with business and industry,
have taken steps to recover a larger pro-
portion of waste. Several analyses have
been carried out to compare the economic
performance and environmental impact of
different types of treatment; see for exam-
ple ECON (1995) and Norwegian Pollut-
ion Control Authority (1996). Many of
these conclude that there is no straight-
forward answer to the question of which
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type of treatment is best that applies to all
types of waste. Section 5.5 describes a
review of the literature and an analysis
showing that the scientific literature does
not appear to provide clear support for
the strong emphasis on material recovery
(Bruvoll 1998a and 1998b). For example,
an analysis of waste paper and plastic
shows that material recovery does not
necessarily result in lower environmental
costs than incineration and landfilling.
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Table 5.4. Environmental and economic effects of various methods of waste treatment and

disposal in Norway today

Treatment Positive effects

Adverse effects

Landfilling’

Incineration without energy use'

Incineration combined with energy use’

Material recovery?
raw materials

May also save energy?

Low treatment costs

Low treatment costs

Use of energy in waste cuts use
of other energy sources

Use of materials saves virgin

Greenhouse gas emissions
Seepage

Requires large areas of land
Unpleasant smells

Infection risk

Emissions of pollutants to air
Investment costs

Emissions of pollutants to air
Investment costs

Emissions of pollutants to air

and economic costs of sorting,
transport, cleaning and treatment
of materials

' Technological improvements will reduce emissions but raise economic costs.
2 For certain materials, material recovery saves energy. Remelting aluminium requires only about 5 per cent as much energy as
roduction of the same quantity of primary aluminium. For other materials, material recovery may use energy, e.g. removal of
primary y Y.

printers' ink from waste paper and cleaning plastics.

Table 5.4 summarizes the commonest
types of waste treatment and disposal in
Norway and their positive and negative
environmental and economic effects at
present. The table shows the general
situation and is therefore not necessarily
accurate for a particular plant or scheme.

Municipal waste management
Statistics Norway’s figures for municipal
waste management include almost all
household waste and a proportion of
industrial waste. Industrial waste that is
recycled is only included in these statistics
if the municipalities administer the collec-
tion scheme. In 1992 and 1995, Statistics
Norway obtained reports from all munici-
palities and waste treatment and disposal
plants, and in 1993, 1994 and 1996 from
a sample of municipalities. Data from the
municipalities in the sample were used as
a basis for calculating figures for the
whole country.

In 1996, municipal waste collection sys-
tems dealt with almost 2.8 million tonnes
waste (figure 5.5). This is an increase of
more than 0.5 million tonnes since 1992.

Most municipal waste is still disposed of in
landfills. Even though the proportion
delivered for material recovery is rising
(figure 5.6), the quantities landfilled and
incinerated are also increasing. In 1996,
63 per cent of municipal waste was dum-
ped in landfills, 16 per cent was incinera-
ted, 20 per cent was delivered for material
recovery and 1 per cent was treated bio-
logically.

Figures for recent years show a steep
increase in the amount of waste recycled.
In 1996, about 550 000 tonnes waste was
delivered for material recovery from
municipal collection schemes. The pro-
portion of household waste recycled has
risen from 9 per cent in 1992 to 22 per
cent in 1996 (figure 5.7). The proportion
of industrial waste that is recycled has
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Figure 5.5. Total quantities of municipal
waste'

Million tonnes
3or ] Unknown/mixed
sk ] Industrial waste

: Il Household waste
20 M
1.5
1.0
0.5
0.0

1973 1980 1985 1992 1996

' Figures for 1993, 1994 and 1996 calculated on the basis of
sample surveys.
Source: Waste Statistics from Statistics Norway.

risen from 8 per cent to 18 per cent du-
ring the same period (municipal waste
collection schemes only).

Almost half of the household waste delive-
red for material recovery was collected
where it was generated (sorting and
collection at source). The rest was collec-
ted at recycling centres (38 per cent) or
waste treatment and disposal plants (16
per cent). In 1996, schemes for sorting
and collection at source were in operation
for more than 1 million households, or 56
per cent of the population.

Half the household waste delivered for
material recovery is paper and cardboard
(figure 5.8). Other important fractions are
waste from parks and gardens (15 per
cent), food, slaughterhouse waste and fish
waste (10 per cent), iron and other metals
(8 per cent) and glass (7 per cent). The
total quantity of paper and cardboard
delivered was 130 000 tonnes, more than
twice as much as in 1992.

74

Figure 5.6. Municipal waste according to
method of treatment
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Source: Waste Statistics from Statistics Norway.

A proportion of industrial waste is also
processed through municipal waste collec-
tion schemes. In 1995, this totalled 1.47
million tonnes, a rise of 0.34 million
tonnes since 1992.

The number of municipal waste treatment
and disposal plants dropped from almost
400 at the end of the 1970s to 208 in
1995. There is a strong tendency to retain
a few large remaining plants that take
waste from a number of municipalities
(Statistics Norway 1996b). Landfills for
bulky waste and plants that received less
than 50 tonnes of waste are not included.
In 1995, one-quarter of the waste treat-
ment and disposal plants took waste from
more than three municipalities, and these
accounted for three-quarters of the total
quantity of waste.

Emissions of the greenhouse gas methane
as a result of decay in landfills constitute
one of the most serious environmental
problems associated with waste manage-
ment. These emissions were calculated to
total 327 000 tonnes in 1996, as compa-
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Figure 5.7. Household waste delivered for
material recovery
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Source: Waste Statistics from Statistics Norway.

red with 302 000 tonnes in 1990. In
1996, an estimated 13 500 tonnes of the
gas were flared or used for energy purpo-
ses, as compared with 800 tonnes in 1990.
Thus, the increase in the amount of met-
hane extracted has not been sufficient to
prevent a rise in methane emissions from
landfills. In 1996, methane emissions from
landfills accounted for almost 12 per cent
of total Norwegian greenhouse gas emis-
sions.

Emissions from waste incineration consti-
tute only a very small proportion of over-
all emissions of pollutants. This applies to
all components of emissions (for more
details about emissions to air, see Chapter
4 and Appendix, tables C5 and C6).

Management of waste from manu-
facturing industries

The proportion of production and consu-
mer waste from manufacturing industries
delivered for material recovery and/or re-
use rose considerably from 1993 to 1996
(figure 5.9, Statistics Norway 1998c). In
1996, 44 per cent was delivered for mate-
rial recovery and/or re-use, as compared

Figure 5.8. Household waste delivered for
material recovery', by material, 1996

Other
10%

Park and

Paper and
cardboard
50%
house waste'
and fish waste
10%
Iron and ™
other metals

8% Glass
7%

'Park and garden waste is composted: this is not strictly
speaking material recovery, but is classified as biological
treatment.

Source: Waste Statistics from Statistics Norway.

with 27 per cent in 1993. At the same
time, the proportion incinerated and used
as an energy source dropped from 30 to
19 per cent. Incineration of waste and use
of the energy is particularly widely used in
the manufacture of wood and wood pro-
ducts, pulp and paper manufacture, and
printing and publishing. These industries
have introduced changes that have entai-
led more material recovery and re-use and
less incineration. The proportion of waste
landfilled dropped from 28 to 23 per cent.

Iron and other materials was the waste
fraction of which the largest proportion
was recycled in 1996 (93 per cent). The
proportion was also high for food, slaugh-
terhouse waste and fish waste (89 per
cent). These are materials which have
been recycled for many years. There were
only small changes in the figures from
1993.

There have been considerable changes in
the treatment of waste wood and plastic,
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Figure 5.9. Manufacturing waste. Quantities,
generated', by method of treatment
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'Does not include hazardous waste.
Source: Statistics Norway (1997d).

of which 33 and 39 per cent respectively
were delivered for material recovery in
1996. The corresponding figures in 1993
were 7 and 15 per cent. For waste glass
and paper, the proportions recycled in
1996 were 75 and 69 per cent respective-
ly. This was slightly less than in 1993.

Excluding hazardous waste, only 14 per
cent of the waste from manufacturing
industries was dealt with by municipal
waste collection schemes in 1996. Fifty-
five per cent was delivered to private
waste management companies, and the
remaining 31 per cent was dealt with on-
site. The general pattern was that waste
delivered to municipal schemes was land-
filled (72 per cent of the total delivered),
whereas waste delivered to private waste
management companies was used for
material recovery or re-used (77 per cent
of the total). For waste dealt with by
companies on-site, incineration combined
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Figure 5.10. Quantities of hazardous waste
delivered to the hazardous waste manage-
ment system, main fractions
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Source: Norsas.

with energy use accounted for 52 per
cent, and 37 per cent was landfilled.

Almost all the waste that companies deli-
vered for material recovery and/or re-use
(97 per cent) was dealt with by private
waste management companies.

Hazardous waste management
Waste which comes within the scope of
the hazardous waste regulations must be
delivered to approved reception or treat-
ment centres. Norsas (Norwegian Resour-
ce Centre for Waste Management and
Recycling) is responsible for establishing
and administering the system of hazar-
dous waste management. Treatment of
hazardous waste includes material recove-
1y, energy recovery and final disposal.
Special collection systems have been
established for certain categories of hazar-
dous waste, see below.

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 1997 it had risen
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Table 5.5. Exports and imports of hazardous
waste, tonnes

Exports Imports
1989 16 576
1990 21766 .
1991 14 643 2419
1992 14 533 6 262
1993 18 208 15222
1994 32 811 4 358
1995 37 257 8 958
1996 29 250 34 411

Source: Norsas.

to almost 130 000 tonnes (figure 5.10,
Norsas 1998a). In 1997, various categori-
es of oily waste made up 52 per cent of
the total and waste from oil drilling about
30 per cent.

The hazardous waste management system
originally included all companies that
were licensed to deal with hazardous
waste. The EU list of hazardous waste
categories has since been taken into use in
Norway, and this resulted in the definition
of more categories of waste as hazardous
waste. The “new” hazardous waste is
largely dealt with by approved facilities in
Norway, but these have not yet been
incorporated into the hazardous waste
management system. This is true, for
instance, of the firm Norwegian Waste
Management (NOAH). This means that
there will be discrepancies between statis-
tics compiled by Norsas and those from
Statistics Norway on hazardous waste
generated by Norwegian industry.

According to Statistics Norway’s investiga-
tions of industrial waste, the quantity of
hazardous waste delivered to approved
facilities rose from 240 000 tonnes in
1993 to 270 000 tonnes in 1996 (Appen-
dix, table D12). However, the total quan-
tity generated rose so much that the pro-
portion delivered to such facilities sank

from 74 to 69 per cent. At the same time,
the quantity of hazardous waste treated
on-site rose. On-site treatment includes
treatment by the enterprise with or with-
out a licence and temporary storage of
waste.

For seven of 22 categories of hazardous
waste, more than 95 per cent of the total
was delivered to facilities approved for the
type of waste in question. These were
waste oil, oil emulsions, organic solvents
containing halogens, lead accumulators,
acids, photographic chemicals and asbes-
tos.

Exports and imports of waste

Most of the waste generated in Norway is
treated within the country’s borders, but
there are substantial exports of waste for
recycling, including large amounts of
waste paper of de-inking quality. This
includes newspapers and other printed
matter. In 1997, almost 217 000 tonnes
of waste paper was exported (Prosessin-
dustriens landsforening 1998). 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. Substantial
amounts of waste paper, mainly packaging
waste, are also imported. In 1997, just
under 42 000 tonnes of waste paper was
imported, which is less than in the three
preceding years.

With permission from the Norwegian
Pollution Control Authority, consignments
of hazardous waste have regularly been
exported from Norway. Norsas compares
information on this with data registered in
the hazardous waste management system.
The quantities vary widely from year to
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Table 5.6. Quantities of waste collected in special return schemes

Year Material/product Tonnes Per cent  Goal in agree- Source
collec-  collec-  ment with
ted"? ted  sector (per cent)
1997 Total packaging 240000 ca.70 Materialretur AS
1997 Glass 44 500? 85 . Norsk glassgjenvinning AS
1997 Paper 432 000 574 .5 Prosessindustriens
landsforening
1997 Cardboard (transport packaging) 135 000 70 80 by 1999 Materialretur AS
1997 Plastic ca. 40000 ca.40 80 by 1999 Plastretur AS
1997 Car tyres 1 800 000! Norsk Dekkretur
1996 Scrap iron 346 000 Stalverkenes skrapjernkontor
1996 Scrap aluminium 67 000 . Skanaluminium
1997 Scrapped cars 45 082’ 100 . Statistics Norway
1997 Lead accumulators 12 350 1138 95 AS Batteriretur
1996 Waste oil 41 000 47 Norsas’

! For car tyres and cars, numbers scrapped. 2Some categories overlap, so that the figures cannot be added together. 3Includes

6 000 tonnes of bottles replaced by the breweries in addition to 38 500 tonnes collected through the normal channels. *Percentage
of paper returned calculated by Treforedlingsindustriens bransjeforening in accordance with international paper statistics. Statistics
Norway calculates the supply of paper differently in its waste accounts, and found rather lower return percentages for 1988-1995.
°No agreement for the paper fraction as a whole, but agreements on the collection of drinking cartons (60 per cent by 1997) and
cardboard packaging (60 per cent by 1999). ¢Return percentage exceeds 100 because figures include accumulators in store after
collection in previous years.” Norsas: Norwegian Resource Centre for Waste Management and Recycling.

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. The large rise in import
quantities from 1995 to 1996 is explained
by the import of about 20 000 tonnes ash
from waste incineration in Denmark. This
is delivered at a landfill run by Norwegian
Waste Management. Imports of ash will
continue for the next few years (Norsas
1998b).

Recycling and return schemes

There are a number of schemes for collec-
tion and recycling of various types of
waste, but because it is difficult to draw a
hard-and-fast line between waste and
secondary raw materials, it is also difficult
to draw up reliable statistics for the
quantities involved. Many schemes have
been established because it is more econo-
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mical to recycle waste or subject it to
special treatment than to deal with it in
the normal refuse collection system. In
other cases, however, the authorities have
found it necessary to promote recycling by
order, by means of taxes or through agree-
ments with industry. Table 5.6 shows some
of the most important return and recyc-
ling schemes and the quantities collected
through them.

Packaging waste: The company Materialre-
tur AS was established to register, collect
and provide reports on collection and
recycling fees for packaging waste. Accor-
ding to the company, a total of 240 000
tonnes of packaging waste was collected
in Norway in 1997, and the goal is to
collect 300 000 tonnes (Materialretur AS
1998). The company estimates that bet-
ween 360 000 and 370 000 tonnes pac-
kaging waste is generated per year in
Norway. The Norwegian Pollution Control
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Figure 5.11. Quantities of paper and glass
collected
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Sources: Norsk Glassgjenvinning AS and Prosessindustriens
landsforening.

Authority and Statistics Norway are de-
veloping new statistics on packaging that
will give a better basis for estimates of the
total quantities of packaging waste gene-
rated annually in Norway.

Glass: The amount of glass recycled has
increased in recent years, but there have
been fluctuations, for instance because
breweries and producers of mineral water
and soft drinks have switched to plastic
packaging for many of their products. In
1997, 38 480 tonnes of glass was collec-
ted through the normal system. In additi-
on, 6 000 tonnes of glass bottles were
collected directly from the breweries. The
percentage returned is 85 per cent if glass
subject to packaging duty is included in
the figures, and 72 per cent if such glass is
excluded (Norsk Glassgjenvinning 1998).

The deposit and return schemes for beer,
mineral water, wine and spirits bottles are
long-established re-use schemes in Nor-
way. Between 95 and 100 per cent of all

beer and mineral water bottles are retur-
ned, and 71 per cent of wine and spirits
bottles were returned in 1996 (Statistics
Norway 1997f).

Paper: Prosessindustriens landsforening
(PIL) compiles statistics for paper and
cardboard waste. These show a steady
increase in the amounts collected during
the past ten years (figure 5.11). In 1997,
almost 432 000 tonnes of waste paper
was collected in Norway (Prosessindustri-
ens landsforening 1998).

A collection scheme for drinking cartons
has been established, and is available to
about 85 per cent of the population. By
the end of 1997, 60 per cent of all drink-
ing cartons were being returned after use.
This is in line with the goal set out in the
agreement with the authorities (Norsk
Returkartong 1998).

Similar agreements have been drawn up
for other types of paper and cardboard
packaging. In 1997, 70 per cent of all
board used for transport packaging was
recycled. This corresponds to about

135 000 tonnes corrugated and other
board. The goal is to recover 80 per cent
of the packaging waste generated by
1999. At least 65 per cent of this is to be
delivered for material recovery and the
rest for energy recovery (Materialretur AS
1998).

Plastics: The company Plastretur AS is
responsible for developing, running and
administering return schemes for plastic
packaging. It estimates that about 95 000
tonnes plastic packaging waste! was gene-
rated in Norway in 1997. Of this, about

7 000 tonnes was returned for material
recovery and more than 30 000 tonnes

1 This does not include plastic packaging such as soft drink bottles covered by deposit and return schemes.
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was used for energy recovery. The goal is

to use 30 per cent of the total for material
recovery and 50 per cent for energy reco-
very by 1999 (Plastretur AS 1998).

Car tyres: Since 1 January 1995, sales of
tyres for passenger cars and lorries have
been subject to a fee intended to cover the
costs of a collection and recycling scheme.
Since 1997, tyres for industrial vehicles
and tractors have also been included in
the scheme. In 1997, most of the 1.8
million tyres collected were used for
energy recovery in cement production.
About 100 000 tyres were re-used after
retreading. A substantial number of tyres
(estimated at 700 000) were collected
with scrapped cars and were therefore not
utilized in the same way as those collected
through the recovery scheme. Arrange-
ments to remove tyres when cars are
scrapped should have been in place from
1997, but are not yet in operation (Norsk
Dekkretur 1998).

Iron and other metals: In 1996, 346 000
tonnes of scrap iron was collected in
Norway (Stalverkenes skrapjernkontor
1997). A substantial proportion of this
consisted of scrapped cars. In 1996 the
number of cars collected rose to more
than 223 000 from 64 000 in 1995. This
was because the amount payable to a
person who delivered a scrapped car to a
breaker’s yard was temporarily raised in
1996. In 1997, 45 082 cars were scrap-
ped.

According to Skanaluminium, 67 000
tonnes of aluminium was remelted in
1996. The quantity of aluminium collected
for material recovery has risen in recent
years (Skanaluminium 1998).

As for other types of packaging, an agree-
ment has been drawn up to encourage

80

Figure 5.12. Per capita municipal waste
management costs, by county. 1995
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recycling of metal packaging. The com-
pany Norsk Metallgjenvinning was estab-
lished on 1 January 1998. The goal is to
collect 60 per cent of all metal packaging
waste by 1999. It is estimated that about
10 000 tonnes metal packaging waste is
generated per year in Norway, mainly in
the form of foil, tin cans and screw tops
(Materialretur AS 1998).

Lead accumulators (hazardous waste): The
scheme for the delivery and recycling of
lead accumulators is organized by the
company Batteriretur A/S. The goal is to
collect 95 per cent of all accumulators that
are scrapped for recovery. In 1996, the
rate of collection was 113 per cent, be-
cause the figures include accumulators in
store after collection in previous years.
After collection, the accumulators are
exported. The lead is extracted and re-
cycled, the plastic is used for material or
energy recovery and the sulphuric acid is
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Figure 5.13. Waste management fees in
municipalities. Number of a sample of 124
by price groups, 1997 .
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Source: Statistics Norway and Huseiernes landsforbund.

neutralized and landfilled. In 1997,

12 350 tonnes of lead accumulators were
collected under this scheme (AS Batteri-
retur 1998).

In 1996, 41 000 tonnes of waste oil was
collected. This is 47 per cent of the sales
volume of lubricating oils subject to a
sales tax. The quantity collected rose to
43 000 tonnes in 1997. Waste oil is now
used solely for heating purposes. (Norsas
1998a, Statistics Norway 1997f).

5.4. Economy of the municipal
waste management system

Investments

In 1995, the municipalities invested NOK
196 million in municipal waste manage-
ment. Investments in waste treatment and
disposal plants? accounted for 37 per cent

of this, and collection and transport for
36 per cent.

Costs

In 1995, the costs incurred by the munici-
palities in connection with waste manage-
ment totalled NOK 1.98 billion. The cost
per capita differs between counties (figure
5.12),but on average it is NOK 452 per
person. The average cost per tonne of
waste was NOK 726. Operating costs
accounted for most of the total, or about
NOK 1.8 billion.

Fees for municipal waste collection
systems

The average annual fee per subscriber was
NOK 924 in 1995. Although there was
wide variation from one municipality to
another (from NOK 110 to NOK 1 672),
the average fee in 85 per cent of the
municipalities was between NOK 700 and
NOK 1 200 (figure 5.13).

In 1997, Statistics Norway carried out a
sample survey commissioned by the Nor-
wegian Homeowners’ Association (Hus-
eiernes landsforbund), dealing with the
prices of municipal services in 124 munici-
palities (Huseiernes landsforbund 1997).
The average annual waste collection fee
per subscriber* was NOK 1 285 in the
municipalities in the sample. This was

9 per cent higher than in the same sample
in 1996.

In 1995, the municipalities collected a
total of NOK 1 878 million in fees from
subscribers. This corresponds to an overall
income-to-cost ratio* of 95 per cent, and
the ratio was between 90 and 110 per
cent in 70 per cent of the municipalities.

2 The term waste treatment and disposal plant includes milling, shredding, incineration, composting and

rendering plants as well as landfills.
3 Based on refuse collection once a week.

4 The income-to-cost ratio is the ratio between income from fees and annual costs.
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By 1996, sorting and collection at source
were available to more than one million
households, or just over half the popula-
tion. Paper and cardboard were sorted by
most of these, and sorting of wet organic
waste at source had been introduced for
about 210 000 households. The average
refuse collection fee in a municipality
where there was some form of sorting and
collection at source was NOK 931, while
the corresponding figure for municipali-
ties without such a system was NOK 905.
Section 5.5 presents an analysis of the
relationship between waste collection fees
and the degree of recycling for municipal
waste.

See also Natural Resources and the Envi-
ronment 1997 for a more detailed discus-
sion of investments, costs and fees in the
municipal waste management system.

5.5. Three analyses of optimal
waste policies
In recent years the focus in waste policy
has shifted from incineration and landfill
to increased emphasis on recycling. At the
same time, there is a fourth policy option,
i.e. waste minimization. The conceptual
and empirical basis for the choice between
these alternatives is deficient, which com-
plicates efficient decision-making. The
following three analyses attempt to impro-
ve the basis for waste policy planning. The
first analysis is a review of international
studies in the area, the second compares
the various policy choices for two specific
materials, while the third looks at factors
which explain recycling rates in Norway.

Effective use of instruments in
waste policy

There are a number of empirical studies of
the effect of various policy alternatives
and theoretical analyses of effective waste
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policies. A review of the literature shows
that the assumed positive gains derived
from mandated recycling have probably
been overestimated. On the contrary, it
can be seen from a vast number of studies
that recycling is often economically and
environmentally costly compared with the
alternatives incineration and landfill. This
is partly because the costs of collection,
transport and production processes asso-
ciated with recycling have been underesti-
mated and new technology has made
incineration and landfill considerably less
harmful to the environment.

One conclusion is that there are greater
advantages in using economic instruments
instead of regulations. Predetermined
recycling targets create artificial markets
and hamper cost-effective recycling. The
use of taxes to reduce waste amounts
results in lower social costs and provides
greater incentives to develop new techno-
logy. The international literature contains
many examples showing that economic
instruments are also well suited for influ-
encing the choice of treatment.

Incorrect pricing of input factors is an
important reason for the sharp growth in
waste amounts. A subsidized use of virgin
materials and the lack of internalized
environmental costs increase the use of
materials and thereby waste amounts.
Sooner or later materials that are ex-
tracted from nature end up as emissions
to air, land or water. Virgin material taxes
can be levied to correct the market when
it fails to function in an environmentally
optimal way, thereby reducing the flows of
material in the economy. If the environ-
mental damage increases with the use of
natural resources, virgin material taxes
can be used to reduce the use of resources
and thereby emissions, cf. CO, tax on
fossil fuels.
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Table 5 .7. Marginal costs (environmental and economic) of recycling, incineration and disposal of
paper and plastic waste, selected estimates. Costs based on cost |nterval in parenthesus NOK per

tonne waste fraction

Paper waste

Plastic waste

from households

from businesses

from households from businesses

Recycling 2400 800 6700 5000
(1700-3100) (6000-7400)

Incineration 1300 1500 2700 2900
(1200-1300) (1300-1500) (1700-4500) (1900-4700)

New landfills 2300 2400 2600 2800
(1100-2900) (1200-3000) (2100-2900) (2300-3100)

Old landfills 3300 3400 2700 2900
(1000-4500) (1100-4600) (1900-3100) (2100-3300)

Source: Bruvoll (1998a).

As an alternative to virgin material taxes,
variable tax rates may be levied on pro-
ducts or the waste itself. Under the exis-
ting solid waste management policy, one
does not pay more if one produces more
waste. Taxes unrelated to the delivered
waste amount provide an incentive to
generate more waste than the marginal
costs imply. A number of studies support
the notion that variable tax rates for end
treatment reduce waste amounts and
increase the recycling rate. If it is con-
sidered desirable to influence the choice
of end treatment, the tax can be directed
towards special targets at the final stage.
For example, taxes on greenhouse gases
may contribute to reducing emissions of
methane from landfills.

Project financed by: The Research Council
of Norway and Ministry of the Environ-
ment. The project was carried out during
a stay at the University of Colorado at
Boulder. Support was also provided by
Professor Wilhelm Keilhaus’ Memorial
Fund.

Project documentation: Bruvoll (1998b)
and (1998c).

The costs of alternative policies for
paper and plastic waste

In recent years there has been a sharp
increase in the recycling rate for paper
and plastic waste in Norway. The goal is to
reduce the negative environmental effects
of incineration and landfills and to extend
the lifetime of materials. However, recyc-
ling also has environmental consequences,
partly as a result of increased transport.
This analysis attempts to compare the
various cost components of different
measures for paper and plastic waste,
with a view to improving the basis for
future waste policy planning.

In addition to the treatment options recyc-
ling, incineration and landfill, the conse-
quences of waste minimization in the
form of a tax on paper and plastic are
evaluated. The two types of waste are
further divided into household waste and
commercial waste. The study looks at both
environmental costs and the conventional
economic costs of collection, transport
and treatment of waste. The study inclu-
des time costs linked to sorting by source.
When sufficient data from Norway were
lacking, estimates were obtained from US
sources. Data are still lacking, however, to

83



Waste

Natural Resources and the Environment 1998

obtain a complete picture of the total costs
of the various alternatives. The environ-
mental cost associated with the further
processing of waste for recycling is the
most important component that is lacking.
The estimates on the environmental costs
of collecting and treating emissions are
based on a number of studies. The
environmental costs are shown as inter-
vals as the estimates vary considerably
between different studies and estimation
methods.

The study supports the advantages of
using economic instruments; waste mini-
mization carried out as a tax on virgin
materials is the best alternative for all of
the waste types studied. The cost of a tax
reform is that private consumption and
production are reduced. This is more than
offset, however, by the advantages of
reduced waste amounts and emissions to
air, measured by treatment costs saved
and environmental costs.

Whereas a tax on waste generating mate-
rials involves social gains, net costs arise
for all the alternatives for the treatment

of waste that has already been generated.
Moreover, the study shows that recycling
as a method of treatment is not always the
best alternative. The figures show that for
paper and plastic both the environmeéntal
and economic costs in most cases exceed
the costs of incineration and landfill (even
when account is not taken of the environ-
mental costs from the further processing
of recycled waste). This is ascribable to
higher collection costs for recycling com-
pared with traditional waste collection.

Recycling is the best alternative for com-
mercial paper due to relatively low collec-
tion costs and high paper quality, and
thereby high prices. Our data show that
incineration is the best alternative for
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household paper, see table 5.7. Recycling
and modern landfills with the collection of
environmentally harmful emissions rank
about equal, while old landfills result in
higher costs due to emissions of methane.
Recycling is the most costly alternative for
plastic due to high transport costs. Incine-
ration and landfills rank about equal.

The figures must be looked upon as “ave-
rage results”, whereas in practice there
are considerable variations between regi-
ons, waste fractions and recycling levels.
Transport costs depend on the distance to
the recycling and treatment facilities and
many of the environmentally harmful
emissions vary with population density.

The recommendations concerning future
waste planning in this analysis point to an
emphasis on reducing waste generation,
and in the case of plastic and to some
extent paper a reduction in recycling
rates. The analysis shows that there is no
general rule for ranking the various alter-
natives; the costs of each alternative must
be calculated for the various types of
waste to ensure positive results for politi-
cal decisions.

Project financed by: The Research Council
of Norway. ‘

Project documentation: Bruvoll, A.
(1998a).

What factors influence household
recycling rates?

It is important to understand the factors
that influence household recycling rates.
The starting point was an assumption that
there was a clear relationship between
household recycling rates and solid waste
collection fees. The primary source of data
for the analysis was the 1995 municipal
solid waste survey.
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The main conclusion of the study is that
there is no clear and obvious relationship
between the current levels of solid waste
collection fees and the amount of material
collected for recycling from households. In
general, municipalities with high collec-
tion fees do not have higher recovery rates
than municipalities with low fees.

Regression analysis is used to attempt to
identify other factors that might explain
recycling rates. Relationships between
structural variables from the various
municipalities and recycling rates were
therefore included in the analysis. The
following variables were included:

* municipal collection fee income per
person

* time variable: whether the municipality
had/did not have a curbside collection
system for newspaper and cardboard in
1992 and/or in 1995

* centrality variable: the closeness of the
municipality to major cities

* the per cent of households that have a
source separation curbside collection
system for newspaper and cardboard

* the population density

* the per cent of the total municipal
budget spent on the solid waste sector

* municipalities’ cost per tonne of solid
waste treated

The only variables which were found to be
significantly related to the recycling rates
of households were the length of time that
a municipality had a system for curbside
collection of paper and the closeness of
the municipality to major cities. However,
the analyses show that the time variable
alone explains 25-28 per cent of the varia-
tion in recycling rates. When both the
time variable and the centrality variable
are included, 27-31 per cent of the varia-
tion in recycling rates is explained.

The length of time that a municipality has
a system for curbside collection of recyc-
lable materials, as the most important
explanatory variable for municipal recyc-
ling rates, may be explained on the basis
of the adoption of technical innovation,
such as source separation and recycling,
which takes place over time (adoption of
innovation theory, Rogers 1996). It takes
time before municipalities develop a
source separation system and it takes time
before households learn to sort by source.
The average recycling rate for households
in 1995 was 14.4 per cent, but 24 munici-
palities (5.5 per cent) had a recycling rate
that was higher than 37 per cent (mean
plus two standard deviations, see figure
5.14), which is the boundary for the first
two adoption groups, referred to as inno-
vators and early adopters. The figure
shows that many municipalities have zero
or very low recycling rates, but some
municipalities have a recycling rate which
is higher, although it is not possible using
the data in the analysis to provide a
reasonable explanation for this.

Figure 5.14. Histogram of per cent of total
household waste collected for recycling »;
(normal distribution added). 1995 :

Number of
municipalities
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Source: Hass (1997a).
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Based on this analysis, we find that recyc-
ling is still at an early stage of develop-
ment in many municipalities, and that
some municipalities are more innovative
than others in encouraging increased
recycling.

Project financed by: The Research Council
of Norway, MILFOR programme.

Project documentation: Hass (1997a).

5.6. Residuals in production based
on mass balance
Statistics Norway has previously made
projections of waste quantities generated
in manufacturing industry in Norway
based on the macroeconomic model MSG-
EE (Bruvoll and Ibenholt 1995). These
projections have explained the generation
of waste by assuming a fixed relationship
between waste and production volume
and/or the use of material inputs in pro-
duction. The fixed relationships are calcu-
lated by using waste statistics. In this
analysis we have studied the generation of
residuals up to the year 2010 using a
different approach, i.e. the principle of
mass balance. This is based on a law of
physics which states that mass cannot
disappear but only alter form. It then
follows that materials going into the
production process must be equal to the
materials coming out of the process.
Ingoing materials consist of, for example,
virgin materials (crude oil, minerals) and
more or less processed goods. Outgoing
materials consist of finished products and
emissions to air, water and land, including
solid waste. By calculating the mass which
comes out in the form of finished products
and emissions to air, waste and other
discharges to land and water may be
calculated residually.
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The macroeconomic model MSG-EE pro-
jects the use of material inputs and pro-
duction in monetary units. These units
(NOK) have been converted to weight
units (tonnes) by calculating kg per NOK
for virgin materials and processed goods.
An additional module to the MSG-EE
model was used to compute emissions to
air for the 10 most important components
in tonnes. Our analysis is based on the
same baseline scenario for MSG-EE as
earlier waste projections, which in prin-
ciple is the one used in the Long-Term
Programme 1994-1997.

Residuals consist of any emissions to air
which are not included in this model,
margins of error for weight and virgin
material coefficients as well as discharges
to water and land. Residuals thus com-
prise more than solid waste, and cannot
be directly compared with earlier waste
projections. Changes over time in the form
of growth rates are, however, comparable,
provided that the solid waste constitutes a
constant share of the residuals.

We find that residuals for all production
sectors increase by 69 per cent from 1988
to 2010. Earlier projections of waste show
changes in the manufacturing sector
separately for the period 1993 to 2010. In
our analysis, residuals for these sectors
increase in the same period by 84 per
cent, compared with 64 per cent in earlier
waste projections. The higher growth
shown in our analysis was expected inas-
much as a general result in the baseline
scenario of MSG-EE is that the use of
material inputs (ingoing materials) increa-
ses at a faster pace than production (out-
going materials). This development is a
result of the assumption that material
inputs will be relatively cheaper than
labour and that in some production sec-
tors it is possible to replace steadily more
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expensive labour with material inputs, for
example by accepting greater shrinkage of
materials in production. Projections based
on changes in material inputs or produc-
tion do not entirely capture this, while our
analysis, which is based on residuals being
equal to material inputs minus produc-
tion, does illustrate this trend.

The absolute figures in the mass balance
can provide us with an indication of the
quantity of materials which must be in
circulation in society in order to maintain
production. It is possible, for example, to
project the consumption of natural resour-
ces, which is particularly relevant in the
debate on sustainable consumption and
production.

Project financed by: The Research Council
of Norway.

Project documentation: Ibenholt and Wiig
(1998).

Partial funding, waste statistics: Ministry of
Environment, Norwegian Pollution Con-
trol Authority and Research Council of
Norway.

More information on waste statistics and
waste analyses may be obtained from: Olav
Skogesal, @ystein Skullerud, Annegrete
Bruvoll and Anders Falnes.
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6. Water supplies and waste
water treatment

Even though natural conditions mean that Norway has plentiful water
supplies, population growth, urbanization and industrialization have
resulted in a shortage of water of satisfactory quality in certain parts of
the country. Discharges of waste water, which contains nutrients such as
phosphorus and nitrogen, often result in nutrient enrichment (eutrophi-
cation) of rivers, lakes and coastal waters. This leads to a deterioration in
water quality, and creates various problems for user interests and for
many of the plant and animal species associated with the recipients. To
reduce discharges to an acceptable level, large sums are expended each
year on the construction and operation of waste water treatment plants
and the sewer system. The costs are covered largely through municipal
fees. Nutrients and organic material are removed from waste water to

form sewage sludge, which is widely used in integrated plant nutrient
management on agricultural areas and parks and other green spaces.

6.1. Introduction

Water resources are so closely linked with
almost all forms of economic activity that
they are vulnerable to over-exploitation
and degradation. In many parts of the
world, there is a growing shortage of
clean water supplies, brought about by
withdrawal for industrial, household,
agricultural, mining and other purposes
and discharges of waste water and envi-
ronmentally hazardous substances. The
overall situation in Norway is much more
satisfactory than in many other countries,
but there can nevertheless be severe local
problems.

Discharges of the nutrients phosphorus
(P) and nitrogen (N) to Norwegian river
systems and coastal waters have been a
matter of concern for many years. There
are large discharges of these substances

from agriculture and industry as well as in
waste water. In order to reduce discharges
to rivers, lakes and coastal areas with a
heavy pollution load, it is therefore impor-
tant to cooperate across both sectors and
national borders.

In recent years, both Norway and other
countries that drain to the Skagerrak and
the North Sea basin have invested sub-
stantial resources in waste water treat-
ment in response to the North Sea Decla-
rations and serious pollution in the
various recipients. According to the decla-
rations, the countries around the North
Sea have undertaken to halve inputs of
phosphorus and nitrogen compared with
the 1985 level as soon as possible. Norway
has achieved a satisfactory level of treat-
ment efficiency for phosphorus, mainly by
building waste water treatment plants
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providing chemical or chemical/biological
treatment. However, nitrogen is not as
successfully removed from waste water.
Despite the improvements in waste water
treatment, there are still signs of poor
water quality in the outer Oslofjord. An
attempt will be made to improve this
situation by constructing nitrogen removal
facilities at two large treatment plants in
the catchment area of the river Glomma in
the next few years.

6.2. Water supplies and water
consumption
The National Institute of Public Health
collects data from Norwegian water
works. In 1994, about 1 600 water
works! were registered, of which about
500 were private. These supplied about
3.82 million people, or 88 per cent of the
Norwegian population. The remaining
12 per cent of the population are supplied
by smaller water works or take water from
their own wells, rivers and lakes.

In Norway, both ground water and surface
water are commonly used as water sup-
plies. Water production at Norwegian
water works was calculated to total 1 110
million m® in 1994. Ground water ac-
counted for 12 per cent of this and surface
water for 88 per cent. Although it only
provides a small proportion of total con-
sumption, ground water is often a better
alternative than surface water. Factors in
favour of greater use of ground water are
its high, stable quality, good protection
against pollution, and the fact that only
limited technical facilities are required, so
that investment and operating costs are
low.

Figure 6.1 shows how water production
from Norwegian water works is utilized.
Private households account for the largest

Figure 6.1. Water consumption from
Norwegian water works. Whole country,
1994
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Leaks from pipes
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Manufacture of
food products
12%

Other purposes
17%

Source: National Institute of Public Health.

proportion of consumption, 37 per cent. It
should however be noted that more than
one third of the water supplied by water
worKks is lost by leakage from pipes and
joints. If the water that is lost between the
water works and the consumer is sub-
tracted, average per capita consumption is
found to be 480 1/day, of which 260 1 is
consumption by private households. Note
that there is some uncertainty as to these
figures, and particularly that the quantity
of water lost through leakages may be
somewhat higher than shown here.

An investigation of the quality of the
water supplied by Norwegian water works
(National Institute of Public Health 1997)
showed that much remains to be done
here. In 1994, only 38 per cent of the
water works supplied water of satisfactory
quality according to criteria for water
intake, hygiene, water treatment and
water quality. These water works supplied
66 per cent of the population connected to
a water works, or 58 per cent of Norway’s
total population. The worst figures were
for Telemark, Hordaland and Sgr-Trende-

1 Only facilities supplying at least 100 persons are registered.
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Figure 6.2. Percentage of the population
connected to water works providing satis-
factory water supplies, by county. 1994
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Digital map data: Norwegian Mapping Authority.
Source: National Institute of Public Health.

lag counties, where less than a quarter of
the population were supplied with water
of satisfactory quality (figure 6.2). In
Oslo, on the other hand, water supplies to
the entire population were of satisfactory
quality. The most important measures for
improving the quality of water supplied by

a water works are removal of humus and
disinfection.

6.3. Total inputs of nutrients to

Norwegian coastal waters
Discharge figures for municipal waste
water are used in calculating the total
inputs of phosphorus and nitrogen to
coastal waters around Norway. These
calculations also use discharge figures for
agriculture and industry, and take into
account retention in fjords and river
systems.

In 1996, total Norwegian anthropogenic
inputs of nutrients to the Norwegian coast
from agriculture, industry and municipal
waste water were calculated to be of the
order of 2 400 tonnes of phosphorus and
45 000 tonnes of nitrogen (Norwegian
Institute for Water Research 1997). Table
6.1 shows how inputs are split between
the North Sea counties and the rest of the
country.

Inputs of phosphorus from the North Sea
counties are much lower than those from
the rest of the country. This is a result of
the investment of substantial resources in
treatment of waste water and industrial
discharges (sections 6.10 - 6.12) and
measures to reduce runoff from agricul-
ture in these counties (Chapter 7). These
steps were taken in response to poor
conditions in recipients. Highest priority

Table 6.1. Inputs of phosphorus (P) and nitrogen (N) to Norwegian coastal waters from agnculture,

industry and municipal waste water

Phosphorus Nitrogen
Area Total input, Per cent of Per capita Total input, Per cent of Per capita
tonnes total input input tonnes total input input
Whole country 2383 100 0.55 kg 45 266 100 10.4 kg
- North Sea counties 657 28 0.28 kg 22 065 49 9.2 kg
- Rest of country 1726 72 0.87 kg 23 201 51 11.7 kg

Sources: Material from Statistics Norway and Norwegian Institute for Water Research.
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Figure 6.3. Norwegian anthropogenic inputs
of phosphorus (P) and nitrogen (N) to the
coastal zone from @stfold to Vest-Agder (the
North Sea area)’
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! Calculated inputs to the coastal zone outside the North Sea
area, particularly from agriculture, are uncertain.
Source: Norwegian Institute for Water Research.

has been given to the removal of phos-
phorus.

Figure 6.3 shows how the different sectors
have contributed to inputs of phosphorus
and nitrogen to the North Sea from 1985
to 1996. Inputs of phosphorus and nitro-
gen from municipal waste water were
reduced by 53 per cent and 1 per cent
respectively from 1985 to 1996. The
reductions in total discharges from all
sectors were 44 and 22 per cent respecti-
vely.

6.4. Waste water treatment plants
Most waste water treatment plants in
Norway have been built within the last 20
years. In the 1950s and 1960s, most of the
plants built provided mechanical and/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
purification process to remove phospho-
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Figure 6.4. Hydraulic capacity by treatment
method. Whole country
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Source: Waste water treatment statistics from Statistics
Norway.

rus. Figure 6.4 shows a sharp increase in
mechanical treatment capacity from 1988
to 1990. The main reason for this is the
inclusion of strainers and sludge separa-
tors in this category. The change in the
relative proportions of chemical and
biological/chemical treatment from 1994
to 1995 was caused by temporary altera-
tions at a large plant in Eastern Norway.

From 1995 to 1996, total treatment capa-
city rose for mechanical (3 per cent),
biological (39 per cent) and chemical (2
per cent) treatment plants, but remained
unchanged for chemical/biological plants.

In Norway, the most important measure
used to prevent excessive algal growth in
fjords and river systems is the reduction of
phosphorus inputs, and substantial resour-
ces have therefore been invested in chemi-
cal treatment of waste water. Other Euro-
pean countries have considered the
removal of organic matter to be more
important, and make more use of biologi-
cal treatment.
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Figure 6.5. Hydraulic capacity at primary a
high-grade treatment plants. By county,
1996
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Digital map data: Norwegian Mapping Authority.
Source: Waste water treatment statistics from Statistics
Norway.

In 1996, 2 210 municipal waste water
treatment plants with a treatment capacity
of at least 50 population units (PU) were
registered in Norway. Their total treat-
ment capacity was 5.4 million PU. The 17
largest plants each had a treatment capa-
city of 50 000 PU or more, and they
treated almost half of all municipal waste
water. In Eastern and Southern Norway, a
large proportion of municipal waste water
is treated in high-grade treatment plants
(figure 6.5). Such plants account for 94
per cent of total treatment capacity in this
area. Along the coast from Rogaland
county and northwards, most waste water
is only mechanically treated, and high-
grade treatment plants account for only

34 per cent of total treatment capacity.
See also Appendix, tables E1 and E2.

6.5. Sewer systems

The total length of sewer systems in 1996
was reported to be 33 700 km (data from
49 municipalities are lacking). The popu-
lation of the municipalities for which data
are available is about 4.1 million, giving
an average of 8.2 m sewers per inhabitant.
By way of comparison, the total length of
sewer systems in 1984 was calculated to
be 27 400 km, which corresponds to 6.5
m per inhabitant (Brunvoll 1987).

In 1996, the total length of new sewers
laid was at least 1 162 km (data from two
counties are lacking). This is about 40 per
cent more than was laid the year before.
Combined sewer systems accounted for

31 per cent of this, waste water sewers
for 48 per cent, and storm water sewers
for 21 per cent.

The data available on types of sewer
systems, length, age and materials are
incomplete in both this year’s and earlier
reports. It is therefore difficult to say
anything definite about the current situa-
tion and trends. Almost 80 per cent of
investments in 1996 were used on the
sewer system (section 6.12).

6.6. Discharges from waste water
treatment plants
About 80 per cent of the population of
Norway lives in areas served by municipal
waste water treatment plants or in other
areas where there are municipal sewer
systems for waste water. Total discharges
of phosphorus from municipal waste
water treatment plants in 1996 were
calculated to be about 560 tonnes, and the
average treatment efficiency of these
plants was 72 per cent (figure 6.6 and
Appendix, table E4).
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Box 6.1. Definitions

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 incorporate
combinations of these basic types.

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 micr anisms. The chemical phase involves the addition of various chemicals to remove
phosphorus. High-grade plants reduce the amounts of phosphorus and other pollutants in the
efﬂuent mor enectlvely than mechamcal plants.

ILC =

Population equlvalents (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 numbu ulation units (PU) in an area is given by the sum of the number of permanent
residents and the number of population equivalents in the area.

ant is the amount of waste water it is designed to receive.

‘Tﬁe hydraulic capacity of a treatment

Mechanical waste water treatment plants include sludge separators, screens, strainers, sand
!

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

‘Separate waste water treatment plamts 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.

‘The North Sea counties (or area) are those Norwegian counties to which the North Sea Declara-
tions apply. The area stretches from Qstfold to Vest—Agder and drains almost entirely into the
North Sea. ~

__ Figure 6.6. Material flow diagram for phosphorus in waste water, 1996. Tonnes

Leaks from Removed from
sewers waste water

G~7 ) 1440
Municipal WWTPs :—: >
Built-up 2000 Efficiency: 72% 560

areas )
— - - —— Recipient

Direct discharges - 240 ! ]
(sea, lakes, rivers, soils)

fo

Direct discharges - 36

Scattered =
settlements | ———— Separate WWTPs ——
480 Efficiency: 29% 340
140!
Removed from

waste water

' Also includes sludge from septic tanks delivered from separate waste water treatments plant to municipal plants (dotted arrow).
Source: Waste water treatment statistics from Statistics Norway.
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Calculations show that in 1996, the avera-
ge treatment efficiency for phosphorus in
municipal waste water treatment plants in
the North Sea counties was 91 per cent.
Treatment efficiency is relatively high in
the North Sea counties because most of
the treatment plants provide a chemical
or biological treatment phase. In all, the
North Sea counties, which account for 55
per cent of Norway’s population, dischar-
ged 116 tonnes of phosphorus, or about
21 per cent of the country’s total dischar-
ges from municipal waste water treatment
plants. About 1 170 tonnes phosphorus
was removed by treatment in this area of
the country.

Because conditions in the recipients are
generally better along the coast from
Rogaland and northwards, a larger pro-
portion of the treatment plants use relati-
vely simple means of waste water treat-
ment, such as screens, strainers, sludge
separators and sand traps, and these
retain phosphorus less efficiently. A total
of 447 tonnes phosphorus was discharged
from these plants in 1996. The average

Figure 6.7. Treatment methods for waste
water from scattered settiements in 1996.
Percentage of all plants

Direct discharges
8%

Other
6%

Sand filter
10%

Infiltration

<
33% Sludge separator

42%

Mini wwtp
1%

Source: Waste water treatment statistics from Statistics
Norway.

treatment efficiency was calculated to be
37 per cent, which means that about 260
tonnes phosphorus was removed.

Thus, of a total quantity of about 2 000
tonnes phosphorus entering waste water
treatment plants, about 1 440 tonnes was
removed. This is retained as a component
of sewage sludge, and is subsequently
used e.g. in integrated plant nutrient
management. Figure 6.6 summarizes
material flows for phosphorus.

6.7. Discharges from scattered
settlements
Whereas the county governors are respon-
sible for discharges from municipal waste
water treatment plants, the municipalities
are responsible for control of discharges
from scattered settlements. Permits for
such discharges must be obtained in accor-
dance with the regulations relating to
discharges from separate waste water
treatment plants, which also outline the
types of treatment that may be used.

About 20 per cent of the population is
connected to separate waste water treat-
ment plants in scattered settlements. For
1996, total discharges from these were
calculated to be 342 tonnes of phosphorus
(figure 6.6). The average treatment effici-
ency was about 29 per cent, which means
that about 140 tonnes of phosphorus was
retained by the treatment plants. Sludge
separators and infiltration are the commo-
nest treatment methods for waste water
from scattered settlements (figure 6.7).

6.8. Other sources of discharges

In addition to discharges from small sepa-
rate waste water treatment plants in scat-
tered settlements and treatment plants in
built-up areas, there are also some direct

discharges of untreated waste water from
municipal sewer systems in certain areas.

In 1996, 632 discharge points for untrea-
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Table 6.2. Heavy metals in sewage sludge as mg per kg dry weight in 1996 and annual percentage

change 1993-1996

mg per kg dry weight

No. of plants Mean value Minimum Maximum Standard  Annual per cent

Heavy metal reporting per plant value value deviation change in
in 1996 mean value

per plant

1993-1996'

Cadmium 201 1.0 0.1 9.0 0.9 -6.8
Lead 203 24.6 0.3 78.0 13.5 -58
Mercury 200 1.2 0.2 51 0.8 -43
Nickel 189 12.5 0.3 74.0 93 +5.3
Zinc 190 376.0 98.0 2 540.0 272.6 +1.8
Chromium 190 299 3.7 976.0 84.1 +17.5
Copper 190 271.2 3.4 1186.0 189.1 -57

! Calculated by regression analysis. Extreme values (the five highest and five lowest values each year for each metal) are omitted

from the analysis.

Source: Waste water treatment statistics from Statistics Norway.

Figure 6.8. Disposal of sewage Sludge, whole
country
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Source: Waste water treatment statistics from Statistics
Norway.

ted waste water were registered, most of
them in the counties from Rogaland and
northwards to Finnmark. Discharges of
phosphorus from these in 1996 are calcu-
lated to be about 240 tonnes. Of this, 98
per cent is discharged to marine recipients
such as fjords and open coastal waters.

Leaks from the sewer system can also
make up a substantial proportion of total
discharges. It is very difficult to give an

26

exact figure for such losses, but as a rough
approximation it is assumed that about

10 per cent of the pollutants generated in
the district served by a treatment plant is
lost from pipes and joints. This will vary
widely from one municipality to another
depending on the type of sewer system
and its age.

6.9. 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. In 1996, the
total amount of sludge produced, expres-
sed as dry weight, was calculated to be
95 300 tonnes. This is 2 400 tonnes
more than in 1995. Of this, 58 per cent
was used in integrated plant nutrient
management on agricultural areas and
green spaces (figure 6.8 and Appendix,
table E5).

The remainder of the sludge is used in
landscaping landfills, is temporarily stored
until a decision is made on final use, or is
stored permanently on separate sludge
landfills.
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Figure 6.9. Total costs in the mumcnpal waste
water treatment sector, whole country
Constan‘t 1993 NOK

Billion constant []Capital costs

1993 NOK

35~ || Operating, management
and maintenance costs

3.0 1

25

" 1994

1993 1995 1996

Source: Waste water treatment statistics from Statistics
Norway.

The composition of the sewage sludge
produced, including its content of heavy
metals, varies substantially from one plant
to another depending on the type of treat-
ment used and the amount and type of
waste water. From 1993 to 1996, a drop in
the content of some heavy metals (lead,
mercury, cadmium and copper) has been
registered, whereas the content of zinc,
nickel and chromium has risen (table 6.2).

6.10. Costs

In 1996, the total costs of municipal waste
water treatment were about NOK 3.25
billion. Operating, management and
maintenance costs accounted for NOK
1.78 billion of the total, and capital costs
for NOK 1.47 billion. There were only
small changes in these figures from 1995
(figure 6.9).

Since such substantial resources have
been invested in the removal of phospho-
rus in the North Sea counties, the costs
per subscriber were highest here, NOK

2 629 as compared with NOK 1 469 in
the rest of the country.

Figure 6.10. Annual costs per subscnber.
Constant 1993 NOK

1993 NOK
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o - -
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Source: Waste water treatment statistics from Statistics
Norway.

Figure 6.11. Annual costs per subscriberin
1996, by county (North Sea countles m
italics)
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Source: Waste water treatment statistics from Statistics
Norway.

Measured in constant 1993 NOK, the
average annual cost per subscriber drop-
ped for the first time for four years in
1996 (figure 6.10). The main reason for
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Box 6.2. Definitions

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

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

The average cost per subscriber for the whole country or by county may be calculated in two
ways:

1. Total costs divided by number of subscribers.

2. Sum of annual costs per subscriber for each municipality divided by number of municipalities.

In this chapter, the first method is used, whereas the Norwegian Pollution Control Authority and
the Ministry of the Environment use the second method for defining cut-off levels for grants.

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 municipal
waste water treatment may also be financed in other ways, e.g. by grants from the Ministry of the
Environment, other government grants, private grants, repayments pursuant to the Planning and
Building Act, and construction grants.

Capital costs are calculated by assuming a depreciation period of 20 years and an annual interest
charge of 6.5 per cent. This is in accordance with the model used by the municipalities to calculate

the basis for their fees.

this was that capital costs dropped as a
result of lower interest rates. Operating,
management and maintenance costs
remained almost constant. Another reason
for the drop in costs was that the level of
investments has been falling steadily
during the past three years because a
rising proportion of the planned invest-
ments have not in fact been made (see
section 6.12). A third factor is that the
number of subscribers connected to muni-
cipal systems has risen in recent years. In
1995, there was a total of 1.44 million
subscribers in the whole country, and in
1996 this figure had risen to 1.56 million.
A fourth reason for the drop in the avera-
ge annual cost per subscriber is that upda-
ted and more accurate data on the num-
ber of subscribers are now available from
the municipalities.
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There were large variations between the
counties in costs per subscriber. Costs are
much higher in the North Sea counties
than in other parts of the country (figure
6.11 and Appendix, table E7). This is
because the proportion of high-grade
waste water treatment plants is much
higher (see section 6.4). Figure 6.11 also
shows capital costs as a proportion of the
total for each county.

6.11.Fees

The municipalities are authorized to levy
connection fees and annual fees to cover
the capital and operating costs of waste
water treatment. In 1996, the municipali-
ties collected a total of NOK 3.09 billion in
waste water treatment fees, which was
NOK 0.14 billion less than their total
costs. Annual fees accounted for NOK 2.86
billion of the total and connection fees for
about NOK 238 million.
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Figure 6.12. Average annual fee based on
water consumption in m? and on the area of
an average dwelling (140 m?). Current NOK

. NOTth Sea counties
= = = . Average for whole country
s Rest of country
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Source: Waste water treatment statistics from Statistics
Norway.

A municipality may not collect fees ex-
ceeding its annual waste water treatment
costs (Ministry of the Environment
1996b). Calculations show that for the
whole country, income in the form of fees
covered 95 per cent of total costs in 1996.
The corresponding figure in 1993 was 80
per cent. This trend shows that the muni-
cipalities are adjusting their fees so that
they cover more or less the entire actual
costs of waste water treatment.

The income-to-cost ratio? varies widely
from one municipality to another, from
11 to 325 per cent. Twenty-two per cent
of all municipalities had an income-to-cost
ratio of less than 50 per cent, and 16 per
cent had an income-to-cost ratio exceed-
ing 110 per cent. An income-to-cost ratio
close to 100 per cent means that the
municipality has managed to budget its
waste water treatment costs accurately.
Income-to-cost ratios for the counties are
shown in table E7 in the Appendix.

The municipalities fix annual fees on the
basis of either the area of the subscriber’s
dwelling or measured water consumption,
based on the assumption that the volume
of water in equals the volume of waste
water out. In the period 1993-1996, both
types of fee rose by between 5 and 13 per
cent. For the whole country, the average
annual fee per m® water was NOK 7.02 in
1997. The corresponding figures for the
North Sea counties and the rest of the
country were NOK 9.71 and NOK 5.08,
respectively. This corresponds to a rise of
8 per cent in the average fee in the North
Sea counties and 11 per cent in the rest of
the country since 1996 (figure 6.12 and
Appendix, table E8).

There are similar variations in fees set on
the basis of the area of the subscriber’s
dwelling.

6.12.Investments

In 1996, gross investments in municipal
waste water treatment totalled just over
NOK 1.3 billion (Appendix, table E9). This
is 7 per cent less than the year before.
Some projects have been postponed be-
cause they have not received state support
and because of uncertainty surrounding
investments in nitrogen removal facilities
(figure 6.13).

For an overview of investment trends in
the waste water treatment sector, it can be
useful to study investment patterns for the
whole country over some years. Gross
investments in 1996 were the lowest in
the 1990s, and state grants for invest-
ments in this sector totalled NOK 68.6
million (measured in constant 1993 NOK),
the lowest level for 20 years. In recent
years, there has been a drop in gross
investments and a lower proportion of the

2 The income-to-cost ratio is the ratio between income from fees and annual costs.
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Figure 6.13. Investments planned and carried
out, divided into net investments and state
grants. Constant 1993 NOK

Planned investments

|13|51;h903nNOK [] state grants
20 Net investments

1994

1995 1996

Source: Waste water treatment statistics from Statistics
Norway.

planned investments have in fact been
carried out (figure 6.13). In 1996, only 71
per cent of the planned investments were
carried out. The planned level of invest-
ments has always been higher than the
actual level, but the difference was greater
in 1996 than in previous years. If the
difference continues to increase, this may
mean that the municipalities are finding
long-term planning in this sector increas-
ingly difficult, and as a result, national
and local commitments may not be
achieved.

In 1996, 79.3 per cent of total investments
were used for laying sewers and renova-
tion of sewer systems, while investments
in plants without nitrogen removal facili-
ties accounted for 19.3 per cent of the
total. The proportion of investments in
nitrogen removal dropped from 4 per cent
in 1995 to 0.4 per cent in 1996, and only
2.5 per cent of the investments in nitrogen
removal planned for 1996 were carried
out. Such investments are necessary to
meet Norway’s commitments under the
North Sea Declarations.
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Figure 6.14. Gross investments by category,
whole country
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Source: Waste water treatment statistics from Statistics
Norway.

Investment patterns in the waste water
treatment sector vary a good deal from
year to year. Almost all municipalities
invest in new sewers every year. Such
investments have accounted for the
largest proportion of the municipalities’
investments in each of the past four years.
Municipal sewer systems are continually
being expanded, so that a rising propor-
tion of the population is connected to
sewer systems.

The second largest proportion of munici-
pal investments in 1996 was used for
renovation of existing sewer systems. Such
investments are necessary because exis-
ting sewers must be repaired and replaced
after a certain number of years. A more
extensive sewer system also requires more
maintenance to ensure that the entire
system is kept in good repair. With a more
extensive and better-maintained sewer
system, less untreated sewage will be
discharged.
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The last category of investments, in waste
water treatment plants, sludge treatment
and nitrogen removal, improves treatment
efficiency for waste water that reaches
treatment plants. Such investments often
take the form of projects, and investments
may therefore be very high in some years
and very low in others. The uneven
pattern of investinents makes it difficult to
compare the level of investments in diffe-
rent regions. Table E9 in the Appendix
shows investments by county since 1993.

Co-financed by: Norwegian Pollution
Control Authority.

Documentation: Hass (1997b) and Mork
(1997).

Further information may be obtained from:
Kjetil Mork (sections 6.1-6.9), Julie Hass
(sections 6.10-6.12).
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7. Agriculture

The agricultural sector has a significant environ-
mental impact because farmland occupies large areas

and greatly influences their character. Agricultural activities also
contribute to certain types of pollution, and nutrient enrichment of water
bodies has been the focus of much attention. The environmentally benefi-
cial trends of the early 1990s, such as reduction of tillage in autumn and
reduction of the use of phosphorus fertilizer and pesticides, have slowed
or even been reversed in more recent years. Despite the decline in the
economic importance of agriculture, the area of agricultural land is gro-
wing.

7.1. Principal economic figures for
agriculture
The importance of agriculture in economic
terms is declining. From 1978 to 1996, the
agricultural sector’s share of total employ-
ment (measured as full-time equivalent
persons) sank from 6.8 to 3.5 per cent
(figure 7.1). In absolute figures, the drop
was from 111 500 to 64 700 full-time
equivalent persons. The share of gross
domestic product (GDP) derived from
agriculture dropped from 3.0 per cent to
1.1 per cent in the period 1978-1997.
Agricultural production expressed as a
percentage of food consumption by the
population (measured as energy content
and corrected for import of animal feed-
stuffs) rose from 30 to 43 per cent in the
period 1970 to 1994! (National Nutrition
Council 1996). Norway has a trade sur-
plus in certain animal products at times,
while the degree of self-sufficiency is
lowest for sugar, fruit and berries.

7.2. Land suitable for agriculture
The total area of land potentially suitable
for agriculture in Norway has been calcu-

Figure 7.1. Economic importance of the
agricultural sector as a pe‘rcentage' of
employment and GDP, and degree of self-
sufficiency . ‘ .
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Sources: National Nutrition Council and National Accounts
from Statistics Norway.

1 This method of calculating the degree of self-sufficiency, i.e. corrected for imported feedstuffs, cannot be
used after 1994 because the import monopoly for cereals was abolished.
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Figure 7.2. Agricultural land inNorway
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lated to be about 19 000 km? (Grgnlund
1997), of which about 10 000 km? is in
use. In general, the best soils are cultiva-
ted, so that other cultivable land is
normally of poorer quality. According to
Grgnlund (1997), 66 per cent of the best
class of soils (suitable for cereals) is in
use, but only about 50 per cent of the
poorest quality class (figure 7.2).

Conversion of cultivated and
cultivable land for other purposes
Because Norway has a cold climate and
limited areas suitable for agriculture, its
capacity for self-sufficiency is limited. At
present, the self-sufficiency rate is just
under 50 per cent. It is an explicit policy
goal to maintain the country’s capacity for
self-sufficiency, so that the degree of self-
sufficiency can be increased at need, for
example in a trade crisis (Proposition No.
8 (1992-93) to the Storting). One of the
most important means of ensuring this is
to maintain areas that are suitable for
agricultural purposes. The greatest threat

21 decare = 0.1 hectare.

104

Figure 7.3. Conversion of cultivated and
cultivable! land for other purposes since 1949
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The area of cultivable land is estimated on the basis of the
ratio between cultivable and cultivated land developed in the
period 1976-1996.

Sources: Agricultural Censuses from Statistics Norway and
Ministry of Agriculture.

to agricultural land is its conversion for
purposes that prevent agricultural pro-
duction in the future, e.g. development for
roads and housing. Since 1949, an estima-
ted 840 000 decares?, or about 4.4 per
cent of the total area suitable for agricul-
ture, have been used for such purposes
(figure 7.3).

The rate at which agricultural land was
lost in this way was particularly high in
the 1950s and lower in the 1970s, but has
risen again more recently.

Agricultural land in use

Since 1949, the area of agricultural land
in use has varied between 9 500 and

10 500 km? (figure 7.4). Since the late
1980s, the area has gradually increased,
and was 10 400 km? in 1997 (see Appen-
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Figure 7.4. Agricultural areas in use
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dix, table F1). Some of the increase recor-
ded in recent years is probably due to a
reorganization of the grants system, from
support based on production to support
based on the areas farmed. For instance,
the acreage and cultural landscape sup-
port scheme was introduced in 1989.
Grants under this scheme have made it
more worthwhile for farmers to use mar-
ginal areas that were previously of little
economic importance (Budget Committee
for Agriculture 1997). One of the reasons
for the reorganization of the grants system
is the goal of maintaining the country’s
capacity for self-sufficiency, which means
that agricultural areas must not be conver-
ted to other uses.

In 1997, cereal and oil-seed acreage made
up 33 per cent of the agricultural area in
use, and cultivated meadow 47 per cent.
The acreage of cereals reached a peak in
1991, and has since dropped by 10 per
cent. The area of cultivated meadow was
at its lowest level in 1980, since when it

has risen by about 16 per cent. In recent
years, there has been a particularly large
increase in the area of fertilized pasture,
which is included in the area of perma-
nent grassland, which has risen by 64 per
cent since 1985. This is probably related
to the introduction of acreage and cultural
landscape support.

7.3. Environmental impacts

The negative environmental impacts of
agriculture are pollution and alteration of
biotopes (or landscape changes). Few
systematic and nationwide figures are
available for the latter. However, there are
better statistics on pollution since this
problem has been given priority in several
contexts, for instance in the North Sea
Declarations (see Chapter 6.1).

The most serious type of pollution from
agriculture is considered to be runoff of
nutrients (nitrogen and phosphorus).
Agriculture accounts for about 30 per cent
of phosphorus inputs and 50 per cent of
nitrogen inputs to the coast (Norwegian
Institute for Water Research 1997) (see
figure 6.3). Nutrient enrichment (eutro-
phication) is a particularly serious
problem locally in water recipients where
much of the surrounding land is agricultu-
ral.

The agricultural sector is also responsible
for significant emissions of greenhouse
gases. About 9 per cent of Norway’s total
greenhouse gas emissions, measured as
CO, equivalents, are generated by agricul-
tural activities. Emissions of methane
(CH,) and nitrous oxide (N,O) are parti-
cularly high (see Chapter 4 and Appendix,
tables C3-C5). No measures have as yet
been implemented to reduce greenhouse
gas emissions from the agricultural sector.
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Figure 7.5. Surplus of nutrients (nitrogen and
phosphorus) on agricultural areas: average
figures per decare and year
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Sources: Agricultural Statistics from Statistics Norway and
Norwegian National Grain Administration.

Measures to limit runoff of nutrients can

be divided into three main groups:

* better fertilizer management to reduce
the surplus of nutrients in soils

* better cultivation systems to protect
soils against erosion, such as reducing
or postponing tillage, the use of catch
crops, etc.

* technical facilities (hydrotechnical
facilities, improvement and expansion
of manure storage facilities, etc.).

Balance between fertilization and
yields

Good fertilizer management involves
maximizing the uptake of the nutrients
added by crop plants. Heavy applications
of fertilizer in relation to the yields obtai-
ned may result in a large surplus of nutri-
ents, which raises the risk of loss of nutri-
ents. The size of the surplus can be calcu-
lated by means of a nutrient balance for
agricultural areas.
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Figure 7.6. Area of cereals and oil seeds by
intensity of fertilizer application (kg nitro-
gen per decare in commercial fertilizer)
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Source: Agricultural Statistics from Statistics Norway.

In this context, the nutrient balance for
agricultural areas is defined as the diffe-
rence between the quantities of nutrients
added in commercial fertilizer and animal
manure, and the quantities removed in
the form of crops. Figure 7.5 shows chan-
ges in the nitrogen and phosphorus balan-
ce from 1985 to 1996. Nitrogen losses in
the form of NH, emissions from commer-
cial fertilizer and animal manure have
been subtracted.

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

Using this method of calculation, we find
that in 1985, the surplus per decare of
agricultural land was 8.5 kg nitrogen and
2.0 kg phosphorus. By 1996, these figures
had dropped to 7.4 kg nitrogen and 0.75
kg phosphorus. The phosphorus surplus
per decare dropped steeply from 1985 to
1990 because farmers reduced the
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amount of phosphorus applied in commer-
cial fertilizer. Otherwise, both fertilizer
application and yields have been relatively
stable, except for fluctuations in yields
caused by variable weather conditions.
These explain the large fluctuations in
nutrient surplus from year to year. Some
of the data on which figure 7.5 is based
are given in table F2 in the Appendix.

Application of commercial fertilizer
Sales of phosphorus in commercial fertili-
zer dropped by more than 50 per cent
from the early 1980s to the early 1990s,
and have totalled about 13 000 - 14 000
tonnes per year for the past four years.
Sales of nitrogen in commercial fertilizer
have been stable at around 110 000
tonnes since 1980. The sales figures are
shown in table F3 in the Appendix. Given
that the area of agricultural land has
increased slightly during this period, this
means that the input of phosphorus per
decare has decreased substantially, where-
as the input of nitrogen has only been
marginally reduced.

According to figures from the annual
Sample Survey of Agriculture, nitrogen
fertilization of cereals rose from 10.6 to
11.3 kg/decare from 1989 to 1996, while
nitrogen fertilization of meadow has
remained stable at 13.7 kg/decare. In
recent years, there has been a clear trend
towards more uniform fertilization of
meadow, i.e. less and less of the total area
is either intensively or lightly fertilized.
This may be connected with the more
widespread use of fertilization plans,
which means that the amount of fertilizer
applied is determined on the basis of soil
samples and recommended standards. In
1990, 25 per cent of all holdings had
fertilization plans, and by 1996 this figure
had risen to 56 per cent. However, intensi-
ve fertilization of cereals has become

Figure 7.7. Shortfall in areas for manure
spreading
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! Counties to which the North Sea Declarations apply, see
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Sources: Statistics Norway and Norwegian National Grain
Administration.

more widespread in recent years (figure
7.6). This may be because the split appli-
cation of fertilizer became considerably
more common from 1989 to 1993 (no
statistics available after 1993). The overall
effect of more widespread use of fertiliza-
tion plans is uncertain, since this results in
heavier fertilization of some areas and
lighter fertilization of others.

Application of animal manure
Livestock numbers, and therefore the
amount of manure produced, have chan-
ged little since 1985. The proportion of
the manure applied during the growing
season, expressed as nitrogen, was 80 per
cent in 1989 and has been about 87 per
cent in recent years. Application during
the growing season is important to ensure
efficient utilization of the manure.

If livestock numbers are high in relation to

the agricultural area in use, there may be
an excess of manure and thus a risk of
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Figure 7.8. Proportion of cereal acreage
under stubble in autumn
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Figure 7.9. Sales of pesticides expressed as
tonnes active substances
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pollution. To prevent this, the authorities
introduced the requirement that a farm
must have at least four decares suitable
for manure spreading per animal manure
unit (manure from various types of
livestock is expressed in terms of the
manure produced by one cow). If there is
too little cultivated land on the farm to
meet this requirement, the farmer must
fertilize land that is not cultivated, sell the
manure or use it on other farms. Use of
manure on such areas must be approved
by the county agricultural authorities.

If only farmers’ own cultivated land is
considered, the calculated shortfall of
areas suitable for manure spreading in
1997 was 298 000 decares, as compared
with 380 000 decares in 1985. Neverthe-
less, in 1996 the actual shortfall after the
approval of other areas for manure
spreading was only 6 900 decares (figure
7.7). This means that farmers have been
able to find enough land for manure
spreading without reducing livestock
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Source: Norwegian Agricultural Inspection Service.

numbers or cultivating more of their own
land. Manure spreading on land belonging
to others is the most important means of
solving this problem.

Soil management

A large proportion of pollution from the
agricultural sector is a result of erosion,
i.e. transport of soil with surface water
runoff from fields. Most erosion takes
place on fields that are ploughed in
autumn. Such areas are left for up to
three-quarters of the year with no plant
cover to protect the soil from rain and
melt-water. In the long term, erosion also
reduces the production capacity of the
soil.

Erosion can be reduced by restricting
tillage in autumn. To reduce soil losses,
the authorities provide grants for areas
that are vulnerable to erosion on condi-
tion that the farmers leave them under
stubble during the winter, i.e. do not till
such areas in autumn. Support is provided



Natural Resources and the Environment 1998 Agriculture

| Box 7.1. Ecological agricult

i Ecological agriculture is a collective ter . _Ecological agriculture has been expanding in

| various farming systems based on so . orway in recent years. Areas approved for

‘ common principles: . ecological agriculture have been registered

' since 1991, and the total area rose from 18
~ km? in 1991 to 74 km? in 1997 (see Appen-

dix, table F6). Thus, only just above 0.7 per

_ cent of the total agricultural area in t

 farmed ecoiogncally

* no use of commercial fertilizer or cheml-
cal/synthetic pesticides

e cultivation of a variety of crops and dlver-
sified crop rotation '

e cultivation systems should have a preventl-
ve effect on disease and pests

® organic material recycled as far as possible

* balance between livestock numbers and
areas of farmland with respect to fodder |
production and use of manure '

: Ecologmal agrrculture is based on coarse
fodder production to a larger extent than
nventional agriculture. Figure 7.10 shows
and use by crop in ordmary.and ecologscat
agr ulture ' ' . '

b |

Ecological agriculture has certain . ...
mental advantages over convent Figure 7.10. Crops on agricultural areas in n
ing systems: ecological and _conyentional agriculture in 1996

e often higher product quality .

e less loss of nutrients and thus less . “’"’9"" agriculture
pollution C;‘::S'S and Otherfallow 3%

e more varied agricultural landscape and o -

q : c Potatoes, fodder

therefore greater species diversity in and crops, etc. 9

around agricultural areas ‘

* no pesticide residues in soils or products

Fertilized
asture15%

Ecological agriculture is considerably more

labour-intensive than conventional agricul- surface-cultivated , ‘

ture, and yields are generally lower. This meadow 4% . Cultivated meadow

makes it more difficult to obtain earnings ' - 3%

that are as high as those from ordinary . . .

agriculture, despite higher product prices. ~ Conventional agriculture
' . Other/faliow 1%

The Agricultural Agreement has included
support schemes for ecological farming
practices since 1990. Conversion and acreage
support is provided, as well as funds for
control, research, information and marketing.
The rules for ecological agricultural produc- .
tion are laid down in regulations issued by Potatoes, fodder
the Ministry of Agriculture, and the organiza- crops, etc. 6% _ 4;
tion DEBIO is responsible for inspection and Fertilized pasture 11%  Surface-cultivated
control. Each holding run on ecological . feadm
principles must be approved by DEBIO and
must be inspected at least once a year.

Sources: Agricultural Cens |
DEBIO and Norwegian National Grain Administration
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Figure 7.11. Proportion of cereal acreage
sprayed against perennial weeds according
to soil management regime. Average for the
period 1992-93 to 1996-97
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