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PREFACE

The Central Bureau of Statistics (CBS) elaborates statistics on the state of the environment and
accounts for selected natural resources. CBS also develops methods and models to analyze the
interrelationships between socio-economic development, resource use and environmental conditions.
The publication Natural Resources and the Environment presents an annual survey of this work. This
report is a complete translation of the publication for 1990.

Natural Resources and the Environment presents updated resource accounts for energy and fish,
accounts for emissions to air, and the resuits of analyses based on these accounts. The report also
presents analyses of agricultural pollution and forest damage. The final chapter of the present
report describes the results of an interview survey on attitudes to environmental issues.

The Central Bureau of Statistics wishes to thank the institutions that have helped to collect the data
for Natural Resources and the Environment 1990.

Senior Executive Officer Frode Brunvoll and Executive Officer Anne Strandli edited the report,
which was translated into English by Mary Bjeerum.

Central Bureau of Statistics, Oslo 14 June 1991.

Svein Longva

Lorents Lorentsen
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INTRODUCTION

Estimates have been made of what it would
cost Norway to stabilize her emissions of CO,
by the turn of the century (Calculations for the
Committee on Climate Change, and the
SIMEN project - a study of industry, energy
and environment towards 2000). The overall
effects on the Norwegian economy seem to be
moderate measured in terms of changes in
macro-economic indicators such as GDP and
total private consumption. The calculations
indicate reductions of about 1-2 per cent in
these indicators in the year 2000 compared
with a reference path without the goal to
stabilize emissions.

A common feature of the SIMEN project and
similar analyses is that they focus only on the
socioeconomic cost of measures to reduce
emissions of greenhouse gases. Measures to
limit the use of fossil fuels would be socially
beneficial in terms of reduced local environ-
mental damage and a more appropriate distri-
bution of transport services between the differ-
ent forms of transport, in addition to the ex-
pected benefits due to decreased emissions of
greenhouse gases. If these additional benefits
are taken into account, the cost of introducing
moderate measures to counteract emissions of
greenhouse gases is greatly modified.

The Central Bureau of Statistics has made
some preliminary calculations of the marginal
cost to society of emissions which cause local
damage. Relevant types of damage are nega-
tive health effects, damage to certain types of
materials, and acidification of lakes and soil
from acid rain. The calculations also include
estimates of changes in external costs connect-
ed to road traffic, such as wear of roads,
accidents, cost of queuing and disamenity
from noise.

According to these calculations, the total
changes in emission levels of SO, NO,, CO
and particulates in the 1980s imply annual
external costs that are about NOK 10 billion
higher now than in the early 1980s. About half
of these costs refer to the negative health
effects caused by emissions of NO,. Most of
the remaining costs refer to external costs
connected to increased road traffic. Similarly,
calculations based on results of the SIMEN
project show that the benefits may to a large
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degree compensate for loss in production and
consumption due to stabilization of CO, emis-
sions.

The calculations do not cover all the known
damaging effects of emissions from fossil fuels.
For example, the cost of negative health effects
from ozone are not included, nor possible
costs connected to the greenhouse effect.

It must be emphasized that calculations of
damage to the natural environment, health
and capital equipment due to a deteriorated
state of the environment are so far very uncer-
tain. One of the most important contributions
of social science in the years to come will be to
integrate more well-founded damage functions
into economic models and analyses. Only then
will it be possible to make a proper assessment
of the benefits and costs to society of an im-
proved environment, instead of focusing
entirely, as now, on what environmental
policies cost in terms of increased use of
resources or reduced consumption.

SUMMARY

Chapter 2 describes Norwegian energy re-
serves, domestic energy extraction and use,
and changes in energy prices over the last ten
years. It also includes an overview of the
international oil market and a brief description
of trends in energy consumption in Europe.

During the period 1976-1988, total energy
consumption in Norway, not counting the
energy sector and ocean transportation, in-
creased on average by 1.8 per cent per year.
From 1988 to 1989, consumption decreased by
3.5 per cent. According to preliminary figures,
total domestic energy consumption was 743 PJ
in 1990; an increase of 1.2 per cent compared
with 1989.

Hydropower production was record high in
1990, reaching about 122 TWh. 16 TWh was
exported, while water equivalent to 7.5 TWh
bypassed the production system. Qil and gas
production increased in 1990 to 111 million
tonnes of oil equivalents; an increase of 7 per
cent compared with 1989. Combined with the
rise in prices, this led to a strong increase in



revenues from petroleum activities.

The new Energy Act and the Petroleum Fund
Act are both intended to improve the manage-
ment of Norwegian energy resources. The
main purpose of the Energy Act is to improve
the efficiency of the energy market. The poten-
tial to achieve this goal is obstructed, however,
because the Act does not apply to contracts
with energy-intensive industries. The purpose
of the petroleum fund is partly to improve
monitoring of oil revenue spending, and partly
to function as a "buffer" in the event of an
unexpected fall in prices. In practice, the fund
does not place any real restraints on the annu-
al spending of revenues from petroleum activi-
ties.

The chapter also discusses use of resources
and costs in the energy sector and trends in
stationary energy consumption in households
and the production sectors. A steadily larger
share of the total energy consumption is based
on electricity. This trend was also observed
after the fall in oil prices in 1986. Possible
explanations may be increased use of electrici-
ty-specific equipment and the relatively lower
costs of electrical heating equipment, as well
as expected high prices for oil products.

Chapter 3 presents inventories of Norwegian
emissions of several polluting compounds, and
comments on changes in emission levels over
time. Seen in a perspective of almost 20 years
the emission situation can be characterized
briefly as follows: In the 1970s, the level of
emissions of most compounds changed in step
with changes in oil consumption. That is to
say, there was a slight decrease in emissions in
the early 1970s due to the rise in oil prices at
that time. Emissions then increased until 1980
when a new rise in the price of oil put a stop
to the rising trend. In the 1980s, on the other
hand, two groups of emissions followed differ-
ent paths. The first group, consisting of NO,,
VOC, CO and CO, continued to follow oil
consumption. A specific cause of larger emis-
sions of these compounds is the higher con-
sumption of transport fuels. In recent years,
however, the increase in emissions has been
much diminished as a result of mild winters
and a slower rate of economic growth. As for
the second group, consisting of 50, and Pb,
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emissions have been substantially reduced; the
present level of emissions is less than half the
level in the early 1970s. This is a direct result
of an active environmental policy directed at
these compounds. Requirements regarding
cleaning of emissions and composition of
heating ocils and gasoline have obviously led to
a significant decline in air pollution from
sulphur and lead.

The fact that a reduction in emissions has led
to improved air quality is also confirmed by
comparing data on emissions with measure-
ments of pollution concentrations, particularly
in towns and urban areas. Good spreading
conditions have also contributed to the low
level of pollution in Norway in recent years.

As illustrated in the chapter, total emissions in
the long term may be strongly influenced by
measures to reduce emissions of greenhouse
gases. In addition to estimating the costs of
such measures to society, an attempt is made
to present calculations of some of the benefi-
cial effects of reduced use of fossil fuels and
the associated decrease in emissions. The
results indicate that a large share of the social
costs connected to higher prices for fossil fuel
will be compensated by reduced negative
effects on health from air pollution and better
efficiency of road traffic.

The chapter concludes by considering how
environmental status in Norway will be affect-
ed by different forms of association with the
EEC.

Chapter 4 presents resource accounts for fish,
including information on changes in fish
stocks, quotas and the size of the catch in 1990,
as well as figures for exports of fish products
and reared salmon. In 1990 the spawning stock
of Norwegian spring spawning herring was
estimated to be about 1.6 million tonnes, but is
totally dominated by one specific year class.
Even if not exploited, the spawning stock is
expected to decrease in the next few years due
to poor recruitment. There was a strong in-
crease in 1990 in the stock of Barents Sea
capelin, and fishing of this species will be
allowed in 1991 for the first time since 1986.
The cod stock is still assessed as very low. The
total catch in Norwegian fisheries decreased by
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about 200 thousand tonnes from 1989 to 1990,
but the first hand value remained the same.
The export value of fish products increased by
about 18 per cent from 1989 to about NOK 13
billion. The exported quantity of reared salm-
on increased by 37 per cent from 1989, and the
export value by 39 per cent.

Chapter 5 describes the status of Norwegian
forest, and presents more or less correspond-
ing calculations for Germany (West) and
Europe. The forest status has changed only
slightly in Norway from 1989 to 1990. For
spruce, the average defoliation increased from
14.9 per cent in 1989 to 15.4 per cent in 1990.
For pine the average defoliation was 14.3 per
cent in 1989 and 14.0 in 1990.

Chapter 6 assesses the contribution made by
agriculture to nutrient discharges (nitrogen
and phosphorus) to the parts of the North Sea
covered by the North Sea Declaration. It is
estimated that agriculture is responsible for 48
per cent of the anthropogenic discharges of
nitrogen, and 27 per cent of such discharges of
phosphorus. An assessment is made of chang-
es in discharges over the last ten years, based
on available statistics on land use and farming
practices. For example, the Agricultural Cen-
suses of 1979 and 1989 are used as a basis for
comparing use of fertilizers in the different
years. According to the available statistics, no
changes seem to have taken place in the agri-
cultural sector leading to marked reductions in
discharges during this period. The chapter also
includes an evaluation of the cost-efficiency of
relevant measures to reduce discharges from
agriculture. The most cost-efficient way to
reduce discharges seems to be reduced use of
fertilizers, but above all a fertilizer practice
more suited to the plants’ need of nutrients.
The chapter concludes with a description of a
project conducted jointly by CBS and the
Centre for Soil and Environmental Research,
aiming at quantifying changes in loss of nitro-
gen, phosphorus and soil from agricultural
land.

Chapter 7 presents the results of an interview
study on attitudes to environmental problems.
49 per cent of the population believe that
protection of the environment and economic
growth can be combined, while 48 per cent
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think that the environment should receive
priority, even if this means a slower rate of
economic growth. Only one per cent think that
priority should be given to economic growth
even if this has a negative effect on the envi-
ronment. The local environmental problem
that gives greatest cause for complaint is
pollution of rivers, lakes and fjords. 15 per
cent report serious cause to complain about
this problem, while only 5 per cent report
serious cause to complain about noise and 6
per cent about air pollution. The Norwegian
population is obviously more concerned about
international environmental problems than
about national problems. 39 per cent stated
that they were very concerned about national
air pollution problems, whereas 65 per cent
said they were very concerned about possible
climate change due to emissions of greenhouse
gases. 31 per cent thought that the authorities
are not concerned with environmental protec-
tion. 65 per cent of those who thought that the
authorities are concerned about the environ-
ment also thought that they are not doing an
effective job. Only 17 per cent of the interview-
ees thought that the authorities are concerned
with protection of the environment and are
doing an effective job.









The rent corresponds to the shaded area in the
figure.

The rent is a theoretical term. Certain condi-
tions must be fulfilled in order to capture the
whole of the rent indicated in figure 2.2. the
capacity of the electricity supply system must
be correctly dimensioned (the price equal to
the long-term marginal cost is in equilibrium),
and the price adjusted for differences in costs
must be the same for all consumers.

In the data forming the basis for these calcula-
tions (National Accounts and Electricity Statis-
tics) the electricity sector consists of produc-
tion, transmission and distribution of electrici-
ty. Ideally, transmission and distribution
should be excluded when calculating the rent
in hydropower production. However, when
calculating the rent for the electricity produc-
tion sector it can be assumed that the costs of
transmission and distribution in the electricity
sector are covered.

CBS has calculated the long-term marginal
costs for the first half of 1990 by inflating the
figures from the Norwegian Water Resources
and Energy Administration (NVE) per 1 Janu-
ary 1990 with the consumer price index. In
1990, the long-term marginal supply cost for
electricity for residential consumption was 39.8
ere/kWh. In energy-intensive industry the
average load is higher, transmission costs are
lower and there are no distribution costs. The
calculated long-term marginal costs for supply
of electricity to this kind of industry is 28.2
ore/kWh.

Given these prices of electricity, and sales of
firm power equivalent to the average annual
production in 1990, the operating surplus
potential in the electricity sector, including the
tax on electricity, is calculated to NOK 22.1
billion. Assuming a normal return of 7 per
cent on a capital of NOK 195 billion, the rent
is NOK 8.5 billion. This illustrates the long-
term annual potential rent in the electricity
sector at present capacity, assuming a high
enough demand to keep the market in equi-
librium. Provisional estimates for 1990 give an
operating surplus of about NOK 15.1 billion
for the electricity supply. This implies a return
on capital of about 7.7 per cent in the sector
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this year. This means that the realized rent in
the electricity sector in 1990 was NOK 1.5
billion.

Reserves of oil and natural gas

The share of the total proven resources that
can be extracted at today’s prices and by
known technology is referred to as reserves. If
prices rise, or better production technologies
are developed, the share of the profitable
resources (reserves) will increase. In the case of
oil, about 1/3 of the proven resources are
reserves, and to these must be added the
potential resources in unexplored parts of the
continental shelf. The Petroleum Directorate
(1990) estimates a reserve potential of 5 400
million tonnes oil equivalents (mtoe) south of
Stad as per 1 January 1989. Of this amount,
4 460 mtoe have been discovered. Develop-
ment licences amount to 2 990 mtoe, of which
just over 25 per cent has been extracted. In
addition to the reserves south of Stad, proven
resources are estimated to be 480 mtoe on
Haltenbanken and 270 mtoe on Tromseflaket.

Table 2.14 and table 2.15 in the appendix of
tables show the changes over time in the
estimated reserves for total development
licences. In 1990 the oil reserves in these fields
increased, partly due to revaluation of the
remaining reserves in “"old" fields, and partly
as a result of new licences. The new fields
included Brage, Embla and Statfjord North and
East. The growth in reserves exceeded extrac-
tion. Reserves of gas, on the other hand, de-
creased, since the reserves in new fields were
not enough to compensate for extraction. The
revaluation thus made a negative contribution
to the reserves.

At the present rate of extraction the oil re-
serves in developed fields and in fields to be
developed will last just less than 13 years,
while the gas reserves will last for 42 years. If
the reserves in fields which are not to be
developed as yet are added, the oil reserves
will last for 18 years and the gas reserves for
126 years, given the present rate of extraction.
Since oil and gas production will increase as
the fields are taken into operation, the R/P
rates (ratio between reserves and production)
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The embarge on oil from Iraq and Kuwait
meant that the supply of oil on the world
market was reduced by an average of about
4.5 million barrels per day. The loss of the oil
from Iraq and Kuwait was quickly compensat-
ed and, in October, the total production from
OPEC countries was only one million barrels
per day lower than in July. The greatest in-
creases were in Saudi Arabia, Abu Dahbi and
Venezuela. In Saudi Arabia production in-
creased by more than 40 per cent in two
months. There was a rise in production in
other countries too, and at the turn of the year,
production from OPEC countries reached the
same level as before the embargo on Iraq.
Cutside OPEC, there was an increase in the
supply of oil from the North Sea, USA and
Mexico. Other producers than the CPE coun-
tries (Centrally Planned Economies) have
experienced a net increase in production of
just over 1.3 million barrels per day, while the
net export from CPE countries has fallen
slightly. At the end of 1990 the loss of the oil
produced by Iraq and Kuwait was more than
compensated by increased production in other
countries.

The trend in energy consumption in Europe
Introduction

The trend in energy consumption in Europe
has been followed with great interest. The
reasons for this interest are firstly the impor-
tance of energy for economic growth, and
secondly the fact that the use of certain sourc-
es of energy (fossil fuels) causes emissions of
pollutants such as CO,, 5O,, and NO.,.

The countries included in the following review
are Germany (West), Great Britain, France,
Italy, Netherlands, Sweden, Finland, Norway
and Denmark. The data refer to the period
1978 to 1988 (source: OECD Energy Balances).

The level of energy consumption in the different
countries

Figure 2.10 shows that Germany (West) has
the highest consumption of all nine countries,
measured in mtoe (million tonnes oil equiva-
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lents). Next come Great Britain, France and
Italy. Norway and Finland each use about half
as much energy as Sweden, while energy
consumption is lowest in Denmark, amounting
to about half the consumption in Finland and
Norway.

The observed differences in the level of total
energy consumption are caused mainly by
differences in the level of economic activity
and population. Germany (West) is the coun-
try in the sample with the highest gross do-
mestic product (GDP) and the largest popula-
tion. Other reasons may be differences in
temperature and different industrial structures,
which give different energy intensities (energy
consumption per produced or consumed unit),
see figure 2.11. In this connection it is interest-
ing to study the difference between the total
energy consumption in Norway and Denmark,
which is far larger than indicated by the differ-
ence in GDP. One of the reasons for the large
difference in energy consumption between
these two countries is the larger amount of
energy-intensive industry in Norway than in
Denmark. In addition, goods etc. have to be
transported over longer distances in Norway,
and the average temperature is lower than in
Denmark.

Figure 2.12 shows that oil is the dominating
source of energy (measured in mtoe) in all
countries except Netherlands and Norway. In
Netherlands consumption of natural gas is
higher than consumption of oil, while in
Norway electricity consumption is the same as
consumption of oil. Netherlands is a large
producer of natural gas, and Norway has a
large electricity production based on hydro-
power. It is also worth noting that natural gas
is the second largest source of energy in Ger-
many (West), Great Britain and Italy. In
France, electricity consumption (largely based
on nuclear power) is as high as consumption
of natural gas.
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are organized as a single profit-making unit.
According to the Energy Act, this means that
monopoly and competitive functions are
included in the same unit, which is considered
very inexpedient. The intention of the Act is to
split these functions up into independent
profit-making units. The electricity should be
paid for among the units at market prices,
which would bring to light its alternative
value and therefore also any cross-subsidizing.
Vertical integration is widespread in Norway,
and a very important matter in the implemen-
tation of the Act will be to investigate and
check these power companies. It is not the
intention to coerce vertically integrated compa-
nies to split up into separate units.

Up to now, sales/purchases of electricity
to/from the export/import market have not
been permitted, except in the case of electricity
on the exchange market (surplus power). The
Energy Act provides for a change in this
situation. Statkraft controls about 30 per cent
of electricity production and sales of electricity
in Norway, and has a monopoly on the ex-
port/import market. The Storting is to discuss
the organization of Statkraft in spring 1991,
and it is assumed that the future organization
will comply with the intentions of the Energy
Act. An essential point is whether there will
then be access to export electricity also
through permanent contracts. Closer approxi-
mation to the EEC may also lead to extended
exchange of electricity across national borders.

The Petroleum Fund

The Petroleum Fund was established on 1
January 1991. The purpose of the fund is to
improve the long-term management of the
petroleum wealth, and possibly to function as
a "buffer" to reduce the undesired effects on
the economy of unexpected fluctuations in oil
prices.

Incomes to the fund consist of the net cash
flow to the State from petroleum activities,
defined as revenues from the petroleum activi-
ties (taxes on petroleum and dividends) minus
the costs to the State in connection with petro-
leum activity, including accrued investments.
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Payments from the fund take place in two
stages. The first step is withdrawal of the sum
required to bring the State Budget excluding
loan transactions into balance, as well as half
the funds needed to finance the loan transac-
tions.

As a second step, funds can be withdrawn for
other purposes. However, these withdrawals
must be approved by the Storting, and the
purpose of the withdrawal must conform with
the guidelines laid down in the Government’s
Long-Term Programme. Any balance shall be
invested in the same way as other State-
owned, financial assets.

The arrangement that has been established
does not establish a clear connection between
the money placed in the fund and the actual
value of the oil and gas reserves, the petro-
leum wealth. This wealth can be defined as the
present value of the expected return from
petroleum activities in the future. This return
includes the whole of the oil rent, while the
money "passing through” the Petroleum Fund
refers to revenues to the State only. Thus, the
size of the Petroleum Fund at any time will
also depend on the deficit in the State Budget
before calculating in the net flow of cash to the
State from the petroleum activities. This means
that the Fund is mainly an accounting routine.

Therefore, in periods with large State invest-
ments in petroleum activities the income to the
fund will be low. Since the fund has been
established after the largest investments have
been made, the income to the fund may ex-
ceed the oil rent, which is a more suitable
measure of the income which can be directly
traced to the existence of the oil and gas
resources (see section 2.1).
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1973. Electricity production capacity increased
by about 40 per cent during the same period,
and a similar increase in capacity was experi-
enced in the transmission sector. Another
reason for the high investments in the distribu-
tion sector could be the rising real price of
electricity, implying a higher return on invest-
ments in the cable network to reduce loss of
electricity.

Accrued investments over the period 1967 to
1988 are divided between 57 per cent in the
production sector, 19 per cent in the transmis-
sion sector and 24 per cent in the distribution
sector. The National Accounts only contain
figures for the hydropower sector as a whole.
Calculated distribution factors can be used to
distribute the different kinds of capital assets
in the National Accounts between the three
sub-sectors.

According to the National Accounts, total real
capital assets in the hydropower sector
amounted to NOK 187 billion in 1988. If this
capital is distributed between the three sub-
sectors using the distribution factors referred
to above, it is found that total real capital
assets were NOK 108 billion in the production
sector, NOK 35 billion in the transmission
sector and NOK 44 billion in the distribution
sector.

Wages costs are highest in the distribution
sector, amounting to NOK 2.7 billion (1988
prices) in 1988. These costs were NOK 1.1
billion in the production sector and NOK 0.5
in the transmission sector.

Costs of commodities are also highest in the
distribution sector, amounting to NOK 2.6
billion in 1988. These costs were 1.0 billion in
the production sector and NOK 0.4 billion in
the transmission sector.

In 1988 a total of 7.6 TWh electricity was lost
from the transmission and distribution net-
works. The figure for 1973 was 6.3 TWh.
Calculated as a percentage of input electricity,
the percentage loss from the distribution
network was reduced from 11.3 per cent in
1973 to less than 9 per cent in 1988. Similarly,
the percentage loss from the transmission
network was reduced during the same period
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from 3 to less than 2.5 per cent of the input
electricity. The percentage loss was reduced as
a result of investments and repairs to improve
the quality of the transmission and distribution
networks. The increase in absolute loss is due
to increased sales of electricity and a larger
share of the electricity consumption in regular
consumption.

Calculation of input coefficients

The development of input coefficients, ie.
capital, labour and commodities, and amount
of electricity lost per produced unit, is not
sufficient to ensure economies of scale in the
different parts of the electricity sector. Changes
in the relative prices of capital, labour and
materials, and of lost electricity, will distort the
figures for the different input factors. These
distortions imply input coefficients. The scale
functions should be studied as part of models
which specify both the distorting effect of
changes in prices and scale properties. Prelimi-
nary estimates in Johnsen (1991) indicate
increasing returns to scale in the transmission
and distribution sectors.

Figure 2.15 shows the development in the use
of capital and materials and the loss of electric-
ity per produced unit. Labour has been exclud-
ed since the figures for this factor are not
available for the years before 1983.

In the production sector, average annual
production capacity is used as the production
measurement. The transmission sector is scaled
to transmit an amount of electricity equivalent
to the average annual production. The amount
of electricity transmitted with average produc-
tion is used as a production measurement for
the transmission sector. Production in the
distribution sector is closely connected to
electricity consumption in regular consump-
tion. This consumption is affected to a lesser
degree by fluctuations in electricity produc-
tion, but is influenced on the other hand by
fluctuations caused by changes in temperature
and economic activity. In spite of these fluctu-
ations, the amount of electricity delivered from
the distribution network is used as a produc-
tion measurement in the distribution sector.



In the production sector, there was a slight
upward trend in the consumption of real
capital per unit of production during the
period. This agrees with an order of devel-
opment where the cheapest (least capital
intensive) projects are realized first. Consump-
tion of materials seems to have remained a
constant share of production.

In the transmission sector, the use of the
different factors remained stable over the
period for both capital and materials, as well
as for loss of electricity.

In the distribution sector there was a slight
increase in consumption of real capital per
unit of production during the period. Use of
materials (including repairs) also increased
over time. Loss of electricity was reduced,
however, thus being substituted by capital and
materials.

Figure 2.15. Use of input factors per produced unit
of electricity 1973-1988. Indices. 1973 = 1
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A possible reason for the low elasticity of
substitution in the "new" model may be that
the estimates are based on new and more
comprehensive data. Moreover, the "old"
model was estimated during a period marked
by increasing oil prices relative to the price of
electricity. Since there is no explicit factor
allowing for trend in the model, a trend to-
wards electricity during this period was ex-
pressed by an overestimate of the elasticity of
substitution.

Reference path and calculations of effects

A reference path has been simulated and
effects calculated using the "old" and "new"
models. The purpose of this analysis is to
compare the results of the simulations and the
effects of imposing taxes on fossil fuels in the
two different model specifications. The differ-
ence between the two models is illustrated by
simulating the "old" and "new" model specifi-
cations up to the year 2000.

Two very simplified (partial) models are used
for the "new" and the "old" model respectively.
The models calculate the use of electricity and
oil for stationary combustion, while the pro-
duction in each sector and thus the total ener-
gy consumption is determined exogenously.
Similarly, total private consumption and total
energy consumption in households are also
determined externally to the model.

The reference path assumes a growth in pro-
duction and consumption of about 2 per cent
per year during the peried 1990-2000. The
price of both oil and electricity is assumed to
rise by about 4 per cent per year. The trend for
other important variables is about the same as
in the calculations for the reference alternative,
carried out as part of the SIMEN project (a
study of industrial development, energy use
and environmental change) (B. Bye et al
(1989)).

All the calculations assume that the energy
demand functions contain a trend variable
which correlates with time. When such a trend
is included, oil consumption will gradually
become zero. However, there is great uncer-
tainty as to how long the trend observed
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during the estimation period will last. The
trend is bound to slack off as the potential to
substitute electricity for oil decreases. All the
figures are indexed to 1 in the first year of
simulation, 1990.

The reference path

Figures 2.18 and 2.19 show trends in the total
consumption of electricity and oil respectively
for stationary combustion in the "new" and the
"old" model. The "new" model implies higher
electricity consumption and lower o¢il con-
sumption in the year 2000 than expressed in
the "old" model. The "old" model implies an
increase in electricity consumption of 18 per
cent during the period 1990-2000, and the
"new” model an increase of 33 per cent. The
corresponding figures for oil are an increase of
total 36 per cent in the "old" model, and a
reduction of 20 per cent from 1990 to the year
2000 in the "new" version of the model. The
price trends for both commodities are the
same, so that the only factor of importance for
electricity and oil substitution in the reference
path is the trend towards increased use of
electricity.

Alternative scenarios

Two scenarios have been calculated to analyze
the effects of an increase in the price of oil.
The assumed growth in total production,
consumption and energy use are the same as
for the reference path. In the first scenario the
annual rise in the price of oil increases to 10
per cent from 1992. The rise in the electricity
price remains unchanged (4 per cent). There-
fore, the price of oil increases by 6 per cent
relative to the price of electricity. This implies
a total increase of about 66 per cent in the
price of oil relative to the price of electricity
over the period 1990 to 2000.

The substitution effects are much lower in the
new model, especially for the production
sectors. Therefore, according to this model,
increased taxes have much less effect. Con-
sumption of electricity increases by 32 per cent
in the "old" model and by 35 per cent in the
"new" one, while oil consumption increases by

























































and N,O for the last two years only. The total
"greenhouse effect” of Norwegian emissions is
discussed at the end of the section. Emissions
from ocean transportation (shipping in foreign
trade) are not included in the calculations. The
figures for 1989 and 1990 are preliminary
estimates from SFT, and are not distributed by
sector or by source.

There was a2 marked reduction in emissions of
SO, during the period 1973-1990, see figure
3.1. Emissions from stationary combustion
decreased from 73 000 tonnes in 1973 to about
20 000 tonnes in 1990, and emissions from
industrial processes decreased from 67 000
tonnes to just over 30 000 tonnes during the
same period. Reductions in 50, emissions are
due to several factors:

- The sulphur content of several oil products
has been reduced. Regulations concerning
the sulphur content of heavy oils entered
into force in 1977 in the coastal counties of
Southern Norway and were made more
stringent in the 13 southernmost counties
from early 1986.

- A 10-year programme to clean up older
polluting industry was started in 1974. The
programme entails permits for emissions
and instructions to install cleaning equip-
ment in a number of undertakings. Clean-
ing has been directed mainly at emissions
of particulates.

- There was a good supply of cheap surplus
power in the 1980s. This led to a decrease
in use of oil, especially in the pulp and
paper processing industry.

- There were several mild winters at the end
of the period, leading to less use of energy
for heating.

The largest reductions in emissions occurred in
the pulp and paper processing sector, from
33 000 tonnes in 1976 to 5 400 tonnes in 1988.
This sector consumes the largest amounts of
surplus power. Emissions from energy-inten-
sive industry (manufacture of metals and
industrial chemicals) remained about the same
throughout the period. There was a marked
reduction in emissions from petroleum refiner-
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ies, and emissions from other industry and
other commercial activity, not including the
transportation sector, were more than halved
during the period due to emission-abatement
measures such as the requirement for a lower
content of sulphur in heavy oils and the
changeover from oil to electricity as a source
of energy. The main reason for the large re-
duction in emissions from 1986 to 1987 is the
closing down of the smelting works at A/S
Sulitjelma mines, which had been responsible
for extensive emissions from industrial pro-
cesses. Emissions from industrial processes
were further reduced by 1 000 tonnes from
1987 to 1988, mainly as a result of reduced
emissions from the pulp and paper processing
sector and from oil refineries. Emissions from
stationary combustion were also reduced by
almost 4 000 tonnes. Emissions from mobile
sources also decreased by almost 3 000 tonnes
from 1987 to 1988. Total SO, emissions were
reduced by 10 per cent from 1987 to 1988 and
by a further 10 per cent from 1988 to 1989.
Preliminary estimates indicate that the emis-
sion level in 1990 will be about the same as in
1989.

In 1988, the most important source of SO,
emissions was industrial processes, which
accounted for 45 per cent of the total emis-
sions. 31 per cent came from stationary com-
bustion and 24 per cent from mobile sources.

The industrial sectors combined accounted for
about two thirds of the total SO, emissions, 30
per cent of this amount coming from metals
production. Other important sectors for SO,
emissions were domestic transportation, manu-
facture of chemical and mineral products, pulp
and paper product manufacture, and preduc-
tion of industrial chemicals.
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strength) of these gases into CO,-equivalents.
Such conversions must be based on several
assumptions, many of them somewhat uncer-
tain. Therefore calculations of the greenhouse
strength of emissions of the different gases
will also be subject to a certain degree of
uncertainty over and above the uncertainty
connected to the physical emission figures.

Table 3.6. Greenhouse strengths of certain gases.
Indirect effects are taken into account. CO,-equiva-
lents per kg emissions

L 1
0 L 4
L 14
N o e e 300
NO, ..o e i i 17
R N 17
Source: SFT.

Table 3.6 shows the greenhouse strengths used
in the calculations. Indirect effects of chemical
reactions in the atmosphere are taken into
account. These greenhouse strengths, or cli-
mate factors, will be revised as further knowl-
edge is obtained.

Table 3.7 shows emissions of CO, CO, CH,,
N,O, NO, and VOC by sector, measured in
terms of CO,-equivalents, and table 3.8 shows
emissions distributed by source.

CQ, is clearly the most important greenhouse
gas and alone accounted for about 70 per cent
of the increased greenhouse effect from the
compounds included in this survey from 1988.
The next most important gases in this connec-
tion are CH,, NO, and N,O, each of which
contributed 8 per cent. About 5 per cent of the
effect was due to CO, and VOC accounted for
only 1 per cent of the Norwegian anthropo-
genic contribution to increased greenhouse
effect. Note that emissions of CFCs and halons
are not included in these calculations.

In 1988, mobile sources accounted for 42 per
cent of the total emissions in terms of CO,
equivalents, with road traffic as the most
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important source of emissions (22 per cent),
see table 3.8. Stationary combustion, and
industrial processes and evaporation were
each responsible for 29 per cent.

The industrial sectors combined accounted for
almost 30 per cent of the emissions. Large
quantities of greenhouse gases were emitted
from energy-intensive industry in particular.
18 per cent of the emissions came from private
households, 15 per cent from domestic trans-
portation (not including private cars), 12 per
cent from primary industries, another 12 per
cent from private and public services, and 11
per cent from other industries, mainly petro-
leum activities, see table 3.7.

































Committee on Climate, the Central Bureau of
Statistics has analyzed the possible impacts of
national and international CO, emission-abate-
ment measures on the Norwegian economy. A
description of calculations carried out using
the long-term, general equilibrium model
MSG-TAX, described in more detail in box 3.3,
is presented below.

The reference path

The reference path used in the calculations
describes a possible trend in the Norwegian
economy, energy use and emissions to air up
to the year 2025. The path is characterized by
a relatively moderate increase in production
and a somewhat higher, though moderate,
increase in private consumption. Table 3.11
shows the trend for some main economic
figures in the reference path.

Estimates for the trend in the labour force are
based on projections based on CBS’s demo-
graphic models. The supply of manhours is
expected to increase slightly up to 2010, after
which it will decrease by about 0.2 per cent
per year up to 2025. In relation to the years
1970-88, the increase in the labour force is low.
This is due to changes in the composition of
the population, with a steadily increasing
number of elderly persons.

The total stock of capital is estimated to in-
crease by an average of 1.4 per cent per year
up to the turn of the century, and by 2.3 per
cent per year after the year 2000. These esti-
mates are also low in a historical perspective,
but are about the same as the observed histori-
cal increase in stock of real capital in other
OECD countries. The rate of technical progress
is the same as the average for the 1970s and
1980s. The real increase in the price of crude
oil is expected to decline from about 2.5 per
cent per year up to the year 2000 to just over
0.5 per cent at the end of the period. The
international economy is expected to be
marked by continued specialization and a
relatively moderate growth in GDP and rise in
prices in our trading partner countries.

Due to the expected high rate of technical
progress, the increase in the use of input
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factors in domestic production, including
consumption of oil products, is lower than the
increase in production. In spite of the in-
creased production, and the increasing real
price of oil products, the higher level of activi-
ty and higher level of income imply an 80 per
cent higher consumption of fossil fuels in 2025
than in 1987. Electricity consumption increases
by about 54 per cent or 56 TWh during the
period of calculation, to about 159 TWh in the
year 2025. The assumptions defined for price
trends for natural gas give a price of just
under 23 ere/kWh for gas-based electricity
delivered from the plant (1987 prices). This
means that, in the year 2000, electricity from
gas will compete in price with hydropower. It
is therefore assumed that after the year 2000
the increased demand for electricity will be
covered by electricity from gas. According to
the reference path, 42 TWh of the electricity
produced in 2025 will be based on gas and 117
TWh on hydropower. As shown in table 3.12,
increased electricity consumption leads to a
marked increase in emissions to air.

The decrease in emissions of 5O, and NO, up
to the turn of the century is due to measures
that have already been adopted, such as cata-
lytic cleaning of exhaust gases from motor
vehicles and closing down several major
sources of industrial pollution. In addition,
emissions from combustion of oil from petro-
leum activities in the North Sea are reduced as
a result of expected measures to reduce emis-
sions from gas flares. The reason why emis-
sions of VOC do not follow the same pattern
as the other polluting compounds is increasing
activity in the oil sector up to the turn of the
century, and therefore more evaporation.
Norwegian oil extraction declines after the
year 2010.
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The Storting (Norwegian National Assembly)
has decided, as a provisional target, to stabi-
lize CO, emissions at the 1989 level by the
year 2000. This is equivalent to an emission
level of about 35 million tonnes. The projec-
tions indicate CO, emissions which exceed this
level by about 17 per cent in the year 2000. In
2025 the emissions will be almost twice as
high as the target.

Assuming that the international agreements
and national targets reflect a seemingly reason-
able environmental load in the future, it must
be said that the reference path shows a trend
which does not conform with environmental
considerations.

The agreement scenario

The agreement scenario is intended to show
the possible effects on the Norwegian economy
of an international agreement to stabilize CO,
emissions. It is assumed that the intention of
the adopted agreement is to achieve almost
complete stabilization of global energy-related
CO, emissions at the 1987 level by the year
2000, followed by an increase in emissions of
about 0.6 per cent per year (The "Control
Policies Scenario”, by the UN Panel on Cli-
mate, IPCC, 1990). Reductions in emissions are
to be achieved by means of a global tax on
CO, emissions. The tax on CO, is determined
exogenously in the MSGTAX, and the model is
used to calculate CO, emissions. In MSGTAX
the tax is added to the purchase price of
heating oil and gasoline for consumers and
producers. A tax is also imposed on other
production materials which cause emissions of
CO; during the production process. The tax is
calculated on the basis of a specific tax per
tonne CO, emissions.

The size of the tax is calculated on the basis of
a number of global and national analyses of
the connection between the price of fossil fuel
and CO, emissions (CBS, 1991). The tax on
CQ, is introduced in 1995 and increases from
about NOK 68 per tonne CO, to about NOK 1
278 per tonne in 2025, calculated in 1987
prices.

The tax on CO, is a source of income to the
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public authorities, and thus opens up for a
reduction in other taxes. In principle, the effect
on the Norwegian economy in general, and on
distribution of income in particular, will de-
pend entirely on how the rest of the system of
taxes is changed as a result of the tax on CO,.
In MSGTAX all resources are fully utilized
throughout, and economic adjustment is deter-
mined primarily by relative prices. The model
automatically transfers the proceeds of the
taxes back to the economy in the form of a
general reduction in taxes/transfers to house-
holds. The tax on CO, alsc implies a reorgani-
zation of the tax system, and has no total
contractive effect on the Norwegian economy.

Assumptions concerning international condi-
tions

An international CO,-agreement will influence
the trend on the international energy market,
and in the international economy and world
trade. Higher prices for energy will lead to
higher prices of products. It is assumed that
the average price rise will be stronger abroad
than in Norway. Expenditures on fossil fuel
account for a relatively small share of the costs
for Norwegian producers in relation to our
trade partners. On average, if crude oil, gas
and products from energy-intensive industry
are excluded, nominal import prices in the
agreement scenario are 5 per cent higher than
the prices shown in the reference path in the
year 2000, and 18 per cent higher in 2025. For
the products of energy-intensive industry, the
increase in prices on the world market is that
same as in Norway (CBS, 1991).

Due to lower demand the price of crude oil is
expected to be lower than it would be without
an international CO,-agreement. The nominal
prices of crude oil and gas increase to about
the same extent as shown by the reference
path. In the agreement scenario the real price
is about 15 per cent below the level of the
reference path in 2025. The price trends for
imported gasoline and heating oil are assumed
to be the same as for crude oil.

Among our trade partners the annual growth
in GDP is expected to be about 0.25 percentage
points lower than shown in the reference path










































AIR

mental measures are introduced, which is a
very unrealistic assumption in today’s situa-
tion.

The task force concluded that changes in the
composition of industry are more likely to
exacerbate the environmental problems than
solve them. This is to a large degree due to the
expected large increase in road transport.

It is difficult to say whether such a conclusion
is also applicable in Norway’s case. Participa-
tion in the internal market (as a member of the
EEC, or not as a member) will probably lead
to increased reciprocal trade and more road
traffic. However, it is by no means certain
whether the individual sectors of Norwegian
industry will gain or lose by the introduction
of the internal market. This will depend on
whether or not they are able to compete with
foreign companies. There are large differences
in the extent of pollution from the different
sectors, and a shift in the composition of
industry will therefore strongly influence
emissions - in a positive or negative direction.
The extent of the increase in road traffic will
depend on developments in other industries
which use the services of the transport indus-

try.

Conclusions

The environmental policies of the EEC and of
Norway are not very different. On certain
points, e.g. requirements for labelling and use
of toxic and/or carcinogenic chemicals, the
Norwegian regulations are more stringent than
those of the EEC. In other areas, e.g. industrial
contingency preparedness against serious
accidents, and protection of birds, the EEC
regulations are more restrictive. As far as
provisions concerning emissions to air are
concerned, it seems as if the regulations in the
EEC and in Norway seldom conflict. Extensive
emissions to air from Norwegian companies
are regulated at present through discharge
permits from the State Pollution Control Au-
thority, and this practice does not present a
problem in relation to the EEC regulations.

If Norway chooses to adjust to the EEC
through an EEA agreement, it is unlikely that
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any extensive harmonization of taxes will be
necessary. In the case of Norwegian member-
ship of the EEC on the other hand, Norwegian
taxes will probably have to be harmonized
with those applying in the EEC. This will not,
however, lead to lower environmental taxes in
Norway if the EEC maintains a lower level
than desired by Norwegian politicians. The
EEC tax policy has not yet been decided but,
in the light of present indications it is not an
obvious conclusion that harmonization of
Norwegian taxes to the EEC level would imply
lower taxes.

Another point is that if Norway became a
member of the EEC it would be difficult to
stipulate more stringent criteria for exhaust
emissions from motor vehicles in Norway than
in the rest of the EEC. However, the exhaust
emission criteria which are expected to be
approved by the EEC are about the same as
those which apply in Norway at present.

The choice of type of association with the EEC
may affect both economic growth and the
composition of industry in Norway. There are
large differences in the extent of pollution
from the different industrial sectors, so that a
shift in composition could be decisive for
changes in the level of emissions. More com-
prehensive macroeconomic analyses are re-
quired before it is possible to state whether
membership of the EEC, an EEA agreement, or
staying outside the EEC internal market, will
lead to the lowest emissions to air in Norway.
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