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FOREWORD 

The 
purpose of this booklet, which is published 

annually in Norwegian, is to give a concise 
up-to-date presentation of Norway's energy situation. 

All descriptions have been made as brief as possible, at 
the expense of finer nuances. Only very limited information 
about activities on the Norwegian continental shelf is in- 
cluded in this booklet, but further information is available 
in a separate publication, "Faktaheftet", of the Ministry of 
Petroleum and Energy. The first part of this booklet is a 
simple introduction to energy terminology and concepts, 
while the latter part deals with energy supply and con- 
sumption. The contents should also be of interest to 
readers who are not directly connected to the energy 
sector, such as journalists, teachers and students. 

The Norwegian Water Resources and Energy 
Administration 

Oslo, February 1992 

3 

ENERGY FACT SHEET 1990-91 



CONTENTS 

Page 

ENERGY 9 

2 ENERGY TERMINOLOGY AND CONCEPTS 10 

3. NORWAYS ENERGY RESOURCES AND RESERVES 12 

4. INDIVIDUAL ENERGY CARRIERS 14 

4.1 Hydropower 14 
4.2 Oil and gas resources 17 

4.2.1 Petroleum reserves 17 
4.2.2 Exploitable petroleum resources 17 

4.3 Gas power 19 
4.4 Coal reserves 19 
4.5 New. renewable energy resources 20 

5. ENERGY PRODUCTION AND CONSUMPTION IN NORWAY 21 

5.1 Introduction 21 
5.2 Historical development of energy consumption 

and production in Norway 24 
5.2.1 Introduction 24 
5.2.2 Distribution of energy carriers 25 
5.2.3 Electricity 26 
5.2.4 Petroleum products 28 
5.2.5 Solid fuels 29 
5.2.6 Interdependence between gross national product 

and energy consumption 30 

6. ENERGY POLICY AND PRICES OF ENERGY CARRIERS 31 

6.1 Energy policy 31 
6.1.1 The Energy Act 31 
6.1.2 The Oil Fund 31 

6.2 International development of crude oil prices 32 
6.3 Prices of petroleum products in Norway 32 
6.4 Prices of Norwegian gas 33 
6.5 Electricity prices 33 
6.6 Price developments of oil and electricity for heating 36 

5 

u1v 
ENERGY FACT SHEET 1990-91  



6 Page 

7. ENERGY CONSERVATION 37 

7.1 Defining energy conservation 

7.2 Conservation potential 

7.3 Responsibility of the power utility companies for 

energy conservation and local energy planning 

7.4 Government measures 

7.4.1 Information and education 

7.4.2 Prototype/demonstration projects 

7.4.3 Government support for energy-conserving 

investments 40 
7.4.4 Financial support for local energy planning 40 

7.4.5 Financial support for the electricity supply sector 40 

37 

37 

38 

38 

39 

39 

8. RESEARCH AND DEVELOPMENT 41 

8.1 Introduction 

8.2 Government support for R&D 

8.3 Development in various areas of R&D 
8.3.1 Efficient energy technologies 

8.3.2 Oil and gas 

8.3.3 Hydropower 
8.3.4 

8.3.5 

8.3.6 
8.3.7 

8.3.8 

Nuclear power 

New, renewable sources of energy 

8.3.5.1 Wave power 

8.3.5.2 Bio-energy 

8.3.5.3 Solar energy 

8.3.5.4 Wind energy 

Other energy sources 

The Institute of Energy Technology 
Nordic energy cooperation 

41 

41 

43 

43 
43 

43 

43 

43 

44 

44 

44 

44 

44 

44 

44 
8.3.9 Energy and the environment 45 

8.3.9.1 Energy and society 45 

8.3.9.2 Quantification of negative environmental impacts 45 

8.3.9.3 Water resources and R&D 45 

APPENDIX 46 

Table 1: Average theoretical energy content of selected 

energy carriers 

Table 2: Conversion factors between various energy units and 

energy sources 

46 

46 

Table 3 Energy definitions 47 

ENERGY FACT SHEET 1990 -91  



LIST OF TABLES 

Table Page 

2.1 Efficiency of selected energy carriers and 

areas of utilisation 11 

3.1 Reserves, production and remaining years of production of 

selected energy resources, 1990 12 

4.1.1 The largest hydropower-producing countries, 1988 15 

4.2.1.1 Reserves, developed and in fields approved for 

development Crude oil, 7980-90 17 

4.2.1.2 Reserves, developed and in fields approved for 

development. Natural gas, 1980-90 17 

4.5.1 Energy reserves in the form of biomass, as of 1 January 1984 20 

5.1.1 Norway's energy balance, 1989 23 

5.1.2 Norway's energy balance, 1990 23 

5.2.1.1 Norway's energy balance, 1980-90 25 

5.2.2.1 Energy and electricity consumption in selected countries, 1988 26 

5.2.3.1 Electricity balance, 1970-90 27 

5.2.3.2 Prices of electricity sold through 
the Norwegian Power Pool, 1980-90 27 

5.2.4.1 Production and consumption of petroleum products and 

natural gas, 1980-90 28 

5.2.4.2 Sales of oil products for heating purposes, 1980-90 29 
5.2.5.1 Production and consumption of solid fuels, 1980-90 29 

6.3.1 Prices of petroleum products, 1970-90 33 

6.5.1 Average prices of sales to households and agriculture in 1991 34 

7.2.1 Conservation potential, 1989 38 

7.4.1 Funds appropriated for energy conservation in 1990 and 1991 39 
7.4.2.1 The most important prototype/demonstration programmes 39 
8.2.1 The Ministry of Petroleum and Energy's budget for 

energy research, 1990-91 42 
8.2.2 The Ministry of Petroleum and Energy's budget for 

energy research, 1985-91 42 

Explanation of symbols in tables 

• Category not applicable 

•• Data not available 
Nil 

0 Less than 0.5 of unit used 

7 

ENERGY FACT SHEET 1990-91 



8 LIST OF FIGURES 

Figure 

3.1 

4.1 1 

4.1.2 

4.1.3 

4.1.4 
4.2.2.1 

5.11 

5.2.1.1 

5.2.2.1 

5.2.6.1 

6.5.1 

6.5.2 

6.6.1 

Production of energy sources. 1990 

Water inflow and electricity production during a year 

Electricity production In IEA countries by energy source 

Electricity production in the Nordic countries by 

energy source. 1990 

Hydropower resources as of 1 January 1991 

Remaining gas resources on the Norwegian continental 
shelf as of 1 January 1991 

Diagram of energy production. conversion and 

consumption. 1989 

Norway's energy production and inland availability. 1970-90 
Norway's energy consumption by source. 1976-90 

Energy intensity 1973-90. Electricity oil and 

total energy consumption In relation to GNP 

Sales to households and agriculture by price interval, 1991 
Power price indices. 1975-90 

Price developments of selected energy carriers. 1986-91 

Page 

13 

14 

15 

16 

16 

18 

22 

24 

25 

30 

35 
35 

36 

ENERGY FACT SHEET 1990-91 



1. ENERGY 

Energy 
is the product of power and time. A stove that is supplied with 

1 kilowatt (kW) of power will. for example, after one hour have received 
the equivalent of 1 kilowatt-hour (kWh) of energy. The types of energy 

we are most familiar with are primarily light, heat and mechanical work (e.q. 
transport). Energy in its natural form often cannot be utilised directly. hydro- 
power being an example. If we want light. we must convert the water's energy 
to electricity. Hydropower is therefore referred to as primary energy and the 
electricity generated from it as an energy carrier. 

Methods for converting energy are chosen chiefly on economic considera- 
tions, depending upon which sources of energy and raw materials one has 
access to. Through various processes. the conversion of, for example. fossil 
fuels can result in either heat. light or mechanical work. The conversion can 
take place in steam power plants heating stations. combustion engines. 
furnaces. etc. 
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10 
2. ENERGY TERMINOLOGY 

AND CONCEPTS 

Units and energy: 
Most countries have adopted the ··sI·· system (Systerne International 
c'Urutes). The basic unit of energy in this system Is the Joule (J) This is also 
the Norwegian Standard (NS 1024). Electric energy can also be expressed In 
watt-seconds (Ws) or watt-hours (Wh). One kilowatt-hour equals 1000 Wh. 

A table of energy term detminons and conversion factors between various 
energy units are included at the back of this booklet (appendix. tables 2 
and 3) 

Primary energy: 
Unprocessed energy extracted from nature Is called pnmary energy 
Examples of primary energy are coal. crude 011. natural gas. hydropower. 
wood and wind. 

Energy carriers: 
When energy takes on such a form that It can be readily distnbuted and put 
to use by the consumer. It Is called an energy earner 

Examples of energy carriers are heating 011. gasol ne and electncrty Wood 
coal and natural gas are sources of primary energy that serve as energy 
carriers. 1 e they can be used In their natural state for purposes such as heat- 
ing of buildings. Energy earners can In turn be converted into other energy 
carriers (secondary or derived. energy earners). for example electricity to 
heat that can be utilised In a distnct heating plant 

Theoretical energy content: 
The maximum amount of energy that can be extracted per weight or volume 
unit of primary energy varies considerably from one type of raw material to 
another. The maximum exploitable amount of energy Is referred to as the 
theoretical energy content. In practice. 11 Is not possible to utilise the full theo- 
retical energy content (cf paragraph below on etncrency). 

The various energy carriers have different physical properties There are. 'or 
example. at present no energy carriers that can seriously compete wun crude 
oil-based fuels In most of the transportation sector Motor vehicles and aircraft 
require energy earners with a high energy density. 1.e low weight In proportion 
to energy content Oil has a higher energy dens ty than coal. In other words. 
more energy Is released by burning 1 kg of oil than 1 kg of coal. Wind and 
solar energy have low energy densrtres. and this Is why wind and solar power 
plants take up large surfaces. A table showing the theoretical energy content 
of selected energy carriers Is included at the back of the booklet. 

ENERGY FACT SHEET 1990 -91  
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Useful energy: 
The energy that is available to the consumer. for example in the form of electric 
light or heat in the living room, is called useful energy The amount of useful 
energy depends on the energy carrier's efficiency in the various processes 
it undergoes on its way to the final consumer. Useful energy is equal to the 
theoretical energy content multiplied by efficiency. 

Efficiency: 
In practice It is not possible to utilise the total theoretical energy content of a 
given source of energy. Losses occur both in the conversion process and In 
final use. The proportion of energy content that can be utilised is referred to as 
efficiency. The efficiency of selected energy carriers and areas of utilisation 
are shown in table 2.1. 

Tabel 2.1: 
Efficiency of selected 
energy carriers and 
areas of utilisation." 
Source: Central Bureau 
of Statistics and 
Ministry of Petroleum 
and Energy 

- - -  

INDUSTRY AND TRANSPORT OTHER 
MINING CONSUMPTION 

ENERGY CARRIER 

Coal 0.80 0 10 0.60 

Coke 0.80 0.60 

Wood and peat 0.65 0.65 

Gas 0.95 0.95 

Gas for generating electricity 0 47 

Liquid propane and butane (LPG) 0.95 0.95 

Gasoline 0.20 0.20 0.20 

Paraffin 0.80 0.30 0 75 

Diesel. gas and fuel oils no. 1 and 2 0.80 0.30 0 70 

Heavy heating 011 0.90 0.30 0 75 

Electricity 100  0.95 1 00 

1) Esumates of ett cency are v e s  , r.nce-ta.r- Hesu.ts 'rom some tests o.rer co-s der ab y t-orr 

coe't c.e-us 'l the tao e 

21 El;,c,enc, of gas csec :o generate e ec-ic 1,  a como,neo r s:a .auon 

Table 2.1 shows clearly that efficiency Is high for electricity and gas. lower for 
coal and oil. 

Electricity is, on the whole. the energy carrier that can be utilised most effici- 
ently. The table also shows that the efficiency of oil products is lower in the 
transportation sector than in other sectors. This is among other things due to 
the low efficiency of combustion engines. 
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12 
3. NORWAY'S ENERGY 

RESOURCES AND RESERVES 

The 
sun is the earth's most important source of primary energy. Solar 

energy is bound in both short and long-term storage. The precipitation 
cycle is an example of short-term storage. Water, heated by the sun, 

evaporates and rises to a higher level of the atmosphere where it condenses 
and falls to earth again as rain or snow. Water thereby acquires potential 
energy. Coal, oil and natural gas are examples of long-term storage of solar 
energy. Millions of years ago, these energy carriers were plants that absorbed 
carbon dioxide from the atmosphere and transformed it into biomass with the 
help of solar energy (photosynthesis). 

We divide energy resources into two main groups renewable and non-renew- 
able. Short-term solar energy storage in the form of hydropower is a renewable 
resource, as are wave power, wind power, bia-energy and directly utilisable 
solar energy. A common feature of renewable resources is that their utilisation 
is limited by the annual supply. 

Non-renewable resources consist primarily of long-term solar energy storage 
such as coal, crude oil and natural gas (otherwise commonly known as 
"mineral resources"). 

The concept energy reserves is, however, of more practical interest than the 
term energy resources. For a resource to qualify as a reserve, two prerequisites 
must be met: 

1) The resource must be identified (proven) Unidentified resources merely 
presumed to exist are therefore not considered reserves. 

2) The resource must be profitable In other words, it must be economically 
favourable to exploit it using available technology. 

Norway's most important energy reserves and production in 1990 are shown 
in table 3.1. The number of remaining years of production at the current pro- 
duction level is shown for non-renewable reserves. 

Table 3.1: 
Reserves, production RESERVES PRODUCTION REMAINING NUMBER OF 

and remaining years of YEARS OF PRODUCTION 

production of selected RESOURCE 

energy resources, Coal 365 9 42 
1990'1(PJ). oa 45092 3466 13 
Source: Central Bureau Gas· 49410 1129 44 
of Statistics Hydropower 542 436 Renewable 

Biomass 64 38 Renewable 

1) At current rate of extraction and unchanged prices and production costs 
2) Figures are based on calculations and are very uncertain 
3) Reserves approved for extraction 
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Figure 3. 1 illustrates the production of selected energy resources in 1990 
measured in petajoules (PJ). 

Figure 3.1: 
Production of energy 
resources, 1990 (PJ). 
Source: Central Bureau 
of Statistics 
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14 4. INDIVIDUAL ENERGY 
CARRIERS 

4.1 HYDROPOWER 

Hydropower is a form of solar energy. The sun ·•Iifts·· water up from the surface 
of the earth through the process of evaporation. The water then falls back to 
earth as preciouanon and is collected In reservoirs. Precipnauon Is very un- 
evenly distributed In Norway. Some inland parts of south-eastern Norway and 
Finnmark county (fylke) receive only approximately 300 mm per year. which is 
less than in some desert regions. There are areas in western Norway. how- 
ever. that receive more than 15 times as much precipitation as the driest parts 
of the country. The amount of precipitation also varies according to season 
and from year to year. thereby creating an increasing need for reservoir capa- 
city in the hydropower system. The flow of rivers is greatest during the snow- 
melting period, lowest in winter and summer. Distribution of inflow and electri- 
city production during a year is shown for the Norwegian hydropower system 
in figure 4.1. 1. 

Hydropower completely dominates Norway's electricity supply. During a 
normal year, more than 99% of the country's electricity is generated by hydro- 
power. Norway has a unique international position with regard to hydro-based 
power production. Hydro-generated electricity accounts for a much larger 

Figure 4.1.1: 
Water inflow and TWh electricity production 
during a year 8 8 
(TWh/week). 
Source: Norwegian 

7 7 Water Resources and 
Energy Administration 

MEAN USEFUL 6 INFLOW 6 

5 5 

4 4 

3 3 

2 2 

PRODUCTION 
FROM INFLOW ou....------------------_.....o 

J F M A M J J 

Month 

A S O N D 

- - - - - - -  __J 

ENERGY FACT SHEET 1 9 9 0 - 9 1  

lrl:u 
A 



Table 4.1.1: 
The largest hydropower- HYDROPOWER PRODUCTION INSTALLED CAPACITY (HYDROPOWER) 

producing countries, 
1988. TWh ANNUAL CHANGE MW ANNUAL CHANGE 

Source: United Nations 1978-88 (%) 1978-88 (%) 
COUNTRY 

Canada 306.6 2.7 57464 3.2 
USA 229.1 - 2.1 88613 2 1 
USSR 229.1 3.0 63500 29 
Brazil 199.1 6.8 41692 6.7 
Norway 108.9 3.0 25444 3.6 
China 106.6 9.1 29000 5.3 
Japan 95 9 1.2 37291 3.2 
France 78.8 1.1 24651 2.9 
Sweden 704 2.0 16700 1.9 
India 51.9 1.0 18003 5.2 

share of the total energy consumption than in most other industrialized 
countries. Table 4.1.1 shows the world's leading hydropower-producing 
countries in 1988. 

Figure 4.1.2 illustrates historical data, as well as the expected amount and 
composition of electricity production in the years 1995 and 2000 for member 
countries of the International Energy Agency (IEA) Figure 4.1.3 shows the 
composition of electricity production in the Nordic countries in 1990. 

Norway's economically feasible hydropower potential was, at the end of 1990, 
estimated at 1714 TWh for years with average inflow. Of this potential, rivers 
with plants yielding a total mean annual production of 108.1 TWh were deve- 
loped, while 3.5 TWh were under construction as of 1 January 1991. At the 
same time, rivers with a potential annual production of 21.0 TWh had 

Figure 4.1.2: 
Electricity production 
in IEA countries by 
energy source. 
Source: IEA TWh 
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16 Figure 4.1.3: 
Electricity production 
in the Nordic countries 
by energy source, 
1990. 
Source: Nordel 

Figure 4.1.4: 
Hydropower resources 
as of 1 January 1991. 
Source: Norwegian 
Water Resources and 
Energy Administration 
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been declared "protected Licencing applications for 14.5 TWh of the re- 
maining potential of 38.8 TWh can be submitted under the Master Plan for 
Water Resources (a priority ranking of hydropower projects based on environ- 
mental and economic criteria). Applications for licences to develop the last 
24.3 TWh cannot. for the time being be submitted. 

Figure 4.1 4 shows the hydropower potential as of 1 January 1991. 

Most of the unused hydropower resources are located in western Norway and 
in Nordland county. The two northernmost counties. the Trøndelag counties 
and the counties along the Oslo Fjord have very little hydropower left to 
develop. 

As of 31 December 1990. a total of 392 units were registered within the energy 
supply sector. comprising 214 power utility companies (drstribuuon companies). 
105 production and wholesale companies and 73 industrial or privately owned 
units. This represents a total reduction of 173 uruts compared with 1973 This 
decrease In number Is mostly due to the merging of power utility companies 
with smaller proouct.on and distrbuuon companies. The units n the energy 
supply sector are organized In the following types of company publicly 
managed. joint. partnership. cooperatives or shareholding. Owner interests 
are either government. county. municipal/inter-municipal. private or a combi- 
nation of these. 

4.2 OIL AND GAS RESOURCES 

4.2.1 Petroleum reserves 

Tables 4.2.1.1 and 4 2 1.2 respectively show the volume of crude oil and 
natural gas reserves 1980-1990 ( developed and In fields approved for 
development) 

Table 4.2.1.1: 
Reserves, developed 1980 1985 1986 1987 1988 1989 1990 
and in fields approved 
for development. Reserves as of 1 Jan 520 650 733 838 871 1028 995 
Crude oil, 1980-90 New herds 24 65 29 60 155 105 
(Mtoe). Adjustments - 24 56 118 22 59 41 109 
Source: Central Bureau Extracted - 24 - 38 - 42 - 49 - 57 - 75 - 82 
of Statistics 

Reserves as of 31 Dec 496 733 838 871 1028 995 1127 

Table 4.2.1.2: 
Reserves, developed 1980 1985 1986 1987 1988 1989 1990 
and in fields approved 
for development. Reserves as of 1 Jan 406 399 387 1259 1248 1267 1261 
Natural gas, 1980-90 New fields 32 9 893 8 20 19 
(Mtoe). Adjustments - 27 6 6 10 28 23 - 18 
Source: Central Bureau Extracted - 26 - 27 - 27 - 29 - 29 - 29 - 29 
of Statistics 

Reserves as of 31 Dec 385 387 1259 1248 1267 1261 1232 

4.2.2 Exploitable petroleum resources 

Exploitable petroleum resources are defined as those resources whose 
existence has been proven and that can be commercially exploited with 
present technology. These include fields approved for development and 
fields undergoing investigation. 

17 
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18 The total magnitude of identified, exploitable resources was as of 31 December 
1990 estimated to be just under 5300 million tonnes of 011 equivalent (Mtoe) 
by the Norwegian Directorate of Petroleum . Of these resources. 3220 Mtoe 
are to be found 1n fields approved for development. Almost all are south of 
Stad. 1 e. 1n the North Sea. It 1s also there that the largest resources 1n fields 
undergoing assessment have been identified. In these fields. yielding a total 
of 2040 Mtoe. 1360 Mtoe are found south of Stad, 410 Mtoe on the Halten bank 
shelf (off the coast of central Norway) and 270 Mtoe in the Barents Sea. The 
resources south of Stad are 60% gas and 40% oil and condensate. The pro- 
portion of resources 1n the Haltenbank area is 48')o gas and 52°0 oil. while re- 
sources in the north are predominately gas deposits. Out of the total resources. 
approximately 880 Mtoe had been extracted as of 31 December 1990. 

From the end of 1989 to the end of 1990, the Norwegian Directorate of 
Petroleum's resource accounts show that the increase in known oil reserves 
was greater than the extraction. For gas. the situation was reversed. For fields 
in operation and fields approved for development. the increase in oil reserves 
is mainly attributed to the upward adjustment of the estimated reserves 1n the 
Statfjord and Ekofisk fields. 

The production of oil from the Norwegian continental shelf 1s expected to rise 
to approximately 105 Mtoe a year, or 2.15 million barrels a day. 1n 1995 or 
1996 There 1s. however. a possrbilrty that production may reach an even 
higher level by the m1d-1990s. After that. production 1s expected to fall some- 
what towards the year 2000. This decline can to a certain extent be arrested 
by the discovery of new fields. At the current exploitation rate the identified oil 
resources will last at least 20 years At the present level of production and re- 
source basis. 1t should be possible to produce gas for more than 100 years. 

Figure 4.2.2.1 shows the rernammq. exploitable gas resources on the 
Norwegian continental shelf. 

Figure 4.2.2.1: 
Remaining gas 
resources on the 
Norwegian continental 
shelf as of 1 January 
1991 (1000 mill. Sm'). 
Source: Norwegian 
Directorate of Petroleum 
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4.3 GAS POWER 

The Norwegian hydropower system's production capacity vanes in step with 
the amount of preciprtation from year to year. A thermal power plant can 
supplement hydropower production in years with little precipitation (dry-year 
plant). or 11 can run at a relatively constant load irrespective of inflow (base- 
load plant). 

In recent years. the construcuon of gas-fired combined mstallanons (base-load 
plants) and pure gas-turbine plants (dry-year plants) to generate electricity has 
been considered. The most possible sites have been Karstø In western Norway 
where natural gas Is already available ashore. central Norway in connection 
with the development of the Haltenbank field in the Norwegian Sea. and eastern 
Norway. which would. however. require a transportation system for the gas. 

The main components In a combined mstallation are gas turbine steam turbine. 
boiler and generator A controiled combustion between the compressed air 
and the added fuel takes place inside the gas turbine Electricity s generated 
as the air In the gas turbine expands. thereby releasing energy to activate the 
generator. Heat from the gas turbine's waste gas is recovered as water is 
heated up and evaporates in a waste gas boiler. The steam thus produced 
expands inside a steam turbine that activates either a new generator or the 
same one that the gas turbine Is connected to 

The ethcrency of a combined mstallation can reach approximately 50°0 of the 
energy content of the gas By comparison a gas turbine (dry-year plant) has 
an ernciencv of approximately 33°0. while a steam turbine (gas-fired conden- 
sation plant) can utilise at least 40°a of the fuel energy to produce electricity. 

The price of power from thermal plants particularly dry-year plants. depends 
on how the production is adapted to meet the power demand and on the great 
variations in inflow In the hydropower system. For a base-load plant. gas power 
should be able to compete with new hydropower at around 0.27 NOK/kWh. 
provrdrnq the gas costs less than approximately 0.90 NOK/Sm . 

4.4 COAL RESERVES 

Norway's coal reserves are to be found primarily on Svalbard (Sprtzberqen). 
Identified. exploitable reserves were at the end of 1990 estimated to be 13 mil- 
lion tonnes. An additional 12 million tonnes are to be found in the Svea mine 
(Svalbard) that was closed down in 1987 due to poor profits. 

Svalbard's coal company. the Store Norske Spitsbergen Kulkompani A/S. 
produced 303.000 tonnes of coal In 1990. which was 26.000 tonnes less than 
in 1989. Of this. 26.4% was sold on the Norwegian market and 73.6°0 was 
exported. 

International coal prices rose slightly in 1990. Store Norske Spitsbergen 
Kulkompani attained an average price of NOK 313/tonne (NOK 308/tonne 
In 1989) 

Coal as an important source of energy on a global scale came into focus 
after the report of the World Commission on Environment and Development 
was presented. The report stated that burning of coal contributes to global 

uh, 
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environmental problems through the emission of carbon dioxide. such as 
global heating. 

4.5 NEW, RENEWABLE ENERGY RESOURCES 

The term new. renewable energy resources is used for solar. wind. wave 
power. etc. Hydropower. oil. gas and solid fuels currently account for most of 
Norway's energy resources. Utilisation of new. renewable energy sources is 
increasing in countries such as Denmark. Sweden and the U.SA These energy 
sources may well come to meet a larger share of Norway's total energy demand 
in the future. Norway has been one of the leading nations in wave power re- 
search (cf. chapter 8 on energy research}. 

Biomass is an important energy resource. Research on other resources. e.g. 
solar and wind. is being carried out. but for the time being these can compete 
with conventional energy sources only under very special circumstances. 
Energy from biomass. however. can at present be produced at a price that 
can compete with energy from conventional sources. The energy reserves of 
biomass are shown In table 4.5.1. It Is important to note that the figures are 
subject to uncertainty and are not revised every year. All figures are quoted in 
theoretical energy content. In order to represent reserves in the form of useful 
energy available to the consumer. the value of the theoretical energy content 
must be multiplied by the efficiency coefficient. 

Table 4.5.1: 
Energy reserves in the 
form of biomass as of 
1 January 198411 (PJ). 
Source: Central Bureau 
of Statistics 

ENERGY SOURCE 

Biomass (total) 
Timber (total) 

Deciduous 
Th,nn,ngs from reforested timber stands 
Non-timber mass and brush 
Timber industry by-products 

Straw 
Manure 
Waste 

ENERGY CONTENT 

63 9 
47.0 

21 0 

25 

8.0 
15.5 

58 
1.8 

9.3 

·) Anne.a Changes are srna 
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5. ENERGY PRODUCTION AND 
CONSUMPTION IN NORWAY 

5.1 INTRODUCTION 

A schematic representation of the process of energy production, conversion 
and consumption is presented in figure 5. 1. 1. The figures shown are provisional 
and may differ somewhat from those in table 5.1.1. 

Cross-section 1 shows net inland energy availability, i.e. Norway's net supplies 
of primary energy. The extraction of energy sources has in other words been 
adjusted for export and import of energy, plus energy stock changes. 

Part of the supply of primary energy goes to production in the energy sector. 
("Consumption by the energy sector" in tables 5.1.1 and 5.1.2.) This applies 
in particular to the consumption of natural gas when oil is extracted, of other 
gases used in oil refineries, and of electric power in pumped storage and 
conventional hydropower stations. 

Some energy carriers are converted into other energy carriers (secondary 
energy earners). The production of petroleum products and the generation 
of electricity by hydropower are the most important examples in Norway. 

Not all energy carriers are used for energy purposes. Some are utilised as 
raw materials. This applies primarily to petroleum products that are used to 
produce chemical raw materials, and to coal and coke used in the metallurgic 
industry. Also. a considerable share of the power consumed by energy-inten- 
sive industries is bound as chemical energy in the products, as in aluminium. 

Cross-section 2 shows the energy content in carriers delivered to the final 
consumer. Before losses in final use are accounted for, the energy is referred 
to as energy added. 

In cross-section 3, the fact that not all energy can in practice be utilised has 
been taken into consideration. For example, only 50 to 80% of the energy 
contained in heating oil is utilised in central heating systems. 

The 1989 and 1990 energy balances are presented in tables 5.1 1 and 5.1.2 
respectively. All figures are in petajoules (PJ). Useful energy is calculated by 
multiplying the energy content of the various carriers delivered to final consu- 
mers by their efficiency coefficients. The coefficients are those used in official 
Norwegian statistics and vary according to energy carrier and economic 
sector. 
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Cross section 2: 
Net inland final 
consumption 679 

 -   
333 1 88 257 

Cross section 3: 
Consumption in the 
form of useful energy 
514 

   11111 D 
333 1 65 115 

9 

55 

Consumption by the energy sector 103 

Enery carriers used as raw material 54 

Losses 189 

[ Z ] O i l  

- Solid fuels 

0 G a s  
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FigureS.1.1: 
Diagram of energy pro- 
duction, conversion and 
consumption, 1989 (PJ). 
Source: Central Bureau 
of Statistics 
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TOTAL COAL, WOOD, CRUDE Oil PETROL. NATURAL WATERFALL ELEC· DISTRICT 
COKE Bl. LIQUOR PROD. AND OTHER ENERGY TRICITY HEATING 

WASTE ETC GASES 

1 Production of primary energy earners 4951 10 40 3109 47 1243 503 
2 Imports 241 47 0 45 148 1 
3 Exports 4207 9 0 2755 228 1159 55 
4 Bunkers 14 14 
5 Stock change ( + down - up) . 5 2 3 - 10 
6. Net inland availability 966 49 40 402 - 58 84 503 - 53 
7 Conversion 959 2 4 419 31 0 503 
8 Production of secondary energy 

earners 874 5 416 20 429 5 
9 Consumption by the energy sector 96 3 86 7 
10. Energy carriers used as raw materials 42 42 
11 Losses 30 0 28 2 
12 Stausucal d1ff (6 - 7 + 8 - 9 - 1 o - 11 - 13) 23 2 • 17 23 16 

13 Energy content of earners delivered 

to final consumers 690 50 36 260 340 3 
13 1 Industry and mining 257 49 17 26 162 
13 2 Transport 156 154 2 
13 3 Other consumer groups 277 0 19 80 176 2 

14 Energy consumption. measured ,n 

useful energy 524 40 23 117 340 3 
14 1 Industry and mining 237 40 11 23 162 
14.2 Transport 41 38 2 
14.3 Other consumer groups 247 0 12 56 176 2 

._ Table 5.1.1: Norway's energy balance, 1989 (PJ) T Table 5.1.2: Norway's energy balance, 1990 (PJ) 

TOTAL COAL, WOOD, CRUDE Oil PETROL. NATURAL WATERFALL ELEC· DISTRICT 
COKE Bl. LIQUOR PROD. AND OTHER ENERGY TRICITY HEATING 

WASTE ETC GASES 

1 Production of primary energy carriers 5154 9 38 3418 48 1127 513' 
2. Imports 258 48 0 69 140 1 
3. Exports 4367 11 0 2897 372 1028 58 
4. Bunkers 19 19 
5 Stock change ( + down - up) - 68 -1 - 69 2 . 

I 
6 Net inland availability 956 45 38 520 - 202 99 513 • 57 
7 Conversion 1094 2 4 539 35 0 513 
8 Production of secondary energy 

earners 1018 6 538 32 438 5 
9 Consumption by the energy sector 121 5 109 7 
10 Energy earners used as raw materials 48 48 
11. Losses 36 0 34 2 

) 12. Statistical d1ff. (6 - 7 + 8 - 9 - 10 - 11 - 13) 2 - 19 20 -1 
13. Energy content of earners delivered 

to final consumers 673 48 34 247 340 3 
13.1 Industry and mining 244 47 15 20 160 
13.2 Transport 152 150 2 
13.3 Other consumer groups 277 0 19 78 178 2 

14 Energy consumption. measured in 

useful energy 513 38 22 109 340 3 
14.1 Industry and mining 227 38 10 17 160 
14.2 Transport 39 38 2 
14 3 Other consumer groups 247 0 12 55 178 2 

1) Electricity is regarded as secondary energy 1n the energy balance. Waterfall energy is the primary energy source of electricity 23 produced 1n hydropower plants. It 1s estimated. on an average, that 15% of the potential waterfall energy content is lost during 
production. 
Source: Central Bureau of Statistics 
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Figure 5.2.1.1: 
Norway's energy 
production and inland 
availability, 1970-90 (PJ). 
Source: Central Bureau 
of Statistics 

5.2 HISTORICAL DEVELOPMENT OF ENERGY CONSUMPTION AND 
PRODUCTION IN NORWAY 

5.2.1 Introduction 
In the 1960s, Norway was a net importer of energy. Oil production began in 
1971. and by 1975 Norway had become a net exporter of energy (figure 
5.2.1.1 ). In 1990. oil production reached 79 million tonnes of oil equivalents 
(Mtoe), an increase of approximately 7 Mtoe from the previous year. Gas pro- 
duction amounted to 27.800 million Sm (standard cubic meters). a drop of 
2.900 million Sm compared to 1989. In addition. 2.9 Mtoe condensed gas 
condensate and NGL (wet gas) were produced. 

In 1990 a total of 68.5 Mtoe crude oil and 25.400 million Sm natural gas were 
exported at a value of approximately NOK 88.500 million 

Variations in consumption growth rate can be attributed to fluctuations in 
business cycles and in climatic conditions. and to changes in composition of 
energy carriers. 

Figure 5.2. 1.1 shows the historical development of production and inland 
consumption (measured as net inland availability). 

Total inland energy consumption increased at an average annual rate of 1.5% 
in the period 1970- 83. From 1983 to 1984 energy consumption rose by 2.5%. 
This growth was mainly related to the economic upturn in energy-intensive in- 
dustries, including paper and pulp. From 1985 to 1987, total energy consump- 
tion rose an average 4.3% per year, but dropped by 5.4% from 1987 to 1988. 
Consumption rose again from 1988 to 1990. this time by an average 2. 1 % per 
year. The development of Norway's total energy production and consumption 
in the decade 1980-90 Is shown in table 5.2.1 1 (energy balance). 

PJ 
6,000 6,000 

Production 
- - - -  

5,000 /- 5,000 

I Availability 
I 

4,000 / 4,000 
/ 

/ 
/ 

 3,000 
_,,,, 

3,000 / 
/ 

/ - 
2,000 / 2,000 / 

/ 
/ 

1,000 / 1,000 --  ____ __, 

0 0 
1970 1975 1980 1985 1990 

Year 
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YEAR: 1980 1985 1986 1987 1988 1989 1990'1 

1 Production of primary energy carriers 2504 3195 3381 3776 4092 4951 5154 
2 Imports 475 272 315 318 248 241 258 
3 Exports 2120 2566 2691 3116 3403 4207 4367 
4. Bunkers 12 14 14 14 17 14 19 
5. Stock change ( + down - up) - 11 5 - 8 4 - 3 - 5 - 68 

6 Net inland availability ( 1 .,_ 2 - 3 - 4 + 5) 837 891 983 969 917 966 956 
7 Conversion into other energy earners 718 807 783 870 859 959 1094 
8 Production of secondary energy carr ers 663 747 708 805 804 874 1018 
9 Consumption by the energy sector 65 75 93 82 91 96 121 

10 Energy carriers used as raw materials 48 53 39 56 51 42 48 
11. Losses 28 36 28 34 30 30 36 
12 Stausncal difference 15 - 15 47 25 - 7 23 2 

13. Energy content of carriers delivered to final 
consumers (6 - 7 + 8 - 9 - 10 - 11 - 12) 627 681 698 708 698 690 673 

Table 5.2.1.1: 1) Provrsional figures 

Norway's energy 2) Some energy carriers are converted into other earners (production of secondary energy earners) 

balance, 1980-90 (PJ). The production of petroleum products 1n oil ref.neres where crude oil 1s the dominating 1ngred1ent. 

Source: Central Bureau and the conversion of waterfall energy to electricity are the most important examples 1n Norway 

of Statistics 
5.2.2. Distribution of energy carriers 
Petroleum products and electricity are the most important energy carriers in 
Norway. In 1990. over 50% of consumption was covered by electricity and 
37% by petroleum products. Solid fuels accounted for approximately 12% of 
consumption. 

The share of oil in Norway's overall energy consumption began to decline 
around 1973. with an especially pronounced reduction in the years 1980-83. 
The slight increase in total energy consumption was primarily due to an 
increase in demand for electricity. The transition from oil to electricity is. 
naturally enough. connected to the relative development of oil and electricity 
prices during that period. Reference is made to chapter 6 for a more detailed 
account of the development of energy prices. 

Figure 5.2.2.1: 
Norway's energy 
consumption by 
source, 1976-90 (PJ). 
Source: Central Bureau 
of Statistics 
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26 Figure 5.2.2.1 illustrates the development of electricity consumption. solid 
fuels and oil for the period 1976-90. 

Table 5.2.2.1 shows the per capita consumption of energy and electricity for 
selected countries in 1988. 

COUNTRY 

Canada 

USA 

Australia 

USSR 

The Netherlands 

Norway 

Iceland 

Finland 

West Germany 

Denmark 

Great Bntam 

Sweden 

New Zealand 

Japan 

France 

Italy 

Cuba 

Brazil 

China 

Egypt 

India 

Zambia 

Nigeria 

Bangladesh 

Mozambique 

World 

Table 5.2.2.1 : 
Energy and electricity 
consumption in selected 
countries, 1988. 
Source: United Nations 

-- - - - -  

TOTAL ENERGY CONSUMPTION'' ELECTRICITY CONSUMPTION'' 

PER CAPITA (GJ) ANNUAL CHANGE PER CAPITA (kWh) ANNUAL CHANGE 

1978 - 88 (%) 1978 - 88 (%) 

309 0.1 18263 3.1 
294 - 1.1 11769 1.3 
203 1.8 8518 3.5 
202 2.5 5851 2.5 
200 0.9 5151 1.5 
195 1 1 24747 2.6 
172 1.9 16636 3.4 
170 1.4 12465 5.4 
164 -0.4 7070 2.0 
147 - 0.6 6288 2.7 
145 0.0 5633 0.9 
144 - 1 3 17243 45 
142 3.6 8983 2.6 
115 0.5 6157 2.3 
107 - 1.3 6364 3.9 
106 1.8 4049 2.6 
34 - 1.1 1432 5.0 
23 00 1607 4.9 
22 2.0 497 6.3 
19 3.1 688 6.1 
8 4.8 291 5.4 
7 - 5.2 892 - 2.3 
5 0.0 93 3.3 
2 7.2 63 9.3 

- 6.7 54 - 5.6 

57 -0.2 2158 1.8 

1) Primary consumption (energy delivered to the energy supply system. 1nclud1ng losses during 

conversion nto other energy earners) not mcludmq delivery to sh ps engaged 1n foreign trade 

2) Gross 'ma consumption (delivered to the consumer transmission iosses included) 

5.2.3 Electricity 
Electricity generation in 1990 reached 121.6 TWh (terawatt-hours) This was 
the greatest amount ever produced in Norway and 2.4 TWh more than the pre- 
vious record in 1989. Electricity exports increased from 15.2 TWh to 16.2 TWh. 

The gross consumption of firm power rose by 0.8% from 1989 to 1990. The 
gross consumption of firm power delivered for general purposes was 70.5 TWh 
(adjusted for temperature) in 1990. an increase of 2.4% from the previous 
year. Consumption by energy-intensive industries rose by 0.4% from 1989. 
Table 5.2.3.1 shows the electricity balance for the period 1970-90. 
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YEAR: 1970 1980 1985 1986 1987 1988 1989 1990'1 

Pro0oC: 0° 57 6 84.1 103.3 97 3 104.3 1100 119.2 121 6 
... +oocs 08 2.0 4 1 4.2 3.0 1 7 0.3 0.3 

Exoor:s 1 6 2.5 46 2.2 3.3 74 15 2 16 2 

Gross :o:a co-sv-ot 0° 56 8 83 6 102 7 99.3 103 9 104 4 104.2 105 7 

Losses 53 79 100  7.9 95 86 87 10.2 

Ne; corscrun on 51.5 75.6 92.7 91 4 94.5 95.8 95 6 95 5 
ConsJreo:,or O 0Jf'l0eo 

s:orage G a0:s 00 0.5 0.8 09 0.7 1 0 04 03 
Occasiona oower corscr-eo 

0 e ec:r C 00 ers 06 1 2 '1.8 27 4 1 45 56 6.1 

Ne: coosurp: or o' 'rri powe- 50 9 73.9 87 1 87.8 89.7 9 0 3  89.6 89 1 

::"e'Qy· 0 : e 0 s  ,e 0 0 a S : '  es 23 2 27 9 30.0 28.4 28 9 29 6 29 6 29 7 

Corsvror on gerera ovooses 27 7 46.0 57 1 59.4 60.8 60 7 60.0 59.4 

Gross co-sv-o; 0° o' 'rrn 001.e· 56.0 81 6 96 4 95.3 98.6 98 0 96.9 97 7 

Energy- r:ens ve na"s:r es 23.9 28 7 30 9 29.2 29 8 30.5 30.5 30 6 
Consureo:,on genera corooses 32.1 52.9 65.5 66 1 68.8 67.6 66.3 67.1 

C0°SJ'lO: Qr genera 0J00SeS 

gross iemperauxe-acusteo .. 51.9 63.1 65.1 66.8 67.9 68.8 70 5 

Table 5.2.3.1: 
Electricity balance, 
1970-90 (TWh). 
Source: Central Bureau 
of Statistics, 
Norwegian Water 
Resources and Energy 
Administration 

Table 5.2.3.2: 
Price of electricity 
(mean annual) sold 
through the Norwegian 
Power Pool, 1980-90, 
øre/kWh 
(1 NOK= 100 øre). 
Source: Norwegian 
Power Pool 

·) Provis.ona ',g,/es 

2) Ternperature-adjustec data before 1973 are not available 

The difference between production and firm power consumption in a given 
year is partly sold domestically as occasional power and partly exported. In a 
year with normal inflow the hydropower system produces over 5 TWh occasi- 
onal power. Occasional power Is mostly distributed to electric boilers with 
fuel-fired reserves. a great number of which are used by the paper and pulp 
industry. When the trade outlook is favourable. energy-intensive industries 
also buy occasional power to supplement their supply of firm power During 
the last two years the number of purchasers of occasional power has risen 
markedly 
In 1986 the amount of occasional power supplied to electric boilers was only 
just over half of what it was in 1985. The main reason for this was the sharp 
drop in oil prices which. combined with a rather tight power supply situation. 
made it more profitable for owners to run their boilers on oil. Between 1987 
and 1990 the consumption of occasional power went from 4.1 TWh to 6.1 TWh. 
This increase was based on favourable inflow and the ensuing low prices of 
occasional power sold through the Norwegian Power Pool (Samkjøringen). 
Table 5.2.3.2 shows the prices of occasional power sold through the Power 
Pool in øre/kWh for the period 1980-90. 

YEAR: 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Price 10.4 5.7 84 2.0 5.0 12.6 11.5 7.5 5.2 3.3 34 27 
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28 5.2.4 Petroleum Products 
Table 5.2.4.1 shows the development In production and consumption of 
petroleum products and natural gas n the period 1980-90. As mentioned 
above. the production of crude oil (1nclud1ng condensate and NGL) in 1990 
was around 82 million tonnes. This Is three times more than the 1980 produc- 
tion and twice as much as In 1985. The production of natural gas was Just 
below 28.000 million Sm In 1990. or approximately 7°0 greater than In 1980 

The net inland supply of crude 011 in 1990 was approximately 13 million ton- 
nes of which most was used to produce petroleum products (secondary 
energy carriers) Just under 2.500 million Sm gas was utilised domestically. 
mostly in the energy sector 

1980 1985 1988 1989 1990' 

CRUDE OIL NATURAL AND CRUDE Oil NATURAL AND CRUDE OIL NATURAL ANO CRUDE OIL NATURAL ANO CRUDE OIL NATURAL ANO 

PETR.PROO. OTHER GASES PETR.PROD. OTHER GASES PETR.PROD. OTHER GASES PETR.PROO. OTHER GASES PETR.PROO. OTHER GASES 

1000 T l,IILL. SMl 1000 T MILL SM1 1 QQQ T MILL. SM 1 QQQ T Mill. SM' 1 QQQ T MILL SM 

1, Producuor- uf or1rr,arv 

energy carrers 2445 • 

2 l r p o n s  9872 

3 E1ports zsss 
4 8u'1ers 278 

5 Stock ct1ange ? "3  

6 r Jet rilano ava .ao ' ,. • - 2 • 3 ·.: - '.i 808- 

- Carvers on rYo c•,..,er 

erierg, ca« e-s e2·2  

• 2 Product o» of secoocar f 

er erg y ca« ers rso: 
8 Cor-su=pucn by the 

e-ierq f sector ·59 

9 E "ergy carr ers .rseo 

as ra·• +ater ats 969 

·o Lesses ·o 
.. Sta: s: ca o,rere1ce 33· 

·2 t JF f "8 ":0'15..,...,..:'.)' C" 669" 

25946 38343 ?6699 56" 76 ?97"3 - . : ? 7  30,-15 81862 27817 

J603 ,.;J57 :.139 -1817 

?51 ·a 3s-:s.1 25•129 5?877 27"76 -1.106 ?86,C , - 0 9 5  ?5380 

335 . 338 J:)9 

· 7 1  ?G3 -se · 50 ·  

82b 

83 ,9  9"i?7 - 6 2 6  

6 5  -866 B73C s89 c,or "2538 050 

·020 '063 -os 62 ?C6? 

80 85 

?7 

'096 

·5 

_,3 go: 

- 552 • 35 396 - .!36 cg· 

6?6? · 02  

Table 5.2.4.1 : 
Production and 
consumption of petro- 
leum products and 
natural gas, 1980-90. 
Source: Central Bureau 
of Statistics 

·) Prov s ana ',gures 

From 1980 to 1990 sales of oil products for heating purposes (calculated in 

TWh of useful heat) fell from 28.4 TWh to 12.5 TWh. or by more than 55°0. A 
major share of oil used for heating was replaced in this period by other ener- 
gy carriers. From 1989 to 1990 consumption (sales) dropped by 1.6 TWh. In 
1990 oil amounting to the equivalent of 12.5 TWh electric energy ( 14 TWh 
when adjusted for temperature) was used for heating in homes. industry and 
other businesses. Of this. 3.7 TWh was heavy oil and 7.8 TWh light heating 
oils and paraffin ( 1.5 TWh). The consumption of heavy oil is closely related to 
industrial production of heat-vapour. 

A large part of the consumption of oil for heating purposes takes place In 
central heating systems. Investment costs and potential reductions in operation 
expenses. together with the development of energy prices. are crucial to the 
determination of the rate of switching from oil to electricity. 
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Table 5.2.4.2 shows the development In sales of oil products for heating 
purposes recalculated in TWh of useful heat. 

Table 5.2.4.2: 
Sales of oil products EFFICIENCY 1980 1985 1986 1987 1988 1989 1990 
for heating purposes, 
1980-90 

Paraffin 0.75 3.3 1.8 2 1 22 2.0 1 7 1.5 (TWh useful heat). 
Source: Central Bureau Fuel oil no 1 0 70 5.8 44 4.8 5 1 4 7 43 4.1 

of Statistics Fuel oil no .. 2 0.70 5 1 32 3.1 3.3 2.9 25 2.2 

Special distillates 0 80 1 2 0.8 09 0.8 0.8 0.9 1.1 

Heavy fuel oil 0.75 12 9 6.7 83 63 52 4.7 37 
- - -  

Total 28.4 16.9 19.2 17.8 15 6 14 1 12.5 

Total temp adjusted 27.8 15.9 188  172 15.9 15.6 14.0 

5.2.5 Solid fuels 
Solid fuels include coal. coke. wood. wood waste and other waste products 
and black liquor that are used as fuel. Consumption (net inland availability) 
of solid fuels declined at an average annual rate of 1.6°0 from 1970 to 1975. 
Between 1975 and 1980 consumption increased by an average of 2.0°0 per 
year. From 1980 to 1990 the rate of annual increase was an average of 1.2°0 

The largest consumer of coa and coke s the iron and steel industry (not only 
for fuel. however). 

The development of production and consumption of solid fuels in the decade 
1980-90 Is shown in table 5.2.5.1. 

YEAR: 1980 1985 1986 1987 1988 1989 1990'1 

1. Production of primary energy earners 34 48 49 50 45 50 47 ,. 
2. Imports 47 59 52 46 49 -17 48 

3 Exports 7 13 10 14 13 9 11 

4. Bunkers 

5. Stock change (- down - up) 0 - 2 - 1 4 6 2 - 1 
-- - - -   -- 

6 Net inland availability ( 1 + 2 • 3 • 4 -,. 5) 74 92 89 87 87 89 83 

7 Conversion into other energy carr ers 14 16 17 16 13 6 6 

8. Production of seconoary energy earners 14 15 14 15 10 5 6 

9. Consumption by the energy sector 

10. Energy earners used as raw materials 

11 Losses 

12 Stausucal difference - 1 4 2 - 1 2 
- - -  -- 

13. Energy content of carriers delivered to 

final consumers (6 - 7 + 8 - 9 - 10 - 11 - 12) 73 87 84 84 86 86 82 

Table 5.2.5.1: 1) Prov.s.ona figures 
Production and 
consumption of solid 
fuels, 1980-90 (PJ). 

29 Source: Central Bureau 
of Statistics 
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30 5.2.6 Interdependence between gross national product and 
energy consumption 

The interdependence between energy consumption and economic develop- 
ment can be expressed by the relationship between energy consumption and 
gross national product (GNP). This ratio is referred to as the economy's energy 
intensity. and indicates how much energy on average. Is used to produce 
one unit of a countrys GNP. If this figure declines. It indicates that the economy 
is becoming less energy-intensive. The opposite is true when the index value 
increases. 

Figure 5.2 6. 1 shows the trend In the energy intensrty of the Norwegian econo- 
my from 1973 to 1990. As can be seen. both the total energy intensity and the 
oil ntensrty fell. and the decline in the latter was greater. The electricity nten- 
srty did not however. go down as much. This is because the real price of 
electricity for several consumer groups did not vary to any appreciable extent 
during this period. 

A general decline in energy intensity is not a phenomenon unique to Norway. 
Similar trends are registered in other industrialized countries. Increases in real 
energy prices particularly oil. have contributed to this situation. which in turn 
encourages investments in more energy-efficient technology. 

Figure 5.2.6.1: 
Energy intensity, 
1973-90 (1973 = 100). 
Electricity, oil and total 
energy consumption in 
relation to GNP 
- oil sector and ships 
engaged in foreign 
trade not included. 
Source: Central Bureau 
of Statistics 
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6. ENERGY POLICY AND PRICES 
OF ENERGY CARRIERS 

6.1 ENERGY POLICY 

6.1.1 The Energy Act 
The year 1990 marked a crossroads in the Norwegian electricity supply sector. 
That year the Storting (parliament) passed an energy bill that introduced new 
measures in energy policy: market forces are to take over where natural. in 
order to create competition and thereby achieve greater efficiency. The Act of 
29 June 1990, no. 50/1990, on production transformation, transmission. sale 
and distribution of energy, attempts to provide for a more efficient power market 
in Norway by organizing the electricity supply sector in such a way that natural 
monopolies (transmission grid functions) are separated from activities subject 
to competition (production. consumption) 

Contrary to what has hitherto been the case - i.e. with one power producer 
supplying local distribution companies within the district - the producers must 
now compete with one another by selling to the highest bidder. and buyers 
can purchase the power where It Is cheapest. Distribution companies no 
longer have a monopoly on all electricity supply wrthin their areas. They are 
obliged to offer surplus transrrussion capacity to subscribers who wish to buy 
electricity from other distributors. Transmission fees are meant to cover the 
distribution companies' costs and also yield a reasonable profit This implies 
that the distributors must differentiate between costs connected to the trans- 
mission grid and those incurred in other commercial areas. such as buying 
power, energy conservation. etc. 

The intention behind the Energy Act was further elaborated through provisions 
of the royal decree of 7 December 1990. The following activities within the 
energy sector are regulated by this legislation planning. construction and 
operation of production installations, transformation. transmission and distri- 
bution of electricity and heat energy generated in district heating plants and 
district cooling installations. as well as the buying and selling of electricity. 

The Energy Act is administered by the Norwegian Water Resources and 
Energy Administration. The Ministry of Petroleum and Energy handles appeals 

The intention behind the Energy Act is stated in parliamentary bill no.43 
(1989-90). 

6.1.2 The Oil Fund 
The Oil Fund was established on 1 January 1991. The purpose of the fund is 
to improve long-term management of the income from petroleum and, if pos- 
sible, to act as a "butter to reduce undesirable effects on the economy resul- 
ting from unforeseen fluctuations in oil revenues. 31 
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32 The fund's source of income consists of the governmenfs net cash flow from 
the 011 sector. defined as income from petroleum production minus related 
exploitation costs (including accumulated investment) covered by the state. 

6.2 INTERNATIONAL DEVELOPMENT OF CRUDE OIL PRICES 

The most noticeable features of trends in energy prices from 1960 until the 
present were the dramatic rise in crude oil prices In the 1970s and the slump 
of the 1980s In particular the drop In 1986 

Between November/December 1985 and March 1986. the price of light North 
Sea oil plunged from USD 30 a barrel to USD 10. This nominal price decline 
was more dramatic than any of the fluctuations of the 1970s. After OPEC. In 
the autumn of 1986. once again had introduced measures aimed at limiting 
production. the price rose. first to about USD 15 a barrel. and then to approxi- 
mately USD 18 by the end of 1986. In 1987. the price of 011 remained relatively 
stable at about USD 18 a barrel. 

In 1988. the oil market was nervous and prices wavered. Discord had spread 
within OPEC and the system of official prices almost collapsed. The armistice 
between Iran and Iraq. summer 1988. did not solve the quota problems. 
Several OPEC countries produced more than their quota. 

The average price for Norwegian oil was approximately USD 18 a barrel In 
7989. The stronger market. compared to 1988 when the average price was 
USD 15 a barrel. was rooted In a somewhat more drsciplined OPEC. increased 
demand due to greater economic growth and temporary reductions in supplies 
of alternatives to oil. 

The price of North Sea oil rose sharply during the 4th quarter of 1989 and 
reached approximately USD 22 a barrel in mid-January 1990. Prices had 
been pushed up by extremely cold weather on the American continent and 
resulting high consumption of petroleum products. 

A declining demano for oil products led to a major fall In prices in the 2nd 
quarter of 1990 and in the beginning of the 3rd quarter the price of North Sea 
011 had tumbled to below USD 15 a barrel. This was over USD 3 below the 
average price In 1989. 

At the OPEC conference In Geneva In July 1990. the member countries agreed 
to cut production in order to secure a price of USD 21 a barrel. Soon after 
the meeting, conflict in the Gulf broke out sending the price of crude oil sky- 
rocketing. By the end of September, North Sea 011 was quoted at over USD 40 
a barrel, the highest price achieved since the 1st quarter of 1981. From 
October until the end of the year, oil prices varied considerably. At the turn of 
the year 1990/91. North Sea oil was selling at about USD 27 a barrel. 

6.3 PRICES OF PETROLEUM PRODUCTS IN NORWAY 

World market prices are the basis for deterrrunrnq prices and price trends of 
Norwegian petroleum products. Prices are. however. also affected by domestic 
costs. such as transportation. A third important factor Is taxes. The tax on 
mineral oils (paraffin. solar. automobile diesel and fuel) consists of a flat tax 
and an additional tax depending on the oil's sulphur content. This additional 
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tax is based on how many 0.25°0 parts of the total weight are sulphur. 

In 1990 the flat tax was NOK 0.31 per litre and the additional tax NOK 0 05 
per litre. In 1991 the flat tax was raised to NOK 0.32 per litre and the addrtronal 
tax to NOK 0.07 per litre. A CO2 tax on mineral oils of NOK 0.30 per litre was 
introduced on 1 January 1991 Prices of several petroleum products are 
shown In table 6 3 1 

PARAFFIN FUEL OIL FUEL OIL HEAVY FUEL OIL HEAVY HIGH OCTANE 

N0.1 N0.2 {NO. 6)' FUEL OIL GASOLINE 
YEAR 

1970 196.2 120.3 108.1 76.9 178.1 622.3 
1971 211 9 152 1 140 7 84 4 206.6 675 1 
1972 1988 132 8 122.2 75 8 183.6 632 5 
1973 210.3 151 2 141.3 91 4 198.4 616.3 
1974 315.1 251 0 242.0 154.9 298.4 731 6 
1975 269.0 214.7 206.6 142.0 257.4 650.9 
1976 279 8 229.8 222.3 137.2 270.1 637 6 
1977 276.3 227.5 220.7 137.6 261.3 621 0 
1978 265.4 220 5 213.5 125 1 253.3 636.2 
1979 296.9 253.4 247.4 153 5 285.5 651.3 
1980 404.7 365.5 352.5 208.1 400.1 774.5 
1981 461.3 408.3 396.9 245 3 440.4 798 2 
1982 469 7 402 9 392 7 219 2 432.9 758 9 
1983 4530 388 7 379 3 217 5 413.9 748 6 
1984 436 1 375.7 367 4 245.2 401 0 745 2 
1985 416.9 358.7 348.2 218.2 381.7 694.1 
1986 293 5 238.8 227.4 135.5 262.1 601 0 
1987 272.3 221 7 211 7 1332 243.9 592 2 
1988 262.3 209 4 197 1 140 2 232.9 5834  
1989 275 6 219 1 209.9 147 1 242.5 602 2 
1990 317.4 259.6 250.9 185.3 285.9 642.8 

Table 6.3.1 : 
1) Value-adoeo-tax not ,ne cceo 

Prices of petroleum 
products, 1970-90, 6.4 PRICES OF NORWEGIAN GAS 
øre/litre 
(1 NOK:100 øre). Norway has produced and exported gas (natural gas) since 1977. In 1990. 
Price level 1990, all just under 28,000 million Sm were produced. Great Britain. Germany. the 
taxes included. 

Netherlands. Belgium and France were purchasers of Norwegian gas. Typical magnitudes of 
deliveries. 
Source: Norwegian Norwegian gas is sold through long-term contracts. The conditions for setting 

.. Institute of Petroleum the price vary a great deal from contract to contract. The gas price is. depend- 
ing on the particular contract, adjusted according to formulas that are primarily 
based on petroleum product prices, particularly heavy and light heating oils. 
These price adjustments are based on the development of petroleum product 
prices during a period prior to adjustment. i.e. gas prices have a time-lag 
compared to those of oil. 

6.5 ELECTRICITY PRICES 

At present two main types of tariffs are set for electricity delivered for general 
purposes: 
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34 • A combined tariff. referred to as H3 for households and T3 for commercial 
enterprises. These tariffs consist of three parts a subscriber fee (which 
ideally covers non-consumption-related costs). an output fee (to cover costs 
related to capacity) and an energy fee (to cover energy-re,ated costs). 

• An energy tariff referred to as H4 for households and T 4 for commercial 
enterprises These tariffs are made up of only a fixed annual fee and an 
energy fee 

Electricity prices (H4 tariff. taxes included) In 1990 averaged 45.9 øre per 
kWh ( 1 NOK= 100 øre) on a national basis So far In 1991. the average price 
has been 47 3 øre per kWh. resulting In an average rise In prices from 1990 to 
1991 (from 1 January to 1 January)of3.1°o 

Electricity prices vary within a county and from one county to the next. Table 
6.5.1 shows average county prices of electncity sold to households and to 
agriculture. as well as the highest and lowest prices to date In 1991 

Table 6.5.1: -- -- - - - - -  

Average prices of sales AVERAGE HIGHEST LOWEST 
to households and 
agriculture in 1991. COUNTY 

Electricity tax and Finnmark 37.0 38 0 34 9 

value-added-tax Troms 41 7 46.4 35 6 
included (øre/kWh). Nordland 44 5 55.5 35 4 
Source: Norwegian Nord-Trøndelag 49.7 49 7 49.7 
Water Resources and 
Energy Administration Sør-Trøndelag 50.5 59.7 40.5 

Møre og Romsdal 50.0 53.8 39 4 

Sogn og Fjordane 45.9 56.6 24.6 

Hordaland 47.6 56.6 29.5 

Rogaland 45.1 513 29.4 
Vest-Agder 45.7 46.5 45.6 

Aust-Agder 44.1 45.1 38.4 

Telemark 43.1 58.3 30.0 

Vestfold 47.2 511 43 7 

Buskerud 48.6 63.0 40.5 

Oppland 47.8 54.3 42.1 

Hedmark 52 0 57.4 48 2 

Oslo 49.2 49.2 49.2 

Akershus 47.8 582 41.8 

Østfold 48 2 49.3 44 7 

Norway 47.3 63 0 24.6 

-- -- -- -- - - - - - - - -  
I) The three counties of North Norway are exempted from paying v.a.t on electncrty consumpuon 

1n households 
2) F,nnmark and North Troms are exempted from paying the electricity tax 

Regional differences in energy prices play a significant role in income distri- 
bution. This is due to the fact that electricity expenses often represent a major 
share of a consumer's total financial costs. In order to illustrate the geographi- 
cal mequalitres In consumers· total electricity expenses. the fixed tariff fees 
must be taken into consideration. Such a comparison must also include the 
value-added-tax (v.a.t.) and the electricity tax. Figure 6.5.1 shows the distri- 
bution of electricity sales to households and agriculture when both the v.a.t. 
and electricity tax have been included. as well as both the fixed and energy 
components of the tariff. As can be seen. 62% of consumers pay between 
44 øre and 50 øre per kWh electricity. and 89.2% pay between 40 and 54 øre 
per kWh. A comparable table for the business sector has not been compiled. 
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Sales to households and agriculture, 
electricity tax and v.a.t. included, 

by price interval (1991) 

Price interval 44.0 - 50.0 øre/kWh 
accounts for 62% 

Price interval 40.0 - 54.0 øre/kWh 
accounts for 89.2% 
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Figure 6.5.1: 
Sales to households 
and agriculture, 
electricity tax and v.a.t 
included, by price 
interval, 1991. 
Source: Norwegian 
Water Resources and 
Energy Administration 

Figure 6.5.2: 
Power price indices, 
1975-90 (1979 = 100). 
Source: Norwegian 
Water Resources and 
Energy Administration 
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Prices of electricity delivered to different user groups vary considerably. 
Prices within the industrial sector differ widely, due to, among other things, 
different utilisation times and transmission costs. 
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36 Energy-intensive industries can buy electric power at lower rates than other 
businesses. For further information on industry electricity prices, reference is 
made to "Elektrisitetsstatistikken", an annual publication of the Central Bureau 
of Statistics. Figure 6.5.2 shows trends in prices of household electricity, elec- 
tricity generated by the State Power Board (Statkraft) and costs of hydro- 
power development. 

Figure 6.6.1: 
Price developments of 
selected energy carri- 
ers, all taxes included, 
1986-91. 
Source: Norwegian 
Water Resources and 
Energy Administration 

6.6 PRICE DEVELOPMENTS OF OIL AND ELECTRICITY FOR HEATING 

The price of heating oils increased nearly seven times between 1973 and 1985, 
while the price of electricity quadrupled. The consumer price index tripled 
during the same period. This led to a sharp rise in real prices of energy and 
in the price-ratio between oil and electricity. 

In 1973, prices of most petroleum products were lower than the average price 
of electricity, calculated in useful energy. After the price of oil went up in 1973, 
the price of heating oils just about equalled that of electricity. In 1979, oil prices 
Jumped again, causing the price of oil products (excluding heavy oil) to over- 
take that of electricity. In 1985, prices of both paraffin and fuel oil no. 1, calcu- 
lated in useful energy, were clearly above the price of electricity. During the 
period 1986-87, oil prices sank, while electricity prices continued to rise. At 
the beginning of 1989, oil prices started to climb again and have, since the 
latter half of 1990, on the whole been close to or above the price of electricity. 

Figure 6.6.1 shows the price developments of electricity, paraffin and fuel oil 
no. 1 for the period 1986-91, calculated in useful energy. The price of electri- 
city is the national average. As shown in table 6.5.1, variations in prices be- 
tween counties and among individual energy utilities are considerable. 
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7. ENERGY CONSERVATION 

7.1 DEFINING ENERGY CONSERVATION 

The term energy conservation is used in connection with measures that: 
• reduce energy loss during production, distribution and use of the energy, 

and do not cost more than the production of new energy 
• lead to reduction in costs by switching from one energy carrier to another 

(substitution) 
• incur unchanged or lower costs during the transition from a high-value to a 

low-value energy source 

Energy conservation is not the same as energy saving, as economic profits 
are not included in the latter concept. 

The motivation behind energy conservation is a desire to exploit our energy 
resources in a sensible way, taking into consideration both economics and 
the environment. 

The following central goals for energy conservation policy and energy re- 
search were defined in the white paper on energy conservation of 1989: 
• to contribute to a socio-economic rational exploitation of resources 
• to help reduce environmental impacts of energy utilisation 
• to stimulate the development and introduction of energy-efficient technology 

7.2 CONSERVATION POTENTIAL 

The conservation potential provides a picture of what possibilities there are of 
reducing current rates of energy utilisation in various sectors by the implemen- 
tation of conservation measures. Despite the great uncertainty involved in 
estimating the potential, it provides an indication as to how much energy can 
be saved and where possibilities for economizing are the greatest. 

An estimate of the conservation potential as regards consumption (dwellings, 
commercial buildings, industry) and supply (production and transmission of 
electricity) is given in the white paper on energy conservation of 1989. 

The conservation potential for private homes was recalculated in June 1991. 
After being corrected for increase in comfort inside the buildings, the socio- 
economic potential was estimated to be 7.5 TWh (3.5 TWh electricity and 
4.0 TWh fuel) 

More than 50% of the conservation potential can be attributed to various 
forms of insulation, improvements and tightening of windows. The potential for 
use of heat pumps in houses has been calculated to be 2.3 TWh. The rest is 37 
achieved through various changes in heating systems, installation of different 
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38 types of automatic temperature regulators and of devices to reduce use of 
hot water. and introduction of more energy-efficient household equipment and 
lamps. Of the potential. 54°0 is to be found in homes built between 1955 and 
1980. 

For commercial buildings. 70% of the potential Is connected to mstallatron of 
ventilation and heat regulating systems. These measures have low investment 
costs. and it seems that the greatest gain lies in implementing them in buildings 
built between 1956 and 1980. 

In the industrial sector, energy consumption can be reduced significantly 
through improved processes and the utilisation of heat waste. The total poten- 
tial was calculated to be 9 TWh in 1986, of which 2.6 TWh can be recovered 
in the paper and pulp industry and 4.6 TWh in energy-intensive industries. 

Potential conservation on the supply side has been calculated to be 5.5 TWh. 
Of this, 4.5 TWh lie In the uprating and refurbishing of old hydropower plants. 
Uprating of the grid, particularly by investing in distribution and low-voltage 
grids. accounts for the remaining 1 TWh. 

Table 7.2.1: 
Conservation potential, DWELLINGS (91) COMMERCIAL INDUSTRY SUPPLY SIDE TOTAL 
1989 (TWh). BUILDINGS 
Source: Norwegian 
Water Resources and 
Energy Administration Electricity 3 1 ( 3 5 )  2.0 6.6 5.5 17 2 

Fuel 1 9 ( 4 0 )  2.8 2.6 7.3 

Total 50 ( 7 5 )  4.8 9.2 5.5 24.5 

7.3 RESPONSIBILITY OF THE POWER UTILITY COMPANIES FOR 
ENERGY CONSERVATION AND LOCAL ENERGY PLANNING 

Under the new Energy Act. the power utility companies now bear a heavy re- 
sponsibility to exploit the conservation potential These companies are obliged 
by provisrons in the legislation regarding terms of regional concessions to 
maintain some level of actrvny within energy conservation. This includes the 
distribution of information and the provision of consultancy services so as to 
stimulate etncient energy utilisation by subscribers. Power companies are 
also expected to draw up plans identifying their reqions conservation potential 
and outline ideas on how to exploit it in the best possible way. 

A power utility company must also work out an energy plan for its area. This 
plan must include an assessment of the power supply and demand and a pre- 
sentation of alternative ways for meeting the demand. The principle of balance 
must be a central element :n the companies· planninq. i.c. conservation is to 
be evaluated as a means of meeting the energy demand In just the same way 
as are new hydropower development or the purchasing of power on the mar- 
ket. The cheapest alternative for meeting the power demand is to be utilised 
first. In this way, energy resources are exploited in the most efficient manner. 

7.4 GOVERNMENT MEASURES 

In the 1991 state budget. NOK 316.6 million were appropriated for energy 
conservation. Table 7.4.1 shows how the funds were distributed. 

ENERGY FACT SHEET 1990-91 

uh7 
A 



Table 7.4.1: 
Funds appropriated for 
energy conservation in 
1990 and 1991 
(Mill. NOK) 
Source: Ministry of 
Petroleum and Energy 

Table 7.4.2.1: 
The most important 
prototype/demonstra- 
tion programmes. 

rnlorrnauon ana eoucancr 

Prototype/cernonstrauon orojects new arid renewaoie 

sources o' energ, 

Prototype oernons.rauon projects energy conservat on 

Corunot.uons ;o ioca eoerqy prann ng 

Energy conservat.on ,n governrnen; ou ld1rigs 

Corur.ouuons 10 conservatror measures ,n rnunic.pal 

and county bu,ld,ngs 

Corurbuuons to conservation measures In ndustrial 

and privately owned commercial buudinqs 

Management of 'mancinq arrangements 

Contr buuons to the e.ectricity supply sector 

Total 

1990 1991 

16.9 19 4 

1-.18 194 

37 0 33.0 

3.0 3.7 

.. JOO 41 5 

3 5 0  3 0 0  

76 4 66.0 

5.0 5.0 

95.1 98 6 

323.2 316.6 

In addition. NOK 34.2 million and NOK 35.6 million were allocated for research 
in efficient energy technology in 1990 and 1991 respectively. 

7.4.1 Information and education 
The public information campaign on energy conservation (OFE) was run by 
the Ministry of Petroleum and Energy together with the Institute of Energy 
Technology (IFE) from 1978 until 1 January 1990 when IFE assumed sole 
responsibility. The agreement remains In effect until the end of 1992 

The aim of this mforrnauon campaign Is 
To promote reuonet and envuonmenteny favourable use of energy by spread- 
ing -otormeron and knowledge. Acr-v t.es are to be associated with research 
and development ar severa 1eve1s ,n tne field of energy conservallon and are 
:o be based on souo expert.se ,n tne areas of .ntormeuon and eouceuon. 
tniormetion and eaucetion must have aefmed qoee and sun ar results 
Whenever possible results are to be checked 

7.4.2 Prototype/demonstration projects 
The overriding purpose for prov1d1ng grants to prototype and demonstration 
projects Is 10 accelerate the spread of energy-efficient technology In order 
to achieve this goal. a collection of programmes and projects has been put 
together to assist various business sectors in developing products from the 
drawing board to their introduction on the market. The arrangement was 
administered by the Ministry of Petroleum and Energy from the start in 1979 
until the Norwegian Water Resources and Energy Administration took it over 
in 1990. Table 7.4.2.1 lists the most important prototype and demonstration 
programmes. 

Prototype/demonstration programme for the development and introduction of 

efficient and environmentally-friendly energy technologies in industry 

Product development and experirnental structures in the building sector 

Programme for utilisation of heat pumps 

EMIL. energy conservation and environmental package programme 

Network for comparing energy consumption In selected industrial sectors 

Programme for hnancmq of energy conservation and qua tty assurance 

Programme for market introducnon of energy and environrnentally friendly products 39 
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40 7.4.3 Government support for energy-conserving investments 
The national government attaches great importance to promoting energy 
conservation in its own buildings and appropriated NOK 41.5 million for this 
purpose in 1990. 

In 1990. a new programme was introduced for providing national government 
financing of energy conservation measures in municipal, county. industrial 
and privately-owned commercial buildings. The objective of this arrangement 
is to accelerate implementation of energy conservation measures that would 
otherwise not be carried out. Projects that are economically profitable do not 
qualify for subsidies. The grant is limited to 20% of the conservation invest- 
ment. In addition, it is possible to apply for loans covering up to 50% of costs. 

Subsidies and loans for municipal and county buildings are managed by the 
Norwegian Municipalities' Bank, while those for industrial and commercial 
buildings are dealt with by the Norwegian Bank for Industry. Enquiries per- 
taining to the programme and application procedures can be addressed to 
any of the country's power utility companies. 

7.4.4 Financial support for local energy planning 
In 1985, a programme was introduced to stimulate local heat-planning by 
providing the power utility companies with financial support. As of 1990, the 
programme was expanded to include all types of local energy planning. The 
aim is to encourage integrated energy planning where conservation measures 
regarding consumption and investments in local energy sources are evaluated 
in relation to new production capacity (the balance principle). 

7.4.5 Financial support for the electricity supply sector 
Financial support Is mostly granted to power utility companies with high distri- 
bution costs. to cover costs of rebuilding and strengthening the distribution 
grid. 
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8. RESEARCH AND 
DEVELOPMENT 

8.1 INTRODUCTION 

Rational production and utitisat.on of energy are of major mportance to a 
country's economy. Norways energy riches g ve the country. In a globa con- 
text. a particular responsibil ty for managing resources sens,bly. The increas- 
ing environmental problems related to energy product on and consumption 
are an example in point 

A strong and lasting effort In research and development (R&D) Is an important 
prerequisite for achieving the goal of a more efficient and environmentally- 
friendly energy sector. 

The main aims are 

• to obtain profits from petroleum activities. including increased exploitation 
of the total petroleum resources and of individual fields within a socio- 
economically acceptable framework 

• to increase the energy supply through improved utilisation of existing energy 
resources. and, in the long term. development of new energy sources 

• to ensure that as much as possible of the energy conservation potential 
within the various sectors is exploited 

• to ensure that energy is produced and utilised with minimal negative 
impact on the environment 

• to provide appropriate conditions for cornpetrnve Norwegian industrial 
production and other commercial actrvities within the energy sector 

Public funds are primarily distributed through R&D programmes of research 
councils. In many areas. considerable financial and professional participation 
by private business is required in order to ensure that results from R&D pro- 
grammes are applied with commercial success. 

Norway participates in international R&0 energy cooperation through, among 
others, the International Energy Agency, the Nordic Council of Ministers and 
various European Community research projects. As a rule, international R&D 
cooperation is established in areas in which there is already a national structure. 

8.2 GOVERNMENT SUPPORT FOR R&D 

Public funding of energy research is approximately NOK 350 million in 1991. 
The Ministry of Petroleum and Energy has principal responsibility for R&D in 
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42 the sector and appropriated NOK 254.2 million in 1991. This was an increase 
of 5.5% from 1990. 

In addition to this. extensive privately-funded research Is carried out In the oil 
sector. Technology agreements with foreign oil companies have had a positive 
stimulating effect on Norwegian R&D milieu and firms. Oil companies spend 
about NOK 2.000 million a year on petroleum-related R&O in Norway 

The energy supply sector has upgraded its involvement within R&D. In 1988, 
NOK 61.1 million was spent on R&D. while NOK 78 million was invested in 
1990. This amounted to 0.3°0 of the sector's turnover. The energy supply sector's 
R&D council has recommended that the investment be increased to 0.6°0 of 
turnover by 1995. Some of these funds have been allocated for such activities 
from the public sector. The industrial sector itself is also active and spends 
over NOK 500 million a year within hydropower. energy supply. system ana- 
lyses and energy conservation. 

Table 8.2. 1 shows the distribution of the Ministry of Petroleum and Energy's 
funds for energy research in 1990 and 1991. 

Table 8.2.1: 
The Ministry of 1990 1991 
Petroleum and Energy's 

FIELD budget for energy 
research, 1990-91 Efficient energy technologies 34.2 35.6 

(Mill. NOK). Oil and gas: 89 6 97.2 
Source: Royal Technical R&D 45.1 57.7 
Norwegian Council for R&D in economics and other social sciences 5.5 5.5 
Scientific and 
Industrial Research R&D to increase exploitation and reservoir techniques 15.0 100  

R&D on alternative uses of natural gas 24.0 24.0 

New. renewable sources of energy 20.2 21.6 

Institute of Energy Technology 86.9 92.0 

Energy and society 4.0 4.0 

Nordic energy cooperation 4.1 3.8 

Participation in Eurochemic 2.0 

Total R&D In the budget 241.0 254.2 

Hydropower-related R&D (through the Licencinq Fund) 42 7 44 3 

Total R&D 2837 298.5 

Appropriations from the Licencing Fund (Konsesjonsavgiftsfondet) are also 
included in the table as they are regarded as contributions to hydropower- 
related R&D. The structure of public budgets has recently been changed 
somewhat. making It difficult to compare figures from year to year. Nevertheless. 
table 8.2.2. shows the total R&D appropriations for the years 1985-91. 

Table 8.2.2: 
The Ministry of 1985 1986 1987 1988 1989 1990 1991 
Petroleum and Energy's 
budget for energy 

Ministerial budget 207.4 231.8 223.5 241.0 254.2 research, 1985-91 161 4 186.2 
(Mill.NOK). Licencing Fund 27.8 21.5 28.4 37.0 39.0 42.7 44.3 
Source: Royal 
Norwegian Council for Total 189.2 207.7 235.8 268.8 262.5 283.7 298.5 
Scientific and 
Industrial Research 
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8.3 DEVELOPMENT IN VARIOUS AREAS OF R&D 

8.3.1 Efficient energy technologies 
The Royal Norwegian Council tor Scientific and Industrial Research is the 
main research council in this field. Their new strategy will incorporate the 
energy aspect in more R&D programmes than previously. 

The following programmes are included 

• efficient energy technologies in the electricity sector 
• integrated energy systems 
• efficient energy technologies in energy-intensive industries 
• product development and prototypes 
• development of fuel cells 
• implementation of heating pumps 
• hydrogen as an energy carrier 
• energy conservation in agricultural buildings 
• energy conservation in the fishing industry and on board vessels 

i 

8.3.2 Oil and gas 
Oil and gas are a national priority area. Emphasis has been placed on 
strengthening long-term research. Publicly-funded research is seen in 
context with the R&D that is financed by oil companies Importance is there- 
fore attached to management-oriented R&D. of both a technical and social 
kind, and to long-term, competence-building R&D. The government also 
contributes to the implementation of newly developed offshore technology. 

Public involvement is spread over the following main areas 

• technical research in the petroleum sector 
• economic and social research in the petroleum sector 
• R&D in increased oil exploitation and reservoir technology 
• R&D in alternative uses of natural gas 

8.3.3 Hydropower 
Intensive studies on how to further develop and improve the power system 
are being carried out, in order to find ways of minimizing negative environ- 
mental impacts from hydropower generation and electricity transmission. 

The hydropower sector is trying to contain most of the research within the 
scope of the so-called "5%-Programme" 

The Licencing Fund (Konsesjonsavgiftsfondet) finances public research in 
the hydropower sector. 

8.3.4 Nuclear power 
Nuclear power is not a feasible source of energy in Norway during this century. 
Nevertheless, R&D expertise is maintained at the Institute of Energy Technology. 
A new three-year programme has been initiated at the reactor in Halden in 
accordance with an international agreement. 

8.3.5 New, renewable sources of energy 
The Ministry of Petroleum and Energy has financed research in this field since 43 
1978. The research has two aims to prepare tor exploitation of new, renew- 
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44 able sources of energy that can supplement Norway's future energy supply. 

and to promote Norwegian commercial development In the field. International 
cooperation is given a high priority. The efforts put into new. renewable energy 
sources must also be seen In context with measures for energy conservation 
and research on efficient energy technologies. 

It Is important to emphasize both long-term R&O and short-term measures 
related to demonstration mstailauons and mtormar.on 

8 3 5  1 Wave power 
Wave power wil not be part.cu arly 'easible In Norv,ay w•;h r the near future 
The Royal Norweg,an Counc for Sc e'lt1f1c ar.o inoustr.al Research s respon- 
sible for R&O and the level of actrv-ty ,s 'or the ;ime be ng low 

8.3.5 2 Bw-energy 
Research is spread over a arge area. ranging 'rom producuon of biomass. 
through fuel refining and combustion. to market studies. Waste as a source of 
energy and research on the use of marine biomass are of particular interest 

8.3.5.3 Solar energy 
In Norway. emphasis has been put on developing simple systems for utilisation 
of solar energy in the form of airborne heat and so-called passive systems. 
and the heating of buildings Is an ongoing subject of study. Due to Norway's 
special climate. energy storage is another important R&O theme. 

8. 3. 5. 4 Wind power 
Methods for identifying the resource potential and feasible technological 
development are being researched in cooperation with the industrial sector. 

The first of ten trial installations was built on the island of Frøya in 1986. Work 
has been concentrated on developing control systems for combined wind/ 
diesel units. The purpose is to gain operating experience. It appears that 
wind power is probably competitive along coastal stretches with good wind 
conditions and heavy transmission losses. 

8.3.6 Other energy sources 
Geothermal energy and tidal energy are examples of other sources that might 
be exploitable in Norway. No research is being carried out In these fields for 
the time being. 

The Ministry of Petroleum and Energy provides funds for energy-related 
scientific projects that stimulate basic research. such as fusion processes. 
photosynthesis, hydrogen and environmental impacts. 

8.3.7 Institute of Energy Technology (IFE) 
More than 30% of IFE's operating budget is covered by the Ministry of 
Petroleum and Energy. IFE·s work includes areas such as petroleum technolo- 
gies. industrial energy technologies (an expanding field). material technologi- 
es. nuclear activities, and basic research in physics. 

8.3.8 Nordic energy cooperation 
Nordic cooperation on energy research was initiated in 1985. A new program- 
me was started In 1991 focusing on environmental concerns. The building up 
of competence is still very important. The programme considers problems re- 
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garding petroleum technologies, bia-energy, district heating plants, electricity 
generation technologies and climatic changes. 

8.3.9 Energy and the environment 
The environmental aspect is integrated into most R&D programmes. 
Nevertheless, special programmes on energy and the environment are being 
carried out 

8.3.9.1 Energy and society 
A programme treating the interaction between energy and the environment 
was initiated in 1987. It will provide the authorities and other users with an 
analytical tool that will enable them to see better the consequences of politi- 
cal choices made in that field. 

8.3.9.2 Quantification of negative environmental impacts 
It is considered highly desirable to include environmental costs when compa- 
ring various ways of generating energy. One project of the Norwegian Water 
Resources and Energy Administration (NVE) is an attempt to quantify and 
analyze the negative environmental impacts associated with various energy 
technologies. NVE's planning methods will then be supplemented so as to in- 
clude environmental drawbacks and costs in the assessment of individual 
projects. 

8.3.9.3 Water resources and R&D 
Environmental aspects play a central role in the three NVE programmes of 
biotope adjustments, follow-up investigations and river systems management. 

The NORWIS (Norwegian Water Information System) is developing rapidly. 
The computerized system is of use in administration and contains information 
on regulatory measures and other encroachments In rivers. river protection 
and restrictions. settlements and agriculture. R&D. etc. 
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46 APPENDIX 

Table 1: 
Average theoretical 
energy content of 
selected energy 
carriers". 
Source: Central Bureau 
of Statistics 

THEORETICAL ENERGY CONTENT UNIT 

ENERGY CARRIER 

Coal 28.1 MJ/kg 

Coke 285 MJ/kg 

Petroleum coke 35.2 MJ/kg 

Wood 18.7 MJ/kg 

Black liquor 12.6 - 155 MJ/kg dry material 

Wood waste 15.0- 18.5 MJ/kg dry material 

Natural gas 40.4 MJ/Sm' 

Coke furnace gas 18.0 MJ/Sm3 

Blast furnace gas 8.4 MJ/Sm3 

Refinery fuel 48.4 MJ/Sm3 

Crude oil 42.3 MJ/kg 

Liquid propane and butane (LPG) 46.0 MJ/kg 

Gasoline 44.0 MJ/kg 

Paraffin 42.7 MJ/kg 

Diesel. gas and fuel oils no. 1 and 2 42.3 MJ/kg 

Heavy fuel oil 41 9 MJ/kg 

1) The theoretical energy content of a single type of energy carrier var es Crude oil from the 
North Sea for example has a d 'ferent chem,ca composition than Miodle Eastern crude oil 
The figures for tneoreuca energy cornent are therefore average values 

UNIT PJ TWh MTCE MTOE GSM3 MBL CRUDE 

NATURAL GAS OIL 

1 PJ, petajoule 1 0.278 0.036 0.024 

1 TWh. terawatt-hour 3.6 1 0.128 0.085 

1 Mice. million tonnes of coal equivalent 28.1 7.81 1 0.664 

1 Mtoe. million tonnes of 011 equivalent 42.3 11.8 1.51 

1 GSm. 1000 million standard 

cubic meters natural gas· 40.6 11.3 1.44 0.96 

1 Mbl, million barrels crude oil 5.72 1.59 0.204 0.135 

(1 barrel= 159 litres) 

0.025 0175 

0.089 0.629 

0.692 4.91 

1.04 7.4 

7.1 

0.141 

Table 2: 
Conversion factors 
between various units 
of energy and energy 
sources. 
Source: Central Bureau 
of Statistics 

·) Trus value varies from f,eld to field and from year to year 

ENERGY FACT SHEET 1990-91 



In addition to the relationships seen in table 2, typical energy content values 
for a few other energy carriers are listed below: 

1 kg brown coal: 

1 kg municipal waste: 

1 kg uranium oxide: 

theoretical 

In a light-water reactor 

in a breeder reactor 

68 700 000 MJ 

460 000 MJ 

50 300 000 MJ 

Source: Energimeldingen, white paper no. 38 ( 1986-87) 

Table 3: 
Energy definitions 

8.3 MJ 

7 -10  MJ 

Energy 

Energy is the product of power and time (Energy= Power x Time) 

The basic unit of energy is the Joule (J) 

Electric energy Is usually expressed In the unit of watt-hour (Wh) 

1 W for 1 second 

1 kW for 1 hour 

1 kilowatt-hour 

1 megawatt-hour (MWh) 

1 gigawatt-hour (GWh) 

1 terawatt-hour (TWh) 

1kWh 

1 MWh 

1 GWh 

1 TWh 

1 watt-second (Ws) = 1 Joule (J) 

1 kilowatt-hour (kWh) 

1000 Wh 

1000 kWn 

1000 MWh 

1000 GWh 

3.6 MJ (meqajoule) 

3.6 GJ (gigajoule) 

3.6 TJ (terajoule) 

3.6 PJ (petajoule) 

1 MWh: the approximate amount of electric energy needed to 

heat a one-family house for one week in winter. 

200 GWh: the approximate amount of electricity consumed 

by a town of 20-25.000 inhabitants in one year. 

Power  

Power is energy per unit of time. 

The basic unit of power is the watt. 

1 watt = 1 joule per second (J/s) 
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